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Abstract:

[ Objective | To evaluate the lead concentration and its isotope characteristics in atmospheric PM, 5 in Pudong New Area of Shanghai.

[ Methods | A total of 410 PM,s samples were collected from five monitoring sites in Pudong New Area from March 2015 to
February 2016. The lead concentration and its isotope ratios in the PM, s samples were determined by inductively coupled plasma
mass spectrometry (ICP-MS), and their changing characteristics with different seasons and PM,s concentrations were analyzed.
The health risk of lead was assessed by applying potential ecological risk index. The source identification of lead was preliminarily

explored using its isotope ratios.

[ Results ] The medians (Pas, Ps) of annual mass concentrations of PMs s and lead were 60.2 (41.7, 90.9) pg/m*® and 0.032 (0.018,
0.053) pg/m’, respectively. The PM, 5 concentration was positively correlated with the lead concentration (#=0.815, P <0.05). Both
the concentrations of PMas (y*=40.78) and lead (y°=56.77) showed seasonal variations (P <0.05) and were higher in winter than
in summer. No differences in lead concentrations were found among the selected monitoring sites (P> 0.05). Lead was graded as

relatively high potential ecological risk, with an index of 107. The isotopic ratios were 0.054 79 + 0.00028, 0.857 32 + 0.00293, and
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2.09891 = 0.00841 for ***Ph/**Pb, *’Ph/**Ph, and ***Ph/**Ph, respectively. There were no significant differences between the mean

differences of lead isotope ratios and the deviation of isotope ratio measurements in different seasons. There were no significant

differences between the mean differences and the deviation of isotope ratio measurements for **Ph/”*Ph and *’Pb/***Pb under
different air quality conditions. The mean **Pb/**Ph was higher when air quality was polluted (2.101 59-2.102 07) than when air

quality was excellent and good (2.097 13 and 2.097 32).

[ Conclusion ] A high PM, s pollution level and a low lead pollution level are identified in Pudong of Shanghai. PMs and lead

concentrations both show seasonal variations, but no seasonal variations in lead isotope ratios are observed. The main sources of lead

pollution in the selected area are cement production and coal combustion, which requires strengthened monitoring and prevention of

lead pollution in atmospheric PM, s in winter and strict control of lead emissions from cement production and coal combustion.
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20164F:2  , B RAE s AE R 10—16 HiEZERAE 74,
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ZRWF IR, EREL T, 245, FH 1% R
HRBERZE SOmL A, [RIFHSEs Fug i,

1.4 ICP-MSH] & 7 %'

S 1100 W, 558 AR EL 15 L/min, H
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AQI=max{IAQI,, TAQL, TAQIL;, -+, TAQL}, = .
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it . EAL AR —F AR Lh F 24 h 348, B
1h F1 8 h~F-H{H , PMyo 1 PMys £ 24 h FX{H . AQT H1EL
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XIS ST 2o m o . R RS g TS
Yo FRETGY PEE IS TAQLE IS YL i 2 U
AR EL, TAQIpy,, 4 0~50., 51~100., 101~150., 151~200.
201~300, >300 I35 [ PM,s 24 h ~F-X{E 435114 0~35
36~75. 76~115. 116~150, 151~250 >250 pg/m’,
1.7 #Ae A& &8 E 353 potential ecological risk index,
RI) &5

T EEEAEY R, TN RIOEN EA RS
P fEE, LR "R RIEXEr, Er=Trx C;,
C=CICn, C=10°X ppy IPpy,s0 ZNH: RIHZFNVE SR
TRIEE B EIG R Er 4 Ph A E 48 BT IE AR TS
fEEIE T AP ELIRSIEREG G E
SR RAL; CHPANELEIFRINIE; Cn
FZE AR S X T Pb, Tr=5, pu, AFESH Ph

o A R A pg/m® ), P, s I S 1) PM s JiT 8 V4K
FEI E L ( pg/m® ), Er<40., 40~79 ., 80~159 ., 160~319
= 320 X I i AR S F B 4 R R, T B
5 . BB
1.8 %&itFE oMt

K FH Excel 2007 Fl1 SPSS 16.0 5 A4E 4788353 Hr
PM, s Ji f  J3 F1 Ph Joft it Vi 5 55040 Y9 AN & IE S 57
A7, A3 B A0 20 B 22 4 ¥ K0 B 2 1 R AE S 8
R XS BEAE S o PM, s B Wk 5 5 Ph i it Uk 3 0
17 Spearman Bk A & 43 #fr; XTHF(3—5H ). B (6—8
H). #(9—11 H ), & (12—2 A ) U4 ZE5 PM,s
SR N P B U B R T 2 ST FEAR AR S R 5
( Kruskal-Wallis H #5356 ), F553 3264 7P AR ST AEAR (A
ZH0K 55 ( Mann-Whitney UG5 );  XF 59 K Af 25 Pb
WRRE AT 200 ST REAR I AE S B 56 ( Kruskal-Wallis H
R o AUMIAS S , 6555 7K HE 0=0.05

