








































ATTACHMENT E Page 1 of 2 22 May 2020

Becton, Dickinson and Company

Mass Balance Calculations for SIP Application (PTE)

Facility: Covington, GA

Input data:

Pallets/yr 95,000.00        Maximum based on full usage 24/7/356

Lb/pallet 5.5 Based on historical usage rates for 24 pallet vessel

Ethylene oxide usage 522,500           lb/yr Total usage based on Mass Balance

Sterilizer removal efficency
1

99.9% Based on partial pressure calculation estimate

RTO efficiency, aeration 99.7% Based on 2019 Source Test Report Review 26 Nov 19

RTO efficiency, vessels 99.9925% Based on 2019 Source Test Report Review 26 Nov 19

Product transfer time, sterilizer to aeration 5 min

Aeration time 16 hr

Aeration Unload time 5 min

System 1 removal efficiency 99% Assume 99% Based on vendor literature

System 2 removal efficiency 99% Assume 99% Based on vendor literature

System 2 Safety Factor
6

2.70

Assumptions:

Product/packaging absorption
2

2.04% Indicates EO in product/packaging entering aeration

0.00012 lbs/min Degassing for transfer from vessel to aeration

65.92 %

0.00004 lbs/min Degassing for transfer from aeration to WIP

46 %

Miscellaneous fugitive loss
4

100 lb captured in system 1

Calculations:

Sterilizer:

EO into sterilizers 522,400 lb Total usage based on Mass Balance minus misc. fugitive loss

EO absorbed by product/packaging 10,646.5 lb

EO in sterilizer not absorbed by product/package 511,753.5 lb

EO exhausted to RTO from vac/air wash 511,241.7 lb

EO exhausted to RTO from back vent 511.8 lb

Sterilizer exhaust to RTO 511,753.5 lb

Sterilizer exhaust removed by RTO 511,715.1 lb

Sterilizer exhaust to atmosphere after RTO 38.4 lb

Transfer:

EO offgas during product transfer to aeration 58.0 lb This will be captured by system one 

Aeration:

EO remaining in product/package entering aeration 10588.6 lb

Offgas during aeration 7018.2

Offgas during unloading 19.8

To RTO during aeration 7018.2 lb

To RTO during aeration unload 19.8 lb

Total aeration to RTO 7038.0 lb

Aeration removed by RTO 7016.9 lb

Aeration exhaust to atmosphere after RTO 21.1 lb

EO entering WIP 3550.6 EO in product/packaging after aeration

EO offgas in WIP 1633.3 From product/packaging

System1:

EO into System 1 158.0 lb

EO removed by System 1 156.4 lb

System 1 exhaust to atmosphere 1.6 lb

or 0.00018 lb/hr

System2:

EO into System 2 4,409.8 lb Includes System 2 Safety Factor 

EO removed by System 2 4,365.7 lb

System 2 EO exhaust to atmosphere 44.1 lb.

or 0.005 lb/hr

EO still in product/package @ 24 hrs in WIP 1,917.3 lb Does not include Safety Factor
5

Exhausted before Modification:

EO exhausted to atmosphere from RTO 59.5 lb

EO Exhausted to atmosphere by system 1 158.0 lb

EO Exhausted to atmosphere by System 2 1,633.3 lb Does not include Safety Factor
5

Total EO exhausted to atmosphere 1,850.7 lb Before Modifications

or 0.21 lb/hr

or 0.9 Tons

Exhausted after Modification:

EO exhausted to atmosphere from RTO 59.5 lb

EO Exhausted to atmosphere by system 1 1.6 lb

EO Exhausted by to atmosphere System 2 44.1 lb Does include Safety Factor

Total EO exhausted to atmosphere 105.2 lb After Modifications

or 0.012 lb/hr

or 0.05 Tons

Note 1

Note 2

Note 3

Note 4

Note 5

Note 6

The mass balance calculations include a 2.7x safety factor.  This is used to increase the estimated emissions to ensure that potential operating parameters and/or equipment 

performance factors are considered.  The safety factor was updated from the value used in the previous application based on new information, including stack testing and EO residual 

studies for pallets and product packaging at Covington.  This conservative approach is employed because the manufacturing processes at Covington include a number of variables, such 

as EO usage rates, processing times, and products sterilized.

An estimate based on product EO residue testing performed by BD laboratory personnel.

An estimate of potential EO emissions from pump/valve packaging, flange losses, EO supply drum changes, and non-routine losses. 

The Safety Factor is only included in the After Modification calculations as this insures the new emission reduction system is designed to account for variation as noted below. 

EO lbs/min (per pallet) during transfer from Vessel to Aeration A
3

% removed Product/Packaging @ 16 hrs HA
3

EO lbs/min (per pallet) transfer Aeration B to WIP
3

% EO reduction after 24 hrs in WIP
3

This estimates how much EO is removed during post exposure vacuum washes but does not include what is in the product at the time it transfers to aeration.

Estimates the amount of EO in the product when it starts the transfer to aeration.

