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Highlights:

o MTF & P-A are standard tests for the coliform group based on lactose
fermentation and can take numerous steps and up to 5 days to complete (page
9-50):

1. Media preparation

2. Presumptive LTB or P/A broth inoculation and incubation for 48 hours at
35°C.

Observe for gas and/or acid production.

4. Transfer to BGLB and incubate 48 hours at 35°C.

5. Observe for gas production

6. Transfer to selective plate media and incubate 24 hours at 35°C.

7. Transfer typical or atypical coliform colonies to . TB and slants and incubate
up to 48 hours at 35°C.

8. Observe for gas and gram stain from slant

9. A coliform test using EC Medium for 24 hours at 44.5°C

¢ When multiple tubes are used in the fermentation technique results are reported
in Most Probable Number (MPN) (quantification) of organisms present. (page
9-52)

e The P-A coliform test is a simple modification of the multiple-tube procedure.
100mls of a water sample is used to determine the presence or absence of
coliforms based on the guideline that no coliforms should be present IP 100mls
of drinking water. (page 9-53)

e A fecal coliform test is required to determine if the coliform group is of fecal
origin requiring an additional test at 44.5°C and another 24 hours incubation.
(page 9-54)

e In lieu of a fecal coliform test, an Z. coli specific test is used EC-MUG. (page
9-55)
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9221 MULTIPLE-TUBE FERMENTATION TECHNIQUE FOR MEMBERS OF THE
COLIFORM GROUP™

9221 A.

The cotiform group consists of several genera of bactera be-
longing to the family Enterobacteriaceae. The historical definition
of this group has been based on the method used for detection
(lactose fermentation) rather than on the tenets of systematic bac-
teriology. Accordingly, when the fermentation technique is used,
this group is defined as all facultative anaerobic, gram-negative,
non-spore-forming, rod-shaped bacteria that ferment lactose with
gas and acid formation within 48 h at 35°C. )

The standard test for the coliform group may be carried out
either by the multiple-tube fermentation technique or presence-
absence procedure (through the presumptive-confirmed phases or
completed test) described herein, by the membrane filter (MF)
technique (Section 9222) or by the enzymatic substrate coliform
test (Section 9223). Each technique is applicable within the lim-
itations specitied and with due consideration of the purpose of
the examination, Production of valid results requires strict adher-
ence 1o quality control procedures. Quality control guidelines are
outlined in Section 9020.

When multiple tubes are used in the fermentation technique,
resuits of the examination of replicate tubes and dilutions are
teported in terms of the Most Probable Number (MPN) of organ-
isms present. This number, bused on certain probability formulas,
i an estimate of the mean density of coliforms in the sample.
Coliform density, together with other information obtained by en-
gineering or sanitary surveys, provides the best assessment of
Water treatment effectiveness and the sanitary quality of source
water,

The precision of each test depends on the number of tubes used.

€ most satisfactory information will be obtained when the larg-
5t sample inoculum examined shows gas in some or all of the
tubes and the smallest sample inoculum shows no gas in all or a
Majority of the tubes, Bacterial density can be estimated by the
?ormula given or from the tabie using the number of positive tubes

n the muitiple dilutions (9221C.2). The number of sample por-
Uons selected will be govemed by the desired precision of the
- Tesult. MPN tables are based on the assumption of a Poisson dis-
tibution (random dispersion). However, if the sample is not ad-
- 8quately shaken before the portions are removed or if clumping

e
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of bacterdal cells occurs, the MPN value will be an underesti-mate L
of the actual bacterial density.

1. Water of Drinking Water Quality

When drinking water is analyzed to determine if the quality
meets the standards of the U.S. Environmental Protection Agency
(EPA), use the fermentation technique with 10 replicate tubes
each containing 1) mL, 5 replicate tubes each containing 20 mL.,
or a single bottle containing a 100-mL sample portion. When
examining drinking water by the fermentacion technique, process
all tubes or bottles demonstrating growth with or without a pos-
itive acid or gas reaction to the confirmed phase (9221B.2). Apply
the completed test (9221B.3) to not less than 10% of ail coliform-
pusitive samples per quarter. Obtain at least one positive sample
per quarter. A positive EC broth (9221E) or a positive EC MUG
broth (922tF; test result is considered an alternative to the posi-
tive completed test phase.

For the routine examination of public water supplies the object
of the total coliform test is to determine the efficiency of treatment
piunt operation and the integrity of the distribution system. [t is -
also used as a screen for the presence of fecal contamination. A
high propertion of coliform occurrences in a distribution system
may be attributed not to treatment failure at the plant or the well
source, but (o bacterial regrowth in the mains. Because it is dit-
ficult to distinguish between colifcrm regrowth and new contarn-
ination, assume all coliform occurrences to be new contamination
uniess otherwise demonstrated,

2. Water of Other than Drinking Water Quality

In the examination of nonpotable waters inoculate a series of
tubes with appropriate decimal dilutions of the water {multiples
and submultiples of 10 mL). based on the probabile coliform den-
sity. Use the presumptive-confirmed phase of the multipie-tube
procedure. Use the more labor-intensive completed test (92218.3)
as a quality control measure on at least 10% of coliform-positive
nonpotable water samples on a seasonal basis. The object of the
examination of nonpotable water generaily is to estimate the den-
sity of bacterial contamination, determine a source of pollution,
enforce water quality standards, or trace the survival of micro-
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organisms. The multiple-wbe fermentation technique may be used
1o obtain statistically valid MPN estimates of coliform density.
Examine a sufficient number of samples to yield representative
results for the sampling station, Generally, the geometric mean or
median value of the results of a number of samples will yield a
value in which the effect of sample-to-sample variation is mini-
mized.

