M CROBI AL SURVI VABI LI TY TEST FOR MEDI CAL WASTE
| NCI NERATOR EM SSI ONS
Condi ti onal Test Method (CTM 026)
1. Applicability and Principle

1.1 Applicability. This test nethod neasures the
survivability of a specific indicator organi smthrough the nornma
medi cal waste incinerator operation cycle. Mcrobial spores are
the nost resistant type of organismto thermal inactivation and
are therefore utilized as the surrogate organismto ensure that
all mcroorganisns will be rendered non-viable. This procedure
is designed to recover, identify, and quantify the indicator
organismand is not intended to recover other m croorgani sns
coll ected by the sanpling train.

1.2 Principle. Wth the incinerator operating under
recommended conditions, it is charged with wastes spiked with

known anounts of Bacillus stearothernophilus spores. Em ssion
sanples are collected isokinetically in a buffered solution in
i npi ngers. The recovered sanples are cultured. Colonies of B.
st ear ot hernophi lus are identified and quantifi ed.

2. Appar at us

Note: Mention of trade nanes or specific product in
this method does not constitute endorsenent by the Environnent al
Prot ection Agency.

2.1 Sterilization. Autoclave capable of steam
sterilization at conditions of 121°C for 15 mnutes at 15 psi.
Speci fic apparatus and reagents that contact the recovered sanple
shall be sterilized under these conditions by autoclaving or
ot her equi val ent net hod.

2.2 Sampling. The sanpling train is show in Figure 1 and
i s conposed of the follow ng conponent parts.
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2.2.1 Probe Nozzle/Liner. One piece, quartz glass with
butt on- hook design nozzle having a sharp, tapered |eadi ng edge.
The angl e of taper shall be <30° and the taper shall be on the
outside to preserve a constant internal dianeter. The nozzle
shal | be sized based on the range of velocity heads in the duct
(EPA Met hod 2) so that nozzle size need not be changed to
mai ntai n i sokinetic sanpling rates (see Section 4.1.3.1). The
nozzl e shall be calibrated according to the procedures outlined
in Section 5. Select a suitable liner Iength (and water-cool ed
probe) such that all traverse points can be sanpl ed.

2.2.2 Wat er-cool ed Probe. Metal sheath incorporating a
circulating water system capable of delivering at |least 5.7
liters/mn (1.5 gal/mn) of tap or ice water to cool the length
of the quartz probe liner. 1t should also have provisions for
supporting the S-type pitot tube and thernocoupl e probe.

2.2.3 Pitot Tube. Sane as in Method 5, Section 2.1.3,
except refer to Figure 1 in this nethod.

2.2.4 Differential Pressure Gauges. Sane as in
Met hod 5, Section 2.1.4.
2.2.5 | mpi ngers. Four inpingers of the G eenburg-Smth

design connected in series with | eak-free ground glass fittings
or any simlar |eak-free non-contamnating fittings. The first

i npi nger shall have sufficient capacity to contain the tota

vol une of buffer originally charged to this inpinger, the

noi sture catch, and the buffer introduced into the probe. The
stemtips of the first, third, and fourth inpingers shall be
nodi fied by replacing the standard tips with 1.3-cm (0.5-in.) ID
gl ass tubing extended to about 1.3 cmfromthe bottom of the
flask. A tenperature sensor shall be inserted into the first

i npi nger and a thernoneter or tenperature sensor shall be placed
at the outlet of the fourth inpinger for nonitoring the gas
streamtenperatures at these | ocations; both shall be capabl e of



measuring tenperature to within 1°C (2°F). Alternatively,
functionally equival ent systens are acceptabl e.

2.2.6 Probe Gas Buffering System Sterile tubing,
punpi ng system and sterile buffer reservoir to introduce sterile
2.0 M phosphate buffer, pH -7, into the quartz-glass probe liner
in a spray pattern adjacent to the rear of the button-hook nozzle
during sanmpling. Teflon tubing 32-mm (1/8-in.) OD crinped at the
end and punched with needl e-si zed hol es has been shown to be
suitable. The punping system should be capabl e of delivering
buffer to the probe at a rate of approximately 15 to 20 ml / m n.

