
CLICK TO EDIT MASTER TITLE STYLE

1

Improving Exposure Judgment 
with Exposure Models
Brent Altemose, Ph.D., CIH, CSP
Owner & Principal Consultant, ALTIH LLC
brent@altih.com



Advancing Our Science AND Practice TO BETTER 
PROTECT WORKERS and Communities

Initiative Purpose
AIHA – ACGIH Defining 
the Science

Advance our science to improve the ability of practitioners to protect 
workers and communities.

Standards of Care
Define minimum practice performance expectations for ensuring 
acceptable worker protection. 

State of the Art vs. 
Practice

Implement a continuous improvement strategy to close gaps between 
current practice and the state of the art and minimum standards of care.

AIHA – ACGIH 
Improving Exposure 
Judgements

Accelerate adoption of the use of IH statistical and other tools to improve 
the accuracy of worker exposure assessments.

Four Exciting Initiatives:

Learn More Here
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https://www.aiha.org/get-involved/volunteer-groups/advancing-the-science-and-practice


AIHA / ACGIH Initiative:

Improving Exposure Judgment Accuracy

Drive a significant shift in the OEHS practice 
paradigm: from one where tools and activities 
to improve exposure judgment accuracy and 
interpretation are rarely or sporadically used, 
to one where their use is routine and expected. 

This Photo licensed under CC BY
http://audiencestack.com/

Improve Practice to Align with Current Science

Public Web Page
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https://www.flickr.com/photos/toddle_email_newsletters/21227092111/
https://creativecommons.org/licenses/by/3.0/
https://www.aiha.org/get-involved/volunteer-groups/improving-exposure-judgments-advisory-group?utm_source=Synergist
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Improving Exposure Judgment with 
Exposure Models
A Hitchhiker’s Guide to Modeling



► Despite advances in monitoring and the use of statistical analysis 
and tools, “professional judgment” still rules the day

► The most common number of samples collected to make an 
assessment of exposure is ZERO

► The majority of tasks with potential exposure are never monitored  

Where We Are Today…



► Inertia
► Overconfidence/ The Expert Myth
► Compliance approach to monitoring 
► May IHs view models as time consuming and complicated with 

limited application/utility

Barriers to Adoption of Modeling Tools



►We tend to believe that a correlation exists                               
between depth of knowledge and our ability                                      
to forecast exposures 

►Sometimes may be true, but often results in 
overconfidence in qualitative exposure judgments. So, 
there are glaring flaws in “professional judgment”1:
• Difficult to explain objectively
• Typically not supported by quantified facts relating cause & 

effect
• Not amenable to technology transfer
• Insufficient as evidence for concerned workers or in litigation

The Expert Myth

1Kiel et at. 2018. Mathematical Models for Estimating Occupational Exposure to Chemicals. 2nd 
edition. Fairfax, VA: American Industrial Hygiene Association (AIHA). 



► Can’t measure everything; may save time and money compared to 
collecting measurements

► Formalizes qualitative hypothesis with transparency and a real 
description of uncertainty

► Early warning about potential exposures and “put to rest” very low 
or trivial exposures

► Allows prospective and retrospective estimates of exposure
► Focuses on predictors of exposure, links cause and effect

• Provides context for measurement results
• Estimate the effect of changes 

► Learn and apply incrementally

Advantages of Modeling

Refs: Kiel et at. 2018. Mathematical Models for Estimating Occupational Exposure to Chemicals. 2nd edition. Fairfax, 
VA: American Industrial Hygiene Association (AIHA); Jayjock and Hawkins 2022. Exposure Modeling: the Next 
Generation. The Synergist. June/July 2022. 



►“Mathematical Models for Estimating Occupational 
Exposure to Chemicals” (AIHA – Kiel et al. 2018, 2nd ed.)

►Hewett and Ganser – “Models for every occasion” (Parts I 
to IV, JOEH 2017)

►IHMODTM (latest version: 2.015, January 2023) 
►IHSkinPermTM (latest version: 2.4, October 2021)

AIHA Risk Assessment Tool Download

Where to Start

https://www.aiha.org/public-resources/consumer-resources/apps-and-tools-resource-center/aiha-risk-assessment-tools/ihmod-tool
https://www.aiha.org/public-resources/consumer-resources/apps-and-tools-resource-center/aiha-risk-assessment-tools/ihskinperm
https://www.aiha.org/public-resources/consumer-resources/apps-and-tools-resource-center/aiha-risk-assessment-tools
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Improving Exposure Judgment with 
Exposure Models
Case Study #1 – Isoflurane Exposure



► Exceeded company’s internal OEL for isoflurane
• 2 ppm (1-hour TWA)

► First attempt to install local exhaust ventilation was unsuccessful 
due to low flow rates achieved

► Biosafety Cabinet was not considered in initial design

Modeling Case Study #1





“Before” Exposure Data

Category n
GM 

(ppm)
Max 

(ppm)
All exposures 19 1.6 20
Biosafety Cabinet 2 17 20
Large Animal w/Tube 4 0.67 1.3
Small Animal w/Mask 1 1.4 1.4
Large Animal w/Mask 8 2.7 5.0
Large Animal Prep 2 1.1 1.3

n=number of samples; GM = geometic mean; 
ppm = parts per milion


Iso Vent Analysis

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		3/18/02		James Ward				2.8		large		pig				mask		no				1.0296194172

		3/18/02		Claudia Kemelgor				0.56		large		pig				mask		no				-0.5798184953

		4/18/02		James Ward				3		large		pig				mask		no				1.0986122887

		4/18/02		Claudia Kemelgor				2.7		large		pig				mask		no				0.993251773

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124

		4/22/02		James Ward				3.6		large		pig				mask		no				1.2809338455

		4/22/02		James Ward				2.4		large		pig				mask		no				0.8754687374

		9/30/03		Steve Stryker (vet) - guinea pig surgery				1.4		small		guinea pig				mask		no				0.3364722366

		10/23/03		Wei Kong - dog surgery				0.63		large		dog				tube		no				-0.4620354596

		10/23/03		Wei Kong - dog surgery				0.29		large		dog				tube		no				-1.237874356

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295

		8/16/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		small		guinea pig		BSC		mask		no				2.7080502011

		8/16/04		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		small		guinea pig		BSC		mask		no				2.9957322736

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.43		0.22		large		pig				tube		yes				-1.5141277326

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.34		0.17		large		pig				tube		yes				-1.7719568419

		1/25/05		Dino Bradley, rat surgery				0.57		small		rat				mask		yes				-0.5621189182

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798

		1/25/05		Dino Bradley, rat surgery		<0.41		0.21		small		rat				mask		yes				-1.5606477483

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		0.21		small		rat		BSC		mask		yes				-1.5606477483

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		0.21		small		rat		BSC		mask		yes				-1.5606477483

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		0.2		small		rat		BSC		mask		yes				-1.6094379124

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068

		12/14/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		small		guinea pig		BSC		mask		yes				-0.0618754037

		12/14/04		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		small		guinea pig		BSC		mask		yes				-1.1394342832

		7/20/99		Kathy Hiemer, Surgery A & B		<0.34		0.17		unknown		unknown				unknown		no				-1.7719568419

		7/20/99		Kathy Hiemer, Surgery A & B				0.93		unknown		unknown				unknown		no				-0.0725706928

		7/20/99		Kathy Hiemer, Surgery A & B				0.64		unknown		unknown				unknown		no				-0.4462871026

		7/20/99		Kathy Hiemer, Surgery A & B				0.39		unknown		unknown				unknown		no				-0.9416085399

		3/8/06		Lindsey Hodgson, Microsurgery Anteroom		<0.37		0.19		small		rat				chamber		yes				-1.6607312068





