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Formation and toxicological effect of secondary organic aerosols

CAO Junji"?, LI Jianjun"’
(1. Institute of Earth Environment, Chinese Academy of Sciences, Xi’an 710061, China;
2. Key Laboratory of Aerosol Chemistry and Physics, Chinese Academy of Sciences, Xi’an 710061, China;
3. State Key Laboratory of Loess and Quaternary Geology, Xi’an 710061, China)
Abstract: Background, aim, and scope Along with the rapid development of Chinese economy,
pollutants derived from increasing usage of fossil fuels and biofuels, as well as emissions from waste
incineration and dust have been causing serious air pollution problems in many areas of China. Particular
matter (PM), especially anthropogenic aerosols, emitted from various sources may alter regional
atmospheric stability, and are of significant impact on climate change and human health. Comparing
with PM,, (aerodynamic diameter <10 pm), fine particle (PM, s, acrodynamic diameter <2.5 um) do
more damage to human health. Organic matter (OM), an important chemical composition of fine particle,
takes 20%—90% of the fine particles, has a significant impact on air pollution and haze event which is
happening in China, and has become a frontier of atmospheric chemistry research area. Consisting with
many toxic compounds, such as polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls
(PCBs), organic amines and so on, organic aerosol is harmful for human health. Many in-vitro and in-
vito studies of biological toxicity were focused on the primary particulate matters emitted directly from
the pollution sources, however, attention for the formation and toxicity of secondary organic aerosols

(SOA) are really scarce and therefore urgent. Materials and methods Taking PAHs, amines, and biogenic

WimHE: 2016-06-02; FKAHHE: 2016-08-02

Received Date: 2016-06-02; Accepted Date: 2016-08-02

E&WH: +EAFRE% TSR (XDB05000000 )

Foundation Item: Strategic Pilot Project of Chinese Academy of Sciences (XDB05000000)
BIS1EE: & £3, E-mail: cao@loess.llqg.ac.cn

Corresponding Author: CAO Junji, E-mail: cao@loess.llgg.ac.cn



432 HIERFRIE 244 7%

terpenes as examples, in order to improve the understanding on health damage of SOA pollution, this
article briefly reviewed the formation and bio-toxicity effects of specific group of SOA, and focused on
the rising toxicity of the products comparing with their parent compounds. Results (1) Polycyclic aromatic
hydrocarbons (PAHs). Because of the mutagenic, teratogenic and carcinogenic properties, PAHs has
focused a great deal of attention from scientific researchers and is considered as one of the most important
organic pollutants in the atmosphere. Parent PAHs in the aerosols can undergo a photo-oxidation or
nitration reaction with gas oxidants in the air to form oxygenated-PAHs (OPAHs) or nitrated-PAHs
(NPAHSs), and thus the toxicity and health hazard are enhanced. Parent PAHs and their derivatives can
absorb light energy to reach the photo-excited states, and then react with molecular oxygen, medium, and
coexisting chemicals to produce reactive oxygen species (ROS) and other reactive intermediates, which
can induce lipid peroxidation and DNA damage. (2) Amine: Organic amines are derivatives of ammonia
in which one or more of the hydrogen atoms replaced by an alkyl or aryl group. They are strong alkaline
compounds and play a very important role on secondary aerosols formation. The gaseous aliphatic amines
can undergo rapid acid-base reactions to form salt particles in the presence of atmospheric acids (such
as HCI, HNO;, H,SO,). Other multiphase reactions of amines include carbonyl-amine interaction and
particle-phase oxidation reactions. Particulate alkyl amine can also react with nitrite to form carcinogenic
nitrosamine. All these secondary products have significantly adverse effects on human health, such as
skin allergy, respiratory diseases, and cancers etc., and thus would alter the biological effect of aerosols
in the atmosphere in return. (3) Terpenes: Terpenes is one of the most important biogenic volatile organic
compounds (BVOCs) in the atmosphere. In indoor environment, terpenes can be easily emitted from
many consumer products such as furnitures or clothes. On the other hand, some gaseous oxidants like
ozone and NO, can also present in the indoor air because of the infiltration from outdoor environment or
emission by some office and consumer equipment. Thus, the indoor health effect of secondary organic
aerosol formation of terpenes with other gaseous oxidants is a popular issue in recent researches. Some
of the gaseous products formed are irritating to biological tissues, while the condensed-phase products
have received attention due to their contribution to ambient fine particulate matter and its respective
health significance. Although the biochemical mechanism of terpenes to human body remains unclear,
but nearly all the related studies can prove that the secondary products of terpenes have some harmful
effect to human epidermis or respiratory system. Discussion At present, many researches were focused
on the bio-toxicity effects of fine particles in the atmosphere, however, rare studies referred to the toxicity
change of secondary organic aerosols formation in the atmosphere. Conclusions More specific areas in
which improvements and advances could be made for toxicological studies of secondary organic aerosols
in the atmosphere in the future. Recommendations and perspectives (1) Comprehensive study combining
the chemical and bio-toxicity properties of secondary organic aerosols; (2) Research on bio-toxicity of
secondary organic aerosols from specific pollution sources.

