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Characteristic comparison of Andersen and total suspended particulate samplersin a particulate matter
generation chamber

Ju-Myon Pak®

Dept. of Environmental Engineering, Yonsal University

The purpose of this Sudy was to compare the performance
characteridics of Andersen and totd supended particulae (TSP)
samplersin terms of partide sze digribution (PSD) and meass
sampling efidency. In the present udy, two Andersen and four
TSP samplers were Hected and tested to quantitatively edimete
human exposureto fly ash representing indudrid perticulate metter
(PM) in acarefully contralled chamber. The PSD charadteridtics a
mass median aerodynamic diameter and a geometric Sandard
deviation, were found from the sampled PM of arborme samplers
in the chamber. An Andersen sampler was compered with a TSP
sampler quantified by a Coulter Counter Multiszer, as areference
sampler, to destribe the corrdation of mass sampling effidendes
between two types of samplers. Overdl results indicate thet
Andersen samplers overestimeted smdl PM dueto partide bounce

Aolgh 7] Foll F-f-3h= 719} Aol Qlof thakst
AAAFEA 0] BehA E3kE-S walel(E=Ake 14, 2003,

1996; USERA, 1999). A A -2lutetell A 57] Fof -
ok w319 fo= 1A, T, T5EH, YAE

e 12008 49 8, A=< : 200811 92 9U

phenomenabetween impaction dages. Therewasressonebly good
corrdation (R* = 0.89 and 0.91) between the mass sampling

dfidendes of Andersen and TSP samplers during the two teds
However, the lower vaues of dape (0.71 and 0.72) in two teds
showed that the Andersen sampler underestimated PM (> AD
101 ym) with suffident inertiadue to ardatively lower Andersen
inlet velodity a 0.8 m/s comparing with the operdting air velodity a
2.1 m/sinthesampling zoneof achambe.

KeyWords:  Andersen sampler; TSP sampler; Paticulate
matter; Particle size distribution; Sampling
effidency; Air sampling.
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119 g5 Abgatar Ytk 873 -2 79, 713 B
Hel A= 71 @ &4 wjEA el o

ol & FH-FHA o thet wiEs &7 )5 LAk om &
7374 A7 &R ol A = w] A A]-PM10 (3719 8 2] 74 0] 10 41
molah) o2 7|8 7|E& A skar ik 1990 off SRt
o F3 3923 (CEN, Comité Europeen de Normdlisation),
= Al ¥ 7] 7+ (IS0, International Organization for
Standardization) 2 7] =1 A S A H 71 9] 3] (ACGIH,
Amgrican Conference of Governmental Industria Hygjienists)ofl 4
= AP (PM, paticulate matter; ©] S} 4) 9] g0 5 A}
Sttt A A o5 B3l tigt A7 AR ES
5979 (inhdable), -2 (thoracic) B! &5/ (respirable) %!
OF Fstal ofel th gk 50% Al ZAH FEE (%02 ¥
71948 4173 (aerodynamic diameter; ©] 8} AD)= 212} 100 ym,
10 /m % 4 ym= g5} tHCEN, 1993; 130, 1995; ACGIH,
1996).

HAhAts ol A 244 3+ 2 FHAY L3 o A] 71 o] gt
S22 I o] Ato] = AR U 1t nF
Hof| A st Ak Al ARl S Ao wE 23 o)
31} Foll A 312 AFE Ao &gk A A At
16207 0. % falfQlAtete] wed o] H=5lst A (4,
3,55 L Fu5 o5 w8A 55, 54 55
et A AW AgAl= 4885247 © 7 3% S AFA 5kl

g, 2006). w112 A A 383 A7), Ak
sHEL, xisishs, 183 35719 oo kel
of o A4Hrt At &S Fol A YA #H9
7P et Hit kA B2 & 4 Qlk Q1A o] Bl E v
ol t-E2] 271 (> AD 100 ) 5 &3l 12 A 2j A
AD 4/m2] #7171 34 of] 3123} AD 4 ym BTk AH2-
AL H 3ol A HAE o] A3 s dupa o 2 Fyo] ¢
Aol @S a1 k. 1ol g gk =E2 of g Al 9
3 Z7AFE E 5578 A B Al S d o= A7
g9l QAR AT gtow EA Y T AR E
d sk Fglelo] 1 QIEHUSER, 2006). 0] & 3k -3l tf
A A 2= 7] flste] ER A SAHF 75 A g,

