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Comparison of Analytical Method for Measuring
Particulate Matter in Indoor Air

Jong-Heub Jung, Chun-Kil Han, Sang-Chil Lee, Jai-Young Shin and Kyu Nam Lee

Seoul Metropolitan Government of Health and Environment

ABSTRACT

Since most people spend a large majority of their time indoors (at least in the industrialized
countries), indoor air may affect human health more than outdoor air. This study was carried
out to characterize the reference and equivalent methods against the low volume method which
was promulgated by the Ministry of Health and Social Affairs. The Laser and Piezo air sampler
offer the advantage of real time data and low labor costs. The arithmetic mean concentrations
were found to be 102.9% (Laser-2 min method) and 65.9% (Piezo method) against low volume
method (100%). The statistical analysis procedure for this comparision is linear regression. The
linear regression line of low volume method had slopes of 0.5487 and 0.9697 and Y intercepts
of 0.0266 and 0.0110 ug/m* about Laser (2 min) and (24 h) method respectively. And the correlation

coefficients were 0.7271 and 0.9433.

Keywords : Comparison, particulate matter, indoor air.

L& &
IR RREEERS tlEo] Ane] ik ¥ &8

sk Ar7l Z#E) ®insta olegt BN
o] #ygEsiaie] Aelzle) wel |HEREEC] EHe
BB ©] AR e %S F 5 glon
ool whe} TPNAERS] BEHRMEIE Nt BHlel
WEshar sl EBelrh RS R ENTERGY
2 o7} 7}z EHe| &M A E 5 9lov =ZA
Kk FhM BERS KRR BRoR el B
T 9ok

O F BEME, SO, COZS Fi) FHitEel
SRl BmNE BEE 7 shA HEHY B
MIREETESe] BEYE VIR MR B R E
Mol Aol FHaamBE Bibst B 5 AWE 24l
olaf o] & odgg wh= Zle g ¥alrk! US EPA
(1988)° &t EFAEE FEFRYHS 2 BE

(F-7] 7}, BB, DA, EREEEE Y R
WiEs SR, TR, Bk, Thel, KiE, wieh
ele) Bo (#H), RAZH @A formaldehyde,
JEHIETEEE, dry-cleaned clothes, paints, cleaning
compoundsel A == perchlorethylene @} 5,
#a%R, air conditioning system¥} HEREEE %ol &
Bl A HERFEEL ol Fo % 2] kg W ol EFY
e s 4B BYRESS s ook

e R FARZERS] MRS BEe 1F
B2 CO7F (R olont sintt 5-2 BREM
FRERZ ket Rfizie] Aghe] olqh
o thafMx W& Bl FAEa ok ol
Hg-5z1e o kel aet kAol 9] fgRsR
o] KR 10~1pme KT+ iAoz H
#aAak 1 pmelste] kv HEEE7E 53] zto}
TRE DhUES 3t colloid #EEHS i A7
goizjar glom” 5~10 ymbrile] Hxw 90%7}
Bl W Mol dEE S Bilfel o) LR 2~4



2 Jong-Heub Jung et al.

ume] kiffe) AR e A Ukt I o) F Hu
o] 2ol M) MRS MHES] 7 ASE H
#5)ar glek. olof| ube} AfEESl HNlE HE
o2 Ao S F 7 2= 10pmbl Feo ¥rf
(PM10)5 HliHsh= Him o2 vhxe el olom”
ol HMNERES - ASFUREIS] RN 2
HAKI TS (Ke.s AR MR #sd +
e 47 10 umblFel Eale] Ei5gfial iR
ol A v]S F2g FheE 2 F Feg Bl

gt el A 12 1990. 12, 27, ZARBIEZREITHIHI ]
hiEo s @by BN fRE el TRl
HMEIE Alzhstelon] ARFIRIKIEE B ER (ki
H5-2-4, CO, CO,, BE, #E, Bl 5 78 HHl
el HHEAES FLrstal™ ol E HiHe| uigk M
Hivyel BiEe s HNEELYL] fllHE HEstn
ek

