Georgia Department of Natural Resources -

Environmental Protection Division - Air Protection Branch

JUL 18 2016 4244 International Parkway * Suite 120 - Atianta - Georgia 30354
: Telephone; 404/363-7000 - Fax: 404/363-7100
Judson H. Tumer, Director

MEMORANDUM; .. ——

TO: Michael Odom

THROUGH: Ross Winng; Marcus Cureton i~

FROM: Anna Gray

SUBJECT: SOURCE 'I%T REPORT REVIEW

The following test has been reviewed and was conducted in an acceptable fashion for the purpose intended.
COMPANY NAME Sterigenics U.S. LLC

COMPANY LOCATION Atlanta, GA

SOURCE TESTED 10-Sterilizer Chambers/Ceilcote Packed Tower Scrubber
POLLUTANT DETERMINED Ethylene Oxide

REPORT REVIEWED BY Anna Gray

TEST WITNESSED BY Ross Winne

DATE(S) OF TEST March 17, 2018 to March 18, 2016

DATE RECEIVED BY APB May 24, 2016
APPLICABLE REGULATION | Permit No. 7389-067-0093-S-05-3, Condition 2.3

MEMORANDUM The reduction efficiency test of the Ceilcote packed tower scrubber emission control
system was conducted in accordance with USEPA CFR 40, Part 63.365. At least
one of the test runs was performed using emissions from the new 30-pallet sterilizer
(Chamber#11). The other two chambers were: #3 and #8.
Run #1 Inlet EtO= 44.9 |bs

Outlet EtO=0.00000651bs

EtO Control Efficiency= 99.9999%

Minutes/cycle= 24
Run #2 Inlet Et0=61.9 |bs

Outlet EtO= 0.0000141 lbs

EtOQ Control Efficiency= 99.9999%

Minutes/cycle= 23
Run #3 Inlet EtO= 76.1 lbs

Outlet EtO= 0.0000076 lbs

EtO Control Efficiency= 99.9999%

Minutes/cycle= 20

Average EtO Control Efficiency: 98.9998%
Required EtO Control Efficiency: 99%

The amount of ethylene oxide used during each sterilization cycle was caiculated
by the Gas law and the conditions at the beginning and the end of every exhaust
phase. All exhaust phase testing wsa conducted during normal process icad
conditions, but with an empty sterilization chamber to facilitate inlet mass calcutation
and the performance of multiple test runs.

Parameters during test:

Ceilcote scrubber readings: pH= 1.2 ; Storage tank level=: 186 inches ;Glycol
concentration=36.3%

AAT scrubber readings: pH=0.9; Tank level= 105 inches; Glycol
concentration=36.8%

y Winne AIRS Number; 06700093
‘e Number: 201600650 Printed: 7/12/2016
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EHS Manager
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1.0 INTRODUCTION

On Thursday and Friday, March 17-18, 2016, ECSi, Inc. performed air poliution source testing of an ethylene
oxide (EtO) emission-control device operated by Sterigenics, Inc. in Atlanta, Georgia. The control device
tested was a Ceilcote packed tower scrubber emission-control system, which is currently used to control
emissions from ten EtO sterilizer vacuum pumps. The purpose of the testing program was to demonstrate
continued compliance with the conditions established in the Air Quality Permit granted to Sterigenics by the
Georgia Department of Natural Resources, Environmental Protection Division (GDNRY).

| FCS



2.0 EQUIPMENT

The EtO gas-sterilization system is comprised of ten commercial sterilizers, which are discharged through
liquid-ring vacuum pumps to a Ceilcote packed tower scrubber emission-control system, ten sterilizer
exhaust vents (backvents) and one aeration room, which are discharged to a two-stage Advanced Air
Technologies (AAT) Safe Cell emission-control system. As an alternative emission-control scenario, the
facility also has the capability to discharge the sterilization chamber vacuum pumps to the AAT Safe Cell

~ system. The gas-sterilization and emission-control equipment consist of the following:

Ten Gas Sterilizers, two 5-pallet, two 6-pallet, four 13-pallet, and two 30-pallet capacity, each
comprised of a steam-heated sterilization chamber, a recirculating vacuum pump chamber

evacuation system, a backvent valve, and a fugitive emissions exhaust hood;

One aeration room (AR-1), 152,400 cubic feet capacity, comprised of a heated aeration chamber and

a chamber exhaust system.
er vacuum pump emissions are be controlled by:

One Ceilcote packed tower chemical scrubber, equipped with: a reaction/interface column, 27' 4
high, 42" in diameter, with a 20" bed of #1 Tellerette packing; a 115 GPM scrubber fluid recirculation
system; and two 28,000 gallon reaction/storage tanks.

s '_terilizer backvent and aeration emissions are controlled by:

One two-stage Advanced Air Technologies Safe Cell emission-control system, comprised of a
packed-tower chemical scrubber (SC1), equipped with a packed reactionfinterface column, a
scrubber fluid recirculation system, and a scrubber fluid reaction/storage tank, and a dry bed
reactor/scrubber (SC2), comprised of a bank of solid-bed reaction vessels, connected in parallel,

installed downstream of SC1 and upstream of a dedicated blower exhaust system.
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3.0 TESTING

EtO source testing was conducted in accordance with the procedures outlined in USEPA CFR40, Part
63.365. EtO emissions monitoring was conducted simultaneously at the inlet and outlet of the packed tower
= scrubber during the first chamber evacuation of the sterilizer exhaust phase of one of the ten currently

operating sterilizers, and at least one of the test runs was performed using emissions from the new 30-pallet

sterilizer. A total of three exhaust-phase test runs were performed.

During the first chamber evacuation of the exhaust phase, EtO emissions to the inlet of the packed tower

-:__:_'3_ scrubber were determined using the Ideal Gas Law and the chamber conditions at the beginning and at the

: end of the first chamber evacuation. During the first chamber evacuation of the exhaust phase, EtO

emissions from the outlet of the packed tower scrubber were determined using direct source sample injection
~ into the GC.