2 £R
2.1 H&FPhey R RE

A10 P UEREE it Ph AR BT HER BE TP 45 ( Pos, Pos)
70,032 0018, 0.053 )pg/m®, T8 4 0.012~0.148 pg/m’,
K FE S Ph T & vk R 2 LR > A S>> B 1 FE
ik, oA RAE S RS> BO EFE,
AR, IR, AR ZETY Ph 0y i
2 53 G it 2 5 L (4#=56.77, P=0.000), " P Z=
W2 IR 2 F I Gt 2E i L (Z=-2.13~-6.80,
P=0.000~0.033 ), 51~ RAF 58 Ph Uk 41 0] 22 7 o Be it
0 X (#=8.748, P=0.068 ),

x1 EBWHFHFRRSPM,s 1 Pb IFETHKIFS [ M(Pas, Prs)( pg/m’) |

Table 1 Seasonal and regional distributions of lead concentrations in samples

i RFER(1(n=82) Fberi2(n=79) FHER3(n=83) Fbri 4(n=82) FHERi5(n=84) &1t (n=410)

Season Sampling site 1 Sampling site 2 Sampling site 3 Sampling site 4 Sampling site 5 Total
#(Spring, n=104)  0.050( 0.032, 0.064 ) 0.041(0.027, 0.058) 0.038(0.028, 0.054) 0.037(0.025, 0.052) 0.026(0.017, 0.041)  0.038(0.023, 0.055)
5( Summer, 7=101) 0.022(0.010, 0.034) 0.020( 0.009, 0.036 ) 0.020( 0.010, 0.034 ) 0.018(0.011, 0.033) 0.018(0.011, 0.027) 0.020(0.010, 0.034 )
#(Autumn, #=107)  0.025(0.014, 0.047) 0.038(0.023, 0.054 ) 0.031(0.021, 0.065) 0.030(0.016, 0.049 ) 0.020(0.014, 0.049)  0.027(0.016, 0.050 )
%(Winter, n=98)  0.047(0.031, 0.058 ) 0.044(0.034, 0.064 ) 0.045(0.023, 0.086 ) 0.039(0.028, 0.071) 0.038(0.024, 0.066) 0.042(0.025, 0.066 )

&1 (Total, n=410)  0.033(0.020, 0.054)  0.040( 0.022, 0.056 )

0.032(0.020, 0.057)

0.031(0.017, 0.050 ) 0.024(0.016, 0.041)  0.032(0.018, 0.053)

22 PMys i ERkEL Ph R -BRE 684k

PM, s 4 Jtm e B F S 45 ( Pas, Pas ) R 60.2(41.7,
90.9 )pug/m®, A 7] 2= 45 U8 WAL i PMos BT it R B for
B Py, Pys) 5 9l A F68.2(51.2, 100.5 ) pg/m’®, E
47.2(36.8, 67.2 )ug/m’, £k 53.2(35.6, 81.8 )ug/m*, 4
79.5(53.6, 117.1 )ug/m’s PUA™ZE 15 PMos Y J3T 45t Wk

A2 F A G227 X (=40.78, P=0.000 ), FZ=H
A2 AW 2 R ICG R E L (Z2=0.170, P=0.170),
HEMMKEZ P25 L5 ¥ 8 L (Z=-1.018,
P=0.309), H A ZE45 Z [ 1 2 5 ¥ A Gt =B X
( Z=-3.309~-5.357, P=0.000~0.001 ), PM,s Jit & ¥ Jif
LA =35> Bk = AL . 410 13 38 B FE 7R PM, s
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J R B Ph R S IE A E(=0.815, P<0.05),
L B AT ZEATRE L PMLs TR U 5 P
Jo i e B 2 5 IE A DG (r 430 0,645, 0.843 ., 0.814
0.859, ¥ P<0.05 ),

23 BAEAKBEERMASL

410 13 B f H Ph SEIUAE ( B Ph 5T &4 5 /PM, 5 JiT
TR ) I I41H 537 pg/g, Ph AYET BHEE F i 4 5T
FOPHIME12725.0 ng/g. Ph Y RIN 107, A= 25 G AL i
R
2.4 # & Pb R & AL

