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ABSTRACT

ABSTRACT

Taiyuan is one of the main energy and heavy chemical base city in
China. In recent years, the advancement of urbanization and the increase
number of motor vehicles have brought a bad influence to the air quality of
Taiyuan and caused the atmospheric particulate matters pollution seriously. In
order to master the different size atmospheric particulate matters pollution in
Taiyuan, and know the pollution characteristics of heavy metals in different
size particulates, the study took samples from November 2012 to October
2013 at three sites, which are TISCO of Taiyuan industrial district, Liuxiang
of Taiyuan commercial district and Shanxi university of Taiyuan education
and residential area, respectively. PM, s, PMs, PMo, TSP four size particles
were obtained using sampler equipped with multistage cutter. The
concentration of Fe, Pb, Cu, Ni, Cr, Cd, Mn, Zn in different size atmospheric
particulates of three functional areas were determined by atomic absorption
spectrophotometer, and the speciation distribution of heavy metals in PM;s
and PM, were analysed by BCR extraction method. The sources of heavy
metals in the different diameter particles in Taiyuan were deduced by the
method of enrichment factor and principal component analysis. Using
transmission electron microscope and optical microscope to observe the
morphology of particles and microscopic analyze its source.

The results are: (1)The spatial distribution of content of the PM, 5, PMs,
PMyo, TSP characterized by: industrial zone > commercial area > education
and residential district; The temporal distribution of content of PM,5, PMs,
PMyo, TSP were highest in winter, minimum in summer, and middle in spring
and autumn. The rain, snow, sandstorm, fog have caused influences on the
concentration level of different size particles.

(2) From the different sites, the highest concentration of Fe, Cu, Ni, Cr,
Cd, Mn in atmospheric particulate matters in Taiyuan were at TISCO, the
maximum content of Pb and Zn were at Liuxiang, the minimum content of
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heavy metals were at Shanxi university. From different seasons, the highest
content of Fe, Zn, Cd, Cu in different particulates were in spring, next in
autumn and winter, lowest in summer. However, the highest levels of Pb, Mn,
Cr, Ni were in winter, next in spring and autumn, lowest in summer. From
different size particles, the heavy metal of Pb, Mn, Zn, Ni, Cd were mainly
enriched in PM;s; Cr enriched in PMy; Cu enriched in PMs; Fe mainly
enriched in PM,s-190. Under the different circumstances, the content of heavy
metals in particulates also had different changes accordingly.

(3) According to the result of chemical speciation analysis, Pb, Mn, Ni
and Zn were mainly distributed in exchangeable fraction and reducible
fraction, shows high biological activity, harm to human ; Cd and Cr were
found abundantly in all four fractions, Cu mainly distributed in weak acid
extraction and residual fraction in PM,s, while equably distributed in four
kinds forms in PMy,, shows that once the environmental conditions change,
they easy to release, also can harm to human; Fe was found bound to
oxidizable fraction and residual fraction, the most less harm to the human .

(4) The enrichment factor analysis showed that the enrichment factor of
Cd, Zn and Pb were higher, mainly from man-made pollution; Cr and Ni
were next; Mn was low, mainly from natural sources. The principal
component analysis showed that the main source of heavy metals in
atmospheric particles were metal smelting and organic synthesis industrial
dust, coal dust, traffic vehicle emission and soil dust. From transmission
electron microscope, the particles have five kinds morphology, that are dust
collection, fly ash, sulfate particles, organic aggregate, mineral grains.
Through optical microscope, the composition of winter particles are
complicated, pollution is serious, next are spring and autumn, summer
components decreased significantly.

Key words: Taiyuan; Atmospheric particles; Heavy metals; Pollution
Characteristics; Sources
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T B IR T AR AR . DR, W ST RS AORL A R I [
AR, RN TS e A% ) R v BEER A — S, B SEPrd S L.

sk BRIPHE R T L IR A S BR  E S BT R AR R, EERM
T RACRFEYIE, PMos Al PMyo & J8 S8 0L 1 A frdem, 7 A ifil. BP&ZE
AT e FEPIEB AR, FERFETAR, bRl PMs FEEEGER
SERAAF, TRMEEBENELR, XFPRD TR As IKEE . TSN
WA R I THAZE PMys HEEJRCER Tiv Zn. V 25fE K58 AR B s AR K 5 3
HA B NCATG e R I . K Pl ik ARG IR SR B, & AR AL
PMys I8 & PMas-10 41, BT Ni JGE4F, Mn. Cr. Pb. Ni. Cu. Hg. As & & Kk
WIS T AR BR I . BT I S 0 th o e S 1 SRR -5 SRR A K R R i ek
HEAT THEFE, KB Ca. K. Mg S. Pb Al Zn 25 0 R 7 RBEIHIH . & T AR,
IM Al. Fe. Na. Si 7ERBEfG =T RBEHH, As. Cr S nR N EME —wER, FORIE
B 8+ 9 MK fe, RBEWIRZ, RIEJE RN, 2Bl Re, ki TSP
FE B B Rk B E IR 2 emiER”, Maher Elbayoumi Z5M% i 4 s
HLKA PMas AT PMyg IR 72 & B, AR 2 b B 2 R B v o R AR I 7 2 B,
FATTH RS RORY) TSP F PMy 2 M E S B AT S B m T, — RN RIKE
EfE ST PRI . Cheng M C 5105 A [ PUAS 32 B T KSR IR ok
WMETTRIAT AN ELAFRES TR S ERm, XRFERE AT & FRE
RIRER 2550
1.3.4.2 =534

FEANRN X S 2= B, KA 4 R n R AR R LS E RN E R+
=W F s OhEE BT S R W, BT PMy hE 4S8 Cu. Mn. Cr % 13 748
G BRAESRFE S AR AZER, Ko Mn. Ca. Mg. Zn 75318 FFE SRR B i
Pb. Cu. Ni. Co fEHHERFESIKREE =, Cr. Cd. Fe. V 7EREFIRFR ;SR BT 5,
% Cu M1 Cr 4h, HARTCER IR it 0 IR S K 2 SRR i R B i R ImE 7e 2 B,
LT AN PMos HE 48 EZLL Mn vy, HUCOH Cr fil P #1751 LLE 48
Zn N, TRBAWLAE 4SS Zn A, HUGE Pb. Mn. Cr. Jun Wang 2Pt | ifg i
F L X FIEFE X PMos £ PMyo H1 (1 B 42 J@ ¥ JeRpfEdEAT TR FL, &3 Cry Cu. Mn,
Ni. Cd. Pb. Zn. Sr 8 M E & J& e &AL F LU X 5371 5 PMass PMyo ) 3.07%. 5.50%:
FEREFE X 23 51 PMas. PMao ) 2.77%. 3.18%. & H] Tk X KA Bk & 48 1
WRERTRRX . mEPhmd ki, KBRS 4R 0 EE S E S50
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FORVEAMSE, Cry Ni S — Mok AR, TR s s ; Ca. Fe. Mg A+HIE
i WG, SRR ER, — RO R R R Pby Zn. Cu RIHE %4,
WEA TR A B B s, R B A AN I . TR S D@ I AT A %
PL, LTI PMos H G 3% T B AAAUE, AT N1 B ARSI ot &K . 80m Ak
MBS T, 8m AL B M TR =R, FRali 2Rt db 0y T rh A0 T AR
BRI TSP. PMyo PMys HH EE & & Y5 YR BLEEAT R 7T, I TSP # Pb. Mn,
Cu. Ni. Se. V. Cr. Cd WM& ELXHRLLTTHOm; 7 PMp Al PMas i, BT
Pb B LR MIRIONBX & T X XA ORI IR A 5%, B ATk
b ) B AR A
1.3.4.3 RifE oA

