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Comprehensive Study of Lead Pollution in Atmospheric Aerosol of Shanghai
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Abstract: The lead contamination, lead species and source assignment were studied by a combination of several analytical techniques
such as Protomrinduced X-ray emission analysis ( PIXE)., Proton microprobe ( *-PIXE), Inductively coupled plasma mass
spectrometry ( ICP-MS) and extended X-ray absorption fine structure ( EXAFS) techniques. The results indicate that the lead
concentration in the air of Shanghai gradually decreased over the last years. The atmospheric lead concentration of PM jg in the winter
of 2002 was 369 ng*m™ *, which had declined by 28% in 2001, and in the winter of 2003 it decreased further to 237 ng=m™ >, The
main lead species in the samples collected in the winter of 2003 were probably PhCl,, PhSO4 and PhO. The source apportionment was
calculated in terms of the combination of lead isotope ratios and lead mass balance method, assisted by single particle analysis with B
PIXE and pattern recognition. The results suggest that the major contributors of atmospheric lead pollution in Shanghai are the coal
combustion dust; the metallurgic dust and vehicle exhaust particles, with a contribution around 50% . 35% and 15% . respectively.
It probably is the first time to give a city a quantitative estimation of lead pollution contribution from emission sources. The influence
from leaded gasoline was still present in the atmosphere by four or five years after the phasing out of leaded gasoline.

Key words: atmospheric aerosol; PM jo; lead pollution; isotope ratio; proton microprobe; ICP-MS; EXAFS

By T 8O0 ARG BT, 4538 ] 3 808N S
2 WEST R B 90% 1 3 AN IURE W] B %
HEN I, SR 5 E NIV 26 [ 1 BL 22 N K 27K 79
PO G THIE 9T A s 28 I T L AT 35% 5 ILEY
I 2 PR BT VA H 0 CDC) IIHEFEE A mL 10
g, 76 F 204 A Ol AR s, 3ok ek
5U UL T R A R, A 85% I L IE (1 afi Y
R R AR E ) B R B e 5 R R TR
BESEDIAR . BT AS S 5 45 R v T £, BT AR S
IR AR P AR AR R O R, SRR
W IREIORL BT IR SV (P4 2 Fh 2 e 1) R 5 A2
A T ), TR AA R A B X (3 2 s A

AR PRI AE . TR ST R 5 SR I A3

W 2T A R R SR S PR AT 5. 7EAR TAE
TSR T BT SRR B R0 ) A0 e S A S g (A 4 b T

B, LR R AR TCP-M S A L g KA R0RE 415 (1)
o BN SBEAT T 0 #rs FTSURBORL 3R QULBOR i [V
BRI TR IR BV A A 1 LS g
(1 3 B

1 MR5FE*%

1.1 CRHE

(1) W0 SRR A L T PR I
R FALRAE T 19 AN AL, e A i T A b
W 2, A0 T fe ARG X Tk XA A 3 4 4
DX,y EAE AT 220, 23 WA T AR LUK I &
TR 7 (R . & 2 RFE I () 22 4R A 2002- 12~
Y75 B #A: 2005 03-26: #£3T B #3: 2005-07- 13
EET B b R EEUH L IRy 0 % 0 H (KJCX2-SW-Nol )

[ 58 AR RH 3k 4 ORI ( 10490182)

PEFE 91 AR 1939~ ), B3, BIFGE A, L BERESE s 1n b B e R
Je LR, E-mail: glzhang@ sinap. ac. en