A BFgEell A= ARl g B#o 2 oz H5EF
o A we RS B v FHE3 S ue
HEs) ARFIPRKE #EEEEEd g AW
HEgol BsEd low volume method®} impinger
method 2 AW Ff-8-31-& HEs= B9t #4sh=
Byt o R 5 HEHOR o8 7
E g BhSo] s R W ule] fifEst
HEmEle] oo ffFol S portable laser
method % piezo method2 Jt#:lizslo] F50)
1Mol dlgh FA A Al HA" Aol M
BERHER S w-x8le] WiNZEEel OlgE Rk
R A ] (R ATRENES el oAl Bk

II. WE*

1. BITMEE % RIEHE

(1) High volume air sampler

GMW.it #8502 48] DAL fHR, fHiR4kel
HE 8'X 10" S FFEshe] 24k SURHRHUE
fEih, iRl A 480 REH FAE FEstdoh
e BEHE) 53-1% 2 SEHRD TT SE-fiol
JiEsksdct.

(2) Low volume air sampler

Gillian AirCon-2 model$- {#i3}e] 20 //min %5
Pl A R B+ 10 pmblEo] KRS 100% cut-
ting(PM10) & 4~ 2)<= Filter holder 8005-3552(Model
C-20)ol] @55 mm filter paperZ Fff#sle] 248%H]
AEHE HEld o @gHRE 29 (O L Hik
o2 gt

K EBE ABEREEF 0~4.5psie] BESE Lo

&
27TM B 4
.
L-3 )
- 1 F
Sg L-1 High L-2
= vol.  Laser, Piezo
= Hall
H=35¢4 M
258 M

*L1~14 : Low vol. & impinger sampling sites.

Fig. 1. Sampling sites.

e fiEd Ao @A HEFAA Fv
#2301t

(3) Laser air sampler

SIBATAjtS L-#¥U Ast LD-1H #-& Fif3)
o WolfiE 34/mineE 24 FoF 10[ REI
Aol B TS ekden 113 S35 He 24
A2} EEREES i TsRdoh

sl Al 0.001~1 mg/m*(X1), 001~
10 mg/m3( X 10)e]c}.

(4) Piezo balance air sampler

KANOMAXjit-2] Piezo balance Model 3511-&
(g HIsko] R [Fif 1/mine & 28-7) 10[H] HlEst
o] TS Fabaic). i) HiEHE = 0.2~10
mg/m*e]t}.

(5) Impinger air sampler

¢l (2)2] #EFol filter holderE 75m/ ZEIBKE
7}&} impinger2 &3t 20//mino. & 3087} &
EHE fREsks o

2. AGEMEAZE RITERAM

ZA7)F Fb AKEe] E4le) ¢lu ARE F
gl A2 o 3 o AHXE alghslo] Al
Ff8-212] backgroundd FEE vEld ez
ArtEle BTk BN 2B EEdlA Fig 13
Zre. i MBSO 2 1992 119 28¢~129 214
7hA] AkbE BRHGEden 119 299~12¢ 547
2= A, BIHAPY B @ &1 5 2323 iy
FEZE Z17keln 1o2]e] 77k HAP] BHSR
JER LA o 2 Eorstel RS stk

. B ¥ X

AR HIEHIE o AR B R o)

Korean Journal of Environmental Health Society, Vol. 19(4)



Comparison of Analytical Method for Measuring Particulate Matter in Indoor Air 3

Table 1. Variation of concentrations (24 hour sampling)