H 453 A 2H 3 AE R SUURE ) v RDREARS 23 AT AR AR I X o VI 22 B 98 3 e ORE ) 16 N i
T8 AL B0 S B RS - A AT T AL, SRR RIS ), LR TR,
RGN E SR . PiRkiE, KA, SR E &R S E s, 29 75%~90%
(¥ 25 42 JB A3 AR LE. PMyg =%, i AR i OOtk i 11 v K 0k TSP AN PMyo P 4
SEBATNES S, ELBAE PMy H /045 LLE KT TSP. Fang 2574t & v k<
Ki¥) PMasy PMas-10+ TSP H &8 TG &R 0 AT 05T, KW Pby Zn, Cr. Ni &
FRAELE PMys 15 8 2825 PRI 70 15 ) Pb. Ni ZE4RRE 7 B 8802 — %, Fe. Cd
FEEELE PMosgo ™ Mg, Cu. Mn FEE AL TSP . MyA &Y% 1 K
SRR HHARIURI ) PMo s % 55 4 J 381 BE 7% TSP Al PMyo B3, 0 A\ Ao {5 £ 5 7
K. Canepari 2, Kong S F U ML KA D ARATII T, RN NEILER
FEPR A ES, 0 As. Pb. S. Cd. V ZILRKIFERIKE S PMy LR B EK
50%LL_F o AT AN 2 i T R A 4 AT AV A 23 A 6 5 4R KA 20 A HEATRIE A .
Duan J C P2t sei\ g, HIFEmE (Bk. #5. 0. £5%%) EELUHK TR,
B BT RZIEAR, —REZESS A B . S SR TR EE
BB, LOS L& st R 8L, B KB it 52 e AR TT R
Wi, R BE. BYAPEANIE, ARAE 0.56-1.0 um JEHE. 3.2-5.6 um JEHEZ ] AR AR
WA =AM, 55—ANE 0.018-0.032 um JE 2 7], % —/ME 0.56-1.0 pm 2 7], 5=
W& 7E 3.2-5.6pum 2 [8].
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[, FAEYA R HEEEMEEEARE, B EYE A RS R
AT R AR [ O8] b [T phy A 2 s K AR A B R PO T A T R

S 4 24 OOT ] 1 8 R S SRR S KA BRI P M s FTPM o (1) 2 4 J& C (1 7% 45 32
TTHET, RWICAY LIARE A NE, (HPMysH At ZE YA et EEPMyo R i
Schleicher N J&5 x4k 5 KA UBRIAIPMs RITSPH G R LA HEATHE AL, KILRb. As,
K. MgEZDIFLRIF27E7E, Ni. Cr. Ti. Al. Fe X ZELIF3FIFATELE, PhbLAF2IE AT
fERNE, BEERANHA, AT EG RN . S bR i PM o =
SBIEABAT A, B 8. @B TIRIGSAEIE, JTUREER 2T
ETAENGEST, TR FEAAETRIRIGSHEMMZEET, ZnfiCdr4
W R . R K T B BRI T E SRR, KL
Cu AT A A, BT E 4 oN63.3% ~ 89.0%, MIMN/EIX — & it /b
KZ124% -43%IPOAFAE T HR & . JCERZn. CA=E B A £ 59 IR FE I, 403l &5 1 70%
F135%.
1.36 XKSEFHIPESERKIED

RABRA) b 4 8 0 RIFEE AR, T4 9 HARIERORTE . BRE—MCkE -
A NRIRARZ A SEEShIER, WEsRee. FLshZE RS,

TR TEZ R, — A RESHTI(HCA) 2R &P (CMB). F 1o
SHTE(PCA). BHERNTIRER . HAERERMPCAEHHME, HANsHEZ.

BT (EF) EATHI5 FIWT S Bk b 48 R IR R, TILRNE
ERERE U0,/ R & SR VA 1 06 2 T P M5 h 2 428 SRR, 13
K. Ti. Ca. Fe. CrIMn=EZRIE T 7 8Cs A XA H AR TR, TPb. S. Mo. Zn.
Cl. Br. CAdfIAsFEZ N A5 Rk s, XAHEFdt— B a iR, VshER
SHPBG RS BRI MR RS R IX K TEPM, s T 4 8 1 2R TR
¥ D5 T2R ) 4 DR 000 B T 2K 5 RS T PM s 4 TG 3R SR IRGHEAT 49 #T 5
RIMZn. As. Se. Ag. Pb. Cd. Bi. HgFICu%5 e &2 N Ni5 essmiis i, Sl
JESe. Cu. HoMBi%E A\ Ni5 ot RIMEFEE =, HH/ESE HIE RS E KT
% H . #ge SN ] E R A R . BRI ML E R R AL AT
PMosH ML TG E I F Bk YE . AlmeidaZsl™, VianaZ5 MR ] 7 B 723 Brik b T
BRI RIR . M. ManshaZe 0I5 437 23 7 K S BURLAIP Mo s 76 2 R F 1 B 43 it
P (PEMD #E-4T7 7 RIE T, 13 H R TRAER L. TIWES. IREHF
T VT BT R AE M I SR AN IR . SamaraZe IR I CMBRERL b 1 75 JiE AL 35
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141 ENFEX

KPR P E 8 e R A B E 4P, W1 Cry Cdy Pby Niv Mn, BIEZIR
B, O ARE R fE AR, — BN 2 AR S A AR K R
H, H—@EMRE ER&H AR RER . RIETTEA ER L, 2R
PR N, AR A TR, BRYS G B . Bk, SRR A
[ A% R ASRIORE DR BE AR AR, AT A R 3 i R e s e R 4K
o BT, MR RIS KE T RS R RAASRY B 48 2w R g, Bt
TAFE G T RN E 48 ' HIRA /A0 B 7t A 4 B K A )
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FLHR AR, B 5 W A F T . KR/ T 10pm R URTKEY o RPN N
PRPY, AT SENURITIR R S0 OIS KR S8 AR T R GORA 70 W R BT iz 4o,
SN O R R AT TR U DR, R [ RLAR K SR 43 A A 7R Bl o KR
RN TURE D0 N A e 6 T AR 50 200 (¥ B i

RJETTHEAE (LS R, =¥, B TR SRR R, ik
BT I TRl B AR A oh, T e R IR R B TR T —,
TR N OE ISR R R, EaE KU E T8N, XL RS
AR ) BB P S B G . AT T TR R = AN D REIX A [ RLAZ AR
PRy 23 18] 3 A RFALE B /N DXOR A SRBURED IR P IO s A AR S5 AR AR IR, R IR 13
SRAT YT 25 Pl AR IR IO R BE AR, AT Dy Rl 1) R0 A A 4 Tt S sk
FAKHE o

2.2 RS 51

2.2.1 HmMXE

T-20124F11 H ~20134F2 H A& Z= R W I 73 sl AR R JE T RAN Tl X . M vk
AN HLIT R SR IESHAS FIRAR B R SBRIIPMass PMsy PMyo. TSPIFATREE. K
S AT ILE2.1. WERAKRE, BKIESRFE M N12h. FRERTEDLRFE24h. )
o KR (RS, ek A A F5A H BRI GE T RN, = ANThfgX 3t
KEERE R TON .

T20124F11 H ~20134F10 H — A WYZRAE 1L P8 R 2T KA, HEREFEM T8,

KA T XA F RS AR X, 2 T X R . R A A KA T 7
AAERERT, BSOS TR = B 1.5ms MR TR AT X, & ik X R .
KA R OV T S O TORE B8 3 IR P 920m: 1l P8 KA TR JE T/ X
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B MERIX AR KRR PR AR IZ 6, B R i
=15 m: A S TE ORI Gk

KAFEAE B YK C-120H 2 JOBURA) it B R SOCRFRS:,  RFRIAL & B2 B J9100L/min,
RAERIIN I 050.3m/s, I RIS RBE LR . HXIRRE L A Uk RIS
LG

®

4EITR

9 ATV X

B2.1 kA& A H
Fig.2.1 The sampling sites
2.2.2 REREHNE
TEWCEERE S Z 1T, Sk T RE K SBRIAIPM,5, PMas-ss PMs-19, PMig-100ff]
PRI LT S PEAAT T, SRR O R IR I IR 4 T P 748h . FHO.ImgHIAS % H 1K
S S PR B R PR, SRPIME, DS ROk, FIRE, RERAR S 1 B8 B
B TE IR AE P r48h, 7ERIFE 056 1F R R — KPR E A P . RS KA
FET I R 2 FURFEARAR. Rt RD . FE RSP 5PM,s, PMs, PMyg, TSP
(¥ J B
2.3 BRE5ZH
2.3.1 FURIHR FE Y =5 (8] 38 (L ASE
it b6 BT SRR K SR T = AN ThRE XA R RLAR R S BRLIR (3R 2.1 AT,
ABAE PMzs, PMs, PMyoifs TSP 1, RUKIIIK EE AR BN B FPAR G = KN T
M X >0 > LK% . XA RS B A R AN AR = i R ok A SR s R, A Y
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Fom RIEH AR R TBRAI(PM,s, PMs, PMyg, TSP AR IRE

M DALIXARER ;. WAL Dk X, ARER, EME, 14 R AHE K
T L PG RS2 AR b 22 i B ACE KRB Tl S ARIE B A58, BRIk AR 2 R 3L
ERROREI IR FE /N T X > R > #E MR RIX .