832 78 i

B 27 %

2003-01, 2003 12~ 2004-01, 5 7= HE7F 2003-07~
2003-08 HEAT . A I 7] 326 B8 78 T XU 1 K

{§ F] 5 [®] RP( Rupprecht & Patashnick Co.,
Inc. ) 2 /)27 1) 2 F R AUBIURE 490 K B 28 23 00l R 4R
PM 1ol PM o, s KT ICEURL. JiCAT PM 1o K43k 11
TEOM 1400 BURFE ST 7 AN [ s Ml o iy, R
LS Wi 15.6 L/min. 5N 5.0 L/ min,
BCAT PM of1 PM o s SR AF 3L 11 TEOM 2100 {485 20K
FERS RAEILAY 12 N5 PM o F1 19 AN 5060 PM 5. 3
JEAE H] Millipore 23 &) 427 (1) BL42 4 47Tmm 1) 3¢ 5%
BE( Cellulose) ZE T UEML( FLAE4 0. 45Hm) . FEAFE A
KA [A] 2 24h.

(2) FEBCAE i SRR A 1 HE O, Rz
S350 PM ol PM o s, BT 1358 AR K U R JE
T2 ANk TALHEBC A (Bedh ) R ST
B R ) R4 RSO ) .
Ab, WRAE T LA 1 4R850 R K e R B
1.2 B FRERER (- PIXE)

TR X 38 6( PIXE) 2047 53 FH I e % 4y
BPBAAZ 7 0. 22 3 88 7 A 1) 5 7 SRBE K /N iK Bm
JUBE, SR )5 'S 22 0 A RE b o T 2 I 4 A1 i,
O PR, & AT RR A BPIXE. ‘& Rf L4y #r
T O T 12 (BT 4T J6 . WPIXE &2 7 I
N P ELE BT AMV i F b 2% B EAT. e
230 43 HER 2 20m, BT 7 E RN 3MeV,
SRAE 100~ 200pA, X 526 (4800 FH e 43 #E Si( Li)
PR 5 . 0 SR 1) 5 500 SR H i i B ) vk
FEA Jg B 4 AN EURL ) Micro-PIXE i B AE & n
AERK EG A3 (8] R T ) B 2 A4S Micro- PIXE 3 7 R G 248
Wb R B X = (30, 200 - 20) T ATV =
(Y15 ¥2 -5 ¥n) | FOR, HIX 2 AN 42 1) (1 96 40 A%
A cos 0K F 78 2 4~ micro-PIXE fEits 2 7] H i 7
JEE. 2 AN B R A AR %N

cosO= X = Y/[(XT «X)(XT+ V)2
A, gt X R YT B XA Y
. cos O MBI T 1, ¥ 2 4> micro-PIXE fig
WAL, AT AT fe I AT A A G2 0 R AT
X B A R] ) o
1.3 ¥ X S S WOfoR: 41 4514 ( EXAFS)

EXAFS fig 5 M bie X 0 26 b -1~ 187k 40 st 1 B
BRI H 2545 B, Rt EZA M & W B
U5 MBS [R] X0 2R BE BT RE S W
B E kLT g NS AT s S v S fA S S
K. e PR B A T i, G b a1 R

FERE it b J5UAT 10 W B RAE 22 RS, BT LA B 45 B
LA AT HE. AN R 76 247 AN ) i W e fieg i, i BA T
F TR AN A IRAFYDFE S b TR E R A,
A F R O AR S R R U AR S
FRORE SR R R AT ALY IR Y R A A
HTEE. EXAFS SE56 7F b 5t [7) 5 46 5 3 B ( BSRF)
1) XAFS szg ol FEAT. AP FRem N
2.2GeV, AL 100mA, ] Si( 111) - 1 X 5
O 5%, R X B AERIEFEIE12 914~ 13 350eV,
FERYIO L P BiZn( 13 035eV) B, 7RI AN i i [
PBE T 49 200 AN S5 4, A5 5000 BN R) Ok 3s 88
ds,

1.4 ICP-MS

SERGAE R ICP-M S 11785 24 Thermo Elemental
X=7, & A0 i B b o o6 2885 0 RS 16 747 2% Lk
fi. 7ETCHE A T AE P AR, ] SPEX £ 0%
PrUEAE 7T 22 e B E 1 Y R0 2% LG AR I e B, A3
NIST 981 Pb [FIA0 35 = JEE b VA H6S A3 2458 J5T 55 O 25
HEATREIE.