A e

All exhaust phase testing was conducted during normal process load conditions, but with an empty
- sterilization chamber to facilitate inlet mass calculation and the performance of muitiple test runs. The testing

program was conducted in accerdance with the procedures outlined in the following sections.

R R e

3 FCS




4.0 RULE/COMPLIANCE REQUIREMENTS

':":-: The EtO gas-sterilization system at Sterigenics was tested to demonstrate compliance with the EPA

" requirements, as specified in the GDNR Air Quality Permit. The following requirements must be met:

G The sterilizer exhaust phase (post exposure vacuum pulses) emissions must be vented to control -

equipment with an EtO emission-reduction efficiency of at least 99 % by weight.

"f Testing is required to demonstrate compliance with these requirements. Source testing of the packed tower

scrubber emission-control device is required initially, and may be required periodically thereafter.
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5.0 TEST METHOD REFERENCE

&1 INTRODUCTION

EtO source testing was conducted in accordance with the procedures outlined in USEPA CFR40, Part
:. 63.365. EtO emissions monitoring was conducted simultaneously at the inlet and outlet of the packed tower
scrubber during the first chamber evacuation of the sterilizer exhaust phase of one of the ten currently
- operating sterilizers, and at least one of the test runs was performed using emissions from the new 30-pallet

gterilizer. A total of three exhaust-phase test runs were performed.

Exhaust phase testing with one sterilizer discharging to the scrubber at a time represents worst-case
nditions for demonstration of control efficiency compliance. At this lower inlet loading, the scrubber must
‘perform at its maximum efficiency to achieve outlest EtO concentrations low enough to demonstrate

'_'c':'ompliance. One of the larger sterilizers was tested for each of the test runs to provide a realistic operational

‘During the first chamber evacuation of the exhaust phase, EtO emissions to the inlet of the packed tower
'_écrubber were determined using the Ideal Gas Law and the chamber conditions at the beginning and at the
. d of the first chamber evacuation. During the first chamber evacuation of the exhaust phase, EtO
_emissions from the outlet of the packed tower scrubber were determined using direct source sample injection
‘into the GC.

All exhaust phase testing was conducted during normal process load conditions, but with an empty
sterilization chamber to facilitate inlet mass calculation and the performance of multiple test runs. The testing

program was conducted in accordance with the procedures outlined in the following sections.

3:'_'_.':.Operation and documentation of process conditions was performed by personnel from Sterigenics, Inc. using

' existing monitoring instruments installed by the manufacturer on the equipment to be tested. In accordance
. with the procedures established in USEPA CFR40, Part 63, Subpart O, scrubber liquor level was recorded.
This parametric monitoring data is attached as Appendix G.
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VOLUMETRIC FLOW MEASUREMENT

haust gas flow at the outlet of the scrubber was determined by 40 CFR 60, Appendix A, Method 2, using
s-type pitot tube and an inclined-oil manometer. Sampling ports were located in accordance with 40
R 60, Appendix A, Method 1. The test ports were located far enough from any flow disturbances to

rmit accurate flow measurement.
Temperature measurements were obtained from a type K thermocouple and thermometer aftached to the
sampling probe. Exhaust gas composition was assumed to be air and small amounts of water vapor. Water

vapor was negligible and, based on previous test data, a value of 2 percent was used for flow calculations.

CONTROL EFFICIENCY AND MASS EMISSIONS MEASUREMENT

ring the first chamber evacuation of the sterilizer exhaust phase, the mass emissions of EtO vented to the
et of the scrubber were determined using the procedures outlined in CFR40, Part 63.365. This method
ows the determination of the mass of EtO vented to the inlet of the scrubber through calculations based on

ldeal Gas Law and using the conditions (pressure, temperature, volume) of the sterilization chamber

mmediately after it has been charged with sterilant gas, and upon conclusion of the first chamber evacuation

of the exhaust phase.

e mass of EtO vented to the inlet of the scrubber during the first chamber evacuation of the exhaust phase

was determined by calculating the mass of EtO present in the chamber after the first chamber evacuation

and subtracting it from the mass of EtO present in the chamber after it had been charged with sterilant gas.

'__F_he mass of EtO present in the chamber was calculated using Equation 1, shown below in Section 5.9.

I:jj'uring the first chamber evacuation of the sterilizer exhaust phase, EtO emissions from the outlet were
determined using direct source sample injection into the GC. The mass of EtO emitted from the outlet was

d‘étermined using Equation 2, shown below in Section 5.9. Mass-mass control-efficiency of EtO during the

sterilizer exhaust phase was calculated by comparing the mass of EtO vented to the system inlet to the mass

of EtO vented from the system outlet.

During the sterilization chamber exhaust phase, vented gas was analyzed by an SRI, Model 8610, portable
gas chromatograph (GC), equipped with the following: dual, heated sample loops and injectors; dual
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columns; and dual detectors. A photoionization detector (PID) was used to quantify low-level EtO emissions
at the packed tower scrubber outlet.

SAMPLE TRANSPORT

Source gas was pumped to the GC at approximately 500-1000 cubic centimeters per minute (cc/min) from
the sampling ports through two lengths of Teflon® sample line, each with a nominal volume of approximately
?’5 cubic centimeters (cc) and an outer diameter of 0.25 inch. At the outlet of the scrubber the sampling ports
were located in the exhaust stack.

GC INJECTION

Source~gas samples were then injected into the GC which was equipped with two heated sampling loops,
each containing a volume of approximately 2cc and maintained at 100 degrees Celsius (C). Injections
curred at approximately one-minute intervals during the sterilization chamber exhaust phase. Helium was
the carrier gas for the PID.

GC CONDITIONS

j’he packed columns for the GC were both operated at 80 degrees C. The columns were stainless steel, 6
feet long, 0.125 inch outer diameter, packed with 1 percent SP-1000 on 60/80 mesh Carbopack B.

Any unused sample gas was vented from the GC system back to the inlet of the scrubber.

