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ABSTRACT

Objectives: This study aimed to evaluate the relationship between filter replacement and filter performance change in particulate

filters used in the workplace.

Methods: Three types of particulate respirator filters are mainly used in the workplaces. These were tested against the filter
performance safety certification standard for dust masks established by the Ministry of Employment and Labor(MoEL). Used
filters were collected to test their performance, such as filter pressure drop, efficiency, and quality factors. All these factors were
evaluated by a filter tester. To compare filter performance between used and new ones, the same kinds of new filters were also

tested together under the same procedures.

Results: A total of 270 used filters were collected for testing. The main reasons to replace the filters were difficulty in
breathing(46.2%), dirty/odor influx(19.7%), and a combination of factors(26.7%). The pressure drop for two special class groups
was significantly different(new filters: 20.72+3.33 mmH,0; used filters: 24.70+5.26 mmH,0, p<0.0001). In the case of penetration,
new filter groups indicated 0.0032+0.0040%, while that of the used filters was 0.0596+0.1187%. The quality factor for the used
filters(0.34+0.09) significantly decreased compared to the new filters(0.53+0.08) (p<0.0001).

Conclusions: Filter performance including pressure drop, penetration, and the quality factor was evaluated and compared between
new and used filters in the workplace. The results showed that general filter performance deteriorated more for change of pressure

drop, penetration and the quality factor.

Key words: breathing resistance, filter replacement, respiratory inhalation resistance, pressure drop
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22 ZAA "Hth(Lerman et al., 1983; Harber et al., ), 24 e AL ELT 14 AT 2 A4
1988; Caretti & Whitley, 1998; Caretti et al., 2006). = A5t B A AhoA AFEE T HA|E o
Fygo] WA Be 2 /b Bl ARAG Ak 74 ST UR BF A, DY B T
g Fols WAE AAN i BHT 750l AT & W BF ATS EGY ofg FFol 3| A% 7]
Table 1. Filter type and the number of samples tested in this study
Product No. of sample KOSHA Class Approval Facepiece
A(Used) 209 Special class KOSHA/NIOSH Half/ Full
A(New) 38 Special class KOSHA/NIOSH Half/ Full
B(Used) 22 First class KOSHA/NIOSH Half/ Full
B(New) 56 First class KOSHA/NIOSH Half/ Full
C(Used) 39 Special class KOSHA Half/ Full
C(New) 12 Special class KOSHA Half/ Full
http://www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(4): 283-290



Table 2. The basic information on the collected filters in this study

22 OtAT EHE udet Hs 5ol &2y

o

Company Place Industry Main process Particle type Tested filter No. of sample
D Siheung Smelting&Chemical Smelting Mechanical particle A 90
S Ulsan Ship building Welding Fume A, C 55
L Geojae Ship building Welding Fume A 40
SS Sacheon Ship building Welding Fume A 40
Y Gimhae Ship building Welding Fume B 22
B Sacheon Ship building Welding Fume A 15
T Sacheon Ship building Welding Fume A 4
M Geojae Ship building Welding Fume A 4
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Table 3. TSI(AFT 8130) test condition for Filter performance test

Instrument Experimental conditions

Aerosol: Sodium chloride
Concentration : 23.5 mg/m’
Mass mean diameter: 0.26 um

TSI Airflow : 42.5 L/min

(AFT 8130) Technique : Electronic pressure transducer

Pressure measure
- Range : 0 to 15 cmH,O

- Accuracy : 2% of full scale

gol grel A5t % LS B 918 Bl
715 Az6E TSI 8130 Automatic  Filter Tester

(AFT) gu|2 Abgatglon, Bz 7ol

0.2 um¢!
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Table 4. Survey results on the reasons for filter replacement

Filter replace  Hard Odor Dirt Complex Etc. Total

reason breath
No. of
sample(N) 125 25 28 72 20 270

Ratio(%) 46.2 93 104 267 7.4 100.0

550 B ot adlo] Ao A7 2e
Sl Zo@ ZAME|QITH(Table 4).
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sl Z715He Hele molovl, Al Pejeh golg 4
T BAE HATHR<0.0001).

SR "e FolA #4717} ofelg) Weld 2

(229 92 7t B FRUE 24T A3 2
g Z28(A, B, O .gﬂ- e 7}z 26.63+£5.47

mmH,0, 19.624+2.50 mmH,0, 18.95+2.75 mmH,0 % &
o, 7} "E F7 Aol Y Ash g2 A= ot
2ol & Hthp<0.0001). 53], wAE ZE g
&8t 7> 574 A A (threshold) 7} EAH 3= A o] of
Yzt dE 5ol Aglo]l B+t stk
AZE O] A9 AREEA] ok A BE(E87H)LE wA|
g LE o) F sFo] BHate] mA| ¥ Wel(s3
Meke Adstel o ZFs) gh= wlwgk Ak A 2
Blo] HF7gto] 22.43+1.4]1 mmH,0E Hgon, & 7
o Zrol {2k ZFol7F QL SITH(p<0.0001). EEF 1
AF BE BE097H)0) Qe 7sh Baghe 2576+
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©1(p<0.0001)(Figure 1), Z3-0] EHz}o] wAd 2
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Table 5. Filter performance result based on pressure drop, penetration and quality factor

