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o OE: km%ﬁ\h%ﬁ’/\ﬁ‘ﬁ%%éﬁ S EHRGEE AR EE, LEAMETFT (PM,;, fine particulate
matter ) B AR AL, ARG RG T LA R B, PM,; 69522208 545 AR 2 AT AT R4
e /\#fr;ﬂ‘—ﬁﬁmi)w]k 5B AP AR L Aot XA A TR E#— TR, AT ES S
M, RARET PM, REFHEWAEBER,; NBT PM,; 5 HEMRG T ZERHBFTB; R YA
PM,; 82 m (15 PM,, REIAS . RRARR. REZFF 6% h) ; ILEPM,; FEZAERAMH AL F
ERRIL . A AMIEAR S N E ik, MAT R WA R 69 A £ %69 PM, s R AERAE ., BT
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Update on the toxicological effects and mechanism of PM,
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Abstract: Background, aim, and scope The review deals with publications concerning the toxicological effects
and mechanism of PM, ;. The impact of atmospheric particulate matter on human health has attracted worldwide
attention. In particular, fine particles (PM, ) have a greater impact on human health due to their small particle size
and complex composition. As a consequence, identifying the mechanism of action of PM, 5 has always been a major
objective of atmospheric environmental science research. Materials and methods The review describes the types of
diseases caused by PM, s, the experimental methods used in PM, 5 toxicology research, and the toxicological effects
of PM, ; (including the results of in vitro and in vivo experiments on PM, s characterised by different components,
sources, and seasons), as well as the consensus mechanism of action of PM, ;. This review emphasizes that the

mechanisms of action of PM, 5 vary according to component, source, and season. Results Several publications have
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been identified that PM,; can induce a variety of diseases. The mechanisms of action involve oxidative damage,

inflammatory damage, DNA damage and mutations, apoptosis, and autophagy. Discussion Research on the

underlying mechanism of PM, ; might help to provide a scientific basis for accurately assessing the health hazards

and effective prevention of PM, ;. The components of PM, s and the mechanisms of action of PM, 5 can vary, as

can the target cells. Conclusions Air pollution is one of the main causes of global morbidity and mortality. The

discussion of air pollution control and the pathogenesis of PM, s is an extremely important issue. Oxidative stress,

inflammatory damage, DNA damage and mutations, apoptosis, and autophagy are the main mechanisms of PM, ;-

induced disease. The results of PM, s with different components, sources, and seasons from in vitro and animal

experiments provide a scientific basis for the accurate assessment and effective prevention of PM, 5 health hazards.

Recommendations and perspectives In order to better explore the mechanism of action of PM, s, toxicity research

methods employing in vitro and in vivo experiments should be developed and improved, and the interactions between

different PM, ; components should be addressed. Intervention studies on PM, 5 health hazards and finding effective

ways of reducing or preventing the health risks of PM,  are critical.

Key words: PM, ;; health hazards; toxicological experiments; health effects; mechanisms of action

R BE 25 ST Y A o Dy A ke B AR
XL B B & (Shang et al, 2017; Wang et al,
2018 ) . Wiki®y (PM, particulate matter ) , 4F %)
BA RN EHA/NT 2.5 pm (R (PM, 5,
fine particulate matter ) , ¥/, WERMHK, 5
W BT 4w . PRVEERY . AV . A AN R
G, X NIRRT R E S E . PM, s HSR TR 2 F
ZFE, XARESZ WA AR, PM, 5 £ 2T
o TR TR 2E R R OR A, (H L R e pIL ] o
AEHE . ARSCLRR PM, 5 BIMRFRIGE | BRI
HAMO kS ERAUER, DUH PM,  f@5Efe
F AR DTS AR 2B A P LR 2= AR .

1 PM,, HERREE
1.1 PRI RSG5 TR

PM, ; AR I [ B AR b, TR
AN, ﬁ“?@i/vuﬁ’ﬂﬂﬁﬂﬁ PM, 5 233 i
WP R I 1 2 R R 453 40, 3 A 8 o DU ARAE it
BB, BOGRBEAIN, Bl RSN, TR RS
PIR o ‘?fﬁﬁﬁ“@?%?@% PR E R LE R
PERFUE B B | SV SRR | 1B PRI 4E1L

PRI IE | R S5 P (9 A LR R AR PM, 5 (1

EABVIBER (B2, 2013)
1.2 BiFER
PM,; ez 5 &Y. K—[FiEAHELE

X7 H i re A 52 i ( Beamish et al, 2011) . i
1190 27 I 53 4 18 Uk ) 2 58 6 18 W 1B AN B
SO, ALAE S B R L ST T I e R A e
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( Ananthakrishnan et al, 2011; Beamish et al,

2011) o
1.3 O IEERR

AT A N, BEE TR T PM, s IAB,
SRBUNET T, FACER R . Sk LR |
O B0 B A O UL 4E BE  (Szyszkowicz et al,
2012) o BFFE R, PM,s MM 5 e R A SAET:
B P R BRI L O LA 0 S e 5 | 1)
FET- R Z M2 KA EMSE, HI¥AEEE X
(RABTEE, 2011)
14 RERZERE

PM, s it 25| R N RIER GRS 0. HFE KR
B, PM,s B A K5 HiAUE DNA ( anti—double—
stranded DNA antibody , ds-DNA FI4H fifd 5 AUAH O,

H B M R GEVE LT BEARAE 55 3 B Sy KRR Y 95

#1538 (Hadnagy etal, 1998) .
1.5 R&EEE

R ZEG1E (Mets, metabolicsyndrome ) H —
FINHE PG YRR (O MBI FRAE ) &4
YRS R ZR 2, AR IR . IfAE S5 . I
FrE A . — IR ARSI R B, AR
W EE T PM,. PM,;. PM,, REEH, fRIZR G
AEXS S, H B & 45¢ ( Yangetal, 2018) .
1.6

PM, s i AJ BB EURAE Y & 24 . B T H AR
JELEN R, ZE R AESE (2014) WFST T RE BLIA
NSNS BRI KRR . JET R PM, 5 2R
WREMIC R, SRR KRR SO s ik
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[ PM, 5 3490 B -5 988 e A4 B B e i S b AT T 41
JiR AR B A M LR IR ) R A R BE T 3R G i A O
[ AR (PC, pancreatic cancer ) & —Fh & 42 1%
PR, AT R el AR A Tk A R R Y P
1595 PC H %,

