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ABSTRACT

DEPs (diesel exhaust particles) like any other particles can be also inhaled into lung to participate in a damag-
ing reaction to the organ. Possible damages might be apoptosis and inflammatory responses to the cells in
respiratory track. The aim of this study was cytotoxicity evaluation of DEPs from five in-use diesel vehicles
using a murine macrophage cell (RAW 254.7). We found that most DEPs have a considerable cytotoxicity com-
pared to the control and SRM 2975. When measured by MTT assay and extents of apoptosis, DEPs of two high-
mileage vehicles had higher toxicity than those of the other three low-mileage vehicles tested. Although mRNA
expression level of TNF-o. somewhat explains the trend of cytotoxicity and apoptosis, that of I1L-1B did not.
Correlation studies among the extents of MTT assay, apoptosis, and TNF-o. expression showed that the extents
between apoptosis and TNF-o. expression was most highly correlated (r=0.96). These results suggest that cyto-
toxicity of various DEPs could be compared easily by measuring the extent of apoptosis or TNF-o. expression

by DEPs.
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FZ ARl AuE el dr)ed=e A4
Ha o Il x= E73la, 5 el 93k
2L A3 ) egell FAF FHa 9ler, o
H3 0L SRt ohz} FAll =A A
712.39] w9 Fe3 Q9loth ) edE E

AR el w=EEE falstetrae) Ty
A5 )71 kzele, 1 Fel A H7)e) F2 e
gl oAl wj7] )z} (diesel exhaust particles;
DEP)®] A= Zo £2] ¢ vk (Nittaetal.,
1993).

DEPS} e mAldAbh A hge B
ol = A AAH At WA ol nlA Rk
=171l whe}l PM1o 2 PMas (22 217 0] 10, 2.5um
olsh)= vhd 4 9len (Ahnetal., 2008), 53]
wye] DEPE: 371984 7o 25um nrbe
zt7] wjge| DEPe} 22 22 {z= w7] Sl
w9 22 AZF F<k WEY ok (Squadiito et al.,
2001; Vinitketkumnuen et al., 2002). =3t oAl «j
7] 7}l YA} B4 (particulate matter; PM) 3}
g7 dAakstEA (CO), o]AkEkekA: (COy), A AAks}
E(NOy), v3hef= wksl4=4 (polycyclic aromatic
hydrocarbons; PAHSs) 5-0] 23t o] glom, AlsHE
o) 552 B9 99k 2L O s vy 22
Eol FHel x=Z=+% #7117} vt (Spengler and Sex-
ton, 1983; Hiura et al., 1999). £3] PAHs:= dj=23
q RN Dujde} SNz 7]
7k o EFH eI B2, DNAS A3l
A4 £4¢ F 5 9le 29 o=t benzofd-
pyrenes} 72 PAHE W &u]A] Zej7tA = Zf
& 4 gleh WAzl ol ) elakel PAHE )
Agom FAstel A7 2um olste] Ze| A%
7Vt 354 213 A3Ee] 9o (Sheuetal,
1997; Ravindraet al., 2001; 7] &, 2002). u}e}x] o]
T 357] A%l #-E o HAH 22 94
A9 AW o ATIE Ase 2T 4 ek

35S 53 Hell 5ozt DEP: #Ho] mIMZ
of AZet &2 A Hx g4 95
Aure-g op|AAITh oleiq o] Az A%
HHSol| A A7 ZAFE 7] - &S THA AL S
= AbolE7}41Ql interleukin(IL)-1, IL-6, IL-8, inter-

ferony 55} @7 sle) w414 £2) DEP vj4) =
45 EdA FoF A} ¢lA}(tumor necrosis factor
alpha; TNF-0) 9} Q1E}#7-1B (IL-1B)¢] w7} &
o] B8 A7e Aog 2AF 5 Uok(Steer-
enberg et al., 1998; Fujii et al., 2001; Donaldson et
al., 2005; Nam et al., 2006). w}a}x, 535-¢ 3 =

©oZIck. DEPol| &% #Ho] M zolx 99}
= 3L XY, SR A A 2 s
A A 7} oJ3FE B S sl HleE dEA
21} (Seaton et al., 1995; Li et al., 2002). & %3]
A F AN xS Gdor BuEE B F FF
AL QIAH(TNF-o) 2} 18] F71-1 (IL-1B)°] +#]
7 frg oz <l oS AAs A3e 29 -
ok AHA i

TNF-o= §lol gt 27 2] Afe]Ealele
2A G5 SelA A EAFE A B adE
7FA 3 Qlef o] gt TNF-a= chefst W i3
Az A A=Y Az B8 FA23s
Az, 43E TAHZ SoM= A€o TNF-a
= 27] 9= we BRE(IL-1, IL-6, IL-8 NF-xB)
o] A& S2AZ Bl oz} TNF-o receptor
lo] A= Ae Fate] ApHEAPE S $314]
7171= 3o} of2] BT Fell IL-12 F23 4
=2 AlolEFRle® IL-1as} IL-1pe] %= 7§e] =}
44| (agonist) 7} ok (A FF 5, 2008). IL-1> 4
Zolvt ZHgel ole W AAE, IL-10] =3}
EAT A5 A= 7)HENA Az Y 2
WA ghe] WA 4 gl (Fujii et al., 2001). IL-
1B 92 Ate|E71ele] A4S Fxlste] 1 AA|
o] &3E FAATIER JFUHSE FHAA g
IL-18 o4A] e]23t d5uh-gell gt zhge] M=z
Tof] Exsh= SolHel #EAE AT o F
2|3 glow, Wukg Al HEHANRE w7
= F23 93s k= Aoz B uHEYH (Dina
rello and Thompson, 1991; Saito et al., 2002).

