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Foreword

Atmospheric particulate matter includes all solid and liquid particles that are suspen-
ded in the ambient atmosphere. It can originate from natural sources as well as from an-
thropogenic sources. Although atmospheric particulates only make up a very small propor-
tion of the atmosphere, they can impose serious impacts on environments, climates, and
human health. Therefore, the study of atmospheric particulates, especially the study of
inhalable particulates, has attracted great scientific interest, and the problems presented
by these particulates have become important issues in atmospheric and environmental
chemistry. In recent years, the studies on inhalable particulate matter over the major cit-
ies in China have cmerged in multitude, and abundant research results have been a-
chieved. Tt is widely realized that, although it is necessary to control the total mass of the
inhalalbe particles, it is more important to understand the physical and chemical proper-
ties of these particles when considering their environmental and health impacts.

Beijing is a metropolis in China, and the government and citizens are very interested
in its air pollution. The inhalable particulate matter, as a principal pollutant in Beijing
air, is the key target of the air pollution control environmental governance of Beijing.
Special counter-measures to control ambient air pollution, especially inhalable particle pol-
lution, have been implemented over several stages since 1998. Over last few years, the
Geo-Environment Research Group of China University of Mining and Technology (Bei-
jing) (CUMTB) has investigated the physical and chemical characteristics, and bioreactiv-
ity of the inhalable particulates in the ambient atmosphere of Beijing using the principles
and methods of environmental science, mineralogy, geochemistry, and environment toxi-
cology. The inhalable particulate matter samples, mainly PM;, (particles with a mean
aerodynamic diameter less than 10um) and PM,s (particles with a mean aerodynamic di-
ameter less than 2. 5um), were extensively collected in different functional areas around
Beijing, including an urban site (CUMTB campus), an industrial satellite town (Nank-
ouw), and a few background sites at the Ming tomb reservoir, the Huairou reservoir, and
the Shangdianzi meteorological monitoring station. The examination of these samples by
high resolution Field Emission Scanning Electron Microscopy (FESEM) and Transmission
Electron Microscopy (TEM) have revealed eight main types of particles; i. e. soot aggre-
gates, fly ashes, mineral particles, biological particles, coal debris, chars, sait and ul-
trafine particles. At the same time, the number-size distribution and volume-size distribu-

tion of different categories of particles were characterized by image analysis. As mineral
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particles are common in the air over northern China cities, the mineralogical analysis of in-
halable particles in Beijing was carried out by X-ray Diffractions (XRD) and Scanning E-
lectron Microscopy coupled with energy dispersed X-ray Spectrometry (SEM-EDX). In
particular, the mineralogical characteristics of the Asian Dust Storm particles have been
investigated, and the implications of the mineral components in source apportionment and
atmospheric chemistry were considered. The geochemistry of inhalable particles was ana-
lyzed by Proton Induced X-ray Emission spectrometry (PIXE) and Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS). The toxicology of inhalable particles was also in-
vestigated using a plasmid DNA assay, and the results have been related to the heavy met-
al compositions of particles. This book is a summary of these research works. We hope
the publication of this book will be of use in promoting studies of atmospheric particles,
especially the studies of individual particle analysis, mineralogical analysis, and potential
human health effects. Ultimately we hope it will contribute towards improving the air
quantity of major cities in China.

The present book was organized by the Geo-Environment Research Group of
CUMTB. Chapter 1 was contributed by Shao Longyi and Yang Shushen; Chapter 2 by Shi
Zongbo, Li Hong and Lii Senlin; Chapter 3 by Shao Longyi and Shi Zongbo; Chapter 4 by
Yang Shushen and Shi Zongbo; Chapter 5 by Shi Zongbo and Shao Longyi; Chapter 6 by
Lii Senlin and Li Weijun; Chapter 7 by Shao Longyi and Li Senlin; Chapter 8 by Lii Sen-
lin and Yang Shushen; Chapter 9 by Shao Longyi, Lii Senlin and Li Jinjuan. The final
version of the whole manuscript was completed by Shao Longyi.