Sampling Temp. Humid. Concentration by method, mg/m?
No. () (%) High vol. Low vol. Laser Average SD.
1 10.0 56.0 0.0378 0.0296 0.0337 0.0041
2 9.0 54.0 0.0742 0.0609 0.0675 0.0067
3 10.5 48.0 0.1393 0.0890 0.1141 0.0252
4 85 470 0.1094 0.0729 0.0911 0.0183
5 10.0 56.0 0.1822 0.0850 0.1336 0.0486
6 12.0 65.0 0.2040 0.1488 0.1764 0.0276
7 12,5 59.0 0.1266 0.0820 0.1043 0.0223
8 12.0 65.0 0.2044 0.1356 0.1700 0.0344
9 12.0 59.0 0.1793 0.1104 0.1449 0.0345
10 9.0 68.0 0.0608 0.0325 0.0467 0.0142
11 12.0 65.0 0.0623 0.0387 0.0351 0.0454 0.0121
12 13.0 60.0 0.0311 0.0248 0.0137 0.0232 0.0072
13 13.5 56.0 0.0620 0.0317 0.0249 0.0395 0.0161
14 9.5 67.0 0.0507 0.0284 0.0231 “ 0.0341 0.0120
15 7.5 42.0 0.0485 0.0327 0.0159 0.0324 0.0133
16 7.0 45.0 0.0787 0.0472 0.0249 0.0503 0.0221
17 94 49.0 0.0963 0.0555 0.0400 0.0639 0.0237
18 85 49.0 0.1102 0.0656 0.0576 0.0778 0.0231
19 9.0 420 0.1299 0.0761 0.0655 0.0905 0.0282
20 8.0 52.0 0.0810 0.0417 0.0353 0.0527 0.0202
21 9.3 55.0 0.0714 0.0393 0.0304 0.0470 0.0176
22 10.0 51.0 0.0476 0.0201 0.0145 0.0274 0.0145
Average 10.1 55.0 0.0994 0.0613 0.0317 0.0757
S.D. 1.8 7.8 0.0528 0.0350 0.0157 0.0456

W #AR stolle Table 13} 264 viehd A3}
7o) BRRNRE fE(Laser 23} 24417 flgEfE(High
vol. 43, Low vol. 13|(L-4:%5))7} A%#its: b
A2 AAEELHEEQ 015 mg/m* S #fshe 7o
2 vjebtont JEERel = 25 e 015
mg/m* LITE veht gelAe mfieo] ERR
BS54l HENSE HES vX e ol ‘%Elr‘xl'
o E3] Fig. 29| sampling No. 5.(L-421 4, conc.
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Table 2. Variation of concentrations (short sampling)

Concentration by method, mg/m*

Sample No. Laser (2 min) Piezo (2 min) |Impinger (30 min) Average SD.
1 0.0273 0.0140 0.7051 (0.2488 0.3227
2 0.0255 0.0089 0.6878 0.2407 0.3162
3 0.0474 0.0160 0.1680 0.0771 0.0655
4 0.0976 0.0842 1.1378 0.4399 0.4935
5 0.1010 0.0738 0.6495 0.2748 0.2652
6 0.1134 0.0967 0.3830 0.1977 0.1312
7 0.1698 0.1177 1.8375 0.7083 0.7987
8 0.1669 0.1154 0.5003 0.2609 0.1706
9 0.1133 0.0750 1.5878 0.5920 0.7043
10 0.0792 0.0500 0.4253 0.1848 0.1705
11 0.0798 0.0127 0.3510 0.1478 0.1462
12 0.0276 0.0444 0.4670 0.1797 0.2033
13 0.0226 0.0129 0.3255 0.1203 0.1451
14 0.0378 0.0378 0.6495 0.2417 0.2884
15 0.0155 0.0075 1.6980 0.5737 0.7950
16 0.0142 0.0100 1.0245 0.3496 0.4773
17 0.0188 0.0100 1.0895 0.3728 0.5068
18 0.0859 0.0467 1.2495 0.4607 0.5580
19 0.0434 0.0200 0.0317 0.0117

20 0.0505 0.0240 0.0373 0.0133
21 0.0237 0.0060 0.0149 0.0089
22 0.0274 0.0050 0.0162 0.0112
Average 0.0631 0.0404 0.8298 0.2623 0.3002
S.D. 0.0464 0.0363 0.4914 i 0.1915 02473

Table 3. Correlation coefficients of Low vol. samples

sites

Site L-1 | Site L-2 | Site L-3 | Site L4
site L-1 | 1.00000
site L-2 | 0.98368 | 1.00000
site L-3 | 0.98120 | 0.95846 | 1.00000
site L-4 | 0.73872 | 0.78716 | 0.72292 | 1.00000
*p<0.05
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Table 4. Concentrations of Yangjaedong auto monitoring station