CALIBRATION STANDARDS

) 100 ppmv EtO, balance nitrogen

2) 50 ppmv EtO, balance nitrogen (audit gas)
) 10 ppmv EtO, balance nitrogen

4) 1 ppmv EtO, balance nitrogen

7 FECS




2ch of these calibration standards was in a separate, certified manufacturer's cylinder. Copies of thé: B

fibration gas laboratory certificates are attached as Appendix F.

SAMPLING DURATION

);haust phase EtO measurements were taken for the entire duration of the first chamber evacuation, which
as approximately 20-30 minutes. This encompassed a total sampling duration of approximately 20-30
i:nutes for each exhaust phase test run.

CONTROL-EFFICIENCY/MASS-EMISSIONS CALCULATIONS

e following equation was used to calculate mass of EtO discharged to the inlet of the emission-control

stem during the first chamber evacuation of the sterilizer exhaust phase:
QUATION 1:
= Wi W

= Weight of EtO discharged from the sterilization chamber to the emission-control system during

the first chamber evacuation, pounds

= (mw){p)P)VY(R)T)
nd W)
Where
Wy = Weight of EtO present in the sterilization chamber before the first chamber

evacuation, pounds

W = Weight of EtO present in the sterilization chamber after the first chamber evacuation,
pounds
MW = Molecular weight of EtO, 44.05 Ib/mol
p = FPercent of EtO in chamber
= WW,
Where:
W, =  Scale-measured weight of EtO charged into sterilization chamber
W, =  Calculated weight of EtO charged into sterilization chamber (@ 100%)
P = Sterilization chamber pressure (after charging/at the end of the 1st evac), psia
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vV o= Sterilization chamber volume,
R = Gas constant, 10.73 psia-ft’/mol-°R
T = Sterilization chamber temperature (after charging/at the end of the 1st evac), °R

Note: Standard conditions are 68°F and 1 atm.

e

Mass emissions of EtO during the exhaust phase were calculated using the following equation:

EQUATION 2:

MassRate = (VolFlow)(MofWt)(ppmv EtO/10%/(MolVol)

Where:

MassRate = EtO mass flow rate, pounds per minute

VofFlow = Corrected volumetric flow rate, standard cubic feet per minute at 68 degrees F
MolWit = 44.05 pounds EtO per pound mole

ppmv EtO = EtO concentration, parts per milfion by volume

108 = Conversion factor, ppmv per "cubic foot per cubic foot"

MolVol = 385.32 cubic feet per pound mole at one atmosphere and 68 degrees F

Results of the control-efficiency testing are presented in Section 8.0 and in Table 1.
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6.0 TEST SCENARIO

During exhaust phase testing, each sterilizer was tested during normal process load conditions, but with an
empty sterilization chamber to facilitate the performance of multiple test runs. A total of three exhaust-phase
test runs were performed to verify the performance of the emission-control device. Testing was conducted

with an effort to offer minimal disruption to the Sterigenics production schedule. The testing schedule was as

Testing equipment was set up and calibrated.

An empty-chamber cycle was started in one of the larger sterilizers. This sterilizer was isolated for
test use and designated as a test chamber.

Exhaust Phase Test Run #1 was conducted. Sampling was performed at outlet of the scrubber
during the first chamber evacuation of the test chamber. During the performance of the test, only
the sterilizer used for the test was allowed to discharge to the Ceilcote scrubber.

An empty-chamber cycle was started in another of the larger sterilizers. This sterilizer was isolated
for test use and designated as a test chamber.

Exhaust Phase Test Run #2 was conducted. Sampling was performed at outlet of the scrubber
during the first chamber evacuation of the test chamber. During the performance of the test, only
the sterilizer used for the test was allowed to discharge to the Ceilcote scrubber.

An empty-chamber cycle was started in the new 30-pallet sterilizer. This sterilizer was isolated for
~ test use and designated as a test chamber.

Exhaust Phase Test Run #3 was conducted. Sampling was performed at outlet of the scrubber
during the first chamber evacuation of the test chamber. During the performance of the test, only
the sterilizer used for the test was allowed to discharge to the Ceilcote scrubber.

Post calibration check was performed, testing equipment was packed.
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7.0 QA/QC

71 FIELD TESTING QUALITY ASSURANCE

At the beginning of the test, the sampling system was leak checked at a vacuum of 15 inches of mercury.

The sampling system was considered leak free when the flow indicated by the rotameters fell to zero.

At the beginning of the test, a system blank was analyzed to ensure that the sampling system was free of
EtO. Ambient air was introduced at the end of the heated sampling line and drawn through the sampling
system line to the GC for analysis. The resulting chromatogram also provided a background level for non-
EtO components (i.e. ambient air, carbon dioxide, water vapor) which are present in the source gas stream
due to the ambient dilution air which is drawn into the emission-contro! device, and due to the destruction of
EtO by the emission-control device which produces carbon dioxide and water vapor. This chromatogram,

designated AMB, is included with the calibration data in Appendix A.

7.2 CALIBRATION PROCEDURES

The GC system was calibrated at the beginning and conclusion of each day's testing. Using the Peaksimple
[l analytical software, a point-to-peoint calibration curve was constructed for each detector. A gas cylinder of
similar composition as the calibration gases, but certified by a separate supplier, was used to verify

calibration gas composition and GC performance.