The research has been supported by a number of funding sources, including NSFC
(Grants 40275040 and 40575065), Sino-UK collaboration project supported by the NSFC
and the UK Royal Society, Sino-UK collaboration project of the Ministry of Science and
Technology, The Program for New Century Excellent Talents in University of the Minis-
try of Education of China, the Cultivation Fund of the Key Scientific and Technical Inno-
vation Project of the Ministry of Education of China (No. 705022), and the National 973
Program (2006CB403701).

The authors of this book would like to thank the staff and students at the Department
of Resource and Earth Sciences in China University of Mining and Technology (Beijing)
for their help. In particular, Senior Engineers Hou Huimin, Ai Tianjie, and Zhou
Qiang, Ph.D. students Zhao Houyin, Xiao Zhenghui, and M. Sc. students He Tao’e,
Sun Zhenquan, Li Hui, Liu Changfeng participated in the collecting of samples and ex-
periments. Access to the field sampling sites has been kindly permitted by Xie Fabin, the
head of environment protect monitoring station of Changping; Qi Tianquan, the head of
management office of the Ming Tomb reservoir; Cai Shiwen of the management office of
the Huairou reservoir; Zhou Huaigang, the head of Shangdianzi Meterological Monitoring
Station of Chinese Academy of Meteorological Sciences. Many thanks are due to Academi-

cian Xu Xuchang, Academician Ren Zhenhai, Professor He Xingzhou, Professor Zhang
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Guilin, Professor Wang Wei, Professor Zhang Jinliang, Professor Hu Min, Professor
Zhang Xiaoye and Professor Wang Zhishi for their kind advice and discussions. Professor
Zhang Pengfei and Professor Ren Deyi of China University of Mining and Technology
(Beijing) have paid much attention to the research, and examined and revised part of this
book. Special thanks go to Dr Tim Jones, Dr Kelly BéruBé and all their Research Group
at Cardiff University (UK) for their constant support and guidance during our long-term

collaboration.

Shao Longyi
May, 2006
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PM,, (suspended particulate matter with aerodynamic diameter less than 10 pm) WHWFRA] K
Ak (inhalable particulate matter) , RFBFERIPHE[FSIFHE/NTF 10 pm 1
Wik, PM,s (suspended particulate matter with aerodynamic diameter less than 2.5 pm) H
FRARLF (fine particles), BIERBFERKPHE[INEEE/PNT 2.5 pm HFRY).
MEVRERY) (total suspended particulates, TSP) RIERIBHEKSFTHSSEINFER/PNT
100 pm BERAY) . B —DERRARBESER (aerosoD) , 38 WAHEL EAROR 350 73 8
FESE TR ENBIRER . HERASH, BFRERER i BB ARG (3R B
RMIE, UETX—BHIEROTIES) I FAHEEAR AR WA EMSE; 55—, ¥
BIA S TR MBS TAARAN MRS, UL, AMNEFE “RRKB
B M CREKEBBRT” XM AFMBESERER, “RIABER” —AIREREX
SR EBHEERSBER T (FHE, 1999,

EER A S FRYIBIRE 28N B KA AR RTIE R GEEBE, 1999; £
B EFIBK(- i, 2001), KREFRY ORI ARERE. HREMSESEEBELIR—F/
KAHEEY):

(D X AREEEERESN. BistE, KREMRITRERERABALTRNEUR
RIS RIBR G RKEFARZEGFEH B WHXKER (Schwartz, 1994; Pope
11 %, 1995; Chapman %, 1997; Ostro %, 1999; Maynard, 2001), ZEHE, F7E 20
#4080 4EAR, fAIXAHE (1984) HREG£3% IR EIRT AT Yk P AFHRESE -3 2 ] &
HHXXR, EIEHIFRNRTRERELS R ORE R SERYE Gk P 838 e LA
BRI RAERE I AR (Xu%, 1994, 1995) MIRBILHABEEMFEE (Wang
&1997), R EMTES, AXARBRYNERELRNERUESRITRFAE
IR —3.

