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Physicochemistry and Bioreactivity Characterization of Fine Particles (PM, ;) in

Shanghai Air

LU Sen-lin"?, CHEN Xiao-hui"?, WU Ming-hong"?, JIAO Zheng"?, WEN Tie-qiao’» BI Xin-hui*, SHENG Guo-
ying”*, FU Jia-mo™*

(1.Shanghai Applied Radiation Institute; School of Environmental and Chemical Engineering, Shanghai University, Shanghai 201800, China;
2. Institute of Environmental Pollution and Health, Shanghai University, Shanghai 200072, China; 3.School of Life Sciences, Shanghai
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Abstract: PM, 5 was collected at Shanghai urban and suburban sites during spring and autumn. PIXE (Proton Induced X-ray Emission) was
used to investigate mass concentration of 15 elements (S+K- Ca- Ti~ Cr+ Mn+ Fe+ Ni+ Cu~ Zn+ As~ Se~ Br+ Sr+Pb) in Shanghai PM, 5 . The total
mass concentration of the 15 chemical elements was higher in spring (5038.6 ng*m™) than in summer (3 810.6 ng*m™>). In spring, mass
concentrations of these elements in urban and suburban samples were in the same level. In summer; concentration of the elements in urban
samples were lower than in suburban samples; however; the elements which were originated from anthropogenic resources were in higher level
in urban samples. The results of FESEM showed that Shanghai PM, s was consisted of soot aggregates, coal fly ashes, minerals; bio-particles
and unidentified particles. The result of Plasmid DNA assay demonstrated bioreactivity of urban PM, 5 was more reactive than that of suburban
PM, 5> this phenomenon probably was explained by higher mass level of heavy metals and more proportion of soot aggregates in urban PM, s .
Key words: PM, 5 ; chemical elements; field emission scanning electronic microscopy (FESEMD; bioreactivity
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Fig.1 Sampling sites at urban and suburban area
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Table 1~ Samples information for analyzation

T Pehg TREH 1 WEEC WAHEEE /% TR g m
30 o 2005-05-22 26.0 61 81.40
37 - 2005-05-31 21.6 69 76.71

A B

b CERIEKABLE) 91 g 2005-08-20 27.3 63 91.05
92 - 2005-08-22 28.5 s5 46.99
b)) 5 2005-05-22 20.9 S8 70.52
28 - 2005-05-31 19.8 57 59.15

e L 41 - 2005-08-02 36.3 53 75.80
46 = 2005-08-05 36.7 58 76.09
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BE (JSM-6700F 2, H A oL 1) 0 J8URE 49) 16 SO0 T 5
HEATWLER, M TAEHL R R 10 kv, TAEHLU 10 pA,
P AHRBE AR 1 ~ 2 pm, FHE TAEFE 254 7.8 mm,



474 2.

F} 2% 28 &

EDX 73 HT 5 5 RARIS A 24 100 s, 18 53 oH (8 1
100 000; >KH Plasmid DNA assay X RAE) PM, o FF i
BEAT A0 PR S5, VRS S50 75 SR 15 1. B
AR AN F TR UM 10 mL VR R, I KT
JE W ZEK, B AR 1 h R BRI # 2R oKk, &
VAT B S AR VA WA B2, R i 42 T 2 1K 1 AN [ ik
FE RIS FF 7% 2 eppendortf B, I UKL DNA, {2
FEON RS, FHEIL (25 CORFEIRY 24 h, fEHR ¥ 45 K
B2 0.5 h ZE A3 T UA T B, K e I TN P VR v e
DA BUHFE S TR WG TE ANRE & e 1
R 2l 7K FN TR | loading buffer Y 75 40 LAVE X K &
BERENSLT G, o LA G, Bl YR, iR RE
120 V, HLPK I [ BE 52 O 50 min. LK 5¢ B e 3 2L e
I S ZR G BT, AR I BRI ) 2 10 s, FR
VKR53 A4 T Dolphin 1D #4458 1. 52 58 vh B
(RTORE DNA A B 2P V2: fl 32 (19 PWIC JBURL DNA, K
/NI 10 kb, WIE DA 200 ng/mlL.