All calibration gases and support gases used were of the highest purity and quality available. A copy of the

laboratory certification for each calibration gas is attached as Appendix F.
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8.0 TEST RESULTS

'he Ceilcote scrubber demonstrated an EtO controtl efficiency of 99.99998 percent. In accordance with EPA
équirements, as specified in the GDNR Air Quality Permit, this control equipment must have an EtO contro!
fficiency of 99 percent or more during the sterilizer exhaust phase (vacuum pump emissions). The

mission-control device met this requirement.

he test results are summarized in Table 1. These tables include results for EtO control efficiency of the
mission-control device. Chromatograms and chromatographic supporting data are attached as Appendices
\ through D. Copies of field data and calculation worksheets are attached as Appendix E.
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TABLE 1
ETHYLENE OXIDE CONTROL EFFICIENCY
OF A CEILCOTE PACKED TOWER SCRUBBER EMISSION CONTROL DEVICE
OPERATED BY STERIGENICS, INC.
IN ATLANTA, GEORGIA
ON MARCH 17-18, 2016

Stack Flow Average Outlet Outlet EtO Mass Minutes/ Qutlet EtO Mass  Inlet EtO Mass EtO Control
“Run# (dsefm)({2) Conc.{ppm} {1) Flow {Ilbs/min) (3} Cycle Emissions {Ibs) Emissions (Ilbs} Efficiency (%)

#1 235 0.0100 0.0000003 24 0.0000065 449 99.999986
#2 282 0.0214 0.0000006 23 0.0000141 61.9 99.999977
#3 332 0.0100 (.0000004 20 0.0000076 76.1 99.999990

Average EtO Control Efficiency:  99.999984

Required EtO Control Efficiency: 9

‘Notes: (1) - PPM = parts per million by volume
{2) - DSCFM = dry standard cubic feet per minute
{3) - LBS/MIN = £tO emissions, pounds per minute
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APPENDIX A

Calibration Data




e Start
.ad vol / Air  0.000
pient H20  0.350
.Ethy{ene Oxide 0.500
_ﬁaﬁemidehyde 0.600
2 0.800

End

.350
0.500
0.600
0.800
1.000

Calibration Int.Std  Units
0.000
0.000
C\peak359\15ter0.00016.ppm
0.000
0.000




C:\peak359\1 SteraAtl-2016.cal

Amount
0.000
1.100
10,160
100.000

CF

0.000
0.208
0.199
0.184

Current
0.000
0.230
2010
18.400

AMOUNT INJECTED

Previous #1Previous #2
N/A N/A
N/A N/A
NfA N/A
NIA N/A




Dead Vol { Ar 0.000
Ambient H20  0.350
Ethylene Oxide 0.490
‘Acetaldehyde 0.600

End

0.350
0.480
0.600
0.800
1.000

int.Std  Units

Ci\peak35SN2SterN.00016.ppm




n file: C:ipeak35o\2SterAt-2016.cal
AREA

pe of curve: 1.34
tercept: 0,00
“1.00
of levels: 4
D of CF's: 0.7/67.0

AMOUNT INJECTED

Pravious #1Previous #2

N/A
N/A
N/A
N/A

NIA
NiA
N/A
NIA




'1: Sterigenics - Aflanta

Client: Sterigenics - Atlanta

i 1D: PreCal Client 1D PreCal
st 03/17/2016 16:29:46 Analysis date: G3/17/2016 16:29:46
othod: Direct injection Method: Direct injection
n: CHANNEL 1 - FID Description: CHANNEL 2 - PID
in: 1% SP-1000, Carbopack B Column: 1% SP-1000, Carbopack B
arrier HELIUM Carrier: HELIUM
rog: eto-100.lem Temp. prog: eto-100.tem
o‘ nts: eta1-100.cpt Components: eto2-100.cpt
e i4 file: 15terAt-2016-Amb.CHR (c:\peak359) Data file: 2SterAtl-2016-Amb.CHR {c:\peak359)
Sample Ambient Background Sample: Ambient Background
perztor D. Kremer Operator: D. Kremer
16.000 N 5400 64.000
Do Vol 21 f ;00001
ﬁmm oo g
I Arbent 20 [ o.co0w
>13905m550 I Sr2oappn  Efylens Oxde I 10.2881/pin
I Aczeaidobyre [ 00000
I o I e
snent  Retenfion  Area External Units. Component  Retention  Area External Units
j 0.250 25560 0.0000 Dead Vol / Air 0.150 17.9840  0.0000
; Oxlde 0.5560 1.89805  9.7206 ppm Ambilent H20 - 8.400 13.9590 0.0000
Ethylene Oxide 0.550 10.4880 10.2891 ppm
45465 9.7206 Acetaldehyde 0.733 ¢.1590  0.0000
coz 0.833 0.0780 00000
42 6690 10.2891




Sterigenics - Aflanta Client: Sterigenics - Atianta

PreCal Client |D: PreCal
03/17/2016 16:36:23 Analysis date: 03/17/2016 16:36:23
sd: Direct Injection Method: Direct Injection
n; CHANNEL 1 -FID Description: CHANNEL 2 - PID
Esine 1% SP-1000, Carbopack B Column: 1% SP-1000, Carbopack B
ar. HELIUM Carrier: HELIUM
eto-100.tem Temp. prog: eto-100.tem
: etoi-100.cpt Componenis: eto2-100.cpt
: 1SterAl-2016-C01.CHR (c\peak359) Data file: 2SterAtl-2016-C01.CHR {c:\peak359)
rip 1.10 ppm E10 std Sample: 1.10 ppm EQ std
rator: D. Kremer Operator: D. Kremer
B.COG -BAGDY
ExtaraliUinks  Compotant
Dexad Vol 7 Ale 532300050
I" 1.0360/0-250 0.0000/ 3
I | I
Eftane Codde ,'- 154650 516
2.Z290M 965 I 0. D00 pprs l’ I
I Asatidatecie OZLT66 I
‘ coz jows2009 I
Retantion  Area External  Units Component  Retention Area External  Units
0.250 1.0360  0.0000 Dead Vol / Air 0.050 53230 0.0000
0.566 0.2280  0.G000 ppm Ethylene Oxide 0.516 1.5405  0.0000 ppm
Acetaldehyde 0.766 02910  0.0000
1.2650  0.0000 co2 0.933 0.1620  0.0000

7.3185 0.0000




¢ Sterigenics - Atianta
y: PreCal
it 03/17/2016 16:42:02
iz Direct injection
ian: CHANNEL 1 - FID
lufﬂhi 1% SP-1000, Carbopack B
o HELIUM
. eto-100.tem
"fg eto1-100.cpt
‘dla: 1SterAl-2016-C02.CHR (c\peak359)
"~ mple: 110 ppm EtO std

