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2.1.1S0 16890 Al2|=

ISO(International Organization for Standardization)+ 5,111] HEFI7|F-2A] TheFal Bofol AJY 14 S v
Sho] B35k 9tk ISO0)| A= thoksl Hoko] Ad F2S #a|5H7] ¢5fe] Hofd Technical Committees(”]
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PAE LAd=4 AA Fsel tgt Al #3232 150/ TC
142(Cleaning equipment for air and other gases)o| 4| %35}l
It S 714103 Aut 37] 9 ALY 382 9T 3]
g_l 7}¢ ié UJ /\EXT—H]_J _9_0-] =] E EH /\]zﬂ ol /\41— tﬂ—

Holo] &35 B0 2 137]9] Worklng group(©|3} WG)
oJ3}l 9l o, 7]9l8 B EIH(ISO/TC 94)9t 2k Sof A
£-5= ZE((ISO/TC 22, TC 23, TC 127)= thE 71499 3] ]
A Be)shar gtk Table 12 TC 14200 4] ] L3811 Q1= &
7] 3}t Al 29 WG 28l itk thEA Q1 A9 4
2l ISO 16890A] 2] 2= WG 3(General ventilation filters), ISO
294634 2] 2= WG 40 A Al 71 FdskaL 9l

tlo o
Mo o

Table 1.1SOTC 142 WG List

Reference Title
ISO/TC 142/WG 1 Terminology
ISO/TC 142/WG 2 UV-C technology

ISO/TC 142/WG 3 General ventilation filters

ISO/TC 142/WG 4
ISO/TC 142/WG 5
ISO/TC 142/ WG 7
ISO/TC 142/WG 8

HEPA and ULPA filters

Dust collectors, droplet separators and purifiers

Cleanable filter media used in industrial applications

Gas-phase air cleaning devices

Particulate air filter intake systems for rotary machin-
ery and stationary internal combustion engines

Joint ISO/TC 142 - ISO/TC 85/SC 2 WG:
Aerosol filters for nuclear
Applications
Joint ISO/TC 142 - IEC/TC 59 WG: Portable room
air cleaners for comfort
applications

ISO/TC 142/WG 9

ISO/TC 142/JWG 10

ISO/TC 142/JWG 11

ISO/TC 142/WG 12 |Sustainability of air cleaning equipment and media
ISO/TC 142/WG 13

Biological equipment for waste gas treatment

Airborne microorganisms filtration and

ISOTTC 142/WG 14 decontamination efficiency

ISO 16890 E<=0] A H 20161 o] o= EN 779 3£=0]
ool IE o] th A Al EFLE 7 FollA Z-EHUT
EN 779% 0.4 um 37]2] JAHAIE A} : DEHS diethylhexyl-
sebacate (Sebacic acid-bis(2-ethylhexyl) ester) 7| 4] <t o]
o E%(E )& Z_X-]'é‘]-oq 2z IIL] /\]—O—]_Q_ lﬂE—]oﬂ KH'(’)‘].O% lﬂE—]
AL =290 759t} EN 779 e AL S30 1z Ay

[S=] © o H+« =
o= =Yk AAY oA o7 ma B Y S ek A

| 2 ¥ otant edgn

A A U 2 22 |

2 AZo) -85 2E= ek L Lnk R8RS
2.5 wfotshzd] o] Uik olejet o] utet s &
o AE7} 9] AUk AFEA} 50| TE ALof st A HE Thotst
7] &olstAl 571 §15ke] 2016\ 1SO 16890 Al 2] = 3E=0] A7
=ShAeg

ISO 16890 A| 2] = E3-2 Table 29} 7o) & 4719] part®2
AJE]o] glom, AR KSEFO 2% 7§85 o] 9irk. Part 1
ePMS 7|REO. & 3 7|3t B57, Part 2= YA 24 G839 ¢
A 57 W, Part 3 Al 2219 A S 7N 23] &
e Aol ek A, 1Al Part 4= F 4 2 A
e Sl AA 2 e g skl ‘21EH3