2 ZR5WE

2.1 PM, JEIRE ST

Hi 1 2 T DU Y, g PM, o 19 00 R 8 d KA
9 93.48 pgem ™, Ee/ME K 43.54 pgem T K E
SERARIRE M) 2 152 HZE PM, s RIS & T 5
75, X PM, 5 ISR B 2 v T 2B X PM, 5 I
XA B e B R ARG e B R 2
R SR AE . 5K G S S e T g T XORTRE
X AZE PM, TR E BTSN R, BG4
PM, IR 50 B 94 5 85z i 76 11 DX n] LA 2] 226 pgem ™2,
FERRIX A AT 5 IA 227 pgem ™ (H VRS 338 J2 77 X
PM,  HB A BE 1y 2555 20 A 5 o] BAAS B P,
(A AR R I £ > FFE S HF, X
55 Ye 2O RIE K 1 PM, TR IR 02 AR AL A
A3 XA R TR A AR T RN R AU
PR v, WA D AR A T AR R B 3 2
PM, 5 (1) U< 28 v 1T 5 224 22 19 R KR ROk 4)
R BRAE FH 3 Rl i PM, | R0 R S RLAIK
2.2 big PM, NG R IR E

ffiF PIXE 43 #7143 ] S\ K. Cas Ti~ Cr« Mn- Fes Nis
Cu-~Zn~As~Se+BrSr+Pb 55 15 Fc & B LK AL .
F2LLEH,BRT S LLAM, K\ Ca Fe 3 PG 11K
JEEGR AR FE i e R I 47 1%, T X
FE A7 30.8% 5 75 ZRAB X 5 1T DA e, 35X 3 A
JCE T T SR LG 4 0k 40.29% 1 52.3%

180
160 -
140 -
120 -
100

O 3
W gEC

=

80
60 ~
40
20 -

FEWE / ugm3

Frert /A

2 WRXMBEX PM, sHIRERE
Fig.2 Mass concentration of samples collected in

Shanghai urban and suburban area
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x2 BHERPURZTENRE /g m’

Table 2 Mass concentration of chemical elements in Shanghai PM, 5/ng*m~

3

_ B FES 42zl

R X 175 17K X 7B

S 1135.76 +33.12 1191.67 £22.17 1070.33 £43.39 586.22 + 14.57 2716+ 735 3100 + 881
Fe 725.11 +21.50 607.57 +12.39 405.23 +18.94 538.96+11.93 810 = 240 1160 + 475
Ca 318.74+7.80 297.62 +5.49 332.64+10.94 243.25+4.74 762 + 277 715 + 299
K 147.19+ 4.42 185.39 +3.37 121.57+5.99 93.01+2.36 210+ 103 240 + 133
Zn 96.45 +4.56 156.56 + 4.41 118.97 £6.10 128.26 +3.45 163+75.0 229 + 146
Pb 14.97+3.75 5.66+2.71 15.05+3.74 11.95+6.21 115+82.5 206 + 169
Br 1.48 +0.90 3.12+0.92 5.77+2.22 2.83+0.80 37.8+22.5 45.1+23.7
Cu 36.91+7.54 17.22+4.86 22.45+6.03 28.52+4.17 40.3+22.1 50.4+43.0
Ti 26.05+3.15 18.49+2.06 21.20+4.27 14.53 £1.61 42.5+24.4 36.7+15.2
Ni 6.97+1.87 7.30+1.28 3.44+2.22 6.34+0.98 5.4+2.9 8.8+3.7
Mn 9.54+2.02 10.42+1.39 6.27 £2.61 9.92+1.23 11.1+4.5 15.4+12.4
Cr 2.71%0.55 2.28+0.50 2.74%0.61 1.86+0.58 4.8+2.5 6.0£3.5
Sr 0.76 +0.31 0.45+0.27 1.39+1.55 0.28+0.09 3.5+2.8 5.0+3.6
As 5.17 +2.46 5.76+2.29 7.57+2.13 7.22+2.22 9.4%5.4 16.1+11.8
Se 1.13+0.50 0.66£0.29 1.71£0.77 1.08+0.67 3.2+1.7 3.3+2.3
St 2528.92 2509.67 2136.34 1674.24 4934 5836.8
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Fig.3 SEM images of particles with regular shape in Shanghai PM, 5(1 pum)

Cadv () CO AT IR 45 (DA A B4 5t
B4 LigH PM, s PRASTRNER BRI m)
Fig.4 SEM images of particles with irregular shape in
Shanghai PM, 5(1 pm)
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Fig.5 Gel electrophoretic image of plasmid DNA damage
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*3 FRYKE RIS DNA BB 15 %
Table 3 Mass dosage of PM, 5 and percentage of DNA damage
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