AV ISR R 1 S A ] 2R DY 9 £ DB B, SRR i
Je W 20 fe YL TV T AN FR S D 17107 RSP FR
HAE ) 23 A AS[R] i) JSURRERT 14 A AN [ b R
(17K e FE & i g PR 0 ep a1,

JKYE FE b A ] HNOs-H,0-HF 1 |l 4k E, 7F
Milestone Ethos fiftii i i 4% 7 4 oy e ¥ i )i, 76 H
AR LA 150 CHE AR i 5€ 7%, 0 S A it 75
Se 28 B 0. Hoe v Y HEBCIRRE & A HNO3-H,0,
PR AR VESI T . AL BRI ER35 09 UPS 44, F28 W i
ZARAA AL B, 5256 P A AT 7K 2 Millipore Millr Q
A-10 4l 7K B B Ak BE Y B8 Al 2 7oK, L BH &
> 18.2M Q.

2 HR5IE

2.1 RAAE T ETI R

LKA T 2002 4= H PIXE fll73 PM o Al
PM, s MR BE. 38 1 o it E AR ZE il X
PM oIl PM o, s (85 °F 24 85 94 43 5l 9 369ng/ m®
Tdng/m* F1 196ng/ m® T40ng/ m*. KB435 Y ™
FEIR Tl DX R A e b IR AR S LE B IX e, o T
ME R R EL DX S A Ak E T BT AN L g A i AE
PM . s AT 5 43 1) 4 650ng/ m?® F1 510ng/ m?, ifi]
TE 2 R Sl AN 58 5 L I 0 B8 BT T X (B oA
43543 46ng/ m® F1 85ng/ m*. PM o, s ()5 5 9% 14 75 4K
RAIFSE BT AT Il HLX 43 5 4 144Hg/ m® Fil 89Mg/ m*,



5 7

B 833

2003 4 % Z% PM jo FI PM yo.s (1) B 85 15 53 1) Ok
224ng/ m® £45ng/ m® Fl 185ng/ m® £37ng/ m*. K4k
DR 1) I B AR S RS 1R 9 8 W] 43 B g PM, 5 A
PM o1 °F- ¥4 J50KE 49 )5t & 94 5 L RS IR B LE, Bl Cy
(PM4.5)/ Cy (PM ) #1 Cpy,( PM2.5)/ Cp,( PM o). £
2002 42, S AT LA 7 DU A 5 22 50 N A B
FHZEN. 1E 2003 42, BT LLAE S 5 A 0. 59 Fi
0. 83. I LT 5 71 7 /N JURE e B 1k B K1 R ROk
EF'H’NMH KA (R B AE an ok p R AT —

SRR JE TR 4. 3 AN A8 b il R R v HE T

WAL Sy R SR A K

1997-01 F1 2001 4= & & L ifg il K P i HE 7
PM 1o 1 35 ¥ & 43 1) A 466ng/ m® £250ng/ m* Fi
515ng/ m’® X SE( T 2002 A RO,
A 2003 A ZE (] 224ng/ m® £45ng/ m®. XL WITE
5 IR A AT B LR Ja Bl AP T & A 3
T TR R AR A Ay b il A
AZEIEYE B KT 5. B0 2003 4F B AT
Ji 2 132ng/ m® E£26ng/ m®. &t /T 2002 4
2003 FFAFMWAE. 1 P &M, v 5 L&

F1 2002 FLEXSAWMNTHRAY PERE ngom ™

Table 1 Pb concentration of PM 2 5 and PM 15 in each sampling site in the winter of 2002 /ng*m” 3

