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3. Results and Discussions 
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Experimental Conditions Experimental Results

E xperiment # Dilution
Additional 

Air-b lowing 

max O 3  

ppm

Cabinet load        

(S ingle jacket/Full 

rack)       S  / F

Control Gear,        

cfu 

T est Gear,      

cfu 

M icrobial kill 

rate, %

Average 

microbial kill 

rate,%

1 no no 490 S 1492 179 88.0

2 no no 490 S 532 66 87.6

3 no no 490 S 1152 16 98.6

4 no no 536 S 2208 26 98.8

5 no no 536 S 2400 93 96.1

6 no no 536 S 4056 190 95.3

7 yes no 490 S 1920 1 99.9

8 yes no 490 S 552 3 99.5

9 yes no 490 S 716 3 99.6

10 yes no 536 S 3048 18 99.4

11 yes no 536 S 1192 3 99.7

12 yes no 536 S 2672 2 99.9

13 no no 86 F 7952 512 93.6

14 no no 86 F 3344 296 91.1

15 no no 86 F 3664 216 94.1

16 no no 107 F 3312 316 90.5

17 no no 107 F 2848 118 95.9

18 no no 107 F 1792 264 85.3

19 no no 120 F 108 50 53.7

20 yes no 86 F 75 6 92.0

21 yes no 86 F 130 0 100.0

22 yes no 86 F 48 2 95.8

23 yes no 107 F 50 2 96.0

24 yes no 107 F 64 4 93.8

25 yes no 107 F 41 2 95.1

26 yes no 120 F 400 52 87.0

27 yes no 120 F 588 179 69.6

28 yes yes 15 F 91 17 81.3

29 yes yes 15 F 82 25 69.5

30 yes yes 30 F 1084 116 89.3

31 yes yes 30 F 1000 111 88.9

32 yes yes 43 F 1256 90 92.8

33 yes yes 43 F 1424 19 98.7

34 yes yes 30 F 234 24 89.7

35 yes yes 30 F 321 14 95.6

36 yes yes 43 F 378 12 96.8

37 yes yes 43 F 268 7 97.4

99.7

86.3

91.2

90.0

94.1
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Experimental Conditions Experimental Results

E xperiment # Dilution
Additional 

Air-blowing 

max O 3  

ppm

Cabinet load        

(S ingle jacket/Full 

rack)       S  / F

Control Gear,        

cfu 

T est Gear,      

cfu 

M icrobial kill 

rate, %

Average 

microbial kill 

rate,%

1 no no 490 S 4112 10 99.8

2 no no 490 S 1744 33 98.1

3 no no 490 S 5088 3 99.9

4 no no 536 S 1832 7 99.6

5 no no 536 S 1584 57 96.4

6 no no 536 S 6064 1 100.0

7 yes no 490 S 1128 356 68.4

8 yes no 490 S 564 7 98.8

9 yes no 490 S 2432 2 99.9

10 yes no 536 S 1920 1 99.9

11 yes no 536 S 1168 3 99.7

12 yes no 536 S 1648 0 100.0

13 no no 86 F 2936 53 98.2

14 no no 86 F 880 184 79.1

15 no no 86 F 1312 8 99.4

16 no no 107 F 1568 32 98.0

17 no no 107 F 696 14 98.0

18 no no 107 F 928 92 90.1

19 yes no 86 F 496 6 98.8

20 yes no 86 F 752 2 99.7

21 yes no 86 F 920 51 94.5

22 yes no 107 F 880 152 82.7

23 yes no 107 F 648 140 78.4

24 yes no 107 F 592 11 98.1

94.5

93.8

92.0

99.0
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Table 4. Fabric testing 

Fabric parameters were tested for Gear set that was subjected to repeated sanitization cycles in Sani Sport cabinet 
(Active Gear) and brand new Gear set (Inactive Gear). 