3. Other Samples

~ The muitiple-tube fermentation technique is applicable 1o the
analysis of salt or brackish waters as well as muds, sediments,

’
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and sludges. Follow the precautions given above on portion sizes
and numbers of tubes per dilution,

To prepare solid or semisolid samples weigh the sample ang
add diluent to make a 10~ dilution. For exampie, place 50 g
sample in sterile blender jar, add 430 mL sterile phosphate buffer
or 0.1% pepione dilution water, and blend for 1 to 2 min g low
speed (8000 rpm). Prepare the appropriate decimal dilutions of
the homogenized slurry as quickly as possible to minimize sep.
tling. )

9221 B. Standard Total Coliform Fermentation Techniaue

1. Presumptive Phase

Use laury! tryptase broth in the presumptive portion of the mui-
tiple-tube test. If the medium has been refrigerated afler sterili-
zation, incubate overnight at room temperature (20°C) before use.
Discard tubes showing growth and/or bubbles.

a. Reugents and culture medium: -

1) Laury! tryprose broth:

Tryptose ............ . SRR 200 g
Baglose. . coovn e 50 g
Dipotassium hydrogen phosphate, KsHPO,..............., 275
Potassium dihydrogen phosphaie, KHaPOy ..o 275
Sodium chloride. NaCl. ... o 50 g
Sodium lauryl sulfaie. ... 0z
Reapeni-grade water....... L e e e 1 L

Add dehydrated ingredients to water, mix thoroughly, and heat
to dissolve. pH should be 6.8 = 0.2 ulter sterilization. Before
sterilization, dispense sufficient medium. in fermentation tubes
with an inverted viul, to cover inverted vial at feast one-half to

two-thirds after sterilization. Alternatively. omit inverted vial and

add 0.01 g/L bromcresol purple to presumptive medium to deter-
mine acid production, the indicator of a positive result in this part
of the coliform test. Close tubes with metal or heat-resistant plas-
tic caps.

Make lauryl tryptose broth of such strength that adding 100-
mL, 20-mL, or 10-mL portions of sample to medium will not

reduce ingredient concentrations below those of the standard me.
dium. Prepare in accordance with Table 92211,

b. Procedure:

1) Armange fermentation wbes in rows of five or ten tubes each
in a test tube rack. The number of rows and the sample volumes
selecled depend upon the guality and character of the water to be
examined. For potable water use five 20-mL portions, ten 10-mL
portians, of a single bottie of 100 mL portion; for nonpotabie
water use five tubes per dilution (of 10, 1, .1 mL, etc.).

In making dilutions and measuring diluted sumple volumes,
follow the precautions given in Section 9215B.2. Use Figure
9215:1 as a guide to preparing dilutions, Shake sample and di-
lutions vigorously about 25 times. Inoculute each tube in a set of
five with replicate sample volumes {in increasing decimal dilu-
tions. if decimal quantities of the sample are used). Mix test por-
tions in the medium by gentle agitation.

2} Incubate inoculated tubes or bottles at 35 = (0L.5C. After 24
* 2 h swirl each tube or bottle genlly.and examine it for growth,
2as, and acidic reaction (shades of yellow color) and, if no gas
or acidic reaction is evident, reincubate and reexamine at the end
of 48 % 3 h. Record presence or absence of growth, gas, and
acid production. If the inner vial is omitted, growth with acidity
signifies a positive presumptive reaction,

¢, Interpretation; Production of an acidic reaction or gas in the
tubes or bottles within 48 * 3 h consiitutes a positive presump-
tive reaction. Submit tubes with a positive presumptive reaction
to the confirmed phase (9221B.2).

9221:1. PREPARATION OF LauryL Tayrrose BRoTH

Dehydrated Lauryl

Amount of Volume of Tryptose Broth
Inoculum ‘Medium in Tube Medium + lnoculum Required
mL : mlL mi oL
1 1G-or more 11 or more 356
10 10 20 712
10 20 30 534
0 10 30 . 106.8
100 - 50 150 106.8
- 100 35 135 137.1
100 20 120 213.6
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The absence of acidic reaction gr gas.formation at the end of
48 = 3 hof incubation constitutes a negative test. Submit drink-
ing water samples demonstrating growth without a'positive gas
or acid reaction to the confirmed phase (92218 2). An arbitrary
48-h limit for observation doubtless excludes occasional members
of the coliform group that grow very slowly (see Section 9212),

rd

2. Confirmed Phase

a. Culture medium: Use balliant green lactose bile broth fer-
mentation tubes for the confirmed phase.
Brilliant green lactose bile broth:

Peptone ...........o.eeie. e, v vaevrraenas 0.0 4
| e a T PP 10.0 T
Oxgallo e 200 g
Brilliant SrEen. . .co.veiiir it 00133 g
Reagent-grade waler. ..o 1 L

Add dehydrated ingredients to water, mix thoraughly, and heat
to dissolve, pH should be 7.2 = 0.2 after sterilization. Before
sterilization, dispense, in fermentation tubes with an inverted vial,
sufticient medium to cover inverted vial at least one-half to two-
thirds after sterilization. Close tubes with metal or heat-resistant
plastic caps.

b. Procedure: Submit all presumptive tubes or bottles showing
growth. any amount of gas, or acidic reaction within 24 = 2 h
of incubation to the confirmed phase. If active fermentation or
acidic reaction appears in the presumptive tube earfier than 24 >
2 h, transfer to the contirmatory medium; preferably examine
wbes at {8 + 1 h. [f additional presumptive tubes or bottles show
active fermentation or acidic reaction at the end of 2 48 % 3-h
incubation period. submit these to the confirmed phase.