Key words: secondary organic aerosols (SOA); toxicity; polycyclic aromatic hydrocarbons (PAHs);

amines; terpenes
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Xof NAARAEERRE ™ A= AN [ B2 B2 19 76 - ( Davidson et al,
2005; Ito etal, 2006; Schlesinger, 2007; 40,
2014) . HAARY) (PM,, Z=S80J)1% %
HA/NTET 10 pm FE0RY ) AL, 40808 4
(PM,s, SRS HA/NTET 25 um
TR ) X NAAB RS F R (H 450, 2012,
Schwartz and Neas, 2000 ) , Ry HRAEH /N, 20
WKL IAE RS A BRI TR I, LR TR 2 Wk
AR E SRR 7/ = R B A &5l AN N[ 5]
feysaR (PM, ELZEAIANfifL ) ( Seagrave et al,
2006; Happo et al, 2008; Boldo etal, 2011; 40,
2014) . REWRATINFIIFERB, MRA1ER A X
HAb 2R 5y 2 85 SIFWGE SR . OIS i
SRR I IO B A AN R R B 1Y) S 2
XK FR (Pope etal, 2002) . FHIHIFERI, 4>
RGN & A A TG YRR AF 23 i 330 7 Ayt
T, Hrp EESAIEWNHIX ( Lelieveld et al,
2016 ) . [AAt, Thurston et al (2016 ) tHIFSEas K
SRIDEIE TR TRY/RESi Ty A ) 5 ¢

H T R A R B O . LR TR Ak 2
M RLRY 26 5, FoF = Ay AE O A [A] . FAAE
20 th2e Je 0, B AR Bk O 2 R 3R ROk
Py e () R R A2 2 o 6 AN AR i B AT — o 1 1
Pk o AN BRURL ) AR B X AR 2 38 22 558 0 77 A=
faFEZAN, ZIF5IE (PAHs ) KAWL BOAEAEXT
MR B 0wy SO M EisE A2 5 E RN ( Ohura
etal, 2004; Srogi, 2007 ) . fif K< JkL 4 h
By, B, ORFELSRASTESAESRE N EE
YERI S 8 AR ( Utsunomiya et al, 2004 )
Je SR B AT IR S 5T SRR T R AR T AN
[F] £ 2 21 3 b N AR R BRE 19 552 W) 7 7F — 52 1 25 5
Caoetal (2012) XJ P44k 5 4F RIS E0CHE A 3R,
PM,, 1 OC. EC. NH;, NO,, CI', Cl il Ni X} 4>
R RIBET % O A BRARIE T RN R G A0 T
A WEW , Horp 4 R LT A AL 1 A Pk
FET- %5 NO, R THE PM, 5 B ik B2 17 O
Fo DAL, WEFEIN R UKL ) A i B 3 i S
1 3 AR FHAIL R R SR 175 S 1 A8 A L R
RAE i ( Pavagadhi et al, 2013 ) . PM, 5 Jil 4 fii
iR aR ey et ViU < SN iR B Y YT S R e = N = R A e 1
0 55 BE PRI S T BV W RO I A4S R R 1
BNRZ— KA 15 T 0 16 PR A 1Y
A RN S AE FE A B AR AL R R G R FE AL, AT DA