An acceptable configuration is illustrated in Figure 1.
2.2.7 Metering System Sane as in Method 5,

Section 2.1.8.
2.2.8 Baroneter. Sanme as in Method 5, Section 2.1.9.
2.2.9 Gas Density Determ nation Equi pment. Sanme as in

Section 2.1.10 of Method 5.

2.3 Sanmpl e Recovery.

2.3.1 Probe Brush. Nylon bristle brush with stainless
steel, plastic, or Teflon handle. The probe brush shall have
extensions (at |least as long as the probe) of simlar material.
The brush shall be properly sized and shaped to brush out the
probe liner and nozzle with the probe gas buffering system
i nstal |l ed.

2.3.2 Wash Bottles (sterile). Two glass, polyethylene,
or Teflon wash bottles are recommended.

2.3.3 Sanpl e Storage Containers (sterile). dass
containers wth | eak-free caps, 2-liter.

2.4 Analysis.

2.4.1 | ncubator. Air convection type, capable of
aerobic incubation at 55 to 65°C.

2.4.2 | ncubati on Tubes (sterile). Heat-proof tubes or
bottl es.



2.4.3 Water Bath. Capable of nmaintaining a tenperature
of 80°C.

2.4.4 Petri Dishes (sterile).

2.4.5 Filter Units (sterile). Nalgene® 0.2-um cellul ose
nitrate nmenbrane analytical filter units or equivalent.

3. Reagent s

3.1 Sanpling.

3.1.1 Water. Al water used shall be sterile deionized
wat er .

3.1.2 Col I ection and Probe Gas Buffering Reagent
(sterile). Buffered phosphate solution (2.0 M, approximte Ph
7. Prepare by dissolving 174.2 g di basi c potassi um phosphate
(K,HPQ,) and 136.1 g nonobasi c potassi um phosphate (KH,PQ,) in
water and diluting to 1 liter. Approximately 2 liters are
required for each test run.

3.1.3 Crushed I ce.
3.1. 4 Silica Gel. Sanme as in Method 5, Section 3.1.2.
3.1.5 Stopcock Grease. Heat-stable silicone grease.

This is not necessary if screwon connectors with Teflon sl eeves
or simlar, inert, fittings are used.

3.1.6 | ndi cator M croorgani sns. Bacillus
st ear ot her nophi | us spores. The theoretical spore charge to the

i nci nerator when mxed with wastes should be at |east 10'? spores
total per sanpling run. Wth advance notice, liquid cultures at
this |l evel can be produced by the Fernentation Facility,
Depart ment of Biochem stry, University of Al abama at Birm ngham
UAB St ation, Birm ngham Al abama, 35294 (Tel ephone No. 205-934-
5561). For spiking purposes, cultures will be inoculated into or
onto materials normally found in the nedical waste stream

3.2 Analysis. The analytical reagents recommended have
been denonstrated to be suitable for culturing and enunerating
the indicator spores. Oher reagents nay al so be used if
denonstrated to be suitable.



3.2.1 Water. Al water used shall be sterile deionized
wat er .

3.2.2 Trypticase Soy Agar Gowth Medium Prepare by
m xi ng 15.0 g pancreatic digest of casein, 5.0 g papaic digest of
soy neal, 5.0 g Nad, and 15.0 g agar with 1 liter of water.

Boil to dissolve the agar. Sterilize at 121°C for 15 m nutes.
This recipe will prepare 100 petri dishes.

3.2.3 1 N Sodi um Hydroxide (NaOH). Add 40 g of NaCH to
a 1-liter volunetric flask containing water and dilute to vol une
with water while m xing.