Client: Sterigenics - Atianta
Client ID: PreCal
Analysis date: G3/17/2016 16:42:02
Method: Direct Injection
Description: CHANNEL 2 - PID
Column: 1% SP-1000, Carbopack B
Carrier: HELIUM
Temp. prog: eto-100.tem
Components: eto2-100.cpt
Data file: 25terAtl-2018-C02.CHR (c:\peak359)
Sampie: 1.16 ppm E1C std

rator: 0. Kremer Operator: D. Kremer
8.000 o -5.AD0 64.000 o
1 Diaad Vol Ak  aaz550m.050 i 0.0000/
E,\ 0B5HM216 2000 4
1}
[ Arnhiant H20) \" 1 17700 ARE [ 0 Doy
Ethylane Codda 156300 500 C.0000/ppn
0215005650 I I
] Acetaldshyde ’m‘rau.m 1 0.0007
uRkIROWTL £.1050:0.800 00000
l coz ‘B-1555R) 866 ]’ [0.00007
nt  Retention Area External Units Component  Retention Area External  Uniis
: 0.216 0.8510  0.0000 Dead Vol / Air 0.050 3.3250  0.0000
Oxide 0.550 0.2950  0.G000 ppm Ambient H2O 0.466 1.177G  0.0000
P Ethylene Oxide 0.500 1.5680  0.0000 ppm
1.0660  0.0000 Acetaldehyde 0.700 0.2875 0.0000
COo2Z 0.866 01555  (.6000

0.0000

65130




At Sterigenics - Atlanta Client: Sterigenics - Aflanta

¢ ID: PreCal Client ID: PreCai
date: 03/17/2016 16:48:30 Analysis date: 03/17/2016 16:48:30
Hod: Direct injection . Method: Direct Injection
: CHANNEL 1 - FID Description: CHANNEL 2 - PID
fin: 1% SP-1000, Carbopack B Column: 1% SP-1000, Carbopack B
rer: HELIUM Carrier: HELIUM
Hrog: eto-100.tem - Temp. prog: eto-100.tem
enits: eto1-100.cpt Components: eto2-100.cpt
je: 1SterAti-2016-C03.CHR (c:\peak359) Data file: 2SterAt-2016-C03.CHR (¢:\peak3sa)
fe: 10.1 ppm EtO sid Sample: 10.1 ppm EtO std
perator: D. Kremer Operator: D. Kremer
00 16000 o -12.800 128.000
Raax Vol f Ak TSHTORL166 0.0000!
(.43500.216 LK)
I TR 0.BAS00.35F I 0.0000!
> 1.966040.550 I logmntippen  Elfylene Grida $ 1341010550 I o
‘i[ oz jozrsnsts [] 0-0000
P_&hent Refention  Area External Units Component  Retention  Asea External  Units
ol I Air 0216 04950  0.C000 Dead Vol / Air 0.166 7.5970  0.0000
Jena Oxide 0.550 1.8860 0.0000 ppm Ethylene Oxide 0.550 13.1100  0.0000 ppm
: Co2 0.816 02135  0.0000
24810 0.0000
20.8205 0.0000




: ¥
nt: Sterigenics - Atianta Client: Sterigenics - Atlanta ;
|D: PreCal Client ID: PreCal
Jfe: 031712016 16:50:18 Analysis date: G3r17/2016 16:50:18 _ !
d: Birect injection Meihod: Direct Injection o o

: CHANNEL 1 - FID Description: CHANNEL 2 - PiD
: 1% SP-1000, Carbopack B Column: 1% SP-1000, Carbopack B
ier: HELIUM Carrier: HELIUM
: eto-100.tem ~ Temp. prog: eto-100.tem
5: eto1-100.cpt Componenis: eto2-100.cpt
+ 1SterAll-2016-C04.CHR {c’\peak359) Data file: 2SterAtl-2016-C04.CHR (c:\peak359)
: 10.1 ppm E1C std Sample: 10.1 ppm EtO std
- B. Kremer Cperator: D. Kremer
16.000 - 2800 128600 "
!
Dreendd Vb 1 Al A25550.183 0.9000 |
038650253 0.0000¢ 4
I Amblant H2O 117200433 I . 0.0000! =
>zm$5 I . 0.0000ppm Ehylena Cuida. 13.3BE50.550 I 00000/
l Acekaieiyde i{l DETAND.S55 I 0000/
} caz Q15850816 ] 0.0000/
Retention Area External Units Component Retention Area External  Units
0.233 0.3865 0.0000 Dead Vol / Air 0.183 3.2555  0.0000
0.566 2.0200 06000 ppm Ambient H2C 0.433 - 1.1720 0.0000
Ethylene Oxide 0.550  13.3885  0.0000 ppm
24085 0.0000 Acetaldehyde 0.666 0.6740 0.0000
Coz2 03818 015856  0.0000

18.6485  0.0000




- Sterigenics - Atlanta

(D PreCal

a: 03/17/2016 16:55:19

ad: Direct Injection
4n; CHANNEL 1 - FID

- 1% SP-1000, Carbopack B
- HELIUM -~

etot-100.cpt
- 18terAl-2016-C05.CHR (c\peak353)
: 100 ppm E1O std

or: D. Kremer

0.320080 216

19,1230/D.550 I

Retention Area . External Units

0216  0.3200 0.0000
055 191230  0.0000 ppm

194430  0.0000

Client: Sterigenics - Atlanta

Client 1D:

Analysis date: 03/1772G16 165519
Method: Direct Injection” "~
Description: CHANNEL 2 - PID
Column: 1% SP-1000, Carhopack B

Carrier:
Ternp. prog:
Components:

PreCal

HELIUM
eto-100.temn
eto2-100.cpt

Data file: 2SterAtl-2016-C05.CHR (c:\peak359)
Sample: 100 ppm EO sid

Operator:

-51.200

D. Kremer

512000

InL

1
Droad Vot £ Al 301156100 0.0000
Eihylene Cnile F 1257236155 II l0.0060pr:
e SORERIR I 0.0500/
o2 0.19300.853 0.0900
Component  Retention Area External  Units.