5 Bl BRSO 0T N A (R f 3 L3 ( Spector,
2000; Seifried et al, 2007 ) .
WURLH) S s Je SRS E R RGP 5 O, OH

H H 3 S NO, 55 A0 A A= ek 2 Ak SO0 I B
TR T, AR A R XS R AR ) 1 i R K
PRGOS A+ 3 RS2 . Verma et al (2015)
2t A S IS B3 AL ( Aerosol mass spectrometer,
AMS ) Fl i JpBEEE ( Dithiothreitol, DTT ) {46
EFMEIEM A (Reactive oxygen species, ROS )
PBFFE R, PM, s IKIETEIL 2 o0, ALY
X ROS (BT T4 Jm Wi, Hh i s ey &
A A MLA % B ( More-oxidized oxygenated organic
aerosol, MO-OOA ) 5 /4= ¥y 5t #k 8 A5 HL A i
( Biomass burning organic aerosol, BBOA ) [ Tt
BB LT HAB A LA 53 Liv et al (2014) SRHIE
ACHE 4 K43 fit 2 ( Positive matrix factorization,
PMF ) XJdbatmi PM, s 1R IR BEAT T @b, Jf 43
Br T ARTRRRIE S ROS BYICHR, S5 F R &
AT PM, 5 B SR T BE S 9 SE AUV 1Y B 22 DRk DA
+. BRI, HETE NSNS IR A PR TR RA
HOE il S HL 3 BN BB SR AR 2D . AR SCFEEE NSy
T k&, FaR LR LA S P E KR E A
R A B EE R B S, B R A IR L
TR SR A4 B B 52

1 ZIFEMEL

Z 55 4% (Polycyclic aromatic hydrocarbons,

PAHs ) 24L& W0 AR BA 3% M 80E .. B8
KBRS I TP e 32 G TE A DL o)
Z—o WATHEI SR RER T %A PAHs 4R
W B D AR AT R R e i LR
1o PAHSs 3 o A= ) i A0 TR Btk 3% M v (Rl A Bt 25
TEAM Ao, DTS 1 L8 g A8 M Fn 80
EPE ()& DNA) o K OC T 54K PAHs 1§
WX S BUE T R G R, AR BT Il
AL - DX By B AL ) PAHS 117 AR W) fe 4
WA MEE RN Z — (Jernstrom et al, 1984;
Jernstrom and Graslund, 1994 ) . iX &b — () 3R
S AL AR 75 Ty 0 S5 A ) T B 2 4 B H B 5
-, BN EE TS 455 51 DNA B 35 1 8 1
MR s, PAHs B fRvas e, PR g 6% i Fit
TEMZLS G . B AR k. Weyand Fl Bevan
(1986 ) XI M4y PAHs fl &t /K 5 # 1 PAHSs i
T PR R R M O B S TR A TR Y, A5 AR R
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PAHs A RETUH M IE FhiE B . R4S PAHS X A
RSP BB TTY, 55 B E M R 7E
FRAHEE . (NAEL) HHLE T 16 ML Jeds
il PAHs (USEPA, 1997) . T H:fi F2 XU,
(FEASP S ava g tawis - arl | E-S JIREZS )
23U PAHs 19 & & i B AR R REE A 1997
4 JF 4 7 PAHs 1Y & I (Japan Environmental
Agency, 1997) .
PAHs 75 KA H i — R Ib 2 SOy, Gk
R AL s R, AT LA AR — Wk HE i Y £ 1A PAHS 119
P it & 7% P (Atkinson and Arey, 1994; ik [E 4
FIEASE, 2012) . A ZH 51 (Oxygenated-
PAHs, OPAHs) & H —PEZMHRHE, HEEMEL
FH IV Y B: 4K PAHS 3 4 B K, Wang et al (2011)
% B PM, 5 H (1) OPAHSs X} S 41 3 0 1] [ 7 B %
Vi I B 35 728 P 5 B9 28 P [ PAHS 5t 200%.
OPAHs 7EAN [FIZE R ORI h, nzs =0, SR
TR R PR AR AT A - (Jakober et al, 2006
Jakober et al, 2007 ) . OPAHs 1 i# & #F PAHs X
otk N R TP IE  (Wang et al, 2011) .
OPAHSs st Lo IRk B2 1) 56 . Wei et al
(2010) #F 9% T PM,, H BB ( Anthraquinone,
AQ) H124 Fh PAHs RN, & BLACTE vl
(PR 44 P 2 N 53 1A PN IR 5t AR S 1 T P 385
Z A AR SR A AE G M. BUIR O 4k [ s i E A 5T PL

