
Graduate Theses, Dissertations, and Problem Reports 

2000 

Determining organic vapor cartridge breakthrough characteristics Determining organic vapor cartridge breakthrough characteristics 

of JP-8 during aircraft fuel tank entry operations of JP-8 during aircraft fuel tank entry operations 

Kevin W. Culp 
West Virginia University 

Follow this and additional works at: https://researchrepository.wvu.edu/etd 

Recommended Citation Recommended Citation 
Culp, Kevin W., "Determining organic vapor cartridge breakthrough characteristics of JP-8 during aircraft 
fuel tank entry operations" (2000). Graduate Theses, Dissertations, and Problem Reports. 1002. 
https://researchrepository.wvu.edu/etd/1002 

This Thesis is protected by copyright and/or related rights. It has been brought to you by the The Research 
Repository @ WVU with permission from the rights-holder(s). You are free to use this Thesis in any way that is 
permitted by the copyright and related rights legislation that applies to your use. For other uses you must obtain 
permission from the rights-holder(s) directly, unless additional rights are indicated by a Creative Commons license 
in the record and/ or on the work itself. This Thesis has been accepted for inclusion in WVU Graduate Theses, 
Dissertations, and Problem Reports collection by an authorized administrator of The Research Repository @ WVU. 
For more information, please contact researchrepository@mail.wvu.edu. 

https://researchrepository.wvu.edu/
https://researchrepository.wvu.edu/
https://researchrepository.wvu.edu/etd
https://researchrepository.wvu.edu/etd?utm_source=researchrepository.wvu.edu%2Fetd%2F1002&utm_medium=PDF&utm_campaign=PDFCoverPages
https://researchrepository.wvu.edu/etd/1002?utm_source=researchrepository.wvu.edu%2Fetd%2F1002&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:researchrepository@mail.wvu.edu


�����������	
������	
��
�
���������	��������
���

���������������	
�	����	������
��������	����	����	�����


������
��

��

�����	 !	�"#$

�%�&�&	&"�'�((�)	(*	(%�
�*##�+�	*,	��+����-��+	.�)	����-.#	��&*"-/�&	.(

 �&(	
�-+���.	�����-&�(�
��	$.-(�.#	,"#,�##'��(	*,	(%�	-�0"�-�'��(&	,*-	(%�

)�+-��	*,

�.&(�-	*,	�/���/�
��


//"$.(�*�.#	��+����	.�)	�.,�(�

 .--��	�!	���-&1	�%!�!1	�%.�-
�."#	�!	���&��1	�%!�!

��.���	�!	�/�"##��1	�%!�!

��$.-('��(	*,	��)"&(-�.#	.�)
�.�.+�'��(	��&(�'&	��+����-��+

�*-+.�(*2�1	 


���2*-)&5	��&$�-.(*-1	����1	,"�#1	/.-(-�)+�1	�-�.6(%-*"+%



��������

�����������	
������	
��
�
���������	��������
���

���������������	
�	����	������
��������	����	����	�����


������
��

��	�����	 !	�"#$

�%�&	&(")�	.&&�&&�)	(%�	&�-��/�	#�,�	*,	*-+.��/	�.$*-	/.-(-�)+�&	�7$*&�)	(*	��(	�-*$"#&�*�

��$�	 �	 ,"�#	 �.$*-!	 	 �2*	 �7$�-�'��(&	 2�-�	 /*�)"/(�)	 (%.(	 ���*#��)	 �7$*&��+	 89

/.-(-�)+�&	(*	(%-��	/%.##��+�	/*�/��(-.(�*�&	:;441	<441	.�)	=344	$.-(&	$�-	'�##�*�>	*,	,"�#

�.$*-	.�)	(2*	-�#.(���	%"'�)�(�	#���#&	:94	.�)	�4	$�-/��(>!		�%�	�'$./(	*�	&�-��/�	#�,�	*,

:=>	 %�+%	 -�#.(���	 %"'�)�(�	 /*�)�(�*�&	 .�)	 :3>	 $-�*-	 &(.(�/	 �7$*&"-�	 (*	 ,"�#	 �.$*-	 2�-�

��.#".(�)!

�%�&	 &(")�	 /*�/#")�)	 (%.(	 (%�	 �4	 $�-/��(	 -�#.(���	 %"'�)�(�	 (�&(	 /*�)�(�*�	 %.)	 .

&(.(�&(�/.##�	&�+��,�/.�(	�,,�/(	*�	�-�.6(%-*"+%	(�'�	��-&"&	(%�	94	$�-/��(	-�#.(���	%"'�)�(�

/*�)�(�*�1	 -�)"/��+	 &�-��/�	 #�,�	 ��	 .&	 '"/%	 .&	 <4	 $�-/��(	 .(	 (%�	 #*2�&(	 /%.##��+�

/*�/��(-.(�*�	(�&(�)!		�*2���-1	(%�&	�,,�/(	2.&	�*(	&(.(�&(�/.##�	&�+��,�/.�(	.(	(%�	%�+%�&(

/*�/��(-.(�*�!		�-�*-	�7$*&"-�	(*	,"�#	�.$*-	.#&*	%.)	.	&(.(�&(�/.##�	&�+��,�/.�(	�'$./(	*�

&�-��/�	 #�,�1	 �"(	 (%�	 &%�,(	 ��	 �-�.6(%-*"+%	 (�'�	2.&	'���'.#	 .�)	 2*"#)	 %.��	 .	'��*-

�'$./(	*�	/.-(-�)+�	/%.�+��*"(	&/%�)"#�	$#.����+!



���

�������	
��	�
�

�?)	#�6�	(*	�7(��)	.	��-�	2.-'	@(%.�6	�*"A	(*	.##	(%�	2*�)�-,"#	$�*$#�	2%*	/*�(-��"(�)

(*	(%�	&"//�&&	*,	(%�&	-�&�.-/%!		�-!	�."#	���&��1	�-!	 .--��	���-&1	.�)	�-!	��.���

�/�"##��	&$��(	/*"�(#�&&	%*"-&	("(*-��+1	+"�)��+1	.�)	&"$$*-(��+	'�1	+-./�*"&#�

)*�.(��+	(%��-	(�'�	.�)	-�&*"-/�&	(*	(%�	$-*B�/(	.�)	(*	'�	$�-&*�.##�!		�.-�	�#�(/%�-	.�)

�"-(	
.�	)�	�(*2�	2�-�	�7/�$(�*�.##�	��&(-"'��(.#	��	%�#$��+	'�	"�)�-&(.�)	(%�	@��&

.�)	*"(&A	*,	/.-(-�)+�	(�&(��+1	.�)	2�-�	��-�	.//*''*).(��+	*,	'�	���(�.#	�-�.6(%-*"+%

(�&(��+	�,,*-(&	��	(%��-	,./�#�(��&!		�%�-'.�	�).'&1	(%�	'*&(	(.#��(�)	+#.&&�#*2�-	��	(%�

2*-#)1	%�#$�)	(*	)�&�+�	.�)	/-�.(�	&$�/�.#�C�)	+#.&&2.-�	(%.(	2.&	.	6��	$.-(	*,	(%�	�.$*-

+���-.(�*�	$-*/�&&!		�-!	�*%�	D*�)#*?&	/-�.(���	�)�.&	,*-	�.$*-	+���-.(�*�	(�/%��0"�&

2�-�	+*#)��!		�-!	�-���	�*��-1	�-!	�(���	��-.-)���##�1	�(���	�.-(��1	�%*'.&	��,,�-&*�1

���	�.##1	��##	�*,,'.�1	�-!	 .6�,	�&6.�)�-1	�-!	�.-�	 ���1	�.B	��&	�'�(%1	��+(	�*"+

�-�((&1	��'	�.#(*�1	��.�.	�/%2�-.1	.�)	�.&C#*	��B*	�./%	$-*��)�)	���.#".�#�	(�/%��/.#

.�)	$%�&�/.#	-�&*"-/�	/*�(-��"(�*�&	(*	(%�&	$-*B�/(!		��	2�,�	�"��	����-	/�.&�&	(*	.'.C�

'�	2�(%	%�-	.��#�(�	(*	/.(/%	'.�"&/-�$(	�--*-&E	&%�	&$��(	/*"�(#�&&	%*"-&	-����2��+	.�)

�)�(��+	'�	2*-6!		����	'*-�	/-�(�/.#	2.&	(%�	��/*"-.+�'��(	�"��	.�)	*"-	#�((#�	+�-#1

�.-.%1	+.��	(*	'�	(%-*"+%*"(	(%�	��(�-�	)�+-��	$-*+-.'!		�"(	'*&(	�'$*-(.�(#�1	�	2.�(

(*	(%.�6	�*)	+����+	'�	(%�	)�&�-�	.�)	.��#�(�	(*	#�.-�	.�)	,*-	(%�	$�*$#�	��	%.&	�#�&&�)

'�	2�(%!



��

�����	
�	�
������

LIST OF FIGURES...................................................................................................................................��
LIST OF TABLES......................................................................................................................................v
GLOSSARY ..............................................................................................................................................���

CHAPTER 1. INTRODUCTION.............................................................................................................1

1.1. USE OF JET PROPULSION TYPE 8 (JP-8) JET FUEL IN THE U.S. AIR FORCE.......................................1
1.2. RESPIRATORY PROTECTION...............................................................................................................1
1.3. PURPOSE OF STUDY...........................................................................................................................2

CHAPTER 2. REVIEW OF LITERATURE..........................................................................................4

2.1. HISTORY AND PREDOMINANCE OF JP-8 JET FUEL.............................................................................4
2.2. PROPERTIES AND HEALTH RISKS OF JP-8 ..........................................................................................5

2.2.1. Chemical Composition .............................................................................................................5
2.2.2. Toxicology.................................................................................................................................5
2.2.3. Exposure limits .........................................................................................................................6

2.3. OPERATIONAL PARAMETERS AND CONCERNS...................................................................................7
2.3.1. Vapor composition....................................................................................................................7
2.3.2. Exposure monitoring data ......................................................................................................10
2.3.3. Respirator use.........................................................................................................................10
2.3.4. Breakthrough testing parameters vs. the workplace environment ........................................11

2.4. REGULATORY REQUIREMENTS........................................................................................................12
2.5. CARTRIDGE CERTIFICATION PROTOCOLS........................................................................................15

2.5.1. National Institute for Occupational Safety and Health (NIOSH) .........................................15
2.5.2. Environmental Protection Agency .........................................................................................17

2.6. BREAKTHROUGH OF HOMOGENEOUS SUBSTANCES.........................................................................18
2.6.1. Overview .................................................................................................................................18
2.6.2. Breakthrough testing methods................................................................................................24

2.7. BREAKTHROUGH OF MIXTURES.......................................................................................................24
2.7.1. Overview .................................................................................................................................24
2.7.2. Breakthrough testing methods................................................................................................25

2.8. VAPOR GENERATION.......................................................................................................................25

CHAPTER 3. METHODS AND MATERIALS...................................................................................28

3.1. PURPOSE OF STUDY.........................................................................................................................28
3.2. EXPERIMENTAL DESIGN...................................................................................................................29

3.2.1. Hypotheses 1 and 2.................................................................................................................29
3.2.2. Hypothesis 3............................................................................................................................32

3.3. EQUIPMENT CONFIGURATION..........................................................................................................32
3.3.1. General description ................................................................................................................32
3.3.2. Temperature, humidity, and air flow rate control .................................................................35
3.3.3. JP-8 vapor generation............................................................................................................36
3.3.4. Measurements.........................................................................................................................37

3.4. TEST PARAMETERS AND PROCEDURES............................................................................................40
3.4.1. Pre-Conditioning ....................................................................................................................40



�

3.4.2. Prior exposure ........................................................................................................................41
3.4.3. Breakthrough tests..................................................................................................................42

3.5. DATA REDUCTION AND ANALYSIS METHODOLOGY........................................................................45

CHAPTER 4. RESULTS .........................................................................................................................48

4.1. BREAKTHROUGH TESTING DATA.....................................................................................................48
4.2. CHARCOAL TUBE SAMPLING RESULTS.............................................................................................48
4.3. CARTRIDGE WEIGHT CHANGE..........................................................................................................49
4.4. INITIAL OBSERVATIONS...................................................................................................................55

4.4.1. Effects of relative humidity and prior exposure (null hypotheses 1 and 2)...........................55
4.4.2. Relationships between breakthrough concentration and time (null hypothesis 3) ...............56

CHAPTER 5. ANALYSIS AND DISCUSSION ...................................................................................59

5.1. EFFECT OF RELATIVE HUMIDITY AND CHALLENGE CONCENTRATION ON BREAKTHROUGH TIME

(NULL HYPOTHESIS 1) .............................................................................................................................59
5.1.1. Overview .................................................................................................................................59
5.1.2. Normality and homogeneity of variance................................................................................59
5.1.3. Analysis of Variance (ANOVA)..............................................................................................60
5.1.4. Tests for differences between means ......................................................................................60

5.2. EFFECTS OF PRIOR EXPOSURE AND CHALLENGE CONCENTRATION (NULL HYPOTHESIS 2) .............61
5.2.1. Overview .................................................................................................................................61
5.2.2. Normality and homogeneity of variance................................................................................61
5.2.3. Analysis of Variance (ANOVA)..............................................................................................61
5.2.4. Tests for differences between means ......................................................................................62

5.3. ANALYSIS OF BREAKTHROUGH CONCENTRATION VS. BREAKTHROUGH TIME (NULL HYPOTHESIS 3)
................................................................................................................................................................63

5.3.1. Application of the Yoon and Nelson equation........................................................................63
5.3.2. Modeling of relative humidity effects .....................................................................................69

5.4. DEVELOPMENT OF CARTRIDGE SERVICE LIFE GUIDELINES.............................................................71
5.4.1. General approach...................................................................................................................71
5.4.2. Predicting breakthrough times for the 50 percent relative humidity condition....................72
5.4.3. Predicting breakthrough times for the 80 percent relative humidity condition (no prior
exposure)...........................................................................................................................................74
5.4.4. Predicting breakthrough times for the 80 percent relative humidity condition (with prior
exposure)...........................................................................................................................................75

CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS.......................................................76

6.1. SUMMARY OF FINDINGS...................................................................................................................76
6.2. CHANGE-OUT SCHEDULE RECOMMENDATIONS...............................................................................77
6.3. CONSIDERATIONS FOR FUTURE RESEARCH EFFORTS.......................................................................80

6.3.1. Comparison of sampling methods..........................................................................................80
6.3.2. Compositional differences between challenge and breakthrough vapors ............................80
6.3.3. Changes in breakthrough times resulting from extensive prior exposure to fuel vapor.......81
6.3.4. Modeling of relative humidity effects .....................................................................................81
6.3.5. Identification of a surrogate compound.................................................................................81

6.4. CLOSING REMARKS..........................................................................................................................83



��

REFERENCES

APPENDICES

APPENDIX A:  MEASURED BREAKTHROUGH CONCENTRATION ON OUTLET
 SIDE OF CARTRIDGES DURING TESTS

APPENDIX B:  MODIFIED NIOSH 1550 METHOD SAMPLING RESULTS
APPENDIX C:  CARTRIDGE WEIGHT CHANGE SUMMARY
APPENDIX D:  STATISTICAL ASSESSMENT OF RESULTS – SAS/STAT OUTPUT
APPENDIX E: CURVE-FITTING ANALYSIS OF GENERALIZED YOON AND

NELSON EQUATION



���

����	
�	�������

FIGURE 3-1.  FACTORIAL DESIGN OF BREAKTHROUGH TESTING RESEARCH...............................................30
FIGURE 3-2.  TEST SYSTEM CONFIGURATION..............................................................................................33
FIGURE 3-3.  VAPOR GENERATION PORTION OF BREAKTHROUGH TESTING SYSTEM. .................................34
FIGURE 3-4.  CUSTOM DISTILLATION HEAD INSERTED INTO TOP OF PACKED COLUMN. .............................37
FIGURE 3-5.  CONFIGURATION OF CARTRIDGES INSIDE CHAMBER FOR  PRE-CONDITIONING AT 80%

RELATIVE HUMIDITY ..........................................................................................................................40
FIGURE 4-1.  ESTIMATED MASS OF WATER AND JP-8 FUEL VAPOR FLOWING THROUGH EACH CARTRIDGE

PER MINUTE OF BREAKTHROUGH TEST AT 25 °C...............................................................................50
FIGURE 4-2. TOTAL AVERAGE CARTRIDGE WEIGHT GAINS AT 20% BREAKTHROUGH POINTS FOR EACH

TEST CONDITION.  (ALL CARTRIDGES WERE PRECONDITIONED FOR 6 HOURS AT 80% RELATIVE

HUMIDITY AND 25 °C.) ......................................................................................................................51
FIGURE 4-3.  MEAN BREAKTHROUGH TIME TO 10% OF JP-8 FUEL VAPOR CHALLENGE CONCENTRATION.

...........................................................................................................................................................56
FIGURE 4-4. SCATTER PLOT OF BREAKTHROUGH TIMES FOR 50% RELATIVE HUMIDITY CONDITION AND NO

PRIOR EXPOSURE TO FUEL VAPOR. ALL CARTRIDGES WERE PRECONDITIONED AT 80% RELATIVE

HUMIDITY AND 25 °C FOR SIX HOURS.  PRIOR EXPOSED CARTRIDGES WERE PREVIOUSLY SUBJECTED

TO STATIC CONCENTRATIONS OF 1200 PPM FUEL VAPOR FOR EIGHT HOURS AT 80% RELATIVE

HUMIDITY AND 25 °C. .......................................................................................................................57
FIGURE 4-5. SCATTER PLOT OF BREAKTHROUGH TIMES FOR 80% RELATIVE HUMIDITY CONDITION AND NO

PRIOR EXPOSURE TO FUEL VAPOR. ALL CARTRIDGES WERE PRECONDITIONED AT 80% RELATIVE

HUMIDITY AND 25 °C FOR SIX HOURS.  PRIOR EXPOSED CARTRIDGES WERE PREVIOUSLY SUBJECTED

TO STATIC CONCENTRATIONS OF 1200 PPM FUEL VAPOR FOR EIGHT HOURS AT 80% RELATIVE

HUMIDITY AND 25 °C. .......................................................................................................................58
FIGURE 4-6. SCATTER PLOT OF BREAKTHROUGH TIMES FOR 80% RELATIVE HUMIDITY CONDITION AND

PRIOR EXPOSURE TO FUEL VAPOR.  ALL CARTRIDGES WERE PRECONDITIONED AT 80% RELATIVE

HUMIDITY AND 25 °C FOR SIX HOURS.  PRIOR EXPOSED CARTRIDGES WERE PREVIOUSLY SUBJECTED

TO STATIC CONCENTRATIONS OF 1200 PPM FUEL VAPOR FOR EIGHT HOURS AT 80% RELATIVE

HUMIDITY AND 25 °C. .......................................................................................................................58
FIGURE 5-1.  SEMI-LOG PLOT OF A GENERALIZED YOON AND NELSON EQUATION AGAINST MEAN

BREAKTHROUGH TIMES FOR 50% RELATIVE HUMIDITY TEST CONDITION. ALL CARTRIDGES WERE

PRECONDITIONED AT 80% RELATIVE HUMIDITY AND 25 °C FOR SIX HOURS. ..................................64
FIGURE 5-2.  SEMI-LOG PLOT OF A GENERALIZED YOON AND NELSON EQUATION AGAINST MEAN

BREAKTHROUGH TIMES FOR 80% RELATIVE HUMIDITY TEST CONDITION (WITHOUT PRIOR

EXPOSURE TO FUEL VAPOR). ALL CARTRIDGES WERE PRECONDITIONED AT 80% RELATIVE

HUMIDITY AND 25 °C FOR SIX HOURS. ..............................................................................................65
FIGURE 5-3.  SEMI-LOG PLOT OF A GENERALIZED YOON AND NELSON EQUATION AGAINST MEAN

BREAKTHROUGH TIMES FOR 80% RELATIVE HUMIDITY TEST CONDITION (WITH PRIOR EXPOSURE TO

FUEL VAPOR). ALL CARTRIDGES WERE PRECONDITIONED AT 80% RELATIVE HUMIDITY AND 25 °C
FOR SIX HOURS.  PRIOR EXPOSED CARTRIDGES WERE PREVIOUSLY SUBJECTED TO STATIC

CONCENTRATIONS OF 1200 PPM FUEL VAPOR FOR EIGHT HOURS AT 80% RELATIVE HUMIDITY AND

25 °C..................................................................................................................................................65
FIGURE 5-4.  GENERALIZED YOON AND NELSON EQUATION FIT TO MEASURED BREAKTHROUGH DATA AT

50% RELATIVE HUMIDITY , WITHOUT PRIOR EXPOSURE TO FUEL.  COEFFICIENTS FOR EQUATION



����

WERE DETERMINED INDIVIDUALLY FOR EACH CHALLENGE CONCENTRATION. ALL CARTRIDGES

WERE PRECONDITIONED AT 80% RELATIVE HUMIDITY AND 25 °C FOR SIX HOURS. ........................67
FIGURE 5-5. GENERALIZED YOON AND NELSON EQUATION FIT TO MEASURED BREAKTHROUGH DATA AT

80% RELATIVE HUMIDITY , WITHOUT PRIOR EXPOSURE TO FUEL.  COEFFICIENTS FOR EQUATION

WERE DETERMINED INDIVIDUALLY FOR EACH CHALLENGE CONCENTRATION. ALL CARTRIDGES

WERE PRECONDITIONED AT 80% RELATIVE HUMIDITY AND 25 °C FOR SIX HOURS. ........................68
FIGURE 5-6. GENERALIZED YOON AND NELSON EQUATION FIT TO MEASURED BREAKTHROUGH DATA AT

80% RELATIVE HUMIDITY , WITH PRIOR EXPOSURE TO FUEL.  COEFFICIENTS WERE DETERMINED

INDIVIDUALLY FOR EACH CHALLENGE CONCENTRATION. ALL CARTRIDGES WERE PRECONDITIONED

AT 80% RELATIVE HUMIDITY AND 25 °C FOR SIX HOURS.  PRIOR EXPOSED CARTRIDGES WERE

PREVIOUSLY SUBJECTED TO STATIC CONCENTRATIONS OF 1200 PPM FUEL VAPOR FOR EIGHT HOURS

AT 80% RELATIVE HUMIDITY AND 25 °C..........................................................................................68
FIGURE 5-7. RATIO BETWEEN BREAKTHROUGH TIMES FOR 80 PERCENT AND 50 PERCENT RELATIVE