A FEE B2 AEAANE S T, 284,
PMzs B3 01 ymy o} 2 F7150] S o] AR5 31 9l
AT HA2 oYt Al gAFH 7] T w319 A7 4
o] 7hs g A EAF 75 AEleto] 11 Y An| E 2t A
Hl QoA I F858S YA (PSD, paticle size
ditribution) 9} 2] 2 3% 78 (sampling efficiency) 2 )i %7}
gt Aotk A 5AH79 #8571 A5
(reference sampler) £}2] 241 21Q1 Bl A3 & 534 o] Fof

ZITHCEN, 2002). “12{uh, 50% A 2215 T3] 74 1
A EAF EES S s vtk oAl 71 A5 A
A7) e EAHA ket 28 BE & Aol s TR
Ak AFH A Ao} glom FUrert 52 A7)
#4171 (CCM, Coulter Counter Multisizen S AH-3H= S5
721 (TSP, total suspended particulate) A 5 x| 3 7] (¢] 3}
TSPICCM)E 7% A EAF 7] 2 AH-aFlth. B3, Wenjura
etd. (005) ¥ ol AR TP A ZAH 7] 7} w] = 3173
% (USEPA, United States Environmenta Protection Agency) 2]
TSP 7|55 WHSem vl A s Sofo] Ads] dAet=
AI}E H 15 THUSER, 1987; Wanjuraet d., 2006).
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1. Andersen¥} TSPICCM & AHg-ato] F1H QEoll A F-f-ah=
Ay ash 'HAE X2 A7 29 SA & Aok

2. Andersen} TSPICCM & Al 2401 3 &5 1] i 3 7}3hot

I. a7'¢

cE

Gy

N A =27 F 7

B APl 37 Fo Bhohs B9 QA1 RE
o} 71 EAS A317] 93l Andersen (Mode 20-800, Thamo
Electron Co., Smyma, GA, USA)¥} TSP (Wanjuraet d., 2005) A|
SAH71E AHESF3I T Andersen Al 541 H 7= B35 =0)
& (inertid impection theory) 4]-8-5to] &7] Foll -8k
B2& 847 (dage 0 ~ 7: >10.1, 65-101, 5365, 3.7-5.3, 24
37,1.2-24,07-1.2, 050.7 xm)2} Backup ©HA| (<05 pm)of| A
AD H 9 E 7 A F 5to] YA e} R Tl <
ot FXEA S Ftotet=t 28k A THHinds 1999;
Park, 2005). TSP Al S41F 7] vl 874 9] 143 (high
volume > 1,133 L/min) Al 2415719 755 B85 4§
(low-volume: 16.7 L/min)A] & 21 #] 7] & A28} tHUSERA,
1987; Wang et d., 2005; Wanjuraet d., 2005).

2. M A

A A (chember experiment) 2 m]=9] 5413735k
y}8AIE] (Center for Agricultural Air Quality Engineering and
Soience, Texas USA)llA] =eskgitt b o] At w2l
< talsto] 27 gartd] WEE 7 2 Sl 1A A7)7E o
kgt Ay ashE ARG8T 1 U k2= Pycnometer (AccuPyc
1330, Micromeritics, Norcross, GA, USA)E AH2-510] &4 51
ok A QlelA = EA S wdsHA XS F e Y



S 717 Zteto] (ar draghtenen) S A 213 37+ A 3ol A %)
a1 om WA (feeding system) o} B ES
oA F717} 85 % AN )
ole] 71 FHl Fito] ApA| ek 31k ZF 7keto] A A
] 18%= AHAlob A A SAH S 7R A E 22
24m2] Aol 9] 5| o EFo|th i Qrofl A WA g &
715 128 mifmino| v Zheho] S Fopo] Mg 1452 21
misz Ak o

