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Design and Development of nano-size DMA and Size Classification of Ambient

Particulate Matters

Abstract

A differential mobility analyzer (DMA) was newly equipped for classifying nano-size
aerosol particles and its performance was tested. Two different types of particle chargers were
also tested. The DMA was applied for the size classification of ambient aerosol particles.

Performance of DMA was shown to be good enough for the classification of nano-size
particles. Difference in number of charged particles was not so significant for uni-polar and
bi-polar particle chargers. Ambient particles were successfully classified by DMA.

Key words: nano-size particles, DMA, Ambient particulate matter, size classification
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RIUFFRER IR E ORE & B ORGERIRIE
Sampling and Chemical Component Analysis of Ambient Particulate Matters in Sub-urban Area of
Kanazawa

Abstract

Ambient particulate matters in sub-urban area of Kanazawa have been sampled for years to
measure their concentration and analyze chemical components, both of which are affected by emission
sources and weather conditions. Trace elements such as heavy metals were analyzed using ICP for
total SPM, size classified particles as well. Particle concentration was measured on-line using a particle
counter, related to the traffic load. Weather conditions have been also measured on-line and related to
chemical components.

The monthly averaged SPM concentration was found to have its maximum on June while
minimum on January. During daytime, SPM concentration was higher than that during nighttime and
Fe concentration is higher during nighttime. Zn is rich in fine particles, while Fe and Mg are rich in

coarse ones.

Key words: SPM, Concentration, trace elements, ICP, weather condition, time dependency
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Investigation into In-situ Measurements of Components of Ambient Aerosol Particles

Abstract

A system for the direct measurement chemical components, trace elements and deposited VOC of

ambient particulate matters has been developed. Trace elements in SPM were measured with ICP by feeding the

aerosol sample directly into Argon Plasma. An impinger was tested to sample SPM then sample suspensions were

analyzed by ICP to obtain concentration of trace elements. The impinging system was also tested to analyze VOC

deposited on SPM with the use of ethanol as working fluid in impinger.

The direct measurement of trace elements in SPM using the aerosol sample was successfully

conducted. The impinging system was show to have ability to analyze trace elements and VOC on SPM.

Key words: Ambient particles, In-situ measurement, Chemical components, Trace elements, VOC

1. &I
REFUITIIAR R EOESRBE. BEHEOBERME
ARIEEHOMER L. HELE OREMENF
T3, TFLTEODHRIARAY T 7 —REK L
W—BH 7Y 7 LEEObIZ T s Z ERE,
&V DRI FRBEIZ OV TIE, B0 HE
DRI IND LIRS, WIn b I
Bt L i3z o> T, ek FIETIE, 7Y
v TROEFBROCFEE. BERE TORBE
MAOREREOREE(LRENEEL. FHRE
CIRRROEVLORRETH LRI, BT
LbEEEOBWERVPEOLNRY, EoTEE
DRERRTIIRL, ZANE—REDNRNy I T T
TUR, BT T BBNVERERTO2Z X
F—va VREBORERREELT DI LBEN
e, ZOXIREERHRLEF LN T
7. S EHEOHMPEE L 2o T D,
AL, FCAEERTDOEEEND ARER
DRLFINF ) VA XA —F —ORBI/IRLFIRICH D
TEEEHRL, RKTT a VLRI, FRERRY
HHNEEOWREETT /) A KIBOKIERF RS BIE
EITADERE - BNERBR T L2 EEL LTS
D, FOYAT ML, T/ VA KT OREE SRk
B ThHEESRER (DMA) & HHEEE THHIPC.
GC-FID, GC-MSTHR END, ZhbDHIrEED
wEit, E€R. ARLEY EE L ORRSBRLT