3.2.4 Bal ance. To neasure within 0.5 g.

4. Pr ocedure

4.1 Sanpling.

4.1.1 Pretest Preparation. It is suggested that
sanpl i ng equi pnent be calibrated and nai ntai ned according to the
procedures described in Section 3.4 of EPA's Quality Assurance
Handbook, Volunme 11l (G tation 4). Cean and hydrogen
per oxi de/ al cohol - di si nfect the nozzle/probe liner, first three
i npi ngers, all connections, and the nozzle/probe |iner brush as
follows: Soak in 1.0 N HNG, for at | east one hour, wash with a
| aboratory detergent, rinse three times with tap water and three
tinmes with deionized water, and finally, rinse with 90 percent
et hanol. During storage between cl eaning and assenbly, plug al
conponent inlets and outlets with simlarly-prepared cork or
rubber stoppers, or cover with Parafilnf Store the probe brush
in a clean plastic bag.

4.1.2 Preparation of Collection Train. Assenble the
train as in Figure 1, using applicable sections of Ctation 4 as
a guide. Aseptically add 200 m and 100 m of collecting reagent
to the first and second inpingers, respectively. Transfer
approximately 200 to 300 g of silica gel to the fourth inpinger.
If the stack gas noisture is to be determned using this train,
weigh all four inpingers to the nearest 0.5 g. Mark the probe
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W th heat-resistant tape or by other neans to denote the proper
di stance into the stack or duct for each sanpling point. Place
crushed ice around the inpingers.

4.1.3 Prelimnary Determ nations. Sane as in Method 5,
Section 4.1.2, with the addition that the total sanpling tine
shall be such that the pH of the first inpinger will remain above
five.

4.1. 4 Leakcheck Procedures.

4.1.4.1 Pretest Leakcheck. This pretest |eakcheck is
recommended, but not required. Plug the inlet to the first
i npi nger using a sterile plug, and pull a 380-mm Hg (15-in. Hg)
vacuum (A |l ower vacuum may be used, provided that it is not
exceeded during the test.) Then connect the probe to the train
and | eak check at about 25-mm Hg (1-in. Hg) vacuum
Al ternatively, the probe may be | eak checked with the rest of the
sanpling train, in one step, at 380mm Hg (15-in. Hg) vacuum
Leakage rates in excess of 4 percent of the average sanpling rate
or 0.00057 nm¥/mn (0.02 cfnm), whichever is less, are
unaccept abl e. The | eakcheck procedures described in GCtation 4
may al so be hel pful

4.1.4.2 Leakchecks During Sanple Run. [If during the
sanpling run, a conponent (e.g., inpinger) change becones
necessary, a |eakcheck as described shall be conducted
i mredi ately before the change is made. Leakchecks after
conponent changes are optional.

4.1.4.3 Post -t est Leakcheck. A |eakcheck is mandatory at
t he concl usion of each sanmpling run. The | eakcheck shall be done
in accordance with the procedures outlined in Section 4.1.4.1,
except that it shall be conducted at a vacuum equal to or greater
t han t he maxi mum val ue reached during the sanpling run. |If the
| eakage rate is acceptable, no correction need be applied to the
total volune of dry gas netered. |If, however, an unacceptable
| eakage rate is obtained, the tester shall either record the
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| eakage rate and correct the sanple volune as shown in Section
6.3 of Method 5, or void the sanpling run

4.1.5 Sanpling Train Operation.

4.1.5.1 During the sanpling run, maintain an isokinetic
sanpling rate (wthin 10 percent of true isokinetic unless other
W se specified by the Adm nistrator). Nonographs and
programmabl e cal cul ators are available, which aid in the rapid
adj ustment of the isokinetic sanpling rate w thout excessive
conputations. For each run, record the data on a data sheet such
as the one shown in Figure 5-2 of Method 5. If this trainis to
be used to determ ne the noisture content of the sanple gas,
determ ne and record the starting volune of the buffer in the
probe gas buffering systemreservoir. |If used, level and zero
t he manoneter. Because the manoneter |evel and zero may drift
due to vibrations and tenperature changes, nake periodi ¢ checks
during the traverse. Cean the ports prior to the test run to
m nim ze the chance of sanpling deposited material. Wen the
stack is under significant negative pressure, take care to close
t he coarse adjust valve before inserting the probe into the stack
to prevent collection solution frombacking into the probe. |If
necessary, the punp may be turned on with the coarse adjust valve
cl osed.