A sl -1l i HEF = W pE il HHER I ¥ HEsl
PM1 s 408 *14 327%11 57+3.1 55.5%3.4 52424 11619.7 169 £11 156 6.9 51024 55+4.3
PM 476 £19  468*25 127+9.7 132%+8.9 87.5%3.5 137*12 21012 520 +28 715 £45 190 *11
K I F i Wir R i T il =47 Tl
PM2 s 295+7.8 285%6.0 280*15 650 £41 255 %13 85%3.2 175+6.6  75%+4.8 46%2.7
PM 1 54014 430%15 53023 1605E85 390*18  175%6.8 245%+9.7  305*19  135%£7.1
ZEPR IR (1) 388 0 25 DIAH G b, ¥ LA By, By 55 4 RIH 5 FE M R EL FF
2.2 KAABERPEPERE ARG R R Y N SE Y 1
KABRY) & — DN ERAER, b &E P 2517 Fdgg s, BUAR 22007 A1 Q die/Mk.

AL S W AR . b 3RAFHE I FE it o
JCE AL SE AP, Wl AR FNRE G il 5 A 2= %
Y LA A 3. FEA TAE D, EFE T MR &
AL BT AT BRRR T (W RR A A R AR
S 5. T EE R AUBORL ) i R EE AR T
EXAFS [0 2 S0 02 BER AR, P LA AL X SE A
mn I RIS & TAC & R i 286 X T2 %)
BT, AT CANI A4, 5 AR, B BAURD
(12 SV

1 AR DX 1) PM o AT PM o, s £F b LA A %
FhB2 BE M B EXAFS. di B 1 a] L, AN )R 42
FUAS R 3 X FE 5 (1) EXAFS il 8 1R AHACL, 6 B & 4%
i AT AR UL A 25 20 B 0K PR i 1) % RAT fof
—NSHEREL T B A, B E AT AN A Al
P Y ALK, 7T REAE LR 2 A IR A
). PhO, [R5 55 FORL A B o (1) 3% W) 2 AN (], 3 WA
mn PANAELE PhO( UG HT) . A dh P T B 4 JE 2K
AAAE. RIS AL B K AR X 35 3, SR T ] S0 10 2k
PEMNA T EREAT v 5. s #in .

MEZICREN AZERN X1, Xo Xy, MR
Y, A E AR AN W 2SR I A R R N AR S
A B[ 5 R, Feon o)

Yi= ﬁﬂ"’ leil+ lei2+ "‘ﬁl'xi.ﬁ' (1)

Q= Z( Yi- ¥)? (2)

HZ EYsE ZE R W LU BB A 10 R
J¥, R* Fib 0

R = 1- % (3)
o, 7= DY Yi- V)P R ({HBEEE 1, ik

LA T

RABRLY) & — PR AW BBAE IR A D
TN TCEAT k R ALIY, & R AR U & 415 T
WCR B BN, A2 K i EXAFS HRES @ i iR

WREA,; TRRA:
Ai= crap+ crapp+ -+ cap
o, ain a2 5550 0 R 2E )& A 725 1 R AR IR

WCREL, 10T ¢ ea ZE5 BIAE AT Z ] AR 5 HE (i
THEHML).

WFIERE AR R, 0T LRI CL 4R 1 d5 s — 3
VLA RN 23T TS 2 412 A o B 7R A
TAE, [R5 R E&%%%Aﬁﬁ%ﬁm.mtﬁ, ¥
A B SRR IR i 16 0%, i TR0 0 R I R B A %
Y53 Z 6] (R AR 25 B B EXAFS (1) 5256 500 ik 17
7E EXCEL ¥ 16 TAELR . b WA K22 F R
I NSRLXAFS & A x6f W WAz 1% 33k 47 411 o4 A% Ji A



834 78 i

B 27 %

P A AR B, 285k U 4 IS 25 Wi R) sk g 4T LE
BERNZEEE. SR JGHORE SR %2 25 W 1 1% EXCEL
P R 40 bk AT 32 B, B o) 45 31 5% 4145 2 ] 1 A

XfEh

39 L GC10
GC2.5

28 GY10
= GY25
2 24 NH10
%L -2, NII2.5
R I e — PbCl,
= PbCO:
E 1.6 — e s e e PO
B st L N PSSR Lt PbOs
F 12+ Pb3(POy):
g N et e et PbSO,
z 08 [ = '3

04 - .

