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Comparison of Physicochemical Characterization of Shanghai Ambient Ultrafine

Particles and Engineered Nano Particles and Their Cytotoxicity

ZHANG Rui', LU Sen-lin'?, SHANG Yu®, YI Fei', REN Jing-jing' , HAO Xiao-jie', AN Jing’, WU Ming-hong'
(1. Shanghai Applied Radiation Institute, School of Environmental and Chemical Engineering, Shanghai University , Shanghai 200444
Chinaj; 2. Institute of Environmental Pollution and Health, School of Environmental and Chemical Engineering, Shanghai University,
Shanghai 200444, China)

Abstract: Ambient size-resolved particles in Shanghai atmosphere were collected at Shi Dong Kou sampling site during 2010 spring.
Inductively coupled plasma atomic emission spectroscopy (ICP-AES) and field emission scanning electron microscopy (FESEM) were
employed to investigate chemical elements and microscopic characterization of the ambient particles. Bioreactivity caused by the
ambient particles and three kinds of engineered nano particles, NiO, ZnO and CeO,, was compared. Our results demonstrated that
growth activity of A549 decreased and their intracellular ROS production intensity increased after the cell exposure to particle solution
with different dosage (25, 50, 100 and 200 wg-mL™"). The lowest cell survival ratio was caused by soluble fraction of ambient fine
particles, inhibition of cell viability were 13.31% , 18. 15% , 20.43% , 23. 78% respectively. However, the most toxic components
among the ultrafine ambient particles and engineered nano particles was NiO, inhibition of cell viability were 11.81% , 15.12% ,
17.62% , 19.44% respectively. From our results, we can conclude that the water-soluble fractions of the ambient fine particles are the
most cytotoxic components among the measured particles.

Key words: ambient particles and engineered nano particles; mass concentration; water-soluble fractions; water-insoluble fractions;

bioreactivity

Al AR AR S KB I F EAR D<10 pm @R A R AR TE i E . A 2R RS
M RASUR Y. s R 12 B W AR R B A on AL Ty I TR
ST M HUBORE ) (2.5 pm < D<10 pm , ASCERE KA, BUEC RS BURY) i) ad
BFE 1.8 ~10 wm WFCRVE N HLTOR, ) 4nBkiY) &8 Fe Zn Cu AIFEMITE i 3 Fenton S0 BETL H
(D<2.5 pm ASCERIFRTEO. | ~ 1.8 pm FUFRY) BT SRR B FAOREAR B € HUE S, Tl
YESRARIURL ) B8 4R RL ) (5 KB 1 HAR D <
0.1 pm) " AT AR R, RABRHRR wasem. 2011-07-12; EiTES: 2011-09-26 ‘
I BLRLR S5 A9 Al R JE TR R B G e Wk
P12 (HR R ECEE DL R TR R (10JC1405500 ) ; I ¥ 1l %0 7= Bl #4058 & A 5 A

(117780) ; g7 EE s 24 FH5 H (S30109)
TN JR] B R ) 350 R B e A S9URT ) B S8 A 7 S E R 38 EE R KA (1986 ~ ) I B ge A, FEHE 57 o RS F

P2, E-mail ; liujinsuiyue_04@ 163. com

E[] ﬁ%ﬁ*ﬁ%é\ﬁ E/‘J#%ﬁﬁ{j‘z\}% \ﬁHL%%‘H‘Eﬁ]g w JEIHEC &R, E-mail; senlinlv@ shu. edu. cn



1432 57

B 2% 33 %

YAJIORL (4N NiO | TiO, %) & & F IR KA e T
PRI A S At i ) AR AT R g K R A A
Al R st & B el e B HE R KA, R
KA L RS 43 , 40 oK Ok 1 S PR A st B
B A SEAT L R g B 0

AR R PR 4 o0 AL G, s SR
A2 IR H T R R AR R, i
TR BS54 vl i AJSURC), B i
TR AITOR Y TR oS g i s 2. ST R A
HEECR EEW M EA PR Y -, HE SR &5
5 A8 P WL B AT g B A O sk T
KL T AR S As Pb Ni Mn  Se 55
TSRITE BT E R HR <2.5 pm AR
oy Lu SRS & BRI AT R ASORLIURE
P S ZE A, AR 4 32 B ORI PR i 2 A
H A, X i KA R ) i 9T R E R TERR
FEL SR, A AU 1) 4 BRAL 4 R R AE D T, 5 DL A K
SOBANIURL A YIS TS . AR, ST AR )
KM A: 77 LA S T BE A7 7R 1Y P15 4 B XU, 94 K
YIIR A 2 MR IEAE 32 B R R, R R
B AN UKL 55 T 40 K Uk W A 5 AE K A i v LA
1A T ) R B ASOR 45 Y B AR L R A AR

1 #BE5FHE

L1 FRALRAE

RATTRLPIRE R A SR AE LA 1 e rp2g
AP LT, RFE B HTE 2 10 m, i F TE 2
30 m, Ji FEI AN FE I, o K@ B, SR A
MR 2R LW RS A, A TS
YelX, 7 B A 1 Fros. {95 B MSP A #] )
MOUDI-125B ffL34 5 DT AR Rl 18 R A 2%, X ki A2
<10 wm A RSBORII 53 13 FORFE, NEE 1 ~13 S
(StageOl ~ Stagel3) XJ L {9 U1 F ki 42 43 51 .

