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Toxicology of airborne particulate matter in coal mine city
results from plasmid DNA assay
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( State Key Laboratory of Coal Resources and Safe Mining ,College of Geosciences and Surveying Engineering , China University of Mining and Technology( Bei-
jing) ,Beijing 100083 , China )

Abstract ; Plasmid DNA assay was employed to investigate toxicity of the PM,,(inhalable particles) collected in the
Pingdingshan coal mine city during summer and winter,2008. It is found that the TD,, values (toxic dose of PM,, cau-
sing 50% of plasmid DNA damage) of the PM,, collected in different locations and different seasons vary greatly, with
the highest value being 10 times of the lowest. The damage rate causes by per unit mass PM,, is higher in the suburban
site in winter, follow by the suburban site in winter ,comparison site in summer ,urban site in summer,and urban site in
summer, in descending order. Little difference exists between the urban and suburb sites during a same season,in con-
trast, there is an obvious variation in the DNA damage rates between the winter and summer,with the winter PM,, hav-
ing a higher toxicity. The higher toxicity of the winter PM,; may be correlated with the higher contents of the heavy
metals during heating by coal-burning. The whole particle solution and soluble fraction of the PM,, were simultaneously
tested with the plasmid assay,and the results show that toxicity or oxidative damage to DNA of the PM,, can be sourced
from both water-soluble and water-insoluble fractions in the summer urban and suburb samples,whereas the oxidative
damage to DNA by the winter urban and suburb samples as well as the summer comparison site samples mainly comes
from the water-soluble fraction.
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Table 1 Sampling conditions of the samples for toxicological assessment

KFEHS  HERTS FE i SKE R E] FRWE/ (pg - m™>)  K/C FAXHRE /% K K/ (m - s71)
1 FH 1 2008 -5-29—5-30 393. 00 26.6 26.0 It 3.4
2 FHE 2 2008-5-30—5-31 326. 30 28.5 26. 4 [ [ASIS
3 FE3 2008-5-31—6-1 320. 10 30. 1 32.1 P9 0.7
_— 4 FE 4 2008-6-1—6-2 300. 00 29.2 26. 4 ZAb 1.4
5 T4 1 2008-12-8—12-9 134. 00 13.0 54.4 PiR 2.2
6 P43 2008-12-10—12-11 217. 40 6.8 58. 1 Zdb.1.9
7 T4 2008-12—11-12 170. 19 7.9 60. 5 Pim 0.7
8 T4 5 2008-12—12-13 282. 80 6.3 61.8 P97 0.2
9 THIXE 6 2008-6-4—6-5 218. 60 23.6 47.6 7ide 2.2
- 10 FHIXE T 2008-6-5—6-6 206. 40 28.0 35.5 A3t .0.5
A 11 THIX 4 6 2008-12-13—14 282. 80 4.0 51.3 b 1.1
12 FHIX AT 2008-12-14—15 116. 00 5.5 58. 4 Pidk 0.2
o 13 HZEHM3 2008-6-7—6-8 68. 50 25.5 59. 4 [
R 14 HBEEH 6 2008-6-8—6-9 86. 10 28.9 49.1 A
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Fig.2  Experimental principle of Plasmid DNA Assay
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Table 2 TD,,values of bulk and soluble fraction of PM  collected at the urban and suburb site of Pingdingshan City

PR (W/S) /%
B WOk e B/ (g - mL7") TDs(W/S) /(g - mL™") R?
50 100 200 300 500
1 31/6 33/25 39/31 46/31 52/42 430/570 0.909/0. 971
2 20/17 47/31 49/31 50/31 54/33 290/1 000 0. 731/0. 640
3 41/20 43/41 42/42 43/45 81/48 330/470 0. 805/0. 977
4 38/32 45/30 47/38 46/43 43/41 600/800 0.772/0. 874
5 38/32 34/32 43/36 48/42 55/49 360/510 0. 924,/0. 983
6 51/30 62/49 78/67 77/74 78/74 43/120 0.942/0. 978
7 35/18 51/42 74/72 71/77 72/78 98/132 0.923/0. 975
8 40/34 56/43 75/63 74/66 71/69 84/127 0. 942/0. 979
9 33/41 43/41 48/43 52/43 58/46 240/825 0. 988/0. 952
10 49/24 49/39 51/41 53/47 56/54 140/365 0. 980/0. 946
11 38/24 49/44 64/60 67/62 67/69 110/158 0. 975/0. 948
12 48/31 68/49 94/68 93/78 93/82 80/120 0. 945,/0. 979
13 26/26 42/41 45/43 49/46 53/47 330/500 0.9145/0. 8318
14 43/34 49/42 52/48 61/67 73/82 150/180 0.983/0. 978
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Fig. 3 Comparison of TDy,values of bulk and soluble fraction of