. Quality
Pressure drop(mmH,0) Penetration(%)
Product(Class) Type No. of Sample(N) MeantSD MeantSD factor(1/mmH,0)
Mean+SD
New filter 38 22.43+1.41 0.0027+0.0042 0.50+0.06
‘A Used filter 209 25.76+4.92 0.0628+0.1259 0.32+0.08
(special class)
Used filter(hard breath) 83 26.63+£5.47 0.0724+0.1650 0.31+0.08
New filter 56 15.13+1.66 0.0634+0.0322 0.50+0.04
B Used filter 22 18.53+2.04 0.1100+0.1258 0.40+0.07
(first class)
Used filter(hard breath) 8 19.62+2.50 0.2008+0.1683 0.33+0.06
New filter 12 15.28+0.60 0.0049+0.0025 0.66+0.03
.C Used filter 39 19.03+2.76 0.0422+0.0661 0.45+0.09
(special class)
Used filter(hard breath) 31 18.95+2.75 0.0290+0.0270 0.46+0.08
New filter 50 20.724+3.33 0.0032+0.0040 0.54+0.09
A+C Used filter 248 24.70+5.26 0.0596+0.1187 0.34+0.09
(special class)
Used filter(hard breath) 114 24.54+5.96 0.0606+0.1426 0.35£0.10
5ol ¢y Aol Btk wAE AA HeHo Ho (p<0.0001)(Figure 1).
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30 1
: * ,—|* :
254 ° : : i e

LI DK
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New Used New Used New Used

Pressure drop (mmH,0)

New Used
*p<0.0001

Figure 1. Comparative analysis of Pressure drop between new filter
and used filter by product: Values shown are median(line
within box), 25" and 75" percentiles(bottom and top of
box, respectively), 10" and 90" percentiles(lower and
upper bars on whisker, respectively), and outliers(circles)
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ZF 420 mmH,0, 4.49 mmH,O, 18] 3.67 mmH,0=
U © o(Table 6), 3.50-4.50 mmH,09] o} 7
W3} groll Al ZE A7} o] o] FthFigure 2). 3L,
7t Weje] Ak A 2] R 7o} 4 vleo2 Wt
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Table 6. Changes in pressure drop values between new filters and used filters (hard breath)

Pressure drop

New filter Used filter(hard breath) AP .
increase
Product
No. of Pressure drop No. of Pressure Drop Pressure drop AP/ New filter
Sample(N) (mmH>0) Mean+SD Sample(N) (mmH,0) Mean+SD (mmH,0) Mean  pressure drop (%)
A 38 22.43+1.41 83 26.63+5.47 4.20 18.7%
B 56 15.13+1.66 8 19.62+2.50 4.49 29.7%
C 12 15.28+0.60 31 18.95+2.75 3.67 24.0%
1 Filter A Filter B Filter C Filter A+C
0.6 |
3 - )
T X
E = 04
E 6 ]
g 4.20 4.49 3.67 'E i :
Q . ® Range ® * : : ; *
o 41 . 3.5-4.5mmH,0 £ 0.2 - : : : —
2 I e i P .
e P : :
g 2 ; : ; i - ;
< 001 - i _ P -
, . . ‘ : :
Filter A Filter B Filter C : :

* Mean difference between used filter and new filter

Figure 2. Analysis of pressure drop change values between new
filters and used filters by product
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©
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© 407 18.7 29.7 24.0
5 0
£ ° Range

24 . 15.0 -30.0%

0 T T T
Filter A Filter B Filter C

* (AP I New filter pressure drop) x 100 (%)

Figure 3. Analysis of AP/ new filter pressure drop between new
filters and used filters by product
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T T T T
New Used New Used New Used New Used

*p<0.05

Figure 4. Comparative analysis of Penetration between new filter
and used filter and by product: Values shown are
median(line within box), 25" and 75™ percentiles(bottom
and top of box, respectively), 10™ and 90"percentiles
(lower and upper bars on whisker, respectively), and
outliers (circles)

AZE ] Eikg gk A deEa wAE e
(20971)0] ZHZF 0.0027+0.0042%2} 0.0628+0.1259% =
UFEb 0.1 (p<0.0001), BHEl= A DE|L(567))T}
A" PeH2270)0] Z-2F 0.0633+0.0322%2} 0.1100+
0.1258%% F Ht 7roll= f-ogt Zol7t gls AL
2 YR THp>0.05). CHE 2] -9, A HE(127H)
7 wAE® 2E FE23970)0] ZH2F 0.0049+0.0025%
9} 0.0422+0.0661% 2 F A7 423t 2po]S K
O H(p<0.05), TFo] EHste] wAH FE 14(31711)
T 0.0290+0.0270%2 A g L3} 2}fo]|E Ho|= A
© @ R THp<0.0001)(Figure 4). £3|, CHEl
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0.8 - * *
* : : - : 1
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Quality Factor

0.0 -+
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* p <0.0001

Figure 5. Comparative analysis of Quality Factor between new filter
and used filter by product: Values shown are median(line
within box), 25" and 75" percentiles(bottom and top of
box, respectively), 10 and 90™ percentiles(lower and
upper bars on whisker, respectively), and outliers(circles)
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