HUMIDITY CONDITIONS (WITHOUT PRIOR EXPOSURE TO FUEL VAPOR), WITH LINEAR REGRESSION

FIT.  DATA POINTS REPRESENT THE CALCULATED MEAN BREAKTHROUGH TIME RATIOS. ALL

CARTRIDGES WERE PRECONDITIONED AT 80% RELATIVE HUMIDITY AND 25 °C FOR SIX HOURS....70
FIGURE 5-8. STRAIGHT-LINE APPROXIMATION OF CARTRIDGE BREAKTHROUGH TIMES BASED ON 95%

LCL ESTIMATES (50 PERCENT RELATIVE HUMIDITY, NO PRIOR EXPOSURE). ALL CARTRIDGES WERE

PRECONDITIONED AT 80% RELATIVE HUMIDITY AND 25 °C FOR SIX HOURS AND WERE TESTED WITH

AN AIR FLOW RATE OF 32 LPM THROUGH EACH CARTRIDGE...........................................................73
FIGURE 5-9. STRAIGHT-LINE APPROXIMATION OF CARTRIDGE BREAKTHROUGH TIMES BASED ON 95%

LCL ESTIMATES (80 PERCENT RELATIVE HUMIDITY, NO PRIOR EXPOSURE). ALL CARTRIDGES WERE

PRECONDITIONED AT 80% RELATIVE HUMIDITY AND 25 °C FOR SIX HOURS AND WERE TESTED WITH

AN AIR FLOW RATE OF 32 LPM THROUGH EACH CARTRIDGE...........................................................74



��

����	
�	������

TABLE 2-1.  GENERAL CHEMICAL COMPOSITION OF LIQUID JP-8 FUEL.2 .....................................................5
TABLE 2-2.  MAJOR COMPONENTS OF JP-8 JET FUEL VAPOR AT THE LOWER TEMPERATURE LIMIT OF

FLAMMABILITY (LTLF).8....................................................................................................................8
TABLE 2-3.  CHANGES IN VALUE OF S ACROSS THE BREAKTHROUGH CURVE............................................21
TABLE 2-4.  APPROXIMATE RATIO OF WATER MOLECULES TO FUEL VAPOR MOLECULES IN A FIXED

VOLUME OF AIR FOR 50 AND 80 PERCENT RELATIVE HUMIDITY LEVELS, AT 300 AND 1200 PARTS

PER MILLION OF FUEL VAPOR.............................................................................................................22
TABLE 3-1.  SYSTEM PARAMETER SETTINGS FOR CARTRIDGE PRE-CONDITIONING WITH 32 LITERS PER

MINUTE OF AIR AT 25 °C AND 80 PERCENT RELATIVE HUMIDITY. TEMPERATURE AND RELATIVE

HUMIDITY SETTINGS ARE EXPRESSED AS APPROXIMATE RANGES OF SETTING PAIRS (A AND B),
SINCE AMBIENT LABORATORY TEMPERATURE CONDITIONS AFFECTED THE TEMPERATURE BEING

DELIVERED TO THE RESPIRATOR TESTING CHAMBER.  PERIODIC ADJUSTMENTS WERE MADE TO

ACHIEVE A MONITORED TEMPERATURE OF 25 °C AND RELATIVE HUMIDITY LEVEL OF 80 PERCENT

WITHIN THE CHAMBER.......................................................................................................................41
TABLE 3-2.  SYSTEM PARAMETER SETTINGS DURING PRIOR EXPOSURE OF CARTRIDGES TO 25 °C AIR AT

80% RELATIVE HUMIDITY AND 1200 PPM JP-8 VAPOR. TEMPERATURE AND RELATIVE HUMIDITY

SETTINGS ARE EXPRESSED AS APPROXIMATE RANGES OF SETTING PAIRS (A AND B), SINCE AMBIENT

LABORATORY TEMPERATURE CONDITIONS AFFECTED THE TEMPERATURE BEING DELIVERED TO THE

RESPIRATOR TESTING CHAMBER.  PERIODIC ADJUSTMENTS WERE MADE TO ACHIEVE A MONITORED

TEMPERATURE OF 25 °C AND RELATIVE HUMIDITY LEVEL OF 80 PERCENT WITHIN THE CHAMBER.42
TABLE 3-3.  SYSTEM CONFIGURATION SETTINGS USED DURING CARTRIDGE BREAKTHROUGH TESTING.

TEMPERATURE AND RELATIVE HUMIDITY SETTINGS ARE EXPRESSED AS APPROXIMATE RANGES OF

SETTING PAIRS (A & B, AND C & D), SINCE AMBIENT LABORATORY TEMPERATURE CONDITIONS

AFFECTED THE TEMPERATURE BEING DELIVERED TO THE RESPIRATOR CHAMBER.  PERIODIC

ADJUSTMENTS WERE MADE TO ACHIEVE A MONITORED TEMPERATURE OF 25 °C AND RELATIVE

HUMIDITY LEVEL OF 50 OR 80 PERCENT WITHIN THE RESPIRATOR TESTING CHAMBER. ..................44
TABLE 4-1.  SUMMARY TABLE OF CHARCOAL TUBE SAMPLING RESULTS, COMPARING TARGET

CONCENTRATION (MEASURED WITH FOXBORO TVA-1000B PORTABLE FLAME IONIZATION

DETECTOR) TO VALUES MEASURED VIA MODIFIED NIOSH 1550 SAMPLING METHOD...................49
TABLE 4-2.  SUMMARY OF TOTAL MEAN CARTRIDGE WEIGHT GAINS (IN GRAMS) FOR EACH TREATMENT

CONDITION.........................................................................................................................................49
TABLE 4-3.  MASS FLOWING THROUGH THE CARTRIDGE PER MINUTE AT TESTED CONDITIONS OF

CHALLENGE CONCENTRATION AND RELATIVE HUMIDITY, WITH AIR FLOW RATE SET AT 32 LPM. .50
TABLE 4-4. SUMMARY TABLE OF TIME (IN MINUTES) TO VARIOUS BREAKTHROUGH CONCENTRATIONS FOR

50 PERCENT RELATIVE HUMIDITY (NO PRIOR EXPOSURE) TEST CONDITION.  ALL CARTRIDGES WERE

PRECONDITIONED AT 25 °C AND 80 PERCENT RELATIVE HUMIDITY FOR SIX HOURS AT AN AIR FLOW

RATE OF 32 LPM, AND WERE TESTED AT 25 °C AND A FLOW RATE OF 32 LPM..............................52
TABLE 4-5.  SUMMARY TABLE OF TIME (IN MINUTES) TO VARIOUS BREAKTHROUGH CONCENTRATIONS

FOR 80 PERCENT RELATIVE HUMIDITY (NO PRIOR EXPOSURE) TEST CONDITION. ALL CARTRIDGES

WERE PRECONDITIONED AT 25 °C AND 80 PERCENT RELATIVE HUMIDITY FOR SIX HOURS AT AN AIR

FLOW RATE OF 32 LPM, AND WERE TESTED AT 25 °C AND A FLOW RATE OF 32 LPM....................53
TABLE 4-6.  SUMMARY TABLE OF TIME (IN MINUTES) TO VARIOUS BREAKTHROUGH CONCENTRATIONS

FOR 80 PERCENT RELATIVE HUMIDITY (WITH PRIOR EXPOSURE) TEST CONDITION. ALL CARTRIDGES

WERE PRECONDITIONED AT 25 °C AND 80 PERCENT RELATIVE HUMIDITY FOR SIX HOURS AT AN AIR

FLOW RATE OF 32 LPM, FOLLOWED BY STATIC EXPOSURE TO 1200 PPM OF FUEL VAPOR AND 80



�

PERCENT RELATIVE HUMIDITY AT 25 °C FOR EIGHT HOURS.  THEY WERE THEN TESTED AT 25 °C
AND A FLOW RATE OF 32 LPM..........................................................................................................54

TABLE 5-1.  ANALYSIS OF VARIANCE (ANOVA) FOR RELATIVE HUMIDITY AND CONCENTRATION

TREATMENTS. ....................................................................................................................................60
TABLE 5-2.  ANALYSIS OF VARIANCE (ANOVA) FOR PRIOR EXPOSURE AND CONCENTRATION

TREATMENTS. ....................................................................................................................................62
TABLE 5-3.  CURVE-FIT PARAMETERS FOR GENERALIZED YOON AND NELSON EQUATION. ......................67
TABLE 5-4.   RATIO BETWEEN 80 PERCENT (WITH NO PRIOR EXPOSURE TO FUEL) AND 50 PERCENT

RELATIVE HUMIDITY BREAKTHROUGH TIMES FOR FIXED CONCENTRATIONS AND BREAKTHROUGH

POINTS................................................................................................................................................69
TABLE 5-5.  SIMPLIFIED ESTIMATES OF CARTRIDGE SERVICE LIFE AT SELECTED ACTION LEVEL FOR 50%

RELATIVE HUMIDITY EXPOSURE AND ROOM TEMPERATURE CONDITIONS.  IN MOST CASES, THE

SELECTED ACTION LEVEL WILL BE ½ THE OEL OR TLV (7 OR 25 PPM). .........................................73
TABLE 5-6. SIMPLIFIED ESTIMATES OF CARTRIDGE SERVICE LIFE AT A SELECTED ACTION LEVEL FOR 80%

RELATIVE HUMIDITY EXPOSURE AND ROOM TEMPERATURE CONDITIONS.  IN MOST CASES, THE

SELECTED ACTION LEVEL WILL BE ½ THE OEL OR TLV (7 OR 25 PPM). .........................................74
TABLE 6-1(A) THROUGH (C).  ESTIMATED CARTRIDGE SERVICE LIFE FOR PAIRS OF 3MTM

 7251 ORGANIC

VAPOR CARTRIDGES DURING ACTIVE EXPOSURE TO JP-8 JET FUEL.  ESTIMATES ARE BASED ON THE

SERVICE LIFE TESTED UNDER LABORATORY CONDITIONS WITH 32 LPM AIRFLOW THROUGH EACH

CARTRIDGE (EQUIVALENT TO 64 LPM AIRFLOW THROUGH EACH SET OF CARTRIDGES) AT (A) 300
PPM, (B) 600 PPM, AND (C) 1200 PPM CHALLENGE CONCENTRATIONS.  ALL CARTRIDGES WERE

PRECONDITIONED AT 80 PERCENT RELATIVE HUMIDITY AND 25 °C FOR SIX HOURS. ......................79
TABLE 6-2.  SUMMARY OF WOOD MODEL EQUATION PARAMETERS AND ESTIMATED BREAKTHROUGH

TIMES (TO 10 PERCENT OF THE CHALLENGE CONCENTRATION) FOR MAJOR COMPONENTS OF JP-8
FUEL VAPOR.  CALCULATIONS ARE FOR A 300 PPM CHALLENGE CONCENTRATION (0.228 TORR)
UNDER DRY CONDITIONS WITH NO CARTRIDGE PRECONDITIONING, AND THE SATURATION PARTIAL

PRESSURES (ρSAT) LISTED ARE FOR EACH SUBSTANCE IN PURE FORM................................................82
TABLE 6-3.  PARAMETERS FOR APPLYING THE WOOD MODEL EQUATION TO MAJOR COMPONENTS OF JP-8

JET FUEL.............................................................................................................................................82



��

��
�����

�����!	�'�-�/.�	�*�,�-��/�	*,	�*��-�'��(.#	��)"&(-�.#	��+����&(&1	.	$-*,�&&�*�.#
*-+.��C.(�*�	)��*(�)	(*	(%�	.)'���&(-.(���	.�)	(�/%��/.#	.&$�/(&	*,	*//"$.(�*�.#	.�)
����-*�'��(.#	%�.#(%!

�����			��-	�*-/�	
//"$.(�*�.#	�.,�(�	.�)	��.#(%	$-*+-.'!		��	�7�/"(���	
-)�-
=3=F<1	(%�	��$.-('��(	*,	��,��&�	�&	-�&$*�&��#�	,*-	�&(.�#�&%��+	.	�.,�(�	.�)	��.#(%
$-*+-.'	(%.(	'��(&	*-	�7/��)&	,�)�-.#	
���	+"�)�#���&!		�%�	��
��	$-*+-.'	�&	(%�
��-	�*-/�?&	�'$#�'��(.(�*�	*,	(%.(	-�0"�-�'��(!

�
��
��
��
�������
��������
��!	�	)���/�	(%.(	.##*2&	.	2*-6�-	(*	�-�.(%�	.'����(	.�-
(%.(	%.&	����	/#�.��)	*,	%.C.-)*"&	&"�&(.�/�&!		�.-(-�)+�&	*-	/.��&(�-&	-�'*��	(%�
&"�&(.�/�&	(%-*"+%	.	�.-��(�	*,	'�/%.��&'&!		 �(%	*-+.��/	�.$*-	/.-(-�)+�&1	.)&*-$(�*�
*,	(%�	�.$*-&	�&	(%�	$-�'.-�	'�/%.��&'	"&�)!

������������!		��-'�.(�*�	*,	.	%.C.-)*"&	&"�&(.�/�	(%-*"+%	.	-�&$�-.(*-	/.-(-�)+�	*-
/.��&(�-!		�-�.6(%-*"+%	�&	(�$�/.##�	)�,���)	.&	.	,�7�)	/*�/��(-.(�*�	*-	.	$�-/��(.+�	*,	(%�
/%.##��+�	/*�/��(-.(�*�	����+	)-.2�	:*-	$"&%�)>	(%-*"+%	(%�	/.-(-�)+�	*-	/.��&(�-!

���!	�%�	�*)�	*,	��)�-.#	��+"#.(�*�&	:���>	�&	.	/*)�,�/.(�*�	*,	+���-.#	.�)	$�-'.���(
-"#�&	:-�+"#.(�*�&>	(%.(	%.��	����	$-���*"&#�	$"�#�&%�)	��	(%�	��)�-.#	��+�&(�-!	�%�	���1
2%�/%	�&	/*'$�#�)	��	(%�	
,,�/�	*,	(%�	��)�-.#	��+�&(�-1	�&	)���)�)	��(*	94	(�(#�&1	2%�/%
/*��-	�-*.)	.-�.&	&"�B�/(	(*	��)�-.#	-�+"#.(�*�!

���������� �� ������
��	!		�%�	.'*"�(	*,	�.$*-	$-�&��(	��	(%�	.�-	&(-�.'	����+	,�)
(%-*"+%	.	-�&$�-.(*-	/.-(-�)+�	*-	/.��&(�-!		�%�&	�&	"&".##�	)�,���)	��	(�-'&	*,	$.-(&	$�-
'�##�*�	:$$'>	*-	'�##�+-.'&	$�-	/"��/	'�(�-	:'+G'�>!

��!!
��������"�#
 ���������"�!		�	+-*"$	2�(%��	(%�	�.(�*�.#	��&�.-/%	�*"�/�#?&
�.(�*�.#	�/.)�'�	*,	�/���/�&	(%.(	�&	(.&6�)	2�(%	.&&�&&��+	(*7�/�(�	.&&*/�.(�)	2�(%
%.C.-)*"&	&"�&(.�/�&!

�$��!		��&(�("(�	,*-	����-*�'��(.#1	�.,�(�1	.�)	
//"$.(�*�.#	��.#(%	��&6	��.#�&�&!
����	�&	.	�!�!	��-	�*-/�	��&(�("(�*�	%�.)0".-(�-�)	.(	�-**6&	��-	�*-/�	�.&�	��	�.�
��(*��*1	��7.&1	$-*��)��+	*//"$.(�*�.#	%�.#(%	.�)	����-*�'��(.#	-�&6	&"$$*-(	(*	(%�	��-
�*-/�	/*''"��(�!



���

�!!�%
������&������������'
���������������&'��			�	/*�/��(-.(�*�	*,	.	%.-',"#
&"�&(.�/�	��	.�-	(%.(	$*&�&	.	(%-�.(	2%�/%	2*"#)	��	#�6�#�	(*	/."&�	)�.(%	*-	�''�)�.(�	*-
)�#.��)	$�-'.���(	.)��-&�	%�.#(%	�,,�/(&	*-	$-����(	�&/.$�	,-*'	&"/%	.�	����-*�'��(!

(���
����������"����)��(
*)�!		�	(�$�	*,	.��.(�*�	,"�#	,-�0"��(#�	"&�)	��	'�#�(.-�	B�(
.�-/-.,(1	&�'�#.-	��	/*'$*&�(�*�	(*	��(��	,"�#	"&�)	��	(%�	/*''�-/�.#	.��.(�*�	��)"&(-�!

'
+			��(�-&	$�-	'��"(�!

!�,!�!		��##�+-.'&	*,	.	&"�&(.�/�	$�-	/"��/	'�(�-	*,	.�-1	.�	�7$-�&&�*�	*,	�.$*-
/*�/��(-.(�*�	��	'.&&	$�-	"��(	�*#"'�!		�*-	����	B�(	,"�#1	*��	'+G'�	�&	.$$-*7�'.(�#�
�0"��.#��(	(*	4!=8	$.-(&	$�-	'�##�*�	:$$'>!

-��
���������
����������  ����
��������������%���������-�����			�	�.(�*�.#
*-+.��C.(�*�	2�(%��	(%�	�!�!	���(�-&	,*-	��&�.&�	�*�(-*#	.�)	�-����(�*�	(%.(	/*�)"/(&
%�.#(%	.�)	&.,�(�	-�&�.-/%1	-�/*''��)&	&(.�).-)&1	.�)	-�+"#.(�&	/�-(�,�/.(�*�	*,
-�&$�-.(*-�	$-*(�/(�*�	�0"�$'��(!

-��	�	�.(�*�.#	��&�.-/%	�*"�/�#!

�  ����
�����$#�������'
!
����$'�			�%�	�!�!	��-	�*-/�	#�'�(	,*-	.�-�*-��
/*�/��(-.(�*�&	*,	.	&"�&(.�/�	,*-	.	&$�/�,�/	$�-�*)	*,	(�'�!		�%�	(�-'	
��	��/#")�&	.##
(�'��2��+%(�)	.��-.+�&	:
���� �>&1	&%*-(�(�-'	�7$*&"-�	#�'�(&	:
�������&>1	.�)
/��#��+&	(%.(	.$$#�	(*	.	&"�&(.�/�!		
��&	.$$#�	(*	*//"$.(�*�.#	�7$*&"-�&	,*-	�./%
��)���)".#	2*-6�-	,*-	.	&��+#�	��%*"-	2*-6	&%�,(1	.�)	'"&(	��	.)B"&(�)	,*-	#*�+�-	&%�,(&!

����			
//"$.(�*�.#	�.,�(�	.�)	��.#(%	�)'���&(-.(�*�!


���������!
��
������!�	����	�7$-�&&�*�	*,	�.$*-	/*�/��(-.(�*�	��	.�-!		�*-	����	B�(
,"�#1	2%�/%	%.&	.�	.$$-*7�'.(�	'*#�/"#.-	2��+%(	*,	=H4	'�##�+-.'&	:'+>1	.	/*''*�#��
.//�$(�)	/*���-&�*�	,./(*-	�&	.�*"(	4!=8	$$'	,*-	�./%	'�##�+-.'	$�-	/"��/	'�(�-
:'+G'�>!


��!
��
.���$#�������'
!
���
$'�	���	'.7�'"'	.##*2.�#�	/*�/��(-.(�*�	*,	.
&"�&(.�/�	��	.�-1	�&(.�#�&%�)	��	
���	.&	.	#�+.#	&(.�).-)!		���&	.-�	��%*"-	�7$*&"-�
#�'�(&	,*-	.�	��)���)".#	2*-6�-	*��-	.	84�%*"-	2*-6	2��6!


�� ��%
�
��
��!	�	$-*/�)"-�	2%�/%	���*#��&	$.&&��+	(�'$�-.("-��	.�)	%"'�)�(��
/*�(-*##�)	.�-	(%-*"+%	.	/.-(-�)+�	��	.�	.((�'$(	(*	&�'"#.(�	&(.(�/1	&%�#,	�7$*&"-�	(*	,�7�)
#���#&	*,	%"'�)�(�	.�)	(�'$�-.("-�	*��-	.�	�7(��)�)	$�-�*)	*,	(�'�!		��	(%�&	&(")�1	�./%
/.-(-�)+�	2.&	$-�/*�)�(�*��)	��	$.&&��+	;3	#�(�-&	$�-	'��"(�	*,	.�-	.(	39	I�	.�)	�4
$�-/��(	-�#.(���	%"'�)�(�	(%-*"+%	�(	,*-	.	)"-.(�*�	*,	<	%*"-&!



����


�
����#������!		�	&�'"#.(�*�	*,	2*-6$#./�	&(.(�/	�7$*&"-�	*,	.�	*-+.��/	/.-(-�)+�?&	,./�
(*	%�+%	#���#&	*,	,"�#	�.$*-	.�)	-�#.(���	%"'�)�(�!		�*-	(%�&	&(")�1	$-�*-	�7$*&"-�	-�,�-&	(*
�7$*&��+	.	/.-(-�)+�?&	,./�	(*	.�-	/*�(.����+	=344	$.-(&	$�-	'�##�*�	:$$'>	*,	,"�#	�.$*-
.�)	�4	$�-/��(	-�#.(���	%"'�)�(�	,*-	.�	��%*"-	)"-.(�*�!

�� �!!��%�%�$#�������'
!
����$'�			�	'.7�'"'	=4�%*"-	��'�� ��+%(�)
���-.+�	�*�/��(-.(�*�	*��-	.	84�%*"-	2*-6	2��61	&�(	��	(%�	�.(�*�.#	��&(�("(�	,*-

//"$.(�*�.#	�.,�(�	.�)	��.#(%	:��
��>!		�(	�&	��(��)�)	(*	��	.	-�/*''��)�)	+"�)�#���
.�)	�&	�*(	#�+.##�	��,*-/�.�#�!

����
�����!	�	$-*(�/(���	)���/�	(%.(	�&	)�&�+��)	(*	$-*��)�	.	&.,�	�-�.(%��+	.('*&$%�-�
,-��	,-*'	%.-',"#	/*�/��(-.(�*�&	*,	%.C.-)*"&	&"�&(.�/�&!