Gently shake or rotate presumptive tubes or bottles showing
gas or acidic growth to resuspend the organisms. With a sterile
loop 3.0 t0 3.5 mm in diameter, transfer one or more loopfuls of
culture to a fermentation tube conraining brilliant green lactose
bile broth or insert a sterile wooden applicator at least 2.5 ¢m
into the culture, promptly remove, and plunge applicator to bot-
tom of fermentation tube containing brilliant green lactose bile
broth. Remove and discard applicator. Repeat for all other posi-
tive presumptive tubes.

Incubate the inoculated brilfiant green lactose bile broth tube
at 35 £ 0.5°C. Formation of gas in any amouni in the inverted
vial of the brilliant green lactose bile broth fermentation tube at
any time (e.g.. 6 % 1 h, 24 * 2 h) within 48 % 3 h constitutes
a positive confirmed phase, Calculate the MPN value from the
number of positive brilliant green lactose bile tubes as described
in Section 9221C.

¢. Alrernarive procedure: Use this alternative only for polluted
water or wastewater known to produce positive results consis-
tently,

If all presumptive tubes are positive in two or more consecutive
dilutions within 24 h, submit to the confirmed phase only the
tubes of the highest dilution (smallest sample inoculum) in which
all tubes are positive and any positive tubes in still higher dilu-
tions. Submit to the confirmed phase all tubes in which gas or
acidic growth is produced only after 48 h,

3. Completed Phase

To establish the presence of coliform bacteria and to provide
quality control data, use the compicted test on at least 10% of

9-49

positive confirmed tubes (see Figure 9221:1). Simuitaneous in-
oculation into brilliant green lactose bile broth for total coliforms
and EC broth for fecal coliferms (see Section 9221E below) or
EC-MUG broth for Escherichia coli may be used. Consider pos-
itive EC and EC-MUG broths elevated temperature (44.5°C) re-
suits as a positive completed test response, Paralle! positive bril-
liant green lactose bile broth cultures with negative EC or
EC-MUG broth cultures indicate the presence of nonfecal coli-
forms.

a. Culture media and reagents:

1} LES Endo agar: See Section 92228 Use 100- X 15-mm
petri plates.

2) MucConkey agar:

Peptone .....oooviiin e i7 g
Proteose peptone.. ..o e 3 E
LGOS ittt e e e vaaa s 10 g
Bilesalts.........ocoo i 13 g
Sodium chloride, NaCl........oooiiiiviee e 5 g
ABAT. vttt e e e e e 135 g
Neutral red....oo.oo i 0.03 g
Crystal violet.....oooovii 000! g
Reagent-grade water...........oo I L

Add ingredients to water, mix thoroughly, and heat 1o boiling
to dissolve. Sterilize by autoclaving for |5 min at 121°C. Temper
agar after sterilization and pour into petei plates (100 X 15 mm).
pH should be 7.1 = Q.2 after sterilization,

3) Nutrient apar:

POplong .o e 504
Bl eXIatt .o e i0g
AT s e e 150 2
Reugent-grade waler ..o I L

Add ingredients to water, mix thoroughly, and heat to dissolve.
pH should be 6.8 = 0.2 alter sterilization. Befure sterilization,
dispense in screw-capped tubes. After sterilization, immediately
place tubes in an inclined position so that the agur will solidify
with a sloped surface. Tighten screw caps after cooling und store
in a protected, cool storage area,

4) Gramm-stain reageats;

a) Ammoniwn oxalate-crystal violet (Hucker's): Dissolve 2 g
crystal violet (90% dye content) in 20 mL 95% ethyl aicohol;
dissolve 0.8 g (NH.)2C:04H;0 in 80 mL reagent-grade water;
mix the two solutions and age for 24 h before use; tiiter through
paper into a staining battfe.

b) Lugol's solution, Gram’s modification: Grind | g iodine
crystals and 2 g KI in a mortar. Add reagent-grade water, a few
milliliters at a time, and grind thoroughly after each addition until
solution is complete. Rinse solution into an amber glass bottle
with the remaining water {using a total of 300 mL).

I‘ ¢) Counterstain: Dissolve 2.5 g safranin dye in 100 mL 95%
ethyl alcohol. Add 10 mL w0 100 mL reagent-grade water.

d) Acetone alcohol: Mix equal volumes of ethy! alcohol (95%)
with acetone.

b. Procedure:

1) Using aseptic technique, streak one LES Endo agar (Section
§9222B.2) or MacConkey agar plate from each tube of brilliant
green lactose bile broth showing gas, as soon as possible after the
observation of gas. Streak plates in a manner to insure presence
of some discrete colonies separated by at least 0:5 cm. Qbserve

the following precautions when streaking plates to obtain a high
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[ Inoculate laury! tryptose broth or presence-absence broth fermentation tubes or bottles and incubate 24 + 2 hat 35 +0.5°C. —I

1

i

(1)
Gas and/or acidic growth produced. Transfer to
confirmatory brilliant green lactose bife, Incubate 48
+£3hat35+£0.5°C."

I

{a) (o)
Gas produced. Transfert to LES
£ndo or MacConkey. Incubate
24+ 2hat 35+ 0.5°C.

] —t

Ne gas procduced.
Negative test,
Coliform group

absent,
T |
N —_1
{1.1) _ (1.2)
Typical OR atypicai coliform colonies. :

Transfer to agar slant and lauryl tryptose
broth fermentation tube. incubate agar

Negative colonies.
Cotitform group

slant 18 to 24 h and lauryl tryptose broth absent.
24 2ht0 48+ 3 hat 35 0.5°C,
[
L 1

(8" ’ (b
Gas produced. . No gas produced.
Gram-stain pertion Negative test,
of agar siant growth.} Coliform group ahsent.

I

| _ 1

)

(2}
No gas or acid produced. Incubate additional
24 h(total 48 £ 3 1),

[ 1
8 (c)
Gas or acid No gas or acid produced.
produced, Continue Negative test. Coliform
as in (1a). group absent.