2.1 REHERAEEPMs. PMs. PMyoFa TSP K (ng/m’)

Table 2.1 The mean concentrations of PM, 5, PMs, PM pand TSP in different sampling sites during

heating period (ug/m3)
DipelX ity N= KA IEE
PM, 5 256.2 3345 296.3
PMs 301.5 376.2 342.7
PMy, 347.7 418.0 389.1
TSP 400.1 470.1 448.5

2.3.2 SRR FE RO R [B) 2R 1L 45
2.3.2.1 R T RURL) R 5

2.2 ARJETI/NEIX 2012.11~2013.10 AN FEIRAR BRI KR ALK, TLLE
He, SKRREWIE], TSP RO AL (LG A 76.3~934.6pg/m®, EFIJUE A 335.1 pg/m?,
M T S A S R AR AE (GB3095-2012) Ok — bRk 1.7 15

1000

800

Mass concentration (pg/m>)

%
&\,@ 5

600

400 |

200 |

. —*T PMys
™ —h— PM5
—— PMlo

—s— TSP

B 2.2 PMys. PMs. PMyy. TSP f& R AEHH ) 2 R B 649 Ak

Fig.2.2 The mass concentration variation of PM, 5, PMs, PMy4, TSP during sampling
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PMio ¥ 50.9~708.0ug/m*, 4E-TF-IJMK N 271.0ug/m®, it —ZibruE 3.9 %,
PMs ¥ 41.1~563pug/m®, 4F-FIME N 230.0ug/m®; PMys ¥ 31.1~484pg/m®, 4F-F35
WE N 191.5ug/m®, I —ZbRHER) 5.5 1.

B BRI, ORISR B SR ERKAAANE R, 15 4R 0 L™ &,

W TR BN R ik — AR
2.3.2.2 UKL ) H 4 AR A RFAIE

AN W 2 T KSR IR FEAFAE A B R 22 57 . 3R2.251H T K T /N B X R
FEAIANAS [FPRLAR R SRR A A PR BEAE . R 22011, PMysff) H ik BEAR TG
[ oA81.6~281.1pg/m®; PMs ) H 3 & TN 103.1~330.2ug/m®, PMioft) H K Z A
126.4~375.8ug/m’;  TSPHIH#E N 153.6~432.3ug/m’.

Table 2.2 Average monthly concentrations of PM, s, PMs, PMyq, TSP and

PM, s/PM;q during sampling period

A PMos(ug/m’)  PMs(ug/m’)  PMig(ug/m’)  TSP(ug/m’)  PM,s/PMyg
2012.11 212.0 252.6 299.1 352.9 0.71
2012.12 281.1 330.2 375.8 432.3 0.75

2013.1 257.6 299.1 346.7 381.7 0.74
2013.2 230.3 269.9 311.4 345.3 0.74
2013.3 213.6 246.0 289.3 359.5 0.74
2013.4 191.0 230.5 295.6 408.8 0.65
2013.5 142.1 181.9 224.1 272.8 0.63
2013.6 111.8 141.9 1775 223.9 0.63
2013.7 81.6 108.1 126.4 153.6 0.65
2013.8 85.4 103.1 143.8 200.8 0.59
2013.9 125.26 154.1 190.8 240.5 0.66
2013.10 171.7 211.8 267.4 312.6 0.64
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BB RIETARRASKSBRYI(PM,5, PMs, PMyg, TSP)AIUR JE AL AHE

ANEPRLAR BB S A R FE AR AL R 35 L K12.3 . NEI2.391 ATt , PM2 s H1IPMs
TR AR A 3, RAE12 b — Mg, Bl PMyo MITSPIR) 5 &
WREEhZe AR AL, HEL T RN XY . BIFEL2 H fr MR s, 4 H iy I/ s
I, BRPMsifiUéss HBLES H 4y, HoAhes 5 HBLET A4 o 3% X — B 5 1 3 B R [
20 IR T AR, BOUEERCR, M EAFRREC, KUZRE, &
SPEEEAGY i Rk, INE TS5 Y, FER2AMNKERRE. TR
JR T RAER R A2 G DIENIE IR A RS, IR MR 2 T34 H 13PMyg
AT SP R B 5 v 1 3 2 J PR T

B PM,PMy = PMys —A— PMs —%— PMy, —— Tsp

500 1

i
o
S

300

200

Mass concentration (pg/m")

—_
(=]
S

2.3 4N B B L APM, oPMuoth A 4 4

Fig.2.3 The mass concentration variation of each size particles every month and the change of

PM, s/PM1q monthly

2.3.2.3 RN Z= AR ARE

/N X 2012.11 H -20134E10 H 1 IR] ) Ecdls 42 3= 790428 3. 4MISH AHFZE, 6.
THM8HNEZE, 9. 10MILH M NRkEE, 12, 12 NAZE,

K24/ A FERAE KA BRI =T 2K, IWERTE H, i 2PMas. PMs.
PMyo. TSP, 57 ik FE 35 5 B0 2 R 2 15 AR AU ARRAE o« R IR & = ROV B2 ) Y i
THARET, BFERERI, FF. KERERZ . X FER T A ZE N,
REIRIE, (AR AR HE O ™2, it BR300, P _E &R B
SR, BIRERAR, RAEHRATEREAF TS5 Ry SR =% %,
SECRRBRA G YT E . KR T P R80% AR EH 756 7. 8= H M, HXTH
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R W R ATERRIE A, N R KRS os, K, URks, KLRZEE,
SPTRIERE, (AR B LB, TSI BB KRS e B R b
M, IEEBGRZFTY, RIET AR EE, MEENZKIPERT, PrfEfssE
EERORLA) IR T H 7

500 -
_ 400
E
[=2]
=
S 300 - B 5
g
= BHFE
8
5 200 »
2
8 i 0 &%
= 100

0 -

B 2.4PMys. PMs. PMyy. TSP RE49E D Ttk
Fig.2.4 The season variation of mass concentration of PM,s, PMs, PMyo, TSP
2.3.2.4 ANFRARRURIY) ot S B BB A
K 2.5 & A RPRLAR R ) B B IR L B AT . B8] 2.5 AT LU H:PMas, PMs,
PMy, TSP HJTEIRE A R¥IK TR, XA I RFRER, ISRFHES
W%, HNFERIAE s sh U (1 SR DR i o

—_—
hﬁ

LEPS

PMs

PM2s

0 200 400 600
Mass concentration (ug/m®)

B 2.5 TR BALY R B IREN SRS A

Fig.2.5 The circadian distribution of mass concentration of each size particles



Fom RIEH AR R TBRAI(PM,s, PMs, PMyg, TSP AR IRE

2.3.3 PM,s F1 PMyo ¥R 14 S0 4
XF PMas Fl PMuo [ 9 B 3F A7 AH 5% 1 4» b7 W &1 2.6, FH &7 28
y=1.2458x+29.622, AH5KZEN0.96, XELFRI T PMy sFIPMyo B A BT (A M
PM25-5PMao @ i B 7335 YU FE A5 Gy i 28 e ) — A B 2R AR . T5 Gyl
IHLIX PMos IPMyoth 8K, 15 4L 442 I3 T PMo s 55 PMyo LUAE 7EO. 3~0. 42 [8], 5 4%
I 0. 5~0. 72 0a) B4, i E2.37 %1, %A H IPM,s IPMyofti 3Kk T-0.5, 5]
R TTG G, (E12 343 PMos/PMuofE 5 K, Ui 12 7 4 Ok )35 G B 7™ B