Dead Vol / Air 0.100 3.0115  0.0000
Ethylene Oxide 0.533 1257335 (.0000 ppm
Acetaldehyde 0.765 0.1620  ©.0000
coz 0.883 0.1930  0.0000

1291000  0.0000




: Sterigenics - Atlanta
: PreCal
<is dater 03/17/2016 16:57-53
| : Direct Injection
: CHANNEL 1~ FID
! 1% $P-1000, Carbopack B
“Carrier: HELIUM
i prog: eto-100.tem
L ngnts: eto1-100.cpt
pata file: 18terA-2016-C06.CHR (c\peak359)

Client:
Client ID:
Analysis date:
Method:
Description:
Column:
Carrier:

Temp. prog:
Components:
Data file:

Sterigenics - Aflanta

PreCal

031772016 16:57:53

Direct Injection

CHANNEL 2 - PID

1% SP-1000, Carbopack B

HELIUM

eto-100.tem

etoZ-100.cpt
25terAll-2016-C06.CHR (c:\peak359)

gample: 100 ppm EtO std Sample: 100 ppm E1O std
yperator: D. Kremer Operater: D, Kremer
-3.200 RDUD‘_ o -§1.200 612.000 .
S ; ok
Deaad ol £ A 3936070166 L CKKHY
D376 0,030
:[ Amblant {20 _13!10!14&! I 00000/
>1mmsas I L 1ZBIIBLO5R I 0.0000pm
1 Acatzidehyda { B.3810M0.783 5 0. 0000
[ X { 0.3060M KBS ] 2.0000/
onent  Retention Area Externial  Units Component  Retention Area External  Units
yol / Air 0.218 0.3735  0.0000 Dead Vol / Air 0.166 3.9360 0.0000
arie Oxide 0.566 19.6340  0.0000 ppm Ambient H20 0.400 1.9310  0.0000
Ethylene Oxide 0.550 128.3350  0.0000 ppm
20.0075  0.0000 Acetaidehyde 0.783 01810  0.0000
co2 0883 03060 0.0000
134.6890  0.0000




jent: Sterigenics - Alanta " Client: Sterigenics - Allanta
ID: PreCal Client ID: PreCal

date: 03/17/2016 17:10:35 Analysis date: 03/17/2016 17:10:35
ithod: Direct injection Method: Direct injection

ption: CHANNEL 1 - FID Description: CHANNEL 2 - PID
c.olul'ﬂn 1% SP-1000, Carbopack B Column: 1% SP-1000, Carbopack B
rier: HELIUM Carrier: HELIUM
o prog: eto-100.tem © Temp. prog: eto-100tem
inents: eto1-100.cpt Components: eto2-100.cpt
ata fits: 1SterAt-2016-C07.CHR (c\peak359) Data file: 2SterAtl-2016~-C07.CHR {c:\peak359)

zample: 48.8 ppm FIO std Sample: 48 .8 ppm EO std
arator: D. Kremer Operator: D. Kremer

A1.600 16,000 Az400 120,000
0 TE200.000— ooy ks Componert
D Vol / Alr 2900010066
I GRNOWR TA100A.350 I 0.0000/
> —— I i sausppm  ETkne O ' 458100533 1 43450001
. 1 Acaaicimge Yormonris [ 0060/
I ) 0.1840R,500 0.00001
l coz 0,170010.653 ] 0.0000¢
q
mponent  Retention  Area External Units Component  Retention  Area Extemal Units
'bxide 0.550 10,0020 49.8355 ppm Dead Vol / Air 0.066 29000 0.0000
g Ethylene Oxide 0.533 64.6810 48.4500 ppm
10.0020 498355 Acetaldehyde 0.716 8.1790  0.0000
coz 0.883 01290  0.0000

67.8820 484500




fient: Sterigenics - Alanta

inod: Direct Injection

ata file: 15terAl-2016-C08.CHR (c\peak359)
ampte: 48.8 ppm E1O sid

Client: Sterigenics - Aflanta
Client 1D: PosiCal
Analysis date: 03M8/2016 12:36:57
Method: Direct injection
Description: CHANNEL 2 - PID
Celumn: 1% SP-1000, Carbopack B
Carrier: HELIUM
© Temp. prog: eto-100.tem
Components: eto2-100.cpt
Data file: 2SterAll-2016-C08.CHR (c\peak359)
Sampie: 48.8 ppm EtO std
Operator: D. Kremer

42800 : 128,000

0.3180:0.233

=

Retention Area External  Units

0.233 0.3180  0.0000
0.566 98670 49.1629 ppm

10.1850 49.1629%

Extamaii
Desad Vol FAK 2 1460007 i 00000

40 ymoppm  Etiena Oxide 4812040550 I 48 542/
]
Acetokiehyia 0. 16TR.T6s 1 0.0000!
coz : 0 vz 563 I .co0ns

Component  Retention Area External Units

Dead Vai / Air 0.016 2.1460  0.0000
Ethylene Oxide {.550 64.8120 485482 ppm
Acetaldehyde 0.766 01670  0.0000
co2 0.883 0.1620  0.0000

672870 485482




APPENDIX B

Run#1 Chromatograms

B-1

FCS




ant: Sterigenics - Atianta

D: Run#iExh

ate: 03/17/2016 17:40:36

hod: Direct Injection

jon: CHANNEL 2 - PID

mn: 1% SP-1000, Carbopack B

rog. eto-100tem
nts: eto2-100.cpt
o 2SterAt-2016-1E01.CHR (c)\peak359)

5.02400.033

Py

Q0000

Retention Area External
0.033 50240  0.0000
0.400 237900  0.0000
0.600 20,5880  0.0000

494020 0.0000

Units




ent: Sterigenics - Aianta

nt 1D: Run#iExh

date: DI/17/2016 17:42:26
otnod: Direct injection

" jon: CHANNEL 2 - PID

Jumn: 1% SP-1000, Carbopack B
rrier: HELHIM

: eto-t100.tem

" ents: ete2-100.cpt

ag't;anple: Ceilcote Scrubber Outlet
srator: D. Kremer

file: 2SterAt-2016-1E02.CHR {c:\peak358)