 

 

MOISTURE 

LEAK

SHELL 

STRENGTH 

TRIM 

REFLECTABILITY

THREAD 

STRENGTH

PS/PL 2014456 FYREPEL Feb-13 36-30 FS-P4011 PASS PASS PASS PASS

PS/PL 2013461 FYREPEL 12-Aug 40-30 FS-P4005 PASS PASS PASS PASS

CS/CL 2013605 FYREPEL 12-Sep 42 FS-C4007 PASS PASS PASS PASS

CS/CL 2013444 FYREPEL 12-Aug 44 FS-C4042 PASS PASS PASS PASS

CS/CL 4602584 GLOBE 13-Oct 46 FS-C4042 PASS PASS PASS PASS

CS/CL 2013626 FYREPEL 13-Sep 46 FS-C4003 PASS PASS PASS PASS

CS/CL 4602573 GLOBE 13-Oct 42 FS-C4045 PASS PASS PASS PASS

PS/PL 4602604 GLOBE 13-Oct 38/30 FS-P4043 PASS PASS PASS PASS

PS/PL 2014403 FYREPEL 13-Feb 40/30 FS-P4010 PASS PASS PASS PASS

PS/PL 4602605 GLOBE 13-Oct 38/30 FS-P4036 PASS PASS PASS PASS

PS/PL 2014390 FYREPEL 12-Aug 40/30 FS-P4006 PASS PASS PASS PASS

PS/PL 4602594 GLOBE 13-Oct 38/28 FS-P4037 PASS PASS PASS PASS

CS/CL 2013442 FYREPEL 12-Aug 44 FS-C4008 PASS PASS PASS PASS

CS/CL 2013449 FYREPEL 12-Aug 46 FS-C4004 PASS PASS PASS PASS

CS/CL 2014733 FYREPEL 13-Feb 40 FS-C4005 PASS PASS PASS PASS

CS/CL 4602580 GLOBE 13-Oct 46 FS-C4044 PASS PASS PASS PASS

HELMET #11 CAIRNS  

SIZE
COMMENT 

&NAME
GEAR SET

ACTIVE GEAR

INACTIVE GEAR

Fabric testing results
ITEM SERIAL MANU YEAR
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4. Conclusion 
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5. Recommendations and Further 
Directions 

 

 

 

 

 
  



23 
 

6. References 

 

http://www.sciencedirect.com/science/article/pii/S004313541400493X
http://www.sciencedirect.com/science/article/pii/S004313541400493X
http://www.sciencedirect.com/science/journal/00431354
http://www.sciencedirect.com/science/journal/00431354/64/supp/C


 
 

 

Appendices 

 



ii 
 

 

  

  

Appendix 1 



iii 
 

1971 Bond Street.  North Bay, Ontario P1B 4V7 

Tel.: 705 476-4022    

1-888-NSERVUS(673-7887)    

Fax: 705 476-6474 

inservus@bellnet.ca 
24 Hour Emergency Response  
 

 

 

 

 

 

 
Kevin Graham 
Industrial Operations Coordinator 
Lambton College 
School of Fire & Public Safety  
519-542-7751 
 
April 17, 2015 
 
RE: Bunker Gear (Personal Protective Equipment) Testing 
 
Dear Mr. Graham, 
 

Inservus Management Systems is a verified third party service provider for clean and repair of personal 
protective equipment and are authorized to do so by Underwriters Laboratories. As per your request, we 
have recently performed a series of testing procedures on PPE that you have provided to us. 
 
Your inventory of gear consisted of one helmet, five bunker coats and two bunker pants that are 
currently active (used) and four bunker coats and five bunker pants that are inactive (new) in the fire 
industry. 
 
The testing procedures performed on your PPE ( Moisture Leak, Shell Strength, Trim Reflectiveness, 
Thread Strength, Moisture/Thermal Evaluation) are outlined in this document along with the PPE testing 
and results in the excel spreadsheet provided. 
 
The results of testing performed by Inservus Management Systems were all positive and indicate that 
there is no sign of deterioration of the bunker gear components, as a result, your bunker gear is safe to 
wear and is recommended for active service in the fire industry. 
 
If you require further information regarding our finding, please feel free to contact us anytime. Thank you 
for your continued business and have a fire safe day! 
 