800

y = 1.2458x + 29.622 .
R? = 0.9233

600

400

PM, concentration(pg/nd)

0 200 400 600
PM, 5 concentration (pg/m®)

B 2.6 PMys Fo PMyq 6948 5 b 3006 th 2%

Fig.2.6 The correlation of PM,sand PMyq in sampling duration

2.3.4 FERRSITERAK E RS20
2.3.4.1 FERIFEZ X PM2s, PMs, PMyg, TSP IKJZHIFENT
HERNE TN ERZ W, SRR ES K. 2HTWS
KABRT 2B R ITRE,  Hoe A s R £ F L,
7E 2013 4F 6 H 17 HEE T AR, X E R IRl S KSR 0 2 W3R 2.3 AT 4,
FNRLAR ORI (IR BE 3 KR FE BRI, SRR E I BT, Bk BlbrdE. M2 T,
PRV AT IS PMos FIREEAEZ 4.4 £, PMsAHZE 4.1 %, PMyo M2 3.5 %, TSP #H% 2.9
A7 b TR LU B KRR A 22 B o 7E 2012 4 12 H 28 HIE 4R
KKRT, RIFES G MR A IR FE AR, PR TG PMos IR FEFRAK T 3.7 £i%,
PMs [#AIK 7 2.0 %, PMyo B#K 1 1.4 £, TSP FEAK T 1.3 fi%.
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25 Lo Ry A H B R P2 5 AR I AN REAR /N BRI A 25 B VR FHERCH &2
% 2.3 BEHEHIE BN R EREA T (ngm’)

Table 2.3 The change of mass concentration after snowfall and rainfall (pg/m?)

WKL) PMys PMs PMo TSP
o R AT 209.1 253.5 307.2 366.4
R Ja 47.6 62.1 86.9 126.2
R =5 i 398.4 413 423 432.8
b5 85 138 174.2 184.9

2.3.4.2 WA RSIIPM,s, PMs, PMig, TSPUFE 52

WARARSFEREAET READIFER, FbR7ETRAE, HiAEE R
55, fEARREIER, Hot KREDRBEANTH, BRI RS hin20134:4 513
H X#GE 2428, wFEG4H 12 H BRI an 2.7, WA RS FPMasy PMs. PMyg.
TSP EESA3E In

800 r

(o))
(]
(=]

D4A712H

400 r ®m4H13H

Do
(=]
(<]

Mass concentration(pg/nt)

PM;s PMs PMyo TSP

B 2.7 VA REAFERRFEAZT YK EST LB

Fig.2.7 The concentration of the different diameter particles before and after the dust weather

2.3.4.3 KERTXPMys, PMs, PMig, TSPIKEE )50

KEERS— M2 RAETEAZ, 16 2012 F 4K E IR PM,s 1 H P15k
J& 2R 410.6pg/m?®, BB T B ZHE 19— ebnitk 5.5 £, PMy 1) H-F3¥k 5 > 551.8pg/m®,
FRIT T SHE I — bwitE 3.7 1%, TSP [ H P9 BN 625.1ug/m®, #8517 IS
T hrdE 2.1 £, R R TAEKE RMKE . EEERFYRE RS, AT
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BERROR, SEESS, KA TRERES, SRR, AR T2 Bk #,
FIT LA 58 RS2 A SR 0 186 0
2.4 Z5ip

(1) AJE T RSB AAR EE 1) 18] 3 Av W i, ROKEA) (PMgs, PMs, PMyoITSP)
WK TR >E X >HE M ERIX.

(2) KJFETH/NE X —F RIS RRY, HEEHPMs. PMs. PMyg. TSPHJAE
I i i PR S S B AavE (GB3095-2012) HH ) —ZubrdE, Ui iZ X IR A,
JREAZE R o

(3) TERFEHAN], KA FERAR BRI FE BRI (AR 0B 2, AR S
FERNBEFEY G, AFREm. EFERIK FRIRZ. XRFNEEENREH,
B TIRE R —HESr, KERBOE R 7 BRIk B, BN L, K
KA T BRI IR B o AN [FIR AR TIOR3 BE 38 0 LR K T

(4) FPERR SRR BT VDA 2 | 55 58 E o AN [RI R 1R s Me JORE A7) 1R B2 R /N o
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5 =5 KR AN PR AR K UURE) Hh B R 75 G

FZE KETARNEXSFAYFEESEIISIIFE
315|8

KA+ H A2 ke, BEBIENILEBERIERS 2 —MAG R
AP s SRS T f . — SR BEMESJEW Cu. Zn. Mn 244K AT
B MR TR, EAESELSBI Ph. Cd 253 AEAE AriGsh T b A1, 24 HAE AR ik
N B SRR — R IR RS, ot AR B it B AR M R SR Zn ATk
LGN Zn Tt W HIUEE AR SAEREL NI Cd. As S4B EALE,
W5 RO I S0 Ph W LA RS EER R, MWILAMEE,
BT, B2, RKAFRYHESREASNSERRCEMEREERREN, H
S A B 1 75 AR SRR KL, [RII, F 2 K S BORE 0 B 4 8 P03 et A T 4 A 2
FEH A =L

AT N TR TS 43 6 BEVE T BT R AR IS [FDRLAS RURi ) v B 42 J& Fe. Pb. Cu.
Ni. Cr. Cd. Mn. Zn K& EHAT T HT0E, FEERTT T AR Th R X B0RL ) = 4
J&& IR o3 AT AN & SR AE AN [ RLAR R A b 0 SRR, B E S B I =8 B AR
EFEAT T 041, AR TARSREZG TESRNSET. &5, 5ENIMES IR
HHT 7 it te .
3.2 KIERD
3.2.1 LWL R Sk FI+ s

SEIAXAS SR IR G R TH(H AR B W] AAB650): KC-120H 2 2Rk 4))
R ECRAE AR (W5 L) LKA BT RE: AW

AR IR (L 4k) . = =R (L al) WEH 1000 pg/mL ) Fe. Pb. Cu. Ni.
Cr. Cd. Mn. Zn #piEEl (bl BBk « ERETKE,

Mkl BFA4EERE (FRWBHLHET) ; BT B8] AR WEE, B
¥y Tt B4R
3.2.2 XWHHE
3.2.2.1 Bk E &R AR ST

HCRSEA R 5 B A T YRR . AT UEME & 12, FAEEANEY JI8IRE, TN
HEF(S0mL) I\ 6mL iREHER, 3mL mAIR, I3, FEER. Z/EHEE
R En#EIE+, WREHET, HE HCIO, B R . FRRAHE, A 10mL1%FH

27



R R SURORE A v B <5 )5 R I SRR AT

W, IIAEGGE, 10 285, BURNAE. JuE. &G H 1%RmmRe AR 25 mL
b, FRAIFRICL, A% (B T R AR AR, I A Al .
3.2.2.2 ¥ B 5

TR Fey Pby Zn JOERA KGR TR B THIE, Cu. Niv Cr.
Cd. Mn Ff 0 R 7 IR seZm e
3.2.2.3 FRIHh 4 R I

ki &R R IE AR C (ugm® =2>CoVolV

s 2: BORFEIAR AL 1/2 i, B3 LAREEL 25 Co: ATV ARAE MR ng/ml;
Vo: EAEEE ml; Ve BRI REER me,
33HERG5TIIE
331 KEMASFRYPEESBHNZ AN

KB KRB AR INEEX PMys, PMs, PMyy, TSP HHEEENSE (£ 3.1),
AJ %1 Fe. Cu. Ni. Cr. Cd. Mn ASFICEM S EARKPN T X SEi e, Wbk

X & B Ik, X AR S 1Bk b BRI .