���/
 ��'
��			�%�	#��+(%	*,	(�'�	.	/.-(-�)+�	'.�	��	"&�)	(*	$-����(	-�&$�-.(*-�	�7$*&"-�
(*	.	�.$*-!		:�#&*	&��	@�-�.6(%-*"+%A!>

"� ��
 �����%����"	�	�!	�	)*/"'��(	(%.(	$-*��)�&	'.��(��.�/�	+"�).�/�	(*	�!�!	��-
�*-/�	�'$#*���&!		�!
!	=�=�;	�&	(%�	$-�'.-�	)*/"'��(	-�,�-��/�)	)"-��+	-�$.�-	*,	.�-/-.,(
,"�#	&�&(�'&!

"�������%�'
!
��0������"'0�!		��	�7$*&"-�	+"�)�#���	&�(	��	(%�	�'�-�/.�
�*�,�-��/�	*,	�*��-�'��(.#	��)"&(-�.#	��+����&(&	:�����>	"�)�-	2%�/%	'*&(	$�*$#�
/.�	2*-6	/*�&�&(��(#�	,*-	�	%*"-&	$�-	).�	*��-	.	84�%*"-	2*-6	2��6	2�(%	�*	%.-',"#
�,,�/(&!

1���!		���(�)	�(.(�&	��-	�*-/�!

201!		 �&(	
�-+���.	�����-&�(�1	��	�*-+.�(*2�1	 �&(	
�-+���.!



��

��������	
 ��
�����
���

3	3	 1������(���
������
���"����)��(
*)��4��������
������1	�	��
����� �

�%-*"+%*"(	(%�	���(�)	�(.(�&1	�*(%	��	(%�	'�#�(.-�	.�)	��	(%�	.��.(�*�	��)"&(-�1	6�-*&�����.&�)	B�(

,"�#&	.-�	/*''*�#�	"&�)	.&	$-*$"#&�*�	&*"-/�&!		�/(���(��&	(%.(	-�0"�-�	$�-&*���#	(*	2*-6	.-*"�)

&"/%	,"�#&	*,(��	�7$*&�	��)���)".#&	(*	�.$*-&	(%.(	'.�	�7/��)	.$$#�/.�#�	*//"$.(�*�.#	�7$*&"-�

#�'�(&!		 %��	��+����-��+	.�)	.)'���&(-.(���	/*�(-*#&	/.��*(	.)�0".(�#�	'.��(.��	#���#&	��#*2

(%�&�	#�'�(&1	-�&$�-.(*-�	$-*(�/(�*�	�&	�'$#*��)	(*	��&"-�	�'$#*���&	.-�	�-�.(%��+	,-�&%	.�-

&*"-/�&!

��	(%�	���(�)	�(.(�&	��-	�*-/�	:����>1	����	B�(	,"�#	�&	(%�	$-�)*'��.�(	,"�#	&*"-/�	,*-	�"'�-*"&

.�-/-.,(!		��#�(.-�	$�-&*���#	.-�	,-�0"��(#�	�7$*&�)	(*	����	�.$*-&	2%��	��(�-��+	.�-/-.,(	,"�#

(.�6&	(*	/*�)"/(	-�$.�-&1	)"-��+	+-*"�)	-�,"�#��+	./(���(��&1	&(*-.+�	(.�6	/#�.���+	.�)

'.��(��.�/�1	.�)	*(%�-	./(���(��&	2%�-�	#�0"�)	����	'.�	�*#.(�#�C�	.�)	$-*)"/�	�.$*-&	��	.

2*-6�-?&	�-�.(%��+	C*��!		��'�#.-	�7$*&"-�&	*//"-	��	/���#�.�	.�)	/*''�-/�.#	.��.(�*�	��)"&(-�1

2%�-�	&�'�#.-	,"�#&	.-�	"&�)	:�!+!	��(��	,"�#>!

3	5	 ����
������������ �
��

��&$�-.(*-&	/*�(.����+	*-+.��/	�.$*-	/.-(-�)+�&	.-�	&*'�(�'�&	"&�)	(*	/*�(-*#	.�-�*-��	�7$*&"-�&

(*	,"�#	�.$*-&!		�%�	/.-(-�)+�&	"&�	.	/.-�*���.&�)	'.(�-�.#	2%�/%	.)&*-�&	�.$*-	:.0"�*"&	.�)

*-+.��/	/*'$*"�)&>	$-�&��(	��	(%�	.�-	&(-�.'!		�&	(%�	/.-(-�)+�	�&	�7$*&�)	*��-	(�'�1	�(	����(".##�

��/*'�&	&.("-.(�)	(*	(%�	�7(��(	(%.(	�(	/.�	�*	#*�+�-	.)&*-�	.�)	-�'*��	(%�&�	/*'$*"�)&	,-*'

(%�	.�-	&(-�.'!		 %��	(%�&	*//"-&1	*-+.��/	�.$*-&	��+��	(*	$.&&	(%-*"+%	(%�	/.-(-�)+�!

�*�&�0"��(#�1	(%�	2*-6�-	�&	�7$*&�)	(*	.�	��/-�.&��+	/*�/��(-.(�*�	*,	�.$*-&1	2%�/%	'.�	�7/��)

(%�	.$$#�/.�#�	
//"$.(�*�.#	�7$*&"-�	��'�(	:
��>	.�)	$#./�	(%�	2*-6�-	.(	-�&6!		 %��	(%�

/*�/��(-.(�*�	*,	�.$*-&	-�./%�&	.	$-�)�(�-'���)	�.#"�	*-	$�-/��(.+�	*,	(%�	"$&(-�.'

/*�/��(-.(�*�1	�-�.6(%-*"+%	%.&	*//"--�)!



��

��/��(	-�+"#.(�*�&	�&(.�#�&%�)	��	(%�	
//"$.(�*�.#	�.,�(�	.�)	��.#(%	�)'���&(-.(�*�	:
���>	��

��(#�	3F1	�*)�	*,	��)�-.#	��+"#.(�*�&	:���>	�.-(	=F=4!=;8	-�0"�-�	�'$#*��-&	(*	�&(.�#�&%	/%.�+��

*"(	&/%�)"#�&	2%��	.�-	$"-�,���+	-�&$�-.(*-&	.-�	2*-�	(*	/*�(-*#	�7$*&"-�&	��#*2	(%�	.$$#�/.�#�

��-'�&&��#�	�7$*&"-�	��'�(	:���>!	 .-���+	$-*$�-(��&	&"/%	.&	*)*-	*-	�--�(.(�*�	'.�	�*	#*�+�-

��	"&�)	.&	(%�	&*#�	�.&�&	,*-	/%.�+��+	/.-(-�)+�&1	.#(%*"+%	(%��	/.�	��	"&�)	��	/*�B"�/(�*�	2�(%

(%�	�&(.�#�&%�)	/%.�+��*"(	&/%�)"#�!

��,*-("�.(�#�1	'.��	�'$#*��-&	)*	�*(	%.��	.//�&&	(*	0".�(�,�.�#�	�-�.6(%-*"+%	).(.	(*	%�#$

(%�'	�&(.�#�&%	�,,�/(���	/%.�+��*"(	&/%�)"#�&!		�"-(%�-'*-�1	'*&(	*,	(%�	).(.	(%.(	)*	�7�&(	2�-�

�.&�)	*�	�-�.6(%-*"+%	(�'�&	,*-	&��+#��/*'$*���(	&"�&(.�/�&!		�.(%�'.(�/.#	'*)�#&	(%.(	$-�)�/(

�-�.6(%-*"+%	,*-	&��+#��/*'$*���(	&"�&(.�/�&	%.��	#�'�(�)	.$$#�/.��#�(�	(*	&"�&(.�/�&	/*�(.����+

�"'�-*"&	/*'$*"�)&1	&"/%	.&	����1	.	/*'$#�7	'�7("-�	*,	*��-	;44	*-+.��/	/*'$*"�)&!

 �(%��	(%�	����1	*-+.��/	�.$*-	/.-(-�)+�&	.-�	"&�)	(*	/*�(-*#	�7$*&"-�&	(*	����	�.$*-&	"�)�-

(2*	/*�,�+"-.(�*�&5	:=>	.&	.	$-�'.-�	'�.�&	*,	�.$*-	/*�(-*#	:)��.'�/	.�-	,#*2	(%-*"+%	(%�

/.-(-�)+�>E	.�)	:3>	.&	.	�./6�"$1	�&/.$�	*�#�	$-*��&�*�1	�'$#*��)	*�#�	2%��	.	&"$$#��)	.�-#���

&�&(�'	,.�#&	(*	$-*��)�	.)�0".(�	,#*2	*,	.�-!		�%�	,�-&(	/*�,�+"-.(�*�	�&	�*(	"&�)	,-�0"��(#�	��	(%�

����1	�"(	�&	'*-�	*,(��	"&�)	��	(%�	/*''�-/�.#	.��.(�*�	��)"&(-�!		�%�	&�/*�)	/*�,�+"-.(�*�	�&

/*''*�#�	"&�)	��	(%�	����1	$.-(�/"#.-#�	)"-��+	2*-6�-	��(-�	��(*	.�-/-.,(	,"�#	(.�6&!		�(	�&

�'$*-(.�(	(*	�*(�	(%.(	��	(%�	&�/*�)	/*�,�+"-.(�*�1	(%�	2*-6�-	�&	�*(	./(���#�	�-�.(%��+	(%-*"+%

(%�	/.-(-�)+�1	&��/�	.	�-.)�	�	�-�.(%��+	.�-	&*"-/�	�&	$-*��)�)!		�*2���-1	(%�	,./�	*,	(%�

/.-(-�)+�	�&	�7$*&�)	(*	(%�	.'����(	#���#	*,	,"�#	�.$*-1	&��/�	(%�	/.-(-�)+�	2�##	��/*'�	(%�	)�,."#(

&*"-/�	*,	�-�.(%��+	.�-	(*	(%�	"&�-	&%*"#)	(%�	&"$$#��)	.�-	&�&(�'	,.�#!

3	6	 
�������������%�

���/�	(%�-�	�&	#�'�(�)	�-�.6(%-*"+%	).(.	,*-	(%�	"&�	*,	*-+.��/	�.$*-	/.-(-�)+�&	��	/*�(-*##��+

2*-6�-	�7$*&"-�	(*	����-*�'��(&	/*�&�&(��+	*,	/*'$#�7	,"�#	'�7("-�&	&"/%	.&	����1	�(	2*"#)	��

�.#".�#�	(*	(%�	����	.�)	(*	(%�	.��.(�*�	��)"&(-�	(*	.))-�&&	(%�	,*##*2��+5



��

• �*2	#*�+	2�##	.	/.-(-�)+�	#.&(	2%��	./(���#�	"&�)	.(	6�*2�	/*�/��(-.(�*�&	*,	����	,"�#	�.$*-J

•  �##	-�#.(���	%"'�)�(�	�'$./(	(%�	&�-��/�	#�,�	*,	.	/.-(-�)+�J

• �*�&	 &(.(�/	 �7$*&"-�	 *,	 .	 /.-(-�)+�	 (*	 ����	 ,"�#	 �.$*-	 -�)"/�	 �(&	 .��#�(�	 (*	 $�-,*-'	 "�)�-

)��.'�/	/*�)�(�*�&1	(%�-���	#�'�(��+	(%�	./(���	&�-��/�	#�,�J

�%�	$"-$*&�	*,	(%�&	&(")�	�&	(*	.))-�&&	(%�&�	�)��(�,��)	.-�.&	*,	/*�/�-�	(%-*"+%	(%�	"&�	*,

/*�(-*##�)	�7$�-�'��(.#	$-*/�)"-�&	.�)	'�(%*)*#*+�	(*	&�'"#.(�	&(.(�/	.�)	)��.'�/	�7$*&"-�	*,

*-+.��/	�.$*-	/.-(-�)+�&	(*	6�*2�	/*�/��(-.(�*�&	*,	����	,"�#	�.$*-	.�)	/*�)�(�*�&	*,

(�'$�-.("-�	.�)	-�#.(���	%"'�)�(�!



��

���������
 ������������
���
���

5	3	 �
��������%����%�!
��� �����(
*)�4�������

�-�*-	(*	 *-#)	 .-	��1	'*&(	*,	(%�	B�(	��+���&	"&�)	(%-*"+%*"(	(%�	2*-#)	"&�)	6�-*&���	.&	.	,"�#

&*"-/�!�		�%�	)���#*$'��(	*,	%�+%�&$��)	B�(	.�-/-.,(	��	(%�	#.(�	=F84&	.�)	�.-#�	=F94&	$-*'"#+.(�)

-�&�.-/%	��(*	��2	.��.(�*�	,"�#&	(%.(	2*"#)	$�-,*-'	��((�-	"�)�-	%�+%	.#(�(")�	/*�)�(�*�&!


.-�*"&	.((�'$(&	.(	"&��+	)�,,�-��(	)�&(�##.(�*�	/"(&	*,	/-")�	*�#	����(".##�	#�)	(*	$-*)"/(�*�	*,	���

81	.	2�)��/"(	,"�#	/*'$*&�)	*,	.	+.&*#���G6�-*&���	'�7("-�	2�(%	.	,#.&%	$*��(	��.-	K=4	I�!		��	(%�

'�)�=F94&1	���8	2.&	.)*$(�)	,*-	2�)�&$-�.)	"&�	��	(%�	��-	�*-/�	.�)	&**�	��/.'�	(%�	,"�#	*,

/%*�/�	,*-	"&�	��	'.��	*,	(%�	��-	�*-/�?&	B�(	��+���&!�

�%*-(#�	(%�-�.,(�-1	(%�	�.��	��+.�	(*	"&�	���91	.	%�+%	,#.&%	$*��(	6�-*&���	(%.(	%.)	.	'���'"'

,#.&%	$*��(	*,	=84I�	.�)	2.&	(%�-�,*-�1	,*-	&.,�(�	-�.&*�&1	'*-�	/*'$.(��#�	2�(%	&%�$�*.-)	"&�!

�7$�-���/�	2�(%	�*(%	(�$�&	*,	,"�#&	��	/*'�.(	)"-��+	(%�	
��(�.'	 .-	)�'*�&(-.(�)	(%.(	��-

�*-/�	.�-/-.,(	"&��+	���8	,"�#	�7$�-���/�)	%�+%�-	/*'�.(	#*&&�&	(%.�	�!�!	�.��	.�-/-.,(1	.�)	.

'"/%	%�+%�-	$-*�.��#�(�	*,	.	/-.&%	,�-�	(%.�	2�(%	���9!		�"-(%�-'*-�1	.//�)��(	-.(�&	,*-	+-*"�)�

�.&�)	%.�)#��+	*,	6�-*&�����.&�)	,"�#&	2�-�	,*"�)	(*	��	&�+��,�/.�(#�	#*2�-	(%.�	,*-	2�)��/"(

,"�#&	&"/%	.&	���8!�

����	2.&	)���#*$�)	(*	$-*��)�	.	&.,�-	6�-*&�����.&�)	,"�#	(%.(	2*"#)	��	-�.)�#�	.�.�#.�#�	.�)

%.��	.	,-��C��+	$*��(	.//�$(.�#�	(*	(%�	��-	�*-/�	:�8H	I�>!		�%�	��-	�*-/�	��+.�	/*���-(��+	,-*'

���8	(*	����	��	=FHF1	.�)	/*'$#�(�)	(%�	/*���-&�*�	��	=FF8!		����	"&�	-.$�)#�	��/.'�

2�)�&$-�.)1	����	����+	"&�)	��	(%�	�!�!	�-'�?&	+-*"�)	��%�/#�&	.�)	�0"�$'��(1	.&	2�##	.&	�(&

.�-$#.��&	.�)	%�#�/*$(�-&!		����	�&	�*2	(%�	)*'��.�(	,"�#	,*-	"&�	*�	(%�	�.((#�,��#)1	2�(%	(%�

$-�'.-�	�7/�$(�*�	����+	(%�	�.��?&	/*�(��"�)	-�#�.�/�	*�	���9	,*-	&%�$�*.-)	"&�!



��

5	5	 
������
�����%���������
�������(
*)

�
�
	
 ��������������������

�%�	/%�'�/.#	/*'$*&�(�*�	*,	����	,"�#	�&	��-�	&�'�#.-	(*	��(��	,"�#	"&�)	��	(%�	/*''�-/�.#	&�/(*-!

�(	�&	-�,���)	,-*'	/-")�	*-	&%.#�	*�#	(*	.	'�7("-�	*,	��	(%-*"+%	���	%�)-*/.-�*�&!		�.�#�	3�=

/*�(.��&	.	&"''.-�	*,	(%�	+���-.#	/*'$*&�(�*�	*,	#�0"�)	����	,"�#!�		�%�	./(".#	/*'$*&�(�*�	'.�

�.-�	&#�+%(#�	)�$��)��+	*�	(%�	&*"-/�	.�)	'.�",./("-�-	*,	(%�	$-*)"/(!

Table 2-1.  General chemical composition of liquid JP-8 fuel.2

Component % by volume
C8 to C9 aliphatic hydrocarbons 9%
C10 to C14 aliphatic hydrocarbons 66%
C15 to C17 aliphatic hydrocarbons 7%
Aromatic hydrocarbons, typical of cracked gasoline and kerosene (includes
benzene, alkyl benzenes, toluene, xylene, naphthalenes) 18%
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Ptotal = (P°A )(XA) + (P°B)(XB) +…+ (P°N)(XN)

where Ptotal = Vapor pressure of a solution containing a nonvolatile solute
P°A = Vapor pressure of the solvent, in pure form
XA = Mole fraction of component A
P°B = Vapor pressure of component B, in pure form
XB = Mole fraction of component B
P°N = Vapor pressure of component N, in pure form
XN = Mole fraction of component N
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Table 2-2.  Major components of JP-8 jet fuel vapor at the Lower
Temperature Limit of Flammability (LTLF).8

Compound in JP-8 jet fuel Vapor concentration
at 35.6 °C (ppm)

Methyl cyclohexane 803
n-Octane 498
n-Nonane 450
m-Xylene 439
Toluene 410
Ethyl cyclohexane 266
cis-1,4-dimethyl cyclohexane 261
n-Heptane 252
Cyclohexane 239
o-Xylene 235
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Table 2-3.  Changes in value of S across the breakthrough curve.

% breakthrough S
1 0.036
5 0.046
10 0.050
20 0.055
30 0.058
40 0.061
50 0.063
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Table 2-4.  Approximate ratio of water molecules to fuel vapor
molecules in a fixed volume of air for 50 and 80 percent relative
humidity levels, at 300 and 1200 parts per million of fuel vapor.

Relative humidity level Ratio of water to fuel vapor
molecules at 300 ppm fuel

vapor

Ratio of water to fuel vapor
molecules at 1200 ppm fuel

vapor
50 percent 51:1 12:1
80 percent 83:1 20:1
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Figure 3-1.  Factorial design of breakthrough testing research.
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������ ' Interaction between relative humidity and challenge concentration
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�� ' Challenge concentration of JP-8 fuel vapor (300, 600, or 1200 ppm)
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ε��� ' Experimental error
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Figure 3-2.  Test system configuration.
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Figure 3-3.  Vapor generation portion of breakthrough testing system.
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Figure 3-4.  Custom distillation head inserted into top of packed column.
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Figure 3-5.  Configuration of cartridges inside chamber for
pre-conditioning at 80% relative humidity.
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Table 3-1.  System parameter settings for cartridge pre-conditioning with 32 liters
per minute of air at 25 °C and 80 percent relative humidity. Temperature and
relative humidity settings are expressed as approximate ranges of setting pairs (A
and B), since ambient laboratory temperature conditions affected the temperature
being delivered to the respirator testing chamber.  Periodic adjustments were made
to achieve a monitored temperature of 25 °C and relative humidity level of 80
percent within the chamber.

Parameter Dial setting
Miller-Nelson controller flow rate setting 64.0
Miller-Nelson controller temperature setting 32.3(A) to 40.0(B)

Miller-Nelson controller relative humidity setting 47.0(A) to 29.0(B)

��-�*)�/	.)B"&('��(&	(*	(%�	/*�(-*##�-	(�'$�-.("-�	.�)	%"'�)�(�	)�.#	$*&�(�*�&	2�-�	'.)�	(*

/*'$��&.(�	,*-	/%.�+��+	.'����(	/*�)�(�*�&1	$.-(�/"#.-#�	)"-��+	(%�	�����-&�(�?&	(-.�&�(�*�	,-*'

2��(�-	(*	&"''�-	�
��	&�((��+&!		��&(�.)	*,	'.6��+	'.B*-	/%.�+�&	(*	(%�	&�&(�'	(�'$�-.("-�

.�)	%"'�)�(�	&�((��+&1	(%�	#.�*-.(*-�	.'����(	(�'$�-.("-�	2.&	.)B"&(�)	2%�����-	$*&&��#�!

�"-��+	.	$�-�*)	��	2%�/%	(%�	#.�*-.(*-�	.�-	/*�)�(�*���+	&�&(�'	2.&	��*$�-.�#�1	(�&(��+	2.&

$*&($*��)	"�(�#	(%�	�
��	&�&(�'	2.&	./(���	.+.��!		��	.##	/.&�&1	.)B"&('��(&	2�-�	'.)�	&"/%

(%.(	$.�-&	*,	(�'$�-.("-�	.�)	-�#.(���	%"'�)�(�	&�((��+&	���#)�)	.	'*��(*-�)	(�'$�-.("-�	.�)

%"'�)�(�	#���#	*,	39	I�	.�)	�4	$�-/��(	-�#.(���	%"'�)�(�	2�(%��	(%�	-�&$�-.(*-	(�&(��+	/%.'��-1

�0"��.#��(	(*	.	)�2	$*��(	*,	3=!;	I�!

�,(�-	$-��/*�)�(�*���+1	�./%	/.-(-�)+�	2.&	$#./�)	��	.	&�.#�)	D�$#*/	�.+	(*	$-����(	2.(�-	2��+%(

#*&&	"�(�#	(%�	$-�*-	�7$*&"-�	$-*/�)"-�	*-	�-�.6(%-*"+%	(�&(	��+.�!		�#.$&�)	(�'�	,-*'	/.-(-�)+�

$-��/*�)�(�*���+	.�)	(�&(��+	-.�+�)	,-*'	<	%*"-&	(*	H3	%*"-&!

