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Abstract: Microscopy and size-distribution of mineral particles in Beijing PM;o was studied by high resolution Environmental Scanning Electronic Microscopy
(ESEM) and image analysis technologies (1A). The ESEM analysis showed that minerals in PM;o had regular and irregular shapes, being composed of single
minerals or mineral aggregates, respectively. Minerals with irregular shapes were popular in PM,, . Energy-dispersive X-ray analyzer (EDX) analysis indicated that
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jon, while minerals with irregular shapes were mainly

minerals with regular shapes were mainly sulfates, which were the production of
primary minerals, originated from geological sources. Three categories of mineral particles in PMyq , the dust storm particles, local fugitive dusts and roadside dusts,
were characterized for their size distributions. The number-size distribution of the dust storm and roadside dust particles had unimodal pattern with the peak in range
of 1-2.5 pm, however, the number-size distribution of the local fugitive dust particles displayed major size ranges of 1-2.5 ym and 2.5-10 pm
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FkifE A YR BRI BT REEREA.
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BIRERD, K EEFEEX PM, & ¥4 7 1B
RELEAF RSN RE KB LY EBEEH
B CHREE) RATFR T WO AERTRAZE",
PM,, " 4y S50k 69 BFF 5 A Oy AT BE . A BT 5 R A
P IR B B B B X AL R PM,, R BT ) BURL B9 B 0
B AT T KBS, 7E s B ERIEILR PM, F
T BR M TES AR W  BOR AT T 2%, F
i {5 P AR 43 BT B AR X = R IR TR PM,, K R
B9 BORL B LB 4 AR HEAT T BT S, B R R LR
PM,, P W RBHTE SRR #H— 2RI

1 H#REXEREPHNXIRE (Sampling and
Experiments)

{5 B 385 [ 45 7 19 Negretti SRRk (V1 8RR < 10
um) B LA KB-120 SEM 2002 E2 B E
2003 4E 3 A RN T ETXKRET kXS
(MERR)GEB AR T & (EHE 18.5m) . B H
HHBBAEEAGAASPARBET(ERES 15
m) FE R R AKERRE 6 (Y 7 m) R
SRS SN ETT K RBESRET 200243 A 20
H b B85 Rk B YA BB, 3F T 2002 58
11 A 11 HETRRET Rt eees, F 2003 6
3H10 HERMASREER LM FREER
FI1.RENERBEEE N0 L-min' , A THE

%1 ATSEMAMMEREE
Table 1 Information for SEM analysis

R R H M KRR FIF SEM 447 B dh BU A
. SB(EFE ST U ERER
TR (F R RFELRREK) 20024E3 A ~200342 A 259 11 AR
ER(DEWTEAE) 200343 H4~11H 14 6(EE L M ERBERER)
ER T ) 20024 7H22~29H,12A16~23 H; 40 "

20034E 3 17~24 H

(SEM) 43 # BB A SRAEET B € ) 6 h, R EH MK
Kt (A 12 h. RARHE A R BRER R I8 B (IR AL A2
4 0.67 pum, Millipore, UK) , B 2y 3X F I8 BE i) R T 3F
WEE, A ES THEWE.

FATF49 e 8% e BB 5 43 B B RE L R & S AR
T REMIEERT Y 1710, F U BH BB & F
BT ESBRE L ERES R RABRENE
ReH MASE, BHTRE LR AAMEER
HFEEFE LEO4S3VP A M B4R, B LA Link
ISIS RE it B 3 4 AT R 40, AR R W) JBURL Y 4 22
LAY . S2 8 B BT Al EL JE 20 keV, HL 3R 600 pA; B F IR
HERA 1 pm, EFRNFEEESHN S um, F5R
A N 100 s, {# 8 3T $0E #4100 000; A< 3CHY) E
BRGH AN KA FER, LR PREIESTERE
LB RE AR (Si-LD L, AT AR I BB T R L G (Z
>OHFBLE.

B4 R AR BE AT ZE P B K2 (L) B
B5HaRE ¥ R BB FE B LES E#T, 5
AT S WOCHER[14].

2 %% (Results)

2.1 THERNEHBRRA
WKL RFYE, L PM,, F I Y BB

EATUS AL SNBSS 22K, 0HE 1
FE 2 fim JEARN KT ) BORL % H I SR IEW
440 FAERR BCR VROR SRR R RR S (B
1), BB AR/MMET4KET 2.5 pm RE SR
e TR K RAF ST AT 9 5k (B
2a.bc) T YEAKE 2% d.ef)2 3.
22 FTHEEWRES A