WEENDZ LRI LEHDTHY, £0ELD
Bl Z FRRCEVCERBRECHES Z L 2H- T
B,

I T, KRET T u VL oRRB OB R K
SRMEEEHLTDHZ L BRE LT, UToRE
BT ol fEREBET 5,

1) RIEDMAIC X BF /%A X=T ua JVki-fF L by
& EHERSRIE Y AT LOHEE

2) ICPREASHIEBIZLIZRRTT v Y VOER
R BIE

3) AV —HERFOICPEASITEREL
£ 5 RS EIE

4) A Y X —HER T OGC-FIDIC X 2 HMEH
BiLEmoRE

2. RBEBERLUAE

2.1 ICP #XHNHEBEICLIRT[IT7TOVILDER
RS RIE

DETIVRIFERV-ER

ERERR L OREEEOBK L Fig. 11277,
K7 a7 v Fa—Thbu—7
— R 72t v 0.1mL/min TW3F[ &, ICP )k
S3HTEEE(H L P—40109) Y 7Y VI HRAER
TXy U7 Ar TR EBAIND, KR T YL
LX X UT Ar FTADRAERERT 74 F—IZEA
L., BfiAKI A NERERETT T A< b —FEH~



xS ETI.

KRFEEZ, KT/ vEHALRiHRE
CABEL CHITT 20Tk, TALORAERE
Xy YT L LTEMAEZERLLT, Thi ICP
BISTEBO S 7 A=l L CEFERE T o
SINVORGEIELL D LTHHDTHD, KFE
i, BEOT I XAvRIClEY I rEieT 5
B, WKL OBEEMR T CLHIBREDREE T
AE7R & ORMAAE: LICHIET 2 Z ENRHETHD
HANTEE OKEZT o IVRIFITh D Wk
BTRHETE 2, HLFRADAHICHFHTHHBE. K
k., BRIKIZAMNITETHLIN, Z0LIR2FHE
ERAVWIIZICP 0¥EMEEZ KESEETLHI &R
{EERTE AR EEFD, @iliKiEy s 770y
FELTIREENNEWLDTHDHB, IARMIE
Z o TENERFO—EEN, IR ML —2 THE
R drREERHD LB NS, LirL, D
—HTREVEERVAEND LD, TARKOESR
BiEHTORRLZINET D LRWREICRD EE
Zbivd, Eio, KEHMSO—HEZRETE D
BEEDLH B, FLlL7=HEN GFAAS THEtaht T
WA B,

(/%A ZRE=T 0 VEFORESR—F
GERRED £ FEEMSRE], &) AFERED R
BL3 AT A0OHYMEHRT 20, RIEL
7z DMA TET/VRLF %5k L OREES & LR BER

PEI S
ICP #iiBh « M Ar H 2 l

o

v

QICP FHoHTHE ~ @RTRREMRT T A F—

@u—7—Rr7 @OF — ¥ R

Fig.1 ICP#EXHHTIC I H2RR=T v/ )VIEHERS ST

DF A4 A FTa S EEY, ZhE Figl
WIWRLEY A O s bia L Totr Lz, &
oo RE=T7 o /L0y 7)) w7 LS biTo 7,
7o 72 LEE Eofl#n 6 B2 TiTo 7.

KR T7a Do CHEROTRERET S
D, WHOICEFRERITRICONT AT I a A —
HEFR LI EMESIT 2B 2, FIEDTREMEA
BOWTERERE L, 2T IHFERLOEVITE.
BLOBEH FRUE L LTEHEH SN TOHAHED
ERSMEBIRoT, BB, ¥¥ U7 Ar ¥ AfE
iZ 1.0L/min, #i#h Ar # AF &L 1.0L/min, HH
Ar H AFi & 16L/min & L7z,

2. 2 AVEVOY—RENTO ICP ERASINE
BIZ& DR RIE

KILT v VR R OMBESRKS ZRIET
BEIRIT 57 4 2 — BT 556, EBEOHK
HERLOD &, 7408 —DRy 7 770 FRER
HOav¥ Ix—ia vy ORERRHTRIERZER
TRHEENE, I T, 20X EEZ BT
BIEMTEBHEO—2 LT, BMiATHREN
TR A RER E LTRW A v Erdy—IZ
LB HEERRF Lz,

TOFEL, kST e EA Yy —T
HET S LRMBICHERTICE FRPOMERESREZ
BEH S, W#EET & FRICATOE LIC ICP T
a0 THD, ICP BAESHIZTBWTITHES
NIZRIF ORTAE B SRR O KD %2 5D D7,
=7 u Y VEENE LD BRFEEET 00, 1
S IFIEI B U TR 22 RER AR DS T REIC 72 Do