0 -

1
12900 13000 13100 13200 13300
Energy/eV

E1 EigmARIH(GO), RMMFAA(GY) FFL(NH)
PMyy PM, s¥15 £ @4 Pb L WUHA EXAFS i%
Fig. 1 Pb L yredge EXAFS spectra for PMas, PM g taken from
GC, GY. NH and reference samples of PbCls, PhCO3,
Ph0, Pb0O.. Pbi( PbO4) 2 and PbSO,

FH AL 45 L, L i DX R AURORE A B
B0 32 Bk 43 ] fig & PhCL, PhSO4 Al PLO. ] 2 3
AN PM off ) EXFAS F1H] 3 A& 80
(PbCL, \PbSO4FIl PhO) A4 1) 1] U th 2. e [B] U1 43
Bt 545 2% FE H b PhCl, PhSO4 AT PO AR5
B0k 41% *4% 37% 2% F1 22% £3% . KU

1.2 -
Experiment

1.0 J.-'\’___w-"-f-«—.,-.‘.._—w.., S ——
= ] Fitting
g
g 08
(=]
.
S 06
2
= PbCly
04 B —
g oA
z I bSO,

02 [fy e

i PhO
S—
1]
1 1 1 1
12900 13000 13100 13200 13300

Energy/eV

B2 LBARTHPM 3 MEERR(PHO,
PbSO, #1 PhO) /N —FE S AA LR 3 B EH# R
& B8 Pb L JRUCA EXAFS i
Fig. 2 Ph Lyredge EXAFS Spectrum of PM j collected at
GC and fitting spectrum by combination of three spectra of
reference samples of PbCls, PbSOy4 and PhO

as well as their individual spectrum

(RIF0L G o F 2 B O A 5 S A IR AR T S, 1
PRt AAAE PO (LA, B8 T PbSO4 1 PhCO3
A, 847 PhS 2O H i R i e e R B,
(VB AF S e TSR R0k 4 v 5 1) DR D 73
%, FrLh PbS AL & WIFEILA T % 1.

2.3 RAARE PTG AT

76 s A C 8Tl 2a J5 (1999 4F), 1R
PEAZ T AR X J B TR N 5 R 4 S U 4
AAFER, T LKA PM o (KA SURE 2k 11 240
P ERA IR S TR (R oy vk 4R
RS YO ISR I8 /& 4 L, fh e ASRe 1S B ETIR
(925 HE O TR, AR Ph [ A7 b AR T 3RS T
VU4 RO KA P B T B R FE DTk 9 B 40 L, B R
5% 20% ¥

B2 Pb 2P 27Ph FIP®Ph 4 R 7] £ 2%,
2Pl LR AR R [ A7 %, 2°°Ph 27 Ph A2 Ph U
SRSk 280 BSU M Th O &, i TR R
JR ) A 58 RV AT B R B A ), A8 3 744 Ph [+
17 2% LL AR B B () A b i e 2B AR Ak, s b U,
Th Bl #5381 BN ARk, B AU SAEAS [R) b 5 3
BEHOL RS (AN ) 55 3 1 1% Y ) 467 35 bl R A AR 4k
P IR BE 75 G4 TR R T A [5) (0 R T, e AT ST
BER VAN IR R 77 b, #5400 0 1) s s 77 . A I 4% 1 R0
A AR AN TR, 3l T 25 HE O P R A7 % L
fEL IR 22 5. Rk, AT Ph [R) A7 36 bb A B SR B8 v e
Wi Ph IR,