All

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		3/18/02		James Ward				2.8		large		pig				mask		no				1.0296194172				0.301809044

		3/18/02		Claudia Kemelgor				0.56		large		pig				mask		no				-0.5798184953				1.1237408008

		4/18/02		James Ward				3		large		pig				mask		no				1.0986122887				0.3823744947

		4/18/02		Claudia Kemelgor				2.7		large		pig				mask		no				0.993251773				0.2631729551

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				1.2750700432

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				1.2750700432

		4/22/02		James Ward				3.6		large		pig				mask		no				1.2809338455				0.6410979542

		4/22/02		James Ward				2.4		large		pig				mask		no				0.8754687374				0.1561994959

		9/30/03		Steve Stryker (vet) - guinea pig surgery				1.4		small		guinea pig				mask		no				0.3364722366				0.0206714466

		10/23/03		Wei Kong - dog surgery				0.63		large		dog				tube		no				-0.4620354596				0.887897964

		10/23/03		Wei Kong - dog surgery				0.29		large		dog				tube		no				-1.237874356				2.9519441489

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645				0.0474732865

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295				0.4131492204

		8/16/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		small		guinea pig		BSC		mask		no				2.7080502011				4.963103012

		8/16/04		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		small		guinea pig		BSC		mask		no				2.9957322736				6.3276615423

		7/20/99		Kathy Hiemer, Surgery A & B		<0.34		0.17		unknown		unknown				unknown		no				-1.7719568419				5.0724262813

		7/20/99		Kathy Hiemer, Surgery A & B				0.93		unknown		unknown				unknown		no				-0.0725706928				0.3056084166

		7/20/99		Kathy Hiemer, Surgery A & B				0.64		unknown		unknown				unknown		no				-0.4462871026				0.8584671447

		7/20/99		Kathy Hiemer, Surgery A & B				0.39		unknown		unknown				unknown		no				-0.9416085399				2.0216757872

																				X1		0.4802479181		S^2		1.6271451712

																				n		19

																				ppm		1.62

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649				2.9067825105

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.43		0.22		large		pig				tube		yes				-1.5141277326				0.1575974954

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.34		0.17		large		pig				tube		yes				-1.7719568419				0.428782186

		1/25/05		Dino Bradley, rat surgery				0.57		small		rat				mask		yes				-0.5621189182				0.3080508682

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798				1.4700408274

		1/25/05		Dino Bradley, rat surgery		<0.41		0.21		small		rat				mask		yes				-1.5606477483				0.1966971515

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.1966971515

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.1966971515

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		0.2		small		rat		BSC		mask		yes				-1.6094379124				0.2423550465

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.2954889841

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.2954889841

		12/14/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		small		guinea pig		BSC		mask		yes				-0.0618754037				1.1135880585

		12/14/04		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		small		guinea pig		BSC		mask		yes				-1.1394342832				0.000496936

		3/8/06		Lindsey Hodgson, Microsurgery Anteroom		<0.37		0.19		small		rat				chamber		yes				-1.6607312068				0.2954889841

																				X2		-1.1171422223		S^2		0.6234040258

																				n		14

																				ppm		0.33

																								Sp		1.2062214651

																				T		3.7598264199

																				p		0.0007087191





BSC

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		8/16/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		small		guinea pig		BSC		mask		no				2.7080502011				0.0206902437

		8/16/04		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		small		guinea pig		BSC		mask		no				2.9957322736				0.0206902437

																				X1		2.8518912373		S^2		0.0413804874

																				n		2

																				ppm		17.32

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.0569864696

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.0569864696

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		0.2		small		rat		BSC		mask		yes				-1.6094379124				0.0826611686

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.1147866924

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.1147866924

		12/14/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		small		guinea pig		BSC		mask		yes				-0.0618754037				1.587735969

		12/14/04		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		small		guinea pig		BSC		mask		yes				-1.1394342832				0.0333044525

																				X2		-1.3219293585		S^2		0.3412079857

																				n		7

																				ppm		0.27

																								Sp		0.2983754859

																				T		17.4467043481

																				p		0.0000005001





tube

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		10/23/03		Wei Kong - dog surgery				0.63		large		dog				tube		no				-0.4620354596				0.0038463985

		10/23/03		Wei Kong - dog surgery				0.29		large		dog				tube		no				-1.237874356				0.7020064234

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645				0.4387477739

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295				0.0564049156

																				X1		-0.4000161202		S^2		0.4003351704

																				n		4

																				ppm		0.67

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.43		0.22		large		pig				tube		yes				-1.5141277326				0.0166189624

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.34		0.17		large		pig				tube		yes				-1.7719568419				0.0166189624

																				X2		-1.6430422873		S^2		0.0332379248

																				n		2

																				ppm		0.19

																								Sp		0.308560859

																				T		4.6516690058

																				p		0.0096494109





Mask

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		3/18/02		James Ward				2.8		large		pig				mask		no				1.0296194172				0.0016001195

		3/18/02		Claudia Kemelgor				0.56		large		pig				mask		no				-0.5798184953				2.4631306738

		4/18/02		James Ward				3		large		pig				mask		no				1.0986122887				0.0118797715

		4/18/02		Claudia Kemelgor				2.7		large		pig				mask		no				0.993251773				0.0000132049

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				0.3841768182

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				0.3841768182

		4/22/02		James Ward				3.6		large		pig				mask		no				1.2809338455				0.0848649661

		4/22/02		James Ward				2.4		large		pig				mask		no				0.8754687374				0.0130300368

																				X1		0.9896179239		S^2		0.4775532013

																				n		8

																				ppm		2.69

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649				0.0606332721

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798				0.0606332721

																				X2		0.3415484224		S^2		0.1212665442

																				n		2

																				ppm		1.41

																								Sp		0.4330173691

																				T		1.8931117808

																				p		0.0949699106





Prep

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645				0.0451314321

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295				0.0451314321

																				X1		0.0499226675		S^2		0.0902628643

																				n		2

																				ppm		1.05

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649				0.0606332721

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798				0.0606332721

																				X2		0.3415484224		S^2		0.1212665442

																				n		2

																				ppm		1.41

																								Sp		0.1057647042

																				T		2.7573069581

																				p		0.1102100543





small 

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		9/30/03		Steve Stryker (vet) - guinea pig surgery				1.4		small		guinea pig				mask		no				0.3364722366				0

																				X1		0.3364722366		S^2		0

																				n		1

																				ppm		1.40

		1/25/05		Dino Bradley, rat surgery				0.57		small		rat				mask		yes				-0.5621189182				0.4886667636

		1/25/05		Dino Bradley, rat surgery		<0.41		0.21		small		rat				mask		yes				-1.5606477483				0.0896893429

		3/8/06		Lindsey Hodgson, Microsurgery Anteroom		<0.37		0.19		small		rat				chamber		yes				-1.6607312068				0.1596523883

																				X2		-1.2611659577		S^2		0.3690042473

																				n		3

																				ppm		0.28

																								Sp		0

																				T		0

																				p		0





Sheet3

		

		Category		n		GM (ppm)		Max (ppm)		n		GM (ppm)		Max (ppm)		p (Ho)

		All exposures		19		1.6		20		14		0.33		1.8		<0.001

		Biosafety Cabinet		2		17		20		4		0.27		0.94		<1E-05

		Large Animal w/Tube		4		0.67		1.3		2		0.19		0.22		<0.01

		Small Animal w/Mask		1		1.4		1.4		3		0.28		0.57		n/a

		Large Animal w/Mask		8		2.7		5.0		2		1.4		1.8		<0.1

		Large Animal Prep		2		1.1		1.3		2		1.4		1.8		n/a

				Pre-Ventilation						Post-Ventilation

		Category		n		GM (ppm)		Max (ppm)		n		GM (ppm)		Max (ppm)		p (Ho)