410 17y 7 5% 8 B AE 19 2P/ "Ph | *"Ph/"Ph |
208p}2%p 35 [l 43 51 4 0.053 34~0.055 40, 0.845 27~
0.86631. 2.06057~2.11906, ¥J{H + Fr #E 2% 43 9 K
0.05479 +0.00028 ., 0.85732 +0.00293, 2.09891 +
0.008 41, A[RIZEYT Ph RN RK LML R W 2, PUA-ZE
4_]1} Ph Iﬁ] ,fj % H: {E( 204Pb/206Pb . 207Ph/206Pb . 208Pb/206Pb )
Y 9 RSD 43 5 7 0.15% . 0.07% . 0.09%, 5 [F) fiz
22 7 B IR % (0.30% . 0.10% . 0.10% ) A
U o AN ] 2545 24Ph/2Ph ¥ ( & k. F . &4
90.054 71, 0.05472. 0.054 85 0.054 87 ) Z |a] {125
55 [R5 & HAE I 2 22 C*Ph2%Ph R S x 7
PR 2% B RSD=0.05479 x 0.30% =~ 0.0002 ) J B i [X.
Sllo AR ZETT2PhPPh ME(FK L B F L Z 3 5R
0.85666. 0.857 10, 0.85771, 0.85787 ) Z Al 22 7 5
G437 25 FE AR 0 22 (27Ph/2Ph 24 0.001 0 ) TG i X
Silo AR 2= 2Ph P Ph AE ( Bk H . & B 51Hh
2.09636. 2.098 86, 2.09970, 2.10083 ) Z ], & . 4.
FEMY, H 5 M2 R 22 (Ph/2Ph K
0.003 ) JTGH R X 1]

ANT) 23 A0 & R Ph A0 2R U AE A 25 5 WL 3% 2.
FAh A A G G0 T Ph A A & B E 24 {E 1Y RSD
24P 2%Py | 27Ph %P | 28Ph/2%Ph 43 Wil A 0.12% . 0.07% .
0.12%, 577 LW R 2 e kG % (0.30% . 0.10% .
0.10% ) A 3 o AN [a] 25 5T & **Ph/2°Ph ¥ {E (L.
R.BEGY hEETS Y HAETS Y5008 0.054 73
0.05475., 0.054 86, 0.054 85, 0.054 86 ) Z [l ({22575
/) 137 2% HE AR i 22 (2*“Ph/2°Ph 24 0.0002 ) J& ] 2
Xl AN 28 5 2Ph/2%Ph M (A, B . B ETS
Yo h TG gL H TS 53 3 0.857 65 0.856 70
0.85807. 0.85760. 0.85821 ) Z [A]f) 22 7 SR X He
{HL I 3 22 (Pb/2°°Pb 24 0.001 0 ) TG BA & X 51, A
) 25 S5 2P Ph YME (I . B BRI Y

TS IS YA 5 2.097 13, 2.097 32, 2.10172,
2.10159. 2.10207 ) Z [a] ¥ 22 5 5 W48 25 EU A0 2 i
2% (2%Ph/*®Pb 24 0.0030 ) HH EL , 2*Pb/**Ph ££ 25 AT i
BRRETE Y | RS YR E TS YA Y, e AR
UL R

F2 LiEWEERFX ARSI PM, s ETEMR Pb EAELLE
Table 2 Lead isotope ratios in samples collected in different
seasons and of different PM, 5 concentration groups
[} 2% LU AH ( Isotope ratios )
7Pl Pl

A5 ( Variable )

204p}, 206p}, 208p}, 206p],

Z=75 ( Season )
#( Spring, n=104) 0.05485 +0.00026 0.85771 +0.00279 2.10083 + 0.008 13
54 (Summer, n=101) 0.05471 +0.00029 0.857 10 0.00277 2.09886 = 0.008 19
F ( Autumn, =107 ) 0.05472 = 0.00032 0.85666 = 0.00367 2.09636 + 0.01058

2 ( Winter, n=98 )  0.05487 +0.00018 0.85787 +0.00211 2.09970 = 0.004 98
PM, 5 ( pg/m*)

<35(n=71) 0.05473 +0.00033 0.85765 +0.00327 2.097 13 + 0.009 39

36~75(n=188 ) 0.05475 £ 0.00031 0.85670 +0.00331 2.09732 + 0.00975

76~115(n=91 ) 0.05486 +0.00018 0.85807 +0.00196 2.10172 + 0.004 84

116~150( n=44) 0.05485 +0.00015 0.85760 +0.00192 2.10159 + 0.004 16

151~250( n=16) 0.05486 +0.00022 0.85821 +0.00217 2.10207 + 0.00398

At (Total, n=410)  0.05479 +0.00028 0.85732 +0.00293 2.09891 + 0.00841

3 it

AW FE N TCP-MS J5 35 %8 130 A48T X 410 143
TEMERE i, 45 R R, PMays A AF B Ik B R AL B
60.2 pg/m? , JEFR EFREE A S U R FRAE — b )
FIAE BRI 35 pe/m® (AT A o A4FFE i Ph ()5
AR 0.032 pg/m’, RFREMEM 0.5 ug/m’
b, AR RZBO Mk haa (), anfik e
(0.415 ug/m* ) 157 KJE(0.271 pg/m® ), BEAK T 7 M
(0.051 pg/m® )7, AT, WHASHTIX PM,s S A AR,
{H Pb {5 YA T ALK, Ak TRl 4535 il . 5 Ph 97
S fEFERE R S ERE SR, K107, @ F
JHC59)7 T SR (33)0 ) R [ E AR,