4.1.5.2 Ensure that the tenperatures of the primary (and
secondary, if applicable) conbustion chanber, as well as the
stack have reached the requirenents specified in the applicable
regul ations. Begin sanpling just before the spiked wastes are
added to the incinerator.

4.1.5.3 Before inserting the probe into the duct and
begi nni ng sanpling, renove the nozzle cap, verify that the pitot
tube and probe are properly positioned (the probe at a slight
angle to allow buffer and condensed noisture to drain into the
first inpinger), and start the circulating water and probe gas
buffering systens. |Insert the probe into the duct and position
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the nozzle at the first traverse point with the tip pointing
directly into the gas stream Block off the openings around the
probe and port to prevent unrepresentative dilution of the gas
stream Begin sanpling by imrediately starting the punp and
adjusting the flowto isokinetic conditions. Traverse the duct
cross-section, as required by Method 1, being careful not to
contact the duct walls with the probe nozzl e when sanpling near
the walls or when renoving or inserting the probe through the
port; this mnimzes the chance of extracting deposited materi al.
During the test run, add nore ice around the inpingers and, if
necessary, salt to maintain tenperatures of |ess than 50°C
(120°F) in the first inpinger and 20°C (68°F) at the silica gel

i npinger outlet. Also, if a manoneter is used, periodically
check its |l evel and zero.

4.1.5.4 At the end of the sanple run, turn off the coarse
adj ust val ve, renove the probe and nozzle fromthe stack, and
turn off the punp and probe gas buffering system |If this train
is to be used to determ ne the noisture content of the sanple
gas, determne and record the final volune of the buffer in the
probe gas buffering systemreservoir. Record the final dry gas
meter readi ng and conduct a post-test |eakcheck as outlined in
Section 4.1.4.3. Also, leak check the pitot |lines as descri bed
in Method 2, Section 3.1; the lines nust pass this | eakcheck in
order to validate the velocity head data.

4.1.6 Cal cul ation of Percent |Isokinetic. Sane as in
Section 4.1.6 of Method 5.

4.2 Sanple Recovery. Sanple recovery procedures are
summarized in Figure 2. Allow the probe to cool, ensuring that
no foreign contam nation enters the nozzle during the process.
When the probe has cooled, turn off the water circulating system
and wi pe off any external matter near the tip of the probe
nozzle. D sconnect the probe fromthe inpinger assenbly | eaving
the buffer delivery systeminside the probe liner. Using a wash

9



bottle containing sterile buffer solution and the probe brush,
wash the interior of the probe liner, and collect the washings in
the sanple bottle. Renove the unbilical cord fromthe | ast
inpinger. If using this train to determne the noi sture content
of the sanple gas, weigh each of the four inpingers to the
nearest 0.5 g. Aseptically transfer the contents of the first
three inpingers to the sanple recovery bottle with sterile buffer
rinsings. Check the pH of the sanple solution using pH paper,
and if necessary, adjust to pH6.0 to 7.5 with 1 N NaOH  Mark
the level of liquid in the sanple recovery bottle to check for

| eakage later. For shipment to the | aboratory, pack the bottle
inice and maintain at or below 4°C. Ensure that the sanple
bottle is sufficiently sealed to prevent contam nation from

mel ted ice.
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Probe Liner
and Nozzle

Rinse and
brush using
buffer into
sterile

container

1st Impinger
(200 ml of
buffer)

Empty contents
into sterile
container

Rinse twice
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2nd Impinger
(100 ml of
buffer)

Empty contents
into sterile
container

Rinse twice
with buffer
into container

3rd Impinger Silica
(Empty) Gel
Empty contents Weigh
into sterile
container
Rinse twice Discard
with buffer

into container

Figure 2.