3.1 RIEH KR H e R KB F £2 /814 F (ug/md)

Table 3.1 Metal element levels in different diameter particles in different function areas (ug/m°)

IR X Rtz cd Cu Fe Pb Mn Ni Cr Zn

PM,s 0.0075 0.0736  1.4568 0.6502 0.2367 0.0687 0.0943 0.5013
PMs 0.0093  0.1024 2.3697 0.7023 0.2592 0.0856 0.1247 0.5587

[ERIAES
PMyo 0.0128  0.1285 3.9650 0.7495 0.3015 0.0963 0.1668 0.6018
TSP 0.0137 0.1452 46825 0.7864 0.3389 0.1082 0.1904 0.6471
PM, 0.0034  0.0283 1.3505 0.4891 0.2133 0.0383 0.0904 0.1896
HELER PMs 0.0038 0.0560 2.6941 0.5213 0.2364 0.0444 0.1144 0.2767
FEX PMio 0.0038 0.0723 3.8676 0.5599 0.2578 0.0460 0.1476 0.2859
TSP 0.0041  0.0795 4.6442 05889 0.2733 0.0460 0.2046 0.2859
PM, 0.0108  0.1003 18760 0.6291 0.2632 0.0825 0.1201 0.4782
PMs 0.0125 0.1734 45729 0.6827 0.3017 0.1027 0.1544 0.5243

TAkIX
PMy, 0.0156  0.1952 6.5218 0.7262 0.3258 0.1154 0.1789 0.5861
TSP 0.0192 0.2100 9.8721 0.7589 0.3557 0.1208 0.2305 0.6015
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SRIM Pby Zn JToRAERNIX & B, EHE MERABX M EERIK. X+
BRBTUERIX NREKR. BIESERSAZ, W%, iz, Bk
HIEMAE, PIFETEE, FERTMEAN, HRIAEZY E 1M P FEK
JET LB AR, Zn SRIE T AR IR EC A (R BE 40 S RS . DR, sk 30 T %
X ) Pb. Zn S ER G . HELZ S IR R & EBUCH 3 2 R 2 HAb TN s &
ROCHX, MHERA G IR, HEEMRFE, 558
332 KEMASHNYHEEENFEISTH
3.3.2.1 KA BRI AN [RI R AR R4 Hh B 4 s Rk

* 32 TN EXCKRFEMIE PMasy PMas-sv PMs. PMs-10v PMig. PMig-100+
TSP thE &I . W3R 3.2 ATfGH, J\MEEEN S &M EmERIRIKE Fe
>Zn>Pb>Cu>Mn>Ni>Cr>Cd, H Fe. Pb. Mn. Zn. Cu FLFPEEJEIKEN
WREE#RERIL T 100ng/m®, YLt E, E4E Niv CrikEiky, Cd Mk ERIK.
8 PR 55 23 A A (GB3095-2012) i Ph 78 TSP H IAE{E Y 0.5ug/m® 7T
A1, Pb EEAEIR.

k3.2 2K HEN T L BGFTHRE (ngim®)
Table3.2 The annual average concentration of heavy metal in PM; 5, PMj 5.5, PMs, PMs_19, PM1g-100

and TSP (ug/m®).

Cd Cu Fe Pb Mn Ni Cr Zn

PM2s 0.0032 0.1448 0.8267  0.2987 0.1230  0.0663 0.0486  0.5214
PM25-5 0.0007 0.1909 1.2563  0.0572 0.0278  0.0093 0.0267  0.1246
PMs 0.0039 0.3357 2.0830  0.3559 0.1508 0.0756 0.0753  0.6460
PMs-10 0.0004 0.0134 1.6710  0.0468 0.0196 0.0037 0.0176  0.7720
PMyo 0.0043 0.3491 3.7540  0.4027 0.1704  0.0793 0.0929  0.7232
PM1o-100 0.0006 0.0130 1.3245  0.0318 0.0009  0.0025 0.0166  0.3720
TSP 0.0049 0.3621 50785  0.4345 0.1794  0.0818 0.1095 0.7604

3322 EeREMNFTAN
AFZEN, KA TR EEEA D =N B RN R R AR &
3.3 KA AFRF WS RARBRY T EEEH SR APara, KJETH PMys.
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PM2ss+ PMs-19v PMyg100 I E & BT R IH R, HAFIREZ REOR.
PMzs. PMs. PMyo. TSP HEE G J& 2= 15 /0 A LA — 3. RN Fey Zn. Cd.
CulUf<mEFoamkke, &N, KR G, 32k BRIl
RS BRI RS TTIRE, £ 3 BRI TR R RA B 1R, DR
JE AT S IR ORI AY o BRI B o = 3 H e R SR b & —E B Zne FTBL, H]
REM R — T TR B A K ENE — B2 BIETY], KIETTHEFENZR, ERE
YRR, RAEAF T VS e NS R N 1 KR, — TR R &
VIR et R B L3

%33 RREDEANEATEY T ELEHAE (pg/m?)

Table3.3 The content of heavy metals in each size particulate matters in different seasons (ug/m°)

Z= hTK o cd Cu Fe Pb Mn Ni Cr Zn
PM,5 - - 02036 0.1414 0.0507 00165 00282 0.1588
PM; - - 0.8499 0.1682 0.0598 0.0232 0.0520 0.1905

LE=
PMso - - 1.1196 0.2070 0.0598  0.0232  0.0520 0.2022
TSP - - 1.2140 0.2184 0.0603 0.0232 0.0520 0.2159
PM,s 0.0109 0.4786 1.4973 0.2322 0.1015 0.0327 0.0320 1.1122
- PMs 0.0150 1.1790 4.2088 0.3043 0.1369 0.0389 0.0704  1.395
i PMyo 0.0182 1.2077 7.9635 0.3541 0.1641 0.0405 0.0881 1.6075
TSP 0.0192 1.2447 10.7987 0.3852 0.1746 0.0436 0.0975 1.6881
PM, 5 0.0052 0.0583 1.1322 0.5362 0.1971 0.0529 0.0825 0.3363
e PMs 0.0068 0.0918 2.0018 0.5971 0.2201 0.0575 0.1000 0.3959
o PMyg 0.0072 0.1062 3.6786 0.6478 0.2427 0.0623 0.1323 0.4048
TSP 0.0078 0.1159 45943 0.6885 0.2550 0.0661 0.1506 0.4110
PM, 5 0.0041 0.0423 0.4736 0.2850 0.1426 0.0430 0.0520 0.4782
- PM; 0.0052 0.0721 1.2717 0.3540 0.1863 0.0486 0.0790 0.6025
(o PMyo 0.0061 0.0823 2.2542 0.4020 0.2148 0.0532 0.0990 0.6781
TSP 0.0065 0.0879 3.7070 0.4260 0.2277 0.0551 0.1040 0.7205
M Pb. Mn. Cr. Ni &ZFEF8&KE, FRIKZ, EERMK. XRFEEZF KR
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SFUEAFER I IN, AR TV5 B RBY 1L S0 IR MTRE R RE IR
3 S8 S AR T URLTS A SR AR AT A 2 <o 9 R K T

VRSN HRIERR, I & B M AR LA, KPR R E o E DR RS
V5 PR AR o BRI R AL AN 2 5 20%, =4 — SRR AR, B
TR G EERMI, Z2ROVER. KAzl BRKEIRFRRE 1
RIPD IR, Horp B R IR BB 2 PR

ZR EPTR, ORI K R BT AR AR A, ERURI T s IR T
AR TFEA G TR ) ot B R AR AR B X AT R T AR R JE, HoREA
[, SRIEAE AR AT A S HEBUR R i IR AN ] o
333 EERAXRSHAMTHNEDH

BEERURDRAR AR, SRR 1 70 A A I T A F e R e s
FEANRIRIAR ORI P () 0 AT R A XS 2408 K75 e BB e
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34.8%
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E3.1 RRFEEFEY T T4 R ETSPHE 44