AFEEA KK T/ VOFEICHEAET S ETO
KRELZBBEAIZ, 1 un BT ORM/NLIFOMERE
PMENZ EThEN O ThiAREETHRET S
EEAFNRB ARG TR 2 & L TR 2]
AT+ ahHELEAEDER LT, T /94
XA —F—DRFTHEI 7 o TR ESED
ZLT, BHICHENTRICRD EZLOND, K
WEETIIRET BBV, SEROBFZT
ELTWD, ZITid, TOEKRMRFEICERL



TR LRI OWTEHET 5,

Fig2 iZMFR LI=A v P v — DI E RS, B
THEHR., IAMBIOCHTABERDIES BV
Tx—, BERCTBIUREH TEBREIND, -
L, T THEHAFABEIT-oTRLYT, 1EHD
BROZERFHBIZL TS, 1EEOAL Y
Ux —IZEBMIK THIR L7 10% BRI % 40mL A
h, REEZER 7 TKRKK% 8L/nin THR3| L7,
YoYU 7 AREEGICBEE L EEK 0. 5m
WRE L7z, 72720, W3 OIZITRIE 5k EEE 2 B
DT TR OT. REIMREDT 1. T’ KIIREITA
AR E LT, ZOBMIZ, 74 EF—DRy o T
TUYNENROEEDNARY a—bT—H 7
T—DFRENLEEY 7Y UM (6 BRI X
DHENRYVELR>TWDS, Hre#FEiL AL Cr, Cuy,
Fe, Mn, Ni, Pb, V, Zn ® 9 ¥ C{T~7-, Cr, Cu,
Mn, VIZOWTIRMEDORHTERh Tz,

. ==K
P
— = — ={ >=©
U
=7 HRH
1096 5K Bk
/—//7’(
e}
Aobusp—  SRNBRE

Fig2 RExT7ay LB TV THAVE Dy —

2. 3 GC-FIDIZKBRRT7OVIROHERHE
EEMDRE

KR=T a VR FRIIIMEER BRLS LSHT
L2 OFERRIBEENTWS, KRPIZEE
NBEBFRBRORUE Ui EOBEREERILEYD
LZO—FTHY, BIEFEICHE OBRFSBME
BRTWS 7, UL, ZA4AF—IChRTFEREL
T, MEFHUNTOWNEITOHE. 74 NVF—IE
BROBEEE, 7A4NE—FEMEDORIEZREICED
MOERREXLEESEOREBYZTHEEZOND, KL
FETZ AN —ICHETTICELIOINTT S 2 &R

TENE, ZoLH)RBELERTESLEZLN
D,
FOLHRFEL LTI, VOO 2BHI TRV
BB L TERB I, DK% GC-FID 45 GC—
MS ICE AT 5 HERH BB E R ICHE L THld
DHERENEZEZDLND, BIEDOHE. BHIET
WZEL OFRGZRIRICOITT 2 LTIk~ &/
R, ET-ERILEVLUND T A5 KT
SOREOKBLVEETHD, Z I TCREEDOHFE
R RNEMA - BREHET S,

AREBR T, Fig2 IWRLEA VY EV VY —DOHE
Hx. ARCEMHPEHFRREE (22 Tk=¥
J—=) ELTKRE=7a I/ AEHEL, MERD
BFY AR TPa oty ) v VREIRIC
AB L bDEEERTHARIL L. GC-MS & GC-FID
TEHEHE Lz, K]R=T7Ta /o4 7Y 7k
HiZ, 2. 2O0BELRAETHD, £, THRER
PHRERTT a VFOEBLEMRT BHMETH
DIEDVBHRINTWAZ L 2B L EZERT (K
K4 SPM:NIST SRM1648) %, &RMICHBITBE KK
TOEEE e SPY IREE (9 25 1 g/m®) DFI 100 &
(0. Img/mL) &722 & 5 ICHAEFICHBRIEZET
N bRV, 22T, BFEH—IoRE
¥, BRLAEYEHET 2 DI BBRICEBER
% 10 SR L7,