Liquid Sample

Sanpl e Recovery Schene for

M crobi al Testing.
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4.3 Sanple Preparation and Analysis. The procedures for
sanpl e preparation and analysis are summarized in Figure 3.

4.3.1 Sanple Solution Aliquots. Note the |evel of
liquid in the sanple container and confirmon the anal ysis sheet
whet her | eakage occurred during transport. MXx the sanple
solution well and divide into the follow ng aliquots using
sterile pipets and/or glassware: three 10-m aliquots, three
100-m aliquots, and three equal volunme aliquots of the remaining
solution. Using sterile water, rinse pipets or other glassware
used to transfer the sanple solutions into the containers.

4.3.2 Culture Incubation. Pour nolten trypticase soy
agar into petri dishes. Allowthe agar to harden. Using
separate filter units, filter each sanple aliquot. Ri nse each
i ncubation tube with sterile water and pass this rinse through
the filter as well. Using sterile tweezers, renove the filters
fromeach unit and place face up on separate agar plates.
Aerobically incubate the plates in an air convection incubator at
65°C for 18 to 24 hours.

4.3.3 Quantification. Renove plates fromincubator
identify and enunerate the bacterial colonies.

4.3. 4 | dentification of Indicator M croorganisms.
Confirmthat the colonies are B. stearothernophilus by testing

representative colonies fromthe plates. A variety of tests,
i ncl udi ng gram staining and biochemcal tests will be used as
necessary to correctly identify the col onies.

4.4 Qality Control Procedures.

4.4.1 Meter Orifice Check. The procedures in Section
4.4.1 and 4.4.2 of Method 5 are recomended, but are optional.

4. 4.2 I ndi cator M croorganisns. Aliquots of the spore
suspension used to spi ke the waste shall be filtered, cultured,
and quantified sinmultaneously with the sanples to establish the
actual spike quantity.
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Recovered
liquid sample

3 10-ml aliquots 3 100-ml aliquots 3 equal aliquots
of remaining sample

Vacuum filter through separate sterile
Nalgene cellulose nitrate 0.2 um
filter unit

Lay each filter on a separate
agar plate

Incubator plates at 65°C for 24 hours
Recheck at 48 hours

Enumeratic colonies of

B. stearothermophilus
on filters

Figure 3. Sanple Preparation and Anal ysis Procedures.
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5. Calibrations
Maintain a | aboratory log of all calibrations. Calibrate

t he probe nozzle, pitot tube, netering system and baroneter as
described in Method 5, Sections 5.1, 5.2, 5.3, and 5.7.
6. Cal cul ati ons

Carry out calculations, retaining at | east one extra deci nmal
figure beyond that of the acquired data. Round off figures after
the final calculation. Oher fornms of the equations may be used
as long as they give equivalent results.

6.1 Nonencl ature.

A = Cross-sectional area of stack, nt (ft?).

A, = Cross-sectional area of nozzle, nt (ft?).

B = Wat er vapor in the gas stream proportion by
vol une.

C = Concentration of B. stearothernophilus in
stack gas, dry basis, corrected to standard
conditions, viable spores/dsnt (viable
spor es/ dscf).

DE = Destruction efficiency, percent.

I = Percent of isokinetic sanpling.

M, = Mol ecul ar wei ght of water, 18.0 g/g-nole
(18.0 I b/l b-mol €).

N = Nunber of viable indicator mcroorganisns in
sanpl e.

Poar = Baronmetric pressure at the sanpling site, nm
Hg (in. Ho).

P = Absol ute stack gas pressure, mMmHg (in. Hg).

Pst g = St andard absol ute pressure, 760 nm Hg (29.92
in. Hg).

Qq = Dry volunetric flue gas flow rate at standard

conditions, dscmmn (dscf/mn).
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Vista)

| deal gas constant, 0.06236 (mMm

Hg) (n?)/ °K) (g-nol e) [21.85 (in.