A Qke] 7] SEWEelA kel A8 TP Al A4
7|ZHE FEAQ 37 F# Ae A 987 2lske]
TSPs} Ardersen A| 2171 9] 917 %012 217} 160 ams}
140em= 7153 Q13Fe] 3571 (breeding zone) el 44 4] 5F3i
o A gAF B/ 2+ 167 Limingl 227 Liming 4§
SEITE A Qlell A U g3 S o) 7hsskA] ERla]
gI5te] & 9 ol el of e A AT AALA A
AE WA TS Eoto] A B S St 19 13 F A5
45 ) e TP AEAR 2RE FASHOE £
4 7o)} iAriWweng et d., 2008). 1 A oA o] ] A
FHIE vl o= i Qlofl Elo] A3 x| o] 9
U M= 7 L Ade el e Ade 7
7} N F3skglom ZF Aduiet A koA A28
Hy ashZ AHE-3HI T AndersenS: AFE-SE A 241 H A8 o] d
o 718 A F 5= 5= (impaction plate) 2] Y AR HA
(particle bounce phenomena)& |}7] $lsto] 23 Ael&
(vaccume silicone gresse) S AHE & A2 7o A TSP o 3} 9}
7 A 2545 tHMay, 1945; Swanson et dl., 1996; Mitchdll et dl.,
2003). TSP Al =4 # 7] 2] o 7}=] = PTFE Teflon ¢ 3}4] (05 1
m pore size, Cole-Parmer, Vernon Hills, IL, USA)E AFE-3133 -
Aol A o] A 9} F-E IS 244 7HEE20°C 45% 7

Air straightener

Air straightener

By Recirculating
RITi ) ot
i L

Feading system / Fly ash into chamber

Compressed air in

Fig. 1. Experimental setup of Andersen and TSP
samplers in a PM generation chamber.

Notes) T1-T4 : TSP samplers; A1 & A2 : Andersen
samplers

Q17 w4 AV o 43 Andersent} 27 A 2A131719] 54 vl 179

H5EE 7H Az oM A 54 A Aol dxssit
(USERA, 1987; NIOSH, 1994). A H 1 1271 9] 532 S 317]
Fl8ted 10 pg DoI7HA SAE = = AAA

vl 7} A9 A5 o 9} FEel] A E B9 T
Al A S48kt Andersent TSP A 23151 7] ol = 12%
HACE 73 AHE SAY 7+ e W] (oresre
transducer: PX274, Omega Enginesring Inc., Samford, CT, USA)
s} 2+82147] (data logger: HOBO H8 RH/Temp/2X Exterd,
Onset Computer Corp., Pocasset, MA, USA)E AL-4-3191 T}, &2
S %48 Q%= digphragm & 3 (Item 42792, Thomes,
Sheboygan, W1, USA), needle vave (Modd A-68831-00, Cole-
Parmer, Vernon Hills, IL, USA) ! magnehelic pressure gage

(Dwyer ingruments, Michigan City, IN, USA) 2 AH4-3151 T

P

3. 282 UXIFI|ZE H SEEA

Andersen A 53 F 7|5 ©]8-8kef JH Qefl Ffah= w4
5 87| 374147 (dage0~7: 101, 65,5.3,3.7,24,12,0.7,05
BT A2 A SN FHEES I AR EE
A B9k} 7 TP A 5403 7] & CCM & AHg-ato] 7} o 2}
Aol A S48 ERORNH 57F 79 473 (ESD, enuivaent
shericd diameter) 60 m7HA] 25671 2] AFB S o] H719) 9
A7) EEE A ETE AUt 02 F7] Fol| F-fdhe
RS ZMEES 7L oo B4R EE T}
A= H7 0] EAL 7)319 i (GM, geometric mean) 3} 7] 31
Z¥2} (GSD, geometric standard deviation) = &9 4= 9)th
AW Qloll A Ex g $710) 7] £¥IF IR EE 7}
A 31 Q=] gelaky] $ste] Weibull 2 713 (ReliaSoft
Corporation, Tucson, AZ, USA, 2007)&- AH4-810] TSPICCM©]
A DR gl AE I (7 15 2569 HA FEE
obx STk Wabull = 1582 Q1o AR RHE e X,
RIFTHREE, A, dolE ¢ 0] i T 8] 1
& % 719 dFeM 28R EE 182 UERlaL
U 2] 17119] Z1E o A= Weibull 2-9 5 2711529, 21
A7 2591 e BAIT ARl A GMS 50% 2]
A EANH EE&S UEY 37198 59 974 (MMAD B
ok , mass median aerodynamic diameter) © & 8 5 91t} GSD
= l,:Zj /\]Eiﬂﬁﬁ_gﬂ 71%7]i Vdﬁl‘l/dl:'»,‘] oﬂ QSH 71”71\_]'
ol o 37| thud} dheet= 217 2 A BAFH G
84.1%} 15.9%°] &l 5= 3-7] < 8t 2] 7 o] tHHinds, 1999).