Ph [RI 20 & AR 25 BE DR 1 XA i 25 5 IX 43
REJI YIRS , K% HE AT, XA RE B . SCHkHRE
# LAIR 2 U RSD /2 &5 /IN T 0.209%~0.40% 1E R FE i
REAS X M BRfE 7, ARSZEG 254 RSD *Ph/*Ph <
0.30% . *"Pb/**Pbh < 0.10% . **Pb/**Pb < 0.10%, i
S MRS BE TR A R LSS SR B, BT
T 4 357 X 27Ph/2°Ph ( 0.857 32 + 0.002 93 ) fik T4t 5%
(0.8697~0.8719 ) ' I FIEPU X (52111, [ FE . B
o )(0.863+0.030) ), BT 524(0.8488 +0.0064 )
FKJEL(0.8432)1%), 171 25Ph/”%Ph ( 2.098 91 + 0.008 41 )
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TRt (2.1242~2.1274 ) ) FHEIUX (1L HPE . B
W 38 N 2.113 +0.009 ) FI5E2%( 2.1072 + 0.0140 )2,
E AR (2.057 )8,

HETIA R PM,s H Ph e il 3 B A3 (45 445
B VRIS ) IR Tl AR = CIdN R L 1R % ).
W% RIEBETT Ph iy 3 A A 22 51, (HJR A
HEBORH LAY FB5 JeoRIE, andb o B R R
PhATff 4, DU (52l 0 # . )
TR T T BRI R, ¢ R BRI
J R0 MR TAN S5 (RIS T 1L 145 RS G U HE
B I 27Ph2%Ph | 2%Ph/"Ph R 1R, KU BRIEERY 2R iR
G B RERA(ILPh), KERS(EFPh)AY
207ph2%5Ph, 43 i k1 0.859 8 + 0.0009 . 0.859 6 + 0.0023 .
0.8529+0.0029. 0.8410+0.0020, 0.8715 = 0.0042 .
0.9009 + 0.001 0, **®Ph/**Ph 43 H] 47 2.1036 = 0.001 8,
2.1111+0.0008. 2.076 8 + 0.007 6. 2.0860 + 0.0020.,
2.1240+0.006 1. 2.1938 + 0.007 3, 4 Bf 5% Pb [a] {3 %
FEAE (2"Ph/Ph . **Pb/**Ph 4351 7 0.857 32 + 0.002 93 |
2.09891 + 0.008 41 ) 5 /K Je 5 Y& Y5 Fl K M Hy 20 5 Y
VR HECRRAE S oM AR, 5954 R A5 YL IRRRAE 22 51
B, JLH S PhIRER A o AT Ph/Ph £ 25 K,
R V5 QL i (2.10159~2.10207 ) i3 T8 S AL B
(2.097 13 F12.097 32 ) i}, H. 5K I8 75 YL 5 {E 5 $2 30
(2.1036), 5KV & PM,s 1 E R EAFF. FifEH
1997 A=A THIHEJG Ph VAGH, PMos 1 EEORIEC &4
JERERS A P, K TR AR, X ] fE
X T A T R ) S R, AR H T
A R K e AR T AR

T A BT DX PM s JUT ot v B R Ph T it VA 3 1 &4 2
BTEZE, 5 EEFINKBEMAM 2, REHZ
] Ph GV B 25 S E G 24738 3L, 5T N X 45
SEARRLT A 2 A G 22 5, 5K T
TPh/ P | *Ph/*Ph M B T A AT T AN
BB T i AR IS AR T2 SIS P | R S A it
N, ZTERI RS IR IR R IR Z 0, &5 FhE
VRZ5F %A I B AR, DR R 26 FU (B e 20 22
5o Ph AT EEAMA S, REEAERAZERE. £
WORZE, BRI G0, 12 2= RS BRI AST
H B EZEZ W, WK PR A TRk i, Sl
AP SRR E T

ZE TR, PMos (9 H Y Wk B i TR b 2 AR
{H = hn i, (B Pb 5 Jehb T HARIKF, Ph IS TEA:

BT R CERE R, NG EREM. Ph
TRATETEE, MFEALR LA TS EFT0%E
S, Ph 5 ek R 32 B2 K P A A 7 i T AR BRI
i M5 A-ZE KU PM, s H P B W A FUR) , i 4
7K JEFIARIE Ph HERL .
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