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Abstract

In this study, several types of gravimetric methods (such as high, medium, low, and ultra low volume sampling
methods) were applied to determine suspended particulate matter concentrations in both ambient and indoor
environments. Comparative evaluations were undertaken with SPM data obtained using a variety of samplers (TSP,
PM10, and PM4.0) at different sampling flow rates. Correlation coefficients between TSP and PM10 concentra-
tions measured at different flow rates fell in the range of 0.73 ~0.94 (n=40). In addition, correlation coefficients
for PM concentrations measured by different TSP samplers were in the range of 0.90~0.95 (n =36 or n = 38),
while 0.77~0.91 (n = 38) for PM10 samplers. Correlation analysis was also conducted on indoor monitoring data
that were measured using ultra—low-volume samplers at both different or identical flow rates. The correlation
coefficients were in the range of 0.98 ~0.99 (n =38) between TSP and TSP and 0.92~0.94 (n = 38) between TSP
and PM10. The mean ratio for high volume PM10 to TSP concentration that was monitored at identical flow rates
in the ambient air appeared to be 0.72. The mean ratios of PM10 to TSP and PM4.0 to TSP observed with identical
flow rates at indoor environments were 0.47 and 0.40. The results of this study may provide empirical information
concerning the compatability of aerosol data obtained by gravimetric sampling methods at different flow rates.
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Table 1. Details of sampling instruments and operation conditions used in this study.

Measurement Sampler Flow rate Filter medium Remark
Hi-Vol. TSP High volume air sampler 1.13 m¥/min Glass fiber, 8” x 10” Ambient air
model 305 (Whatman, EPM2000) monitoring
(Sierra Anderson, USA)
PM10 High volume air sampler 1.13 m*/min Glass fiber, 8”7 x 10”
model GMWL-2000H (Whatman, EPM2000)
with a PM10 inlet
model SA/G1200
(GMW, USA)
Med-Vol. TSP PS-1 PUF sampler 146 L/min Glass fiber, 4” Ambient air
(Graseby—-GMW, USA) (Whatman, EPM2000) monitoring
Low-Vol. TSP User modified sampler 29L/min Glass fiber, 47 mm Ambient air
(Whatman, EPM2000) monitoring
PM10 VAP sampler with a 32 L/min Glass fiber, 47 mm Ambient air
PM10 inlet (URG, USA) (Whatman, EPM2000) monitoring
Ultra PM10 MiniVOL portable sampler 5L/min Glass fiber, 47 mm Ambient air
Low-Vol. with a PM10 inlet (Whatman, EPM2000) monitoring
(Air-Metrics, USA)
Ultra TSP User modified sampler 10 L/min PTFE, 47 mm Indoor air
Low-Vol. (Millipore, 1 m) monitoring
TSP User modified sampler 10 L/min PTFE, 47 mm Indoor air
(Millipore, 1 um) monitoring
TSP User modified sampler 5 L/min PTFE, 47 mm Indoor air
(Millipore, 1 pm) monitoring
PMI10 MiniVOL portable sampler 5 L/min PTFE, 47 mm Indoor air
with a PM10 inlet (Millipore, 1 m) monitoring
(Air-Metrics, USA)
PM4.0 SKC airCheck sampler 2.2L/min PTFE, 37 mm Indoor air
(Model 224~PCXR8, USA) (Millipore, 1 um) monitoring
with a cyclone-type inlet
model BGI-4 (BGI, USA)
TSP SKC airCheck sampler 2.2L/min PTFE, 37 mm Indoor air
(Model 224-PCXR8, USA) (Millipore, 1 um) monitoring

J. KOSAE Vol. 18, No. 4(2002)



288 MiAS - A - Modm

Anderson/General Metal Works SA/G1200, Impaction
type, U.S.A)o] A2% high-vol E& ¢} 19 PM
10 =27 7F3F low-vol, ultra low-vol A=
2 & A&tk A7) 3 TSP ¥ PM10 &3¢l
r AZE ) Azoddks wiAs)y) Yehe] 23
o|AAIZL el M A AW F 4F
TSP AHE AsH HE8 AH{FZFE high-vol
PM10 A =2]¢] PMI0 Y=g RF=]o] AA $afo
2 AAHe ¢9x 1.13 m¥min 4OCFM)Z} 7133
FUT AAE = (38cm/sec)E FR|FEF A8
o}. PM10 &A1& AEZHEL 7} 2719 dx B
2lo] 2 Az3|Ate] WA A FFF) me oA
Bho] 24A17F b FUS A zkfe A= ¢
A F7] F BRHRe] EAdd sleMe 7EA
AW#de] BAS sl E<" 3719 Aled
of whE gk HsEr] 98 AlaAH faFol of
F AL AEHEz A A BAF A PMIO
AEHY AH G 59 TSP«] AFf-Fg Hl
w3}7] $18), TSP M=e]2] A$ S5L/mino.z 7}%
A7 AEY D oluch o 2 sl AT
TSP2}2] vl wE ¢3) 10L/m1n9»] MEzgE 7153}
At =3 PM4.0 M Z o] Fql&kel 2.2 L/mind}
YT H¥oz FUD TSP BEE Wwep
S8 220/mine g 73 TSP &2 sy
o AN 27 3 R4RA Am) AAE AmA
Azkel B7] % 34uAY e wel] whe} 5~10
A BE2 Az @ A A4 53,
PM4.0 (Dso =4 pm)> 7= Abd A shaje A 2hg)
87 e 384 AAE A s dAs

0

VAU, A A1 AT R FA2E) e
AR e w=7 ¢ich (ACGIH, 1991).