Andersen A| 2415 7] & A FH B ERS] AT IEEL] 5
A2 8| 9] SHA A A Be A2 A TS T L &
132284 (log-probit andysis) & 5t Tt 20|
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MMADS} GSDE 38319 tHRock, 1995). o] 4+#12l & 74
TEET Z2IEZH FA A DA M-S 7pA]A] e},

z—pn _ In(AD)—In(MMAD)
o In(GSD) )
In(AD) = In(GSD) < z+1n(MMAD)

=

o714, z&= 7|5 A 1FE-E S (standard normal random
vaiisle) = Andersen®] A ZHlE ()M s 7HR 7
#] Z-oH) 2 Micorsoft Exod 3 2 713041 NORMINV(+4] %
Z1)01) 715& 72 AXE 5= ek xe FtEER S
(normd random varieble) = 37198+ 2174 -&, pi= RASE TS,
o= REFHAE 247 eIt

TSPICCM ] A A3z B4 B4 22 795 7 &
ESDol| thato] £3]u]& (99)2] A3} g0 Uehdt). 3719
&t 27l oJal| T3l <] Andersen Al £412] 71 9] 433} H] s}
7] 915t TSRICCM 2] ESD= th 418 0]8-51] AD2] 7]
H]& (%)= AXF3FA THHinds 1999).

AD =ESD x 4/ —22 22)
Po XX

A7, o= SHE A UE, o= HEE (Lgod), =

T O}A) 4 (shapefacton = LeRATE

. axza o u¥

1. 2289 A 371222 &Y

H 0
;g]%_l“l‘l‘

A ¢rol| A Andersen} TSPICCM O & = 7
UAFA = B2 Al | ol A =t S ghel A1
7] (confidencelimit) - 714 2 ERYATHZH 2). Andersen?]
A7) 2702 Andarsn A 41 7] 2 dojzl 7+ 8
S SAA ARG 22 A BAH G &S AAste] Tt
9o TPICCM 2] AT 7| E = 47)19] TSP A| 243 7]
FHH dolxl 7} 28670 9] Al Z A H a& 0 Bagks A4dst
Atk 19 2= A o 18-S HolF7] 918 1pmF-E 20m
o] J2k27] G ukS YER Sl .7 Andersen A 23 F 7] 7}
TSPCCM#} B w3to] 2He- MMADE 714 1 2H8- Z=ekn) &
o] RS AQF 3 Z-& Hol1 glt} o] 3t 2jo|i= nj AF]
T Andesn® 2 JHE FHE #4987 Gl (dage)2)
Za o] 7 (orificg) ) 2 whAE Hof A ik w g B
(wall losses) 52} &1 %] gtth(May, 1945; Cushing et d., 1979;
Vaughan, 1989; Horton et d., 1992). 18] 2= AFv] 5. Andersen
O AFHE QAT 7] 877 H LR xF O R Y]
S04 Q= AL &2 4 9} o] 23k AR Andarsen?] 8t
AFEdA ANH o7 & AAAFE 7= WA F
A A F F ofof g UK Z A0 GAA T B
o] 2+ AR A S 7 = TE el AF H 7] witol ) &
Ads Fol AU (danles sed) T=3 ol L3
AT Fo| YA LS #4381+ Kk 9k o]
St Avh= AP ol A A= YA} Foll < sto]
AR} §J2L2] Fm ol sk AlnbEd do] WAy sk 71 O 2 A}
THH YAk A ALY AEL o AFAE 9
M &= H 3% T (Turner and Hering, 1987; Dunbar et 4.,
2005). Zimon (1982):> ]2l &M 9] Al 5 F

> Mo

rot lo,

PD[% of partidemass

Aeodynamic diameter [ym]

PD[%0f patidemasy
8

Aeodynamic diameter [4m]

(@)
Fig. 2. Particle size distributions of Andersen and TSP/CCM samplers from (a) Test 1 and (b) Test 2.
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A7} SE=2 oA AF = YA A5 gy o
gofof T AT 28, & A= FE3 Sl
A Yze] gl 28 Fo] FAH o) Nhsd & Alofsl]
et A Fol a3t glaa Holal UtH(Turner and
Hering, 1987).