a
{1

: f'.i"‘fl.hii

(20 km "'I_T”

B1 REREETE

Fig. 1 Sampling site
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(0.000 01 g) £ 5, 1155 H R AE A I U8 M5 1Y BT &=
(my mp ) BRI BTEREE (p) , THEA XN
p=(mg—my)/(Qxt). JHTASLR Ko Hr i R<
WA IR WL 1. T4k CeO, (40K ZnO F4H
K NiO UKL SE T Sigma-Aldrich 23 /] (9 [H) , R
SHAR51K 20 ~30, 90 ~ 210, 10 ~20 nm, % 7/ 43
MHh24.50, 92 m g
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Table 1 ~ Sample information for analysis

G TR F Y] e e o
27 2009-05-08 ~2009-05-10 26 61 14 ES
28 2009-05-10 ~2009-05-12 25 76 15 ES
29 2009-05-13 ~2009-05-15 23 68 15 ES
30 2009-05-22 ~2009-05-24 21 90 7 WN
31 2009-05-24 ~2009-05-26 22 77 7 WN
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1600x, H 4% ) Mt s 4 | 55 Jim F0 A il A L B R A
G A R AT USSR B S I L R L g D
BRANR f 3 B RE S T ICK G, B PR 10
min , SR J5 {8 FH AL R W B0/ 5 Y A 35 38 0L

IRBET , B A BB R i B b il LS s AT UL
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FPOCER M MR, B, ARG AT R i B4 o vk
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UKL 1 R 8 o i B (p) , PR AU p =
(my —mg)/V. A5 000 remin " F95E 5 B0 %% 30
min, B2 mL _FIEWCAKIE ALY, Fladl o it A T8
TGN 3 mL LK, FRAANE A 3 Tk gk
SR VA TR0FH T 499 K SR A i /K BT 1 TR
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R RAIURL A AN Tl 0 K SOR 5z i 42 R 75 T %
A TR
1.5  MTT il A549 4 fuf7 s %

MITT S 56 2 — ol ook 00 2 40 i 2 b 1K 3% F1 R
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pg-mL X 2 R GFBRFL A 100 pL A9 5
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IAETE R = (32184 D (/% RFL D 1) x 100%

SR E AL 3 BRI 3 RS T (.
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(DCFH) ,DCFH AIH 1A (ROS) A AL
RO B DCF. Rt , 3 5k 00 5 400 i 1 ¢ Ot
SRR S BRI ROS B & &K 3 mIL 9 1 x
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Ve RIEINAGL BRI WL, B 3 AT AL, IR Bext
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), EH TR SR P EE SR, 30 min J5H D-Hank’s 35 6
A 3 Yk, AR A TR B 9O BB T WS DO
Bt oA 30 B 38 B a9 B R AL TPWINGO ¢
JEOHT AL BRAS OGRS E AR 3 UK, 4
3 YL B - 24
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2.1 RAEBORY) BT LR S b

B2 A X 2010 4F 5 H KASE0R 4 Y
Jrit e B (CRHIER 1 P Ir R ALY 5 A FE i o i iR
(P IME)  NEITR AT LU Y, B F X 5 A
RAHE 4/ 8 4 UKL ) 1) Jo 5 Wk B 43 53] R 48. .09
pgem £ 16.52 wgem ™, 64.01 pgrm’ + 28.47
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ERFTURL I I 0k VR B 43 3l 24 Sk R 240 UKL ) 3 A% S
. B —RAR BT e U R A fe R e AV 43 o A
1.0 ~0.56 wm F10.018 ~0.010 wm ZI[H], 4351 K
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2.21 pgem L SKFRRIE B B bV A XY
KA 75 Y ELAT WA Sk R A% 0 A AR IE , B R
Wi o R v B R 0 A A A URLRIDRLIBORL I, HL 40
SR 11 J5 VA ek 2 AR JOURE . A A 7 T 95 %
FZBL T -710 72532 16 55 DU A5 1) RELASORY. | 200 JoUkE T
YR R o R O B 6.3 pgem ™+ 0.88
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+0. 67 pg-m IR A IR O XS AR
HAORL ) ) o7 B R BE 43 20 8 L 11 RN 8 A, B
VA 1R 10 b DX AT G > ™ o
2.2 RABRY) AN Tl 24 K BRSO S5 AR

K3 (a) J83(b) FIE 3 (c) 203 A { X
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Fig. 2 Mass concentration of samples in SDK of Shanghai
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Fig. 3 Morphologies of size-segregated particles and engineered nano particles
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3(g) ~3 (i) 5k HI BT f B8 (TEM) WL 2] 2 %
ARATGIK CeO, PURL 2 A% AR 48K ZnO TR FiI
SLERIRAZAK NIO Uk AT 35,
2.3 RAPRH ICHLIC R MM

FH e 2 AT LAE H A 1 X R AR
YRATORE B A0 FURL h 4 0 2 A T o R B 430 Oy
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4 K #b, Na Mg Al Ca Fe FEAE R/ BUR Y T,
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Cd .Sb .Pb FEAE AR Y, B AN R0k v
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