(b
Acidic growth.
Confirm as in (1).

* If gas or acid growth occurs before maximum

(1.13) (1.12)
GramTegative rods present, no spores -
present, Complateg test: coliform group
present. Gram-positive and -negative rods
hoth present. Repeat procedure
beginning at 1.1.

Spores or gram-positive
rods and spores present.
Compieted test: coliform

group absent.

incubation time {ex. 6 = 1 h}, transfer to next
appropriate medium.

T Alternately use EC test (Section §221E).

1 Optional for drinking water samples.

Figure 9221:1. Schematic outline of presumptive, confirmed, and completed phases for total coliform detection.

proportion of successful isolations if coliform organisms are pres-
ent: {a) Use a sterile 3-mm-diam foop or an inoculating needle
slightly curved at the tip: (&) tap und incline the fermentation tube
to avoid picking up any membrane or scum on the needie; (¢)
insert end of loop or needle into the liquid in the tube to a depth

of approximately 0.5 cm; and (d) streak plate for isolation with

curved section of the needle in contact with the agar-to avoid a
scratched or tom surface. Flame loop between second and third
quadrants to improve colony isolation.

Incubate plates (inverted) at 35 = 0.5°C for 24 £ 2 h,

2) The colenies developing on LES Endo agar are defined as
npical (pink to dark red with a green metallic surface sheen) or
arypical (pink, red, white, or colorless colonies without sheen)
after 24 h incubation. Typical lactose-fermenting colonies devel-
oping on MacConkey agar are red and may be surrounded by an
opaque zone of precipitated bile. From each plate pick one or
more typical, well-isolated coliform celonies or, if no typical col-

onies are present} pick two or miore colonies .considered most
" likely to consist of organisms of the coliform group. and transfer
growth from each isolate to a single-strength laury! tryptose broth
fermentation tube and onto a nutriemt agar slant. (The latter is
unnecessary for drinking water samples.}

If needed, use a colony magnifying device to provide optimum
magnification when colonies are picked from the LES Endo or
M -~Conkey agar plates. When transferring colonies, choose well-

ed ones and barely touch the surface of the colony with a

flume-sterilized, air-covled transfer needle 10 minimize the danger
of transferring a mixed culture.

Incubate secondary broth tubes (lauryl tryptose broth with in-
verted fermentation viuls inserted) at 35 = 05°C for 24 = 2 b,
if gd¥’is not produced within 24 2 2 h reincubate and examine
again at 48 * 3 h. Microscopically examine Gram-stained prep-
arations from those 24-h nutrient agar slani cultures correspond-
ing to the secondary tubes that show gas.

3) Gram-stain technique—The Gram stain may be omitted
from the completed test for potable water samples only because
the occurrences of gram-posilive bacteria and spore-forming or-
ganisms surviving this selective screening procedure are infre-
quent in drinking water.

Various modifications of the Gram stain technique exist. Use
the following modification by Hucker for staining smears of pure
culture; include a gram-positive and a gram-negative cultre as
controls.

Prepare separate light emulsions of the 1est bacterial growth
and positive and negative control culiures on the same slide using
drops of distilled water on the slide. Air-dry and fix by passing
slide throsgh a flame and stain for I min with ammonium oxalate-
crystal violet solution, Rinse slide in tap water and drain off ex-
cess; apply Lugol’s solution for 1 min.

Rinse stained slide in tap water. Decolorize for approximately
15 to 30 s- with acetone alcohol by holding slide between the
fingers and letting acetone alcohol flow across the stained smear
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until the solvent flows coloriessly from the stide. Do not over-
decolorize. Counterstain with safranin for 135 s, finse with tap
water, blot dry with absorbent paper or air dry, and examine mi-
croscopically. Gram-positive organisms are blue; gram-negative

organisms are red, Results are acceptable only when controls have -

given proper reactions.

c. Interpretation: Formation of gas in the secondary tube of
lauryl tryptose broth within 48 * 3 k and demonstration of gram-
negative, nonspore-forming, rod-shaped bacteria from the agar
culture constitute a positive result for the completed test, dem-
onstrating the presence of a member of the coliform group.

4. Biblicgraphy

Mzver, E.M. 1918, An aerobic spore-forming bacillus giving gas in lac-
tose broth isclated in routine water examination. J. Bucteriol. 3.9.

Hucker. G.J. & H.J, Conn. 1923, Methods of Gram Staining, N.Y, State
Agr. Exp. Sta, Tech. Bull, No, 93.

Norton, LF. & JJ. Wetcnt, 1924, Aercbic spore-forming lactose fer-
mentag organisms and their significance in water analvsis, dmer.,
J. Pub. Healrh 14:1019.

Hucxer. GJ. & H.J. Cownn. [927. Further Studies on the Methods of
Gram Staining, N.Y. State Agr, Exp. Sta. Tech, Bull, No, 128,

PorTer. R., C.§. McCueskey & M. Levive, 1937. The focultative spor-
ulating bacteria producing gas from lactose. J. Sacteriol. 33:163.

Cowtes, P.B. 1939, A modified fermentation whe. J. Bacteriol, 38:677

Sueaman, V.B.D. 1967. A Guide to the Identification of the Generg of
Bactaria. Williams & Wilkins, Baltimore, Md.

GeiorewcH, E.E. 1975, Handbook for Evaluating Water Bacteriological
Laboratortes, 2nd ed. EPA-670/9-75-006, U.S. Environmenta} Pro-
tection Agency, Cincinnati, Ohig.

Evans, TM., CE Waarvick, RJ. Semter & M.W. LeCHevaiLsgg,
1981, Failure of the most-probable number technique to detect co-
liforms in drinking water and raw water supplies. Appl, Envirgy,
Microbiol, 41:130.

