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Abstract: An in vitro plasmid DNA assay was employed to study the oxidative damage of airborne PM, collected in
urban and suburban sites of Lanzhou city from December 2005 to October 2006, and the causes of DNA damage induced
by PM;, were investigated. The toxicity represented by oxidative damage of the PM;o varied greatly. The oxidative
damage caused by PM;, collected in the winter and summer was stronger than those collected in spring and autumn. The
average TD,q values (toxic dosages of PMy, causing 20% of plasmid DNA damage) of intact whole PM, solutions from
the urban site in winter, spring, summer and autumn were 17, 625, 56 and 260ug/mL, respectively, and the TD, values of
their corresponding water-soluble fraction were 62, 840, 193 and 403ug/mL, respectively. The PM,, collected during the
asian dust storm episodes and after raining showed a low oxidative damage, with TD,o values of both the intact samples
and water-soluble fractions being higher than 1000pg/mL. The contents of total analyzed water-soluble trace elements,
revealed by ICP-MS, were negatively correlated with the TD,y values of both whole sample and corresponding
water-soluble fraction of PM,o, which implied that the DNA damage may be attributed to the water-soluble trace elements
in PMy,.
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Promega A &) WAL Z 5 (R E A 10mg/mL, % H
AMRESCO A 7)), &) &/ =B 45 A TBE
Sl (EEH Sigma A H)).

X FEX % A Negrretti ¥ #£ 3k (UK), &
KB80-E £ R HE (T 087 L1 AL OU3% ) IR b
RREREBERN 47mm,fL72N 0.67um,8%
#1235 B5,3x 107 FL/em?, 2 @ Millipore 2 ).
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Table 1 Sample information of airborne PM; collected in Lanzhou
P32 K Bbh pa RHEHE ;ﬁm_mjrﬁ FHEE B RE bi:Pord s

FY i1 w5 (ug/m’) () (m/s) (%)
W 12-1 200512890 17:30~09:00 579.11 -1.9 0.2 519

% . 12-5 2005412 A12~13 8 09:30~09:30 219.44 -22 09 36.9
12-7 20054 12 H14~15H  09:30~10:30 329.52 -54 0.2 423

Z i 12-17 2005412 H9~10H  19:00~19:00 140.68 -1.5 0.2 20
X 12-20 20054E 12 H 12~13 H  10:00~10:00 142.86 -6.6 0.2 54.3

w 3-1 200643 A28~29H  17:00~17:00 155.56 135 0.4 189

% K 32 20064E3 H29~30 H  17:30~17:00 210.40 15.3 0.4 15.5
3-3 200673 A30~31H  17:30~13:30 247.78 14.4 0.8 24

% b 3-7 2006 £ 4 H2~3 0 13:00~13:00 152.19 17.4 1.0 152
X 3-10 200644 H4~5B 13:40~08:40 99.42 11.5 12 40.3
WhREMS 34 2006 43 i 31 H 13:30~21:30 556.94 17.0 6.0 25.6

. 72 200647 H14~15H  10:00~09:00 118.84 30.6 1.0 50.8
X K 7-4 200647 A16~17H  09:00~08:30 141.84 32.7 0.7 24
7-5 200647 B 17~18 H _ 09:00~09:00 157.85 28.6 0.8 458

E S % 7-71 200647 A19~20 H  13:30~11:30 56.82 27 12 44.7
X 7-10 200647 H22 B 11:50~20:50 117.42 18.8 0.3 67.7

# 101 20064 10 A 21~22 B 16:00~08:30 181.83 14.1 0.5 61.6

* X 102 2006 4E 10 H 22~23 H  20:30~08:30 114.30 8.4 1.3 50.8
- 10-3 2006 %F 10 4 24~25 H _ 23:00~10:30 165.65 15 0.5 62.6

5 % 10-4 2006 4F 10 H 25-26 1 19:30~08:30 112.64 79 1.1 62.0
& 10-5 2006 4E 10 F1 26~27 H  21:00~09:00 86.54 133 1.6 69.3