+
,
�
 6������ ���'��

�-���7$*&�)	/.-(-�)+�&	2�-�	,�-&(	$-��/*�)�(�*��)	.&	)�&/-���)	.�*��1	.�)	2�-�	(%��	$#./�)	��	.

/.-(-�)+�	%*#)�-	(%.(	.##*2�)	(%�	/.-(-�)+�	,./�	:��#�(>	(*	��	�7$*&�)	(*	,"�#	�.$*-	.�)	%"'�)�,��)

.�-	��	(%�	/%.'��-!		�.-(-�)+�	%*#)�-&	2�-�	&�.#�)	2�(%	%*(	+#"�	*�	(%�	-���-&�	&�)�	(*	$-����(	(%�



����

*"(#�(	&�)�	*,	(%�	/.-(-�)+�	,-*'	����+	�7$*&�)	(*	/%.'��-	.�-!		�%�&�	/.-(-�)+�&	2�-�	(%��	$#./�)

��	+-*"$&	*,	(%-��	(*	,���	/.-(-�)+�&	��	(%�	/%.'��-	.�)	�7$*&�)	(*	39	I�	.�-	.(	=344	$$'	.�)	�4

$�-/��(	-�#.(���	%"'�)�(�	,*-	�	%*"-&1	�0"��.#��(	(*	.	&(.�).-)	,"##�&%�,(	2*-6	�7$*&"-�!

����-.#	$.-.'�(�-	&�((��+&	,*-	�./%	*,	(%�	/*�(-*#	��$"(&	.-�	&%*2�	��	�.�#�	;�3!		��-�*)�/

.)B"&('��(&	(*	(%�	(�'$�-.("-�	/*�(-*#	.�)	-�#.(���	%"'�)�(�	&�((��+&	2�-�	��/�&&.-�	)�$��)��+

*�	(%�	/%.�+��+	.'����(	#.�*-.(*-�	(�'$�-.("-�	/*�)�(�*�&	.�)	(%�	.&&*/�.(�)	)-�,(	��	&�&(�'

(�'$�-.("-�1	%"'�)�(�1	.�)	�.$*-	/*�/��(-.(�*�!	��	.##	/.&�&1	.)B"&('��(&	2�-�	'.)�	&"/%	(%.(

$.�-&	*,	(�'$�-.("-�	.�)	-�#.(���	%"'�)�(�	&�((��+&	���#)�)	.	'*��(*-�)	(�'$�-.("-�	.�)	%"'�)�(�

#���#	*,	39	I�	.�)	�4	$�-/��(	-�#.(���	%"'�)�(�	2�(%��	(%�	-�&$�-.(*-	(�&(��+	/%.'��-!

Table 3-2.  System parameter settings during prior exposure of cartridges to
25 °C air at 80% relative humidity and 1200 ppm JP-8 vapor. Temperature
and relative humidity settings are expressed as approximate ranges of
setting pairs (A and B), since ambient laboratory temperature conditions
affected the temperature being delivered to the respirator testing chamber.
Periodic adjustments were made to achieve a monitored temperature of 25
°C and relative humidity level of 80 percent within the chamber.

Parameter Setting
Miller-Nelson controller: flow rate (LPM) 9.0
Miller-Nelson controller temperature (°C) 32.3(A) to 40.0(B)

Miller-Nelson controller relative humidity (%) 47.0(A) to 29.0(B)

Fuel flow rate into packed column (mL/min) 1.0
Air flow rate through column (LPM) 4.7
Column heat tape rheostat voltage (Volts) 70
Flask heating mantle rheostat voltage (Volts) 15
Chamber heat tape rheostat voltage (Volts) 30
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Table 3-3.  System configuration settings used during cartridge
breakthrough testing. Temperature and relative humidity settings
are expressed as approximate ranges of setting pairs (A & B,
and C & D), since ambient laboratory temperature conditions
affected the temperature being delivered to the respirator
chamber.  Periodic adjustments were made to achieve a
monitored temperature of 25 °C and relative humidity level of 50
or 80 percent within the respirator testing chamber.

Parameter 50% RH
300 ppm

50% RH
600 ppm

50% RH
1200 ppm

80% RH
300 ppm

80% RH
600 ppm

80% RH
1200 ppm

Miller-Nelson controller:
flow rate (LPM) dial
setting

35.1

Miller-Nelson controller
temperature (°C) dial
setting

33.0(A) to 40.0(B) 33.0(C) to 40.0(D)

Miller-Nelson controller
relative humidity (%)
dial setting

27.8(A) to 17.1(B) 47.0(C) to 29.0(D)

Fuel flow rate into
packed column
(mL/min)

1.0 2.0 4.0 1.0 2.0 4.0

Air flow rate through
packed column
(LPM)

4.7 8.8 18.0 4.7 8.8 18.0

Column heat tape
rheostat voltage
(Volts)

70

Flask heating mantle
rheostat voltage
(Volts)

15

Chamber heat tape
rheostat voltage
(Volts)

4
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Table 4-1.  Summary table of charcoal tube sampling results,
comparing target concentration (measured with Foxboro TVA-
1000B Portable Flame Ionization Detector) to values measured
via modified NIOSH 1550 Sampling Method.

Target concentration
(ppm), per TVA-1000B

Mean
(mg/m3)

Minimum
(mg/m 3)

Maximum
(mg/m 3)

� Measured ppm
per mg/m 3

300 1980 1730 2170 152 0.152
600 3780 3410 4200 200 0.159
1200 7570 7120 8540 360 0.158
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Table 4-2.  Summary of total mean cartridge weight gains (in
grams) for each treatment condition.

Concentration 50 (no prior) 80 (no prior) 80 (prior)
300 17.3 21.0 21.3
600 19.2 25.7 25.8
1200 23.7 27.3 27.0
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Table 4-3.  Mass flowing through the cartridge per minute at
tested conditions of challenge concentration and relative
humidity, with air flow rate set at 32 LPM.

Challenge
concentration

50% relative
humidity

80% relative
humidity

300 ppm Water: 0.37 g
  JP-8: 0.07 g
 Total: 0.44 g

Water: 0.59 g
  JP-8: 0.07 g
 Total: 0.66 g

600 ppm Water: 0.37 g
  JP-8: 0.14 g
 Total: 0.51 g

Water: 0.59 g
  JP-8: 0.14 g
 Total: 0.73 g

1200 ppm Water: 0.37 g
   JP-8:  0.27 g
  Total: 0.64 g

Water: 0.59 g
  JP-8: 0.27 g
  Total: 0.86 g

Figure 4-1.  Estimated mass of water and JP-8 fuel vapor flowing
through each cartridge per minute of breakthrough test at 25 °C.
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Figure 4-2. Total average cartridge weight gains at 20%
breakthrough points for each test condition.  (All cartridges were
preconditioned for 6 hours at 80% relative humidity and 25 °C.)
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Table 4-4. Summary table of time (in minutes) to various
breakthrough concentrations for 50 percent relative humidity (no
prior exposure) test condition.  All cartridges were preconditioned
at 25 °C and 80 percent relative humidity for six hours at an air
flow rate of 32 LPM, and were tested at 25 °C and a flow rate of
32 LPM.

300 ppm Cartr idge 1% 5% 10% 20% TLV AF OEL
46 171 204 221 234 203 230
49 185 206 219 231 205 227
55 - 216 229 242 214 238
56 - 219 232 245 217 241
74 171 226 243 259 224 255

Mean 176 214 229 242 213 238
StdDev 8.1 9.2 9.6 11.0 8.7 11.0

95% LCL 147 200 214 225 199 221
95% UCL 205 229 244 259 226 255

600 ppm Cartr idge 1% 5% 10% 20% TLV AF OEL
31 78 - 108 124 87 102
32 75 93 109 126 - 104
44 74 - 104 123 - 100
63 - 96 110 128 - 106
84 73 94 109 127 84 105

Mean 75 94 108 126 86 103
StdDev 2.2 1.5 2.3 2.1 2.1 2.4

95% LCL 70 89 104 122 47 100
95% UCL 80 100 112 129 124 107

1200 ppm Cartr idge 1% 5% 10% 20% TLV AF OEL
36 41 52 59 67 42 51
39 39 48 52 57 40 47
54 40 52 57 66 41 51
72 39 48 52 59 40 47
73 44 55 60 68 45 54

Mean 41 51 56 63 42 50
StdDev 2.1 3.0 3.8 5.0 2.1 3.0

95% LCL 37 46 50 56 38 45
95% UCL 44 56 62 71 45 55
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Table 4-5.  Summary table of time (in minutes) to various
breakthrough concentrations for 80 percent relative humidity (no
prior exposure) test condition. All cartridges were preconditioned
at 25 °C and 80 percent relative humidity for six hours at an air
flow rate of 32 LPM, and were tested at 25 °C and a flow rate of
32 LPM.

300 ppm Cartr idge 1% 5% 10% 20% TLV AF OEL
35 64 104 135 190 - 167
47 - 98 139 204 96 187
48 74 99 138 193 96 177
64 70 106 149 214 104 196
65 70 105 144 210 102 188

Mean 70 102 141 202 100 183
StdDev 4.1 3.6 5.5 10.4 4.1 11.2

95% LCL 61 97 132 186 91 165
95% UCL 78 108 150 219 108 201

600 ppm Cartr idge 1% 5% 10% 20% TLV AF OEL
34 - 76 92 116 68 88
45 - 67 85 109 57 79
62 55 72 93 117 63 -
70 50 69 90 112 58 83
80 60 78 97 107 68 92

Mean 55 72 91 112 63 86
StdDev 5.0 4.6 4.4 4.3 5.3 5.7

95% LCL 37 65 85 105 55 74
95% UCL 73 80 98 119 71 97

1200 ppm Cartr idge 1% 5% 10% 20% TLV AF OEL
37 34 45 51 60 35 44
38 42 51 57 64 43 50
71 32 42 47 55 33 40
81 34 44 49 56 35 43
82 36 45 50 57 37 44

Mean 36 45 51 58 37 44
StdDev 3.8 3.4 3.8 3.6 3.8 3.6

95% LCL 30 40 45 53 31 39
95% UCL 42 51 57 64 43 50
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Table 4-6.  Summary table of time (in minutes) to various
breakthrough concentrations for 80 percent relative humidity
(with prior exposure) test condition. All cartridges were
preconditioned at 25 °C and 80 percent relative humidity for six
hours at an air flow rate of 32 LPM, followed by static exposure
to 1200 ppm of fuel vapor and 80 percent relative humidity at 25
°C for eight hours.  They were then tested at 25 °C and a flow
rate of 32 LPM.

300 ppm Cartr idge 1% 5% 10% 20% TLV AF OEL
60 - 102 136 184 100 170
61 - 89 130 190 87 172
66 57 86 125 194 - 171
67 - 93 132 205 90 181
75 - 93 134 175 90 159

Mean 57 93 131 190 92 171
StdDev - 6.0 4.2 11.2 5.7 7.8

95% LCL - 83 125 172 80 158
95% UCL - 102 138 207 104 183

600 ppm Cartr idge 1% 5% 10% 20% TLV AF OEL
57 43 59 77 101 - -
58 45 63 84 111 - 78
59 41 63 83 106 - 78
68 45 63 79 101 55 -
69 49 66 85 110 57 78

Mean 45 63 82 106 56 78
StdDev 3.0 2.5 3.4 4.8 1.4 0.0

95% LCL 40 59 76 98 31 78
95% UCL 49 67 87 113 81 78

1200 ppm Cartr idge 1% 5% 10% 20% TLV AF OEL
51 - 41 49 59 - -
52 - 40 48 57 - -
76 - 35 42 50 - 33
77 - 34 43 52 - 32
78 33 43 48 56 34 41

Mean 33 39 46 55 34 35
StdDev - 3.9 3.2 3.7 - 4.9

95% LCL - 32 41 49 - 18
95% UCL - 45 51 61 - 53
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Figure 4-3.  Mean breakthrough time to 10% of JP-8 fuel vapor
challenge concentration.
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Figure 4-4. Scatter plot of breakthrough times for 50% relative humidity
condition and no prior exposure to fuel vapor. All cartridges were
preconditioned at 80% relative humidity and 25 °C for six hours.  Prior
exposed cartridges were previously subjected to static concentrations of
1200 ppm fuel vapor for eight hours at 80% relative humidity and 25 °C.
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Figure 4-5. Scatter plot of breakthrough times for 80% relative humidity condition and no
prior exposure to fuel vapor. All cartridges were preconditioned at 80% relative humidity
and 25 °C for six hours.  Prior exposed cartridges were previously subjected to static
concentrations of 1200 ppm fuel vapor for eight hours at 80% relative humidity and 25 °C.
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Figure 4-6. Scatter plot of breakthrough times for 80% relative humidity condition and prior
exposure to fuel vapor.  All cartridges were preconditioned at 80% relative humidity and 25 °C for
six hours.  Prior exposed cartridges were previously subjected to static concentrations of 1200
ppm fuel vapor for eight hours at 80% relative humidity and 25 °C.
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Table 5-1.  Analysis of Variance (ANOVA) for relative humidity
and concentration treatments.

Independent
variable

Degrees of
freedom

Type I Sum of
Squares (SS)

Mean
Square

F-Value Pr > F-
Value

Relative humidity (RH) 1 10010 10010 340 < 0.0001
Concentration (Conc) 2 89000 44500 1520 < 0.0001
RH X Conc (Interaction) 2 10020 5010 171 < 0.0001
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Table 5-2.  Analysis of Variance (ANOVA) for prior exposure and
concentration treatments.

Independent
Variable

Degrees of
freedom

Type I Sum of
Squares (SS)

Mean
Square

F-Value Pr > F-
Value

Prior exposure (Prior) 1 488 488 28.1 < 0.0001
Concentration (Conc) 2 38800 19400 1120 < 0.0001
Prior X Conc (interaction) 2 40.1 20.0 1.15 0.33
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Figure 5-1.  Semi-log plot of a generalized Yoon and Nelson equation against
mean breakthrough times for 50% relative humidity test condition. All cartridges
were preconditioned at 80% relative humidity and 25 °C for six hours.
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Figure 5-2.  Semi-log plot of a generalized Yoon and Nelson equation against
mean breakthrough times for 80% relative humidity test condition (without prior
exposure to fuel vapor). All cartridges were preconditioned at 80% relative
humidity and 25 °C for six hours.
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Figure 5-3.  Semi-log plot of a generalized Yoon and Nelson equation against
mean breakthrough times for 80% relative humidity test condition (with prior
exposure to fuel vapor). All cartridges were preconditioned at 80% relative
humidity and 25 °C for six hours.  Prior exposed cartridges were previously
subjected to static concentrations of 1200 ppm fuel vapor for eight hours at 80%
relative humidity and 25 °C.
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Table 5-3.  Curve-fit parameters for generalized Yoon and
Nelson equation.

Relative
humidity

Prior
exposure

Challenge
concentration

A ��� ��
	
��


B ��� ��
	
��


50 No 300 4.31E-05 9.05E-06 5.69E-04 2.53E-05
600 6.49E-05 6.45E-06 6.02E-04 1.88E-05
1200 5.82E-05 1.17E-05 6.02E-04 3.52E-05

80 No 300 8.44E-05 1.60E-05 5.02E-04 4.66E-05
600 7.63E-05 1.32E-05 5.55E-04 3.69E-05
1200 5.82E-05 1.19E-05 5.58E-04 3.59E-05

80 Yes 300 1.01E-04 2.03E-05 5.13E-04 5.03E-05
600 7.74E-05 1.14E-05 5.23E-04 3.43E-05
1200 6.76E-05 2.11E-05 5.38E-04 5.24E-05

�%�&�	$#*(&	.#&*	/*�,�-'	(%.(	(%�	+���-.#�C�)	�**�	.�)	��#&*�	�0".(�*�	)*�&	.$$�.-	(*	,�(	(%�

).(.	2�##	,*-	(%�	94	$�-/��(	-�#.(���	%"'�)�(�	/*�)�(�*�!		�%�	,�(	,*-	�*(%	�4	$�-/��(	-�#.(���

%"'�)�(�	/*�)�(�*�&	�&	�*(	.&	+**)!

Figure 5-4.  Generalized Yoon and Nelson equation fit to
measured breakthrough data at 50% relative humidity, without
prior exposure to fuel.  Coefficients for equation were determined
individually for each challenge concentration. All cartridges were
preconditioned at 80% relative humidity and 25 °C for six hours.
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Figure 5-5. Generalized Yoon and Nelson equation fit to measured breakthrough
data at 80% relative humidity, without prior exposure to fuel.  Coefficients for
equation were determined individually for each challenge concentration. All
cartridges were preconditioned at 80% relative humidity and 25 °C for six hours.
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Figure 5-6. Generalized Yoon and Nelson equation fit to measured breakthrough
data at 80% relative humidity, with prior exposure to fuel.  Coefficients were
determined individually for each challenge concentration. All cartridges were
preconditioned at 80% relative humidity and 25 °C for six hours.  Prior exposed
cartridges were previously subjected to static concentrations of 1200 ppm fuel
vapor for eight hours at 80% relative humidity and 25 °C.
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Table 5-4.   Ratio between 80 percent (with no prior exposure to fuel) and
50 percent relative humidity breakthrough times for fixed concentrations
and breakthrough points.

Challenge
Concentration

Percent
breakthrough

Breakthrough time (50% RH) Breakthrough
time (80% RH)

Ratio
t80/t50

300 1 176 70 0.40
300 5 214 102 0.48
300 10 229 141 0.62
300 20 242 202 0.83
600 1 75 55 0.73
600 5 94 72 0.77
600 10 108 91 0.85
600 20 126 112 0.89
1200 1 41 36 0.88
1200 5 51 45 0.89
1200 10 56 51 0.91
1200 20 63 58 0.92
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Figure 5-7. Ratio between breakthrough times for 80 percent and
50 percent relative humidity conditions (without prior exposure to
fuel vapor), with linear regression fit.  Data points represent the
calculated mean breakthrough time ratios. All cartridges were
preconditioned at 80% relative humidity and 25 °C for six hours.
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Figure 5-8. Straight-line approximation of cartridge breakthrough
times based on 95% LCL estimates (50 percent relative
humidity, no prior exposure). All cartridges were preconditioned
at 80% relative humidity and 25 °C for six hours and were tested
with an air flow rate of 32 LPM through each cartridge.
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Table 5-5.  Simplified estimates of cartridge service life at
selected action level for 50% relative humidity exposure and
room temperature conditions.  In most cases, the selected action
level will be ½ the OEL or TLV (7 or 25 ppm).

Maximum estimated
worker exposure (ppm)

Estimated breakthrough time (in minutes)
to a desired action level (AL, in ppm)

300 Time = (2.5)(AL) + 139
600 Time = (0.8)(AL) + 66
1200 Time = (0.2)(AL) + 35
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Figure 5-9. Straight-line approximation of cartridge breakthrough
times based on 95% LCL estimates (80 percent relative
humidity, no prior exposure). All cartridges were preconditioned
at 80% relative humidity and 25 °C for six hours and were tested
with an air flow rate of 32 LPM through each cartridge.
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Table 5-6. Simplified estimates of cartridge service life at a
selected action level for 80% relative humidity exposure and
room temperature conditions.  In most cases, the selected action
level will be ½ the OEL or TLV (7 or 25 ppm).

Maximum estimated
worker exposure (ppm)

Estimated breakthrough time (in
minutes)

to a desired action level (AL, in ppm)
300 Time = (2.6)(AL) + 53
600 Time = (1.2)(AL) + 30

1200 Time = (0.2)(AL) + 27
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Table 6-1(a) through (c).  Estimated cartridge service life for
pairs of 3MTM 7251 organic vapor cartridges during active
exposure to JP-8 jet fuel.  Estimates are based on the service life
tested under laboratory conditions with 32 LPM airflow through
each cartridge (equivalent to 64 LPM airflow through each set of
cartridges) at (a) 300 ppm, (b) 600 ppm, and (c) 1200 ppm
challenge concentrations.  All cartridges were preconditioned at
80 percent relative humidity and 25 °C for six hours.

(a) Vapor concentration
less than 300 ppm Breakthrough time

Desired change-out
concentration

Below 50%
relative

humidity

50-80%
relative

humidity

Above 80% relative
humidity or temp

above 85 °F
7 ppm (1/2 of proposed TLV) 2 ½ hrs 1 hr 45 min.
25 ppm (1/2 of USAF OEL) 3 ¼ hrs 2 hrs 1 ½ hrs.

(b) Vapor concentration
300 to 600 ppm Breakthrough time

Desired change-out
concentration

Below 50%
relative

humidity

50-80%
relative

humidity

Above 80% relative
humidity or temp

above 85 °F
7 ppm (1/2 of proposed TLV) 1 hr 35 min. 20 min.
25 ppm (1/2 of USAF OEL) 1 ¼ hrs 1 hr 45 min.

(c) Vapor concentration
600 to 1200 ppm Breakthrough time

Desired change-out
concentration

Below 50%
relative

humidity

50-80%
relative

humidity

Above 80% relative
humidity or temp

above 85 °F
7 ppm (1/2 of proposed TLV) 35 min. 30 min. 20 min.
25 ppm (1/2 of USAF OEL) 40 min. 30 min. 20 min.
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Table 6-2.  Summary of Wood Model equation parameters and estimated
breakthrough times (to 10 percent of the challenge concentration) for major
components of JP-8 fuel vapor.  Calculations are for a 300 ppm challenge
concentration (0.228 torr) under dry conditions with no cartridge preconditioning,
and the saturation partial pressures (ρsat) listed are for each substance in pure form.