PM,, collected at the urban and suburb site of Pingdingshan City

YIE S 9h 75 F1126 weg/mL,

XTI A0 X B 2 & Z 3k 4 AN RER AT T
DNA EAL MR PEA, 9 A1 10 5 R RBIX H ZFE 5
9 SHESHAEHRE N 50 we/mL B4 FEFIK I FE 5 X
i DNA A5 2R3 5K 33% FI 41% , Gl e 14
JNE] 500 pe/mL B 5475 3R 3G %) 58% F146% , +
i R VAR B 55 O, DNA. 5475 288 =2 [) A 3¢ i 1) A DG 1
LRAEMH R BC(R) 40510 0.980 F10.946, 10 F19
SRR3R, RBIX AR RUKIERE S TDy, 1Y
SERE SR 190 F1595 pg/mL, 11 Fl 12 5 HRBIX
K75 PM, XFBORE DNA [ 8 AL PESU TR B, 12 578
B R 500 g/ mlL B SRR R AT R DNA 45
15350 R 93% 1 82% , 1ha WU 4% DNA 51405 ™
i, HIRE AT RRSE KU KGR S 11 58 [R], AT KR
FE A TS el A —FE T8, XBIX A ZE TD,, F- 3
553510 95 #1139 pg/mL,

BEAh KT S S H R 2 SRR A AT T
G3HT. PM, FE  TDy, 4 FE R K ¥ 16 7 3446 43 51 R
240 F1340 pg/mL, 14 SFER PM, X DNA B0 %
KT 13 56 fh, 14 SFEWE N 500 pg/mL T, XF
DNA & % #5493 %53 3 73% F1 82% ., A 5%
S ST TR /N, {E B T Y R X DNA 1Y
PRI TR RAE XN 5 R AR R R 5
SR YRR B L T B A AR E /N
SR A [RIARE o S WA ) 75 s [ B0 38 A7 57 ok
(128 S P R ) FE A LU XM 2

M3 0] DL E WA P T0 L A B 2= 50k )
TD,, (B L 25 S | 238 43 10kE ) X DNA 19 4801k
PE G RE AR B R F KRRy, HERRIX PM, %
PRI 7 RE 7 KT 217 X, H A& 21 X RIRR X 45
Yife 1 22 IR K, A TR 2249 AH [ b o5 4 4 38 43 19
TDs, EL2E AN, T X K 3B 4 1M 5,2 A9 5 A
SHABRIZ=ATHE i TD, (H 2208 K, 2 F1 9 SHE

2008-12-08 A RFER KA (S FHES) , e R R
K6 m/s, TR N 134.0 pg/m’ , PM,, &FEFIKIE
FEXTBORL DNA B4 493 38 5301 2 360 1 510 pg/mL,
H/NT AR 0 ¥ 95 F1 139 pg/mL, Ui W]
ST R XK SR T B Jo U ) 1 M 955
2.3 SRR XA DNA B93RG T

— MR KA IR AL S i Il ROk F K
Y143 Trich 2872 TUIHE Y e 46 (1 K B0RL 4
HEOR R 5 R T Il B E N (AM) B AE Y
JNE ., SEE NGRS KR 3 AT T B0 A3 B8 K
o3 B T I V5 Y 3 S0l A R TR) ) e BE TR R AT JB R
DNA PFfr, NFE 2 AT LUA Y, B Z00 X AR X 4k
FIK B2 %5 DNA F 4 475 23 22 Sl B, 2 W S0k 4
() AL 5 BE ) 5 0 ) v R K s 3R 4 #R A
BARKFR, ZZMIX ABIX AL Z 50 A R RK
VEEB 3% DNA A4 4 22 580/ 0N , 1 IO 4 1 4L Ak
PEITRE 1 3R IR TR T KR4y