10-6 2006 4 10 4 27~28 0 20:30~09:00 101.15 7.6 0.7 54.7
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7K HL 19mL 4 A 2] 225 DNA B .08 .
BELEH O BERERS S LRERY o6h
W G FEF MR PN 3.5uL WBYIE/RA
=RRETLE 2.5g TR 42mLTBE S
g soomL MIHEFEMMH R MBLEKEKE
20mL B HEF BB MA B BB T EF
B S/ERAHE 60°CLELR, MR
KM 10pL R Z 8RR K%
BBRBEINEE 2 MRT IR R, B 2B
e E N R B T KRR FL kA,
FEEARILFIEA 20uL B 4. ©X174-RF DNA
MPEH =FHRBEEY.7E 30V HHETEH 16h
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Xf HEBE AR {8 ] Syngene Genetools 14 (3 [H
Synoptics 2 7] )%} BER P AR XA DNA KIJGH BE
RITERMNTNA T, HEAFERESHER
DNA 787 5 i) - 38 RUBR HE R 2. 360 AN Rk BE kL
W& DNA #Hith BT RERE, 8 ik
20%DNA 45 (I FURL) (T 3 FEBD TDyo {H.TD,o {8
AN ZBR I Bl DNA Rtk Hmtigeh
855, % N ARG R W R K.
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{§ H ICP-MS Xt 2 M T KSR PM, o £ FIK
#E84re V. Crv Mn, Co. Cd. Cs. Hg. Pb.
In. As. NiflCudt 2 M cEMSEHITTH
0. 2R S K P TR T R, BB B F R
DNA i E50HE FBRE (/3 RIEB R
YY) FH Sl R ¥ A . N 1) 28 7 B 2 B RUK ¥ B
AHPEUH 1mL,5 0.5mL B R %k 50x107
ERRUEMUR A I 2% E 10mL,#H ICP-
MS BATHEE RS 7.
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PR R KB4 FE T X PMyo X B KL DNA B
SUHERGIEEL. EEHARKE. KE
AR XT3 /I B 21 MR AR AL AR IE 2R X U] 2 R A = 4H
SRR, B ENKER L EEHIT R DIETE
BALKFIE AT X FREX PM,o BHEM) TDyo &
2 HEE 12,80ug/mL, 7K 7 3 4 W 2 5K 2
43,100pg/mL, T K FH X FIZEX PM;o 2K
TDyo {8 )43 51 2 700,810pg/mL, 7K #2854 %1 K
1050,950pg/mL. B] JL, 2% MH 77 X IR X R R F 4
PM,o %1 iR DNA HIEALTEIR G E R BRI
XMHENTHERNTREREALAFTHNMAE
& R RGBS Y 8, EmE
MR FAREEERRX). ARERASE
HEB K BRI IR R B4R A R B ) V8 7
RS R T KEOHEEEYH, NG
B3 & Z PMyo Mt F ki DNA RIEUAL R B K.
EZEHTHNEERS, A TRAYREE
SR B 32 DNA #i45 H E9R, R A
FHEBFRYERBERE IR ERN.ZMTE
2 [ B3R, 8 0, ek 2 i B3R 2 14 PM o 3 SR
$i DNA HIEMERGIRE BT RE 5 Kb R
I 58 P A ¢ KA IR L1 430 8 A 0 488 v, X
M BERAMFERIMBRENEERTED
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B, B RGE B KU A T 53 DNA #45
WA B E Y A B A TR BT 22 M T Rk S
PM,o R RUKEE DB TDy HNE T REWR
B KE,2002 FEFKF B IR L Talbot O K5
A BAAN L RER PMgos EFH RKE
E43 ) TDso “FIME (& AR S0%DNA #5455 BT 75 1
BRI BE)ST BA 102,153pg/mLI R B 22 44
T EKZE KR PM, o 5t R DNA HIE AL R4 8
JIAART R SS HIR F R T Z M AKER K H 5
AR X 2, R A 3 A KA 38 S AR BUAE A —
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MRS R B REMTRM KRN FH DNA
BN E SR FYRAERNRORE R
W RN A XK X MIBX F—ZFFH PMo &
ki DNA I8kt =R B8R EFEZ RIS
Qe % ORI R VR M ) 80 DNA i E
BHEYRED.

21.2 PM &FERUKEIRSELE BR3-3.10-2
1 10-5 MM ZMTH KR PMyo 2FEH
TDy {8 LK /D EZEHERKE 2),K
Bl PM,o FEXT R DNA ISR AT REE
ok B HKE 4 S0 AR 3-3. 102
A 10-5 I EERKE R TDy H XA,
2R M X LR 5 A BT R DNA I i Rt
KT HKE TR, H IR K 7T 68 2 ot KBS
OB 4 A0 00 2k R 40 4 1 I 3R A% W R T 4 4
MBS G TIXT DNA AR EEH & T
B— B R,

21.3 FFHESRZEMHTH PM X ik DNA
HENHERE HFEDLEE PM (&M 3-49)

N

SRR KE DK TDy {4 19>1000ug/mL
(R 2),RHAW LB IR KEN PM X TR
DNA KIS AT R DXL FF T
FHRAENERENHERRH T LRY
] PMo 7 B RURL LA SR B Hb 3R BT Y8
o EHREBEMGKBHEUBTESEMN
X AR (K 3).