Seipuer, RJ., T.M. Evans, LR, Kaumman, CE. Waarvick & MW,
LeCuevarLigr. 1981, Limitations of standard coliform enumeration
techniques. J. Amer. Water Works Assoc. 73:538.

GersarDS, P., ed. 1981, Manual of Methods for General Bacteriology.

. Amerdcan Soc. Microbiology, Washington, D.C.

Kmec, NR. & 1.G. Hour, eds. 1984, Bergey's Manual of Systematic
Bucteriotogy, Vol 1. Witliams & Wilkins, Baltimore, M.

Grernperc, AE. & DA, Hunt, eds, 1985, Laboratory Procedures for
the Examination of Seawater and Shelltish, 5th ed. American Public
Health Assoc., Washington, D.C.

U.S. ENVIRONMENTAL PROTECTION AGeNCY. 1989, National primary drink-
tng water regulations: analytical techniques; coliform bacteria: final
rule. Federal Register S4133):29998 (July 17, 1989).

9221 C. Estimation of Bacterial Density

1. Precision of Fermentation Tube Test

Unless a farge number of sample portions is examined. the
preciston of the fermentation tube test is rather fow. For example.
if only | mL is examined in a sample contining [ coliform or-
ganism/mL. about 37% of [-mL tubes may be expected to yield
negative results because of random distribution of the bacteria in
the sample. When five tubes. each with | mL sample, are used
under these conditivns, a completely negative result may be ex-
pected less than 1% of the time.

Consequently, exercise great caution when interpreting the san-
itary significance of coliform results obtained from the use of a
few tubes with each sample dilution, especially when the number
of sampies from a given sampling point is limited.

2. Computing and Recording of MPN

To calculate coliform density, compute in terms of the Most
Probable Number (MPN). The MPN values, for a variety of plant-
ing series and results, are given in Tables 922L:I1, {II, and IV,
Included in these tables are the 95% confidence limits for each
MPN value determined. If the sample volumes used are those
found in the tables, report the value corresponding to the number
of positive and negative results in the serdés as the MPN/100 mL
or report as total or fecal coliform presence or absence.

The sample volumes indicated in Tables 922[:I and [II relate
more specifically to finished waters. Table 9221:IV iliustrates-
MPN values for combinations of positive and negative results
when five 10-mL, fve 1.0-mL, and five 0.1-mL volumes of sam-
Ples are tested. When the series of decimal dilutions_is different
TOm that in the table, select the MPN value from Table 9221:1V

for the combinution of positive tubes and caleulate according o
the following tormula:

MPN value (from table;
10
lurgest volume tested in dilution
series used tor MPN determination

= MPN/TOU mL

When more than three dilutions are used in a decimal series of
difutions, use the results from only three of these in computing
the MPN. To select the three dilutions to be used in determining
the MPN index. choose the highest dilution that gives positive
results in all five portions tested (no [ower dilution giving any
negative results) and the two next succeeding higher dilutions.
Use the results at these three volumes in computing the MPN
index. In the examples given below, the significant dilution results
are shown in boldface. The number in the numerator represents
positive tubes; that in the denominator, the total tubes plaated;
the combination of positives simply represents the total number
of positive tubes per dilution;

l 0.1 0.0t 0.001 Combination  MPN Index
Example  miL mL mL mL of positives 100 mL
a 5/5 /5 s /3 5-2-0 5000
b 5/5 45 5 s 5-4-2 2200
¢ s M5 W5 o/s 0-1-0 26

In ¢, select the first three dilutions so as to include the positive
result in the middie dilution.

p 851

i X

wopam o
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P
TasLe 9221:11. MPN Inpex anp 35% ConFipence LiMiTs For Various
ComMmINATIONS OF PosITIVE AND NEGATIVE RESULTS WHEN Frve 20-mL
PorTions ARE Usebp

MICROBIOLOGICAL EXAMINATION (8000)

TanLe 9221 11, MPN INpex anD 95% ConFIDENCE LiMirs POR VaARIOUS
CoMBINATIONS OF POSITIVE AND NEGATIVE REsuLTs Wren Ten 10-ME

PorTions are Usen

95% Confidence

No. of Tutes

95% Confidence

No. of Tubes Limits Limits
Giving Positive MPN (Approximate) Giving Positive MPN (Approximate)
Reaction Qut of Index/ Reaction Qut of Index/
5 of 20 mL Each 100 mL Lower Upper 10 of 10 mL Each 100 mL Lower Upper
0 <1.1 0 3.0 a <1.] 0 30
1 1.1 0.05 6.3 1 1.} 0.03 5.9
2 2.6 03 9.6 2 22 0.26 8.1
3 4.6 0.8 14.7 3 36 0.69 10.6
4 3.0 1.7 26.4 4 5.1 1.3 13.4
5 >80 40 Infinite h] 6.9 a1 16.8
6 9.2 kN 21.1
7 12.0 43 27.1
8 16.1 59 36.8
9 23.0 B.i 59.5
10 >23.0 135 Infinite

TasLe 922101V, MPN Inoex anp 95% ConFipence Limits For Various ComsinaTIiOns oF PostTive RESULTS WHEN Five Tubes age Usep Per
Dicurron (10 mL, 1.0 ML, 0.1 ML)