3 it it

MR PM SR B BE B3 AT 45 2R, B 5T
ORI X BB DNA 458473 301« 77 X 4 22 > 28
XAESTRAEFSMXEFS>TX A E, LRA
DX PM,, AALPES 17 fE J1 s K T R 211 X, (HA =
XFIR X RE S 22 3 A K, H 2 PM, o Bl ok R
T4 Z BRI DNA I A A e /N T4 25 1t
WA A BURL o i e JEEBOR , X DNA. 45 £t oK
AIRE-S UKL ) ) 28 RRBURL W) T e R A A
KB H I PM, R R 2 T
PR, 2 /b5 PM, S A S HEAR K %
S R A U R A, {EL B SR 0K ) X DNA
PR, WHOWIE S L5 A2 W IR A 00RE, 5
S PM, TR R, AT BE 5 BRI UKL 19 B0 1 43 L3

LA KRR, BRFE R Tt — 5T
4 % it

(1) [l Fsf 1] 401 1, >R £ 1) R A0 URE ) %) DNA
(AP E A 1 B 0 22 K, HE TD, AT IR 2 43 g/
mL, WA 2 600 pg/ml,

(2)FIiili &2 P, AL EB e s K T2



654

%X

#® 2010 4E45 35 %

& H S RERUKE R TD,, 553 % R 302,653 pg/
mL, & ZE LR RIK I ) TD, (B 5 58 85 Fl 133 wg/
mL, HAPE 2 PM, AR E 715 PR K %
IR HRA BRI FR A& 2= PM,, A AL 14 1 g
T BB T KT

(3) TERFRNEFRFIR T B PM,, Y

AT /ANTFAR KRR, M 2230 4 A, AT REE i T
PNAPSERIE7/ LN (T

SEN WK

(1]

(2]

[10]

[11]

[12]

Chang C C,Tsai S S,Ho S C,et al. Air pollution and hospital admis-
sions for cardiovascular disease in Taipei[ J]. Taiwan Environmental
Research,2005,98 :114-119.
Agopyan N,Bhatti T, Yu S, et al. Vanilloid receptor activation by 2-
and 10-pm particles induces responses leading to apoptosis in human
airway epithelial cells[ J]. Toxicology and Applied Pharmacology,
2003,192.21-35.
Baulig A, Sourdeval M, Meyer M, et al. Biological effects of atmos-
pheric particles on human bronchial epithelial cells comparison with
diesel exhaust particles [ J ]. Toxicology in Vitro, 2003, 17 567 -
573.
Hunt A, Abraham J L, Judson B, et al. Toxicologic and epidemiologic
clues from the characterization of the 1952 London smog fine particu-
late matter in archival autopsy lung tissues [ J ]. Environmental
Health Perspectives,2003,111(9) :1 209-1 214.
Tao F, Gonzalez Flecha B, Kobzik L. Reactive oxygen species in pul-
monary inflammation by ambient particulates[ J]. Free Radical Biol-
ogy & Medicine,2003,35(4) :327-340.
Obot C J,Morandi M T,Beebe T P, et al. Surface components of air-
borne particulate matter induce macrophage apoptosis through scav-
enger receptors [ J ]. Toxicology and Applied Pharmacology, 2002,
184:98-106.
Soukup J M, Becker S. Human alveolar macrophage responses to air
pollution particulates are associated with insoluble components of
coarse materal , including particulate endotoxin[ J ]. Toxicology and
Applied Pharmacology,2001,71:20-26.
Schwartz J. Air pollution and daily mortality : a review and meta anal-
ysis[ J ]. Environmental Research,1994 ,64:36-52.
Chapman R S, Watkinson W P, Dreher K L, et al. Ambient particu-
late matter and respiratory and cardiovascular illness in adults; parti-
cle-borne transition metals and the heart-lung axis[ J ]. Environmen-
tal Toxicology and Pharmacology,1997 ,4:331-338.
Pope III C A, Dockery D W, Schwartz J. Review of epidemiological
evidence of health effects of particulate air pollution[ J]. Inhalation
Toxicology,1995,7 :1-18.
Englert N. Fine particles and human health:a review of epidemio-
logical studies| J]. Toxicology Letter,2004 ,149 :235-242.
TR, EHEZ . 22 DR T R A HLR U B B0k
ARG )]. RS R, 1999,16(2) :96-97.
Ding Guowu, Wang Xiaoyun. The study on the mutagenicity of the
organic extracts from ambient total suspended particulates in

Lanzhou[ J ]. Journal of Environment and Health,1999,16 (2)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

96-97.