ISO 16890 Figure 13} 7ro] WE| &8-S =4517] 93t ¢
A A7) 12 st e, 2E S5 BRs) A% Ha
A& 143EAL Qltt ePM10, ePM2.5 ePM1 o] st ZE &
& WS fIgt A} 271 1S A ske] A3 ePM2.5.
ePM19] TH A& WS oAl 24 AlA Z80] 50% ©]
g0l 74 Eofof gitt,

Q==

o wo i
e By 2

Table 2.150 16890

EF e KS S-etst
us s ot
1SO Air filters f.or generaiﬂ vel?tllatlon — KSBISO
16890- Part 1: Technical specifications, require- 16890-
ments and classification system based upon
1:2016 . . 1:2023
particulate matter efficiency(ePM)

ISO Air filters for general ventilation — KSBISO
16890- | Part 2: Measurement of fractional efficiency 16890-
2:2022 and air flow resistance 2:2023

IS0 Air filters for general ventllajuon - KSBISO

Part 3: Determination of the gravimetric effi-
16890- . . . 16890-
ciency and the air flow resistance versus the
3:2024 3:2021
mass of test dust captured

ISO Air filters for general ventilation — KSBISO
16890- Part 4: Conditioning method to determine 16890-
4:2022 the minimum fractional test efficiency 4:2021

1S0 Coarse - - <50% ]‘.Tr[:ilz:;ﬂ
1S0 ePM10 - — 250 % ePM1o
1S0 ePM2,5 — =50 % — ePMzs
1S0 ePM1 250 % — -— ePM;

Figure 1.150 16890 Filter groups.
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t}. ISO 16890-10| 4= 27| G830 AT Y E &84k &
ke ool B O dAl aed ASstet AR E} A
=45 A7 AL 150 16890-10|4 F0]A A3} HLEA oz

= 4= Qlth= Holl ook 3ht). E3 1SO 16890-42 2|8
S AuME A= ollo] BE o F3bd 719 A7 st
7| S AR AR o oj HE ) A mEH A 2 Ay

o,

o) 3}8F& kS u| 2w, Alx|o] LE A S A 6| 11 s)7)
T 3tk 1SO 16890-40) 7]&% 148 B H 81 (dust load) §)

o] el WejpiEe] 27] Aol chet 4714 make) AES
Ao R et o]= A9 ;u]ﬁ} 43| AAE o] &
& 5719 o HAE gl AdolA 25 4 e Y |

e YERdTh webA, Ay Ad 474] o|% 9 TE>
718 A5 ollo] B e &f F2) 4 of a5 ‘jﬁ(graVlty),
/)2 (inertia), %= (interception), E-4k(diffusion))® ot A
= Ofn|sHA Hr

B oo ﬂﬂo

or r

Table 3.1S0 ePM H7} T2 N|A

Ston | 150 1690200t} 38 142 gl
ep A Al 2%

Sien ) ISO 16890-20]) W2 Q) x| 7] BHg A, 2Al 1] Es} 9
cp 1E-"! 1:[] x—"ﬂ JJE1 Oﬂal}]E‘/] ;(7]%};] o—i,'—‘j(E,)—f‘;ﬁ

Step3 | 1S01689040] 2} 1<) AT A4 A7) e 42

10 16890-20] w2} 21 217 & &I EAT A 2]
Step4 | © A, A A E Bl delEo) 47 B8 B
(ED~1) qu

Sons | B Ep BB U AR THE,)S T A0 AY
P E, =05 +E,)

Sieps | 150 16890-10] wkzhcPMI1, cPM2.5, cPMI0 -6 9 2]
P E8H Y
y 100

90 ~ :E
o 4
n 4

&

50
40
30 — E
20 — Ep; —
10 — E;;
0 ‘

0,1 1,0 10,0

Figure 2. Xt 37[H 2 I OfAl.