F 3 gk NI RERYBURE I i (TARC, 2013)
Ringuet et al (2012) % ¥ OPAHs %I A &g HE A
FIR 0 Al G5 HAE PMys IS LA R SR Z
5742 (Nitrated-PAHs, NPAHs ) i1 T H I &5
PEC A A2 0GR o 16 AR 200 L TR0 440 AT T8 o Ry Al 1)
Tk, K £ % NPAHS B {& PAHs %
B Y B AR 1 R 2 s M (Durant et al,
1996; Yang et al, 2010) ., K " NPAHs 1) 3
SRS APIRN . EEEHER (A SEh & Sh L)
Kot ik KA R4 ( Phousongphouang and
Arey, 2003; Reisen and Arey, 2005) ., K X
1 PAHSs (1% 46 7] LU i 5 OH 5 NO, [ i B Al
NO, WA, Bt 5 NO, 12 AH R B 1k
& NPAHs ( Atkinson and Arey, 1994; Zhou and
Wenger, 2013; Roueintan et al, 2014) . DI J¢
R CRLAG IR ) i, 230588 KOO
Az Uy OPAHs ., NPAHs Kz H Al 7 4 1) f B 75
PEALRIANE 1 s . 2355706 Ak
4= i OPAHs . NPAHs J i X £ 3 55 12 % 7= 4,
FEAR PAHs K 7= W 20k 252 7 6 B8 S5 44 A2 B4k
BE ('0,) Foad % A 3B 74 ROS ),
55 A 300 s 1 SR 2 U A ke A A Pl
A ROS Jbe 4 Fh R34 LA 1 25 1 i o ik
A ACAE ] B DNA $i 457, % Al e B — 2 1Y
FMEER (Fuetal, 2012) .

PAH UV,| &% Oxygenated | | MEFPAHs |, | % NO;- | , | w4t Halo-
5 PAHs Quinone PAHs PAHs
Ly x uv / oY
'PAH,,
‘PAH,
AR FEsE 1 R
ROS Alkoxy radicals
I |
i gus=vid DNAH)
Lipid peroxidation DNA damage

Bl 1 235k RO CA A Prxt B py A R ELE] (Fuetal, 2012)
Fig.1 Bio-toxicity mechanism of PAHs and their photochemical products on skin damage (Fu et al, 2012)



53 W,

TIRA BRI I T AR T B 435

2 BUERHFERREENL

AHLIE (Amines ) J& 2 53+ 1 & R 9 e 3
S FER I AR AT A . SR, RIdTAE
BAERTEOL T, HA AWK 14%—23% )
et B sk i id ( Sorooshian et al, 2008 ) .
Chang and Novakov ( 1975 ) A bA ML A7 7E &
T 466 W, {H Dod et al (1984 ) 351 &fi1a]
fESE S AR IOk 3R 1 L6k - A2 A5 NH,
a5 NO Wi 2E iy . Qiu and Zhang (2013 ) &4 T
H i KA A AT 38 o A YA A A B L
JHe ) 2 WAL, R AR PR AL RN . A R
eFEAe (R 1—11)

RNH, ,+HX —R,NH,,_, X (1)
2R NH,.,i*H,50,— (R,NH .,,),SO, @
R,NH,; ,+NH,X— R,NH,,,, X+NH, ?3)