2 PM, WEEWRLR

BERROTE A S T B
2.1 fKSMREE
Y

RO B2 S R RSN R L e RE,
PH ML TS 0 20 JH0 XoF 2 0 ) SR PR AR AR A 4 4%
BEHLER T A, e MR R, 2

SCHRGEE, X 2T PM, 5 75 B 9 A5 AR L £ 7

RS R EE MY R EE LR IA I PM,s LR, W3R 1,
# 1 PM,; REHROFTEIRSI S0 40
Tab.1 PM,; toxicology research commonly used cells in vitro
il 5= 44 P HEE 225 3Lk
Cell culture Cell name Target organ References
Chen and Lippmann, 2009; Gualtieri et al, 2009;
NI A (A549) pp .
. Wang et al, 2011; Lippmann et al, 2013;
Human lung adenocarcinoma cells . .
. Pavagadhi et al, 2013; Alessandria et al, 2014
i) L132
A ﬂuﬂﬁﬁ. BLAIH ( K ) . Lung Saint-Georges et al, 2008
Human embryonic pulmonary epithelial cells
SNRNENT T 42 ( HEL12469
Al (5 ) Libalova etal, 2012
Human embryonic lung fibroblasts
TIEI, 2014; fEFKE, 20165
HBE kttt#EAE, 2016; K&, 2016
Human bronchial epithelial (Ding X J, 2014; Hua Q H, 2016;
Zhang S X et al, 2016; Zhang X, 2016)
ANTEE e - Baulig et al, 2007; Rumelhard et al, 2007;
[t Human bronchial 16-HBE 5 “hg BOMEHA4E, 2012a (Qin H Y et al, 2012a);
ronchus .
Cell epithelial cells Human bronchial epithelial M4, 2012b (Qin HY et al, 2012b);
monoculture K K&, 2015 (Ping F F et al, 2015)
BEAS-2B
systems i Oh et al, 2011; Dergham et al, 2012;
Immortalized human .
. - . Longhin et al, 2013
bronchial epithelial cell line
NG ONC NN 2 NHNE s
AL S () it Rumelhard et al, 2007
Normal human nasal epithelial cells Nasal cavity
/IN BB I 2 P N A ( RAW264.7 ) JilTR73 Cavanagh et al, 2009; Jalava et al, 2009;
Mouse monocyte macrophage leukemia cells Blood Steenhof et al, 2011
NIBFFR P % 48 (HUVEC ) 1K= W2, 2013; 24P, 2016
Human umbilical vein endothelial cells Vascellum (Fan L L, 2013; Qin M N, 2016)
IR (HepG2
T RER) Hanzalova et al, 2010
Hepatoma cell Jiis
U | B2 20A ( WB-F344 Liver
OB E{ H]H_ X ) Topinka et al, 2008; Andrysik et al, 2011
Rat hepatic epithelial cells
i E AT (AM ) A1 L132 41
Alveolar macrophage and human embryonic Abbas et al, 2009
pulmonary epithelial cells fii
A549 A AM 4Hfi Lung
Pt Human lung adenocarcinoma cells and alveolar André et al, 2011
Toxicity of co- macrophage
culture cell BEAS-2B il A549 4 fits
: o . SRR o
model Immortalized human bronchial epithelial cell line and Gualtieri et al, 2010
. Bronchus and lung
Human lung adenocarcinoma cells
A T 4B EL VAR ( MDMs ) L
Human T lymphocyte and human monocyte-derived Blood Long et al, 2005
00!
macrophages
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PM, s 75 BRI 5% (0 O S0 4 i 35 5 . e LA IR
Fhan M sc s 32, WL SR, YeBE, fRAR
R, RAELNMIAY S, TR PM, 5 1Y 7 2
BL o SCHR 41 18 R FH 0 A S0 20 M Fh 2 A7 il i
FEAN L (A549) . IRl b B 40 i (L132) |
AN X A4 BB 40 i (HBE, 16-HBE, BEAS-
2B) . IEHW AL LA (NHNE) | /D
F I3 40 B I 40 A (RAW264.7 ) | A B i ik
WO 4l (HUVEC) | JiF 8 4i il (HepG2) .
N i i B 2T 44 40 e ( HEL12469 ) . AFIE -
B 40 ML (WB-F344) o Rk &1 (2016) R HI A
SCRE TR AN LR T PM, 5 B R X 2 B
FALIRN, 45 R BN AR R PM,; 1
A S AU b B A0 A5 R AR, O HAZ R0
P 4 (ROS, reactive oxygen species ) . N . [i§
(MDA, malondialdehyde ) DA A 4 fifd v i — 54k
A (NO, nitric oxide ) T, #H Jifd v R 1 e 2 il
( ACP, acid phosphatase ) . B&Ph:wilRMHE ( AKP,
alkaline phosphatase ) . # & 4L ¥ B fLRf (SOD,
superoxide dismutase ) [F{fHEREAR, X% (2015)
WIS T 4 2% 0 5 0T it e 15 Wk 48 1 w3 BRAIL A,
il 36 5 05 40 43 3 A O wg-mL ', 33 pg-mL ',
100 pg-mL™", 300 pg-mL™" Y &, 5K 45 &
B B PM, WREERYTHE, v E e 20 B A0 A7 1%
AR, SOD itk A H Ik ALY ( GSH-Px,
glutathione peroxidase ) 1HPE T,

bR TR SR YR, A m 2R
PRMIGE, 1AM 5 L132 4IiE3ER % . AS49 5
AM L1557 . BEAS-2B 5 A549 $E85 3R . AT 41
5 MDMs 15 7%, Abbas et al (2009 ) i i A AM
55 L132 4R L B SR BB o R h # P
HHLEY (VOC, volatile organic compounds ) .
Z¥J7)% (PAHs, polycyclic aromatic hydrocarbons )
Mo RAERZm LS, 250 3R0]: 7Ems
F& LI32 4fifaif, 2 PM YLsg)a, diffrhanif s
fit (CYP2EIL, coniferyl alcohol ) . 4 fif (&, % P450
WV i (CYP1A1, cytochromeP450) . 7+ bt H ik 5%
3 %% F% [ (GST-pl, glutathione s-transferase ) .
A T NADH i & i 1 (NQOI, human NADH
dehydrogenase, quinone 1) [¥)3& K RIEHE I, MifE
5 AM SR LA Z 50,

André et al (2011) BF5E 1 55 55 F 3L B 5
A549 5 N\ Jili ¥ W 40 i rh PAHSs R A £ A
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DNA &A%, & BLAE il B W40 i b PAHS
S CYPIAL FEHFEE, M7E L132 4 AR
SR, 288 T PM,s I AM, L132 FL4fffufsisl
R B B DNA &P A .