128.000

:

R ——————

0,000

D007

0.co00

Retention Area
0.283 0.1320
0.400 22,8070
0.600 356490

58.6880

BExternal  Units
0.0000
0.0000
0.0000

0.0000




jent: Sterigenics - Atlanta
'iD: Run#1Exh
dater 0311772016 17:43:40
sod: Direct injection
ption: CHANNEL 2 - PID
ymn: 1% SP-1000, Carbopack B
qrrier. HELIUM
srog: eto-1004em
ants: eto2-100.cpt
ta fle: 2SterAt-2016-1E03.CHR (c\peak359)
vipte: Ceilcote Scrubber Outlet
rator: D. Kremer

Retention Area External Units.
0.400 21.9240  0.0000
0.600 48350 0.0000
0833 227.6240 .0000

2543830  0.0000




t Sterigenics - Atlanta
Run#1Exh

ate: 03/17/2016 17:45:25

od: Direct Injection

ion: CHANNEL 2 - PID

jmn: 1% SP-1000, Carbopack B

jer: HELIUM

rator: D. Kremer

: eto-100 tem

nts: eto2-100.cpt

file: 25terAt-2016-1E04.CHR (c:\peak359)
pie: Ceilcote Scrubber Outlet

256.000
Extataiunl
;.’ ) 27.8150/0.050 [ O
I\
t‘\ }m.sassnm 0,00000
3
4':/ 517150650 0.0000/
a.0000
ent ~ Retention Area  External
Air 0.050 27.8150  0.0000
[ 0.400 209365 0.0000
G 0.600 514715  0.0080
0916 105.6440 3.0000
168.5670  0.0000




tlient Sterigertics - Atianta

client ID: Run#1Exh

date: 03/17/2016 17-48:12

| od: Direct Injection

gcription: CHANNEL 2 - PID

"L umn: 1% SP-1000, Carbopack B

carrier: HELIUM

‘prog: eto-100.tem

Ponents: eto2-100.cpt

'éata fiie: 2SterAt-2016-1E05.CHR {c\peak359)

“gample: Ceilcote Scrubber Outlet
erator: D. Kremer

109,362 400 1

L I

ponent  Retention Area External  Units

0.150 849220  0.0000
0400 1093620 0.0000

1942840  0.0000




gnt Sterigenics - Alanta

1D: Run#1Exh

ate: 03/17/2016 17:50:14

sod: Direct injection

~tion: CHANNEL 2 - PID

' mn: 1% SP-1000, Carbopack B
rrier: HELIUM

rog: eto-100.tem

mts: eto2-100.cpt

file: 2SterAt-2016-1E06.CHR (c\peak359)
iple: Ceilcote Scrubber Cutlet
or: D. Kremer

236000

nent Retention Area External Units
0.683 2549205 0.0000C

2549205 0.0000

00000/




terigenics - Atlanta

Direct injection

CHANNEL 2 - PID

1% SP-1000, Carbopack B

HELIUM
eto-100.tem.

+eto2-100.cpt
25terAt-2016-1E07.CHR (c\peak359)

7 13.0010/:0.016

3,000

Area External Units
0.016 13.0010  0.0000
0.400 47 5260 0.0000
0.583 99500  0.0000

704770  6.0000




‘Sterigenics - Atlanta
‘Run#iExh
031712018 17:57:16
‘Direct Injection
o CHANNEL 2 - PID

- 1% SP-1000, Carbopack B
= HELIUM
eto-100.tem
eto2-100.cpt

Ceilcote Scrubber Outfet

D. Kremer
. 56000
10234700000 B
1/
/
i
/
4\
]
1
‘.! >4zmmu.4m I
" I
3
/Y 1445500553
‘T
1§ 7107 v0 800
j }
4

ant Retention Area External Units

0.400 42.6290  0.0000
- 0.583 144550  0.0000

570840 0.0000




Sterigenics - Alanta

¢ Run#t1Exh

03/17/2016 17:58:30
Direct Injection

o CHANNEL 2 - PID

A 1% SP-1000, Carbopack B
r HELIUM

g eto-100.tem

5 eto2-100.cpt

& 2SterAti-2016-1E09.CHR (c: \peak359)
Cellcote Scrubber Cuffet

¢ D. Kremer

02351 D08
2.495010.066

sent  Retention Area External Units
0.066 24960  0.0000
(.600 113.3410 0.0000
0.916 95,7085 (.0000