Andersen} TSPICCM &) A| S35 71 2 574 A <ol A
Ay ash?] YAA71EE E4 (MMAD, GD)2 % 13} 7t}
I 1014 Andersen®] MMADS} GSD 2] 3k (54 pm, 21)<
TSPICCM 2] MMADS} GSD 33k (6.6 m, 1.9)%} B 1.8}
< 1, Andersen?] oA 0.2 2> MMADS} & GSD #h&
CHAE 3} g ol 4 9] YRk FE el A o] Ak EE
& A7 AR FAR BT Qv 17 32 Andersen

Q17 w4 AV o] &3 Andersens} 871 A 241317]9) B4 Wl 181

o 3= E4 A 101 me] 7 a9
o] Aol A Yoyt Sl Als & 7 Alv ol $
AR1E An k) 21 mise] A Y FHelM A o s &
A& 7HA 3L o] F8he x5 0] Andersn §17-9] A H FE
Q.75 migell A T 0ol 4] A7 ol %1 (> AD 10.1 am)
S 34 AFH 5 7] W50 7 AL Pk i3 Backup YA o]
A AT W A Y QA0 mg7HA SHE 9
AN A EFAA} (REEAE AW R E 1S
oA 215 Kol Qltt. o] 2] gk Rl E0] Andersn A 5.4
A7 2 w119 AT R 2o S e Aok vl 9=

Z3lh

Table 1. Parameters for the PSDs measured from Andersen and TSP/CCM samplers.

o Andersn TSPCCM
Al A2 T1/CCM T2/ICCM T3ICCM T4/CCM
Tet 1 54 56 64 71 66 6.6
MMAD* Tes2 53 54 6.1 6.6 6.3 71
L Al tests
Mean (D) 5401 66(04)
Tet1 20 21 18 19 18 20
) Tet? 23 21 17 18 18 20
GD Al tests
Mean (D) I 210D 19(0])
* MMAD : Mass median aerodynamic diameter.
T GSD : Geometric standard deviation.
F A1 & A2 : Each Tst and 2nd Andersen sampler.
§ T1-T4/CCM : Four TSP samplers analyzed by a Coulter Counter Multisizer.
I SD : Standard deviation of sample.
Test1(AD) L _ Tes2(AD) L —_
y=2002 +5410 0 -5 o y=2.281x+5328 0 -5 o
Re=0807 g 2 Re=0843 g ] 2
Tesl (A2) 5 & Tes2(A2) ] /
y=2102x + 5568 P y=2101x+5449 P
R=0833 ~ & R=0830 e &
m /_/“/ a
a / ? emen—*" :
p 0 ' e 0
4 -3 -2 -1 0 1 2 4 -3 -2 -1 0 1 2
Sandard normd varigle Sandard normd varigble
m Textl(A) + Tetl(AD) B Te2(AD) * Te2(A2)
(@) (b)

Fig. 3. MMADs and GSDs of Andersen samplers from (a) Test 1 and (b) Test 2.

Notes) A1 : 1st Andersen; A2 : 2nd Andersen.
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2. Andersen2t TSP/CCM2| A|ZXHE & H|u

B ool o A AMEE Anderseny} TSPICCM 9] =358 S
] 1.3}7] $lske] TSPICCM S 2 A £.401 5 &85 Andersen
9] 87 141474 (AD 101, 65,5.3,37, 24, 1.2,0.7,05 1m) .
E A AN aE g s ek $ dE S 0l
T 7ol A3 = stk o|w 2] 71& 7= WAl 9] 7]
S7) 1Z5E 424 ¢ 2lo] (Tet 1& 2 7]%7]) =071& 0.72,
Z}7} p<0.0001)7} 91 leH o] =2 AAAT, R, gk Test 1
7} Test 29)4] 77} 0892} 091 3] &2 2Ju]7} 913
THZH 4). Andarsen?] 10T} B2 7]27]&= Y79 AlBA)
FF450) oJste] AD>101 pm-719] FhA 7 F ol A 7191 st
Ao 7 Ay & 4= 9]t} o]of ujz}, Andersen®] AD >10.1 m
w71 A)F &0 7kt AD <101 pm -7 2] A )
HaES Zashd TPICCMe| 77k Alg Al & (71+