2.2. ANSI/ASHRAE 52.2

ANSI/ASHRAE Standard 52.2(Method of Testing General
Ventilation Air-Cleaning Devices for Removal Efficiency by
Particle Size)= ASHRAE(The American Society of Heating,
Refrigerating and Air-Conditioning Engineers, ©| 3} ASHRAE)
9] oA ¥F0| ANSI(American National Standards Institute,
o2 29 B2 Fal)ol A Aelete] A EROR Lot
S,

19991 0] %% W E ASHRAE Standard 52.2 = HVAC 4|
o] ek o2 A HE ofof Wejo] 4 A7) Bg
AU AR Qom 3], 0 54 e A% 279
a8 9y &4 KR 7] -rr7<] 42 (Dust Holding Capacity),
MERV (Minimum Efficiency Reporting Value)©|t}.

ASHRAE 52.2=1992'd A€l ASHRAE 52.17} 2012 7} 78
=3} ASHRAE 52.2= S5 %101, 2017 7§ o] dz| &

=2 ek Al A= 03~10.0 pm 9] YR} A7) 7HS 2=
TLES}o] 24 6h, KCl(Potassium chloride( @ 3H4&)) 4~-8-H

6 2 9PAA17] 31, Loding dusts= ISO 12103-1, A2 Fine Test Dust,
powdered carbon Z12] 1L cotton linters”} 23 Al ¢ RS A
Sk Figure 3).

A% QJape] 272 ko] Table 49 o] 127) =7] ke,
2 24 5ol 2tk 47 W19 03~100 umo} %} 27)5 4
IR0} SRR 2 istol 3 12709) QAT
7H& AAetal, 2|5 A3} B A| E1(Table 4, Size range 1~4),
E2(Table 4, Size range 5~8), E3(Table 4, Size range 9~12)2 37}
F7ro g ALEsto] JA s 4].

ASHRAE 52.20] w2 o] 8 5 54 HAE Figure 4

= aopslgon, 24 Axtel tet 248 97 37] Pk
PSE(Flgure 5)& &Aoo, 2| A PSE & 7|22 B3 A &

& Sl (Figure 6)2 the} o] =53ty =5 Hdxan

£4= E1(Size Range 1~3), E2(Size Range 5~8), E3(Size Range
9~12) Lol wheh A4tete] 4 PSES AFESF] MREV
Parameter(Figure 7)°] wh2} Z7 gt

Figure 3. ASHRAE 52.2 Test Wind Duct.
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Table 4. Particle Counters Size Range Boundaries

Size Size Range Boundaries Cemigite Memm

Range | [ ower Limit, um | Upper Limit, pm Particle Size, um
1 0.30 0.40 0.35
2 0.40 0.55 0.47
3 0.55 0.70 0.62
4 0.70 1.00 0.84
5 1.00 1.30 1.14
6 1.30 1.60 1.44
7 1.60 2.20 1.88
8 220 3.00 2.57
9 3.00 4.00 3.46
10. 4.00 5.50 4.69
11 5.50 7.00 6.20
12 7.00 10.00 8.37

| S (2 32])

-2 HEYH(nitial)
13 2354

15t Loading PSE
4

+2nd Loading PSE

+3rd Loading PSE

~HFHC| 75 % AIF

2%
X
LT
PSE =™ «5th Loading PSE

Figure 4. MERV Test Process.
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Particle Size, pm

~E27T30g £ EE AEH L&Y 10Pa ST Al

—o— Initial

—&— 1st Loading
—0~ 2nd Loading
~#— 3rd Loading
—6— 4th Loading

oL Tt y
035 047 0.62 0.84 1.14 1.44 1.88 257 346 469 62 83710 = Sthloading

Figure 5. X} 37| 71ZHH PSE =M(Z 3| ANSI/ASHRAE 52.2 04| A[).

| ozt ¥ otany odgd Ao pa 24 22 ||

100

90 4

8
\

70

60

50

40

30 /

20 /

Particle Size Removal Efficiency, %

0
035 047 062 0.84 114144 1.88 257 346 469 62 83710 —° Composite Min.
Particle Size, pm

Figure 6. S &1 Z|A S ST M(Z 3| ANSI/ASHRAE 52.2 O A|).