Gualtieri et al (2010) #EH A549 5 BEAS-2B
SR, AT T PM B, BEE T AT PM,;
) BEAS-2B 4fiffitlr, W 1A 2250 S44EIR / 45 M
VAR, ITAE AS49 HE A SR BRI, L
EEERRMT . RAMIEXT PM YO AT BE-S 4 AR
A, IR PM FRE T B fih 2 A R AL
WARAE . 20 S5 A AR Sh R AT

Long et al (2005) #f%% T A T 4fififa F1 MDMs
XF A CF C/Fe kL (1m) B9 B, LDABFSRE
PM, s T 0kE R X A e i s . S5 5R36HH: T 4
I 5 oA 2 B 4 R A 245 4 7L Ak TR XS T o R ) A 0
fiEF1, MDMs Xif I 2 70 f) AT 4045 50 5k 110 7 e
DA
22 P

RN B B AA SIS L sh ) ( 2/ NERL) g
BEXTS, WA RN, S siasE .
M FEbR. H T PM, s IR 5250 A LU JLF
PEHE: RERERE., SSKEEELEREW
AYRE . ISP IAEE T B A Y5 AR
VIR
221 SAEEE

SR PM, s TR RO ZT A IR 6 v T A £
) —Fh eIy, SRAE PM,, WUk, BCHIS PM,,
PR, DA T = A Sh Ay (AeRk,
2016) o PR ke, s>, s
BE T, BRI Shaie 5 A SERR I i #
YIRS R 2 225, R EBIRIpLIR K
222 ZHREERGERGERA

Ying et al (2014 ) W28 s SRR AR RGNS
B/NERLTE, DFIORAEIREE PM, 5 URLAY.Co 1048 5
PR R PR iYL, RRRON I i Y B 50
ER FH R AR 5 12 HL AR R4 i B 4
223 EIGYLAEE N EEWA

Chen et al (2013) FFEETTH PM, ; FREEH/)
L E F 0PI e B SCIG, F5E PR R ) B R
1 E ( ApoE, apolipoprotein E ) ik 5% /)N B, 8l flik i
feisgm, R ARKYTE . Z TR E PM,,
EREE Y F RS, BRT PM, 5 15 UL e M IX T
Pl
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224 REKIES
AN, A 50 R TR DK T 5 0 O i iE A 7
PM, s RN Y RE. PhITSE (2011) FEWFSE PM,s A
(] 84 X DR BV I8 B MACAR - i 7k S I 5 Wi 14 S
o, IR
3 PM, WHERMN
3.1 AEASHISE
WO — PP 22 . ARSI . AR5
R BURIR S, oAb 2 21 45 Bl s (B] 2 ] 9 22 4k
MAEfL, PM,s Bfb2= 4R IR], X A A Y
SEMA A E FHIBL B Z AN A
3.1 KV TR BN
IR TCHLE 42 PM, 5 19 E 2 A4 (Putaud
etal, 2004) , AT G ORLIR B2 5 O IR FE
SR 5 ) SRS TS TR R At R 00 1Y) ol S A P o
( Grassian, 2001; Cao and Jang, 2010) . Zouetal
(2016) FIFI A L Fz AS49 PRAMEIN K 7 S+
MIBETEVE . S5 RI: ZKU I B vl B R AIX
AS549 BYFFIE R, HXFFLIR M 2 M (LDH, lactate
dehydrogenase ) B¢ i 19 5% i #2 /)y ( Okeson et al,
2004; Geng et al, 2006; Deng et al, 2007 ) . 4
IS F YRR IE 1) AS49 JEAS KAy, it i
STHLBEIER AS49 TEZK I B A 38U i 4 i kA=
AN EAZAZ I IR MRS 58, U] PM, 5 K
PEBS TR LIS A549 N ROS AR R ZRi AR,
A R A T R AR A4
3.1.2 THITRFFHAN
WORLTCHLIC R F 2k A RIRT-W-L F N Ry ok
B SRt RME, &5 R R
JEAE, FEJEH TR (Fenton) ™4 ROS
50 DNA i H.3o % 4 Js i 1k ROS /2R 1. £k
PR RERRAS . 22 245005 AL 2R 11 R ( MAPK,
mitogen-activated protein kinases ) . A & 11 i 3
(p53) FE b 2 R 1Y R A 20 IR 2 11 K i T
( caspase, cysteinyl aspartate specific proteinase )
FSOE BN JRPTIR T8 B k49 -2 (Bel-2,
B-cell lymphoma-2) (Pulido, 2003 ) B3k 4
ML
Chen et al (2018 ) RAER HUHEHL PM, s HEATIA
HMREPESES:, & PR A U 428 AT REJE PM, 5 4 Y
FEPEM I EIR ZK . Serensen et al (2005 ) KiEKE
Pt 48 5 A DNA i 2 Rl C R, 2 8-

FHE -2 AR (8-0x0dG, 2-deoxy-7,8-dihydro-
8-oxoguanosine ) K F&fE DNA i {7 i F2 &, 2%
FEHMR A0 A 8-oxodG ¥k -5 BRI e i i 3
G, PM, s H AR 5% AT RE7E 5 5 %A fk DNA i
bk EEAEH .
3.1.3 AN RN

TURL H () A B S P 2 DDA OC (Lidén
etal, 2003; Billet etal, 2007) . Hikirf A HLIE
By & e EsE Sy, a0 PAHs, Al
VL DNA G, it A R4, S5 DNA
1 05 19 JE B ( Feilberg et al, 2001; Schnelle-Kreis
etal, 2001; Danielsen et al, 2009 ) . PAHs &KX
T ERARBEATG YY), HR AR 2 S B0
I GIPERSW TR T R R DNA $i45 ( Yang et al,
2017; Zhangetal, 2009; Wangetal, 2011; Pieterse
et al, 2013; Yue et al, 2015) . Ferecatu et al