Best Regards,  
Mike Croghan 
Quality Assurance Manager 
Inservus Management Systems  
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MOISTURE LEAK TESTING 

This evaluation method is applied to the moisture and thermal barrier liners found in the 
structural firefighting protective garment elements. At a minimum, the front and back 
panels of each protective garment shall be evaluated using three different moisture 
barrier material areas and three different moisture barrier areas with a seam. The 
evaluation apparatus consist of a hydrostatic fluid tester that provides for the 
pressurization of water against garment element moisture barrier at a pressure of 1 PSI 
for a period of 10 seconds. 

 

SHELL STRENGTH TESTING 

The outer shell material will be thoroughly checked for strength and integrity by 
aggressive flexing of the material and the attempts to push a finger or thumb through 
the fabric. Any loss of strength or weakening of the material to the degree that the 
material can be torn with manual pressure will indicate signs of deterioration of the 
garment.  

 

TRIM REFLECTABILITY 

Material discoloration can indicate many types of possible damage including but not 
limited to heat degradation, UV damage and chemical contamination. Visibility markings 
can appear to the human eye to be undamaged when actually they have lost much of 
their ability to reflect. Retro-reflective properties are checked by following the flashlight 
test. This is performed by standing twelve metres from the trim being tested against new 
trim, holding a bright focused flashlight at eye level aiming the light beam at the two 
samples. If the reflective light from the trim being tested is substantially less than the 
light reflective of the new trim, this will indicate damage to the trim. 

 

THREAD STRENGHT  

Using the outer or inseam of the garment, one seam stitch shall be opened 
approximately five inches in length. A pulling device is then applied to both sides of the 
seam, the thread should be able to withstand manual exertion force without breaking 
the thread. 

 

MOISTURE/THERMAL LIGHT EVALUATION 
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This evaluation method applies to liner composites of the protective garment. Specific 
areas of the body panels that shall be evaluated include the upper back, shoulders, 
underarms, sleeves, crotch  and leg area. The apparatus used to perform the light 
evaluation will consist of a strong light source that will show the changes in density of 
the liner materials when viewed. The evaluation is conducted by separating the liner 
from the outer shell, positioning the light source near the moisture barrier so that light 
passes through the moisture barrier and then through the thermal barrier. 
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Table 2 E.coli Gear Testing

Experimental Conditions Experimental Results

T est #
Diluted 

cultures
Air-blowing max O 3  ppm

S ingle jacket / 

Full rack   S /F

Control, cfu 

(OUT )
T est, cfu ( IN)

M icrobial kill 

rate, %

Average 

microbial kill  

rate,   %

7 yes no 490 S 1920 1 99.9 99.7

8 yes no 490 S 552 3 99.5

9 yes no 490 S 716 3 99.6

10 yes no 536 S 3048 18 99.4

11 yes no 536 S 1192 3 99.7

12 yes no 536 S 2672 2 99.9
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Table 2 E.coli Gear Testing

Experimental Conditions Experimental Results

T est #
Diluted 

cultures
Air-blowing max O 3  ppm

S ingle jacket / 

Full rack   S /F

Control, cfu 

(OUT )
T est, cfu ( IN)

M icrobial kill 

rate, %

Average 

microbial kill  

rate,   %

13 no no 86 F 7952 512 93.6 86.3

14 no no 86 F 3344 296 91.1

15 no no 86 F 3664 216 94.1

16 no no 107 F 3312 316 90.5

17 no no 107 F 2848 118 95.9

18 no no 107 F 1792 264 85.3

19 no no 120 F 108 50 53.7
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Table 2 E.coli Gear Testing

Experimental Conditions Experimental Results

T est #
Diluted 

cultures
Air-blowing max O 3  ppm

S ingle jacket / 

Full rack   S /F

Control, cfu 

(OUT )
T est, cfu ( IN)