Standard 52.2
Minimum Efficiency

Composite Average Particle Size Efficiency, % in Size Range, pm

Reporting Value Range | Range 2 Range 3 Average Arrestance,
(MERV) 030 t0 1.0 1010 3.0 3.0 to 10.0

1 N/A NA Ey<20 Ay <65
2 NA NA Ey<20 65 <Ay
3 N/A NA Ey<20 T0S Ay
4 NA NA Ey<20 15 S Ay
5 N/A NA 20<E NA

6 NA NA 35K NA

7 N/A NA S0<Es NA

8 NA 20<E T0<Ey NA

9 N/A 3SSE TSSEy NA

10 N/A S0SE, 80<E; NA

1 20< K, 6S<E, 85Ky NA

12 3S<E, S0<E, W <Ey NA

13 S0<E, 85<E, W <Ey NA

14 75<E, WSE, 95<E; NA

15 8S<E, W<E, 95<E; NA

16 95 <E, 95 <Ey 95 <Ey N/A

Figure 7. MERV Parameters.

s oo B e = HHeA), H &0, Alof vio| & 5 A
Aol AgHe S9F 5 A8HL 3o, g Al A&
S BE2 HAE BHEE, oo 2E & LR oo 2H
A% H7F W (18O 29463 Al 2] =, EN 1822)0] 2 BH4-5| 11
Atk S FA AlzEE At AlFol etz Qg Al
= 3 gl digh Alzabe] w7 ARk A Qs Aol

<

371% BlAtE= 7T @ AEA(BEHER) Al AL Bt
o] AR = FE2 EEAFE ARIZE(ISO 11155-2,
DIN 71460-2) 3#5=0] U4 S8-=|a1 glo), AxgA o 4]
A== eEd AAE A AEEE7|6 g1 9 2-go] A
Zo Aotk et 24 9 Al AR @A = A &
HEL AAE S8 AE A S sto] 71&7Eo] o
Fol| 11 9l o, o]} HeAst A 5B 7 of| gt a4k 5
2 A=

o]
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3.1.1S0 10121
7t e dEde A7she 3718 A (A 2 )<
Aol gt AlE E52 ISO/TC 142(cleaning equipment for

air and other gases) WG 80f|A] @33}l Qltt. 7kAA) 0 =4
AA FA (AE)oll gt /\]%4 FE220134 A ARG =L
™, 2014 AlF FHAE (g, Aol tiek Al o] A7 =
A}, 202219 1O 16890-1 YAHY L A=A A A A (A5) 9]
S Eo] AYH 5, kA L AEE AARA (HE)

o thet SR Eol A=Ak

ISO 101212 YHE FRA| Ao 28 7h538E 37| 35t A4
of tf3te] 7kAA @ HE S A A= AEHHS 37} Part2

FAI510] AgshL olck Part 12 7144 2@ EAE A e
7] 88 A2 of| AHE-E= Hh(media)ofl THRF AR R, Part

= 5712 A (GPACD, gas- phase air cleaning devices)E Tf
O R Y5 7E W, Part 32 A Q] 7] Aol A== ¥
7178342 w7 Al Aol tiske] 7]kl Qlrt.