15 I A% 43 A B A X PM, R B T 4 UKL AT
TS, A TR P BORLR S5 TR X
PM,, 4 20 £ 6 (R TROR S5 R TR 2K BY B OB HE AT
T &it.
22,1 DLEEPM PP HBENREELA &
“3.20" Vb B R] (2002 £E 3 A 20 H)REH PM,
B&T T BN EREL PM,FiEE 93%,
HAPREKXT 1 pm W Y ERY & B 88K
48% ;1 ~2.5 ym F2.5~5 um KEBBEANNT Y B
B4 B o ORI S B 35% F1 9% (B 3a) (HEY
ARIE( A 21 H 8:10—10:10) R EH PM ¥ 5
LT BRLE PM, PR TR 43%, HP K
F 1 pm BF Y BRI AL & PR Y B8 15.0%,1
~2.5 pm F1 2.5 ~ 5 pom B BE 5 B 4 00 5 40 BURL 5 51
BRI Y RBR 14.4%F 1.2%(E 3b).
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B1 HEANNT R
(AR 1 pm, a-fEAR b-AOR o R - A TTRER Le-FHR EHER)
Fig.1 Minerals with regular shapes

(scale bar 1 pm. a-columnar shape, b-platy shape, c-sheet shape, d-

hexahedron shape, e-pin shape, f-cluster shape)

222 RAHLPM FFT BN E A
2002 FFkZF (11 A 11 H)REWRH L PM, &
BEMG(BOHER,TYERET 1~2.5um EHE
A B IS, 7E 2.5 ~ 10 pm FIX (B LA B B
B ME , B4 BOR MR r A 7E X 2 A X i B
HIAR AR AT E R 47% JGE N 45% .

223 HFHEHLPM FTFUBRORELA B
OEERD ST IBRMEE EE 5 6E
1~2.5pm(E 5), RET ¥ BRI HE H & 8 F0RL
YIBUR B 12% AR H W) S0RL I TR B A o S ORI 4 1
B 33%.

3 i7it ( Discussion)

3.1 PM FFWHBEAHALS
REFHT PR EER 2MKE, —BHL,
TRFETY(RSERMEY M HhaitE
e NEE+ L GEBRBHEMTLEESE, B
—BEEAHMNGTESHFIEHET YR TRESR
G PR B R B kL R LA AL 8 R i
3.1 BAAMMT HEA MNTERY W (E
la), ETHRMEEREL MEKERHEREEML
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B2 HESTRAUNGTHEE
(asboc-F YK doe (T WERE d FHHARRK 2 um, HAK 1 pm)
Fig.2 Minerals with irregular shapes, scale bar in d is 2 pm, others are 1 ym

(a,b,c-single mineral; d,e,{-mineral aggregaies)

FRESPHRTRED, KEFE 1 ~2.5 um, 7T LE 3
MIHRT Y, BHEROESIERT IERE—
BOFE R, ER O EE SN PMH R P
BHARE Y H B . 6% (EDX) B4 00T Bi , X Fb A
REUVHEERDH CaSH O NXHTYHES
MRS, ERT YRR RRET YA
B ZETYERSANST IhHANILREE .
BORT 97 (B 1b) MIBEIE 7 T R B, K3 B8 Ca.S.0
EBE—EREN K BRBEET Y, FRT Y
(B 1) HER.SEEEMNTE, FERK
BRET Y ATERDE (B DR TR
A,SiREERS, SATERBE, ST IRAE;
FHRTYEA T (E 1e), EERPBE Ca F S.
ELRBEVRE AR EBEAR RWKKBBE

REEH, B, X4 RTPATRER Ca 1 S #
KA PR LT B B BR R 25 ) . Mori &1 S 18
ERBMERRA RBREM I BOELRERNY
TREAFRMAEBSRAE, KA¥ERNHE
1
CaCO, +2(NH,),S0, —~
2(NH,)+Ca(80,), H,0 +2NH, + CO, (1)
(NH,),* Ca(S0,),*H,0 + H,0 —>
Ca(S0,),*2H,0 + (NH, ), SO0, (2)
X RO RN A RABRTREEA:
B ERSH, ERMEERNTEREASEESR
Z% , A BEHERR AR XA K MR A4 M FT REME (BB R
B2, E R AR T LB X AR R RRELT
YIKEA R R 10 pm, XM AR E FH— B
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Fig.3 Number-size distribution of PM, collected during (a) and after

(b) a dust storm episode
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Fig.4 Number-size distribution of PMyq of local fugitive dusts
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Fig.5 Number-size distribution of the roadside PM;q

R ERT Y (B ) KNE 2 pm EH ,RFEER
Ca.S, XA RERBERAOE .

