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HENATBEROHRADEE

& M CEL KT L sk R, Hm Ee”

KW TU, j(ﬁ(‘:\*’}}éﬁg (airborne particulate matter : APM) REHH O (S) OE®mPEL LT, FHEk
BT T A5 (ICP-AES) &V, A Sh s s LkELZBOSH L THOND SORZERDZF
B L7z, MELATHEICLY, REWESEEYH (NIST SRM-1648) 1S Z KIS ERTE 2. AT
FaEBEO APM B CIGH L7248, APM B S 1%, WEIVNE K 2oL, KEtko
SOEEVL L hoiz. A+ rrua< I 74— (I0) KX OHE, 2 um LUFD APM iEH O S
12 99% DIKIEMET, FOILFEIBRRIIHBT =7 & (NH,),S0, TH DI EDBPI SNk o7

1 #& ]

i E by (SOy) 1%, KRB ~FER SN DA, AR
% EOALARERIRE (S) 25, B LS TAEKRSINLIYE
TH 5. WA 40 FERITIZZEORTZP~OPEHIZ X Dok
IbFAEy FORKE SN TEDS, FEEEARE O
WAL, PR R OB BEEOMEIC LY, HYRI
BARIEICSHESNTETVWDY. L Laeds, SOy i3
HRBECAONZBRUENOFERYEE SN TnwEZ Eh
b, REXATOS OREHBIEREL Lo T\n5h, BREE
KA CHEN X R O SALEWoME L, mBEREL
# (S027) #WHELE LA Ay rux by 574 — (I0)
EAERTH D, P ZAREHTOVTIE, JISK 0103V 125
BODHRAEDPBEEL SHTVS.

KEH SOx D% < Dijﬁ&‘:\‘*’}}é (airborne particulate mat-
ter: APM) I H ARKE LTHELELTWD. APM HIZiZ
B4 B EHLWEN G EN, PTHRED25 um LT O
PN TIPS K o THRRHIBIC E THEL, g E~
FliFT EvbhTwns” ™,

SO A A X R L7z, FAlAHT 7010
MR, B SORIRE I SRS, BRI R
B LGP L BMED X 5 BIERAVE U, BRI
GRS L b b B
W XoT, APMOREHSHOE=Y ) ¥ FIEEETH 5.

AWFFEE T 1995 F-0 Skl L TIT > T 2 5] APM
OEME=F) 7T, NI ARICEEE &
NBIt#E (As, Se, Cd, Sb, Pb) 2NEH L TWwW5D & W)
TREREDSMTNEY. LA Lo, RENICHRIL 72
APM BT S D SEBHT D W T DRFFRIZ A 7D ™1

Uk S B T ARG AL AR - 1128551 B ECER U R(IX A H
1-18-27

REFFeD HEYIE, FHEKEE 7T X~ b5 (Cp-
AES) % H\vCRAZER) APM B S DR Tk Z T L,
Z D% THEAB SO XA TR RN ERILL 72
APM AR ICEINE SOLBRELZERTHILLEZ
DILFREERATH 2L TH 5.

2 % B

2-1 FEH APM BABOY TV T

APMREOH >~ 7)) ¥ 7%, BRI KIZDH B ek
ZHTEe FHEEL MW EH 45 m) ITBVWT, Ty —
tru—R) 22— 7% T I— (AN200; K51 L
v 27 81) %\, 80 mm (Pallflex 2500 QAT-UP ; Pallflex
Products #) OFZEMMET 4 )V & — FICHiE 28.3 L min™'
TERI L7z, doe KM TS0 EE 254 BHRICIH L CB
D, FEWICKBROL T OREN LI TH D, 7
AV — I ZRRRHRICET, PRIR IS —EimBE, —E BT
IS 3 R 7 R R L 72

2007 4E 6 H 4 H~29 HIZBWTIE, fiff%x <0.43, 0.43
~0.65, 0.65~1.1, 1.1~21, 21~11, >11 um M 62
25T 72 APM Z$RECL 72, 2008 44 H 4 H ~29 HiZBW
TiE, KMEE<2, 2~11, >11 um O 3 DII5)72 APM
ZERICL 7z.