(2010 ) %K BURHSERY PM Xt MRS R 40

AHRT AR, 5 WRHESURL I B KPR 53 R
PAHs J§/341 5%, PAHs 5RO T~ 32 22 0d i
LERLARIRIEAN 1), PAHs R BEBLTE 41 PN 5 7 ik
L& ( ADR, aryl hydrocarbon receptor ) 155
e GiE %, ADR IS5 T AP TR
HH, B R AR LT ] LEA DA IE R 54
HLUEE (Kuwano, 2008 ) , il s <44 BES
J& (Churgetal, 2003 ) FIEEHE,

iK¥ (2014) JT A549 BHUBRIE LG Yk AR
W R GEI R, IR ARG 1,2- %
fit (1,2-NQ, naphthalene-1,2-dione, ) . 9,10- JE
fig (PQ, 9,10-Phenanthraquinone ) . 2- H! 3& B i

( MAQ, 2-methylanthraquinone ) . J& i ( ACQ,

acenaphthenequinone ) F12- FJE -1,4- Z5fiit ( MNQ,
2-methyl-1,4-naphthoquinone ) X} A549 1) 2 fitd 7 #§
YER R HEGEE LR, 2 — 2D Bl 2R & o A
WA E . Z5RRM. HAERERAE DA
[) 2 B b s A AT T . A M RN ok AR 61405,
FR PQ ARy PURN IR 2815 W 2l 5 3 CYPIAL Y
ik, 1,2-NQ 1 MNQ 1] 52 DNA #if53, 1,2-NQ
WL, Ca® W THE .
3.1.4  NERFHHON

NBE 2R A2 == CC B M 200 T At i v ) — ol ol
4y, MR ZHE (LPS, lipopolysaccharide ) ( J#
WA, 2005) , YAHPEAE TV B N T
ISP AH S SR ok . BRI F2h 2R

DOI: 10.7515/JEE191005
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JERT A, WEERIEANUERIE T LIS GIEEE
BEf . N RE R IR vE SRR P I8 N BE LSS . PM,
REBC I AR T2 Rrh, SR S 1E H AR T
A 2 0% 2l A T RE o R e b % 1 2 25 <
o, SRR T PM, s B, BN R AR Y2 A
LUik7/BUN RS E S IR SN Ry AW =14
R, PFRERV: NWEERETENIRE DR —F
BB (Teeuw et al, 1994; Michel et al, 1996;
Candida Rizzo et al, 1997) ; 25 Pk & 7% b
FEFE ) AT V1 PN 5 2 AT e 02 a2 M v 1 s 4 i A il
AR SEIR 7 ( TNF, tumor necrosis factor ) , 5|
EHE— M RAE (Imrich et al, 1999) . WHRS
UL 2 43 76 X WL 3 Bl 45 473 ) 7] e A7 AE BRI
FH, 8 B ATE NS N RER IR 5 v D
3.1.5  BRASPEERIALN

R Gualtieri et al (2009 ) #F5%, 7ESRTTHLIX,
WUk A HlAk (OC, organic carbon ) HY/KIETEFIA
WPELLIAHSE, MICER Mk (EC, element carbon )
SESEEAE T K, Steenhof et al (2011 ) A Fifaf %
B Hb AR B BURL ) B T A R OC R R . A LIRS
57, X RAW264.7 20 il 1) 25 Pk 52 5 3% 1 A Ak T
R, FRBTRRFIA AR A f2 205 M e s o
3.1.6 AR PIEERIALNY

PM, 5 W B () 28 ) ] 68 5 s e o o AR P
REIA KLZR (Caoetal, 2014) . B RESE
(2003 ) KH: A7 Iy oKz SRR s e
FEIATIA 114X 10° A, T HE 3R H A A0 T e ] 3k
4.63X10" /> FEFMATOE (2010) 5L M-
7 BB SO SR T 3K 4.66X10° CFU'm ™,
YR = PM, 5 Fl1 PM,, 75 Qe i =F & 19 R A iUk
Y, Hhgi kM2 MR ET ], ZBIRHEIT.
SRIGTAITT . JEREERRTT. SRR TR BT (A
X 1% ) o TECEEMMAEYMIET, AL
C AT 5 | N 2k ORI W TE 0, 456 i R 4k
BRTA . A Ih @A AR (YRR R A 5 R
YR 2.0%. 14.5% F16.5% ) o Mo, ili 4 ak
WA SRS R % (CAP, community acquired
pneumonia ) fizH WL AU A, © MIE 50% 1) CAP
IR sk (Caoetal, 2014) o
32 AEZEY PM,, HEEHN

WORL ) 7% g MEEPE S A OC, A b
5 RURL Y 4k 5 2 5045 G Perrone et al (2013 )
5T T B RA AT/ LI K 22T X, S8

DOI: 10.7515/JEE191005
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A2 11 DX P9 S AN [R] 2545 1) PM, 5 Fi PM, 194k
AT LA AS49 WIHEIRON . S5RERM . FRE
ZE) PM R B S TRA 2, HERKER PM 155
ROS A& i 7 1 b A 21 0T 2, iR oK =2
X[ PM B HE T2 DNA #5165, XAl REH A FK 24
FH TR SR AR B IR IR
Z, H&E Gmmim _Aa L&Y, Fxtgn
MR B2

Chen et al (2018 ) Kl T Fg 5t K Hi PM, 5 X
AS49 2B EE e, S5 RRWIA TR PM, Rt T
B, FEERMIELTE PM, W E ARk BE I
SR AN S ) H A ZE LDH /KA i T2 2,
AR R A IRV BE PM, 5 FE{IK SOD /K= T 5
2, MEZF KB PM, FEAIE SOD /K- T4 2,
AT REAY R B R PM, 5 A i R 28000 1 4 T 1Y)
WOk R T4 2, (HAZE PM, iR 4>
J& 1 Cu, Mn F1 Co iy RS, B 6EL
PM, s i 25 554
3.3 AESKIE PM,, S EI

BRI S 2R G, Rz sh,
ORI Ak 22 A B e THECIR ( Dingenen et al,
2004; Stone et al, 2009 ) , A [H] S J5 Y Fk 4 B
AR YRR
33.1 ZRBIE

Seagrave et al (2006 ) R4 T 9% E ARl 4~
BARFMEH S R FREEORLY , o3 A BT L
HFEA S ( BHM ) A 56 ( — R & S R b,
SRR ERISSE A Tk ), FRIA M AR 2= R
it (JST)  (—3Ryii Hdh, 2 T84, W
THE., CFEMEEZE) , % HikMNeZi R
$r (PNS) CGIREG T AESE, FiE /),
B[ 7 B 25 M AR R E R (CTR) (A T AR FIERAK
H, SRRl N EZ AR ), R R MAEA
SRAERRI T, IST AL Uk ) a1 B ki
HAEEA, SIERIER R, 1 BHM {5k,
SRR AR HE CAE BHM RN IST P4V A5 ot
BRI, T DLYRZEHE R SO Tk HE s % <RE
LN
332 HEKIR