(2) BIRASEENEHRE, ST (<2.5 pm) EERELENEEERE (Hor-
vath, 1993; FEZ44, 1989; BRI X%, 20005 HEKSE, 2000, JEHET KRR PMes
HRBEREEMEEILE M2 BHAAEXER (Bergin %, 1999; FRTAL, 200D,

(3) KEEHXEREKBEEELREER. KSERYTTUHRILE. JLTEELT
Fok, BIRKBREMSREEYE, FMEERTHRAIHX YRR EKEHRRIG
YA DB RIEEE (Kim %, 2001; Lee%§, 2002). HA (Iwasaka %, 1988; Fan
45 1996; Murano 2, 2000; Ma %, 2001) HZEILKFHRERR SIS X
(Duce %, 1983; FEEIN%, 200la, b; Kurtz, 2001),

(4) K BRI R T B LUME D K SIEARLF R A R, FFBH TS5 R 2Rk
A2t R B BRI TR IR = B (Iwasaka & 1988; BFE A%, 1990; Dentener %,
1996; Chang 28, 1999,
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(5) WARSESEEEYR., KB Y AT LGRS B AR IECK RS B RS
18, W ET LU UL A A% TR NS = BB M B AN 2 B 20 A T () R MR U (Buseck
A1 Posfai, 1999),

WAL, REFRYE ST EREN., SERED=EWERSE. ERHTERE
H, KEERYHFRSIRT HAREMERNEERNR, By RSER R RATEIR
i,

KA AR A BRI B 2R AR BRI AR RN EESRY . R REE
HEYERLER, LB RS AT A BRI AE R B 7E 1999, 2000 F1 2001 4EXy#ET IR X
R = AT, BTARIBIRED, JLRHTRS PMyo i H 2 BB PT3A 400 pg « m™°
PIE (EZGEEAEK A, 1990; Whittaker 28, 2001; Bf52d %, 2002), FRAlREIE R
], K PM BB B BERTBEAE] 1 500 pg » m° LA L. T=EAYARASRY) TS JAEXT A
RS AR TR, SRR T RSB . T ARRW. Mok, Y4B, RalRyr
FVb D IR T B B R E BRI T A . XFIE T ETBUFMER K EE
W, B, 1998 4E 12 A 16 HILETHTBURAAR T 26 TR EUE SRR 2 B L KI5 R E
e RFE T ARSI IS R TR . AT B S R, JURTTE S HHRAR
FNLEREEY, HAREAB RO VAL, BREAGEERNTENE, 7 2001
45 H RS EAMBRASEREH TR LT N TERNGH LG RNIERE. = 2004 514t
B ERESEEAS TR, KSEREHCATETHBHRR, SO MEREEE
1999 4E LIS HE 20 4D 90 4EARAIHIA THRK MK, (B2 NO.WERBEAT, B 20 L
90 AERAIRIE A FHE kA s, 5B v A BRI 5 YK B B B MR, 2001, 2002,
2003. 2004 4FFA AT A BRI BOAEBIE ST BIR 165, 166, 141, 149 pg- m°, Mt E
R RN 100 pg » m™, BORYIIS Y5 R =8 (http: //www. bjepb. gov. cn) . [ LB
FALE A S B RAARE , FETT S A SRS Y IR, REUE SRR
MG AR RS B s Y, EAMEENRFALEEL.

L1 REBHMELAFE

oAU ) 7 A R R e B EGR TR B A AL ¥ M R (Posfai A1 Molnar,
2000). WyEE RATEER YN R EKE . BEEE . BPRKK/NTESR RS H
HERRAR. BEES. Bk B ESNES LU RN B R | W F 0 DA B ' B
W AT, At R TR ORI TUR AL TARAENALEA D R A . FB
THc: . PRy EEIEAER N R WHRS .