Temp. (24 h) | Temp. (inst.) | Humi. (24 h) Humi.(inst.) TSP (24 h) W TSP (inst.)
Sampling No. ) @ (mg/m")

11 7.9 8.3 59.6 63.0 0.1260 0.1280

12 1.0 43 79.0 78.0 0.1280 0.0790

13 —4.9 47 59.6 440 0.1160 0.1350

14 1.2 9.7 85.0 64.0 0.2030 0.2110

15 —10.2 —4.1 51.0 35.0 0.0480 0.0700

16 ~6.1 2.8 52.0 36.0 0.1430 0.1070

17 1.1 7.8 62.0 36.0 0.1820 0.0720

18 —19 3.2 80.0 47.0 0.2880 0.0760

19 —04 4.2 72.0 37.0 0.2100 0.1830

20 0.9 3.7 66.0 46.0 0.2860 0.2190

21 4.7 7.9 64.0 59.0 0.2530 0.2530

22 35 1.2 72.0 68.0 0.0800 0.0570
Average -0.3 45 66.9 5L1 0.1719 0.1325
S.D. 4.7 36 10.5 14.1 0.0749 0.0650

Table 5. Concentrations of non-smoking duration

Concentration by method, mg/m*
Sampling No. | Temp (C) | Humid. (%) High vol. J Low vol. L Laser Laser Piezo
(24 hour) (2 min)

11 12.0 65.0 0.0623 0.0387 0.0351 0.0798 0.0127

12 13.0 60.0 0.0311 0.0248 0.0137 0.0276 0.0444

13 13.5 56.0 0.0620 0.0317 0.0249 0.0226 0.0129

14 9.5 67.0 0.0507 0.0284 0.0231 0.0378 0.0378

15 7.5 42.0 0.0485 0.0327 0.0159 0.0155 0.0075

16 7.0 450 0.0787 0.0472 0.0249 0.0142 0.0100

17 94 49.0 0.0963 0.0555 0.0400 0.0188 0.0100

18 85 49.0 0.1102 0.0656 0.0576 0.0859 0.0467

19 9.0 420 0.1299 0.0761 0.0655 0.0434 0.0200

20 8.0 52.0 0.0810 0.0417 0.0353 0.0505 0.0240

21 9.3 55.0 0.0714 0.0393 0.0304 0.0237 0.0060

22 10.0 51.0 0.0476 0.0201 0.0145 0.0274 0.0050

Average 9.7 52.8 0.0725 0.0418 0.0317 0.0373 0.0198

SD. 2.0 79 0.0274 0.0161 0.0157 0.0230 0.0145
< 1 blhog Figstelol ahe Zio® viehh  elgron, Table SollAje} o) 24B5R EHMMIE S
BNEES] FEERE et SphsciE ] -4 Cutting i8S A1=heh 11818 32 %el o) 2485 JlEfse 44

10 yum(PM10O)E ZjE3tel s 49 31 B
B 205 LAE 3~5EERe] @EEE 7loE A7
o R E R Y] BRI SRRy sk
B 5o s BEslY psolxiel & oz
it}

LaserffilseiEoll A+ Table 22} No. 7¢lj4] 0.1698
mg/m* S8 FHNERSEEME sl 7los o

2 zke 717 Fole| RBEPHES Aol —
she 7o vebwtom o] ik hel XA 0.
0859 mg/m*~0.0137 mg/m’ 2.2 i}el} Low vol.€
FAa BAl ALERERRQ 1R LiMe] B3 A Aol
M 22 727 5 001 mg/m(X10) 271
Aol EREH T geobd 5 gt
Low vol¥ & 24417} &A% #upd R{E=A
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Table 7. Portion of measurments

Sampling] High | Low L-24 h Laser Piezo
No. vol. vol. (inst)
1~29 100.0% B 102.9% | 65.9%
100% 61.7% 63.5% | 40.6%
12~92 75.8% | 89.2% | 474%
100% | 57.7% | 43.7% | 514%  27.3%