3. EBRBERBLUER
3.1 ICP #ADMEEICKDIER

#AME DMA TH&L7=RIT T (SnBr) k¥ (B
H/BR S0nm. F¥ UTHAN,) ZETFTARITFEL
T ICP BT a3 fitfa L 72 &R, Sn Z ABRICKRH
TEBHZ LR LEZ, £/-, DMA RDOY—AH
ANEKTHHD, UT THRRERKEEERE
LEBICRE SN S TRBNET AT B Y VOENK
SN LBELI,

FNTH 7Y 7 LEZRED ICP I LD EM
ST EMNS, C+Al-Hg-K+«Pb-Si-S-Cd-
Cu+Fe+-Ga*Ni+ V- -Zn BEENTWD I & AR
It-, BE. ESTiE Na, Al. Ca. Fe, Zn &2



YOLE, BE, BEEYENERECLONRELLEE
nTW32, ZZTiXCa, Fe K XX HERER
OYEBRRBEINTE LT, AROEENRLEND

ROVERAEROFERRENLTHELDEEZLND,

Table 2 ICEBAWRERETT. Al BELELE
ENTEY, K, Pb, Fe DIRIZEBENZ VI &R
bind, MOTRIZOWTIE, BRER-OEEN
EREIZATR AR o 7S, BAKRKFIREENDLHR
BT HE, PhEEXENI EBEREINS,

AEBRTRELEKKOY T Y v 7 —EEEICP
BISIERALEBEEZLELET, LObED TR
BICRS I ATRERR Hike LTHEERFIEEEZLD
b, LALERBLREESKEHDR, Y7
NEHHEBOREOHE, BAAIR FEFERALRZY

(AP TREBY TNV ADER) 28
DIREHRFTHILT, BEREEZRETEDD
nEEZLND,

Table 2 EESITHER

R4 BE (ppm)
Al 0.233

K 0.067

Pb 0.066

Fe 0.004

3. 2 AVEUSr—HEHTFOD ICP RENITE
BITKDENRIE ‘

Table 3 ICHWERETH - TROBREEZRT, &
BEETT TR LIZHENRRIEEZITo> TV DR
YEECORERREUETI L, 2ENCERE
T D,Ni R Pb 72 LI oW TIIRIERFTIEEESGIC

FEHEELTWAILBEELTWELDEEZ LD,

LEBE T ANEZ—TDY L TY T - S
BNy 2 7S5 FMENRKBEL RS Vid, TOMER
BRETER2WNEEELRoTWVWS, AFEIZEBAN

Table 3 Trace elements in sample collected using
impinger measured by ICP

(1, g/m3)
Al Fe Ni Pb Zn
463 1.00 6.18 0.68 0.87

v TS0 FEOBOBRERBHRHTHD LD
%ﬁﬁ?%éﬁ BB RO VRS TIsa

WKENWZERFBELTOWAAESELD DO TRE
%%fée
BEDROUBLRBRAREREICL VR TE
nEL 1, 2EMREORBSRELY+SICHERT
EDHRHDEEZLND,

3. 3 GC-FIDIZXKHAXRKIT7OVILHDOHERE
AL TOF: )

Figures 4-6 {2, T EFh=T# /—), RKTT7
INBIUOBER TS ¥ /- OMHKEERE
ERTHBEY L IADIae NS AEFRT, =7
= NDEBEERKTT a S ASBIEROERE LR
THE, P REMBIZIERIZEAERLNR
VW, LaL. #FEOBE. M= RS (R
REER 2 5 ) DRERE RoTHY. Th
LD VOC R DRLF~DITEPRERTE S, DR
mid. BFREFEVEERFEZORIELERIC

BETHY, by, _RUBL, o-FV Ly, KR

Benzene

Toluene

o-xylene
I

" 1 I 2
10 1% (] 25

Retention time (min.)
Fig.4 Chromatogram for ethanol

Toluene

Benzene

o-xylene

) ) L L
Te TS 28 Z5,

Retention time (min.)
Fig.5 Chromatogram for ambient particles collected
in ethanol