22 B E

ICP-AES TOME DRI W7 RE ML, S BRI
(1000 ug mL "', SPEX Certiprep #), Na, Mg, Al, K, Ca,
Fe, Cu, Sb, Zn FAE#EW (1000 ug mL ™', JE-F-WGs4T
H; BIBALE8), Sr, Ba SEEHER (1000 ug mL™', fb#
SHTH ; BIHAEA8) % 0.1 mol L™  HNO, (70%, BT T
R BIHALER) ICTAML CREBLZ. $7- MOW
FERIZIEHF (50%. “FS84H ; 574 F > TER), HNO,
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Fig. 1 Procedures of extraction and acid digestion of APM sample

(70%, BT LM ; R LH), H0, (80%, ET 13
Al BHALEEY), WREET v E= W A {(NHL)SO. (B ;
B, g~ 7 4 27 & (MgSO,-TH,0) (5 ;
BIHAL ), R A V2 A (CaSO,-2H,0) (% ; B
FALF8), BiEES (CuSO, 5H,0) (5fk ; BIs b)),
TEEEA b1 F o a (SrSO,) Rtk ; BIRAL AR, finhk N
)7 A (BaSO,) Bk ; BB L8, #ib7 v F €~
(SbySs) (1 #% ; BARALZH), HifLHEsh (ZnS) (BAHALE
), BHK (Milli-Q TL A ¥ MBMKRERRE S 27 4,
I >18MQ cm ; HAI VARTHE) 2 Hw7z.

2-3 KERUVEER

APM B O T 56 (S, Na, Mg, Al K, Ca, Fe)
DOREIZIE, ICP-AES (SPS5100;SI1F/ 77 / u Yy —il)
Vv, REHEICTHUE L2, ICP-AES % H\W TS, Na,
Mg, Al K, Ca, Fe ZHES LK, Th LN 181.972,
588.995, 279.800, 237.312, 766.491, 317.933, 259.940 nm
DY EE .

APM B O A+ Y ROBEA + ~ (Na™, Mg®", K,
Ca®", NH,", SO,7, NO;~, C17) ®ill€iciz, 1C (Dionex
DX500 ; Dionex &) Z w7z, B4 4> (Na®, Mg*", K,
Ca’", NH,") &, g4+ >~ % 5 & (lonPac CS12A ; Dionex
), BiAF > #H—FAH 72 (IonPac CG12A ; Dionex )
ZHWT, HEERICIE 38 mmol L™ KOH Zf# i L 4%
fTo7:. B4+ ¥ (SO, NOs-, C17) &, BA*+ 7

5 2 (IonPac AS11-HC ; Dionex ), A F V HF—FHh 5
2 (IonPac AG11-HC ; Dionex #) # H\WC, HEBEHIZIX
200mmol L' A% VANK VY BEMH LS ETo72. %
HER O RNEBE A F ¥ ROBEA + 312 1.0 mL min ™' T
Hot.

2-4 FIE7 APM FHFORETLIE

BRI L 72 APM SRF 2 FER L7288, 714 V7 — %1400
By ML, BH BRI, A SR
Wiz BILBERIED 7 0 —F v — P RS A 2 o
BEOTH YT L% Fig. 1I1IRT.

2-4-1 HHEEER  FREBRARE 2 BHMK 25 mL T
30 min BEWEHM L72t%, JLFE 045 um = Futia—
AR LT 57 4 )VF — (HAWP04700; HARI ) RT
) T, WRHEREE 2 VTR Z AT, e R
(AT 7z, HEIL A K T 50 g 127 5 & ) WA BRFAR L
72, ICEHVTEA 4 Y ROBA + v 2flE L, ICP-
AES TEBSTHEZRE L7

T/, BEEEERSEHE LB BOMETVERI
W L 7o PR 2 ARV, IR R BRI L 723
B2 AREER L L.