		All exposures		19		1.6		20		14		0.33		1.8		<0.001

		Biosafety Cabinet		2		17		20		4		0.27		0.94		<1E-05

		Small Animal w/Mask		1		1.4		1.4		3		0.28		0.57		n/a





Sheet2

		Date		Area Location		Sample Location, Person or Job Task(if any)		LOD		Result		Units		Sample Duration (min)		TWA or STEL

		7/20/99		Surgery A & B		Kathy Hiemer		<0.34		LOD		ppm				0.17

		7/20/99		Surgery A & B		Kathy Hiemer				0.93		ppm				0.93

		7/20/99		Surgery A & B		Kathy Hiemer				0.64		ppm				0.64

		7/20/99		Surgery A & B		Kathy Hiemer				0.39		ppm				0.39

		3/18/02		Surgery A		Claudia Kemelgor				0.56		ppm				0.56

		3/18/02		Surgery A		James Ward				2.8		ppm				2.80

		4/18/02		Surgery A		Claudia Kemelgor				2.7		ppm				2.70

		4/18/02		Surgery A		James Ward				3		ppm				3.00

		4/22/02		Surgery A		James Ward				3.6		ppm				3.60

		4/22/02		Surgery A		James Ward				2.4		ppm				2.40

		4/22/02		Surgery A		Michele Marino, assistant				5		ppm				5.00

		4/22/02		Surgery A		Michele Marino, assistant				5		ppm				5.00

		9/30/03		Microsurgery		Steve Stryker (vet) - guinea pig surgery				1.4		ppm		81		1.40

		10/23/03		Surgery Prep		Mathew John - dog surgery prep				1.3		ppm		37		0.80

		10/23/03		Surgery Prep		Mathew John - dog surgery prep and fill isoflurane				0.85		ppm		76		0.85

		10/23/03		Surgery A		Tom Poandl - fill isoflurane				1		ppm		19		0.32

		10/23/03		Surgery A		Wei Kong - dog surgery				0.63		ppm		66		0.63

		10/23/03		Surgery A		Wei Kong - dog surgery				0.29		ppm		64		0.29

		8/16/04		Microsurgery		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		ppm		39		15.00

		8/16/04		Microsurgery		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		ppm		62		20.00

		11/30/04		Microsurgery		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		LOD		ppm		63		0.20

		11/30/04		Microsurgery		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		LOD		ppm		68		0.19

		11/30/04		Microsurgery		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		LOD		ppm		63		0.21

		11/30/04		Microsurgery		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		LOD		ppm		65		0.21

		11/30/04		Microsurgery		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		LOD		ppm		72		0.19

		12/14/04		Microsurgery		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		ppm		115		0.94

		12/14/04		Microsurgery		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		ppm		114		0.32

		1/25/05		Microsurgery		Dino Bradley, rat surgery		<0.39		LOD		ppm		65		0.20

		1/25/05		Microsurgery		Dino Bradley, rat surgery		<0.41		LOD		ppm		62		0.21

		1/25/05		Surgery A		Nicole Cirelli, pig surgery asst.		<0.43		LOD		ppm		60		0.22

		1/25/05		Surgery A		Nicole Cirelli, pig surgery asst.		<0.34		LOD		ppm		75		0.17

		1/25/05		Surgery Prep		Tom Petrone, pig prep				1.8		ppm		40		1.80

		1/25/05		Surgery Prep		Tom Petrone, pig prep				2.0		ppm		69		2.00

		1/25/05		Surgery Prep		Tom Petrone, pig prep		<0.49		LOD		ppm		29		0.25

		3/8/06		Microsurgery		Lindsey Hodgson, rat prep in chamber		<0.28		LOD		ppm		80		0.14







Two-Box Model 

Source:  Keil et al., ed., Mathematical Models for Estimating Occ Exp to Chemicals, 2nd ed. 2009. 





Two-Box Model 

Vr = room volume, m3

Vn = near field volume, m3

G = mass emission rate, mg/min
β = air flow rate between the near and far 
fields (m3/min)
Q = room air flow rate (m3/min)
FSA = free surface area of near field, m2

S = random air speed, m/min

β =
1
2
𝐹𝐹𝐹𝐹𝐹𝐹 𝑥𝑥 𝐹𝐹 𝐶𝐶𝑁𝑁,𝑆𝑆𝑆𝑆 =

𝐺𝐺
𝑄𝑄

+
𝐺𝐺
β

𝐶𝐶𝐹𝐹,𝑆𝑆𝑆𝑆 =
𝐺𝐺
𝑄𝑄

CN,SS = near field steady state 
concentration, mg/m3

CF,SS = far field steady state 
concentration, mg/m3

Need for the model: Output variables:
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30%  
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“Before” Model



𝐶𝐶𝑁𝑁,𝑆𝑆𝑆𝑆

𝐶𝐶𝐹𝐹,𝑆𝑆𝑆𝑆

β2

“Before” Simplified



►𝐶𝐶𝑁𝑁,𝑆𝑆𝑆𝑆 = 128 𝑚𝑚𝑚𝑚/𝑚𝑚3 = 17 𝑝𝑝𝑝𝑝𝑚𝑚
►𝐶𝐶𝐹𝐹,𝑆𝑆𝑆𝑆 = 23.5 𝑚𝑚𝑚𝑚/𝑚𝑚3 = 3 𝑝𝑝𝑝𝑝𝑚𝑚

Input Parameters – “Before”
► G = 200 𝑚𝑚𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚
► Q (room) = 300 cfm = 8.5 𝑚𝑚3/𝑚𝑚𝑚𝑚𝑚𝑚 (10 ach)
► Vr  = 50 𝑚𝑚3

► Vn  = 0.125 𝑚𝑚3

►β2 = 1
2
𝐹𝐹𝐹𝐹𝐹𝐹 𝑥𝑥 𝐹𝐹 = 1

2
1.25𝑚𝑚2  𝑥𝑥 3.05 𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚 = 1.91 𝑚𝑚3/𝑚𝑚𝑚𝑚𝑚𝑚

Model Results – “Before”



“Before” Exposure Data Compared to Model

Category n
GM 

(ppm)
Max 

(ppm)
All exposures 19 1.6 20
Biosafety Cabinet 2 17 20
Large Animal w/Tube 4 0.67 1.3
Small Animal w/Mask 1 1.4 1.4
Large Animal w/Mask 8 2.7 5.0
Large Animal Prep 2 1.1 1.3
n=number of samples; GM = geometric mean; ppm = parts per million

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑁𝑁,𝑆𝑆𝑆𝑆  = 17 𝑝𝑝𝑝𝑝𝑚𝑚


Iso Vent Analysis

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		3/18/02		James Ward				2.8		large		pig				mask		no				1.0296194172

		3/18/02		Claudia Kemelgor				0.56		large		pig				mask		no				-0.5798184953

		4/18/02		James Ward				3		large		pig				mask		no				1.0986122887

		4/18/02		Claudia Kemelgor				2.7		large		pig				mask		no				0.993251773

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124

		4/22/02		James Ward				3.6		large		pig				mask		no				1.2809338455

		4/22/02		James Ward				2.4		large		pig				mask		no				0.8754687374

		9/30/03		Steve Stryker (vet) - guinea pig surgery				1.4		small		guinea pig				mask		no				0.3364722366

		10/23/03		Wei Kong - dog surgery				0.63		large		dog				tube		no				-0.4620354596

		10/23/03		Wei Kong - dog surgery				0.29		large		dog				tube		no				-1.237874356

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295

		8/16/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		small		guinea pig		BSC		mask		no				2.7080502011