Compound
Density
(g/cc)

ρ
(torr)

ρsat

(torr)
MW

(g/mol) n D Pe

kv

(min -1)
We

(g/g)
Est. time

(min.)
Methyl cyclohexane 0.7694 0.228 37 98.19 1.4231 32.50 2154 0.318 250
n-Octane 0.7025 0.228 10 114.2 1.3974 39.19 2424 0.363 258
n-Nonane 0.7176 0.228 3 128.3 1.4054 43.85 2592 0.406 263
m-Xylene 0.8642 0.228 9 106.2 1.4972 35.96 2299 0.440 329
Toluene 0.8669 0.228 21 92.15 1.4961 31.06 2091 0.378 312
Ethyl cyclohexane 0.7880 0.228 13 112.2 1.4330 37.01 2340 0.392 279
cis-1,4-dimethyl cyclohexane 0.7829 0.228 18 112.2 1.4230 36.50 2320 0.376 267
n-Heptane 0.6837 0.228 46 100.2 1.3878 34.6 2242 0.286 224
Cyclohexane 0.7785 0.228 78 84.16 1.4266 27.7 1937 0.245 212
o-Xylene 0.8802 0.228 7 106.2 1.5055 35.8 2292 0.457 341
JP-8 Jet Fuel2 0.8075 0.228 1.5 170 - - - - -

Table 6-3.  Parameters for applying the Wood Model equation to major
components of JP-8 jet fuel.

Parameter Value Description
Wo 0.597 Carbon micropore volume (cm3/g), from manufacturer
b' 3.56E-05 Empirical coefficient
R 1.987 Ideal gas constant
T 298 Test condition temperature (K)
S 0.036 Empirical constant at 1% breakthrough concentration
VL 5.93 Linear air flow velocity, cm/sec, based on cross-sectional area of 90

cm2 (per manufacturer)
I 0.00083 Empirical constant
W 44.5 Weight of carbon, from manufacturer
Q 32000 Air flow rate (cm3/min)
ρB 0.436 Bulk density of the packed bed
Co 300 Challenge concentration, in ppm
Cx 30 Breakthrough concentration, in ppm (10 percent of challenge)
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TIME 46 49 55 56 74
1 8.3 5.2 4.5 1.6 2.2

2 6 3.9 3.9 1.2 2

3 4.7 3.1 3.4 1 1.9

4 3.8 2.6 3.1 0.9 1.7

5 3.2 2.3 2.8 0.8 1.6

6 2.7 2 2.6 0.7 1.5

7 2.4 1.7 2.3 0.6 1.4

8 2.1 1.6 2.2 0.6 1.3

9 1.9 1.5 2 0.5 1.2

10 1.7 1.3 1.9 0.5 1.1

11 1.5 1.2 1.8 0.5 1.1

12 1.4 1.2 0.4 1

13 1.3 1.1 0.4 1

14 1.2 1 0.3 1

15 1.1 1 0.4 0.9

16 1 1 0.3 0.9

17 1 0.9 0.3 0.8

18 0.9 0.9 0.3 0.8

19 0.9 0.9 0.3 0.8

20 0.8 0.8 0.3 0.7

21 0.8 0.8 0.3 0.7

22 0.8 0.8 0.3 0.7

23 0.7 0.8 0.2 0.7

24 0.7 0.7 2.5 0.2 0.6

25 0.7 0.7 2.2 0.2 0.6

26 0.7 0.7 2 0.2 0.6

27 0.6 0.7 1.8 0.2 0.6

28 0.6 0.7 1.7 0.2 0.6

29 0.6 0.7 1.6 0.2 0.5

30 0.6 0.7 1.5 0.2

31 0.5 0.7 1.4 0.2

32 0.5 0.6 1.4 0.1

33 0.5 0.6 1.3 0.2

34 0.5 0.6 1.2 0.1

35 0.5 0.6 1.2 0.1

36 0.5 0.6 1.1 0.1

37 0.5 0.6 1.1 0.1

38 0.4 0.6 1.1 0.1

39 0.4 0.6 1 0.1

40 0.4 0.6 1 0.1

41 0.6 1 0.1

42 0.6 1 0.1

43 0.6 0.9 0.1

44 0.6 0.9 0.1

45 0.6 0.9 0.1

46 0.6 0.9 0.1

TIME 46 49 55 56 74
47 0.6 0.8 0.1

48 0.5 0.8 0.1

49 0.6 0.8 0.1

50 0.5 0.8 0.1

51 0.5 0.8 0.1

52 0.5 0.8 0.1

53 0.5 0.7 0.1

54 0.5 0.7 0.1

55 0.5 0.7 0.1

56 0.5 0.7 0.1

57 0.5 0.7 0.1

58 0.5 0.7 0.1

59 0.7 0.1

60 0.7

61 0.6

62 0.6 3.2

63 0.6 2.8

64 0.6 2.6

65 0.6 2.3

66 0.6 2.1

67 0.6 1.9

68 0.8 0.6 1.8

69 0.8 0.6 1.6

70 0.7 0.6 1.5

71 0.7 0.6 1.4

72 0.7 0.6 1.3

73 0.6 2 1.3

74 0.6 1.7 1.2

75 0.6 1.5 1.2

76 0.5 1.4 1.1

77 0.5 1.3 1

78 0.5 1.2 1.3 1

79 0.5 1.1 1.1 0.9

80 0.5 1 1 0.9

81 0.5 0.9 0.9 0.9

82 0.5 0.9 0.8 0.9

83 0.4 0.9 0.7 0.8

84 0.4 0.8 0.7 0.8

85 0.4 0.8 0.6 0.8

86 0.4 0.8 0.6 0.8

87 0.4 0.8 0.5 0.8

88 0.4 0.7 0.5 0.8

89 0.4 0.7 0.4 0.7

90 0.4 0.7 0.4 0.7

91 0.4 0.7 0.4 0.7

92 0.4 0.7 0.4 0.7

TIME 46 49 55 56 74
93 0.4 0.6 0.4 0.7

94 0.4 0.7 0.4 0.7

95 0.4 0.6 0.4 0.7

96 0.4 0.6 0.3 0.7

97 0.4 0.6 0.3 0.7

98 0.4 0.6 0.3 0.7

99 0.4 0.6 4.2 0.3 0.7

100 0.4 0.6 3.6 0.3 0.7

101 0.4 0.6 3.1 0.3 0.7

102 0.4 0.6 2.7 0.3 0.7

103 0.4 0.6 2.4 0.3 0.7

104 0.4 0.6 2.2 0.3 0.7

105 0.4 0.6 2 0.3 0.7

106 0.4 0.6 1.9 0.3 0.7

107 0.4 0.6 1.7 0.3 0.7

108 0.6 1.6 0.3 0.7

109 0.6 1.5 0.3 0.7

110 0.6 1.5 0.3 0.7

111 0.6 1.4 0.3 0.7

112 0.6 1.3 0.3 0.7

113 0.6 1.3 0.3

114 0.6 1.2 0.3

115 0.6 1.2 0.3

116 0.6 1.2 0.3

117 0.6 1.2 0.3

118 0.6 1.1 0.3

119 0.6 1.1 0.3

120 0.6 1.1 0.4

121 0.6 1.1 0.4

122 1.1 0.4

123 1.1 0.4

124 1 0.4

125 2.5 1 0.4

126 2.1 1 0.4

127 1.9 1 0.4 3.3

128 1.7 1 0.4 2.9

129 1.6 1 0.5 2.6

130 1.5 1 0.5 2.4

131 1.4 1 0.5 2.2

132 1.3 1 0.5 2.1

133 1.3 1 0.5 2

134 1.2 1 0.5 1.9

135 1.2 1 0.5 1.9

136 1.2 1 0.6 1.8

137 1.2 1 0.6 1.8

138 1.2 1.1 0.6 1.8

Table A-1.  Breakthrough concentrations (in parts per million, or ppm) per test time (in minutes) for
cartridges tested at 300 ppm and 50 percent relative humidity, with no prior exposure to fuel vapor.
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TIME 46 49 55 56 74
139 1.2 2.3 1.1 1.8

140 1.3 2.1 1.1 1.8

141 1.2 1.9 1.1 1.8

142 1.3 1.8 1.1 1.8

143 1.3 1.7 1.1 1.8

144 1.3 1.6 1.1 1.8

145 1.3 1.5 1.1 1.9

146 1.3 1.4 1.2 1.9

147 1.3 1.4 1.2 1.9

148 1.4 1.4 1.2 1.9

149 1.4 1.4 1.2 1.9

150 1.5 1.4 1.3 2

151 1.5 1.3 1.3 2

152 1.5 1.3 1.3 2

153 1.6 1.4 1.4 2.1

154 1.7 1.4 1.4 2.1

155 1.7 1.4 1.4 2.1

156 1.8 1.4 1.5 2.2

157 1.9 1.4 1.5 1.9 2.2

158 1.9 1.5 1.5 1.8 2.3

159 2 1.5 1.6 1.8 2.2

160 2 1.5 1.6 1.7 2.3

161 2.1 1.5 1.6 1.7 2.4

162 2.2 1.6 1.7 1.8 2.4

163 2.3 1.6 1.8 1.8 2.5

164 2.3 1.6 1.8 1.8 2.5

165 2.4 1.7 1.9 1.8 2.6

166 2.5 1.7 1.9 1.8 2.7

167 2.6 1.7 2 1.9 2.7

168 2.7 1.8 2 2 2.8

169 2.8 1.8 2.1 2 2.9

170 2.9 1.9 2.1 2.9

171 3 1.9 2.1 3

172 3.2 2 2.2 3

173 3.3 2.1 2.3 3.1

174 3.5 2.1 2.4 3.2

175 3.6 2.2 2.4

176 3.8 2.2 2.5

177 4 2.3 2.6

178 4.1 2.4

179 4.4 2.5

180 4.6 2.6

181 4.8 2.7

182 5 2.8

183 5.1 2.8 4.4

TIME 46 49 55 56 74
184 5.3 3 4.4

185 5.6 3.1 4.5

186 5.9 3.2 4.5

187 6.2 3.3 4.7

188 6.5 7.5 4.8 6.7

189 6.8 7.4 4.9 6.4

190 7.3 7.5 5.1 6.3

191 7.5 7.6 5.2 6.2

192 8 7.9 5.4 6.2

193 8.3 8.1 5.6 6.2

194 8.8 8.4 5.8 6.3

195 9.2 8.8 6.1 6.4

196 9.6 9.1 6.3 6.5

197 10 9.6 6.6 6.6

198 11 10 6.9 6.8

199 11 11 7 6.9

200 12 11 7.2 7.1

201 13 12 7.6 8.7 7.2

202 13 12 7.9 8.4 7.4

203 14 13 8.2 8.4 7.6

204 15 14 8.6 8.4 7.8

205 16 14 9 8.5 8

206 16 15 9.5 8.6 8.2

207 16 9.8 8.9 8.4

208 17 10 9.2 8.7

209 18 11 9.4 9

210 19 11 9.9 9.1

211 20 12 10 9.4

212 21 12 11 9.7

213 22 13 11 10

214 23 14 12 10

215 25 14 12 11

216 26 15 13 11

217 27 16 14 12

218 27 29 17 14 12

219 28 31 18 15 12

220 29 32 19 16 12

221 30 34 20 17 13

222 32 36 21 18 13

223 34 38 22 19 14

224 35 41 23 20 14

225 38 43 24 21 14

226 40 46 25 22 15

227 42 49 27 23 16

228 44 51 29 24 16

TIME 46 49 55 56 74
229 46 55 30 25 17

230 49 58 32 27 18

231 52 61 34 29 18

232 54 35 30 19

233 57 37 32 20

234 61 40 34 20

235 42 35 21

236 44 38 22

237 47 39 23

238 49 42 24

239 52 44 25

240 55 47 26

241 58 49 27

242 61 52 28

243 64 53 29

244 67 56 31

245 72 59 32

246 76 63 33

247 35

248 37

249 38

250 40

251 41

252 43

253 46

254 48

255 50

256 52

257 54

258 57

259 59

260 61
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TIME 31 32 44 63 84
1 3.2 4 3.3 3.2 3.7

2 2.9 3.4 2.9 2.9 3.4

3 2.8 3 2.5 2.7 3.2

4 2.6 2.7 2.2 2.6 3

5 2.5 2.4 2 2.4 2.8

6 2.4 2.2 1.8 2.3 2.7

7 2.2 2.1 1.7 2.2 2.5

8 2.1 1.9 1.6 2.1 2.4

9 2 1.8 1.4 2 2.3

10 1.9 1.7 1.3 1.9 2.2

11 1.9 1.6 1.2 1.8 2.1

12 1.8 1.4 1.2 1.7 2

13 1.7 1.4 1.1 1.6 1.9

14 1.7 1.3 1 1.9

15 1.6 1.2 1 1.8

16 1.5 1.2 0.9 1.7

17 1.5 1.1 0.9 1.7

18 1.5 1.1 0.8 1.6

19 1.4 1 1.6

20 1.4 1 1.5

21 1.3 1 1.4

22 1.3 0.9 1.4

23 1.2 0.9 1.4

24 1.2 0.9 1.4

25 1.2 0.8 1.3

26 1.2 0.8 1.3

27 1.1 0.8 1.2

28 1.1 0.8 1.2

29 1.1 0.8 1.2

30 1.1 0.7 1.2

31 0.7 1.1

32 0.7 1.1

33 0.7 1.1

34 0.7 1.1

35 0.7 1

36 0.7 1

37 0.7 1

38 0.7 2.2 1

39 0.7 2.1 0.9

40 0.7 1.9 0.9

41 1.5 1.8

42 1.4 1.7

43 1.3 1.6

44 1.3 1.6

45 1.3 1.5

46 1.2 1.5

TIME 31 32 44 63 84
47 5.7 1.2 1.4

48 4.8 1.2 1.4

49 4.2 1.1 1.3

50 3.7 1.1 1.3

51 3.3 1.1 1.3

52 3 1.1 1.3

53 2.7 1.2 1.3

54 2.5 1.2 1.3

55 2.4 1.2 1.4

56 2.3 5.3 1.3 1.4

57 2.2 4.5 1.3 1.4

58 2.2 4.1 1.4 1.4

59 2.1 3.7 1.5 1.5

60 2.1 3.5 1.6 1.6

61 2.1 3.3 1.7 1.6

62 2.1 3.2 1.8 1.7

63 2.2 3.2 2 1.8

64 2.2 3.2 2.2 1.9

65 2.3 3.3 2.4 2.1

66 2.4 3.4 2.6 2.2

67 2.5 3.5 2.8 2.4 5.8

68 2.7 3.7 3.1 2.6 5.5

69 2.8 3.9 3.4 2.8 5.4

70 3 4.2 3.7 3.1 5.4

71 3.3 4.5 4.1 3.4 5.5

72 3.5 4.8 4.6 5.7

73 3.8 5.2 5.1 5.9

74 4.2 5.6 5.6 6.2

75 4.5 6.1 6.6

76 4.9 6.7 7.1

77 5.4 7.6

78 6 8.3

79 6.5 9.1

80 7.1 10

81 7.8 11

82 8.6 12

83 9.7 13

84 11 15

85 12 16

86 13 18 18

87 14 23 19 19

88 16 24 20 21

89 17 24 21 22

90 26 34 22 24

91 27 35 23 26

92 28 36 24 27

TIME 31 32 44 63 84
93 30 38 26 29

94 31 39 27 31

95 33 41 29 32

96 34 43 30 34

97 36 44 32 36

98 38 46 34 38

99 40 48 36 39

100 42 50 38 41

101 49 44 52 39 43

102 50 46 54 41 45

103 50 48 57 43 47

104 52 50 59 45 48

105 54 52 61 47 50

106 56 54 64 49 52

107 57 55 67 52 55

108 60 57 69 54 57

109 62 60 73 56 59

110 65 63 76 58 62

111 69 65 79 61 63

112 72 69 82 65

113 75 72 85 67

114 78 75 88 71

115 81 78 92 74

116 85 81 96 77

117 89 85 100 80

118 93 89 103 83

119 97 92 107 87

120 101 96 109 91

121 105 100 112 94

122 110 104 115 93 98

123 115 107 119 97 102

124 120 112 100 106

125 117 105 110

126 122 109 115

127 114 120

128 119

129 124

Table A-2.  Breakthrough concentrations (in parts per million, or ppm) per test time (in minutes) for
cartridges tested at 600 ppm and 50 percent relative humidity, with no prior exposure to fuel vapor.
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TIME 36 39 54 72 73
1 4.7 4.6 3.6 4.3 3.8

2 4.3 4.1 3.2 3.8 3.3

3 4.1 3.7 2.9 3.4 3

4 3.8 3.4 2.7 3 2.7

5 3.6 3.1 2.4 2.8 2.4

6 3.4 2.9 2.3 2.6 2.2

7 3.3 2.7 2.1 2.4 2

8 3.2 2.5 2 2.2 1.9

9 3.1 2.4 1.9 2.1 1.7

10 2.9 2.2 1.8 2 1.6

11 2.8 2.1 1.7 1.8 1.5

12 2.7 2 1.6 1.8 1.5

13 2.6 1.9 1.5 1.7 1.4

14 2.6 1.8 1.5

15 2.5 1.7 1.5

16 2.5 1.6 1.4

17 2.5 1.6 1.4

18 2.5 1.5 1.4

19 2.4 1.4 1.4

20 2.4 1.4 1.4

21 2.4 1.4 1.4

22 2.5 1.4 1.4

23 2.5 1.4 1.4

24 2.6 1.4

25 2.7 1.5 4.2

26 2.7 1.6 3.9

27 2.9 1.7 3.7

28 3 1.9 3.7

29 3.2 2.1 3.7

30 3.4 2.4 3.9

31 3.7 2.8 4.2

32 4.1 3.3 4.5

33 4.5 3.8 5.1

34 4.9 4.6 5.8

35 5.5 5.5 6.6

36 6.2 6.6 7.7 7.3

37 7 7.7 8.9 7.2

38 7.9 9.1 11 10 7.4

39 9 11 12 12 7.7

40 10 13 12 15 8.3

41 12 16 14 18 8.9

42 14 20 15 21 9.7

43 16 24 17 25 11

44 19 29 19 30 12

45 21 35 21 36 14

46 25 42 24 43 16

TIME 36 39 54 72 73
47 29 50 28 50 19

48 33 59 33 60 21

49 38 72 39 72 25

50 45 86 44 85 29

51 52 103 50 99 34

52 58 121 61 114 39

53 63 143 71 127 45

54 71 163 79 143 52

55 79 193 90 160 61

56 89 218 102 178 70

57 97 248 116 196 80

58 106 131 217 91

59 120 144 237 103

60 133 156 260 115

61 149 169 127

62 161 183 141

63 175 199 155

64 189 215 171

65 205 233 186

66 223 248 204

67 244 220

68 239

69 259

Table A-3.  Breakthrough concentrations (in parts per million, or ppm) per test time (in minutes) for
cartridges tested at 1200 ppm and 50 percent relative humidity, with no prior exposure to fuel vapor.
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TIME 35 47 48 64 65
1 3.7 2.9 6.8 5.2 3.7

2 3.4 2.5 4.9 4.6 3

3 2.9 2.2 3.8 4.1 2.6

4 2.6 1.9 3 3.7 2.3

5 2.3 1.7 2.5 3.4 2

6 2.1 1.5 2.1 3.1 1.8

7 1.9 1.3 1.8 2.8 1.7

8 1.7 1.2 1.5 2.7 1.5

9 1.6 1.1 1.3 2.5 1.4

10 1.5 1 1.2 2.3 1.3

11 1.4 0.9 1 2.2 1.2

12 1.3 0.9 0.9 2.1 1.1

13 1.2 0.8 0.8 1.9 1

14 1.1 0.8 0.8 1.8 1

15 1.1 0.7 0.7 1.8 0.9

16 1 0.7 1.7 0.9

17 1 0.6 1.6 0.8

18 0.9 0.6 1.5 0.8

19 0.9 0.6 0.7

20 0.9 0.5 0.7

21 0.8 0.5

22 0.8 0.5

23 0.8 0.4

24 0.7 0.4

25 0.7 0.4

26 0.7 0.4

27 0.6 0.4

28 0.6 0.4

29 0.6 0.4

30 0.6 0.4

31 0.4

32 0.4 2.7

33 0.4 2.2

34 0.4 1.9

35 0.4 1.6

36 0.4 1.5

37 0.4 1.3

38 0.4 1.2

39 0.4 1.1

40 0.4 1

41 0.4 0.9

42 0.4 0.9

43 0.4 0.8

44 0.4 0.8 2.7

45 0.4 0.7 2.4

46 0.4 0.7 2.2

TIME 35 47 48 64 65
47 0.5 0.7 2.1

48 0.5 0.7 2

49 1.4 0.5 0.7 1.9

50 1.3 0.6 0.7 1.8 2

51 1.2 0.6 0.7 1.7 1.8

52 1.2 0.7 0.7 1.7 1.7

53 1.1 0.7 0.7 1.7 1.6

54 1 0.8 0.7 1.6 1.6

55 1.1 0.8 0.8 1.6 1.5

56 1 0.9 0.8 1.6 1.5

57 1 1 0.8 1.6 1.5

58 1 1.1 0.9 1.6 1.5

59 1 1.2 0.9 1.7 1.5

60 1.1 1.3 1 1.7 1.6

61 1.1 1 1.8 1.7

62 1.1 1.1 1.9 1.8

63 1.2 1.2 2 1.9

64 1.2 1.3 2.1 2

65 1.2 1.4 2.2 2.1

66 1.3 1.5 2.3 2.3

67 1.4 1.7 2.5 2.5

68 1.5 1.8 2.6 2.6

69 1.6 2 2.8 2.9

70 1.7 2.2 3.1 3.1

71 1.9 2.4 3.3 3.4

72 2 2.6 3.6 3.7

73 2.2 2.8 3.9 4

74 2.4 7.1 3.1 4.2 4.3

75 2.5 7.2 3.4 4.6 4.7

76 2.8 7.3 3.8 5 5.1

77 3.1 7.6 4.2 5.4 5.6

78 3.3 7.9 4.6 5.8 6

79 3.7 8.3 5.1 6.3 6.5

80 4 8.7 5.6 6.7 6.9

81 4.4 9.1 6.1 6.9 7.2

82 4.8 9.4 6.7 7.2 7.5

83 5.7 9.8 7.3 7.7 7.9

84 6 10 8 8 8.3

85 6.5 11 8.7 8.4 8.6

86 6.9 11 9.4 8.7 8.9

87 7.4 11 10 9.1 9.2

88 8 12 11 9.3 9.5

89 8.7 12 11 9.6 9.8

90 12 12 9.9 10

91 13 12 10 10

92 13 13 11 11

TIME 35 47 48 64 65
93 13 13 11 11

94 13 13 11 11

95 14 14 11 12

96 14 14 12 12

97 15 14 12 12

98 15 15 12 13

99 15 15 13 13

100 16 15 13 13

101 16 16 13 14

102 16 14 14

103 17 14 14

104 17 14 15

105 17 14 15

106 19 18 15 15

107 18 18

108 18 19

109 18 19

110 19 19

111 19 20

112 19 20

113 19 21

114 19 21

115 20

116 20

117 20

118 21

119 21

120 22 25

121 22 24 23

122 23 25 23

123 23 25 23

124 23 25 25 23

125 25 25 24 23

126 26 26 24 23

127 27 26 24 23

128 29 29 26 24 24

129 29 28 27 24 24

130 29 28 27 24 24

131 30 28 27 24 25

132 29 28 28 24 25

133 29 28 28 25 25

134 30 28 29 25 26

135 30 29 29 25 26

136 30 29 29 25 27

137 31 30 30 26 27

138 31 30 30 26 27

Table A-4.  Breakthrough concentrations (in parts per million, or ppm) per test time (in minutes) for
cartridges tested at 300 ppm and 80 percent relative humidity, with no prior exposure to fuel vapor.
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TIME 35 47 48 64 65
139 31 30 31 26 28