2-4-2 BRDMEEERR BROMERMRE%Z PTFE #o
a2 AN, HF 3 mL, HNO; 6 mL, H,O, 1 mL Zh12 T
~ A4 7 a5y f#EE (Microwave Labstastion MLS-1200
mega ; Milestone ) & H\WTH# L7, D%, HF 2k
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Table 1 Measured value of sulfur in the NIST SRM-1648 (ug g ")

Soluble Soluble + Insoluble Acid digestion Reference value
IC ICP-AES ICP-AES ICP-AES IC
Found 50500 = 500 49900 + 200 50600 + 200 50000 * 500 50000
%RSD 1 0.4 0.4 1 —
Values were presented as mean * standard deviation derived from four repetition.
Table 2 Enrichment factor of the size classified APM
Enrichment factor
Elements -
<048um  043~0.65um”  0.65~1.1 um 1.1~2.1 um 2.1~11 pm >11 pm
S 6140 — 7160 649 300 64.6
Na 5.7 — 7.2 2.6 13.1 2.0
Mg 1.0 — 1.3 0.6 2.6 1.1
Al 1.0 — 1.0 1.0 1.0 1.0
K 10.7 — 9.6 1.1 1.9 0.7
Ca 5.3 - 2.5 1.1 3.9 4.6
Fe 10.7 — 6.1 1.9 4.7 3.5

a) Al was not detected.

T 5720k y T L — b ETHREHERDS RIS B
FTMEL, 0.1 mol L™ HNO3 T50 g 1275 X 9 IZAR
LCHBEL:. 20, ICP-AES # WV TERGILEEE
wm L7

2:4:3 SIELEMOEYREE  (NH,).SO, MgSO,-
7H,0, CaSO,-2H,0, CuSO, 5H,0, Sh,S;, ZnS IZ& 1
SEENENZNR0ugg 'WChBEIICRERYIDY,
SrSO,, BaSO, iE, SA 2pugg 'ICR 5 L H IR R T
ZO%, Lk & RO HTFIA 1T > T, %2 0.1 mol
L 'HNO;T100gll% 2 & ) ICARFRABL 72, 2Dk ICP-
AES #IWT S ZME L7z, £z, ABEEICHRL &
JEIt#% (Mg, Ca, Sr, Ba, Cu, Sb, Zn) ZllEL 7.

3 RRKUOEE

31 HEBFIREREDRETEZORLM

HILER ) DB M % T % 720, KA EERZHEY) S
NIST SRM-1648 (Urban Particulate Matter) % i\ CEkE
OB TRFEE L B EERF 1T 5 72, Table 1 12 KNSR
HEY)E NIST SRM-1648 DR SMFRFEER & I EER D S D 45347
%R

KREWEEED L O S DBRIEZ KD B DIZ1C %
VT2 REETIC 2 v CllE L 72t o s o
SATEE, BRAET L EAEHAN TR~ L7 ICP-
AES THI5E L 723 rh o S o454 il & S AE & 3R H#ipR
WTRLS—F L7 72, 1 THE Lo s o4
Hrfiiid, ICP-AES THIE L -3 o S o454 il & 3l
HPHN TR =L LA2L, ICEHWTS Z2HllET 5
Y, SO ORI ET MBI RV 2012,
WERHPREL 25 W) MEAH L. L oT, KER

APM B O S DR & LT ICP-AES & 7228
Bwv &L 72

W25 L 72%%, ICP-AES TR®7z S OGHHEIX, SR
LARAEFPAN T L  —F L7, ICP-AES THll5g L 7zl
S OSHEICIERET S OSHEEZ BT &, WL 7z%
ICP-AES TR D72 S DAl & FRZEFPAN TR C —F L
7=.

3:2 REMAPM DX+ > 4€E—- 3>

3:2:1 APMAPPERFITROBREHREB  Table 2
R ARSI APM BB K /e R O iR EFR % (EF ; enrich-
ment factor) Z/RT. EHRBUILLFOXTRT L 91,
Y S 0~ 40 km O FIIHREHUL S 1R LT &R 72T L
TWVAHPERTIHET, A1 IS VITEHEITHARREE 1
IDIREVTHEIIABRFETHL L VRS,

=CWM¢®ﬁ$%EMWWM¢®M%E)
(it D ICFRIREE) / (Mt > Al R EE)

S DEMEREUIAM D T & ARTFEFICE L, TC
DREICBWTEF 251 L) REWAD, FITALEIRIC
LB2HEGHPREVEEZONS. SOEFIFREINSL R
HIEERELL->THBY, HIRIZ X - ThHieMifaiz T3l
ETLE, MO EL RITT IR EEINS. 11 um
Pk APM 380 EF 13, <21, 21~11um &9 113k
D7D, BREBFEOSHPIVESFETLEEZLR
5.