		8/16/04		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		small		guinea pig		BSC		mask		no				2.9957322736

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.43		0.22		large		pig				tube		yes				-1.5141277326

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.34		0.17		large		pig				tube		yes				-1.7719568419

		1/25/05		Dino Bradley, rat surgery				0.57		small		rat				mask		yes				-0.5621189182

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798

		1/25/05		Dino Bradley, rat surgery		<0.41		0.21		small		rat				mask		yes				-1.5606477483

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		0.21		small		rat		BSC		mask		yes				-1.5606477483

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		0.21		small		rat		BSC		mask		yes				-1.5606477483

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		0.2		small		rat		BSC		mask		yes				-1.6094379124

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068

		12/14/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		small		guinea pig		BSC		mask		yes				-0.0618754037

		12/14/04		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		small		guinea pig		BSC		mask		yes				-1.1394342832

		7/20/99		Kathy Hiemer, Surgery A & B		<0.34		0.17		unknown		unknown				unknown		no				-1.7719568419

		7/20/99		Kathy Hiemer, Surgery A & B				0.93		unknown		unknown				unknown		no				-0.0725706928

		7/20/99		Kathy Hiemer, Surgery A & B				0.64		unknown		unknown				unknown		no				-0.4462871026

		7/20/99		Kathy Hiemer, Surgery A & B				0.39		unknown		unknown				unknown		no				-0.9416085399

		3/8/06		Lindsey Hodgson, Microsurgery Anteroom		<0.37		0.19		small		rat				chamber		yes				-1.6607312068





All

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		3/18/02		James Ward				2.8		large		pig				mask		no				1.0296194172				0.301809044

		3/18/02		Claudia Kemelgor				0.56		large		pig				mask		no				-0.5798184953				1.1237408008

		4/18/02		James Ward				3		large		pig				mask		no				1.0986122887				0.3823744947

		4/18/02		Claudia Kemelgor				2.7		large		pig				mask		no				0.993251773				0.2631729551

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				1.2750700432

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				1.2750700432

		4/22/02		James Ward				3.6		large		pig				mask		no				1.2809338455				0.6410979542

		4/22/02		James Ward				2.4		large		pig				mask		no				0.8754687374				0.1561994959

		9/30/03		Steve Stryker (vet) - guinea pig surgery				1.4		small		guinea pig				mask		no				0.3364722366				0.0206714466

		10/23/03		Wei Kong - dog surgery				0.63		large		dog				tube		no				-0.4620354596				0.887897964

		10/23/03		Wei Kong - dog surgery				0.29		large		dog				tube		no				-1.237874356				2.9519441489

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645				0.0474732865

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295				0.4131492204

		8/16/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		small		guinea pig		BSC		mask		no				2.7080502011				4.963103012

		8/16/04		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		small		guinea pig		BSC		mask		no				2.9957322736				6.3276615423

		7/20/99		Kathy Hiemer, Surgery A & B		<0.34		0.17		unknown		unknown				unknown		no				-1.7719568419				5.0724262813

		7/20/99		Kathy Hiemer, Surgery A & B				0.93		unknown		unknown				unknown		no				-0.0725706928				0.3056084166

		7/20/99		Kathy Hiemer, Surgery A & B				0.64		unknown		unknown				unknown		no				-0.4462871026				0.8584671447

		7/20/99		Kathy Hiemer, Surgery A & B				0.39		unknown		unknown				unknown		no				-0.9416085399				2.0216757872

																				X1		0.4802479181		S^2		1.6271451712

																				n		19

																				ppm		1.62

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649				2.9067825105

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.43		0.22		large		pig				tube		yes				-1.5141277326				0.1575974954

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.34		0.17		large		pig				tube		yes				-1.7719568419				0.428782186

		1/25/05		Dino Bradley, rat surgery				0.57		small		rat				mask		yes				-0.5621189182				0.3080508682

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798				1.4700408274

		1/25/05		Dino Bradley, rat surgery		<0.41		0.21		small		rat				mask		yes				-1.5606477483				0.1966971515

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.1966971515

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.1966971515

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		0.2		small		rat		BSC		mask		yes				-1.6094379124				0.2423550465

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.2954889841

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.2954889841

		12/14/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		small		guinea pig		BSC		mask		yes				-0.0618754037				1.1135880585

		12/14/04		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		small		guinea pig		BSC		mask		yes				-1.1394342832				0.000496936

		3/8/06		Lindsey Hodgson, Microsurgery Anteroom		<0.37		0.19		small		rat				chamber		yes				-1.6607312068				0.2954889841

																				X2		-1.1171422223		S^2		0.6234040258

																				n		14

																				ppm		0.33

																								Sp		1.2062214651

																				T		3.7598264199

																				p		0.0007087191





BSC

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		8/16/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		small		guinea pig		BSC		mask		no				2.7080502011				0.0206902437

		8/16/04		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		small		guinea pig		BSC		mask		no				2.9957322736				0.0206902437

																				X1		2.8518912373		S^2		0.0413804874

																				n		2

																				ppm		17.32

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.0569864696

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.0569864696

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		0.2		small		rat		BSC		mask		yes				-1.6094379124				0.0826611686

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.1147866924

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.1147866924

		12/14/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		small		guinea pig		BSC		mask		yes				-0.0618754037				1.587735969

		12/14/04		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		small		guinea pig		BSC		mask		yes				-1.1394342832				0.0333044525

																				X2		-1.3219293585		S^2		0.3412079857

																				n		7

																				ppm		0.27

																								Sp		0.2983754859

																				T		17.4467043481

																				p		0.0000005001





tube

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		10/23/03		Wei Kong - dog surgery				0.63		large		dog				tube		no				-0.4620354596				0.0038463985

		10/23/03		Wei Kong - dog surgery				0.29		large		dog				tube		no				-1.237874356				0.7020064234

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645				0.4387477739

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295				0.0564049156

																				X1		-0.4000161202		S^2		0.4003351704

																				n		4

																				ppm		0.67

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.43		0.22		large		pig				tube		yes				-1.5141277326				0.0166189624

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.34		0.17		large		pig				tube		yes				-1.7719568419				0.0166189624

																				X2		-1.6430422873		S^2		0.0332379248

																				n		2

																				ppm		0.19

																								Sp		0.308560859

																				T		4.6516690058

																				p		0.0096494109





Mask

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		3/18/02		James Ward				2.8		large		pig				mask		no				1.0296194172				0.0016001195

		3/18/02		Claudia Kemelgor				0.56		large		pig				mask		no				-0.5798184953				2.4631306738

		4/18/02		James Ward				3		large		pig				mask		no				1.0986122887				0.0118797715

		4/18/02		Claudia Kemelgor				2.7		large		pig				mask		no				0.993251773				0.0000132049

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				0.3841768182

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				0.3841768182

		4/22/02		James Ward				3.6		large		pig				mask		no				1.2809338455				0.0848649661

		4/22/02		James Ward				2.4		large		pig				mask		no				0.8754687374				0.0130300368

																				X1		0.9896179239		S^2		0.4775532013

																				n		8

																				ppm		2.69

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649				0.0606332721

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798				0.0606332721

																				X2		0.3415484224		S^2		0.1212665442

																				n		2

																				ppm		1.41

																								Sp		0.4330173691

																				T		1.8931117808

																				p		0.0949699106





Prep

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645				0.0451314321

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295				0.0451314321

																				X1		0.0499226675		S^2		0.0902628643

																				n		2

																				ppm		1.05

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649				0.0606332721

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798				0.0606332721

																				X2		0.3415484224		S^2		0.1212665442

																				n		2

																				ppm		1.41

																								Sp		0.1057647042

																				T		2.7573069581

																				p		0.1102100543





small 

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		9/30/03		Steve Stryker (vet) - guinea pig surgery				1.4		small		guinea pig				mask		no				0.3364722366				0