3 WIF 5% 2 BH b T 42k 3% 223 /S0 v RE A 4 R 440
P EAERERNSESE, Ktk s T HAk
JE Y 50k (Karlsson et al, 2006; Lindbom et al,
2006 ) , AL A Bl N 2k B TN A9 i e Hh AT RE
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23 I AR G A RE AR E 1 P T FR e ( Bigert
etal, 2008) , X nJ B2 UKL & & 4 )8 AU
Loxham et al (2015) 5% 1 Hb T K Guif . 2.
2 ORLT N TRAR SR R A Bk, B
HBORLY) T s Sk, BB TS A A AR Sk
P22 O T B A S o
333 TR

SIEHAR (COF, cooking oil fume ) J& VM=
W2 TGP FEZRR, A WT5EA 4 COF X A549
B2, T COF AiTAE B PM, 5 2 85 (1 S b 9
T-HLl . Dou et al (2018 ) SRAE T 5 5 il ARl &
T HATAER PM,s, X AS49 HEATIRAN LG, 4%
FW: COF RiLERY PM, s FEAR T Ay 40 i /g Al
UiRg, Jf 5T ROS W78, eAh, Bt
% (ELISA, enzyme-linked immunosorbent assay )
U R E A& -6 (IL-6, interleukin-6 ) 7l
TNF-a $#Hl1, Bcl-2-associated X [ 5 1 i ( Bax,
Bcl-2-associated X protein )/Bcl-2 mRNA HRHEE 1,
HAFEE RS, COF fiTER) PM,s B T 155 1%
S S IE N F (STATL, signal transducers and
activators of transcription ) HJWERILLL & MAPK &
My 3R 45 A 4% [ (NF-xB, nuclear factor-x-
gene binding ) FI4H ISR & P ( ERK1/2,
extracellular signal-regulated kinase ) . & i/

(p38, p38 MAPK ) . c-Jun Z LA SN (INK,

c-jun n-terminal kinase ) % fk.. COF fi7 4= B9 PM,
T3 AS49 MKk 4. P TR ZH M A 4, MAPK/
NF-xB/STAT1 345 A A 1 il Ae i J 2 A - 20
It S o A0 e S AL
334 AR

Vo BRI T R X EE WL H R K
FH, AR PM, WEZERE, KAV R
ff, PM,s W AE WD AR B0 i 3—5 %, Db
B PM, s XF AARFERR ™ A2 fE % o Lee et al (2014)
R, WARRBEARD L ERAER 65 F UL I
ZNIBET RGN 4.39% —5.00%, Lai (2014)
R, Voo Z AT AR S PM, s R EE,
g1 % B AL 2 22 Wi o AX3R ) P I 2R 48 9 9 A\ Bt
HHA N, Crooks et al (2016) #F5% 35 E H. 4%
A HE 1993—2005 4F [H 0 W R G5 . Lo L8 9%
g AR B AN S R B ST R R B, Wb g
1 BB T RGN 7.4%, VA5 B A
N I A8 96 O AE T 3 B U AR OC . [ PN 22 2 4

2007 —2011 4F 22 M F Z2 Vb 20 5% 5 PP WG 3R 48 92
SIABERXRMBIIERB, VA2 n] B G 34N
AT N M BH ZE P M0 A T T R SR ) 212
A BE F (Maetal, 2016) . Teng et al (2016)
TE 143063 44 2 VE.0 JILEE BE £8 5 19 A e if 5% v 42
VAR REXT T AR N 2O U B K AR
FEIRANE, T 2k O U IE ) &R . EF X
U B PM, 5 A28, BRFE 2 T 24K
FAML® B e, Horp = AL HE SO0 R . A Ak N
P, e EE . DNA Bt 55, 7F Watanabe et al
(2015) MUMF5EH B, Vb2 5% PM,, 25 i il 40
MO A % -2 (IL-2, interleukin-2) . 4% -10
(IL-10, interleukin-10) . [ 4~ & -12 (IL-12,
interleukin-12 ) FlI TNF-a 7K 3F 7} 5. Kouassi et al
(2010) WFFE R, PM, s FREal TR A P 4
JEICR NS, 4. BEL BK. AR Bk BRL B AL BE.
W5, SPE AR AR T A, S
PrEfL RGE AL, i BULIAR & 2B A Ak R s 13
TIHMB R R PM, s i FERRER 5 | & I Y S AL DR
I R AL R FRECR L, i ek A 1 A R
P B TE T

4 PM,; HFIEIERNH
4.1 PM, ISIBERNEIHRFE

AL Rk A0 A DNA 45145 B 28 25 J
H A ZE A 19 PM, 5 3222 (9 5 BEAE I BLEI, R
2% PM, s Wl 5 R S Ak 45003 . A 451405 F DNA $ii
i Je 527, WRICETFRE TSR HEoY, R2ILAT
PM, s B BEAE FBLHIBF D7 i 0 J5 8 . R, A
FEAR AN E 71

% 2 AI L. PM, =5 (1% 2 BRAIL i Sk S AL 4
i, RV S DNA Ak e 4r, b
3 T SFEAT A AT ) 8 2 S 56 R AR 7 S
TSI it 1) Rl 2 S 0 T B0 Ry A A T SR S 56 A
ANPR T SEE, MR L4 MTT 5256 Al
CCK-8 555, MTT SLEafaj R, (B2 frfeds
BRI 2% . AN A 2R A0 M5 PG S50 7
H T, CCK-8 S LR MUE o . X Anf szt N
MBS MTT 5255, (R 24 s e,
S OD {EL. ZHMLYE T2 86 Y 32 E 525077 A it =X
HRRACFIZEE WSS, SR 38, Bl
SRR IR 2%, SN IS0 TR B LUK A% S Tl
WL RS RO H A, EE AR
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Ptadk . ibkikds, R Rl e IR ] vk,
(AR IR 2 S5 2 AN KPS
ML, —EMNE A AR, WS4 22K
V-, ELISA Fil Western blotting & %51~ v F it A
AU FKOF LS S M5 0 5286 05, AN
BRI, AR R HSURBUALS G0, (AR
ELISA FER] & P M AT AG 1 22 5, 177 Western blotting
e Fre P e S A AR S A 32 221 g-PCR
2, DL R RMUE R . DNA Sl SHRAr 35
PIK 8-OHAG F#E 25240 32, 8-OHdG /& DNA
AL R A bRy, AR Dy ik

