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Abstract

Filter and microbalance sensitivity in measuring fine particulate matter mass is greatly influenced by particulate properties
and environmental factors. Temperature and humidity control inside a measuring chamber with a microbalance, and
neutralization of static charges on filters are essential for consistent filter weighing. Commercial weighing chambers are
expensive with a unit price of tens of millions won. This study developed an inexpensive weighing chamber for weighing fine
particulate matter and evaluatedits weighing performance. A microbalance with 1 g precision was used to measure the weight of
a filter. The microbalance was set in a transparent acrylic enclosure (100 x 60 x 65 cm’) equipped with temperature and
humidity control equipments. Weighing performance of the chamber was examined using Teflon filters with or without different
particulate sample types. Temperature and humidity were maintained at approximately 23.2+1.2 C and 36.2+1.8C for 8 days,
respectively.
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Fig. 2. Temperature and humidity results for consecutive 8 days.
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Table 1. Temperature and humidity variability over 24-hr periods. Min.,

standard deviation.

FS.L

nz

for

Max., and SD represent minimum, maximum, and

Temperature Humidity

Day Min. Max. Mean SD Min. Max. Mean SD

T C @ T % % % %

1 213 25.1 23.0 1.2 326 38.1 35.7 1.6

2 21.2 25.2 23.1 1.2 324 38.5 35.6 1.7

3 214 25.4 23.3 1.1 324 383 35.5 1.6

4 21,5 25.4 23.3 1.1 32.8 38.5 35.7 1.6

5 214 25.4 23.5 1.2 33.1 40 36.2 1.8

6 21.2 25.4 22.9 1.3 33.8 40.2 37.5 2.0

7 21.4 25.3 23.2 1.2 34 40.2 37.0 1.9

8 22.1 25.5 23.8 1.0 33.4 39.8 36.0 1.5
Bl S 30&%t eEsto] BH 24 o/ E & 7 U= 500 Watt A4S AMESHAL, W2k o) F A-
Q9] ke FotIRT), AL U] Welo] o5 o 0, bAE A el AAT erow Eejru
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Table 2= 84 B¢t S TE|&} 2 559 4
ZFolth. F A=+ 103] Z7ste] HETAE 24k
t}. Blank® 52H, (NH,SO4= (NHy),SO.AA}
I ZE, Combustion1™ Combustion2+= St
28 Ax n|AA2]17F 2P E HE, SOA+E °1ZH71el
o]2Fo] 23 delolt}.
Standard, Blank, (NH4),SOs4 Combustionl,
Combustion2, SOA ZTH 9| A= 27+ 1.008,

140.350, 137.166, 89.451, 89.919, 139.265 mg°l
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Table 2. Replicate gravimetric filter analysis for method detection limit determination.

day Standard Blank (NH4)2504 Combustion1 Combustion2 SOA

mg mg mg mg mg mg
1 1.008 140.351 137.166 89.451 89.919 139.267
2 1.008 140.351 137.166 89.451 89.919 139.265
3 1.008 140.351 137.166 89.451 89.919 139.264
4 1.008 140.351 137.166 89.450 89.919 139.266
5 1.008 140.350 137.166 89.450 89.920 139.265
6 1.008 140.350 137.166 89.450 89.920 139.265
7 1.008 140.350 137.168 89.451 89.920 139.266
8 1.008 140.350 137.167 89.450 89.920 139.266
Mean 1.008 140.350 137.166 89.451 89.919 139.265
o 8.51E-08 1.64E-06 3.89E-06 2.09E-06 9.24E-07 4.23E-06

I, BFHAR= 7242 0.0001, 0.0005, 0.0007, 0.0005, ZRE doj2Fe F5A4dol ek Hrkehot
0.0004, 0.0008 mg®It}. £ A 7|7t 5t D] A5Fo] Teflon, PVC, GF, MCE ¥ Polymeric methyl
W= 9HAEM 1.8 pg olstR SHEUH methacrylatePMMA),  Magnesium  chloride
Carlton and Teitz(2002)2] 3% PM, 5 7} T E MEZ hexahydrate (MgCl,-6H,0), Ammonium nitrate
o] WA= 0.001 - 0.003 mg, FHAENAE=6.3 (NH4NO3), Sodium chloride(NaCl)& £%5t 1 um
1gO1ZAh. Allen et al.(2001)2 W= 97 A4l I A719] YAFE s 220, 40, 60, 75%= °F 0.5
gt round-robin AF HIAES] shuz 207]9] H|Z mg® ZH5ITE PMMAE HIRs 02 755HA] o