Table 5.1S0 10121 ¥+

£ S £
Test method for assessing the performance of gas-phase air
ISO 10121- . . . o
12014 cleaning media and devices for general ventilation
’ — Part 1 : Gas-phase air cleaning media
Test method for assessing the performance of gas-phase air
ISO 10121- . . . L
22013 cleaning media and devices for general ventilation
’ — Part 2 : Gas-phase air cleaning devices (GPACD)
Test method for assessing the performance of gas-phase air
ISO 10121- cleaning media and devices for general ventilation
3:2022 — Part 3 : Classification system for GPACDs applied to
treatment of outdoor air
P e
dev::cl::(rg:gCD) of outdoor air
V% VA

1SO 10121-1:2014
Part 1 : Gas-phase air
cleaning media

Figure 8.1S0 10121 A&,

1SO 1021-2 A8 thA} 7EAAT @ GEA L ALY, o7ta] A, 3
HHA 5781, 7] EL kAR Eske] 28Tt Table 62 A
g 7hs FRol WE A FEE e IS0 10121-29]

HBA o] A BB B 57 1A ;o]
AR Mot i

kA 9 2) o) it 27 & W A A &
A8 A 9] B4 == Figure 90f| LFEFH T,

Table 6.150 10121 A& 7tAL| E7 4 &k
ANEE7tA FF7 sheEdY A% 5% (ppm)
oJ4F3}8H(S0,)
5
" Fols(H:S) 09+ 5%
v o AFSFA] A 0,
(Acid Gases) ol4teHd4(NOy) (990 “ 55)//
QALEFI2(NO) G0=3)%
o}X) EAHCH:COOH)
ozl QY oH(NH,) <<(>§9:5§g/°f
(Alkaline gases) | o 9] 2 23=(CH,NO) (90:+5)%
£ 20](C4HsCH:)
ofo] 4 Z 2 7H-2(C,H,0)
ofo]aFEhE(C,H,0)
A CeHu) 0,9+5)%
voC Ag 9+5%
B EgtZ 2 2o gl(C,CL) (90 +5)%
5|5 =(CH:0)
of|§H2(C2H<0)
HEKC4Ho)
2.E(0;) 0,9+5%
GA(CL) (0.9 5%
718 O+5)%
O A}S}EF A
(Other Gases) Akt 4(CO) (90 + 5)%
‘ (900 + 5)% Fi=
Abgleba
CAIEIACO,) (9000 £ 5)%
9
10