140 32 30 31 27 28

141 32 31 32 27 29

142 33 31 32 28 29

143 33 32 33 28 30

144 34 32 33 28 30

145 34 32 34 29

146 35 33 34 29

147 35 33 34 29

148 35 33 35 30

149 36 34 35 30

150 36 34 36 30

151 36 34 36 31

152 35 37 31

153 35 37 32

154 36 38 32

155 36 38 32 38

156 37 39 33 37

157 37 39 33 36

158 38 40 34 37

159 38 40 34 37

160 39 41 34 37

161 39 41 38

162 39 42 38

163 40 42 39

164 40 43 39

165 41 43 39

166 48 41 44 40

167 52 41 45 40

168 51 42 45 41

169 52 43 45 41

170 51 43 46 41

171 52 43 46 42

172 52 43 47 42

173 53 43 48 43

174 52 43 48 43

175 51 43 48 44

176 51 44 40 44

177 50 44 41 45

178 51 45 41 45

179 52 45 41 46

180 52 46 42 46

181 52 46 42 47

182 53 47 43 47

183 53 48 43 47

184 54 48 44 48

TIME 35 47 48 64 65
185 54 49 44 49

186 56 49 45 49

187 57 50 45 50

188 58 50 57 46 50

189 58 51 58 46 51

190 58 51 59 47 51

191 52 59 48 52

192 53 60 48 52

193 53 60 49 53

194 54 49 53

195 54 50 53

196 55 50 54

197 56 51 55

198 57 51 53

199 58 51 54

200 58 51 54

201 58 51 55

202 59 52 55

203 60 53 56

204 60 53 57

205 54 58

206 55 58

207 55 59

208 56 59

209 56 60

210 57 60

211 58

212 58

213 59

214 60

215 61
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TIME 34 45 62 70 80
1 0.2 1 3.3 3.4 3.5

2 0.1 0.9 2.9 3 3.1

3 0.1 0.9 2.5 2.8 2.8

4 0 0.8 2.2 2.5 2.5

5 0 0.7 2 2.3 2.3

6 -0.1 0.7 1.8 2.2 2.1

7 -0.1 0.7 1.6 2 1.9

8 -0.1 0.6 1.5 1.9 1.8

9 -0.1 0.6 1.4 1.8 1.7

10 -0.1 0.6 1.3 1.7 1.5

11 -0.2 0.5 1.2 1.6 1.4

12 -0.2 0.5 1.1 1.5 1.4

13 -0.2 0.5 1.4 1.3

14 -0.2 0.5 1.4 1.2

15 -0.2 0.4 1.3 1.1

16 0.5 1.2 1.1

17 0.4 1.2 1

18 0.4 1.2 1

19 0.4 1.1 1

20 0.4 1.1 0.9

21 0.4 1.1

22 0.4 1

23 0.4 1

24 0.5 1

25 0.5 1

26 0.5 1

27 0.5 1

28 0.5 1

29 0.6 4.4 1

30 0.6 3.7 1.1

31 1.7 0.6 3.3 1.1

32 1.4 0.6 2.9 1.1

33 1.2 0.7 2.6 1.2

34 1 0.7 2.4 1.2

35 0.8 0.8 2.2 1.3

36 0.7 0.9 2.1 1.4

37 0.6 1 2 1.5

38 0.6 1.1 1.9 1.7

39 0.5 1.2 1.9 1.9

40 0.5 1.3 1.9 2.1

41 0.5 1.9 2.3

42 0.5 2 2.5

43 0.5 2.1 2.8

44 0.6 2.2 3.2

45 0.6 2.3 3.6

46 2.5 3.9

TIME 34 45 62 70 80
47 2.7 4.3 4.9

48 2.9 4.8 4.6

49 3.2 5.4 4.3

50 3.5 6.4 4.1

51 3.9 6.9 4

52 4.4 7.7 4

53 4.9 8.8 4

54 5.3 9.6 4.1

55 6.1 11 4.4

56 13 6.9 12 4.6

57 14 7.7 14 4.9

58 15 8.8 14 5.2

59 16 9.8 16 5.6

60 8.4 17 11 17 6.2

61 8.3 19 12 19 6.8

62 8.6 20 13 20 7.3

63 9 22 14 22 8.1

64 9.6 25 16 24 8.9

65 10 27 17 24 9.9

66 11 29 19 26 11

67 13 31 21 27 12

68 14 32 22 29 14

69 16 34 24 30 15

70 18 36 26 31 17

71 20 38 28 32 19

72 21 39 30 33 20

73 24 41 22

74 26 42 24

75 27 44 25

76 30 45 27

77 31 47 28

78 33 48 30

79 36 50 31

80 37 52 33

81 39 53 34

82 40 55 36

83 42 56 37

84 44 58 38

85 45 60 53 40

86 47 61 54 41

87 48 63 55 43

88 50 65 57 44

89 52 67 56 59 46

90 54 70 56 61 47

91 56 72 58 62 49

92 60 74 59 64 50

TIME 34 45 62 70 80
93 65 76 60 65 52

94 70 78 62 67 54

95 71 80 63 70 56

96 72 82 65 73 58

97 74 84 67 75 60

98 75 87 68 77 90

99 75 89 70 79 92

100 77 90 73 82 95

101 78 93 75 84 98

102 81 96 75 87 101

103 82 99 78 90 105

104 84 102 79 93 108

105 86 105 82 95 112

106 89 109 85 99 115

107 92 112 87 102 119

108 94 116 90 106 122

109 97 120 93 109

110 100 97 112

111 103 100 116

112 106 102 120

113 109 106

114 112 109

115 115 113

116 119 116

117 119

Table A-5.  Breakthrough concentrations (in parts per million, or ppm) per test time (in minutes) for
cartridges tested at 600 ppm and 80 percent relative humidity, with no prior exposure to fuel vapor.
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TIME 37 38 71 81 82
1 4.4 4.8 4.1 3.7 2.2

2 4.1 4.4 7.1 3.3 2.1

3 3.8 4 5.1 3 1.9

4 3.5 3.6 4.6 2.7 1.7

5 3.3 3.4 4.2 2.4 1.6

6 3.1 3.1 3.9 2.3 1.5

7 2.9 2.9 3.6 2.1 1.4

8 2.8 2.7 3.4 2 1.3

9 2.6 2.6 3.3 1.8 1.2

10 2.5 2.5 3.1 1.7 1.1

11 2.5 2.4 3 1.1

12 2.4 2.3 2.9 1.1

13 2.4 2.2 2.8 1

14 2.3 2.1 2.7 1

15 2.3 2.1 1

16 2.4 2 1

17 2.4 2 1

18 2.5 1.9 1

19 2.5 1.9 1.1

20 2.5 1.9 1.1

21 2.6 1.9 1.2

22 2.7 1.9 1.4

23 3 1.9 1.5

24 3.1 1.9 1.7

25 3.3 2 2

26 3.7 2 2.3

27 4.3 2.1 2.7

28 4.9 2.1 3.1

29 5.6 2.3 9.4 8.4 3.7

30 6.5 2.5 10 8.6 4.4

31 7.6 2.7 11 9.1 5.2

32 8.7 3 13 9.7 6.1

33 10 3.3 15 11 7.2

34 11 3.7 17 12 8.7

35 13 4.2 20 14 11

36 16 4.8 24 17 13

37 19 5.6 28 20 15

38 21 6.4 33 23 18

39 24 7.3 40 27 22

40 29 8.3 48 32 27

41 33 9.9 54 38 33

42 39 12 61 44 39

43 44 14 72 52 47

44 50 16 80 62 54

45 56 20 90 74 62

46 66 24 103 85 73

TIME 37 38 71 81 82
47 74 28 116 96 83

48 83 33 128 109 95

49 93 39 140 120 107

50 103 46 153 135 119

51 118 54 168 149 134

52 128 66 183 164 148

53 145 75 199 180 162

54 159 89 217 196 178

55 168 99 237 216 194

56 178 113 257 235 214

57 201 125 255 233

58 219 140 254

59 227 155

60 250 175

61 193

62 201

63 217

64 237

65 253

Table A-6.  Breakthrough concentrations (in parts per million, or ppm) per test time (in minutes) for
cartridges tested at 1200 ppm and 80 percent relative humidity, with no prior exposure to fuel vapor.
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TIME 60 61 66 67 75
1 3.7 4.4 3 2.8

2 3.2 3.6 2.6 2.1

3 2.7 3 2.3 1.8

4 2.4 2.6 2.1 1.5

5 2.1 2.3 1.8 1.4

6 1.8 2 1.7 1.2

7 1.7 1.8 1.5 1.1

8 1.5 1.6 1.4 1

9 1.4 1.5 1.3 0.9

10 1.3 1.3 1.2 0.8

11 1.2 1.2 1.1 0.8

12 1.1 1.1 0.7

13 1 1 0.6

14 1 1 0.6

15 0.9 0.9 0.5

16 0.8 0.5

17 0.8 0.5

18 0.8 0.5

19 0.7 0.4

20 0.7 0.4

21 0.6 0.4

22 0.6 0.4

23 0.6 0.4

24 0.5 0.3

25 0.5 0.4

26 0.5 0.3

27 0.5 0.3

28 0.5 0.3

29 0.5 0.3

30 0.5 0.3

31 0.5 0.3

32 0.4 0.3

33 0.4 0.3

34 0.4 0.3

35 0.4 0.3

36 0.5 0.3

37 1.3 0.3

38 2.3 1.2 0.3

39 2.1 1.2 0.3

40 1.9 1.2 0.3

41 1.8 1.2 0.4

42 1.7 1.2 0.4 1.2

43 1.6 1.2 1.3

44 1.6 1.2

45 1.5 1.3

46 1.3 1.3

TIME 60 61 66 67 75
47 1.1 1.4

48 0.8 1.5

49 0.6 1.6

50 0.4 1.7

51 1.8

52 2

53 2.2

54 2.4

55 2.6

56 2.8

57 3.1 3.6

58 3.4 3.5

59 3.8 3.6

60 4.1 3.7

61 4.5 3.8

62 4.9 4 7.8

63 5.3 4.3 7.6

64 4.6 5.7 4.6 7.7

65 4.9 6.2 5 7.7

66 5.3 6.6 5.4 7.8

67 5.6 7 5.8 7.9

68 6 7.4 6.2 8.1

69 6.4 7.8 6.6 8.3

70 4.3 6.8 8 7.1 8.3

71 4.9 7.3 8.2 7.3 8.5

72 5.4 7.8 8.6 7.8 8.7

73 5.9 8.4 8.9 8.2 9

74 6.3 9.1 9.2 8.6 9.3

75 6.7 9.6 9.6 8.9 9.5

76 7 10 9.9 9.3 9.8

77 7.3 11 10 9.7 10

78 7.7 11 10 10

79 8 11 10 11

80 8.3 12 11 11

81 8.5 12 11 11

82 8.8 12 11 11

83 9 13 12 12

84 9.3 13 12 12

85 9.6 13 12 12

86 9.9 14 13 13

87 10 14 13 13

88 10 15 13 13

89 11 15 14 14

90 11 15 18 14 14

91 11 18 15 14

92 12 18 15 15

TIME 60 61 66 67 75
93 12 18 15 15

94 12 18 15 15

95 12 18 16 16

96 13 18 16 16

97 13 19 16 17

98 13 19 16 17

99 14 19 17 17

100 14 20 17 17

101 15 20 17 18

102 15 20 17 18

103 21 21 17 19

104 21 21 17 19

105 21 21 17 20

106 21 22 18 20

107 21 22 18 20

108 21 22 18 21

109 21 23 18 21

110 22 23 18 22

111 22 24 19 22

112 22 24 19 22

113 23 25 19 23

114 23 25 20 23

115 24 26 20 24

116 24 26 21 24

117 25 27 24

118 25 27 25

119 25 28 25

120 26 28 26

121 26 26 28 26

122 26 27 29 26

123 26 27 29 26

124 26 27 30 27

125 26 28 30 27

126 26 28 27

127 27 29 28

128 27 29 28

129 27 30 28

130 28 30 30 28

131 28 30 30 29

132 29 30 29

133 29 30 30

134 29 30 30

135 29 31 39

136 30 31 39

137 31 39

138 32 40

Table A-7.  Breakthrough concentrations (in parts per million, or ppm) per test time (in minutes) for
cartridges tested at 300 ppm and 80 percent relative humidity, with prior static exposure to fuel vapor.
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TIME 60 61 66 67 75
139 38 32 40

140 38 32 40

141 38 33 41

142 38 33 41

143 38 34 42

144 39 33 42

145 38 33 43

146 38 34 43

147 39 39 34 44

148 39 39 35 44

149 40 40 35 44

150 40 40 36 44

151 41 41 36 45

152 41 41 41 37 46

153 41 41 41 37 46

154 42 42 42 37 47

155 42 42 42 38 48

156 42 43 43 38 48

157 42 43 43 39 49

158 43 44 44 39 49

159 43 44 44 40 50

160 44 44 43 40 51

161 44 44 44 41 51

162 45 45 42 41 52

163 45 45 46 41 52

164 46 46 47 41 53

165 47 46 47 42 54

166 47 47 48 42 54

167 48 47 48 43 55

168 49 48 49 43 55

169 49 48 49 44 56

170 50 49 50 44 57

171 51 50 50 45 57

172 51 50 51 45 58

173 52 50 51 46 59

174 53 51 52 46 59

175 53 52 52 46 60

176 53 52 53 47

177 54 53 53 48

178 55 54 54 48

179 56 54 54

180 57 55 55

181 57 55 55

182 58 56 55

183 59 57 55

184 60 57 55

TIME 60 61 66 67 75
185 63 58 55

186 58 55

187 58 56

188 58 56

189 59 57

190 60 57 54

191 61 58 54

192 58 54

193 59 54

194 60 54

195 61 55

196 55

197 56

198 56

199 57

200 57

201 58

202 58

203 59

204 59

205 60

206 60
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TIME 57 58 59 68 69
1 4.1 3.6 2.8 4.4

2 3.8 3.2 2.4 5.5 3.8

3 3.5 2.9 2.2 4.8 3.2

4 3.3 2.6 1.9 4.4 2.8

5 3.1 2.4 1.8 4 2.5

6 2.2 1.6 3.7 2.2

7 2 1.5 3.5 2

8 1.9 1.4 3.3 1.8

9 1.8 1.3 3.1 1.7

10 1.7 1.2 3 1.5

11 1.6 1.1 2.8 1.4

12 1.5 1 2.7 1.3

13 1.4 1 2.6 1.2

14 1.4 0.9 2.6 1.1

15 1.3 0.9 2.5 1.1

16 0.9 2.5 1

17 0.8 2.4 0.9

18 0.8 0.9

19 0.8 0.8

20 0.8 0.8

21 0.8 0.8

22 0.8 0.8

23 0.8 0.7

24 0.8 0.7

25 0.8 0.7

26 4.3 0.8

27 3.7 0.9

28 3.3 0.9

29 3 1

30 2.8 1

31 3.7 2.7 1.1

32 3.5 2.6 1.2

33 3.5 2.6 1.3

34 3.4 2.6 1.5

35 3.5 2.8 1.7

36 3.6 2.9 1.8

37 3.7 3 2

38 3.9 3.2 2.3 6.3 4.5

39 4.1 3.5 2.6 5.9 4.1

40 4.4 3.8 2.9 5.6 3.8

41 4.8 4.2 3.2 5.6 3.7

42 5.2 4.6 3.7 5.5 3.7

43 5.7 5.1 4.2 5.6 3.8

44 5.7 4.7 5.8 4

45 6.3 5.3 6 4.2

46 6.1 6.4 4.5

TIME 57 58 59 68 69
47 7 6.8 4.9

48 7.4 5.4

49 8 5.9

50 8.7 6.6

51 9.5 7.4

52 11 8.2

53 12 9.3

54 13 10

55 15 12

56 26 16 13

57 27 18 15

58 29 20 17

59 30 25 26 22 18

60 31 26 27 24 20

61 32 28 28 26 22

62 33 29 29 28 24

63 34 30 30 30 26

64 36 31 31 32 27

65 37 33 32 29

66 39 34 34 31

67 35 35

68 36 36

69 38 38

70 39 39

71 40 41

72 41 42

73 43 43

74 44 44

75 46 45

76 59 48 47

77 60 49 49 57

78 61 51 51 58

79 63 52 52 60 52

80 64 54 54 61 53

81 66 55 55 63 54

82 68 56 57 65 55

83 70 58 59 67 57

84 73 59 62 70 58

85 75 61 64 72 60

86 77 63 66 74 61

87 79 65 68 76 63

88 81 66 72 79 65

89 84 68 74 82 67

90 87 70 75 84 68

91 89 72 78 87 72

92 92 73 80 90 74

TIME 57 58 59 68 69
93 94 75 83 93 76

94 97 76 85 96 78

95 99 78 88 99 80

96 102 80 90 102 82

97 106 82 92 106 84

98 110 84 95 109 87

99 113 86 98 112 89

100 117 88 101 116 90

101 121 91 104 120 93

102 93 107 96

103 96 110 99

104 99 113 102

105 102 117 105

106 104 119 108

107 107 111

108 110 115

109 114 118

110 117 122

111 121

Table A-8.  Breakthrough concentrations (in parts per million, or ppm) per test time (in minutes) for
cartridges tested at 600 ppm and 80 percent relative humidity, with prior static exposure to fuel vapor.
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TIME 51 52 76 77 78
1 4.3 3.7 4.4 2.7 1.3

2 4.1 3.5 4.2 2.5 1.3

3 3.8 3.3 3.9 2.3 1.2

4 3.5 3.1 3.7 2.2 1.1

5 3.3 2.9 3.4 2.1 1.1

6 3.1 2.8 3.2 2 1

7 3 2.7 3 1.9 1

8 2.9 2.6 2.9 1.8 1

9 2.8 2.5 2.8 1.8 0.9

10 2.7 2.4 1.8 0.9

11 2.7 2.4 0.9

12 2.6 2.4 0.9

13 2.6 2.4 0.9

14 2.6 2.4 0.9

15 2.6 2.4 0.9

16 2.7 2.5 1

17 2.8 2.6 1

18 2.9 2.7 1.1

19 3 2.8 1.2

20 3.2 2.9 1.4

21 3.5 3.2 1.5

22 3.8 3.4 1.7

23 4.1 3.8 2

24 4.5 4.2 2.3

25 5.1 4.7 2.7

26 20 3.1

27 23 3.7

28 26 34 4.4

29 30 37 5.2

30 35 42 6.3

31 39 46 7.5

32 44 50 9.1

33 50 55 11

34 55 60 13

35 61 65 16

36 68 71 19

37 76 76 23

38 83 82 28

39 92 89 33

40 101 96 38

41 59 61 111 104 46

42 69 69 120 112 54

43 77 79 132 120 65

44 86 87 144 130 77

45 93 96 158 141 90

46 100 105 172 151 100

TIME 51 52 76 77 78
47 108 114 187 163 110

48 116 123 206 176 118

49 123 132 223 190 128

50 132 143 245 204 141

51 141 154 220 154

52 152 167 237 170

53 162 179 255 185

54 173 190 201

55 185 205 218

56 199 220 236

57 213 236 257

58 227

59 240

Table A-9.  Breakthrough concentrations (in parts per million, or ppm) per test time (in minutes) for
cartridges tested at 1200 ppm and 80 percent relative humidity, with prior static exposure to fuel vapor.
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Results from sampling of JP-8 fuel vapors within the respirator chamber, using the modified
NIOSH 1550 Method for naphthas, are presented in the following table.
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Table B-1.  Modified NIOSH 1550 Method charcoal tube sampling results.  Target
concentration was measured with the Foxboro TVA-1000B.  Conversion of measured
concentration charcoal tube sampling results to parts per million (ppm) was accomplished
using an average molecular weight of 170 g/mol and a molar gas volume of 24.45 liters.

Sample
number

Cartridge
number

Target
concentration

(measured
w/TVA-1000B)

Mass
collected

(mg)

Air
volume

collected
(L)

Measured
concentration

via NIOSH 1550
(mg/m 3)

Measured
concentration,
converted to

ppm
9388-KC30 31 600 15 3.706 4004 582
9388-KC31 32 600 15 3.933 3824 549
9388-KC33 34 600 14 3.545 3879 568
9388-KC34 35 300 12 5.855 2096 295
9388-KC35 36 1200 12 1.591 7247 1085
9388-KC36 37 1200 14 1.807 7737 1114
9388-KC37 38 1200 14 1.966 7162 1024
9388-KC38 39 1200 15 1.719 8540 1255
9388-KC42 44 600 13 3.640 3676 514
9388-KC43 45 600 13 3.370 3843 555
9388-KC44 46 300 13 6.135 2039 305
9388-KC45 47 300 13 6.229 2057 300
9388-KC46 48 300 12 5.875 2089 294
9388-KC47 49 300 14 7.411 1845 272
9388-KC49 51 1200 14 1.833 7430 1098
9388-KC50 52 1200 13 1.765 7592 1059
9388-KC52 54 1200 15 2.020 7540 1068
9388-KC53 55 300 16 7.619 2103 302
9388-KC54 56 300 16 7.578 2138 304
9388-KC55 57 600 13 3.159 4204 592
9388-KC56 58 600 14 3.436 3981 586
9388-KC57 59 600 13 3.306 3878 566
9388-KC58 62 600 14 3.619 3736 556
9388-KC59 60 300 12 5.652 2173 305
9388-KC60 61 300 13 5.895 2146 317
9388-KC61 63 600 13 3.547 3651 527
9388-KC62 64 300 9.6 5.419 1770 255
9388-KC63 65 300 12 6.424 1865 269
9388-KC64 66 300 11 5.882 1824 269
9388-KC65 67 300 11 6.271 1727 252
9388-KC66 68 600 12 3.152 3791 548
9388-KC67 70 600 13 3.508 3606 533
9388-KC68 69 600 12 3.422 3407 504
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Table B-1 (continued).  Modified NIOSH 1550 Method charcoal tube sampling results.