Fig.3.1 The concentration of heavy metals in different size particle accounted for TSP
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i, F4JEPb. Ni. Cd. Mn. Zn7EPM, s I3k B B \2. /5 T HAEPM 555, PMs-10, PMig-100
RS, UL T IX FRh 4 8 s AN T 2.5 pm AR, 3 T
TSPH 4 & A & & 1183.1%. 83.3%. 82.9%. 78.0%. 66.3%. CufEPM,s, PM;s-s
Ff A LE B 50, 23 )5 #) T35.6%, 34.8%, EPMs-105 1 20.5%, XaLUH T Cu
T EEFEPMsIER ) T, 155 770.4%; CriEPMys, PMas-1g, PMig-100 IR
CESNIEE] T 44.2%, 11.7%, 16.2%, HAEPMpoH RIKREEN 1 70%, #6942
BEHEIEPMt s EEEFefE>2.5 um LR T & &k # 770.9%, A FEE
SRR

R, BRSO, AR TR RO, k58 2 R P ok BN s Ye i
&g, ZREESBERETRTTER, RVEA R FTEEEAER/NMUBRAY) E. TFe
—RIET AP R, RS AR IRY), JBToRA0ER, FTEEE
FERDRE T rp I,
334 FEISRFHTHNYPESBIISRIFIE
3.3.4.1 HFEWAR W ERESEZL

* 3.4, 35 3R A RAHE A RAFRAS T EE BN S E. R 3.4 74,
Vo AR RN v 4 IR R R BI/MK IR . Fe>Zn>Cu>Pb>Mn>Cr>Ni>
Cd 5 Fe>Cu>Zn>Pb>Mn>Cr>Ni>Cd; M 3.5 741, FEybLRERY+HESE
JE& H & Zn>Fe>Pb>Ni>Cu>Mn>Cr>Cd & Fe>>Zn>Pb>Ni>Cu>Mn>Cr>

Cdc

R34 WERBENTELAHEE (ugm’)

Table3.4 The concentration of heavy metals in particulates in dust days (pg/m®)

Cd Cu Fe Pb Mn Ni Cr Zn
PM; s 0.0171 1.1082 3.2283  0.2875 0.1776  0.0432 0.0550 1.3042
PMs 0.0283 2.7584 8.8405 0.3892 0.2154 0.0623 0.0723 1.5874
PMio 0.0344 2.8002 15.1764 0.4493  0.2503 0.0622 0.0955 1.6942
TSP 0.0585 2.8831 18.1943 0.4757 0.3110 0.0701 0.1307 1.8341
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% 3534

R+ E 4 B4 E (ugm’)

Table3.5 The concentration of heavy metals in particulates in non-dust days (ug/m®)

Cd Cu Fe Pb Mn Ni Cr Zn
PM, s 0.0071 0.0595 0.3433 0.1964 0.0517 0.1843 0.0251 0.9842
PMs 0.0113 0.1273 1.1212  0.2483 0.0856 0.2013 0.0592 1.2673
PMyg 0.0124 0.1462 3.1551 0.2912 0.1074 0.2030 0.0654  1.5505
TSP 0.0130 0.1521 5.8933  0.3280 0.1403 0.2072 0.0877 1.6439
—a— R _ IS
.35 —~v— IE® K 10 %%;ﬁ
3.0 8
251 mg
gl.s- % 4
gl.o- § )
© 051
0.0 04
Cd Cu Fe Pb Mn Ni Cr zn Cld CIU FIE Plb ’\/Iln Ni Clr Zln
a) PM2.5
—=— AR 201
16 —v— [EHR
1. 15 -
(@] (@)
04 04
Ci Cu Fe P Mn Ni G Zn o Cu Fe Po mn N G Zn
C) PMyq d) TSP
B 3.2 WhERFETERKABED T EL2ENEE T

Fig.3.2 The content change of heavy metals in atmospheric particulate matters in dust days and

non-dust days

IO AR RAR ARV A R AN R RLAR R AUBURE M) R B2 251 2 25 48, b B Jm 4 )
R B an Ay AR AL mT LI 3.2 |11 3.2 WI AL, B Ni JuzR b, HAt o mIED AR RA A
FIREEEHIE I FA kiR Cuy Fe JUR BIIMREARALEOR, DA RIIIKE 73 HliE
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T DA RN 18.8~21.7 £iF, 3.1~9.4 5. UiHH Fe. Cu iR FERHE T HFEL. K
WA HARRAY Mn. Cd BLIRZ, Mn BRI R RZAD AR RI 2.2~3.5 {%;
Cd MRV AR RKAZAEVP LRI 2.4~4.5 f5. Zn. Pb. Cr RIS, VWA KI5 5l
AR AR R 1.1~1.3 f5. 1.5~1.6 5. 1.5~2.2 fF. XS ITREERET AN
gk,

Ni TR AL TR ), HAEIEDBARKKRER R, VA RKER
3.0~4.2 i . X A] e R NI K LA P A S H Nigozxw, HRRCRAHE a3
Ni TG, A 45 Ni TR AR R RPIRER S .
3.3.4.2 RFRHART . SRR, k5 W1 H < Jm ) A4k

KB IR SRR KRG RSBk h B 4 R 1) & & WL463.6. 3.7, 3.8, HHIE
3.TATAL, RHEMIABIEPM,s. PMs. PMyoif 2 TSPHY, 58 4 I MK EI/INI I 7
WIKF: Fe>Pb>Mn>Zn>Cr>Cu>Ni>Cd; H#*3.8741, KEMiTELESE
MBI MR : Fe>Zn>Pb>Mn>Cr>Ni>Cu>Cd; &3904, KEYESE
JR IR KB IME IR : Fe>Pb>Zn>Mn>Cr>Ni>Cu>Cd. %HA[#3, A[H
SAET, KRB B 5w S R A B AN

% 36 REMARRKATEY T ELENASE (pgm’)

Table3.6 The concentration of heavy metals in particulates during the heating period (ug/m*)

Cd Cu Fe Pb Mn Ni Cr Zn

PM2s 0.0034 0.0283 13505 0.4891 0.2133 0.0383 0.0904 0.1896
PMs 0.0038 0.0560 2.6941 0.5213 0.2364 0.0444 0.1144 0.2767
PM3g 0.0038 0.0723 3.8676 0.5599 0.2578 0.0460 0.1476  0.2859
TSP 0.0041 0.0795 4.6442 0.5889 0.2733 0.0460 0.2046  0.2859

£ 3.7 KRBT AR AT T €454 F (pgm®)

Table3.7 The concentration of heavy metals in particulates before the heating period ~ (pg/m*)

Cd Cu Fe Pb Mn Ni Cr Zn

PM;s 0.0023  0.0231 05543 0.2414 0.1262 0.0532 0.0683  0.5326
PMs 0.0026  0.0452  1.0532  0.2837 0.1425 0.0563 0.0791  0.5584
PMyo 0.0032 0.0510 1.8965 0.3026  0.1583 0.0613 0.0873  0.6023
TSP 0.0038 0.0594 2.7831  0.3393 0.1632 0.0687  0.0952  0.6391
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%38 REHMARRBEATLEY T ELEMAEE (pgm’)

Table3.8 The concentration of heavy metals in particulates in haze days (ug/m®)

Cd Cu Fe Pb Mn Ni Cr Zn

PM_s 0.0061 0.0603 1.4901 05577 0.2551 0.0624  0.1253  0.4898
PMs 0.0083 0.0785 3.1785 0.6024 0.2803 0.0695 0.1472  0.5235
PMyp 0.0086 0.0894 4.4946 0.6459 03045 0.1183 0.1713  0.5693
TSP 0.0086  0.1007 5.2432 0.6700 03167 0.1262  0.2449 0.6101

FH S B, AN RDRLAR IR A0 FE SRR IR K 58 U P34 P AH LSRR S i 35 2
En, HhESEH MMM R AR, FR R RFE RLE3.3. ME3.31]
A, BRot&RzZnz b, Fe, Pb, Cu, Ni, Cr, Cd, MnKJu 7K 5 BRI IR A
PR TR A A G0, 2R3N 2K 5 11 > SRS > SRR TR, TXORMRURL ) B Joft B9
FEFIA) B A — 2, BRI IR BERR S, EEJB IR LA R &, R
SR 420 1) J5R A P S B 4 R (KO B s IX — S5 SR S 2 MOF Ao AR oL, el ag ok
3 DR824 T SRR SR SRR BT 76 2 1 R R e 1l P 38 X K S Ok R g AT
OIAT, R IEE 48 0 BV FE A SR B B s T AR SRR I
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Fig.3.3 The content change of heavy metals in atmospheric particulate matters during heating period

and before heating period
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%39 @RES T E4FKYEE (ngim?)