HEPA filter

GPACD to clean supply air 8
challenge injection point 9

perforated plate (diffus

1
2
3
4 mixing chamber
5
6  upstream sample point

Figure 9.1S0O 10121

7 GPACD under test

=

or and Ap device) 1

-2 Test Duct BAIE,

7z

GPACD section
downstream sample point
downstream duct
upstream duct
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3.2. ANSI/ASHRAE 145 Table 8. ANSI/ASHARE 145 Al 84 7} A%
Lo #EL A Ut _ . :
ASHRAE Standard I;ISL 271€] = 2 FAE o] A?E} RETE S PRI P
ASHRAE Standard 145.1:% 20081 A7 %, 2015 7H7g 0] %1 2) =] EX e (ppb) | (ppm)
of EA7HH) AMEEIIL 9o, 2004 ) 23} A 0] K13 o SR o |
Qlt} o] FFL IV ATAA] o] HLE= HE (YL ANE —
Aol SEE TGP Hg L REAL LMD ) Yo
o e ES AN v I o
0————1_?': l_x.:__ OEOﬂ _1"] ‘HAEE:@' = OO]—L_ ] h= il__———i [€) (ACld Gases) 0]/‘\_}§P£‘__]_/.\_(N02) 50 30
7173110 A B el et A E Algol HAYS &
oIt} 7 AAF 0 I BA WS o5t 9ck ; 2z AetA(HCI) 75 5
NTh 7A@ HEA ASLE 95t ATh(Table 8, Figure 10 #=%)
of e EEBHE A H A AR UL 714 EzolT. ael g LK) A
ASHRAE Standard 1452 20119 A1 2, 2016 7jgo] 7 (Alkaline gases)| v el n) = 2]22(C;H,NO) 100 5
o] AR ALE L or, o] RS AN 0guA E2U(CHCH,) 50
AAS7] $1et 371 Aok A= 2 = Bk Hig 2% A oo &I 23H&(C;H,0) 35
HA AR S 7Isska Qlok AR HE W 52 miAl (S A o}o] AHELE(CH,,0) 45
WA 0 7hag BASAL skekE 0 2 whgato] 255 SAHCiHu) N
L O} L PE X Z2Z] 3L7] A 7] 0] kAl R %o ————
R l:] be} EL ]»——HE\__I——E!_L]. 0-7] 0_07]‘/] _E‘O EEE O"_]) ng%iiq]%}{ﬂ(czch) 25
ASHRAE Standard 145.2)(37 18 32)) S AAsto] Ass = T
e LA ECHO) 65
A7) SRRbE S sk oleh ——
VOC A HIH(CeHy) 40 | 60
oA &
Table 7. ANS/ASHARE 33 145 HIEGHO) 0
ey o Ato] 22 AKCsHiz) 55
2AJol= = 1) gl o
ANSUASHARE Laboratory Test Method for Assessing the Fol S 2= I(C:H,) L
145.1 Performance of Gas-Phase Air-Cleaning Systems: tho| 22 2| g|21(CH,CL) 50
) Loose Granular Media m-xpelal
. - =
ANSUASHARE Laboratory Test Method .for Asse§51ng the o-zpeda 45
Performance of Gas-Phase Air-Cleaning Systems: ol
1452 . : , p-A=
Air-Cleaning Devices
20y 75 0.5
7)€t EEN (O 100 30
AT A o (Other Gases) Q) AF5}EFA(CO) 100 35
Laboratory Test Method for Laboratory Test Method o]Ak3}EFA(CO,) 400 5000
Assessing the Performance of for Assessing the
Gas-Phase Air Cleaning Systems:  Performance of Gas-Phase
Loose Granular Media Air Cleaning Systems: DooaenL. RELATIVE CONCENTATIONS

Air Cleaning Devices [] Low (ACKGROWNO)

-------------------------
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£> ILLUSTRATIVE DIAGRAM < |
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Figure 10. ANSI/ASHRAE 145 -1/-2.

ANSI/ASHRAE 145-2 A& tjA} 7}24F 9 2212 150 .
1012129} FL3HA| AH, &zel A, 3171818, 7]EF 7 '

A
227 2510] H G Table 8 A8 71 Ft0] 12 22 A e
Ao A8 528 ek B4 2 7R 150 1012127 00 BT L [[F
Aok, T/ 4R Ay FEe 27 B8 W S §F 4] — %m o
F-2 Ak A7 )] BA = Figure 119 Leblith Figure 11. ASHRAE 145-2 Test Duct 415
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=7, Air cleaning technology, 2013, 26(4), 39-60.
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G2 Az27)s 5, dir cleaning technology, 2020, 33(1),
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20(1), 13-19.

4. JK. Cho, “ASHRAE Standard 52.29] ofo]HE] 2-8 9] 1%, &
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5. ISO 16890-1:2016, Air filters for general ventilation —Part 1:
Technical specifications, requirements and classification system based
upon particulate matter efficiency(ePM).

6. ISO 16890-2:2022 Air filters for general ventilation —Part 2:
Measurement of fractional efficiency and air flow resistance.

7. ISO 16890-3:2024, Air filters for general ventilation — Part 3:
Determination of the gravimetric efficiency and the air flow resistance

versus the mass of test dust captured.

10.

11.

12.

13.

14.

. ISO 16890-4:2022, Air filters for general ventilation — Part 4:

Conditioning method to determine the minimum fractional test effi-

ciency.

. ANSI/ASHRAE Standard 52.2-2017, Method of Testing General

Ventilation Air-Cleaning Devices for Removal Efficiency by Particle
Size.

ISO 10121-1:2014, Test method for assessing the performance of gas-
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