CONFIDENTIAL TRADE SECRET INFORMATION NOT SUBJECT TO DISCLOSURE PURSUANT TO OCGA § 50-18-72(34) 

CONFIDENTIAL TRADE SECRET INFORMATION NOT SUBJECT TO DISCLOSURE PURSUANT TO OCGA § 50-18-72(34) 



ATTACHMENT E Page 2 of 2  22 May 2020

Becton, Dickinson and Company

Mass Balance Calculations for SIP Application (Actual)

Facility: Covington, GA

Input data:

Pallets/yr 70982 Based on Actual EO usage (CY 2018)

Lb/pallet 5.5 Based on historical usage rates for 24 pallet vessel

Ethylene oxide usage 390,401           lb/yr Total usage based on Mass Balance

Sterilizer removal efficency
1

99.9% Based on partial pressure calculation estimate

RTO efficiency, aeration 99.7% Based on 2019 Performance Testing.  Source Test Report Review 26 Nov 19

RTO efficiency, vessels 99.9925% Based on 2019 Performance Testing.  Source Test Report Review 26 Nov 19

Product transfer time, sterilizer to aeration 5 min

Aeration time 16 hr

Aeration Unload time 5 min

System 1 removal efficiency 99% Assume 99% Based on vendor literature

System 2 removal efficiency 99% Assume 99% Based on vendor literature

System 2 Safety Factor
6

2.70

Assumptions:

Product/packaging absorption
2

2.04% Indicates EO in product/packaging entering aeration

0.00012 lbs/min Degassing for transfer from vessel to aeration

65.92 %

0.00004 lbs/min Degassing for transfer from aeration to WIP

46.0 %

Miscellaneous fugitive loss
4

100 lb captured in system 1

Calculations:

Sterilizer:

EO into sterilizers 390,301 lb Total usage based on Mass Balance minus miscellaneous fugitive loss

EO absorbed by product 7,954.3 lb

EO in sterilizer not absorbed by product 382,346.7 lb

EO exhausted to RTO from vac/air wash 381,964.3 lb

EO exhausted to RTO from vent 382.3 lb

Sterilizer exhaust to RTO 382,346.7 lb

Sterilizer exhaust removed by RTO 382,318.0 lb

Sterilizer exhaust to atmosphere after RTO 28.7 lb

Transfer:

EO offgas during product transfer to aeration 43.3 lb This will be captured by system one 

Aeration:

EO remaining in product entering aeration 7911.0 lb

Offgas during aeration 5243.5 lb

Offgas during unloading 14.8 lb

To RTO during aeration 5243.5 lb

To RTO during aeration unload 14.8 lb

Total aeration to RTO 5258.3 lb

Aeration removed by RTO 5242.5 lb

Aeration exhaust to atmosphere after RTO 15.8 lb

EO entering WIP 2652.8

EO offgas in WIP 1220.3

System1:

EO into System 1 143.3 lb

EO removed by System 1 141.9 lb

System 1 exhaust to atmosphere 1.4 lb

or 0.00016 lb/hr

System2:

EO into System 2 3,294.7 lb Includes System 2 Safety Factor 

EO removed by System 2 3,261.8 lb

System 2 exhaust to atmosphere 32.9 lb

or 0.0038 lb/hr

EO still in Product/Package @ 24 hrs. WIP 1,432.5 lb Does not include Safety Factor
5

Exhausted before Modification:

EO exhausted to atmosphere from RTO 44.5 lb

EO Exhausted to atmosphere by system 1 143.3 lb

EO Exhausted by to atmosphere System 2 1,220.3 lb Does not include Safety Factor
5

Total EO exhausted to atmosphere 1,408.0 lb Before Modifications

or 0.16 lb/hr

or 0.70 Tons

Exhausted after Modification:

EO exhausted to atmosphere from RTO 44.5 lb

EO Exhausted to atmosphere by system 1 1.4 lb

EO Exhausted by to atmosphere System 2 32.9 lb Does include Safety Factor

Total EO exhausted to atmosphere 78.8 lb After Modifications

or 0.009 lb/hr

or 0.039 Tons

Note 1

Note 2

Note 3

Note 4

Note 5

Note 6 The mass balance calculations include a 2.7x safety factor.  This is used to increase the estimated emissions to ensure that potential operating parameters and/or equipment 

performance factors are considered.  The safety factor was updated from the value used in the previous application based on new information, including stack testing and EO 

residual studies for pallets and product packaging at Covington.  This conservative approach is employed because the manufacturing processes at Covington include a number of 

variables, such as EO usage rates, processing times, and products sterilized.

An estimate based on product EO residue testing performed by BD laboratory personnel.

An estimate of potential EO emissions from pump/valve packaging, flange losses, EO supply drum changes, and non-routine losses. 

The Safety Factor is only included in the After Modification calculations as this insures the new emission reduction system is designed to account for variation as noted below.

EO lbs/min (per pallet) during transfer from Vessel to Aeration A
3

% removed from pallet/packaging @ 16 hrs. Aeration
3

EO lbs/min (per pallet) transfer Aeration B to WIP
3

% EO reduction after 24 hrs in WIP
3

This estimates how much EO is removed during post exposure vacuum washes but does not include what is in the product at the time it transfers to aeration.

Estimates the amount of EO in the product when it starts the transfer to aeration.

CONFIDENTIAL TRADE SECRET INFORMATION NOT SUBJECT TO DISCLOSURE PURSUANT TO OCGA § 50-18-72(34) 

CONFIDENTIAL TRADE SECRET INFORMATION NOT SUBJECT TO DISCLOSURE PURSUANT TO OCGA § 50-18-72(34) 




