Table3.9 The content of heavy metals in rain and snow (pg/m*) .

Cd Cu Fe Pb Mn Ni Cr Zn

R 7K 0.0071 0.0594 0.3432 0.1961 0.0513 0.1843 0.0256 0.9840

K 0.0113 0.1273 11215 0.2484 0.0855 0.2014 0.0843 1.2671

3.35 5ERNIME T

i o B 4 J T 3RS R I E W] DAE — e R b S — AN X s Gk AR
NEE, 2 3.10 FIH T E WAL 7 AT PMos/PMyo H3X AR T R T EHE, xFtk
R

Cd JTEIREEMRBPIGT . P52 > P 30 > AL > Rig > KE > FHHE> 2102 >
ks Cu JTTRIKEMNRBNNBT: REE> KR >0 > w5 > k> F 3> 210
%Z; Fe JURIREEMKBVNIY : RE>AL>P2Z > > > KE>FE>2
2 Pb JCRWREMNRENNGT: AL > RidE > K5 > 1 % > B 5 > i > 4k >
82 Mn TR MCRBVNBF : B 50> KR > RE> L >k > Fil> 2148
% Ni JUEIREEMNKRBVNITT . REE> K> 050> 0 > Fil >k > 2102
Cr JTCHRWRE MR BN Rid> b5 > %> KIE >R >k Zn TTERIKEMN
REVNBT: B> RKiE>KE>JE R >FBE>0L> 202,

BARESR, KW RAWRYHESE Pb. Mn. Niv Zn 75 38 HAb E A 4M R
P, F R
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*.3.10 B AN EIRT Bkt b E4 BT A

% (ng/m?)

Table 3.10 The heavy metals average concentration of particulate matter in other city

W BitE Cd Cu Fe Pb Mn Ni Cr Zn
K PMys 3.2 144.8 826.7 298.7 123.0 66.3 48.6 521.4
(A PMy 4.3 3491 3754 4027 1704 793 929 7232
e PMys 82 7129 1537 138 1865 1068 1744 7715

P2zt pM,s 85 1865.4 2623 - - 118.1 -

s pm,, 63 76.0  1309.1  305.0 95.2 16.8 120.2 452
Fals pMys 5.7 1549 4033 3023 1194 76.4 167.7  623.8
M pM,s 0.23 183 1900 55.4 175 2.7 75 165.1
PMy,  0.29 1151 5100 1046  33.99 4.1 16.2 242.9
AU pM,s 2.3 8.9 188 71.8 12 5.4 - 173.9

22" pM,s 0.3 25 55 34 10.6 0.8 - 16

T < RIRIZTTER AR

3.4 NG

(L) A5 T A [R] Th e DX RO 47 v 2 4 1 %
Mn S FHTCERAE Tk IX 5
TERBBAL. KRB ES B MR, RINFe. Zn. Cd. CuBFEY
B, RKERZ, EBEK Pb. Mn. Cr. NiZmREMAFE
fik.

o

i
Uil
i

PE=N=R—
IIIEE_X‘I_,b

Pb. ZnfEfLIX

P =N=
BB A

=ENEg

A~ = f:,

[aj s

%ﬁj\ﬁmﬁ’ Fe\ CU\ Ni\ Cr\ Cd\
HAEHA MEBXM

HFKIRZ,

(2)E 4 JEPb. Mn. Zn. Ni. CdFZEEAEPM,sH'; CrEEEHEEPMy,H: Cu

T EE L AEPMs;
O ENGIRE S TE S TV Ly/ ek SRy e e
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R 3 > SR H T

EINIVIvE /.-

Fe - & AR AE KR R T-2.5pum AR KL 11
WM K AELN. BRZnsh, DNIRTE
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HoAt o s BAEVD AR AR E G
YIHCu. FeuBMIIREBIE R . FTHAMNH RN ELEAERKILBRIEN.

> K
Herp ROk
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SOERIRINA (F1): JEJETTRE

S s . ALY ke Tl i
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Fig.4.1 The extraction steps of BCR method
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Fig.4.2 Percentage of each heavy metal fraction in PM, 5 in winter
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Fig.4.3 Percentage of each heavy metal fraction in PMq in winter

ANFRIZEHTAN A 4 Jm o R Z AL 2 TS AR AP R 2 . W LG 4.2,
43, 44, 45 ATHl, TEWHEFERLZ, Pb {EHIANEURAY) b1y 5 B A 1 55 TR SN
BAE R, W 2 FES 5 2] T R Ph SR 60% LA E, TERZEANERA)
BT i bl i, G827 91.8%. T BRI 1 Pb IR B R R, W AR FIIA B
JEFR K . LFEMBETAALL, BB Pb A& 5K . B & BRI RAR RN,
Pb ) F1 Al F2 b ¥ nfass, F3 A1 F4 EL@l/N, F1 AT F2 MAIE 2545 80% LA

£, Uil Pb MIAAAE IS S RRORAR KNG R W], RURDREAR A R Ph 21 /N
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Kz —, B Pb fEARTRIY) PMos HiEPETE R, X AARFIEREE (1 & 35 0 5 K

ANETTT, Fe fEMHABURY) ) EZ DA SHERES AL, Wi ERIE
B 75%LA |, SXAIARRT 7 MR ARAAEY, fEETE F3 AT F4 2 AT E A E] 90%.
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Fig.4.4 Percentage of each heavy metal fraction in PM, in spring
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Fig.4.5 Percentage of each heavy metal fraction in PMy, in spring
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Fig.4.6 The bioavailability of heavy metals in different size particles in spring and winter
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AARGHERS ., Arik Fe (EAS TR,

A 51 AERR AR T S TENE ERT
Table 5.1 Enrich factors of elements in winter

JUER Fe Pb Cu Ni Cr Cd Mn Zn

B 5¢fH (ug/g) 50000 20 215 28.2 65.1 0.1 1000 61.6
PM, 5 1 1183.7 120.0 82.9 56.0 2296.8 8.7 241.1
PMs 1 745.5 106.6 69.1 38.4 1698.3 55 160.5
PMy, 1 440.2 67.1 42.9 27.6 978.5 3.3 89.3
TSP 1 374.7 58.7 37.1 25.2 848.9 2.8 72.6

%52 AFERRAEATEN T EAAENE ERTF
Table 5.2 Enrich factors of elements in spring

JLER Fe Pb Cu Ni Cr Cd Mn Zn

B 5AE (ng/g) 50000 20 21.5 28.2 65.1 0.1 1000 61.6
PM;s 1 387.7 743.5 38.7 16.4 3640.6 34 603.0
PMs 1 180.7 651.4 18.2 12.8 1781.9 1.6 269.0
PMy, 1 111.2 353.1 11.1 8.5 1142.7 1.0 163.8
TSP 1 89.2 268.1 9.5 6.9 889.0 0.8 126.9

A 53 AEFREBEBEM T ELENEERT
Table 5.3 Enrich factors of elements in summer

JLHR Fe Pb Cu Ni Cr Cd Mn Zn

1 54E (ug/g) 50000 20 21.5 28.2 65.1 0.1 1000 61.6
PM;s 1 1736.2 0 143.7 106.4 0 125 633.1
PMs 1 494.8 0 48.4 47.0 0 35 172.2
PMy, 1 462.2 0 36.7 35.7 0 2.7 146.6
TSP 1 449.8 0 33.9 32.9 0 2.5 144.4
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¥5.4 ERREAREY T A TENE ERT