																				X1		0.3364722366		S^2		0

																				n		1

																				ppm		1.40

		1/25/05		Dino Bradley, rat surgery				0.57		small		rat				mask		yes				-0.5621189182				0.4886667636

		1/25/05		Dino Bradley, rat surgery		<0.41		0.21		small		rat				mask		yes				-1.5606477483				0.0896893429

		3/8/06		Lindsey Hodgson, Microsurgery Anteroom		<0.37		0.19		small		rat				chamber		yes				-1.6607312068				0.1596523883

																				X2		-1.2611659577		S^2		0.3690042473

																				n		3

																				ppm		0.28

																								Sp		0

																				T		0

																				p		0





Sheet3

		

		Category		n		GM (ppm)		Max (ppm)		n		GM (ppm)		Max (ppm)		p (Ho)

		All exposures		19		1.6		20		14		0.33		1.8		<0.001

		Biosafety Cabinet		2		17		20		4		0.27		0.94		<1E-05

		Large Animal w/Tube		4		0.67		1.3		2		0.19		0.22		<0.01

		Small Animal w/Mask		1		1.4		1.4		3		0.28		0.57		n/a

		Large Animal w/Mask		8		2.7		5.0		2		1.4		1.8		<0.1

		Large Animal Prep		2		1.1		1.3		2		1.4		1.8		n/a

				Pre-Ventilation						Post-Ventilation

		Category		n		GM (ppm)		Max (ppm)		n		GM (ppm)		Max (ppm)		p (Ho)

		All exposures		19		1.6		20		14		0.33		1.8		<0.001

		Biosafety Cabinet		2		17		20		4		0.27		0.94		<1E-05

		Small Animal w/Mask		1		1.4		1.4		3		0.28		0.57		n/a





Sheet2

		Date		Area Location		Sample Location, Person or Job Task(if any)		LOD		Result		Units		Sample Duration (min)		TWA or STEL

		7/20/99		Surgery A & B		Kathy Hiemer		<0.34		LOD		ppm				0.17

		7/20/99		Surgery A & B		Kathy Hiemer				0.93		ppm				0.93

		7/20/99		Surgery A & B		Kathy Hiemer				0.64		ppm				0.64

		7/20/99		Surgery A & B		Kathy Hiemer				0.39		ppm				0.39

		3/18/02		Surgery A		Claudia Kemelgor				0.56		ppm				0.56

		3/18/02		Surgery A		James Ward				2.8		ppm				2.80

		4/18/02		Surgery A		Claudia Kemelgor				2.7		ppm				2.70

		4/18/02		Surgery A		James Ward				3		ppm				3.00

		4/22/02		Surgery A		James Ward				3.6		ppm				3.60

		4/22/02		Surgery A		James Ward				2.4		ppm				2.40

		4/22/02		Surgery A		Michele Marino, assistant				5		ppm				5.00

		4/22/02		Surgery A		Michele Marino, assistant				5		ppm				5.00

		9/30/03		Microsurgery		Steve Stryker (vet) - guinea pig surgery				1.4		ppm		81		1.40

		10/23/03		Surgery Prep		Mathew John - dog surgery prep				1.3		ppm		37		0.80

		10/23/03		Surgery Prep		Mathew John - dog surgery prep and fill isoflurane				0.85		ppm		76		0.85

		10/23/03		Surgery A		Tom Poandl - fill isoflurane				1		ppm		19		0.32

		10/23/03		Surgery A		Wei Kong - dog surgery				0.63		ppm		66		0.63

		10/23/03		Surgery A		Wei Kong - dog surgery				0.29		ppm		64		0.29

		8/16/04		Microsurgery		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		ppm		39		15.00

		8/16/04		Microsurgery		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		ppm		62		20.00

		11/30/04		Microsurgery		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		LOD		ppm		63		0.20

		11/30/04		Microsurgery		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		LOD		ppm		68		0.19

		11/30/04		Microsurgery		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		LOD		ppm		63		0.21

		11/30/04		Microsurgery		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		LOD		ppm		65		0.21

		11/30/04		Microsurgery		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		LOD		ppm		72		0.19

		12/14/04		Microsurgery		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		ppm		115		0.94

		12/14/04		Microsurgery		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		ppm		114		0.32

		1/25/05		Microsurgery		Dino Bradley, rat surgery		<0.39		LOD		ppm		65		0.20

		1/25/05		Microsurgery		Dino Bradley, rat surgery		<0.41		LOD		ppm		62		0.21

		1/25/05		Surgery A		Nicole Cirelli, pig surgery asst.		<0.43		LOD		ppm		60		0.22

		1/25/05		Surgery A		Nicole Cirelli, pig surgery asst.		<0.34		LOD		ppm		75		0.17

		1/25/05		Surgery Prep		Tom Petrone, pig prep				1.8		ppm		40		1.80

		1/25/05		Surgery Prep		Tom Petrone, pig prep				2.0		ppm		69		2.00

		1/25/05		Surgery Prep		Tom Petrone, pig prep		<0.49		LOD		ppm		29		0.25

		3/8/06		Microsurgery		Lindsey Hodgson, rat prep in chamber		<0.28		LOD		ppm		80		0.14
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► G = 200 𝑚𝑚𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚
► QBSC = 300 cfm = 8.5 𝑚𝑚3/𝑚𝑚𝑚𝑚𝑚𝑚
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𝐹𝐹𝐹𝐹𝐹𝐹 𝑥𝑥 𝐹𝐹 = 1
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3𝑓𝑓𝑃𝑃2  𝑥𝑥 10 𝑓𝑓𝑝𝑝𝑚𝑚 = 1
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0.279𝑚𝑚2  𝑥𝑥 3.05 𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚 

β1 = 0.43 𝑚𝑚3/𝑚𝑚𝑚𝑚𝑚𝑚

► Gβ1 = 200 𝑚𝑚𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚 x 0.43
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= 13.4 𝑚𝑚𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚

Generation Rate – “After”



𝐶𝐶𝑁𝑁,𝑆𝑆𝑆𝑆
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►𝐶𝐶𝑁𝑁,𝑆𝑆𝑆𝑆 = 8.6 𝑚𝑚𝑚𝑚/𝑚𝑚3 = 1.1 𝑝𝑝𝑝𝑝𝑚𝑚
►𝐶𝐶𝐹𝐹,𝑆𝑆𝑆𝑆 = 1.6 𝑚𝑚𝑚𝑚/𝑚𝑚3 = 0.2 𝑝𝑝𝑝𝑝𝑚𝑚

Input Parameters – “After”
► Gβ1 = 13.4 𝑚𝑚𝑚𝑚/𝑚𝑚3

► Q (room) = 8.5 𝑚𝑚3/𝑚𝑚𝑚𝑚𝑚𝑚
► Vr  = 50 𝑚𝑚3

► Vn  = 0.125 𝑚𝑚3

►β2 = 1
2
𝐹𝐹𝐹𝐹𝐹𝐹 𝑥𝑥 𝐹𝐹 = 1

2
1.25𝑚𝑚2  𝑥𝑥 3.05 𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚 = 1.91 𝑚𝑚3/𝑚𝑚𝑚𝑚𝑚𝑚

Model Results – “After”





“After” Exposure Data

Category n
GM 

(ppm)
Max 

(ppm) n
GM 

(ppm)
Max 

(ppm) p (Ho)
All exposures 19 1.6 20 14 0.33 1.8 <0.001
Biosafety Cabinet 2 17 20 4 0.27 0.94 <1E-05
Large Animal w/Tube 4 0.67 1.3 2 0.19 0.22 <0.01
Small Animal w/Mask 1 1.4 1.4 3 0.28 0.57 n/a
Large Animal w/Mask 8 2.7 5.0 2 1.4 1.8 <0.1
Large Animal Prep 2 1.1 1.3 2 1.4 1.8 n/a