{58 1L A P A B Sa )5, PRI FRldR e $5
LUEVUNF RIS T g AR S H X 855 4 1k
U, G R BTG P KR R da BTAT TR O .
b, G 2R R EE) b R (1) 409% R FE 2 3% . 3X ]
REFNGE— (N R K TeAT G, S50, A7 By MIASOR: 1)
DUHR AN TS AE T O A TG B2 10 S8 Tl X #6547
TR TR NRT I AT B ATR 1 1999 411
18% FBEREUT T 0, SEHAHL X (AT HY VOl ORE T
BEA 19. P& 3 Won T R A By UR BIr & ¥
ZE R ASIURE 1) 43 Lh. 3K 45 SR U8 BH 13 T b XA Y
VOMURE 1) DT R ZE JLAF B AR 5 DA TE KA
T VAR A TTIR A0 5 B IBURE 3 B B VI
B WFFCIE R I, KA G YRR R AR 2 M X 2 I
K, AR R ORI o R 4 200 6 AR AR [R), 23 501
31% F1 30% . T He e HE I 1 53R 10 25 S0, 1
Sy Hb DXIRIGE 1) T R 238 T S A 1 X, 1y 52 9 b X 1)
R A HERCOTIR S T 3%, 1% 2 H X1 25 HE O Y
PR AL DT R K P I8 TR 2. g 19 AR



5 7

KL PM o HVHTIR JBE (1)1 B4R LA S 45 A7 SCHE B Y
WA T2 2. th3& 2 w4, @A 47 LK e I Y
BRI TR R AL N 2% . X T LT bk
[ 14 B85 8 HP i 2 B BE, LA IR B 1B A 20
~ 318Mg/ g, HH Ko LT Pal/ g, FIIWRIE N
103Mg/g. 5 Ab, W73 bl - 58 b By IR O 11.7
Mo/ g, H14¢ 2 MT 401, 3X 2 ANHECIAR T BRIEAH 28
AR R S H R B, 54, e
PRV X RSURE B30T R ARG, BT A E X i XK,
R I TR R R AR AN R AR VR R
A 0 33K B O AN AN i L R B i LIS
T27phb/ 2°°Ph F12® Ph/ 2 Ph [l {7 2 LAt ( W& 2).
R [+ 457 2% LU i S A mT ) == e 96 37 5 R 40 Sl i 45
HIX 3 AN 32 BEHEBOM K TR .

£l 4 835
100 -
"‘H\.‘\\
80 |- .
£ 60 \
1]
4 \\.\
&40 |-
Py \
20 |- \-\_
e rlsAd AT RPN A
I ",
0 J -
1 1 | |
1996 1997 1998 1999 2000 2001 2002
(EFA(E

B3 AWSHMBNHESEESTH
P BIBE 4 E AT
Fig. 3 Percentage of leaded gasoline particles in the

automobile exhaust part icles as a function of years

F£2 LW ASKIFE PM I Z FhEEIR P RIRE B3R bR Y e

Table 2 Concentrations and isotopic ratios of Ph in PM 5 and emission source samples

Je 5 HRIES Mge g ! 207pl,/ 208p}, 28 ppy) 206py, FSURT A 40 9%
il 3077 £60 0.859 0%0.001 8 2. 106 0 £0.003 2

AHERA(ER 7804 160 0. 9009 £0.005 1 2.193 8 %0.007 3 <1
ARAERACER) 238 %5 0.871 5%0.004 2 2.124 0 %0.006 1 30
PR 2 PM 10) 1788 £37 0. 859 6 +0.002 3 2. 1111 %0.000 8 16
Mk 6140 %130 0. 852 910.002 9 2.076 8 £0.007 6 27
R 11.7%0.3 0.8410%£0.0020 2.086 0%0.002 0 15
K 103 +2 0. 859 8£0.001 6 2.1036%0.001 8 2
A 9