FRICHT  ARARHE AR U RSN URL ) T Y M) R 3o % 7
BRFEL )] LS HHEZR K ,2003,1(1) :3-4.

Zhang Wenli, Xu Dongqun, Cui Jiusi. Air pollutant PM, 5 monito-
ring and study on its genotoxicity [ J]. Journal of Environment and
Health,2003,1(1) :3-4.

Devi K D,Banu B S, Grover P, et al. Genotoxic effect of lead nitrate
on mice using SCGE ( comet assay) [ J]. Toxicology, 2000, 145 .
195-201.

Whittaker A G. Black smokes: past and present[ D ]. Cardiff: Car-
diff University,2003.

ZEGEIA. SR AT ASORL ) B A S ST D] bR R E T
P K2 (dERT) L2006 :86-99.

Li Jinjuan. Study on the bioreactivity of inhalable particles in cities
[D]. Beijing: China University of Mining and Technology ( Bei-
jing) ,2006 :86-99.

B IERE. 22T A PM o B 4 BRI 25 4 AF e 26 g 16 P 5
[D]. dbst: P EG R (e at) 2007 :99-114.

Xiao Zhenghui. PM,; in Lanzhou air: physicochemistry and bioreac-
tivity[ D ]. Beijing: China University of Mining and Technology
(Beijing) ,2007 :99-114.

X EE B, #85EAR, WKV A, 45 TR A T T RS P, #
PM, 157K 7 B A i ST RAFAE [ J]. B85 4k 2%, 2006, 25
(4):516-517.

Liu Zhangxian, Cai Baosen, Zhang Jiangshi, et al. The pollution
condition and trace elements character of PM,, and PM, s in Ping-
dingshan Henan Province [ J]. Environment Chemistry, 2006, 25
(4):516-517.

B S, AR ISR, A ST AT AR ) 0 B
FEAE S AR E TS M. Ab . G R, 2006 :161-165.
Shao Longyi, Yang Shushen, Shi Zongbo et al. A study on physico-
chemistry and bioreactivity of inhalable particulates in urban air
[M]. Beijing: China Meteorological Press,2006:161-165.

Shao Longyi, Li Jinjuan, Zhao Houyin, et al. Associations between
particle physicochemical characteristics and oxidative capacity: a
nindoor PM,, study in Beijing, China[ J]. Atmospheric Environ-
ment,2007 ,41 .5 318-5 319.

Amborz H B, Bradshaw T K,Kemp T J, et al. Role of iron ions in
damage to DNA | influence of ionizing radiation, UV light and H, O,
[J]. Journal of Photochemistry and Photobiology A. Chemistry,
2000,142.9-18.

Imrich A,Ning Y Y, Kobzik L. Insouble components of concentrat-
ed air particles mediated alveolar macrophage responses in vitro
[J]. Toxicity and Applied Pharmacology,2000,167 :140-150.
BB B JE SC, R BALL, 55 JUaT PM, WA M) iE P S i T R
IARDGTERFSE[J]. P EREE D $,2006,36(8) :783-784.

Lii Senlin, Shao Longyi, Wu Minghong, et al. Relevance of PM,,
bioreactivity and trace elements in Beijing[ J]. China Science D,
2006,36(8) :783-784.

W52, BB S, Jones T P. 3115 KA IR JB0kE 40 % Sk DNA
SR 3 [ 1] Bl 4, 2004,49(7) :673-677.

Shi Zongho,Shao Longyi, Jones T P. Oxidative capacity of the in-
halable particles in urban[ J]. Chinese Science Bulletin,2004 ,49
(7) :673-677.