95% Conlidence Limits

§5% Confidence Limats

Combination MPN Index/ Comnbination MPN [ndex/
of Positives 100 mL Lower Upper of Positives 100 mL Lower Upper
4.2-0 22 9.0 56
0-0-0 <2 —_— — 4.2-] 26 12 65
0-0-1 2 1.0 10 4-3-0 27 12 67
0-1-0 2 1.0 10 4-3-1 33 15 77
0-2-0 4 1.0 [3 4.4-0 34 16 )
5-0-0 23 9.0 86
1-0-0 2 1.0 11 5-0-1 30 16 110
1-0-1 4 1.0 15 5-0-2 40 20 140
1-1-0 4 1.0 5 5-1-0 30 1) 120
1-1-1 6 2.0 18 5-1-1 50 20 130
1-2-0 6 2.0 18 5-1-2 60 30 180
2.0-0 4 1.0 17 5-2-0 50 20 170
2-0-1 7 20 20 5-2-1 70 30 210
2-1.0 7 2.0 21 5-2-2 90 40 250
2-1-1 9 3.0 24 5-3-0 80 30 250
2-2-0 9 3.0 25 5-3-1 1o 40 300
2-3.0 12 5.0 26 5-3-2 140 60 360
3-0-0 8 3.0 24 5-3-3 170 80 410
3-0-1 11 4.0 29 5-4-0 130 50 350
3-1-0 11 4.0 29 5-4-1 170 70 480
3-1-1 14 6.0 as 5-4-2 220 100 580
3-2-0 14 6.0 35 5.4.3 280 120 690
3-2-1 7 7.0 40 5-4-4 350 160 820
5-5-0 240 100 940
4-0-0 13 5.0 38 5-5-1 300 100 1300
4-0-1 i7 7.0 45 5.5-2 500 200 2000
4-1-0 17 7.0 46 5-3-3 900 300 2900
4-1-1 21 9.0 55 5-54 1600 600 5300
4-1-2 26 12 63 5.5.5 =1600 —_ —
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When a case such as that shown below in line d arises, where
a positive occurs in a dilution higher than the three chosen ac-
“cording to the rule, incorporate it in the result for the highest
chosen dilution, as in e:

| 0.! 0.01 0.001 Combination MPN [ndex
Example mL mL mL mL of positives 100 mL
d 55 M5 LS U5 5-3-2 1400
€ 5/5 s u5 s 5-3-2 1400

When it is desired to sumrmarize with a single MPN value the
results from a serfes of samples, use the geometric mean or the
median.

Table 9221:1V shows the most likely positive tube combina-
tions. If unlikely combinations occur with a frequency greater
thar 1% it i3 an indication that the technique is faulty or that the
statistical assumptions underlying the MPN estimate are not being
fulfilled. The MPN for combinations not appearing in the tabie,
or for other combinations of tubes or dilutions, may be estimated
by Thomas’ simple formuia:

ne. of positive tubes X 100
_ /{ mL sample in %
negative tubes

While the MPN tbles and calculations are described for use
in the coliform test, they are equally applicable 10 determining

MPN/OQ mL =

mL sample in
all tubes

the MPN of any other organisms provided that suitable test media
are available.
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9221 D. Presence-Absence (P-A) Coliform Test

The presence-absence {P-A) tese for the coliform group is a
stmple modification of the multiple-tube procedure. Simplifica-
tion, by use of one large test portion {100 mL} in a single culture
bottle to obtain qualitative information on the presence or absence
of colitorms, is justified on the theory that no coliforms should
be present in 100 mL of a drinking water sample. The
P-A test also provides the optional opportunity for further screen-
ing of the culture to isolate other indicators (fecal coliform, Aero-
monas, Staphylococcus, Pseudomonas, fecal streptococcus, and
Clostridium) on the same qualitative basis. Additional advantages
include the possibility of examining a larger number of samples

per unit of time. Comparative stﬁdies with the membrane filter

procedure indicate that the P-A test may maximize coliform de-
tection in samples containing many organisms that could over-
grow coliform colonies and cause problems in detection.

The P-A test is intended for use on routine samples collected
from distribution systems or water treatment plants. When sample
locations produce a positive P-A result for coliforms, it may be
advisable to determine coliform densities in repeat samples.

Jantitative information may indicate the magnitude of a contam-
aiating event. '

1. Presumptive Phase

a. Culture media:
1y P-A broth: This medium is commerciaily avaitable in de-
hydrated and in sterile concentrated form.

Beel BXITICE .. vnittirtee e e 30 g
Peptone ....ocooeeeeeeioeeia, e 50 g
LaCtOsE. . e e 746 g
TIYPLOSE coovve vt 983 _ g
Dipotassium hydrogen phosphate, iGHPO,.............. 135 g
Potassium dihydrogen phosphate, KH,PO, ... ..., ... L35 g
Sodium chloride, NaCl.. ... 246 g
Sodium lauryl sulfate. ... 005 g
Bromeresol purple ... 0.0085 g
Reagent-grade water............. B N PN 1 L

Make this formulation triple (3X) strength when examining
100-mL samples. Dissolve the P-A broth medium in water with-
out heating, using a stirring device. Dispense 50 mL prepared
miedium into a screw-cap 250-mL milk dilution bottle.. A fermen-
tation tube insert is not necessary. Autoclave for 12 min at 121°C
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with the total time in the autoclave limited to 30 min or less. pH
should be 6.8 = 0.2 after sienilization. When the PA medium is
sterilized by filtration a 6 X strength medium may be used. Asep-
ically dispense 20 mL of the 6 X medium into a sterile 250-mL
dilution bottle or equivalent container.

2) Lauryl tryptose broth: See Section 9221B.1.

b. Pracedure: Shake sample vigorously for 5 s (approximately
25 times) and inoculate 100 mL into a P-A culture bottle, Mix
thoroughly by inverting bottle once or twice to achieve even dis-
tribution of the triple-strength medium throughout the sample. In-
cubate at 35 = 0.5°C and inspect after 24 and 48 h for acid
reactions.

c. Interpretarion: A distinct yellow color forms in the medium
when acid conditions exist following luctose fermentation. If gas
also is being produced, gently shaking the bottle will result in a
foaming reaction. Any amount of gas and/or acid constinnes a
positive presumptive test requiring confirmation.