3-2-2 NRFAPMMERRPER P TROLUERE
APM HIHE AT S DLFTEREEZ W S 22T 5729, 2007
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Ion equivalent concentration in an extracted solution of the size classified APM
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Table 3 Concentration of sulfur obtained by extrac- Table 4 Comparative concentration of sulfur obtained
tion experiment in the size classified APM by acid digestion and extraction experiment in
(ugg ) the size classified APM (ug g ')
<2 pum 2~11 pm >11 pum <2 um 2~11 um >11 pm
Soluble 98500 (99.0%) 31000 (98.0%) 17900 (89.5%) Acid digestion 97600 28900 17200
Insoluble 960 (1.0%) 630 (2.0%) 2100 (10.5%) Soluble + Insoluble 99500 31600 20000
+ a) .
Soluble 99500 31600 20000 Loss rate™ by acid (1.9%) (8.5%) (14.0%)
Insoluble digestion

46 HARARFNICERIL L 72 APM B P o 2K 50 HE O
BEREL ROz, /2, TDA Y NT A% Fig. 2 1TR
F. 21 um LT APM #HEHIBWT, SO & NH, »81E
IFHELWYEREICRL 205, SO T IZFEICNH, & &
HGLIZRETHELEL TR ERIEINSG. 72, 11um L
EoAPMBRBHFIZB VT, SO IFEICC’ LR LK
RTHIEL TS ERBENRS.

3-3 RIfRF] APM HF O HEER

2008 4F 4 AR PRI L 72 APM RFhokEME, R
BHEOSDOREL SOEREIIHTLENEThOEEE
Table 3 IZ/RT. SIZTRTORZIZENTH 90% YD
IRIEPEDIERETHAE L Tz, REIVN S WIE ERBEED
S OEBENHIML, <2, 2~11, >11 pm Ti&, KiES
DEEHZFNZFN99.0, 98.0, 89.5% &7V, /NI VRIEE
EEKRENES OBEE D 72,

a) Loss rate = (Soluble + Insoluble — Acid digestion) / (Soluble +
Insoluble)

3-4 FIfER| APM HE OB D EEER

ICP-AES & I\ C, MR RFEER & T SEBRIC & 5 APM i
B S OB E IR L7245 R % Table 4 \IRT. BH#E
FEBREIMMERRIC L S SOERMEZ LT 5 &, REFK
ELRDIONTEESHERICE 5 S ORI &
BEOME VKL otz. 2, MBoOMBRTIE—HD
BAL LT W CHAET 5 SHEEL X SO, & LTS
L7ztEz2zoN5. AL, Mlizdr) 2 L2 X ) B
THGET 5 SALEW b —A3EM I N5 72012, il s
BEOINI L 2 ERBEOH VP L VIBEI DR holz b ®
Ao T2, KRELRZED APM L, TR T IER
L 7B EE 20 S G A% W DI R OFRA D &
BRI X B RIS, LD KRELEPRD LNz LS
5.

KA AR E OFE R TlE S O ED T h o 7275,
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Table 5 Recovery of sulfur and metal obtained by acid
digestion in the sulfur compounds

Sulfur Solubility“) S recovery, Metal
compounds % recovery, %
(NH,),SO, 70.6° 97.2 —
MgSO,-7H,0 72.4° 97.9 105
CaS0O,*2H,0 0.298” 98.4 105
CuSO,*5H,0 24.3° 99.2 100
SrS0, 0.0118° 99.4 98.6
BaSO, (1.15x107%° 101 100
Sb,S; (17510 %" 69.1 109
ZnS (6.90x1074H" 82.2 101

a) Solubility is in 100 grams of water when temperature was
superscript value.

FETH L RAEB APM B O S ETIE2~14% DS
B L7720, ROARR APM BURH S % B 5121, 4
HSha S LRELMSMEL TRDSNS S ORI 5KD
2HEDHHFBLCOD LELHND, KAy T
DESHIT S DI T I o 72 DIE, IV B P
PR TR LN S BRI — L T\ B 720, RO
K& B AR TAC X B BEAD b o 1272 T D .