WKy Ko Ml 1= (K i+ Ko) 8B ERBEI A |
BRI BRI R AW TR % Ry Ry A1 R3 43
R BRI B 2 RV 42 R P/ 2% P 1)
EEAE. 1 o BT ex 20 AR BARE A BRI AR RV 2
ST & B IR . TR A7 28 AR R o 5 94 3 5 2 40 il
H:

KiRi+ KoRo+ [1- (Ky1+ K2)JR3= Rpy,, (4)

Kici+ Kayeat [1- (Ki+ Ka)fez= CPM,, (5)

H& 2 a[ %1, Ry \Ry Al R3 737 4 0.8596 .
0.852 9F10.871 5; ¢y w2 Ml c3 4351 431788 Hg/ g
6 104 Mg/ g H1 238Ug/ g: Rpy N 0.859 0: cpy N
3077Mg/ g.

il TR (4) (S, £ 2R BB 2 Bk A
BRVERSM DT ERAE 2 5l 50% 35% Fl 15% .
2 8 ST SRR R 2R L I R R 2 X S Y AR
TR 2 3 K 41% ~ 53%, 33% ~ 39% I 14% ~
23% . S BRI IR P B R R A AR RO I AR
o, 18 T WAL RAE £V 2, i LK SE A AR U M

0 SR 75 Y (R PR AT I SR 727 Phy 2°Ph [ L
{81, B2 Ph/ 2°Ph AL 435 # 78 KR
IEEAE 2. 106. 45 H L3k 3 Pl e 12 Ph/ 2% Ph
ELAN " Ph/ 2°°Ph 18 HLAELIT SR A3 1 STk AN T 72
(4), W] SRAF AT 9 P/ 2P LA Rew,,
Iy 2. 101, & RS Bl 43 IR 2. 106) 760 5 %
0 A A TR, TSGR T AT a5 R T S (H
R i, 7E A TS R rh 2 T SR IR
FD R A AR B 75 G P, By CART 3R 3 AN 32 B HE K
VSR DTHRIE N S8 T — AN BT (R I AL 45 L

H 1997 S5 1Ll A 85y e Bl KA 4
P dse K DTRR A SRR, L IR B AE 2948 1 4400 17
t . X BT b 23 FAS[E] P H AR S 5 AT PD
] 47 2% LU AR 2k 47 0 &, & B ILHY 9P R BE N
13. 6Hg/ g 6. 6Mg/ g. Ph JE 48 v oo 10, e Bl d
IRIHARE v SRARAE A /N RO i R K, P (19 HE
TR 2 50% 17 . T LAY B AN SEARRAE LRI 1) KK
FPHETBUR Y 29 300t. 280 Bk, SRR 2 B R
21 788Mg/ g, &L KT JSURE R L 3X 2 W) A A A



836 BZ8 g

B 27 %

B E .

AT RN, 76— SCq A v 75 A8 e VAR S 1R . Y
WPl | AR b A ) HE RO A R R
B, SR HOP Y YR 6 104 Mg/ o, 3R P RS &, 5
b, AR BLATORLFR SO, B R URL E A 8 S e, BT
PLEATT S R0 L v R e R R DT Rt K.

FEAE FH 5 B R 500 DU S vl i, ¥R RS
SR TTIR T R A, V4 R AP R I A
7 804Mg/ g, TMTILAFAL Ny 238U/ o Tl ol ik, BLAE K
A AR A 3 A IR DR AUBORE. BT DUV H R
TEATI R RIOREL 17 20 B0 B R, AR 6 R A R R
FEMI TR C R KR B M4 Mukai 256 AN 308 1
1996~ 1997 (i) | ifg K B2 Ph/ 2 Ph (1)
oA, LA R S ) — e iR & 5 B2, w) sk 1996 ~
1997 [a], Y24 R KA P HY Tk E 29 0 30% , 3
IR E AR, 2001~ 2002 I DTk R K 20%, A
WF5T KB 2002~ 2003 AL R4 15% .