M icrobial kill 

rate, %

Average 

microbial kill  

rate,   %

20 yes no 86 F 644 78 87.9 91.4

21 yes no 86 F 1440 1 99.9

22 yes no 86 F 880 12 98.6

23 yes no 107 F 864 26 97.0

24 yes no 107 F 952 45 95.3

25 yes no 107 F 1520 58 96.2

26 yes no 120 F 400 52 87.0

27 yes no 120 F 588 179 69.6
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Table 2 E.coli Gear Testing

Experimental Conditions Experimental Results

T est #
Diluted 

cultures
Air-blowing max O 3  ppm

S ingle jacket / 

Full rack   S /F

Control, cfu 

(OUT )
T est, cfu ( IN)

M icrobial kill 

rate, %

Average 

microbial kill  

rate,   %
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Table 3 S. cerevisiae Gear testing

Experimental Conditions Experimental Results

T est  #
Diluted 

Cultures
Air-blowing max O 3  ppm

S ingle jacket / 

Full rack,  S /F

Control, cfu 

(OUT )
T est, cfu ( IN)

M icrobial kill 

rate, %

Average 

microbial kill  

rate,   %

1 no no 490 S 4112 10 99.8 99.0

2 no no 490 S 1744 33 98.1

3 no no 490 S 5088 3 99.9

4 no no 536 S 1832 7 99.6

5 no no 536 S 1584 57 96.4

6 no no 536 S 6064 1 100.0
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Table 3 S. cerevisiae Gear testing

Experimental Conditions Experimental Results

T est  #
Diluted 

Cultures
Air-blowing max O 3  ppm

S ingle jacket / 

Full rack,  S /F

Control, cfu 

(OUT )
T est, cfu ( IN)

M icrobial kill 

rate, %

Average 

microbial kill  

rate,   %

1 no no 490 S 4112 10 99.8 99.0

2 no no 490 S 1744 33 98.1

3 no no 490 S 5088 3 99.9

4 no no 536 S 1832 7 99.6

5 no no 536 S 1584 57 96.4

6 no no 536 S 6064 1 100.0

7 yes no 490 S 1128 356 68.4 94.5

8 yes no 490 S 564 7 98.8

9 yes no 490 S 2432 2 99.9

10 yes no 536 S 1920 1 99.9

11 yes no 536 S 1168 3 99.7

12 yes no 536 S 1648 0 100.0
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Table 3 S. cerevisiae Gear testing

Experimental Conditions Experimental Results

T est  #
Diluted 

Cultures
Air-blowing max O 3  ppm

S ingle jacket / 

Full rack,  S /F

Control, cfu 

(OUT )
T est, cfu ( IN)

M icrobial kill 

rate, %

Average 

microbial kill  

rate,   %

1 no no 490 S 4112 10 99.8 99.0

2 no no 490 S 1744 33 98.1

3 no no 490 S 5088 3 99.9

4 no no 536 S 1832 7 99.6

5 no no 536 S 1584 57 96.4

6 no no 536 S 6064 1 100.0

13 no no 86 F 2936 53 98.2 93.8

14 no no 86 F 880 184 79.1

15 no no 86 F 1312 8 99.4

16 no no 107 F 1568 32 98.0

17 no no 107 F 696 14 98.0

18 no no 107 F 928 92 90.1
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Table 3 S. cerevisiae Gear testing

Experimental Conditions Experimental Results

T est  #
Diluted 

Cultures
Air-blowing max O 3  ppm

S ingle jacket / 

Full rack,  S /F

Control, cfu 

(OUT )
T est, cfu ( IN)

M icrobial kill 

rate, %

Average 

microbial kill  

rate,   %

1 no no 490 S 4112 10 99.8 99.0

2 no no 490 S 1744 33 98.1

3 no no 490 S 5088 3 99.9

4 no no 536 S 1832 7 99.6

5 no no 536 S 1584 57 96.4

6 no no 536 S 6064 1 100.0

19 yes no 86 F 496 6 98.8 92.0

20 yes no 86 F 752 2 99.7

21 yes no 86 F 920 51 94.5

22 yes no 107 F 880 152 82.7

23 yes no 107 F 648 140 78.4

24 yes no 107 F 592 11 98.1