#1114

R R R AH 3 53 B I B AL 2 A I 2SS SR L A
A . ELISA ¥ . P J5fricik . GC-MS ik,
Horpr AR s s B PG . TREED L R
L TR REUE (PR AN e 4. TRIEAS
P, TSI ZE A 6T, ELISA BEHE (8
REER, HABAAEASSURN, B 2 (W =
SN PP EAM GRS R, O EREA R
— BT E FE; GC-MS 7 ELE & B AERS iff
S3Hr i 8-OHAG MR EE, (FJRBIA S . B R S
A E BN DNA SERIEA, 4505 EW, (HAA

B

#2 PM,; FREE LSO

Tab.2 Research method of toxicological mechanism of PM, 5

Colorimetric method
Cell survival rate

AL TfE:

CCK-8 it &
Cellular il

X Cell counting kit-8
functionology

A AL
AnnexinV-FITC-PI iz Flow cytometer
g
_ g
T
Annexin V-FITC/PT
Apoptosis
apoptosis detection kit P
Fluorescence
microscope
FEMe ik
= Hydroxylamine
sop AL
} W5 meihods
Superoxide IR
" Superoxide dismutase . n
ismutase pectrophotometry
E-gtd] i ;
o assay kit Hf
= Colorimetric method
Oxidative -
IR
stress SO S
s ot s pectrophotometry
experiment FRAEATRNG Ll
ACP DR
Acid phosphatase | Acid phosphatase assay Roeeicehbinet
kit Co/lorm‘letry
Tk

Colorimetric method

) Eistan S W5 T7 5 I i S5 30k
Experimental
Index Experimental principle Test methods Toxic mechanism Characteristics References
classification
Pos: TR PRbE,
Advantages: simple and fast.
e BEPRER; RilA R
T S %& ?M’Ei RS2 2% AR PPN
TR Perrone et al, 2013;
MTT assay . . .
Disadvantages: complex operation steps; it Chenetal, 2018
is not suitable for suspension cell activity
i) . ) detection.
. [COGAERS
fEatES

At

Oxidative damage

Mori: REER; EEMEET MTT; X4
Hg#ErE N
Advantages: high sensitivity; better

e, 2016
(Hua Q H, 2016)

repeatability and less cytotoxicity than MTT.
Shang et al, 2017

B ZRTRG YL, 50 OD fH.
Disadvantages: impurities are easy to dye,

affecting OD value.

P BRI, SR EW.

Advantages: beautiful pictures; more intuitive

KRBE, 2008; X,
2015; #EFkigy, 2016
(XuD Q, 2008; Liu T,
2015; Hua Q H, 2016)

results.
B PRIELIRE 2

Disadvantages: complex operation steps.

Ohetal, 2011;
EFkE, 2016
(Hua Q H, 2016);
Chenetal, 2018

Advantages: qualitative and quantitative.
Bt BAELIR .

Disadvantages: complex operation steps.

X, 20155

Rk, 2016
(Liu T, 2015;

Hua Q H, 2016)
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(4:#2 Continued Tab.2 )

B B SR 5 WRE Tr ik BEHAL] LR 225 3k
Xperimens
i 5 N—_— Index Experimental principle Test methods Toxic mechanism Characteristics References
classification
I L
Visible light
colorimetry
o e (LGRS
ATal e - & Colorimetric method fEFE, 2016
aline
e Alkaline phosphatase FLTTS (Hua Q H, 2016)
phosphatase X
assay kit Calcium cobalt
method
[CERRCATRES
Azo coupling method
e Tk AR5, 2014 (LiJetal,
MDA Wik Al e Colorimetric method 2014); X, 2015 (Liu T,
I bl . R 2016
A ; ; 20 S8
. Malondialdehyde Plant malondialdehyde TBA Bk BEAT A M X AT A SE R (Hua Q H, 2016);
zesa (MDA) assay kit = v . Sty Siats ’
L TBA method Akt Advantages: qualitative and quantitative.
Oxidative Chenetal, 2018
Oxidative damage o BAELIRE I
stress 3
X LT LRI SRR 1t EAERTS Disadvantages: complex operation steps. J%, 2013
t . .
experimen ) & Colorimetric method (FanL L, 2013); &G
actate
o Lactate dehydrogenase bR 4§, 2016 (Jiao Z G et al,
chydrogenase i
assay kit o i 2016); Chenetal, 2018
TR e H ki S A it X, 20155
_Px .
s DR & ok kil 2016
utathione
% Glutathione peroxidase Colorimetric method (Liu T, 2015;
eroxidase
B (GSH-PX) assay kit Zhang S X et al, 2016)
. k%
A
Colorimetric method
NO W A7 £ — - ARk, 2016
Nitric oxide Nitric oxide (NO) assay . (Hua Q H, 2016)
Nitrate reductase
kit
method
Soukup and Becker,
IL-6 I 5w E, W 2001; Becker et al,
Interleukin. 6 i 2005; £EJELS, 2016
nterleukin- R R P A BT A A A R A ) i (Jiao Z G et al, 2016);
e e e TEFEDR A 8 W PRI Chen etal, 2018
FE TR ST . . o
1L-8 S5 (ELISA) Advantages: it can be qualitative as well as Perrone et al, 2013;
To observe the color X . o . .
Interleukin-8 X Enzyme-linked very precise quantitative; simple operation. Chen et al, 2018
reaction between . .
IL-18 immunosorbent assay B A .
. enzyme and substrate, i . Shang et al, 2017
Interleukin- 14 . o Disadvantages: expensive.
TNF-o to quantify antibodies
. st
EA Tumor necrosis CRELTRE: RAEBH ﬁﬁj‘ﬁ%’ 2016
o2 r— Inflammatory (Jiao Z G et al, 2016)
Proteomics | Cjeaved caspase-3 injury fott: AT X, 2015 (Liu T, 2015)
Bcel-2 TR I LK Ad : ]‘ : . Ferecatu et al, 2010;
vantages: low cost.
B-cell lymphoma-2 | 4351 H 95 K ik . X, 2015 (Liu T, 2015
i . B western blot T F Ak, | 2019 (LuT 2015)
For \ Lo Sy
Bax ) GREETE S e PR A AR P B, 125K U 2015
B-cell lymphoma-2- Detection of target T
cell lymphoma: ] Western PR g . LiuT, 2015
iated X gene expression . . . Lo (G )
associate i blotting Disadvantages: western blot is more inclined
proteins separated by L i L
53 . to qualitative detection, quantitative can only
p polyacrylamide gel . o X i X, 2015
T i be semi-quantitative by comparison, with large 0
umor suppressor electrophoresis ; Liu T, 2015
gene of 53kDa error; and complex operation. (LiuT, )
[N SEFDESE, 2016
Tumor necrosis B A R b ’
FGTE PR % (Jiao Z G et al, 2016)
faciol PCR, Real-time PCR R
IL-6 5 o FEFEDESE, 2016
i3 _ SR q-PCR o Yo RAER o
- Interleukin- 6 o ) . . RYEM L ) o (Jiao Z G etal, 2016)
EEE Quantitative analysis Quantitative real time Advantages: high sensitivity.
) IL-8 ) . Inflammatory o Perrone et al, 2013;
Transcri- it @ of real-time PCR and polymerase chain o B AR .
nterleukin- inju cn et al,
ptomics Bax / Bel-2 reverse transcription reaction S Disadvantages: high cost.
B-cell lymphoma-2/ PCR \.Nltljl fluorescence X, 2015
Bocell lymphoma-2+| (uantitativeitechnalogy (Liu T, 2015)
associated X