2.3 XA £F

¥ ATlAME —"AASAZ TN A 3] A
FHagzatolo A7 gL 45 s17] A, A}
A9 BANN A7 FAR EF9 A8 AL
Ao & B497) ERdE 2F fU4E oA
ol gt em, AW F7] FANME pore size7} 1
hme) hEE A8 A4S FFUAL high-
vols) A% AzIAANN TFHE FFEAE
orifices ©]2-3F AWM ES wz Sk RAZ
o]-&3lg e} v, low-vol®] A2 HAA 7

l> mlm

_l>_',o

]_

FIUANBATIHA A 18H M4z

©)¥] (URG-3000-02C, USA)$} A 2§27 (Top-
Trak, 288-13-OVI-PVI-1V, USA) 5-& &l s}e]
AgRech A AN DES) AE G AE
A - 39 334 AT e Hshe A
o, AlgRH A - Fo gAx HA|A o e (A
HFE 4515%, &% 2243°C)d|A] dlgfo] H =
2477 B3 Fe A ARE AR RAA
BF 0.1mg7A] A= + e 348HA 2 (AE100,
Mettler Inc., Switzerland)& A}8-3}e] 53] &4 HF

218 A 8, EE AAE AR Ay
AAAE A= 2pug7hA] A 4 9= micro-
balance (M3P, Satorius Inc., Germany)E ©]£-3}e] 3}
o] oA Algol] dis] ARE A - F 7 53 kR
A8t FxF AMEsIdeh oW microbalanceE
o] &3 AFNM EHAA ] exjo] A3 @2 o
FE vAE A7 93 sl Yo,
AP L& o] &3 AA7] A A2 (onizing blo-
wer IB8, Amersham plc., UK)Z A}-4-3}9]c}.

oo e FYl A ANZPA THE B
HA =9 Z2A 84 (Limit of Detection)s ZA|
2elA)9) RAMNE F2z 248 23 low-vol
ume sampling®] 79 ¢} Spg/m® A=l Roz 1}
eltem, A ekgA (Limit of Quantitation):= 7. 3w
o oF 1Spg/m’ A Aoz FAIY(ACS,
1980). tHA| & high-volume sampling?] 79~ A] &)
Hgo] @2 AAZ low-volumed] B = ZHE
] &HA 7} WL Aoz Vel 24 AdAe =
d3t FA7)e FEEA Ayg EAT A o
10% °]"H?l ez FAFH)

3. Za g ni

3.1 A2 aHUYoll oE ZHAE Hm

ok Als A wet A" 2aR
Az Aubd g gokste] & 1o el
odct. #AYN7) F TSP ¥$x4£F:e FFZe 7
Fo2 £ o, dEeniet 3t Ape]E Hol} 50~
67 pg/m’ A== Jelstct. TSPA S o] Hgt d7
= F9A & o), high-vol 1 Eej7} 714 &2
g myol ole] uhs] medium- ¥ low-vol M=
# 52 717} high-vol 24 X)) < 80% 2 70% 4=



A -2 37) F A 2 4ae) vimgsl 289
Table 2. Summary of suspended particulate concentrations measured by different samplers.

Measurement (Flow rate) Mean+S.D. Median Range MRE* n Remark
TSP (1130 L/min) 67.0+254 62.8 28.6~142.1 0% 40

TSP (146 L/min) 49.9+£20.7 439 24.8~122.1 25% 40

TSP (29 L/min) 54.8+28.3 50.2 18.7~124.5 22% 40 Outdoor
PM10(1130 L/min) 45.5+£20.0 44.0 18.7~97.9 32% 40 air
PM10 (32 L/min) 39.8+19.7 359 10.9~97.6 41% 40

PM10 (5 L/min) 37.3%£220 309 10.4~106.4 45% 40
TSP (10 L/min) — Set A 112.5%91.1 96.9 16.4~3825 0% 38

TSP (10L/min) - Set B 123.9+93.2 107.5 17.7~404.2 13% 36

TSP (5 L/min) 118.5+£93.1 104.0 13.1~421.9 14% 38 Indoor
TSP (2.2L/min) 108.7£86.1 84.0 18.5~375.6 11% 38 air
PM10(5 L/min) 63.5+£47.6 51.3 10.5~194.4 38% 38

PM4.0 (2.2 L/min) 48.7+£39.6 36.7 10.7~174.0 51% 38

* MRE (mean relative error) was estimated with respect to the measured data from TSP (1130 L/min) and TSP (10 L/min)-Set A for outdoor and

indoor sites, respectively.
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Fig. 1. Comparison of correlations in the concentrations of TSP, PM10 and PM4.0 between indoor and outdoor site.
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Table 3. Summary of regression coefficients measured by different samplers in outdoor site.