H12¢ 2 n] 0, A B R 27 Phy 2P L
fH e JLAFHT 90. 860 8 & B 42 2003 4F1170. 859 0. X
FRA A H PTG RS (PP **Ph= 0. 900 9)
TR D, SR ARERIEN B A 24 11 184 n AR — 2.

3 g

FH 22 Pl 23 1 5 0t KA e A 195 Gtk
UL AR SRR AT AT TR, SRR, i
Hbu XA T IR A S R B, 2002 24 FE PM o
YIS R Bl 369ng/ m?, L 2001 4F 7] 1T 4
T 28%. 2003 E A BT 17 3R I AR, A 237
ng/ m>. 2003 AR HE 4025 Bl 2 32 S PBCL
PbSO, 1 PhO. HIHY [ 47 25 Lb VRS 5T 51 1 30 A 4%
AW T ETUEAE AT, 2 AR SR W, SRR 2 A
B 2R A 4 R A T RO, e AT A
HYI DTk o> AR 50% 35% F 15% . %45 KR, ¥
AT DR AR W] R B, X AT
TR A R BRI, KA P H

RORE AR TE 45 1A A BT S SL R R, Bl 4

i 4~ 5a JF A K. WEFTA W], BT R ER JICP-

MS HI EXAFS 55 T BUH &5 f 2 W SU KR IR

BTG R 5 ik

5% 3Cik:

[ 1] Yule W, Lansdown R, Millar I B, et al. The relationship
between blood lead concentrations in a school populations,
intelligence and attainment, a pilot study[ J]. Dev. Med. Child
Neuro., 1981, 23(2): 567~ 576.

[ 2] #EEEA), g, W2, S 7 g T AR v i HE AR
FRIERONL I] . BRBEREE, 2002, 23(1) 123~ 125

[ 3] Juberg D R, Kleiman C F, Kwon S C. Position paper of the
American Council on Science and Health: Lead and human
health] J]. Ecotoxicology and Environmental Safety, 1997, 38
(3): 162~ 180.

[ 4] US EPA Environmental Criteria and Assessment Office, 1996.

[ 5] WRSEEE, fRANE 20N, T B Sl O HY R Ak R
cP RO 0] o R T, 1994, 6(4): 54~ 56.

[ 6] Pavageau M, Pécheyran C, Krupp E M, et al. Volatile metal
species in coal combustion flue gas [ J]. Environ. Seci.
Technol. , 2002, 36(7): 1561~ 1573

[ 71 Faraci G, Pennisi A R, Balerna A, et al. X-ray studies on Cgn
clusters, Physics of Low Dimensional Systems | M ]. New
York: Kluwer Academic/ Phenum Publishers, 2001.

| 8] Zheng J, Tan M G, Shibata Y, et al. Characteristics of lead
isotope ratios and elemental concentrations in PM o fraction of
airborne particulate matter in Shanghai after the phaseout of
leaded gasoline[ J]. Atmos. Environ., 2004, 38(8): 1191~
1200.

[ 9] HETUML, FEEERE. Excel 7E T (08 I M. b5t di g Tk
tHR AL, 2001. 66.

[10]  Greenwood N N, Earnshaw A. Chemistry of the Elements
[M]. Oxford: Pergamon, 1984.

[11]  Wang J, Guo P, Li X, et al. Source identification of lead
pollution in the atmosphere of Shanghai city by analyzing single
aerosol particle (SA) [ J]. Environ. Seci. Technol., 2000, 34
(10): 1900~ 1904.

[12]  Mukai H, Tanaka A, Fujii T, et al. Regional characteristics of
sulfur and lead isotope ratios in the atmosphere at several
Chinese urban sites[ J]. Environ. Seci. Technol. . 2001, 35(6):
1064~ 1071.