Hg) (ft3)/(°R) (I b-nole)].

Aver age nunber of spore col onies counted for
three replicate aliquots.

Nunber of viable spiked spores exiting stack.
Nunber of viable spores spiked in the waste

f eed.

Absol ute average dry gas neter tenperature
(see Figure 5-2 of Method 5), °K (°R).

Absol ute average stack gas tenperature (see
Figure 5-2 of Method 5), °K (°R).

Standard absol ute tenperature, 293°K (528°R).
Vol une of sanple aliquot filtered.

Vol une of gas exiting stack during test
period, dsn? (dscf).

Total volunme of liquid collected in inpingers
and silica gel (difference between total

wei ght of inpingers before and after sanpling
divided by 1 g/m), m.

Final volunme of liquid sanple, nl.

Vol unme of gas sanpl e as neasured by dry gas
neter, dn? (dcf).

Vol ume of gas sanpl e neasured by the dry gas
neter, corrected to standard conditions, dsn?
(dscf).

Vol ume of buffer introduced into the probe,

m .

Vol unme of water vapor in the gas sanpl e,
corrected to standard conditions, sn? (scf).
Stack gas velocity, calcul ated by Equation 2-
9 of Method 2, using data obtained fromthis
met hod, m sec (ft/sec).
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Y = Dry gas neter calibration factor.

JH = Average pressure differential across the
orifice neter (see Figure 5-2 of Method 5),
mm H,O0 (in HO.

P, = Density of water, 0.9982 g/m (0.002201
I b/m).
1 = Total sanpling tinme, mn.
13.6 = Specific gravity of mercury.
60 = Sec/ m n.
100 = Conversion to percent.
460 = Correction to absol ute tenperature.
6.2 = Average Dry Gas Meter Tenperature and Average

Oifice Pressure Drop. See data sheet
(Figure 5-2 of Method 5).
6.3 Dry Gas Volune. Correct the sanple volune neasured by
the dry gas neter to standard conditions (20°C, 760 mm Hg or
68°F, 29.92 in. Hg) by using Equation 1.

Vv =V Y (T T,) [(P, + (AH/13.6)]/P,

m(std))
K, V., Y [P, + (AH/13.6)1/T Eq. 1

wher e:
Ky

0. 3858 °K/mmHg for netric units,
17.64 °R/in. Hg for English units.
NOTE: Equation 1 can be used as witten unless | eakage is

observed during any of the mandatory | eakchecks.
6.4 Volunme of Water Vapor.

Vs = Vie (PW/M,) RT4/Pyy = KV, Eq. 2

wher e:
Ko

0.001333 n¥/m for nmetric units,
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= 0.04707 ft3 m for English units.

NOTE: V,. is equal to the final weight of the inpingers
mnus the initial weight of the charged inpingers and the buffer
introduced into the probe (V).

6.5 Moisture Content. Sane as in Method 5, Section 6.5.

6.6 Nunber of Indicator M croorganisns Collected. |If
possi bl e, use the set of replicate sanple values that yields
bet ween 20 and 200 counts per plate for conducting these
cal cul ati ons.

N =S, V/V,

Eq.

6.7 Concentration of Indicator Organi sns Col | ect ed.
Eq.
C = NV 4 9

6.8 Flue Gas Flow Rate at Standard Conditi ons.

Qg = 60 (1-B,) v, A (T/T) (PJP,Y) Eq

6.9 Volunme of Gas Exiting Stack During Test Period.
Eq.
V, = Qy 6 q

6. 10 Nunber of Viable Spores Exiting Stack During Test
Peri od.

Eq.
S, = CV, q

6.11 Destruction Efficiency of Incinerator for Indicator
Spor es.

DE = [1 - (S/S,)] 100 Eq.

6.12 Isokinetic Variation. Sane as in Mthod 5,
Section 6.11.
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6.12.13 Acceptable Results. Same as in Method 5,
Section 6.12.
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