2. Conifirmed Phase

The confirmed phase is outlined in Figure 9221:4.

a. Culture medinm: Use brilliant green lactose bile fermentation
tubes (see 9221B.2).

b Procedure: Transfer all cultures that show actd resction or
acid and gus reaction to brilliant green Jactose bile (BGLB) broth
for tncubation at 35 = 0.5°C (see Section 9221B.2).

¢, Inrerpretation: Gas production in the BGLB broth culture
within 48 * 3 h confirms the presence of coliform bacteria. Re-

9221 E. Fecal

Elevated-temperature tests for distinguishing orguanisms of the
total coliform group that also belong to the fecal coliform group
are described herein. Modifications in technical procedures, stan-
dardization of methods, and detailed studies of the fecul coliform
group have established the value of this procedure. The test can
be perfoermed by one of the multiple-tube procedures described
here or by membrane filter methods as described in Section 9222,
The procedure using A-1 broth Is a single-step method.

The fecui coliform test (using EC medium) is applicabie to
investigations of drinking water, stream pollution, raw water
sources, wastewater treatment systems, bathing waters, seawaters,
and general water-quality monitoring. Prior enrichment in pre-
sumptive media is required for optimum recovery of fecal coli-
forms when using EC medium. The test using A-1 medium is
applicable to source water, seawater, and treated wastewater.

1. Fecai Coliform Test {(EC Medium)

The fecal coliform test is used to distinguish those total coli-
form organisms that are fecal coliforms. Use EC medium or, for
a more rapid test of the quality of shellfish waters, treated waste-
waters, Or source waters, use A-1 medium in a direct test.

a. EC medium:

MICROBIOLOGICAL EXAMINATION (8000

port result as presence-absence lest posilive or negative for total
coliforms in 100 mL of sample.

3. Completed Phase

The completed phase is outlined in Section 92218.3 and Figure
5221:1.
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Coliform Procedure

Tryplose OF TYPHCISE L ooviniii v 200g
L N 50g
Bile salts mixture or bile salts No. 3 ................... .. liog
Dipotassium hydropen phosphate, KoHPO, . oo 40¢g
Potassium dihydrogen phosphate, KH,PO, ... ..., 15g
Sodium chloride, NaCl.......... i, 50¢g
Reagent-grude WaleT.. ..o ! L

Add dehydrated ingredients Lo water, mix thoroughly, and heat
to dissolve. pH should be 6.9 = 0.2 after sterilization. Before
sterilization, dispense in fermentation tebes, each with an inverted
vial, sufficient medivm to cover the inverted vial al least partially
after sterlization. Close tubes with metal or hear-resistant plastic
caps.

b. Procedure: Submit all presumptive fermentation tubes or
bottles showing any amount of gas, growth. or acidity within 48
h of incubation to the fecal coliform test.

1) Gentiy shake or rotate presumptive fermentation tubes or
botties showing gas, growth, or acidity. Using a sterile 3- or 3.5-
mm-diam loop or sterile wooden applicator stick, transfer growth

“from each presumptive fermentation tube or bottle to EC broth
(see Section 9221B.2).
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2) Incubate inoculated EC broth tubes in a water bath at 44.5 =
0.2°C for 24 & 2 h, .

Place all EC tubes in water bath within 30 min after inocula-
tion. Maintain a sufficient water depth in water bath incubator to
immerse tubes to upper level of the medium.

c. Interpretation: Gas production with growth in an EC broth
culture within 24 + 2 h or less is considered a positive fecal
coliform reaction. Failure to produce gas (with [ittle or no growth)
constitutes a negative reaction. [f multiple tubes are used, calcu-
late MPN from the number of positive EC broth wbes as de-
scribed in Section 9221C. When using only one tube for subcul-
turing from a single presumptive bottle, report as presence or
absence of fecal coliforms.

2. Fecal Coliform Direct Test (A-1 Medium)
a. A-1 broth: This medium may be used for the direct isolation

of fecal coliforms from water. Prior enrichment in a presumptive
medium is not required.

| BT 1T - 50¢
Tryptone . ...oooeoiiee i ey e, 200 ¢
Sodium chlorde, NaCl... ..o e, 50g
Salein. oo e e 03 g
Pulyethylene glycol p-isvoctylphenyl ether* ... e [.0 mL
Reugent-grade water. ... e I L

Hear to dissolve solid ingredients, add polyetisylene glycol p-
iscoctylphenyl ether, and adjust to pH 6.9 % 0.1, Before sterili-
zation dispense in fermentation tubes with an inverted vial suf-
ficient medium to cover the inverted vial at least partially after
sterilization. Close with metad or heat-resistant plastic caps. Ster-
ilize by autoclaving at 121°C for [0 min. Siore in dark at room
temperature for aot longer than 7 d. Ignore formation of precip-
itate.

* Triton X100, Rohm and Huas Cu.. ur eguivalent.

Ve
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Make A-1 broth of such strength that adding 10-mL sample
partions to medium will not reduce ingredient concentrations he-
low those of the standard medium. For 10-mL sampleg prepare
double-strength medium,

b. Procedure: Inoculate twbes of A-1 broth as directed in Sec-
tion 9221B.161). Incubate for 3 h at 35 + 0.5°C. Transfer tubes
to a water bath at 44.5 * 0.2°C and incubate for an additional
20 2h

¢. Interpretation: Gus production in any A-1 broth culture
within 24 h or less is a positive reaction indicating the presence
of fecal coliforms. Calculate MPN from the number of positive
A-1 broth tubes as described in Section 9221C.
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9221 F. Escherichia coli Procedure (PROPQOSED)

Escherichia coli is a member of the fecal coliform group of
bacteria. This organism in water indicates fecal contamination,
Enzymatic assays have been developed that allow for the identi-
fication of this organism. In this method E. cofi are defined as
coliform bacteria that possess the enzyme B-glucuronidase and
are capable 6f cleaving the fluorogenic substrate 4-methylumbel-
liferyl-R-p-glucuronide (MUG) with the corresponding refease of
the fluorogen when grown in EC-MUG medium at 44.5°C within
24 + 2 h or less. The procedure is used as a coafirmatory test
after prior enrichment in a presumptive medium for total coliform
bacteria, This test is performed as a tube procedure as described
here or by the membrane tilter method as described in Section
9222, The chromogenic substrate procedure (Section 9223) can
be used for direct detection of £. coli.