Pre-Ventilation Post-Ventilation

n=number of samples; GM = geometric mean; ppm = parts per million; 
p (Ho) = probability that null hypothesis (means are equal) is true

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑚𝑚𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐶𝐶𝑁𝑁,𝑆𝑆𝑆𝑆  = 1.1 𝑝𝑝𝑝𝑝𝑚𝑚


Iso Vent Analysis

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		3/18/02		James Ward				2.8		large		pig				mask		no				1.0296194172

		3/18/02		Claudia Kemelgor				0.56		large		pig				mask		no				-0.5798184953

		4/18/02		James Ward				3		large		pig				mask		no				1.0986122887

		4/18/02		Claudia Kemelgor				2.7		large		pig				mask		no				0.993251773

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124

		4/22/02		James Ward				3.6		large		pig				mask		no				1.2809338455

		4/22/02		James Ward				2.4		large		pig				mask		no				0.8754687374

		9/30/03		Steve Stryker (vet) - guinea pig surgery				1.4		small		guinea pig				mask		no				0.3364722366

		10/23/03		Wei Kong - dog surgery				0.63		large		dog				tube		no				-0.4620354596

		10/23/03		Wei Kong - dog surgery				0.29		large		dog				tube		no				-1.237874356

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295

		8/16/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		small		guinea pig		BSC		mask		no				2.7080502011

		8/16/04		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		small		guinea pig		BSC		mask		no				2.9957322736

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.43		0.22		large		pig				tube		yes				-1.5141277326

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.34		0.17		large		pig				tube		yes				-1.7719568419

		1/25/05		Dino Bradley, rat surgery				0.57		small		rat				mask		yes				-0.5621189182

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798

		1/25/05		Dino Bradley, rat surgery		<0.41		0.21		small		rat				mask		yes				-1.5606477483

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		0.21		small		rat		BSC		mask		yes				-1.5606477483

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		0.21		small		rat		BSC		mask		yes				-1.5606477483

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		0.2		small		rat		BSC		mask		yes				-1.6094379124

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068

		12/14/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		small		guinea pig		BSC		mask		yes				-0.0618754037

		12/14/04		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		small		guinea pig		BSC		mask		yes				-1.1394342832

		7/20/99		Kathy Hiemer, Surgery A & B		<0.34		0.17		unknown		unknown				unknown		no				-1.7719568419

		7/20/99		Kathy Hiemer, Surgery A & B				0.93		unknown		unknown				unknown		no				-0.0725706928

		7/20/99		Kathy Hiemer, Surgery A & B				0.64		unknown		unknown				unknown		no				-0.4462871026

		7/20/99		Kathy Hiemer, Surgery A & B				0.39		unknown		unknown				unknown		no				-0.9416085399

		3/8/06		Lindsey Hodgson, Microsurgery Anteroom		<0.37		0.19		small		rat				chamber		yes				-1.6607312068





All

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		3/18/02		James Ward				2.8		large		pig				mask		no				1.0296194172				0.301809044

		3/18/02		Claudia Kemelgor				0.56		large		pig				mask		no				-0.5798184953				1.1237408008

		4/18/02		James Ward				3		large		pig				mask		no				1.0986122887				0.3823744947

		4/18/02		Claudia Kemelgor				2.7		large		pig				mask		no				0.993251773				0.2631729551

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				1.2750700432

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				1.2750700432

		4/22/02		James Ward				3.6		large		pig				mask		no				1.2809338455				0.6410979542

		4/22/02		James Ward				2.4		large		pig				mask		no				0.8754687374				0.1561994959

		9/30/03		Steve Stryker (vet) - guinea pig surgery				1.4		small		guinea pig				mask		no				0.3364722366				0.0206714466

		10/23/03		Wei Kong - dog surgery				0.63		large		dog				tube		no				-0.4620354596				0.887897964

		10/23/03		Wei Kong - dog surgery				0.29		large		dog				tube		no				-1.237874356				2.9519441489

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645				0.0474732865

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295				0.4131492204

		8/16/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		small		guinea pig		BSC		mask		no				2.7080502011				4.963103012

		8/16/04		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		small		guinea pig		BSC		mask		no				2.9957322736				6.3276615423

		7/20/99		Kathy Hiemer, Surgery A & B		<0.34		0.17		unknown		unknown				unknown		no				-1.7719568419				5.0724262813

		7/20/99		Kathy Hiemer, Surgery A & B				0.93		unknown		unknown				unknown		no				-0.0725706928				0.3056084166

		7/20/99		Kathy Hiemer, Surgery A & B				0.64		unknown		unknown				unknown		no				-0.4462871026				0.8584671447

		7/20/99		Kathy Hiemer, Surgery A & B				0.39		unknown		unknown				unknown		no				-0.9416085399				2.0216757872

																				X1		0.4802479181		S^2		1.6271451712

																				n		19

																				ppm		1.62

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649				2.9067825105

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.43		0.22		large		pig				tube		yes				-1.5141277326				0.1575974954

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.34		0.17		large		pig				tube		yes				-1.7719568419				0.428782186

		1/25/05		Dino Bradley, rat surgery				0.57		small		rat				mask		yes				-0.5621189182				0.3080508682

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798				1.4700408274

		1/25/05		Dino Bradley, rat surgery		<0.41		0.21		small		rat				mask		yes				-1.5606477483				0.1966971515

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.1966971515

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.1966971515

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		0.2		small		rat		BSC		mask		yes				-1.6094379124				0.2423550465

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.2954889841

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.2954889841

		12/14/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		small		guinea pig		BSC		mask		yes				-0.0618754037				1.1135880585

		12/14/04		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		small		guinea pig		BSC		mask		yes				-1.1394342832				0.000496936

		3/8/06		Lindsey Hodgson, Microsurgery Anteroom		<0.37		0.19		small		rat				chamber		yes				-1.6607312068				0.2954889841

																				X2		-1.1171422223		S^2		0.6234040258

																				n		14

																				ppm		0.33

																								Sp		1.2062214651

																				T		3.7598264199

																				p		0.0007087191





BSC

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		8/16/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		small		guinea pig		BSC		mask		no				2.7080502011				0.0206902437

		8/16/04		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		small		guinea pig		BSC		mask		no				2.9957322736				0.0206902437

																				X1		2.8518912373		S^2		0.0413804874

																				n		2

																				ppm		17.32

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.0569864696

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		0.21		small		rat		BSC		mask		yes				-1.5606477483				0.0569864696

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		0.2		small		rat		BSC		mask		yes				-1.6094379124				0.0826611686

		11/30/04		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.1147866924

		11/30/04		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		0.19		small		rat		BSC		mask		yes				-1.6607312068				0.1147866924

		12/14/04		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		small		guinea pig		BSC		mask		yes				-0.0618754037				1.587735969

		12/14/04		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		small		guinea pig		BSC		mask		yes				-1.1394342832				0.0333044525

																				X2		-1.3219293585		S^2		0.3412079857

																				n		7

																				ppm		0.27

																								Sp		0.2983754859

																				T		17.4467043481

																				p		0.0000005001





tube

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		10/23/03		Wei Kong - dog surgery				0.63		large		dog				tube		no				-0.4620354596				0.0038463985

		10/23/03		Wei Kong - dog surgery				0.29		large		dog				tube		no				-1.237874356				0.7020064234

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645				0.4387477739

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295				0.0564049156

																				X1		-0.4000161202		S^2		0.4003351704

																				n		4

																				ppm		0.67

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.43		0.22		large		pig				tube		yes				-1.5141277326				0.0166189624