3-5 BDMHEERICKS SIEE&WF S DEYNEE

11 um LA Eo APM &K (BAAEIRD T3EH3F) 12xh L,
BAELEBRSH LR, SOBEIFKREL LD EREZHLH
29 % 72, (NH,),S0, MgSO,-7H,0, CaSO,-2H,0,
CuSO,*5H,0, SrSO,, BaSO,, Sb.S;, ZnS |22\ THESfF
FERE ATV, Table 5128 EEBICEOEILKREZR L 72
(NH,),S0,, MgSO,*7H,0, CaSO,-2H,0, CuSO,-5H,0,
SrSO,, BaSO, DM HIZ X 5 SoOMIFEIE, ZThEh
97.2, 97.9, 98.4, 99.2, 99.4, 101% & 7% V) Mg, Ca, Cu,
Sr, Ba @KL, ZhEH 105, 105, 100, 98.6, 100%
Lol ITRH® SO ORETHELET S SILEWIXE
SREBICE BEERBIEEAL R o7. 72, SbSs,
ZnS OFEGIRIC X 5 Sb, Zn O ENFIX 109, 101% & 7%
D, SOMINEIZ69.1, 822% L% -7z, Sb & Zn HMYY
BNz s, BIEEOMY: Sb,S; & ZnS IXERGEIC &
> TREMRS NN, Bk (8°7) OBETHAET S
S IR X - T—EBA ML E N SO, & LTS L &
RESNG.

4 Kk Bt

APM KR O SOERSHTE LT, BEHETHB shs
S &, BREZBESHL TICP-AES TER L7 S O 53K
D BGHFEERFE L.

APM B O STEREEIZ, RIEAVNE K R B I2 o TN

L7z, APMEEHD SIE, T XTORZEIIBWTI0% L
EAKBETH D Z Do T i, FOKEBEEOHE
FIIREIVNES SR BI1EELRY, 2um LT APM &
B S1E99% AKBEETH Y, 2~ 11 um TiZ 98% LL
EkEETH o720 BIZ, 2um LT O APM Ak S @
{LZFREIZ A (NH,) SO, T - 72.

11 um Pl E@ APM BT, RNEEOEAIL 105% TH
D, TOREWEOTRAE 2R L 72, 14% 53S0, & LT
BELLZETZE, SN S L, BEXBSMHL T
ICP-AES TEE L7z S OflE, 1.5% Oifze b, Zhid
ICP-AES DA HTHEE L 1ZITF L.

KEHED SO OIRETHAT 5 SALEWIL, Mo EE
BRI X AIREIZIFEAERWERBENS. £, SO
TBCTHAET 5 SALEWIE, BEASRIC X - THL S L SO, &
LCHEINLREXD L. LA L, BELLSITTE
T, MWEREOBR TS ObEMo—EIZHEHRT 5 2
EIZXY, SOBKREID R RBEEZEZIOLNS.
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Determination of Sulfur in Size Classified Airborne Particulate Matter
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! Department of Applied Chemistry, Faculty of Science and Engineering, Chuo University, 1-13-27, Kasuga,
Bunkyo-ku, Tokyo 112-8551
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In this study we developed a new analytical method for the determination of sulfur (S) in size
classified airborne particulate matter (APM) using inductively coupled plasma atomic emission
spectrometry (ICP-AES). The total S concentration was determined by the sum of S in the
water-extracted soluble fraction, and the acid digested insoluble residue. A precise analytical
result of the S concentration in the APM standard reference material (NIST SRM-1648) could be
achieved using this method. We adapted this method to size classified APM samples collected
in Tokyo. S concentrations and its solubilities were increased along with decreasing the size of
APM. From an analysis of ion chromatography (IC), it became clear that 99% of S in APM with
diameter <2 um was water soluble, and the chemical form was ammonium sulfate {(NH,).SO,}.

Keywords : determination of sulfur ; airborne particulate matter ; inductively coupled plasma ;
ICP-AES ; ammonium sulfate.