Table 8. Coefficients of linear regression analysis

Item Y=A+BX (Y:Low vol. method)
Method A B R
High vol. ~0.0022 0.6386 |0.9624
L-24 h 0.0110 0.9687 |0.9444
Laser(inst.) 0.0267 0.5486 [0.7270
Piezo 0.0332 0.6955 ]0.7215
Impinger 0.0634 0.0020 0.0272
Yangae auto | pagr | 06031 10,0928 (inst)
monitoring
Station 0.214 0.1187 |0.5533 (24 h)
*p<0.05.
R s fEFel RAe) e e s Az
Impingertholl M= MIEEE R o2 S 4
A vheh} E8EE HIEERE A (58 ’r‘fé’; #
gatelont o)tz WES] WY SomAL M

9] fde] Y5 & Ao R HEsY AlA ok ﬁﬁ
o Mz ASRFIF M @b Bttt i3 AEiE
o) SRHREE(0.15~1.2 m*) ] 0.6 m®2] AkE
W sh-S o e el AeER ol o)l RHEEUH
b 0.08~0.22 psie] BEJEINCT 1 0.14 psi) 7} 8%
sl o oful SAREE HH-8% 7]E=9l 015
mg/m* 2] ®EE Wa3dhr] Yk M= 0.09 mge] F-A
3k g HHE 7 qlojol shi} ol AKHEHES
BAE & 1.2m' e & RS Il F$oln

Table 6. Characteristics of direct-reading particle monitors (portabie)

Instrument Analytical method

Effect particle

Type of measurement .
size range

Light scatter at a fixed

Aerosol photometers
angle

Indirect measure of aerosol <1.0~10.0 ym

Light scatter at a fixed
angle

Light scattering optical

counters |

0.3~10.0 um in up

Particle number distribution .
to 10 size ranges

Aerosol mass monitor

Piezoelectric crystal Particle mass concentration

0.01~10.0 um
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Table 9. Concentrations of low vol. and laser method in sampling period, mg/m®

1 hour 2 hour 3 hour 4 hour 5 hour

Low vol.| Laser jLow vol.| Laser | Low vol.} Laser |Low vol.| Laser |Low vol.} Laser
No.1 0.167 0.064 0.167 0.057 0.111 0.056 0.083 0.049 0.042 0.043
No. 2 0.167 0.090 0.125 0.094 0.139 0.093 0.125 0.093 0.100 0.090
No. 3 0.125 0.102 0.167 0.108 0.125 0.105 0.146 0.106 0.100 0.104
No. 4 0.250 0.155 0.167 0.156 0.167 0.157 0.167 0.156 0.133 0.151

No.5 0.292 0.158 0.167 0.156 0.069 0.122 0.068 0.092 - —
Average| 0.200 0.114 0.159 0.114 0.122 0.106 0.118 0.099 0.094 0.097
S.D. 0.068 0.041 0.019 0.042 0.036 0.037 0.042 0.038 0.038 0.044

0.18 mg2| 74| zold MAY 4= olok 3}47] of
ol EEgoll "} H kb FAE gt 20 g 2al
Rg ebsbad& of PEHRAES) @4 fERe) Wng
e 3434"1 o] MENELE E *]f“% B Raimn
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Ax 7t JE Sl [HHsE Heg so gl

g o]E T I BB
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(2 min) % Piezo methodel] t3}ed = 0.73 2 0.729)
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) g3 A7HE Yl wet Low vol. me-

thodehe} Abs+Ad-& o* A F U Zleg v
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EA sz o] o hAsl T e
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A2 FA AR A S 9)e AoR Helrh

& ’d? o 4 Low vol. &3} Laser &2
AMaAF A7hE FRE 3 FEE Table 99) ztch
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§ of =] F-A 2K 2 0.1 mg)et FUH2H12~69m
Nell 71alsle Aoz AEAFH AR Z7lel oz}
ol 7] cte] FAG Frulshke] Fol 5417 AlgE

,qu;-qe 040

:{o

HH W& o Low vol. 37} LaserZHH Ape]9
AbAl2 0.9735(p<0.05)5 Table 82 24417} A&
F HAHYE o] oA Bl =24 el ol B
T AuE wWaaa] Abgstr] slsle 5x7ke] A
AL 493 oz Jehgtor ol Laser®
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