Mk (RFEER 2 5 9 fHE) R EDRERNR2Y
B, S - BBIWERE (=8 =) iIZon
TR 2 ET AN, SPMICIEE L=E g Lamz Al
ETHHEE LT, SbRBRHETIEENDHD
EEZLND, BIFOMEMRDOHURIZOWVTIL,
BEEBRSBEOBE L RRIZ, RFEEIZ LK
BREEZFATS (BEEAKLAVD) FHEORRN
BEZLND,

' )
Toluene
Benzené
o-xylene
l MRLJM
TV TR T YT, 2 P NPT

i It L .
18 15 28 28

Retention time (min.)
Fig.6 Chromatogram for standard reference material
(SRM1648) dispersed in ethanol

5. 8hYIC

REET o/ NVORGEEERIT) DDFER
HHNEE OREBTRETIBAICLL, BT
M7z, YFEEL W EREREORR=T oY
V% GC-MS THEHESIT2FELZERT I LIIR
A < RS2 o 723, ICP RS ITERE © A
WTCIRIZEERED E T ESBRS ORIE 2 R&EIZ
TXDFEERBET I LN TERE, £, KR=<
TuYVOESIEL OBRNPORESNDNET
Ho, TOBKRTIRESRE. ABLEMOBRT
v EIR—Ta Ui RERIEA~D I REM B R
SHEOTAREMEEZRT I ENTELZLIISBICE
NBERERERTH o7,

2 & R
DED., ICPEASWOERELISA, 1994
DWE. HETHE, 1977

AFOM., BREFHRL TR, 1992

) BARSHHLFERIEERE. REOLLF
7. 1998

5) J. Sneddon, S. Indurty, M.V. Smith and Y.
Lee, "Analytical Chemistry of Aerosols", K. R.
Spurny ed., Wiley-Interscience, (1999)

6)W. C. Hinds, "Aerosol Technology", 204, Ed.,
Wiley-Interscience, p.226-p.277,(1999)

7K. R. Spurny, "Analytical
Aerosols”, K. R. Spurny ed., Wiley-Interscience,
p.23-p.99, (1999)

Chemistry of



RIITRYIYNDA S UESHAHTEICET 2RES K UCERNHRE
Development and Evaluation of a System for Collecting Sub-Hourly Ambient Aerosol for Chemical

Analysis

Abstract
| Aerosol growth technique was used as a means of collecting ambient aerosol particles for subsequent
chemical analyses. The ambient air was sampled at a flow rate of 170 Lmin™ and particles were grown by
condensation of ultra-pure water vapor in a condenser maintained after saturation by direct injection of steam.
The resulting droplets were concentrated 13.6-fold using a twin-nozzle virfual impactor and collected in liquid
slurry with a real impactor in an all-glass and plastic system. The collection efficiency was tested with 0.1 to 3 um
mono-disperse PSL particles. The present technique was also tested for ambient particle sampling.
Particles initially < 0.5 pum were collected with an overall efficiency of 40% which gradually increases
to 68% for 3 um particles. Slurry samples of aerosols were obtained at a rate of 0.2 mL min™, i.e., suitable for
analysis by multi-elements Graphite-Furnace Atomic Absorption Spectrometry, with system blanks adequate to

permit quantitative analysis of Al, As, Cd, Cu, Fe, Mn, Pb, Sb, Se, and Zn in ambient suburban aerosol. Ambient

particles were successfully sampled and analyzed using the present technique.

Key words: Ambient particles, Chemical analysis, Semi-continuous, Impactor, GFAAS
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Table 1. Mass balance for condensational growth and
collection of 0.084 um particles.

Collected

Real impactor 32%
Lost

Virtual impactor major flow 26%
Condensers 25%
Transport to real impactor 9%
Within virtual impactor 6%
Penetration of real impactor 2%
Total 100%
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Table 2. Important elements in atmospheric
particulate matter
Source Marker Element(s)
Coal-fired power plant As, Se
Oil-fired power plant V, Ni
Incinerator Zn, Cd, Cr, Cu
Steel production Fe, Mn
Soil Al, Fe, Mn, Cu
Motor vehicle Br, Fe
Refineries La, Ce
Regional sulfate S
Marine aerosol Na
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