Table 5.4 Enrich factors of elements in autumn

TR Fe Pb Cu Ni Cr Cd Mn Zn
B 5H (ng/g) 50000 20 21.5 28.2 65.1 0.1 1000 61.6
PM,5 1 1504.4 2077  161.0 843 43285 151 8196
PMs 1 6959 1319 81.4 477 20445 7.3 384.6
PMyo 1 445.8 84.9 53.5 33.7 13530 48 244.2
TSP 1 287.3 55.1 38.7 215 876.7 3.1 157.8

MERE.LAT AL, BRMnyc & DAL, HAh-GR oo e AT FRAR RO 1) & B2 R
TH#KT10, EFMEHEM25.2513640.6 4% . HHCd. Pb. Zn. Cult)EEHTHK,
HARRIEERT, Niv Crikz, RPXETLRAZRKA N NETTE. MntER T
EF/rT1-102 18], ULBARTRAI MR T AN KRIE, 388 BIRKIR. T4
BIRE TR —, B TTRE R kIR T8 A ML s IR AR Tk, 55—
Ao RVR T LT Bk R HE I R DR

M #5201 %1, FZPMyHCr, TSPHNi. Cr, PMys-MnFIPMsH Mni{EFE A
T1-102 18], FRIABEA B SR K XA N KR . PMoMTSPH M EFE /N T4 11,
VB R EARKIE . R HoAth T REFYIE K F10, BB EBRIE T A NT5 4.

MREIMH, HTEZFECu, CAEEMRTRHR, FERENHE, FibHES
K740, FRPMs. PMy. TSPHMnitE, HARITERMEFEII KT 10,

KA FPRAR BN s R W S R 1 WLK5.4, JTTHRINE S5 L2 FRPMs.
PMio. TSPHMnicE4h, HAhITREFY K T10, FIEZ=HEL.

STeE. 2. B AVAFER AR FEREBR T O R INEFTTH, EL B
FEVHIEFES CREARET S EH MK DA— . WPIEAEFRA) 1) & &
i, (AR HEFNER i, BrEH, KRR HPb. Cu. Niv Cd. Mn.
ZnioE B BT B RAR BN TR, 7EPMos B8 3 B~ W & i T /EPMs,
PMy, TSPHIEERT, RURXLITTRTE H ERAENRRY T s . RIE
PMsH 13 P 5t 15 o
5.3 ER7A A

ERF M PCAYZE —FhH T IR B 15 e RIi 0 = B 5k 2 —1, g
RIS RIER M7= W7o rida@id i & n R 2 AR e, K5
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W€ hREMRE R R T 7 Z N DR T ML, BE RS TR B m T R

FIWTHZIA T B AR A E BRI . S A B SPSS11.556F A JE T AN [ RLAR K S R4

Hh ) B 4 B R R R R AT B KT ZE e 1o Ar, 45 R ansk5.5. 5.6, 5.7, 5.8,
£55 KBTPMs¥ T4 B F 6B T fFr4EM4

Table 5.5 Component matrix of heavy metals in PM, s in Taiyuan

PM; s K7 1 A2 53 P54
cd 0.409 0.698 0.262 -0.038

cu 0.477 0.722 -0.109 0.127

Fe 0.881 0.253 0.010 -0.223

Pb 0.207 -0.461 0.468 0.666

Mn 0.608 -0.165 0.699 -0.150

Ni 0.711 -0.301 -0.485 0.090

Cr 0.681 -0.521 -0.276 0.170

7n -0.131 0.677 -0.141 0.576
T ZHE 3 E% 32.129 26.658 15.323 11.274
R % 32.129 58.786 74.109 85.384

5.6 KRTPMsF 4 /& TLE BT R4S

Table 5.6 Component matrix of heavy metals in PMs in Taiyuan

PMs 71 K12 K73 !
cd 0.854 -0.047 0.029 0.085
cu 0.824 0.170 0.225 0.009
Fe 0.789 0.474 -0.029 -0.227
Pb -0.139 0.448 -0.546 0.613
Mn 0.238 0.627 -0.617 -0.231
Ni -0.130 0.633 0.686 0.108
cr -0.291 0.778 0.279 0.197
7n 0.569 -0.443 0.095 0.546
TEEDE % 31.655 25.658 16.106 10.456

KR % 31.655 57.313 73.419 83.873
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MERESAT AL, KR T KRS ABRIPM, s H ¥ 8 £ 8 32 B 4R 7ok, 1X44
PR~ B 07 22 5 R AL B U7 72 1185.384% . S — MKl Fe. Niv Cro MnHIFHREIR =,
AR KEE. SEHIE . YGRS T, HoTmk® N32.129%; 5 /N H
Cu. CAFIZnIAHICEE mr, R HBARE . BORIBE e r) AL i PR ZETE T8 i 25 DTk
D51, Semk2926.658%; £ = AN TMnHIRCE . B4 M EER TN, T
BEARR E RIS, tnt3gs, $PDUANER T, PoAIZnfAH S R ¥, AR im sl
Bk HVR RS, SIMER. M, Kotz N11.274%.

TEPMsH, AU T ok, 25— F RS DTk T A 22 1131.655%, o
#RCd. Cu. FefFE =K Tfifi, SCHRAFFT R IFe. Cusdif &b TARIN I 2t
ZW BB FHEN T T 5T, HUkE T Tk HA e Tk,
BEAERAFCr. Niv MnE RS EATE, TTEk%25.658%, ARRIRIEMAIH A
VIR . ERIN T4y R 3TTMA T 5 7 2 11116.106%, Niv MnZ (B [RIAHC &R
Mo, ET HESA; FIUAKRTHPh. ZnibE 7 ks, Rk ECEE
[R5 4.

£5.7 KRBETPMF E£4 5 TENRET fi 44

Table 5.7 Component matrix of heavy metals in PMy, in Taiyuan

PM;o E 52 K73 K14

cd 0.881 -0.005 -0.014 0.151

cu 0.816 0.274 0.282 -0.064

Fe 0.813 0.476 0.123 -0.184

Pb -0.148 0.575 -0.426 0.546

Mn 0.142 0.748 -0.440 -0.251

Ni -0.198 0.318 0.839 0.196

Cr -0.448 0.631 0.210 0.219

7n 0.640 -0.439 -0.090 0.504
TEATE % 34.941 23.543 15.338 9.525
KRS % 34.941 58.484 73.822 83.347

FEPMyort, A YA LR, XA 7R A2 583.347%, Wi 1 254
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PRIEE . EMIP1IHCA. Cu. FelIAHR R B, MPMsIIR1—HF, "IREkHE

ek FHIr2, Mn. Crifsariim, RPPRBAMmZALE; F83H, Nif
Mo R B R, NSRBI O R, I MR R R0t R kA
TR AL TR 4PN Zn AR AIE 22

%58 KETTSP 4B LEGE T f 44

Table 5.8 Component matrix of heavy metals in TSP in Taiyuan

TSP K71 K12 A3 K14
cd 0.946 0.010 -0.011 -0.004
cu 0.905 0.107 0.186 0.095
Fe 0.906 0.256 0.124 -0.023
Pb -0.118 0.519 -0.321 0.779
Mn 0.289 0.798 -0.326 -0.229
Ni -0.058 0.195 0.914 0.219
cr -0.269 0.783 0.091 -0.312
7n 0.557 -0.514 -0.244 0.047
F LT % 37.731 23.721 14.531 10.195
FRT % 37.731 61.452 75.983 86.178

FETSPH, FFEA U RS, FF1HCd. Cu. FefRE R H B4 TR Mok,
HTTk %R N37.731%; FlF25Mn. CrEB &M, Alaee Bk A, o]
BE 2 NSRRI T2, TTRk% N23.721%; K3, NifCFRBRmA, HiTiiZz
N14.531%; KT-45Pbifioet 3%, RERERE. Vi ERAMHR, k%R
410.195%.
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