ks 4 R R AR BRI T A EAMTBEA LS TR Y R RBEBINE; LY RPN
e ANKBIMIE, ER/NT 2.5 pm OB BE A% T AR SRS R G
BN, HILRERGSK, SRHREEEYRE; kL AR/ MEJ LB ER LA, B
A TR, SRR RDRLEE 43 A R 2 R BB A R R BP 2 B SUBURL
Y19 T RAUAFRRIE 34 (Posfai #1 Molnar, 2000) . =5 b, BRYHTA MY EL
2 RESHEE R, fﬁUkﬁﬁﬁﬁ%ﬁﬁmH#éﬁ#ﬁ%ﬂf?ﬂz—ﬁ%kﬂ‘]é&&%%ﬁo A
FIR X i T RB AR, HRS BRI 2 A LR 557 [ PM, s 7 PMy, o
B o5 B EE B ARE (Meszaros %, 1999)



1 & 8 * 3

AT B/ R T R T AE RMERRNERE, ERHEESk,. 548
BT REUBHARRRAIE (BdP) AUY%E (Artaxo %, 1992), 408 T 28 Mi%
BREAK, Bt RsSPRERERET TLERERMEL TR, ShYERL
BABAEM, BRARSERNBHAFT GERE, 2001), KEERYHRIEMESH
B AR EG KR X, REEE AT BRI S A AR, BoRiss
HRWEZEWE, FRYREHENREEESREEZANNER. KPR K EES R
BT OB W B 6 M R, ORI O B M B AR A B M # & 7 X (Horvath,
1992), HAOR FE i R BRI L B 2, WK S B R ah b BT, B
FRL R KPR EZNRW L. BRI R SRR SR E TR, KELESE
BB EHEE A % (Haywood #1 Shine, 1995; Fuller %, 1999),

KAFR A 922 B4 T 20 42 60 SEREAEB R LB —, BRTCHK
PM,, LA EHE IS . BHLES . MBESRBITE. TERE. NEMLF4AS
BRI XS A . R KGRI R INAMR, XEE R 5% R E RN
MAETAEERESAE X (Haywood 1 Shine, 1995; Fuller &, 1999). M4h, AFIEE
HIUR Y, HACAH RIRAE ARE . B0 4 B4k 22 4 AR AT A Sk AT BURL B B SR IR 8T .

1.2 BEAISH TR R E XA RN BRI 5

1.2.1 2BEHHSWBARLLE

20 tit42 70 HAR T 70 FARLURT, MARKBRYRESH SN ETBEE P T 2B
. ALZER N R LZE R R Y (Seinfeld, 1975; EE45, 1990), 20 t42 70 4E4%
B TRBAT 2 ARAERY, AFE 1972 4F Miller 5 —KIERA b2 £ V4 (CEB)
(1980 4 Cooper Ml Watson ¥ Hép & Afb2E B F &L (CMB), DREBTERESTE
(MLR). B#£HTE (EF) %%, HIFIERXTFTRIFAYHEMILH LB ILE TS
B T RER TSR, X— AW Michaels (1997) FiE, M RSBOR YIRS 2
RS IR [ 2 FoR ) b 3E SR ST, BUAF RIS L L T R IR Gk A T b4k
FE R4 T JE T AR RS F R .

R TR 4 B BA TR 43 A B B R BY TR B BT L BUR B 4T 40 A . McCrone
1 Delly (1973) L FEEH TERYEE. MEMNRERWER, AT
RMETRSEFTRYHTRT, KKESTENY TR E EEIRE%, 200D, X
HWOTEEERES T B8 (SEM), SR TE2%E (TEM), EFh8ME (AFM)
LR THRMMIES O TFBE, UK THEMRESHEE, SHEEIEN (EDX) ki
FEAL (WDX) 7EM BB Fast s (EPMA), BOLBBURIEE (LAMMS), BTiES
X §18% ¥ (PIXE), BMETFES X L% (micro-PIXE) . FHEREHE (NM) .
*AFEE R B PRI (TOF-SIMS) % (Mamane %, 1985; Okada %, 1987; Van
Borm %5, 1989; Artaxo %, 1993; Orlic, 1995; ¥ %, 1995; Junno 4§, 1996;
Buseck # Posfai, 1999; Buseck %, 2000; Ghermandi %, 1999; #8J¢ X%, 2000; Shi
. 2003), XEFEASEFAGERTER OLF. 7. BEF. BTFH ASEA
WEE, REBRETFRMPREYETR FHEERAREZNYRRFES BIEXFX, =
KT, BHHETFE), 250 HEHEXNE S PR XIEHR R X RHME S BRMX