2 (Pall, RP2J037, 5¢) THEE Z g Ho| st et Al o] AT 35%1A HaFete] Ak
o 27ttt 714 9 uiEo] o]l whiol At & v w5kt PMMA, MgCly, NH4NOs, NaCl 937+ &
e "= SHo] AY=A] ko), FhE o] KT HAoll w2 AF 2tol= 2424 0.02, 0.2, 0.3, 1.2 mg®l
2} 97l Aol A SA7 W gt A s AgA = itk ol WA RO FEAlolY Aol =7 oF
a2 W 2= o2 97ie] ATt FARRE B 8 pgl o o] Mgkt 9182 HojEet £3] NaCle 45
At 24417 7| S E o] Wt Ajsh=1.8 + 1.7 T30l oI5t A Atol7t 7 A YrER T

¢g®130th Kuo et al.(2015)%= 37 mm 2719 MCE US EPAQ016)°14 AgA3 @74 5dE 9] 5189

(SKC, 225-1938, ®|=), Glass Fiber(GF; SKC, 2} 712 ZYZF +15, 430 pg OIHE Fofdch B A4
225-702, ul=), PVC(SKC, 225-5-37, 1l=), Zefluor of|A] Z} AE A BEEAE vl W2 5521 1 g
(Pall, P5PJ037, ©l=), Teflon(Pall, R2PJ037, 1<), 07 1 7|&EE F=3199 Fig. 200 AlAIE HolHE
Quartz Fiber(QF; SKC, 225-1827, ©l=1), Aluminum ol-gato] & Aol W AZESA(Method Detection
Foil(AF; MSP, 0135-01-0014, tl=H)<} 571 £33 Limit : MDL)E $&X5HAte] 3ui2 AAstelct, o
o) s "IAESIH S MCE, GF, PVC, Zefluor, FTEIZHA: theat Zol okt

Teflon, QF, AF ZEIE A5 35%2} 77% B3 A

10314 A=l vlasteict. MCE, GF, PVC, Zefluor, FERFAA (0,0,) =

Teflon , QF, AF ZES] AeFAHS= 247 0.418 +
0.0008, 0.057 + 0.0003, 0.006 + 0.0007, 0.0009
+ 0.0009, 0.003 + 0.0005, 0.004 + 0.0005, 0.001
+ 0.0004 mge]3lth. MEC ZE 9] AFHsl= 0.418
mgl 2§52 FFel 7HE F Ao = YR EgH

(n,—1)s; + (1, = 1)8,% + o 4 (m, —1)5,
nytn,+..+n,—k
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A= 242 0.6 pg¥t 1.8 pg= WEFHTE Table 32
Al 2710 AAd 5] A Bl-golnt. 2]

Holg, 498 HEH4], 94 52 Hlﬂoﬂ 3

2] okoket. whol A2 A 2-& Tge 7122 21,202,000
A(USD14,760)°11L, whola 242 7145 A 2lstH

6,202,000 9(USD4,320)°]t}. ooz, XJI%T'__“?‘]_'/\
2L 7tdR 5 A7) ARS H8-2 AR %}%‘:}.
Carlton and Teitz(2002)7} 7Rt Al=dw <] v]-&
2 w3} 23,230 @At 199 A A2k 42 Atst
of digtl=r 20219 E7MISEGEHIA 2714
1.5240)& #8std  mpo]la= 11%% Z3}sted
48,522,080€¥(USD35,310)°11!, A& A<t A=
H[-8-2 29 ,096,5389(USD20,270)°]tt. Allen et
al.2001)°] 7Nt A o] v-&-2 nfo] A& A&
< AleJstar wjg} oF 5,000 =T} 209 A A2H

H|-8-5 ZetsA tighl= 20214 7|5 EVMISE(A
HZb E27HA]4, 1.56H)S A-85H 10,443,840
(USD7,268)°1tt. mto] 22 &3} ZAFA|#-2] H]-§-2
9= 2] okt

Table 3. Initial costs for preparation of the weighing

facility.
Item Cost (W)
Sartorius microbalance 15,000,000
Refrigerated circulation bath 2,500,000
Soft X-ray 2,300,000
Acrylic box 700,000
Elitech temperature and humidity data logger 198,000
PVC glove 160,000
Heating plate 150,000
Magnesium chloride (1 kg) 100,000
Standard weight metal 50,000
On-off temperature controller 30,000
Copper tube 2 m 14,000
Total 21,202,000
472 8

2 Aol PM ZH 9| $% S4< flal o7t
HAA 2 7175 ARt W E AlAshaL, 250t 5

= AAs] Alofd 4= = AAE A A5k AAHE

A5

Al o] A 2k 9t 5= US EPA 9& ARy
o1t US EPAS] PM,52] HE] FA &7 of
Aryte]olA A d% FUE 549 ﬂ%ﬁd
= 159430 pg oI =Z = o1 tHUS EPA, 2016). £
TollA A SUEGAE TH S 2EHate
1 ugQ & o] 7128 ZZos}girh & A1o] Alzkn
A& AFY oF 1/5 7HH o2 AAE o Ad AlE
of H|5} 7|50l AlgH ot} & Ao HE 7A =
o] F& A= AR Al o] AR 2Eot &
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