Sample
number

Cartridge
number

Target
concentration

(measured
w/TVA-1000B)

Mass
collected

(mg)

Air
volume

collected
(L)

Measured
concentration

via NIOSH 1550
(mg/m 3)

Measured
concentration,
converted to

ppm
9388-KC69 71 1200 13 1.733 ���� 1079
9388-KC70 72 1200 15 1.858 7815 1161
9388-KC71 73 1200 15 2.109 7117 1024
9388-KC72 74 300 15 7.959 1882 271
9388-KC73 75 300 11 5.840 1880 270
9388-KC74 80 600 11 3.638 3576 514
9388-KC75 76 1200 12 1.532 7983 1148
9388-KC76 77 1200 12 1.601 7564 1088
9388-KC77 81 1200 13 1.766 7469 1074
9388-KC78 78 1200 13 1.731 7250 1043
9388-KC79 82 1200 14 1.767 7651 1100
9388-KC80 84 600 14 3.937 3622 521
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Crtdg
num

Conc RH Prior Pkg wt
(g)

Pre-conditioning
wt gain (g)

Prior exposure
wt gain (g)

Breakthrough test
wt gain (g)

Total gain
(g)

46 300 50 No 76.267 14.372 N/A 2.804 17.176
49 300 50 No 76.058 13.732 N/A 3.054 16.786
55 300 50 No 76.015 14.456 N/A 2.954 17.410
56 300 50 No 76.344 14.313 N/A 3.251 17.564
74 300 50 No 76.147 14.577 N/A 3.214 17.791
31 600 50 No 76.333 13.898 N/A 5.124 19.022
32 600 50 No 76.659 13.902 N/A 5.121 19.023
44 600 50 No 76.743 14.114 N/A 5.249 19.363
63 600 50 No 76.296 14.455 N/A 4.728 19.183
84 600 50 No 76.396 14.166 N/A 5.362 19.528
36 1200 50 No 76.721 15.800 N/A 8.024 23.824
39 1200 50 No 76.659 13.337 N/A 8.971 23.308
54 1200 50 No 76.087 14.738 N/A 8.535 23.273
72 1200 50 No 76.160 14.313 N/A 10.217 24.530
73 1200 50 No 76.261 14.208 N/A 10.558 24.766
35 300 80 No 76.204 13.533 N/A 7.251 20.784
47 300 80 No 76.497 14.513 N/A 7.401 21.914
48 300 80 No 76.826 13.779 N/A 7.457 21.236
64 300 80 No 75.984 14.578 N/A 5.477 20.055
65 300 80 No 76.113 14.808 N/A 6.088 20.896
34 600 80 No 76.747 13.497 N/A 11.207 24.704
45 600 80 No 76.812 14.276 N/A 11.643 25.919
62 600 80 No 75.980 14.601 N/A 11.739 26.340
70 600 80 No 75.970 14.614 N/A 11.145 25.759
80 600 80 No 76.059 14.387 N/A 11.629 26.016
37 1200 80 No 76.281 15.367 N/A 12.286 27.653
38 1200 80 No 76.625 13.867 N/A 12.900 26.767
71 1200 80 No 75.947 14.368 N/A 13.354 27.722
81 1200 80 No 76.186 14.271 N/A 12.451 26.722
82 1200 80 No 75.928 14.697 N/A 13.169 27.866
60 300 80 Yes 76.383 14.682 0.980 5.977 21.639
61 300 80 Yes 76.045 14.385 0.729 6.175 21.289
66 300 80 Yes 76.107 14.351 1.590 5.078 21.019
67 300 80 Yes 75.895 14.312 1.713 5.067 21.092
75 300 80 Yes 76.029 14.226 1.809 5.344 21.379
57 600 80 Yes 76.119 14.526 0.880 10.457 25.863
58 600 80 Yes 76.037 14.399 1.031 10.562 25.992
59 600 80 Yes 76.171 14.722 0.959 10.546 26.227
68 600 80 Yes 76.465 13.842 0.767 10.848 25.457
69 600 80 Yes 76.369 14.109 0.856 10.477 25.442
51 1200 80 Yes 76.074 14.372 1.015 11.195 26.582
52 1200 80 Yes 76.128 14.575 0.810 11.708 27.093
76 1200 80 Yes 76.291 14.231 1.609 10.817 26.657
77 1200 80 Yes 76.141 14.098 1.821 11.529 27.448
78 1200 80 Yes 76.070 14.344 1.000 11.778 27.122

Table C-1.  Cartridge weight gains during pre-conditioning at 80 percent relative humidity, prior exposure
to 1200 ppm JP-8 fuel and 80% relative humidity, and breakthrough tests at challenge conditions.  (Tests
were terminated at 20 percent breakthrough of the challenge concentration.)
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options linesize=78 pagesize=60 nodate;
title 'Evaluation of Challenge Conc and RH Treatments at 10% Breakthrough';

* Read the full dataset and use only 80% RH data;
data rh;
        infile 'a:\sas\full.dat';
        input fraction cx conc rh prior time;
        if prior = 1 then delete;
        if fraction ^= 0.1 then delete;

* Group the cells for between-cell comparisons;
if (conc=300 and rh=50) then cell = 1;
if (conc=600 and rh=50) then cell = 2;
if (conc=1200 and rh=50) then cell = 3;
if (conc=300 and rh=80) then cell = 4;
if (conc=600 and rh=80) then cell = 5;
if (conc=1200 and rh=80) then cell = 6;

* Test challenge concentration vs. prior exposure;
proc anova;
        class rh conc;
        model time = rh conc rh*conc;
        means conc / tukey;
        means rh / tukey;

* Test cells for homogeneity of variance & normality,
  and significant difference between means;

proc glm;
        class cell;
        model time = cell;
        means cell / hovtest;

proc univariate plot normal;
        var time;
        by rh conc;

* Test differences between means
* (since there is interaction, must use blocked approach)
proc sort;
        by rh;
proc glm;
        class cell;
        model time = cell;
        means cell / tukey;
                by rh;

proc sort;
        by conc;
proc anova;
        class cell;
        model time = cell;
        means cell / tukey;
                by conc;

proc print;
run;
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Evaluation of Challenge Conc and RH Treatments at 10% Breakthrough

                        Analysis of Variance Procedure
                           Class Level Information

                       Class    Levels    Values

                       RH            2    50 80

                       CONC          3    300 600 1200

                   Number of observations in data set = 30

                       Analysis of Variance Procedure

Dependent Variable: TIME
                                    Sum of           Mean
Source                  DF         Squares         Square   F Value     Pr > F

Model                    5     109011.8667     21802.3733    742.42     0.0001

Error                   24        704.8000        29.3667

Corrected Total         29     109716.6667

                  R-Square            C.V.       Root MSE            TIME Mean

                  0.993576        4.809854       5.419102             112.6667

Source                  DF        Anova SS    Mean Square   F Value     Pr > F

RH                       1     10010.13333    10010.13333    340.87     0.0001
CONC                     2     88983.26667    44491.63333   1515.04     0.0001
RH*CONC                  2     10018.46667     5009.23333    170.58     0.0001

                        Analysis of Variance Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate, but
               generally has a higher type II error rate than REGWQ.

                      Alpha= 0.05  df= 24  MSE= 29.36667
                  Critical Value of Studentized Range= 3.532
                    Minimum Significant Difference= 6.0522

         Means with the same letter are not significantly different.

                Tukey Grouping              Mean      N  CONC

                             A           184.900     10  300

                             B            99.700     10  600

                             C            53.400     10  1200
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Analysis of Variance Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate, but
               generally has a higher type II error rate than REGWQ.

                      Alpha= 0.05  df= 24  MSE= 29.36667
                  Critical Value of Studentized Range= 2.919
                    Minimum Significant Difference= 4.084

         Means with the same letter are not significantly different.

                 Tukey Grouping              Mean      N  RH

                              A           130.933     15  50

                              B            94.400     15  80

                       General Linear Models Procedure
                           Class Level Information

                        Class    Levels    Values

                        CELL          6    1 2 3 4 5 6

                   Number of observations in data set = 30

                       General Linear Models Procedure

Dependent Variable: TIME
                                    Sum of           Mean
Source                  DF         Squares         Square   F Value     Pr > F

Model                    5     109011.8667     21802.3733    742.42     0.0001

Error                   24        704.8000        29.3667

Corrected Total         29     109716.6667

                  R-Square            C.V.       Root MSE            TIME Mean

                  0.993576        4.809854       5.419102             112.6667

Source                  DF       Type I SS    Mean Square   F Value     Pr > F

CELL                     5     109011.8667     21802.3733    742.42     0.0001

Source                  DF     Type III SS    Mean Square   F Value     Pr > F

CELL                     5     109011.8667     21802.3733    742.42     0.0001
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                       General Linear Models Procedure

                 Levene's Test for Equality of TIME Variance
                 ANOVA of Squared Deviations from Group Means

                             Sum of        Mean
     Source          DF      Squares      Square       F Value     Pr > F

     CELL             5      16228.2       3245.6       2.4369     0.0638
     Error           24      31965.2       1331.9

                       General Linear Models Procedure

                 Level of       -------------TI ME------------
                 CELL       N       Mean              SD

                 1          5     228.800000       9.60208311
                 2          5     108.000000       2.34520788
                 3          5      56.000000       3.80788655
                 4          5     141.000000       5.52268051
                 5          5      91.400000       4.39317653
                 6          5      50.800000       3.76828874
      Evaluation of Challenge Conc and RH Treatments at 10% Breakthrough    98



���

----------------------------------- RH=50 ------------------------------------

Univariate Procedure

Variable=TIME

                                   Moments

                   N                15  Sum Wgts         15
                   Mean       130.9333  Sum            1964
                   Std Dev    75.13936  Variance   5645.924
                   Skewness    0.50858  Kurtosis   -1.55749
                   USS          336196  CSS        79042.93
                   CV          57.3875  Std Mean    19.4009
                   T:Mean=0   6.748828  Pr>|T|       0.0001
                   Num ^= 0         15  Num > 0          15
                   M(Sign)         7.5  Pr>=|M|      0.0001
                   Sgn Rank         60  Pr>=|S|      0.0001
                   W:Normal   0.814914  Pr<W         0.0053

                               Quantiles(Def=5)

                    100% Max       243       99%       243
                     75% Q3        221       95%       243
                     50% Med       109       90%       232
                     25% Q1         59       10%        52
                      0% Min        52        5%        52
                                              1%        52
                    Range          191
                    Q3-Q1          162
                    Mode            52

                                   Extremes

                      Lowest    Obs     Highest    Obs
                          52(      14)      219(       2)
                          52(      12)      221(       1)
                          57(      13)      229(       3)
                          59(      11)      232(       4)
                          60(      15)      243(       5)

               Stem Leaf                     #             Boxplot
                  2 22334                    5             +-----+
                  1                                        |     |
                  1 01111                    5             *--+--*
                  0 55666                    5             +-----+
                    ----+----+----+----+
                Multiply Stem.Leaf by 10**+2
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----------------------------------- RH=50 ------------------------------------

Univariate Procedure

Variable=TIME

                                Normal Probability Plot
              225+                              * * *++*+++ *
                 |                            +++++++
                 |                     +**+*++*
               75+        *    * +*+*+*
                  +----+----+----+----+----+----+----+----+----+----+
                      -2        -1         0        +1        +2
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----------------------------------- RH=80 ------------------------------------

                             Univariate Procedure

Variable=TIME

                                   Moments

                   N                15  Sum Wgts         15
                   Mean           94.4  Sum            1416
                   Std Dev    38.41837  Variance   1475.971
                   Skewness   0.146423  Kurtosis   -1.55365
                   USS          154334  CSS         20663.6
                   CV         40.69743  Std Mean   9.919581
                   T:Mean=0   9.516531  Pr>|T|       0.0001
                   Num ^= 0         15  Num > 0          15
                   M(Sign)         7.5  Pr>=|M|      0.0001
                   Sgn Rank         60  Pr>=|S|      0.0001
                   W:Normal    0.87524  Pr<W         0.0405

                               Quantiles(Def=5)

                    100% Max       149       99%       149
                     75% Q3        138       95%       149
                     50% Med        92       90%       144
                     25% Q1         51       10%        49
                      0% Min        47        5%        47
                                              1%        47
                    Range          102
                    Q3-Q1           87
                    Mode            47
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                                   Extremes

                      Lowest    Obs     Highest    Obs
                          47(      13)      135(       1)
                          49(      14)      138(       3)
                          50(      15)      139(       2)
                          51(      11)      144(       5)
                          57(      12)      149(       4)

               Stem Leaf                     #             Boxplot
                 14 49                       2                |
                 12 589                      3             +-----+
                 10                                        |     |
                  8 50237                    5             *--+--*
                  6                                        |     |
                  4 79017                    5             +-----+
                    ----+----+----+----+
                Multiply Stem.Leaf by 10**+1

----------------------------------- RH=80 ------------------------------------

Univariate Procedure

Variable=TIME

                                Normal Probability Plot
              150+                                     *++++*
                 |                              * *+*++
                 |                           +++++
                 |                      **+*+**
                 |                 +++++
               50+        *  ++*++* * *
                  +----+----+----+----+----+----+----+----+----+----+
                      -2        -1         0        +1        +2
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Univariate Procedure
Schematic Plots

Variable=TIME

                         |
                     260 +
                         |
                         |
                         |            |
                     240 +            |
                         |            |
                         |            |
                         |            |
                     220 +         +-----+
                         |         |     |
                         |         |     |
                         |         |     |
                     200 +         |     |
                         |         |     |
                         |         |     |
                         |         |     |
                     180 +         |     |
                         |         |     |
                         |         |     |
                         |         |     |
                     160 +         |     |
                         |         |     |
                         |         |     |        |
                         |         |     |        |
                     140 +         |     |     +-----+
                         |         |     |     |     |
                         |         |  +  |     |     |
                         |         |     |     |     |
                     120 +         |     |     |     |
                         |         |     |     |     |
                         |         *-----*     |     |
                         |         |     |     |     |
                     100 +         |     |     |     |
                         |         |     |     |  +  |
                         |         |     |     *-----*
                         |         |     |     |     |
                      80 +         |     |     |     |
                         |         |     |     |     |
                         |         |     |     |     |
                         |         |     |     |     |
                      60 +         +-----+     |     |
                         |            |        |     |
                         |            |        +-----+
                         |                        |
                      40 +
                          ------------+-----------+-----------
                      RH                50          80
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----------------------------------- RH=50 ------------------------------------

General Linear Models Procedure
Class Level Information

                          Class    Levels    Values

                          CELL          3    1 2 3

                   Number of observations in by group = 15

----------------------------------- RH=50 ------------------------------------

                       General Linear Models Procedure

Dependent Variable: TIME
                                    Sum of           Mean
Source                  DF         Squares         Square   F Value     Pr > F

Model                    2     78594.13333    39297.06667   1050.72     0.0001

Error                   12       448.80000       37.40000

Corrected Total         14     79042.93333

                  R-Square            C.V.       Root MSE            TIME Mean

                  0.994322        4.670739       6.115554             130.9333

Source                  DF       Type I SS    Mean Square   F Value     Pr > F

CELL                     2     78594.13333    39297.06667   1050.72     0.0001

Source                  DF     Type III SS    Mean Square   F Value     Pr > F

CELL                     2     78594.13333    39297.06667   1050.72     0.0001

----------------------------------- RH=50 ------------------------------------

                       General Linear Models Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate, but
               generally has a higher type II error rate than REGWQ.

                        Alpha= 0.05  df= 12  MSE= 37.4
                  Critical Value of Studentized Range= 3.773
                    Minimum Significant Difference= 10.318

         Means with the same letter are not significantly different.

                Tukey Grouping              Mean      N  CELL

                             A           228.800      5  1

                             B           108.000      5  2

                             C            56.000      5  3
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----------------------------------- RH=80 ------------------------------------

                       General Linear Models Procedure
                           Class Level Information

                          Class    Levels    Values

                          CELL          3    4 5 6

                   Number of observations in by group = 15

----------------------------------- RH=80 ------------------------------------

General Linear Models Procedure

Dependent Variable: TIME
                                    Sum of           Mean
Source                  DF         Squares         Square   F Value     Pr > F

Model                    2     20407.60000    10203.80000    478.30     0.0001

Error                   12       256.00000       21.33333

Corrected Total         14     20663.60000

                  R-Square            C.V.       Root MSE            TIME Mean

                  0.987611        4.892799       4.618802             94.40000

Source                  DF       Type I SS    Mean Square   F Value     Pr > F

CELL                     2     20407.60000    10203.80000    478.30     0.0001

Source                  DF     Type III SS    Mean Square   F Value     Pr > F

CELL                     2     20407.60000    10203.80000    478.30     0.0001

----------------------------------- RH=80 ------------------------------------

                       General Linear Models Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate, but
               generally has a higher type II error rate than REGWQ.

                      Alpha= 0.05  df= 12  MSE= 21.33333
                  Critical Value of Studentized Range= 3.773
                    Minimum Significant Difference= 7.793

         Means with the same letter are not significantly different.

                Tukey Grouping              Mean      N  CELL

                             A           141.000      5  4

                             B            91.400      5  5

                             C            50.800      5  6
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---------------------------------- CONC=300 ----------------------------------

                        Analysis of Variance Procedure
                           Class Level Information

                          Class    Levels    Values

                          CELL          2    1 4

                   Number of observations in by group = 10

---------------------------------- CONC=300 ----------------------------------

                        Analysis of Variance Procedure

Dependent Variable: TIME
                                    Sum of           Mean
Source                  DF         Squares         Square   F Value     Pr > F

Model                    1     19272.10000    19272.10000    314.13     0.0001

Error                    8       490.80000       61.35000

Corrected Total          9     19762.90000

                  R-Square            C.V.       Root MSE            TIME Mean

                  0.975166        4.236141       7.832624             184.9000

Source                  DF        Anova SS    Mean Square   F Value     Pr > F

CELL                     1     19272.10000    19272.10000    314.13     0.0001

---------------------------------- CONC=300 ----------------------------------

                        Analysis of Variance Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate, but
               generally has a higher type II error rate than REGWQ.

                        Alpha= 0.05  df= 8  MSE= 61.35
                  Critical Value of Studentized Range= 3.261
                    Minimum Significant Difference= 11.423

         Means with the same letter are not significantly different.

                Tukey Grouping              Mean      N  CELL

                             A           228.800      5  1

                             B           141.000      5  4
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---------------------------------- CONC=600 ----------------------------------

Analysis of Variance Procedure
Class Level Information

                          Class    Levels    Values

                          CELL          2    2 5

                   Number of observations in by group = 10

---------------------------------- CONC=600 ----------------------------------

Analysis of Variance Procedure

Dependent Variable: TIME
                                    Sum of           Mean
Source                  DF         Squares         Square   F Value     Pr > F

Model                    1     688.9000000    688.9000000     55.56     0.0001

Error                    8      99.2000000     12.4000000

Corrected Total          9     788.1000000

                  R-Square            C.V.       Root MSE            TIME Mean

                  0.874128        3.531959       3.521363             99.70000

Source                  DF        Anova SS    Mean Square   F Value     Pr > F

CELL                     1     688.9000000    688.9000000     55.56     0.0001

---------------------------------- CONC=600 ----------------------------------

                        Analysis of Variance Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate, but
               generally has a higher type II error rate than REGWQ.

                        Alpha= 0.05  df= 8  MSE= 12.4
                  Critical Value of Studentized Range= 3.261
                    Minimum Significant Difference= 5.1357

         Means with the same letter are not significantly different.

                Tukey Grouping              Mean      N  CELL

                             A           108.000      5  2

                             B            91.400      5  5
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--------------------------------- CONC=1200 ----------------------------------

Analysis of Variance Procedure
Class Level Information

                          Class    Levels    Values

                          CELL          2    3 6

                   Number of observations in by group = 10

--------------------------------- CONC=1200 ----------------------------------

Analysis of Variance Procedure

Dependent Variable: TIME
                                    Sum of           Mean
Source                  DF         Squares         Square   F Value     Pr > F

Model                    1     67.60000000    67.60000000      4.71     0.0618

Error                    8    114.80000000    14.35000000

Corrected Total          9    182.40000000

                  R-Square            C.V.       Root MSE            TIME Mean

                  0.370614        7.093894       3.788139             53.40000

Source                  DF        Anova SS    Mean Square   F Value     Pr > F

CELL                     1     67.60000000    67.60000000      4.71     0.0618

--------------------------------- CONC=1200 ----------------------------------

                        Analysis of Variance Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate, but
               generally has a higher type II error rate than REGWQ.

                        Alpha= 0.05  df= 8  MSE= 14.35
                  Critical Value of Studentized Range= 3.261
                    Minimum Significant Difference= 5.5247

         Means with the same letter are not significantly different.