Ao A AR R (fly ash) o] =284 SAS S0
2 g9l3}7] §J3te] AR (ESEM E3, Electroscan Inc.,
Wilmington, MA, USA)& AHE-3F3ITH Z19] 5= TSRS ¢ 74
SlellA A Ay ashe] =24 2717k 5= nmell A 20 gmel]
o2& FEYE ZHE 7H Y YS HolFaL otk Ay
ah?] An| A4S 3l 2] 20014 ¢] Rl 1= ARE-sf
T e, vheket dAke] JHE 7= AYE T

100 —
" Tetl Tedl e
. + TeR2 7546
g 0 ___1ilire ey
§ © Tedl /’, 73.83 o
B y=0.712x R Tet2
g R=0890 E
40 48.31
§ Tex2
=20 y=0717x
R=0906
0 492
0.40
0 20 ¥ 60 0 100

Andersen cumulativemass%

Fig. 4. Plot of Andersen and TSP/CCM cumulative
mass percentages.

th7] 8k ol A= thefst Bk AlG= kol AE-(Hind, 1999, Park,
2005)= 1 2] 29} o] F7]98t A7 0 2 9] wFs} 21¢o]
3 9t} B Lol A= CCM o) ESDE #41 % 9j2 7]
Y5 3719 214 07 RFdlate] ¥7]98 279 YAt
YA 8= Andersen Al 54015 7] 9} 1] 2248131 o] 9}
e
2]

32

i

1
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37198 A& 7= QAE e B4 ¢l 9ste] 27
Aoz AxE A8 = 7182l AR A
Z1ES 3 vl 5 QA Brk B3 Av) 24 Al AR
o2 g AgRaE el s o3| 919] 1A -2 (duden)el
A 22 QAkEe] o s ek Al BT ol f g E
t7] oM PE A o2 AF | AR A ek AR S AL
&3 An7d 24 elA ol (conglomerates) ] R 7

&4 olas BolEth

o
=
sk
oF
=
EUN

V. Z 8

Aol EAleol wE =S wl 1 9lald S B7keh) fls)
ANEANFH7IE AHESH Ak 2718 eFef dig A
w40l Jaatrt & Aol A= 27019 Andersenst 471 9]
TP A5 AlH 75 AEate] v <telA] QJata7]7} vhek
& Ry ahs Aste] YAT7 R L} A SAH B &S 71
T ZHABAZH 719 EAE A F7eliTh A ES Fato]
Andersn Al 221 F 7] 9] B3} @A) el e S &
21511 © 1 Andersen?] YAPIHEEARS CCM AR 7|1 &
AHE3EE A BA1H7] (TSPICCM) 2] 1AF 7|3 5.9} 1]

® Y . 4 _. 2 .
-
.w . - _ = -’m - y o

Fig. 5. Fly ash image (Calibration bar : 20 zm).
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A3 LS Folatgy 2 EH BAS A 835l0] Ay
ok A A H Ay ashe] YAHa7|2E EA-S MMADS}
GSD H %k (Andersen = 54 ymé&} 2.1, TSPICCM = 6.6 /me}
19) 0 & 7}7} 5Hol 319t} TSPICCM K.t} 2 Andersen®] GSD
#t2 Andersen Al 541 F 71 9 IARE EAS A TAIE
HojFa glom TSHCCM BT 212 Anderssn®] MMAD#
O % Andersn A| 5415 7] 9] B2} @A el A ] YAk
AS AekA o 7 golagit). ik Andesn} TSP/CCMS’J
AlEZHHﬁg H|ILE F38te] 7 A|2AF 7] Aol el 2Jw] )

= A7) (Tet 13} 2, R2= 0897} 091)Z Kol glor}
Andersen®] W2 7187 (Test 13} 2, 71-27] = 0719} 0.72)+=
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