R,NH;_,+NH,HSO,—(R,NH,_,,)(NH,)SO, (4)
R,NH;_,+(R,NH,,)(NH,)SO, —
(R,NH,,.,,),S0,+NH, ®)
R,NH,;_,,#*NH,HSO,—(R NH,,)HSO,+ NH; (6)
R,NH_,,+(NH,),SO, —(R,NH,,))(NH,)SO,+

NH; (7
R,NH;,+R,NH,,,)(NH,)SO,—(R,NH,),SO,+

NH; (®)
RNH,+0=CR,—RN=CR,+H,0 )
RNH,+0 = CRCHCR, —R,N — CR = CR,+H,0

(10)

2R,NH,;_, (acrosol)+ % fk 7 (O;, OH % )—
7Y (11)

fidefi (Alkyl-amine ) , WH R, —HiE, &
M. R, DIl TRER T ey, HAMRER |
BEPERR, EEEN KRG EY), #Z T
fe2E R 25 Tolk /P AE A i E 4 (Pan et al, 1997;
Namiesnik et al, 2003 ) . & 3E [ GE 0% Il i iz ik
REHEAIFIE 5 R B N . J57FiE ( Aromatic-
amine ) , ARG, A ARG . IRGE . 280K
BRIy . WK TR 4- BRI B A WG TE,
B HA R BUR IS Y, B 1z Mo
Tk ARttt 2550, B, 9581, K
feez i S T, IR 2 s A B E AR Y
1 [a] /& ( Palmiotto et al, 2001; Zhu and Aikawa,
2004) o RERS . ARMFGRLIIREE . MR %5
FEER . apyd R i S B i 5 A (Ge et al,
2011) o VATIRAOFIERIT, 5 A R S8 g XU

ZIAE —EA e, D5 T LA N- L t54 % Bl
WEACTE LA™, FHm 2™ HA W B0 (b4
. MR WIEIERIT, WA b 2 A 05
FEE AR SS 0 S AR G Y

AL 5 R R AR, O, T NO,
SN e — 25 A2 WO ) A LR S ( Murphy
etal, 2007) . A #l & W 3 £ R (Barsanti and
Pankow, 2006 ) sz 1 /\f/i iz ( Zahardis et al,
2008 ) SAHLK SN, 15328 R T T BEAE (R—
C=0) WyMERE, beBEhen] 5 aERRER ), B
IR W) WA B% (Nitrosamine ) ( Skarping et al,
1986; Santagati et al, 2002 ) ., 1R £ F 2 19 W
i JHg 2 — PP RE IV i it OH [ Hh 2k 5 — i
( Lindley et al, 1979; Grosjean, 1991 ) . —HJilf ( Ge
etal, 2011) F1 = F We&E s i A= Y (Pitts et al,
1978 ) o X SEARIAH SN ™ A ) A DL TS G
Yy el AU S I B 0N
3 BEEZE VOCs £k

KA 2R R A HL Y (Volatile
organic compounds, VOCs) I §f 7 % — #.
WM. IS RIS T, B—KEWE
PR E ARIE CIBEAR, B ) VOCs 774,
HAE R & #AK TIEH Sk (Non-methane
hydrocarbon, NMHC ) ., W55 & H, 4Bk H K
PR HE B VOCs % 1 2 L A R VOCs 5 — A4
$om 2t ( Guenther et al, 2006 ) . SRR H R
I8 VOCs HECRE AR 2 KA Z A AL Y
AR, DT 38 o W S BRSO B ' 1 B 4 00
Yk b = #E 45 % ( Cloud condensation nuclei,
CCN ) [ [a] 422 R4 0 5% i) K4 5 5% 38 ( Turpin
and Huntzicker, 1995; Kanakidou et al, 2005;
Kawamura and Yasui, 2005) . &N H 2R IE IS %
2 VOCs A7 [ RN 4532 6, A=
N 8L R IR U AT 0% o 34 AT HE TS R A 2
EREANY, It S =S e 0, LAAY
AR R AR AR RO, AR IR HLRIA I,
2 % N AR I R .