« 4 . WA ST RASRIDYDECERHAE R VSR

FHfES, NMEZIRFRYNAERGE, GEBRYES. R, 25, 2ER&T
YIRS

EERFES, BTSSR A (SEM-EDX & TEM-EDX) & & b & i et
Bk PR R (AR 44, 1999), Russell #1 Ruud (1973) KA SEM-EDX %} Den-
ver T X RS ORI Y47 T BT, $E T HBR Ao K E 258 . Ramsden (1982) {f
AR R AN B R B TR (EPMA) #F5TRACFRIE S L E . #
A 20 42 90 EARR . BBURT W% . TEAE. ERS RS FR Y& RN X R 5
R SCEER B I E (Van Malderen %, 1992; Katrinak %, 1995; Hinz £, 1996;
Grime, 1998; KasparianZ:, 1998; Ganor%%, 1998; Haapala, 1998; BéruBé %, 1999;
Kasahara %, 2002; Aragon %, 2002; Silva %, 2000; Li %, 2003a, b; Posfai ¢,
2003, 2004; XK 4%, 1994; VEZHELS, 1996; KAWL, 1998; #FR%E, 1998,
2002; FRie X HIETSZHE, 2003; BRfE X%, 2000, 2004, 2005; BRRFEE, 2001; A
%, 2001; RS, 2001; EIHE, 2001; HHHHEE, 2005).

EAFK PR AT R ARTE LR AR M R BB A AL, B TH MR, Ma g
(2001) H SEM-EDX. PIXE Hl micro-PIXE 4341 T 7E B 7 R 42 i T 9 70 b 78 357 8] 4 S8 hE
YIRE S, R T BRI TR AR, BARS (2001) il Nair % (2004) 7EHFFE
KA ALY LA T RATR Al KBS F RS (TOF-SIMS), FE4r#rHs, Nair 4 (2004)
WREBMRE R BER N, P RELSHZE—140 CUT, BHTEERAVNHTNELR,
AT SR R 2 45 R RAE £ A VL REAR B T k. Wittmaack (2002) JiF SEM-
EDX i, 2in fRE - W BOR, % TUE 1 I A RORAF . Martin 2 (2000) i
BT KSR 102 ST ARG AR . ANBUR b2 A . ORLBE 5310 45 07 AT VR AT
¥ 538 TEM BUE A TR 5T 5 — A 0 B2 4 B0RL & A8 B B #EAT X . Masatoshi 4
(2004) FIFIEHEET X %% (SR-XRF) # SEM-EDX && 4 #r s fihiy, B8 SR-XRF
BER IR R A ECE, MESBIOESR, T SEM-EDX 7] LIS B ERY LR, &
MERHTE, “EEAEENPRABI RS EE.

1.2.2 AEBREROMBRFRLTEANBED EESH

KSR R R E T BB A AR I, AT 10 pm MBS AKH
FEREPY; 10~5 pm WIBURI LB IFRBEFERY, T/hT 2.5 pm KBURIATEA N KBRS . B
FEA T R4S B TR R R R TR S LB . REBURRIER ., e fiotatE
TR SRR IR, BT LUK SBUR PR BE S AR BB 25 S A L — LR AR R R 2 —
(BRAAE, 1999), KA BRI HOBLEE A R AR . AR L R e L R B
BHZ—.

e 5 SR ) R R R A A R A R R AR IRAS . T B RABR YRR R
I3 A B B 3E F FR 3T 8% (optical particle counter, OPC). DMPS (differential
mobility particle sizer), SMPS (scanning mobility particle spectrometry). ELPI (elec-
trical low pressure impactor), CNC Bk vy i@ B 4> &% (PHA) & McMurry (2000)
SR A BRI IR R S A BF AL M BT e . SR OTEEIRBUR ST T IR iE . &
TR, RRMRASEA AR ENREE., Bon/LE, i —SrERERTE
MR ER, B RS (image analysis, TA) RFRAE KO ¥ ) B BB 53 A