B2, RERBSMME T WE PM, HE @ 3
MR, B BTN EERPIER T R¥ER
BL B &4 X S5 P 89 53 43t (CaO F01 SO, Y F

YIE 43 510 29.5% F1 40.5% , HoAth S 80 F 3 (H
30%)AI B, HE NN EERLS (BRATERY
PISN) X RMABITER T BB M SRR
Sh T LB W RN BT AR A, B AR ER
WRIEETHFRXFHEERS" BEFEH X 5
KA (EDX) R TIRE] N 0K, F L HF i FiR
9 87 WBFSEE S TEMGE ST 8) FBR
B E SRR R .
3.1.2 BAAAUNSKT HBELE JLE PM,FHE
Yy BURL 25 DA HLU BT 245 t B, 3 6 A 1 0 T R #
BRI IERMERT YER, EfREERA &2
S AEX F AR5 o BN BORL B KL B ] 2a B
REW B HRT Y, EDX S ERERSEER
Si AlLIEHE NaK.Ca %, RAXFAMM K7
YRS RERR AL . B 2b RREEE T A0SR B M
L, HETE 2002 FREFMHEED B 2c BAK,FF
AENTRE O, BREDERWELS B 2dff
ERERLNTYESE, IMBEENTYE HRE
WARRMER P . EDX SRR, EMNOBS EE
% Si Al FE B EH Na K .Ca . Fe ZTLE,EE NN
CERTHEHEBRETYESEK. XE 2e PHRH/NT
Y, EEA—HES BNEREILTHX, LRIA
BETEHANEB S, EELC B RFET Y BR .
3.2 TR PM & 5 4 B 8 8 o A7 454
HTHESMERSPEYREENERZ
— BMEXKEFHYHWEESAARARCEHER
£ HE N AKSFRY P YA SR ERFEN
WFIT IS I8 43 5 0 % 5 49y J0RE 1) L B 43 A O B 98 A
LT L 9 4 SR ) 3 2 BT ST 4R AL B R BB ™,
i EL%+ 5 4 AL 89k R A IR BIVE A, 41 Bergametti
SIS I AE M LR =AM S BERFR
G VBB E SRR T HERBEXKH
prir i
3.2.1 HAEPM AR RESTHERRY, VY
DLRBEILE PM,,FILFE 22T YRR, /0T Y
ORI (BLAR < 2.5 pm) BB FERE G P S THE R
(20 83%) , B WBRMEEFEETE 1
~2.5 um 2 JA] . FE B R A Aok & %5 B ST E
UL EDLRYN A FHHEAAENES,
i TSP MEBIREN 0% AEA BEDLREREG
H 21 H 8:10—10:10) R 1 PM, B & o, 7 ¥ kL
7 PM B ETHRE 3% HEEARNEERT
B 5 Y 3, L ( th /R B B (B 3b) , A+ A FE 0.2 ~
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0.3 pm JE RN Y04 B 307 (] 5 P BURLAL BE £ 04 {7
1~2.5 pm, YRG5 Y BB 73 70 A W B B
A, 1~ 2.5 um B IEAKSR BT, BRI T E VD 42
0B ) R X L 5 PM, I TR — B M RE S .
3.22 RHYLPMER Rl RIEilX
WREB RS A 2002 FkE(L A 11 H)RE
B R L 47 2 B PM, FE SR HEAT T ORLEE A T T, 45 R
FW, R E PM PR R ERT 1~2.5
pm ¥ 7 B B B W B 41, 7E 2.5 ~ 10 pm 9 X AN
1A B B AR, 7D 2 B v W BURL 9 RE B I
B ~2.5 um. R LRI L BRER P Y
TURLRLIE B 22 5 B HOR IR M AN TR, Y A B b
FYREREX, 23 ET km MI%E, R R EEN
K PiE 2R B ATy YR At
BB, ERRE R BT R X 54 OB R
NS ERMH DS PR, TR A
BHBIERREERRERE LS TRR—T,
o F 5 ORI 27 % , T FE VD 2R B AR A AR ME L 3
BEAER FEUWAME, BT REKA RS,
AMtRFFARMG MR EAR  FEAE
2 B S50 X AR WK I 45 SR AT B E

3.2.3 BEWAPMOARE JLEKEEAR,HBEA
L, EWEE LS TR, BB AR LT
KPP YW EEREZ — TEBIGLRES ., 0Y
ORL 5 — 58 I ] B S T AR X T R 2 B B b
REM PM, B RHET T BHMERDHE AN, T Y
UKL 7 SR ) B 9% , B BURL B KL FE 0.2 ~
0.4 pm. EHXT AR D4 E T FREM PM,H &
AT TN, ERENFEDRENFTLES &
4RI % 4 20 B B T i W OB R B A A
1~2.5um, RET TR HE R S OFRY i E
B 12% {8 5 4 Ok R T AR A A7 5 550N 4 T AR
3%, XBHRERET WEELE PM, PR E LR
% BN PM,, 1 R B VR B2 STRR A AR /) L 3 1P Ll 8%
Bhy R ERNERTREFERAXFMNER
I AE B EAT R R E AR

4 #1£(Conclusion)

1) JL5T PM,, 8 7 4 F0RL 2 LA B B9 I 25
WL, He B A8 A AURR T LLOY N AT AL )
HA R 2 3 PM,, PR S MU 87 9 R % R A&
SCRT A A3 AR RO ARCR S 7 T AR R
RET Y SR T Y EZRMRHET Y, 2

KA RBLE B # LT 91 B SRR 4
BIATUSHT YRR FESEPRE, XRKTY
RFEAERT Y.

2) ARIZEH IS Y P57 A4 B PM,, P E ) R )
BESAFTEERAR . EYERAE RS LG
L OB BRSO BB 1~
2.5 pum; £F JR Hi 4 4 B RE & b B W JBORL K RL B BUR
BRIESA BHBERM, FESME]~2.5 pm M
2.5~10 ym.
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