(f§42  To be continued )
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(4:3%2 Continued Tab.2 )
) Ean SR 5E I B FR S5k
Experimental
Index Experimental principle Test methods Toxic mechanism Characteristics References
classification
LR G T
o Bt e, AERERED . MU PR 5 RIS
Jr AR SRR [y
. . RIBZ
HLAF S R }
HPLC-ECD Advantages: fast, less sample requirement, "
Quantitative FEEHE, 2003;
High performance wide detection range and high sensitivity. o
detection of electrical o - T R EHESE, 2005
) liquid R FETERBR AN SE A . VRV AR 55 7] i
signals collected . (XiZ G etal, 2003;
chromatography- BT AR
by electrochemical Wang Q et al, 2005)
electrochemistry Disadvantages: the problems of incomplete
detector after separation
enzymatic hydrolysis and incomplete washing
by high performance
interfere with the experimental results.
liquid chromatography
8-OHdG ik,
ML 5 A Y Mo BUEDrE, RIUE R . B
SN, FE PR Advantages: easy operation, high sensitivity
Eina and good repeatability.
ELISA 5245 . ; .
8-OHdG binds to BRRL: AFESS U, 5 B0 E {0 5 A, 2002
. Enzyme-linked
8- FRIL A ST enzymes, observes the HABERTHE (Zheng Q M et al, 2002)
immunosorbent assay
(8-OHdG) color reaction between Disadvantages: there is a cross-reaction, which
AL 8-Hydroxy-2 enzymes and substrates, leads to a high value and can not be accurately
J2 DNA deoxyguanosine and quantifies quantified.
vzt antibodies or antigens. DNA b5 K Hge s
Oxidative DNA Oxidative damage
stress and 2pbrie, BN, and mutation
dati . ; Poni: REBUER.
DNA oxidative ZEHUH A BRI E
Advantages: high sensitivity.
damage P labeling, » - . o . o
) °P JEARICEE et FEREAR, EXHRIEAN A —E R WRHEGAE, 2004
chromatographic » R
“P post-labeling TR E (Pan H Z et al, 2004)
separation and
Disadvantages: low specificity and certain
autoradiographic
radioactive damage to operators.
determination
ZEMEARTE, B -
o P e 7 400 B o L RE RS 8 60 4 07 1
HEE A A o
8-OHAG MYz . HERAAE, 20065
Separation by GC-MS
Advantages: high sensitivity and accurate MR, 2007
chromatography Gas chromatography-
analysis of 8-OHdG concentration. (Mei S R et al, 2006;
and qualitative and mass spectrometer o
s AR R - Mei S R et al, 2007)
quantitative detection
Disadvantages: high cost.
by mass spectrometry
B e LYK SE A,
: o . (B AN SR O,
WL DNA ERTEH SN o o
i o Advantages: beautiful pictures; more intuitive
RS The migration GERTNS 2, 2013
@ hology of Single cell gel results (Fan L L, 2013)
'omet assay morphology of DNA ingle cell gel o an y
) . B AR
was observed by single eletrophoresis

cell gel electrophoresis

Disadvantages: high cost.

42 S|

AALiif, 248 PM,s A NG, BURLY)
A Bf ml 3R T W B A e A B g e o A
Fenton 1Y i ) 8P LA SCRERI T g, A2 K
K riE A (ROS ), FERAEH % (-OH) |
A LS (H,0,, hydrogen peroxide ) . i % SR
(HO,) %, MALIAL AN BORE, TS

DOI: 10.7515/JEE191005

T 240 i FEE %) i ot AR Ak L B 1 T SR A K A A K
DNA (45, & W4 4 5 8 2= M 10 (Konezol
etal, 2011) .

PM, s H Y AT 1 20 40 FUAS T i P AL 43 AN
M A= A IR A RIAE T, i HLRE TS S 40 i
AREEMESE, HElsiksrdEshEa2 T
ARERS> (Konezodl etal, 2011) .
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SRR E A0 o AR P AV TR 28 /N
PREE R B AN 2 5 IR SR TS Y 75 ROS K-
W, BERT S 40 e 3 W (Moore, 2008) , &
O B R BRI, AR DX 2 5 g ) A Al )
S5 TGN E v NER RS, R
2L P A K ISR, ORI 2R I i 4%5 (Kiffin
etal, 2006) .

43 KM%

R, 245 PMys BEA NS, HLIA %
i A G PR 56 PR SRKOT- 38 R 55 R E A0 i
A KR A A R s, A -1 (IL-
1, interleukin-1) . IL-6 Fl [ 4> % -8 (IL-8,
interleukin-8 ) FI1 TNF-a 45, AL A2 RAE N,
AR PERG (Konezol etal, 2011) .