Chen et al (2011) i JHZHSLIUEW] T o-
JRJ% (a-pinene) . ULFFEE (Linalool ) K A7 145 I

(Limonene ) 5% [ #R IR 4% & ¥ A LY ( Biogenic

volatile organic compounds, BVOCs ) 5 R4 k4
FWIE B A WL AR i T R AR &
YA M AR R RE ST, AT B X A= A 18 3
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k1 iR, ZHURPN ARSI E S 2 5 T
i} VOCs J—@ AL (O, B NO, ) &4 T,
H SOA [1R)H: B2 1S A I 1) S S vy 3835 B3 T 24
3% . 4 Doyle et al (2004 ) {5 FH 48 5% 4 ks
AS49 B RS LR TE T 1,4-T )
S TS BRI VOCs, IEEME AT al AR
BHYGAT NO {2 {d VOCs 25 % A e fb = 8 AL [ b o
Hrh R Tmm E2 - ass R THEE. B
INEESE R, RS R AR Bt B —E
B, (AL ) 0 20 M B 1 B G

Jang et al (2006 ) 3@ i (RSM LG, A FH R 90 K
TR 2 2500 BEAS-2B 405 | AJEKS Kbk G
I I 7 AR T A LR S, Al LR R &
WV Ty A FE 45 bR, TL-6 ( (H4IfA 2% -6)
IL-8 ( A2 2 -8 ) Fil TNF-a ( FiIggSRPE A - -a0 )
AR N RIEFR bR, IESLUR M S SOA REW] W 4
IL-8 &4, Gaschen et al (2010) HIBFSTIERY a-
PRI A SOA e 38 B SEPR IS AH MYk (24
10* A4 Jom® ) B, 2 /INEF 2 A BT 5 v 5 A
L S

Rl MR EA T YR R S R R BRI 2
Tab.1 Summary of terpene oxidation product toxicology and controlled human exposure studies
et ¥ith O e .

IS - 7 NO, 3 .
% fﬁ?ﬁﬁﬁ&m J# Initial il L % REERR FEEITE]
o BEHRE Initial . J& Initial N
SRk i concentration . Exposure Exposure ZEOL Results

Reference concentration of of 0./ concentration of shecics time
terpene /(uL-L™") L NO, /(uL-L™) P
(uL-L )
ST 0 A ) 3 R e LA

B b — s e P

Doyle S A549 4l 5 it MugEERN IL-8 EiEga) -
et al Isoprene NO,: 0.026 A549 cell S hours Photochemical products of isoprene

(2004) 0.2 significantly enhanced cytotoxicity

and IL-8 expression

Tang et al o- JRH BEAS-2B Lt 5% SOA 87 IL-8 1
( 2%)06 ) a-pinene 0.199—0.434 i 1 hours SOA-coated particles increased IL-8
0.38—0.53 BEAS-2B cell release

N SOA [ B 55, 4 Mo A Wk 35 1

TN INENIT e 1
- A A, ARMcREm, HeaE ik

Gaschen o JER = ﬂ%; e e RE B NP
ctal depinene 0 Pi élid(human 2 /\i} Decreased phagocytic activity and
(2010) p03 lurgl epithelial 2 hours increased cytokine production
' cgelll: and with SOA exposure; trend towards
macrophages increasing response with increased

phag aerosol “aging”

Sexton SN _ e
otal o VOCs AL Py IL-8 45 b5 . % Tt
2004 0.003; A549 4 5 7N & .