211.54556  0.0000




_Client: Sterigenics - Atianta

ient 10 Run#ibxh

s date: 03/17/2018 17:58:51
M'e'mod: Direct injection

ption: CHANNEL 2-PID

sjumn: 1% SP-1000, Carbopack B

Fonents: ot02-100.cpt

nata file: 26terAtl-2016-1E10.CHR (c\peak359)
-ample: Ceilcote Secrubber Cutlet

perator: 0. Kremer

ponent Retention  Ared External

0450 1741750 0.0000

1744750  0.0000




Sterigenics - Atlanta
Run#1Exh

03/17/2016 18:01:23

~d: Direct Injection

sh: CHANNEL 2 - PID

an: 1% SP-1000, Carbopack B
ser: HELIUM

g: eto-100.tem

fts: eto2-100.cpt

fle: 2SterAt-2016-1E11.CHR (cr\peak35e)
mple: Ceilcote Scrubber Ouflet

tor: D. Kremer
256000
TEORTON 256 0.0G00
I
\n.gsmmas o.o00ar

Retention Area Externat  Units

0.266 76.9670  0.0000
0.966 58720 0.0000

-82.8390 0.0000

Ini




APPENDIXC

Run#2 Chromatograms

C-1




ciient: Sterigenics - Atlanta

'Ejmn: 1% 3P-1000, Carbopack B

rrier: HELIUM

-prog: eto-100.tem

jents: eto2-100.ept

iz fite: 2SterAt-2016-2E01 CHR (c:\peak359)
smple; Ceilcote Scrubber Outlet

arator: D, Kremer

128.000

50,018
;
i
;
;
j
4\

0.6000/

D006

wleslialy

ponent  Retention  Area External Units
|/ Air 0.016 57145  0.0000

H20 0.400 720530  0.0000
kehyde 0.600 823875  0.0000

1601550  0.0000




ciient: Sterigenics - Afanta

i 1D Rurd#2Bxh

te: 03/18/2016 11:21:21

od: Direct Injection

ption: CHANNEL 2 - PID

umn: 1% SP-1000, Carbopack B

frier: HELIUM

rog: eto-100.tem

nents: eto2-100.cpt

ta file: 25terAt-2016-2E02.CHR (c:\peak359)
ple: Ceifcote Scrubber Outlet

gpg_rator: D. Kremer

128,000

J 17318007195

164.691(W0LE00

Retention Area External  Units

0.116 17.3180  0.0000
0.800 1545910 0.0000

1719080  0.0000




ant: Sterigenics - Atlanta
1D Run#f2Exh
4ate: 03/18/2016 11:22:28
iod: Direct Injection
jon: CHANNEL 2 - PID
mn: 1% SP-1000, Carbopack B
erier: HELIOM
srog: eto-100.tem
nts: eto2-100.cpt
file: 2SterAl-2016-2E03.CHR {c\peak359}
ple: Ceflcote Scrubber Outiet
ator: O. Kremer

ExtomailUnt
0.00G0!

8.0000¢
0.17340ppm

0.Go00r

Retention Area External Units

¢.016 8.1035 0.0000
G.416 104950  ¢.0000
0483 02315 0.1734 ppm
0.733 152105  0.0000

33.7405 01734




Client. Sterigenics - Atanta
ient 1D: Runit2Bxh
date: 03/18/2016 11:23:45
Method: Direct Injection

jption: CHANNEL 2 - PID
Column: 1% SP-1000, Carbopack B
Carrier: HELIUM
prog: etc-100.tem
ents; eto2-100.cpt
ta file: 2SterAi-2016-2E04.CHR (c\peak359)
mpie: Ceilcote Scrubber Outlet
erator: D. Kremer

J07 4I20DATT

ponent Retention Area External Unifs

ot / Ar 0.033 0.0035 0.0000
H20 0416 397.9920 00000

3979955 00000




lient: Sterigenics - Attanta

nt ID: Run#f2Exh

 03/18/2016 11:24:48

: Direct Injection

: CHANNEL 2 - PID

1% SP-1000, Carbopack B
HELIUM

- eto-100.tem

: eto2-100.cpt

: 25terAfi-2016-2E05.CHR (c\peak359)
. Cetlcote Scrubber Outlet

: D, Kremer

126000
Extemaltink

[5.03000H

4T3 144010.6500

0.0000¢

0.0000¢

ént Retention Area External Units

0.016 6.9300 0.0000
0600 4731440  0.0000

480.0740  0.0060




jent: Sterigenics - Atlanta

D Runé#2Exh

s 03/18/2046 11:27:04

d: Direct Injection

xan; CHANNEL 2- PID

G 1% SP-1000, Carbopack B
ar: HELIUM

g: £to-100.tem

ants: eto2-100.cpt

e 25terAtl-2016-2E06.CHR (c\peak359)
o Cellcote Scrubber Outlet
ar: D. Kremer

25000

72573404,

oo

0000

nt  Retenton  Area External Units
0733 3179725  0.0000

3179725  0.0000




nt Sterigenics - Atianta
£ 1D: Run#2Exh
Jate: D3/18/2016 11:28:19

fi

dran: 1% SP-1000, Carbopack B

ier: HELIUM

fog: eto-100.tem

ants: eto2-100.cpt

le: 2SterAt-2016-2E07.CHR (c\peak3ss)
ple: Ceilcote Scrubber Outlet

rator: D. Kremer

9.03400.016

nent  Retention Area Externat  Units

FAT 0.016 9.0340  (0.0000
yde 0583 4798670 G.0000

488.9010  0.0000
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VELOCITY TRAVERSE DATA

fient: mwm.:nmsﬁm_ Inc. Run #: 1 Date: 3/17/2016 Port Sketch:
hooma.mu:.. Aflanta, Georgia Probe Type:  Std.  BaroPress:  20.05
Source: Ceilcote Packed Tower Scrubber Qutlet Stack 1.D.:  12in, Static Press: -0.01
Port 1 Port 2
Inches Delta P Stack | Cyclonic Delta P Stack | Cyclonic
From Port] Poini# Low High Average | Sq Root | Temp (F)| Angle | Point# Low High Average | Sq Root | Temp (F)| Angle
0.4 1 0.0025 | 0.0025 | 0.0025 | 0.0500 79 0 1 0.0025 | 0.0025 | 0.0025 | 0.0500 79 0
1.25 2 0.0025 0.005 | 0.00375 1 0.0612 79 0 2 0.005 0.005 0.005 0.0707 79 0
2.3 3 0.005 £.0075 | 0.00625 | 0.0791 79 0 3 0.005 0.0075 | 0.00625 | 0.0791 79 0
3.9 4 0.0075 | 0.0075 | 0.00v5 | 0.0866 79 0 4 0.0075 0.01 0.00875 | 0.0935 80 0
8.1 5 0.0075 0.01 0.00875 | 0.0835 79 0 5 0.0075 | 0.0075 | 0.0075 | 0.0866 280 0
9.7 8 0.005 0.0075 | 0.00825 | 0.0791 79 0 6 0.005 0.0075 | 0.00625 | 0.0791 80 0
10.75 7 0.005 0.005 0.005 0.0707 80 0 7 0.0025 0.005  0.00375 | 0.0612 80 0
11.6 8 0.0025 | 0.0025 | 0.0025 | 0.0500 80 0 8 0.0025 | 0.0025 | 0.0025 | 0.0500 80 0
9 9
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
24 24
Average Values:] 0.0053 | 0.0713 79.4 0.0
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