Combination of sampler

Regression equation [Y =a X+b]

[Y] [X] a b T
TSP (146)* Vs. TSP (1130) 0.77 (0.69~0.86)" —1.9%(-7.9~4.2)" 0.948
TSP (29) vs. TSP (1130) 1.00*(0.85~1.16) —125(-238~-12) 0.902
TSP (29) Vs, TSP (146) 1.28(1.11~1.44) ~8.9(-17.6~-0.2) 0.933
PM10(32) Vs. PM10(1130) 0.90* (0.76~1.03) —L0*(=7.7~57) 0.910
PM10(5) VS. PM10(1130) 0.84*(0.61~1.07) —-1.0*(-12.5~10.5) 0.765
PM10(5) vs. PM10(32) 0.90* (0.68~1.12) 1.6*(—8.1~11.2) 0.805
PMI10(5) VS. TSP (1130) 0.63(0.44~0.83) —5.1*%(-19.0~8.7) 0.732
PM10(5) Vs. TSP (146) 0.83*(0.61 ~1.05) —4.1*¥(—15.8~7.6) 0.782
PM10(5) vs. TSP (29) 0.58 (0.41~0.75) 5.5%(~4.9~16.0) 0.747
PM10(32) Vs, TSP (1130) 0.64 (0.50~0.79) —3.3*(-13.6~6.9) 0.830
PM10(32) Vvs. TSP (146) 0.87*(0.75~1.00) —3.8%(-10.5~2.9) 0.918
PM10(32) vs. TSP (29) 0.62(0.52~0.72) 5.7*%(-0.6~12.0) 0.894
PM10(1130) vs. TSP (1130) 0.72(0.62~0.83) —3.0%(—-10.2~4.3) 0.920
PM10(1130) Vs, TSP (146) 0.91*%(0.80~1.02) 0.3*(-5.6~6.2) 0.938
PM10(1130) vs. TSP (29) 0.64 (0.54~0.76) 10.5(4.4~11.6) 0.906

# : Value in the parenthesis indicates the sampling flow rate (L/min).

* : Indicates that each slope and intercept is not different from 1 and 0, respectively at a significance level of 0.05.

* : Indicates the 95% confidence intervals for slope and intercept.
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Table 4. Summary of regression coefficients measured by different samplers in indoor sites.
Combination of sampler Regression equation [Y =a X+b]
[Y] X1 a b r
TSP (10) B* vs. TSP(10) A 0.99*(0.91 ~1.07)* 8.5*(-3.0~20.1)* 0.976
TSP (S) vs. TSP (10)** 0.99*(0.93~1.07) 27*%(=7.1~125) 0.981
TSP (2.2) VvS. TSP (10) 0.93(0.88~0.98) 0.9%(-7.0~8.8) 0.986
TSP(2.2) vs. TSP (5) 0.91(0.85~0.97) 0.8*%(—=7.7~9.3) 0.983
PM10 (5) vs. TSP (10) 0.48 (0.42~0.55) 7.6%(-22~117.3) 0.926
PM10(5) Vvs. TSP(5) 0.47(0.40~0.54) 7.6%¥(-24~17.7) 0.922
PM10(5) vs. TSP(2.2) 0.52(0.46~0.58) 6.9%(—1.7~15.6) 0.942
PM4.0(2.2) vs. TSP (10) 0.36(0.28~0.44) 6.5%(—52~18.3) 0.837
PM4.0(2.2) vs. TSP(5) 0.36(0.29~0.44) 5.8%(=5.6~172) 0.849
PM4.0(2.2) VS. TSP(2.2) 0.40(0.32~0.47) 5.7%(-5.3~16.6) 0.860
PM4.0(2.2) vs. PM10(5) 0.74(0.61 ~0.87) 1.6%(—85~11.7) 0.891
Number of data is 38 except TSP (10) B (n=36).
# . Values in the parenthesis indicate sampling flow rate for each measurement (L/min).
* : Indicates that each slope and intercept is not different from 1 and 0, respectively at a significance level of 0.05.
** : Indicates the mean TSP concentration of TSP (10) A and TSP (10) B.
* : Indicates the 95% confidence intervals for slope and intercept.
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Fig. 2. Cumulative probability of PM10 to TSP ratio in indoor and outdoor sites.

Table 5. Ratio of PM10 and PM4.0 to TSP for the TSP
concentration range in indoor sites.

PM10/TSP PM4.0/TSP
TSP (5 L/min) (2.2 L/min)
concentration
range (Lg/m*) Observed Mean Observed Mean
data ratio data ratio
> 350 2 0.48 2 0.42
300~350 -~ - 1 0.46
250~300 1 0.65 - -
200~250 2 0.40 - -
150~200 4 0.50 0.38
100~ 150 11 0.51 11 0.44
3 (>100) 20 0.50 18 0.43
50~ 100 8 0.67 8 0.45
>50 10 0.66 12 0.62
2.(<100) 18 0.67 20 0.55
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