		1/25/05		Nicole Cirelli, pig surgery asst.		<0.34		0.17		large		pig				tube		yes				-1.7719568419				0.0166189624

																				X2		-1.6430422873		S^2		0.0332379248

																				n		2

																				ppm		0.19

																								Sp		0.308560859

																				T		4.6516690058

																				p		0.0096494109





Mask

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		3/18/02		James Ward				2.8		large		pig				mask		no				1.0296194172				0.0016001195

		3/18/02		Claudia Kemelgor				0.56		large		pig				mask		no				-0.5798184953				2.4631306738

		4/18/02		James Ward				3		large		pig				mask		no				1.0986122887				0.0118797715

		4/18/02		Claudia Kemelgor				2.7		large		pig				mask		no				0.993251773				0.0000132049

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				0.3841768182

		4/22/02		Michele Marino, assistant				5		large		pig				mask		no				1.6094379124				0.3841768182

		4/22/02		James Ward				3.6		large		pig				mask		no				1.2809338455				0.0848649661

		4/22/02		James Ward				2.4		large		pig				mask		no				0.8754687374				0.0130300368

																				X1		0.9896179239		S^2		0.4775532013

																				n		8

																				ppm		2.69

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649				0.0606332721

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798				0.0606332721

																				X2		0.3415484224		S^2		0.1212665442

																				n		2

																				ppm		1.41

																								Sp		0.4330173691

																				T		1.8931117808

																				p		0.0949699106





Prep

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		10/23/03		Mathew John - dog surgery prep				1.3		large		dog				tube		no		yes		0.2623642645				0.0451314321

		10/23/03		Mathew John - dog surgery prep and fill isoflurane				0.85		large		dog				tube		no		yes		-0.1625189295				0.0451314321

																				X1		0.0499226675		S^2		0.0902628643

																				n		2

																				ppm		1.05

		1/25/05		Tom Petrone, pig prep				1.8		large		pig				mask		yes		yes		0.5877866649				0.0606332721

		1/25/05		Tom Petrone, pig prep				1.1		large		pig				mask		yes		yes		0.0953101798				0.0606332721

																				X2		0.3415484224		S^2		0.1212665442

																				n		2

																				ppm		1.41

																								Sp		0.1057647042

																				T		2.7573069581

																				p		0.1102100543





small 

		Date		Sample Location, Person or Job Task(if any)		LOD		1 hr TWA		Animal size		Animal type		BSC?		Mask or tube		Balanced LEV		Prep		ln TWA

		9/30/03		Steve Stryker (vet) - guinea pig surgery				1.4		small		guinea pig				mask		no				0.3364722366				0

																				X1		0.3364722366		S^2		0

																				n		1

																				ppm		1.40

		1/25/05		Dino Bradley, rat surgery				0.57		small		rat				mask		yes				-0.5621189182				0.4886667636

		1/25/05		Dino Bradley, rat surgery		<0.41		0.21		small		rat				mask		yes				-1.5606477483				0.0896893429

		3/8/06		Lindsey Hodgson, Microsurgery Anteroom		<0.37		0.19		small		rat				chamber		yes				-1.6607312068				0.1596523883

																				X2		-1.2611659577		S^2		0.3690042473

																				n		3

																				ppm		0.28

																								Sp		0

																				T		0

																				p		0





Sheet3

		

		Category		n		GM (ppm)		Max (ppm)		n		GM (ppm)		Max (ppm)		p (Ho)

		All exposures		19		1.6		20		14		0.33		1.8		<0.001

		Biosafety Cabinet		2		17		20		4		0.27		0.94		<1E-05

		Large Animal w/Tube		4		0.67		1.3		2		0.19		0.22		<0.01

		Small Animal w/Mask		1		1.4		1.4		3		0.28		0.57		n/a

		Large Animal w/Mask		8		2.7		5.0		2		1.4		1.8		<0.1

		Large Animal Prep		2		1.1		1.3		2		1.4		1.8		n/a

				Pre-Ventilation						Post-Ventilation

		Category		n		GM (ppm)		Max (ppm)		n		GM (ppm)		Max (ppm)		p (Ho)

		All exposures		19		1.6		20		14		0.33		1.8		<0.001

		Biosafety Cabinet		2		17		20		4		0.27		0.94		<1E-05

		Large Animal w/Tube		4		0.67		1.3		2		0.19		0.22		<0.01

		Small Animal w/Mask		1		1.4		1.4		3		0.28		0.57		n/a

		Large Animal w/Mask		8		2.7		5.0		2		1.4		1.8		<0.1

		Large Animal Prep		2		1.1		1.3		2		1.4		1.8		n/a





Sheet2

		Date		Area Location		Sample Location, Person or Job Task(if any)		LOD		Result		Units		Sample Duration (min)		TWA or STEL

		7/20/99		Surgery A & B		Kathy Hiemer		<0.34		LOD		ppm				0.17

		7/20/99		Surgery A & B		Kathy Hiemer				0.93		ppm				0.93

		7/20/99		Surgery A & B		Kathy Hiemer				0.64		ppm				0.64

		7/20/99		Surgery A & B		Kathy Hiemer				0.39		ppm				0.39

		3/18/02		Surgery A		Claudia Kemelgor				0.56		ppm				0.56

		3/18/02		Surgery A		James Ward				2.8		ppm				2.80

		4/18/02		Surgery A		Claudia Kemelgor				2.7		ppm				2.70

		4/18/02		Surgery A		James Ward				3		ppm				3.00

		4/22/02		Surgery A		James Ward				3.6		ppm				3.60

		4/22/02		Surgery A		James Ward				2.4		ppm				2.40

		4/22/02		Surgery A		Michele Marino, assistant				5		ppm				5.00

		4/22/02		Surgery A		Michele Marino, assistant				5		ppm				5.00

		9/30/03		Microsurgery		Steve Stryker (vet) - guinea pig surgery				1.4		ppm		81		1.40

		10/23/03		Surgery Prep		Mathew John - dog surgery prep				1.3		ppm		37		0.80

		10/23/03		Surgery Prep		Mathew John - dog surgery prep and fill isoflurane				0.85		ppm		76		0.85

		10/23/03		Surgery A		Tom Poandl - fill isoflurane				1		ppm		19		0.32

		10/23/03		Surgery A		Wei Kong - dog surgery				0.63		ppm		66		0.63

		10/23/03		Surgery A		Wei Kong - dog surgery				0.29		ppm		64		0.29

		8/16/04		Microsurgery		Michele Nichols, guinea pig surgery in Biosafety Cabinet				15		ppm		39		15.00

		8/16/04		Microsurgery		Stephanie Werrlein, guinea pig surgery in Biosafety cabinet				20		ppm		62		20.00

		11/30/04		Microsurgery		Michele Nichols, rat surgery in Biosafety cabinet		<0.40		LOD		ppm		63		0.20

		11/30/04		Microsurgery		Michele Nichols, rat surgery in Biosafety cabinet		<0.37		LOD		ppm		68		0.19

		11/30/04		Microsurgery		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.42		LOD		ppm		63		0.21

		11/30/04		Microsurgery		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.41		LOD		ppm		65		0.21

		11/30/04		Microsurgery		Tom Petrone, rat sugery asst. Biosafety Cabinet		<0.37		LOD		ppm		72		0.19

		12/14/04		Microsurgery		Michele Nichols, guinea pig surgery in Biosafety Cabinet				0.94		ppm		115		0.94

		12/14/04		Microsurgery		Nicole Cirelli, guinea pig surgery in Biosafety Cabinet				0.32		ppm		114		0.32