(Sexto:) S NO: 0.23 A549 iﬁeﬂf 5 hJo\ js Photochemical products of the VOC
et al o(clp;:ene . mixture significantly increased 1L-8

(2004b ) 0.006 gene expression
AL 5 BUE A L TNF-a,
d- RPN COX-2 J¢ SOD Jh, HoAtAH K4
Suniletal (2 0s F344 KE 3/ FRBEAE
(2007 ) 6 ' F344 rats 3 hours  Reaction pdts increased TNF-a, COX-

2, and SOD in macrophages and Type
II cells. Other changes also observed

( 4L To be continued )
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(2% 1 Continued Tab.1)
e ik Os ;
J 2 ; 7 NO, | .
sy WAHREA) D e WRNOK pesie mgmt
. IR A Initial . Ji# Initial .
SCHk . concentration . Exposure Exposure ZE Results
Reference concentration of of O./ concentration of species time
terpene /(uL-L™") ) NO, /(uL-L™) P
(uL-L)
. EVIORCRCon I INNE - SN SN RSP N
A _ 1 e N
nderson o i B ASAOINL AN L
et al o-terpineol 0.1—5 . o
(2010) —6 A549 cell 4 hours  No change in cell viability or gene or
protein expression
LN T R PRI E I N Rz BRAERE IR
Wolkoff d- B Balb/cA 10 % ﬁéi A I Btk 114 SR ABRRAN, RN A AE S g
. ol irritati irfl
etal d-limonene 0.5, 2.50r3.9 BRINER, 1h-d " for 10 S'er?so'ry irritation and air (,)W
. . limitation observed; no cumulative
(2012) 52 Balb/cA mice consecutive .
davs effect, no evidence of pulmonary
4 inflammation
1 /J\EITJ‘, 4 e o1 y=u===1
N o 1 MucilAir 21: 5 28 S 20
= N i%—
e MucilAir 4141 /et /5, oA
Anderson d- Frigie MucilAir- MucilAir BT MucilAir: Repeated exposures caused
etal d-limonene 01 : fissue: 47 " increased cytokine production
(2013) MucilAir: 055 o0 ASAO I 1 h. 4 or A4 AN AV, Hiff
A549: 20 : ) Lo I
A549 cell 1h-d, . . .
5 davs/week A549 cells: Alterations in cytokine
for Zweeks production and decreased proliferation

JAE D 1A 25 A6 IO AR A1 S 56 30 A7 AF A A5 R4
AT G, (HIREIE LKA il f2E VOCs
AAA B A AL I LR B S Y AT
SR A A R RN . R = N PR s 2
AP HER R, X0 R RE R B A 15
FEME L (Rohr, 2013) .

4 LHiE

RAPA P AFHEARZ I NA F 1L
B, MBI AP ZEIR R
R MG <54 o, AR ARN B 2252 2 [ A Sh oy
f i BE O . H RTAR 22 W S8 UE S R A OB
KLAH AT B Al ik — 2 5 2 S AR R RO, AR
L 2 AR S W R s . (H AT
il L X — A BIL A T T A R PS80 Y
WFEART B =, A s W R P T RIS

(1) ZUCAHLA IER AL 5 s B A AR
MEF I RGEM I S A PRI 5
A KA Y B A O LR B R 5 BIF A A8 T4
A, Rl AR RESSOW AT IR AR T fife, 5 B A ThI A
PRI T A HLVR AL il B, %t

RO HEAT IR A R 204, AR]85 |
SO LR A S X R TG AR . RAEFRAR L I 2R
HUSH 2 o

(2) HFE 15 R A LRI B9 7 BRUARFAE
WH5Ee 1A YL IR CARBEHE . PLsh %R
KLY B ) 7 IR IR IR AR
RN 2253, A BT € A B H A R0 1 il
XMFRBIER, 5 TAARIERE

Big: AL BAFEARFIFE TATEME, ATH A
KRB, ek it

SE 3k

HARE . 2012, FR[E PM, 5 5 3L BUR 5420 5K (). ALERER
IR L 3(5): 1030-1036. [Cao J J. 2012. Pollution status
and control strategies of PM, 5 in China [J]. Journal of
Earth Environmen, 3(5): 1030—-1036.]

WIAEIEE . 2014, PM, S EREE [M]. JUaT B M . [Cao T T
2014. PM, ; & environment [M]. Beijing: Science Press.]

WOCkE A, AT L SF . 2011 b E RS s LU A
B BRI ML SRiAd A (1. HAREPGEAH
2(1): 263-271. [Dai W T, Li J J, Cheng C L, et al. 2011.
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