F2 ZMHHRIBEREFET PM, HRRISHF
KB EB S5 9 TDyo B (ng/mL)
Table 2 TDjy, of whole sample and corresponding
water-soluble fraction of PMj collected from urban and
suburban site of Lanzhou in different

seasons (ug/mL)
Kipthm RAEEN RSmY =i JKEEERSY
12-1 18 62
&% 12-5 21 80
12-7 12 Pt}
PIMhRRERE 1715 62£19
3-1 850 990
3-2 730 950
BE 3-3 295 580
SEEFAE M 6258292 8404226
=S PR 3-4  >1000 >1000
7-2 10 72
o 7-4 10 120
7-5 148 387
FiEFERE 56480 193170
10-1 40 60
*E 10-2 700 1050
10-3 41 100
FEMEREME 2605381 403£560
12-17 80 100
4% 12-20 150 540
- SEMELbRAEMEE 115249 3204311
3-7 950 1100
5F 3-10 980 1150
FREMELbRAEM S 96521 1125435
K 7—? 400 600
s S%Jfﬁﬂﬂfﬁ(ﬁi% 400 600
fER B G FE & 1100 1250
7-10
10-4 810 950
*E 10-5 410 900
10-6 80 140
VI hRER S 433366 663:454
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F£3 ZMHFRFES PM, PRKBEHREBATRN TR B(1g)
Table 3 Contents of total analyzed water-soluble trace elements in PM;, collected in Lanzhou from different seasons (pg/g)

4 H 2005 FEXE 2006 £ HF 2006 EHF 2006 4:F
11153 ZBIX. X WX RS X ZBIX. i X ZBIX
*%Ezizim 3900.38 2781.00 1239.13 594.76 62.16 2613.34 1793.11 1940.45 1183.88
10000 HEMXAREES T-10)REEENER
5 ok wsiorerang J& RAE R, 3L AR K M543 () TDo 215 5
3 Y o 3 1100,1250pg/mL, V& F ¥R R H D
& L. {8 SRR RERRT AR KA S 3 DNA $45
ré 4000 p HIA BH FYRERIER.
g 2000 2.2 PM,o Xk DNA Mt 5 KB T ES
B HHEXES
0 200 400 600 800 1000 1200 R 3 7 W,,2005 FLZFE. 2006 FHEE, B
£ TDy {li(ug/mL) FEMKEZM T XX KB EHETENTF
5000 BEBARL. BEMAMRE,E. KEHRXTH
3 a0 L i 1A% A IEBR 0 22 7T PM,o X4 50K DNA 1%
% T Rona A B T S SR B KR R ST T L
2 3 TDyo it BB RMINBH AR 2),
ﬁ 2000 1 B 1(2) 7 B,PM, o 2 FEH) TD H 5 HAHN
£ 1000 PR TR B AR ZIAN R 5 02773 X
® o R RERRIRFER, SRR n>20 7 0.01
0 200 400 600 800 1000 1200 KEEEKET, 029 A BFHLHE.H
24 D fH(ug/mL) B,PM;, £HEH TDy EHEMEMMMETES
5000 SEEPAREAHE. TN PM,, 2 KBRS
3 w00 [% y=-sa2167 < aosss © ) TDo (5 A R TR BRI R
¥ k=080 A5 0.7242,0.8036 [ 1(b)FIE 1(c)),iX APk
? UL KL AT B, PM,o X FHL DNA
5 2 FIELERG T REEE XK B AKBER MR TR,
;% 1000 X—ZRIRTHSTAENELERE, AX
*® R 2L MTATE D PM,o 2FEXT FRL DNA RIEAL

B 1 ZMH PM o 2HE. KIS TDy (5 HAH.

Fig.1 Correlation between trace elements contents of
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JAKL DNA &30 7T fe 2K B Hok#
By,

32 WARHRAMEFHERE ZME PM, 3t
ki DNA HIE A AE X B/, FE AR K
RS9 TDyo (6 >1000pg/mL.

3.3 2ZMT PM,o () TDy B S5HE S 12 Rty
BIURBE BRI RSN RYLPM, o X FHL
DNA &4t EER B HKBEHMET
FLIX AT R 22 M 1T PMyo 51 R DNA B &AL
B EBEEUTHBEUURKES PM,, &St
JAK. DNA &R KT IHKBE ;21
FEFNA.
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