		1/25/05		Microsurgery		Dino Bradley, rat surgery		<0.39		LOD		ppm		65		0.20

		1/25/05		Microsurgery		Dino Bradley, rat surgery		<0.41		LOD		ppm		62		0.21

		1/25/05		Surgery A		Nicole Cirelli, pig surgery asst.		<0.43		LOD		ppm		60		0.22

		1/25/05		Surgery A		Nicole Cirelli, pig surgery asst.		<0.34		LOD		ppm		75		0.17

		1/25/05		Surgery Prep		Tom Petrone, pig prep				1.8		ppm		40		1.80

		1/25/05		Surgery Prep		Tom Petrone, pig prep				2.0		ppm		69		2.00

		1/25/05		Surgery Prep		Tom Petrone, pig prep		<0.49		LOD		ppm		29		0.25

		3/8/06		Microsurgery		Lindsey Hodgson, rat prep in chamber		<0.28		LOD		ppm		80		0.14







► Modeling predicted that the proposed modification (exhausting 
the biosafety cabinet outdoors) would reduce exposure below the 
internal isoflurane OEL of 2 ppm

► Exposure monitoring verified the proposed modification was 
successful and reduced exposure even more than predicted 

Conclusions – Case Study #1
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Improving Exposure Judgment with 
Exposure Models
Case Study #2 – Silica Exposure



► Objective: build a model to predict respirable crystalline silica 
(RCS) exposures for a wood filler product under a range of air 
exchange rates without local exhaust ventilation to determine if 
OSHA Action Limit and ACGIH TLV could be exceeded

► Results of this study are part of the public record for a Safe Use 
Determination under Prop 65 in California

Modeling Case Study #2





WOODWISE® Wood Filler Products Silica Composition 

Product Quartz Respirable Quartz 

Full-Trowel Filler
Wood Patch
Pre-Finish Filler
No Shrink Patch-Quick

0.1-0.6%
0.1-0.6%
0.1-2.0%
0.1-0.6%

0.1-0.2%
0.1-0.2%
0.1-0.2%
0.1-0.2%

Source: Product Safety Data Sheets and Laboratory Analysis of Particle Sizing (highest presumed
silica content based on the available data is shown)



Occupational Exposure Limits

Analyte OEL Type of OEL Units
Respirable Crystalline 
Silica (RCS)

0.025
0.05 (0.025 AL)

ACGIH TLV-TWA 
OSHA and Cal/OSHA 
PEL-TWA

mg/m3

mg/m3

Key: OSHA = Occupational Safety and Health Administration; PEL = Permissible Exposure Limit; AL = Action 
level; TWA = time weighted average (over eight hours); ACGIH = American Conference of Governmental 
Industrial Hygienists; TLV = Threshold Limit Value; mg/m3 = milligrams per cubic meter of air



One-Box Model 

Source:  Keil et al., ed., Mathematical Models for Estimating Occ Exp to Chemicals, 2nd ed. 2009. 



Build up and Decay of Contaminants

𝐶𝐶 𝑃𝑃 =  𝐶𝐶𝑜𝑜𝑃𝑃
−𝑄𝑄𝑉𝑉𝑡𝑡

C(t) = concentration at time t, mg/m3

t = time, min
G = generation rate, mg/min
Co = initial concentration, mg/m3

Q = effective or actual ventilation rate, m3/min
V = room volume, m3

𝐶𝐶 𝑃𝑃 =
𝐺𝐺
𝑄𝑄
− (

𝐺𝐺
𝑄𝑄
− 𝐶𝐶𝑜𝑜)𝑃𝑃 −𝑄𝑄𝑉𝑉𝑡𝑡

Decay - No generation or generation 
stops 
(Well-Mixed Room Purging Equation)

Build-up - No initial 
concentration 𝐶𝐶 𝑃𝑃 = 𝐺𝐺

𝑄𝑄
(1 − 𝑃𝑃 −𝑄𝑄𝑉𝑉𝑡𝑡 )



One-Box 
Model 

Which Q to 
use?



One-Box Model 

𝐶𝐶𝑠𝑠𝑠𝑠 =
𝐺𝐺
𝑄𝑄

𝐶𝐶 𝑃𝑃 = 𝐺𝐺
𝑄𝑄

(1 − 𝑃𝑃 −𝑄𝑄𝑉𝑉𝑡𝑡 )What if no 
mechanical 
ventilation?



Estimating “Q” 
►Took CO2 measurements on same day (but after) exposure 

monitoring to determine air exchange rates
►decayed from 489 ppm to background concentrations, 398 

ppm, in 30 minutes (0.5 hours) with no one present

𝐶𝐶 𝑃𝑃 =  𝐶𝐶𝑜𝑜𝑃𝑃
−𝑄𝑄𝑉𝑉𝑡𝑡

398 𝑝𝑝𝑝𝑝𝑚𝑚 = 489 𝑝𝑝𝑝𝑝𝑚𝑚 𝑃𝑃 −𝑄𝑄𝑉𝑉(0.5ℎ𝑟𝑟)

𝑄𝑄
𝑉𝑉

=
2.1
ℎ𝑃𝑃



Respirable Particulate and RCS Estimated Generation Rate
► Based on measured respirable particulate exposure levels and 

calculated air exchange rate, could estimate a generation rate for 
respirable dust and RCS during use of this product 

79 µg/m3 = 𝐺𝐺
2.1

60
𝑚𝑚𝑚𝑚𝑚𝑚
ℎ𝑟𝑟

(85 𝑚𝑚3)

𝐶𝐶𝑠𝑠𝑠𝑠 =
𝐺𝐺
𝑄𝑄

G = 235 𝑢𝑢𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚

G = 625 𝑢𝑢𝑚𝑚/ min 𝑥𝑥 0.6% 𝑅𝑅𝐶𝐶𝐹𝐹 = 1.4 𝑢𝑢𝑚𝑚/𝑚𝑚𝑚𝑚𝑚𝑚



RCS Estimated Worst-Case Exposure
► Estimated RCS generation rate (1.4 µg/min)
► Average of the summer and winter median value for California residential 

homes (0.85 ACH)
► Small average room volume of 25 m3 (EPA 2011)

𝐶𝐶𝑠𝑠𝑠𝑠 = 1.4 µ𝑔𝑔/𝑚𝑚𝑚𝑚𝑚𝑚
0.85

60
𝑚𝑚𝑚𝑚𝑚𝑚
ℎ𝑟𝑟

(25 𝑚𝑚3)
 =   4.0 µg/m3



► Exposure monitoring results were below the predicted worst-case 
exposure 

► Modeling along with exposure monitoring and an analysis of 
potential lifetime exposures for users of the products resulted in 
California issuing a Safe Use Determination under Prop 65

Conclusions – Case Study #2
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Improving Exposure Judgment with 
Exposure Models
Conclusions



► The majority of tasks with potential exposure are never monitored
► You often can’t rely on professional judgment alone 
► Can save time and money compared to collecting measurements
► Allows prospective and retrospective estimates of exposure
► Focuses on predictors of exposure, links cause and effect
► These and other tools are out there an you CAN learn                     

to use them!
IHMODTM (latest version: 2.015, January 2023) 
IHSkinPermTM (latest version: 2.4, October 2021)

AIHA Risk Assessment Tool Download

Modeling – Know Where Your Towel Is

https://www.aiha.org/public-resources/consumer-resources/apps-and-tools-resource-center/aiha-risk-assessment-tools/ihmod-tool
https://www.aiha.org/public-resources/consumer-resources/apps-and-tools-resource-center/aiha-risk-assessment-tools/ihskinperm
https://www.aiha.org/public-resources/consumer-resources/apps-and-tools-resource-center/aiha-risk-assessment-tools
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