                Tukey Grouping              Mean      N  CELL

                             A            56.000      5  3
                             A
                             A            50.800      5  6
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        OBS    FRACTION     CX    CONC    RH    PRIOR    TIME    CELL

          1       0.1       30     300    50      0       221      1
          2       0.1       30     300    50      0       219      1
          3       0.1       30     300    50      0       229      1
          4       0.1       30     300    50      0       232      1
          5       0.1       30     300    50      0       243      1
          6       0.1       30     300    80      0       135      4
          7       0.1       30     300    80      0       139      4
          8       0.1       30     300    80      0       138      4
          9       0.1       30     300    80      0       149      4
         10       0.1       30     300    80      0       144      4
         11       0.1       60     600    50      0       108      2
         12       0.1       60     600    50      0       109      2
         13       0.1       60     600    50      0       104      2
         14       0.1       60     600    50      0       110      2
         15       0.1       60     600    50      0       109      2
         16       0.1       60     600    80      0        92      5
         17       0.1       60     600    80      0        85      5
         18       0.1       60     600    80      0        93      5
         19       0.1       60     600    80      0        90      5
         20       0.1       60     600    80      0        97      5
         21       0.1      120    1200    50      0        59      3
         22       0.1      120    1200    50      0        52      3
         23       0.1      120    1200    50      0        57      3
         24       0.1      120    1200    50      0        52      3
         25       0.1      120    1200    50      0        60      3
         26       0.1      120    1200    80      0        51      6
         27       0.1      120    1200    80      0        57      6
         28       0.1      120    1200    80      0        47      6
         29       0.1      120    1200    80      0        49      6
         30       0.1      120    1200    80      0        50      6
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options linesize=78 pagesize=60 nodate;
title 'Evaluation of Challenge Conc and PE Treatment at 10% Breakthrough';

* Read the full dataset and use only 80% RH data;
data prior;
        infile 'a:\sas\full.dat';
        input fraction cx conc rh prior time;
        if rh = 50 then delete;
        if fraction ^= 0.1 then delete;

* Group the cells for between-cell comparisons;
if (conc=300 and prior=0) then cell = 1;
if (conc=600 and prior=0) then cell = 2;
if (conc=1200 and prior=0) then cell = 3;
if (conc=300 and prior=1) then cell = 4;
if (conc=600 and prior=1) then cell = 5;
if (conc=1200 and prior=1) then cell = 6;

* Test challenge concentration vs. prior exposure;
proc anova;
        class prior conc;
        model time = prior conc prior*conc;
        means conc / tukey;
        means prior / tukey;

* Test cells for homogeneity of variance, normality,
  and significant difference between means;
proc glm;
        class cell;
        model time = cell;
        means cell / hovtest tukey;
proc univariate plot normal;
        var time;
        by prior conc;
proc print;
run;
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Evaluation of Challenge Conc and PE Treatment at 10% Breakthrough

                        Analysis of Variance Procedure
                           Class Level Information

                       Class    Levels    Values

                       PRIOR         2    0 1

                       CONC          3    300 600 1200

                   Number of observations in data set = 30

                        Analysis of Variance Procedure

Dependent Variable: TIME
                                    Sum of           Mean
Source                  DF         Squares         Square   F Value     Pr > F

Model                    5     39296.56667     7859.31333    452.99     0.0001

Error                   24       416.40000       17.35000

Corrected Total         29     39712.96667

                  R-Square            C.V.       Root MSE            TIME Mean

                  0.989515        4.609369       4.165333             90.36667

Source                  DF        Anova SS    Mean Square   F Value     Pr > F

PRIOR                    1       488.03333      488.03333     28.13     0.0001
CONC                     2     38768.46667    19384.23333   1117.25     0.0001
PRIOR*CONC               2        40.06667       20.03333      1.15     0.3321

                        Analysis of Variance Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate, but
               generally has a higher type II error rate than REGWQ.

                       Alpha= 0.05  df= 24  MSE= 17.35
                  Critical Value of Studentized Range= 3.532
                    Minimum Significant Difference= 4.6519

         Means with the same letter are not significantly different.

                Tukey Grouping              Mean      N  CONC

                             A           136.200     10  300

                             B            86.500     10  600

                             C            48.400     10  1200
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Analysis of Variance Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate, but
               generally has a higher type II error rate than REGWQ.

                       Alpha= 0.05  df= 24  MSE= 17.35
                  Critical Value of Studentized Range= 2.919
                    Minimum Significant Difference= 3.1391

         Means with the same letter are not significantly different.

                Tukey Grouping              Mean      N  PRIOR

                             A            94.400     15  0

                             B            86.333     15  1

                       General Linear Models Procedure
                           Class Level Information

                        Class    Levels    Values

                        CELL          6    1 2 3 4 5 6

                   Number of observations in data set = 30

                       General Linear Models Procedure

Dependent Variable: TIME
                                    Sum of           Mean
Source                  DF         Squares         Square   F Value     Pr > F

Model                    5     39296.56667     7859.31333    452.99     0.0001

Error                   24       416.40000       17.35000

Corrected Total         29     39712.96667

                  R-Square            C.V.       Root MSE            TIME Mean

                  0.989515        4.609369       4.165333             90.36667

Source                  DF       Type I SS    Mean Square   F Value     Pr > F

CELL                     5     39296.56667     7859.31333    452.99     0.0001

Source                  DF     Type III SS    Mean Square   F Value     Pr > F

CELL                     5     39296.56667     7859.31333    452.99     0.0001
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General Linear Models Procedure

                 Levene's Test for Equality of TIME Variance
                 ANOVA of Squared Deviations from Group Means

                             Sum of        Mean
     Source          DF      Squares      Square       F Value     Pr > F

     CELL             5        846.6        169.3       0.6156     0.6890
     Error           24       6601.7        275.1

                       General Linear Models Procedure

           Tukey's Studentized Range (HSD) Test for variable: TIME

         NOTE: This test controls the type I experimentwise error rate, but
               generally has a higher type II error rate than REGWQ.

                       Alpha= 0.05  df= 24  MSE= 17.35
                  Critical Value of Studentized Range= 4.373
                    Minimum Significant Difference= 8.1454

         Means with the same letter are not significantly different.

                Tukey Grouping              Mean      N  CELL

                             A           141.000      5  1

                             B           131.400      5  4

                             C            91.400      5  2

                             D            81.600      5  5

                             E            50.800      5  3
                             E
                             E            46.000      5  6
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------------------------------ PRIOR=0 CONC=300 ------------------------------

Univariate Procedure

Variable=TIME

                                   Moments

                   N                 5  Sum Wgts          5
                   Mean            141  Sum             705
                   Std Dev    5.522681  Variance       30.5
                   Skewness   0.712412  Kurtosis   -0.51545
                   USS           99527  CSS             122
                   CV         3.916795  Std Mean   2.469818
                   T:Mean=0   57.08923  Pr>|T|       0.0001
                   Num ^= 0          5  Num > 0           5
                   M(Sign)         2.5  Pr>=|M|      0.0625
                   Sgn Rank        7.5  Pr>=|S|      0.0625
                   W:Normal   0.947621  Pr<W         0.7275

                               Quantiles(Def=5)

                    100% Max       149       99%       149
                     75% Q3        144       95%       149
                     50% Med       139       90%       149
                     25% Q1        138       10%       135
                      0% Min       135        5%       135
                                              1%       135
                    Range           14
                    Q3-Q1            6
                    Mode           135

                                   Extremes

                      Lowest    Obs     Highest    Obs
                         135(       1)      135(       1)
                         138(       3)      138(       3)
                         139(       2)      139(       2)
                         144(       5)      144(       5)
                         149(       4)      149(       4)

               Stem Leaf                     #             Boxplot
                148 0                        1                |
                146                                           |
                144 0                        1             +-----+
                142                                        |     |
                140                                        |  +  |
                138 00                       2             *-----*
                136                                           |
                134 0                        1                |
                    ----+----+----+----+
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------------------------------ PRIOR=0 CONC=300 ------------------------------

Univariate Procedure

Variable=TIME

                                Normal Probability Plot
              149+                                     *++++
                 |                                   +++
                 |                              *++++
                 |                           ++++
                 |                        +++
                 |                    *+++ *
                 |                ++++
              135+             *++
                  +----+----+----+----+----+----+----+----+----+----+
                      -2        -1         0        +1        +2
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------------------------------ PRIOR=0 CONC=600 ------------------------------

Univariate Procedure

Variable=TIME

                                   Moments

                   N                 5  Sum Wgts          5
                   Mean           91.4  Sum             457
                   Std Dev    4.393177  Variance       19.3
                   Skewness   -0.41751  Kurtosis   0.965664
                   USS           41847  CSS            77.2
                   CV         4.806539  Std Mean   1.964688
                   T:Mean=0   46.52138  Pr>|T|       0.0001
                   Num ^= 0          5  Num > 0           5
                   M(Sign)         2.5  Pr>=|M|      0.0625
                   Sgn Rank        7.5  Pr>=|S|      0.0625
                   W:Normal   0.980238  Pr<W         0.9224

                               Quantiles(Def=5)

                    100% Max        97       99%        97
                     75% Q3         93       95%        97
                     50% Med        92       90%        97
                     25% Q1         90       10%        85
                      0% Min        85        5%        85
                                              1%        85
                    Range           12
                    Q3-Q1            3
                    Mode            85

                                   Extremes

                      Lowest    Obs     Highest    Obs
                          85(       2)       85(       2)
                          90(       4)       90(       4)
                          92(       1)       92(       1)
                          93(       3)       93(       3)
                          97(       5)       97(       5)

               Stem Leaf                     #             Boxplot
                 96 0                        1                |
                 94                                           |
                 92 00                       2             +-----+
                 90 0                        1             +--+--+
                 88
                 86
                 84 0                        1                0
                    ----+----+----+----+
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------------------------------ PRIOR=0 CONC=600 ------------------------------

Univariate Procedure

Variable=TIME

                                Normal Probability Plot
               97+                                    +*+++
                 |                               +++++
                 |                         * +++*
               91+                    * +++++
                 |                  ++++
                 |             +++++
               85+         ++++*
                  +----+----+----+----+----+----+----+----+----+----+
                      -2        -1         0        +1        +2
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----------------------------- PRIOR=0 CONC=1200 ------------------------------

Univariate Procedure

Variable=TIME

                                   Moments

                   N                 5  Sum Wgts          5
                   Mean           50.8  Sum             254
                   Std Dev    3.768289  Variance       14.2
                   Skewness   1.379189  Kurtosis   2.520333
                   USS           12960  CSS            56.8
                   CV         7.417891  Std Mean    1.68523
                   T:Mean=0   30.14425  Pr>|T|       0.0001
                   Num ^= 0          5  Num > 0           5
                   M(Sign)         2.5  Pr>=|M|      0.0625
                   Sgn Rank        7.5  Pr>=|S|      0.0625
                   W:Normal   0.894664  Pr<W         0.3786

                               Quantiles(Def=5)

                    100% Max        57       99%        57
                     75% Q3         51       95%        57
                     50% Med        50       90%        57
                     25% Q1         49       10%        47
                      0% Min        47        5%        47
                                              1%        47
                    Range           10
                    Q3-Q1            2
                    Mode            47

                                   Extremes

                      Lowest    Obs     Highest    Obs
                          47(       3)       47(       3)
                          49(       4)       49(       4)
                          50(       5)       50(       5)
                          51(       1)       51(       1)
                          57(       2)       57(       2)

               Stem Leaf                     #             Boxplot
                 56 0                        1                0
                 54
                 52
                 50 00                       2             +--+--+
                 48 0                        1             +-----+
                 46 0                        1                |
                    ----+----+----+----+
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----------------------------- PRIOR=0 CONC=1200 ------------------------------

Univariate Procedure

Variable=TIME

                                Normal Probability Plot
               57+                                     * ++++++
                 |                                  +++++
                 |                             +++++
                 |                       ++*+++ *
                 |                  ++*++
               47+             *++++
                  +----+----+----+----+----+----+----+----+----+----+
                      -2        -1         0        +1        +2
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------------------------------ PRIOR=1 CONC=300 ------------------------------

Univariate Procedure

Variable=TIME

                                   Moments

                   N                 5  Sum Wgts          5
                   Mean          131.4  Sum             657
                   Std Dev    4.219005  Variance       17.8
                   Skewness   -0.83091  Kurtosis   0.581366
                   USS           86401  CSS            71.2
                   CV          3.21081  Std Mean   1.886796
                   T:Mean=0   69.64186  Pr>|T|       0.0001
                   Num ^= 0          5  Num > 0           5
                   M(Sign)         2.5  Pr>=|M|      0.0625
                   Sgn Rank        7.5  Pr>=|S|      0.0625
                   W:Normal   0.961922  Pr<W         0.8204

                               Quantiles(Def=5)

                    100% Max       136       99%       136
                     75% Q3        134       95%       136
                     50% Med       132       90%       136
                     25% Q1        130       10%       125
                      0% Min       125        5%       125
                                              1%       125
                    Range           11
                    Q3-Q1            4
                    Mode           125

                                   Extremes

                      Lowest    Obs     Highest    Obs
                         125(       3)      125(       3)
                         130(       2)      130(       2)
                         132(       4)      132(       4)
                         134(       5)      134(       5)
                         136(       1)      136(       1)

               Stem Leaf                     #             Boxplot
                136 0                        1                |
                134 0                        1             +-----+
                132 0                        1             *-----*
                130 0                        1             +--+--+
                128                                           |
                126                                           |
                124 0                        1                |
                    ----+----+----+----+
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------------------------------ PRIOR=1 CONC=300 ------------------------------

Univariate Procedure

Variable=TIME

                                Normal Probability Plot
              137+                                    +*+++
                 |                              * ++++
                 |                         * +++++
              131+                    * +++++
                 |                 +++++
                 |             ++++
              125+        +++++*
                  +----+----+----+----+----+----+----+----+----+----+
                      -2        -1         0        +1        +2
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------------------------------ PRIOR=1 CONC=600 ------------------------------

Univariate Procedure

Variable=TIME

                                   Moments

                   N                 5  Sum Wgts          5
                   Mean           81.6  Sum             408
                   Std Dev    3.435113  Variance       11.8
                   Skewness   -0.60689  Kurtosis   -2.03821
                   USS           33340  CSS            47.2
                   CV         4.209697  Std Mean   1.536229
                   T:Mean=0   53.11708  Pr>|T|       0.0001
                   Num ^= 0          5  Num > 0           5
                   M(Sign)         2.5  Pr>=|M|      0.0625
                   Sgn Rank        7.5  Pr>=|S|      0.0625
                   W:Normal   0.901556  Pr<W         0.4155

                               Quantiles(Def=5)

                    100% Max        85       99%        85
                     75% Q3         84       95%        85
                     50% Med        83       90%        85
                     25% Q1         79       10%        77
                      0% Min        77        5%        77
                                              1%        77
                    Range            8
                    Q3-Q1            5
                    Mode            77

                                   Extremes

                      Lowest    Obs     Highest    Obs
                          77(       1)       77(       1)
                          79(       4)       79(       4)
                          83(       3)       83(       3)
                          84(       2)       84(       2)
                          85(       5)       85(       5)

               Stem Leaf                     #             Boxplot
                 85 0                        1                |
                 84 0                        1             +-----+
                 83 0                        1             *-----*
                 82                                        |     |
                 81                                        |  +  |
                 80                                        |     |
                 79 0                        1             +-----+
                 78                                           |
                 77 0                        1                |
                    ----+----+----+----+
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------------------------------ PRIOR=1 CONC=600 ------------------------------

Univariate Procedure

Variable=TIME

                                Normal Probability Plot
             85.5+                                   ++*
                 |                              * +++
                 |                         *    ++
                 |                           +++
             81.5+                        +++
                 |                     +++
                 |                  ++*
                 |               +++
             77.5+            +*+
                  +----+----+----+----+----+----+----+----+----+----+
                      -2        -1         0        +1        +2
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----------------------------- PRIOR=1 CONC=1200 ------------------------------

Univariate Procedure

Variable=TIME

                                   Moments

                   N                 5  Sum Wgts          5
                   Mean             46  Sum             230
                   Std Dev     3.24037  Variance       10.5
                   Skewness   -0.58782  Kurtosis   -2.89796
                   USS           10622  CSS              42
                   CV         7.044283  Std Mean   1.449138
                   T:Mean=0   31.74302  Pr>|T|       0.0001
                   Num ^= 0          5  Num > 0           5
                   M(Sign)         2.5  Pr>=|M|      0.0625
                   Sgn Rank        7.5  Pr>=|S|      0.0625
                   W:Normal   0.817247  Pr<W         0.1095

                               Quantiles(Def=5)

                    100% Max        49       99%        49
                     75% Q3         48       95%        49
                     50% Med        48       90%        49
                     25% Q1         43       10%        42
                      0% Min        42        5%        42
                                              1%        42
                    Range            7
                    Q3-Q1            5
                    Mode            48

                                   Extremes

                      Lowest    Obs     Highest    Obs
                          42(       3)       42(       3)
                          43(       4)       43(       4)
                          48(       5)       48(       2)
                          48(       2)       48(       5)
                          49(       1)       49(       1)

               Stem Leaf                     #             Boxplot
                 49 0                        1                |
                 48 00                       2             +-----+
                 47                                        |     |
                 46                                        |  +  |
                 45                                        |     |
                 44                                        |     |
                 43 0                        1             +-----+
                 42 0                        1                |
                    ----+----+----+----+
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----------------------------- PRIOR=1 CONC=1200 ------------------------------

Univariate Procedure

Variable=TIME

                                Normal Probability Plot
             49.5+                                   ++*
                 |                         *    * +++
                 |                             +++
                 |                         ++++
                 |                      +++
                 |                   +++
                 |                +++ *
             42.5+             *++
                  +----+----+----+----+----+----+----+----+----+----+
                      -2        -1         0        +1        +2
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                             Univariate Procedure
                               Schematic Plots

Variable=TIME

             |
         150 +            |
             |            |
             |         +-----+
             |         |     |
         140 +         *--+--*
             |         +-----+
             |            |                                +-----+
             |                                             *--+--*
         130 +                                             +-----+
             |                                                |
             |                                                |
             |
         120 +
             |
             |
             |
         110 +
             |
             |
             |
         100 +
             |                        |
             |                        |
             |                     *--+--*
          90 +                     +-----+
             |
             |                        0
             |
          80 +
             |
             |
             |
          70 +
             |
             |
             |
          60 +
             |                                    0
             |
             |
          50 +                                 *--+--*
             |                                    |
             |
             |
          40 +
              ------------+-----------+-----------+-----------+-----------
        CONC               300         600        1200         300
       PRIOR                 0           0           0           1
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                             Univariate Procedure
                               Schematic Plots

Variable=TIME

             |
         150 +
             |
             |
             |
         140 +
             |
             |
             |
         130 +
             |
             |
             |
         120 +
             |
             |
             |
         110 +
             |
             |
             |
         100 +
             |
             |
             |
          90 +
             |
             |         +-----+
             |         *--+--*
          80 +         +-----+
             |            |
             |
             |
          70 +
             |
             |
             |
          60 +
             |
             |
             |
          50 +                        |
             |                     *-----*
             |                     |  +  |
             |                     +-----+
          40 +
              ------------+-----------+-----------
        CONC               600        1200
       PRIOR                 1           1
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         OBS    FRACTION     CX    CONC    RH    PRIOR    TIME    CELL

          1       0.1       30     300    80      0       135      1
          2       0.1       30     300    80      0       139      1
          3       0.1       30     300    80      0       138      1
          4       0.1       30     300    80      0       149      1
          5       0.1       30     300    80      0       144      1
          6       0.1       60     600    80      0        92      2
          7       0.1       60     600    80      0        85      2
          8       0.1       60     600    80      0        93      2
          9       0.1       60     600    80      0        90      2
         10       0.1       60     600    80      0        97      2
         11       0.1      120    1200    80      0        51      3
         12       0.1      120    1200    80      0        57      3
         13       0.1      120    1200    80      0        47      3
         14       0.1      120    1200    80      0        49      3
         15       0.1      120    1200    80      0        50      3
         16       0.1       30     300    80      1       136      4
         17       0.1       30     300    80      1       130      4
         18       0.1       30     300    80      1       125      4
         19       0.1       30     300    80      1       132      4
         20       0.1       30     300    80      1       134      4
         21       0.1       60     600    80      1        77      5
         22       0.1       60     600    80      1        84      5
         23       0.1       60     600    80      1        83      5
         24       0.1       60     600    80      1        79      5
         25       0.1       60     600    80      1        85      5
         26       0.1      120    1200    80      1        49      6
         27       0.1      120    1200    80      1        48      6
         28       0.1      120    1200    80      1        42      6
         29       0.1      120    1200    80      1        43      6
         30       0.1      120    1200    80      1        48      6
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Table E-1 .  Generalized Yoon and Nelson equation curve fit results for 50
percent relative humidity and 300 ppm fuel vapor test conditions, using
breatkthrough times at 1%, 5%, 10%, and 20% of challenge concentration.
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Table E-2 .  Generalized Yoon and Nelson equation curve fit results for 50
percent relative humidity and 600 ppm fuel vapor test conditions, using
breatkthrough times at 1%, 5%, 10%, and 20% of challenge concentration.
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Table E-3 .  Generalized Yoon and Nelson equation curve fit results for 50
percent relative humidity and 1200 ppm fuel vapor test conditions, using
breatkthrough times at 1%, 5%, 10%, and 20% of challenge concentration.
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Table E-4 .  Generalized Yoon and Nelson equation curve fit results for 80
percent relative humidity and 300 ppm fuel vapor test condition (no prior
exposure to fuel), using breatkthrough times at 1%, 5%, 10%, and 20% of
challenge concentration.
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Table E-5 .  Generalized Yoon and Nelson equation curve fit results for 80
percent relative humidity and 600 ppm fuel vapor test condition (no prior
exposure to fuel), using breatkthrough times at 1%, 5%, 10%, and 20% of
challenge concentration.
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Table E-6 .  Generalized Yoon and Nelson equation curve fit results for 80
percent relative humidity and 1200 ppm fuel vapor test condition (no prior
exposure to fuel), using breatkthrough times at 1%, 5%, 10%, and 20% of
challenge concentration.
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Table E-7 .  Generalized Yoon and Nelson equation curve fit results for 80
percent relative humidity and 300 ppm fuel vapor test condition (with prior
exposure to fuel), using breatkthrough times at 1%, 5%, 10%, and 20% of
challenge concentration.
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Table E-8 .  Generalized Yoon and Nelson equation curve fit results for 80
percent relative humidity and 600 ppm fuel vapor test condition (with prior
exposure to fuel), using breatkthrough times at 1%, 5%, 10%, and 20% of
challenge concentration.
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Table E-9 .  Generalized Yoon and Nelson equation curve fit results for 80
percent relative humidity and 1200 ppm fuel vapor test condition (with prior
exposure to fuel), using breatkthrough times at 1%, 5%, 10%, and 20% of
challenge concentration.
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