Tests for £. coli (using EC-MUG medium) are applicable for

the analysis of drinking water, surtace and ground water, and
wastewater. £, coli is a member of the indigenous fecal flora of
warm-blooded animals. The occurrence of E. coli is considerad a
specific indicator of fecal contamination and the possible presence
of enteric pathogens.

1. Escherichia coli Test (EC-MUG medium) .

Use EC-MUG medium for the confirmation of £ coli.
a. EC-MUG medium:

Teyplose OF LYPCIASE o.o.viniiei i it iae s 00 g
LaCIOSE . vttt v e e
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Potassium dihydmg;:n phosphate, KH2PO4 oo, 15 &
Sodium chioride, NaCl..... 50 g
4-methylumbelliferyl-B-o-glucuronide (MUG)............. 0.05 g
Reagent-grade Waler ... ..ocoooiiiiiiiniiemmenarn, 1 L

Add dehydrated ingredients to water, mix thoroughly, and heat
to dissolve. pH should be 6.9 = 0.2 afier sterilization. Before
sterilization, dispertse in tubes that do not fluoresce under long-
wavelength (366 am) ultraviolet (UV) light. An inverted tube is
not necessary. Close tubes with metal or heat-resistant plastic
caps.

b. Procedure; Submit all presumptive fermentation tubes or
bottles showing growth, gas, or acidity within 48 * 3 h of in-
cubation to the E. coli test.

1) Gently shake or rotaie presumptive fermentation tubes or
bottles showing growth, gas, or acidity. Using a sterile 3- or 3.5-
mma-diam metal loop or sterile wooden applicator stick, transfer
growth from presumpiive fermentation lube or bottle to EC-MUG
broth.

2} Incubate inocuiated EC-MUG tubes in a water bath or in-
cubator maintuined at 44.5 £ 0.2°C for 24 + 2 h. Place all EC-
MUG twbes in water buth within 30 min after inoculation. Main-
txin a sufficient water depth in the water-bath incubator to
tmmerse tubes to upper level of medium.

' MICROBIOLOGICAL EXAMINATION {3000}

¢. Interpretation: Examine all tubes exhibiting growth for 1.
orescence using a long-wavelength UV lamp (preferably 6 W),
The presence of bright blue fluorescence is considered a positive
response for E. coli. A positive control consisting of a known £,
coli {(MUG-positive) cullure, a negative contrel consisting of 3
thermotolerdnt Klebsiella pneumoniae (MUG-negative) culture,
and an uninoculated medium control may be necessary 1o interpret
the results and o avoid confusion of weak auto-flucrescence of
the medium as a positive response. If multiple wbes are used,
calculate MPN from the number of positive EC-MUG broth tubes
as described in Section 9221C. When using only one tbe or
subculturing from a single presumptive botle, report as presence
or absence of E. coli.
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9222 MEMBRANE FILTER TECHNIQUE FOR MEMBERS OF THE COLIFORM GROUP*

9222 A.

The membrane filter {MF) techrique is highly reproducibie. can
be used 1o test relatively large sample volumes, and usually yiclds
numerical results more rapidly than the multiple-tube fermenta-
tion procedure. The MF technique is extremely useful in moni-
toring drinking water and a variety of natura! waters. However,
the MF technique has limitations, particularly when testing waters
with high turbidity or lurge numbers of noncoliform (background)
bacteria. When the MF technigue has not been used previously,
it is desirable to conduct parailel iests with the method the labo-
ratory is using currently to demonstrate applicability and com-
parability.

1. Definition

As related to the MF technique, the ¢oliform gmpp is defined
as those fucultative anaerobic, gram-negative, non-spore-forming,
rod-shaped bacteria that develop red colonies with a metallic
{guiden) sheen within 24 h at 35°C on an Endo-type medium
containing lactose. Some members of the total coliform group
may produce dark red, mucoid, or nucleated colonies without a
metallic sheen. When verified these are classilied as atypical co-
liform colonies. When purified cultures of coliform bacteria are

proved by Siandard Methods Committee, 1997,

Intreduction

tested. they produce negative cytochrome oxidase and positive B-
calactosidase est reactions. Generally, pink (nor-mucoid). blue,
white, or colorless colonies lucking sheen are considered non-
coliforms by this technigue.

2. Applicaticns

Turbidity caused by the presence of algae. particulates, or other
interfering material may not permit testing of a sample volume
sufficient to yield significant results. Low coliform estimates may
be caused by the presence of high numbers of noncoiiforms or of
toxic substances. The MF technique is applicable to the exami-
nation of saline waters, but not wastewaters that have received
only primary treatment followed by chlorination because of wr-
bidity in high voiume samples or wastewaters containing toxic
metals or toxic organic compounds such as phenols. For the de-
tection of stressed total coliforms in treated drinking water and
chlorinated secondary or tertiary wastewater effluents, use a
method designed for stressed organism recovery (see Section
9212B.1). A modified MF technique for fecal coliforms (Section
9212) in chlorinated wastewater may be used if parzllel testing
over a 3-month period with the multiple-tube fermentation tech-
nique shows comparability for each site-specific type of sumple.

t ONPG is a substrate for the B-paluctosidase test,