P OCEAE (2015) W2 T 2013 4R b 5Tk X
PM, s X AS549 [ RIEFMGIEH, K& BLFE PM,; ik
FER) T, TL-6. TNF-a 335 7KF W 5 36 5 bl
% PM, T WAt (Y 4K, IL-6. TNF-a Fik/K
PRI S5 . Honda et al (2017 ) 2013 4l &
T HART X AT X A PM, s 328U, BF58 & F L
R PM, s (A LB AT LA <0 e 20 e A
IL-6, H-5IERAER I
44 DNA R{FRHERT

H AT PM, s %f DNA By 5 WL 250N
A AP R DNA N4 9% L

(1) AmEAMBOGILE: PM,; i FHLIA
FEAE H IR R LAF LS O Y
SRR ARNGERBEZEEE T, FECK
= H AR @ PM, AE Tl 96 1 Bz 4 i A
I 200 it A ML AR 45 R W AN R S O i 3 4
;3 PM,s — H B R ML A0 — A i3t
Hpl; @EFRYARGESHESNABR, Bk
LR 1X10°—1X 107 4~ [ 1E; G PM,, 2540
HIPY Ca™ BT alB AR, RN Ca” RSkl T
3 DNA F&ff . f23F A BB © PM, T il
PAHs 7E/R QI P2 R B3 i . WAEBH i 1
(e, 2013) o LRl A m3Enrs]
i DNA LR 347

(2) DNA Jin & W IE AL il . PM, s BET
ZREA B, BUE. BRAR” BV,
FEJE PAHs, filln: ZRIF [b] 2B, I [k] %K
BRI [a] BB, =R [ah] B PRIF [ghii] B
%5, PAHs 7ER AR Ak o — & BRI E AT

(a) ¥& (BPDE, 7,8-dihydrodiol 9,10-epoxide benzo
(a) pyrene ) Jf 5 DNA 2% Fl{i 25 55 G4 b 34 24 56
viis & 25 45 i BPDE-DNA & 4. 53 4h PM, 5
WA — L4 J& 153 7T 51 DNA JE &9,
4 Fe”'. DNA Jin& %) 207 DNA 19451, 1R iE
Mg, NiESRA R4S (Schnelle-Kreis et al,
2001; Danielsen et al, 2009 ) , JHEfkdIL RN E
HEEDI IR, S IBLAA s ) RUR
45 AT
Liu et al (2015b) #F 5% 1 =5 9 b 48 P51 B9
PM, s X JEAC R LA 1T 29 b i g sz, & 21
PM, ;s e85 [ fifiies 11 Y I B2 s A E R, AL
il AT BE 5 3 iR AR AL R A, I N T iR
SN B T AR DG, XIIEAE (2015) AR
JR T K 5 PM, 5 AT 55 |t g 1 s 240 i 4 2 2R A I
s, IEoERAMpIET,
4.6 ZHBR B
A B W AR T BURR PR AR AR AE T, A

X 457 22 M P A 03 i — b Sl 50 4 M 0 28 O
AL AR 2 B B | S A A Y A 2 A R 1 o A
Ko F 76 Ao A0 28 1 48 3f vh oK o P i . S A
Jt B A N R 0, T B R kL iR DNA #1405
R SR A i Ji S SR AR 4, DT S B0 H W Y
& Ao Dengetal (2013) J§ PM,s T i A {k 4t
Bi IR AS49 ANl i, WLEEE) AS49 KL T A ME,
Bifi 75 PM, s 1 Fl v B 0 F0 B[] () 386 T, B W AH
KBy s 45 & & H 483 (LC3, microtubule-
associated proteinl light chain3 ) B @ FL R, H W&
A 1 (AtgS, autophagy related 5) 1 [ W ik
(Beclinll ) mRNA 1) % iAW 1 £, Liu et al

(2015a) H PM, s -+ i {4 5h 55 3% i) BEAS-2B 4
M, R AT SR YLt B s Bk
SEITENE T PM, 5 AEHS155: BEAS-2B 4] 19 1,
AL AT g5 40 6 M A 18 s 1 UL s iy ( PIBKC,
phosphatidylinositol-3-kinase ) / £ FH## B ( AKT,
protein kinase B) / Wi FL 2 ¥ 7 A %5 %= ¥ & 1

(mTOR, mammalian target of rapamycin ) {55 %%

Sl A
5 MIREE

PM, 5 (R AN R Mg A, PM, 5 REERAF
FLEPFFAD R, HAFE—2ARE: (1) Ik
g S H— A SR T 20, MELRERA
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AE I ESCRAL, HARZ LA R a4 R,
ARERIEF AL GO ;  (2) 4 )6
TR BE 10 AH A IR 50 78 B — 20 i 855 55 v R BB S
B, B ARG B I A e A S 1k
PREEE, B SE T AN R DAL P B O
(3) PM,s FOL AR 2R | IXSSURR IR B AS [A] A7
TER RS (4) PMys M ECH R 2, PM,;
SERIURL . AR R 22 R ANTE RS, PM,s £
Wy, PHS B ERATFZAMETE, PM,;
5 HAD TS G4 9 i BCEAE H & U R 8 2 35 40 A B
s (5) SR RS 2 R e 77 = A 2k
Yerg, ARMEE SR WLSE PR AR EE S O

T IAMFER S HAPIFRAL, TTLLH
EAELV T I BIG S5 (1) KJRHSEEAK
AN RE A ST O v, TR 22 A M L G 3R i AR A1
BEPESCNG, WAPHBBIIL AR 2L, a8 B H A A
IO (2) IEARARE, EXTAR A2
BN s30T, JaE PM, s B 25 23 A0 FTELAL R i T
g%, OIS A ARGERR B EAR AR R E N IR
(ZEWNIR) PM,s TR HETSY, REEHT PM, s 1E
ANEI B . ANTRIHB A S R R BE 2R T X 2 4 g
HAERE MR HAEN;  (3) W5 PM, s AR
(1 B B R 1 RN 22 41 0 L R SO VR AL, 16
T PM, s 5 HAWE 2B & 22 EALE ;. (4) &
PRGNS Y B AR LS & T s iR N EE B,
Pz Al 5 R B SR EE IR PM, 5 (I 5]
TES M, B RBSIPRAREE N 0L, RS A PM,
TR N AR R 2 i SR ELH]; (5) 516
JIE PM, s 75 BEAE LA OB L, TF I PM, s i RRE G
ERT WY, FHREEREI T PM, 5 5 G E
AT B

S 3Lk

T . 2014, PM, s 0 A SR B R AT PE AR T 0028
WF5E [D]. B A : B AL EERL K2 . [Ding X J. 2014. The
preliminary study of the toxic effect of airborne PM, s on
human bronchial epithelial cells [D]. Nanjing: Nanjing
Medical University.]

AL AT 2010, LT JE 2 DXOR I i T = EC
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[Du R, Zhou Y G. 2010. Variation characteristics of fungi
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and surrounding area [J]. China Environmental Science,
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University.]

AERKE . 2016. PMys BN UE L RZ4NM S CSTBL/6 /1N
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