9o} e ARAE viElo g B EFer oF
7] A 94 A=l A A== DEPe gt
=4 vwaly] §lsl, v ] HAM el
ol2] 7}1%] DEPE xZA|7|HA] dubdg] Azs
A A%k TNF-o9}h IL-180] A= 3 A=, 1
3 YAAZ] R ZAFE Alele]] ofd A7}

w1
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1. Diesel exhaust particles(DEP) Z=H|

Algo| A ALg3 oAl 2}gkE 5o R 7; AbE
o] A3} FY 7S Table 1o epH e 919
2ol e DEP: =3 a4 o%
S A48 AN FHAE o83t 4He] 7|2
5] % = (ECE)9} 19] 37} =A)%F3) w = (EUDC)
7A3gtEl ECE-EUDC R.Toj|A], $A43}= % 19.7
=5k w77k S Ed (3] A1) 10~ 30)eil A
) Algwiet 2 FHskgleh. ECE-EUDCE: #3443
oA} 7tEl 71o 2 (Montazeri-Gh et al., 2006), =+
W A2 AE S8 ARE A Sl

Al 2= A A 3 B Alse AR o
= AR B3 F o A 1A AEE A
& AlEE Aol F 33 Wb APE A

cF, A A WA AE> Wzk A% (cold
start) 271elA YA BF AFH I, 1 o] F 1}
WA 23]¢] Alge 27F A% (hot start) 71| A
PR BE AFSIE . dubHel FH fARsE
271& 7] $8iA B Alsd 23 Al 27
oA 77t dojxl A8E dA wE(1:27 &3
sted A Aol A

Aoz AI§ Aol A wiEE w77k 34
BldeA 41wl o)Ak 3AME F AsAkeE Y
WA BAI 22 w77k A R st
NG 54 A 23 DEP A8 53]
gHalr] 93t & AT e o3 mi7I7kA
AlE Aol ALY =75 HelEhA] o2 A ]
Zo] 70mmzel €)== o] 90L/ming] {ko =

o

L

Table 1. Identification of DEPs

Vehicles  Capacity (cc) Vintage Driving distances

(km)
A 2,607 2003 227,047
B 2,874 1998 229,610
C 2,209 2004 99,693
D 1,991 2001 135,242
E 2,476 2003 134,270

Each DEP samples were obtained separately by ECE-EUDC driving
mode.

94 A w7 YA Az mlAE oy 113

A8 DEPE 54 Agel AHgsisint &, 13] A
P& FAsh $9b oF 11.3m°] 7] kaz e
A # 3 DEPo|t}. Af Mol A v &= PMyo 3
oF 96%7} PMzsell el Zoz Byws glo
=2 (Keogh et al., 2009), 2 AT HA Alde
A8 DEP qjxe] B4 sietxAlE £
sl AF T PMas Algel Ao vled Zloz A
Z}giet.

HE2 FElolA AF 3 DEP: FE|E wehe
of F¥3] MAl F 273 (SPL, Koread) & AH4-
stod FZslga, FaHoes vees FUAA
4§ AH4- A7bA] DEP 2 (pellet) 3ejz —20°C
o Btslgich

2. DEP &AM

W, o) &, B, YA S gERE L
5o Seege $HH) A% AR A5R )

7k SMEIA BT A= YAk A4
A 2~El-S o]g-3le] Z+7; 10L/mine.g 2.5um o]3}
YA (PM25) 5 Bl EE TH (P49} o)) ==
500°C o)Akl A 3A17F o F-& Aol e (2
s A EREbEESEEea)e) AR a2
X-ray fluorescence (XRF), thermal/optical trans-
mittance (TOT), gas chromatography-mass spectro-
metry (GC-MS) ¥& o] &-3te] EAM3H. of
PM2s iaF A3 A|2~®l2 #bo] ZE (2000-30EN,
URG, USA), Z €] (2000-30FG, URG, USA), -2k
A 9 ATPze FHSIA e, AFFFEH7)
(mass flow meter, TSI, USA) 2 32 g<lsloit).

n)EFA4e] A4 PMesZt AHE B EE IHE
ol-g-ste] Naf®| U7tx| 40%9] vldas 14t
= XRF2 #AM3 Azfelm, Ak A2 Chow
etal.(2003)ell A A= e St

7] ek4~ (organic carbon) 2! %1 4-&k4- (elemental
carbon) 8] A PMos7t AFHE AModdE =
1.5cm? =7]2 Awsle] Thermal/Optical Carbon
Aerosol Analyzer (Sunset, USA)2] 2 EBo) Yw 3
FE97] E Ak E$)7] 271014 860°C7HA| =t
AM oz F2A7IHA s "adEs CO;
2 g & oA Hgktez FIAAAM FIDE A
Z3t ZAFoln, M3 BA U2 Naet al. (2004)
o AJAj=e] it

A} EgEestess] 45 PMet A
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2319t} 2 2% Aa= HP-5MS(30mx0.25
mm 1D x 0.25um film thickness) #4173 -& A4
&}o] GC/MSD (HP 6890/HP 5973A) SIM (selected
ion monitoring) E.=ej| A EA3}9l o}

3. M =ZHjt

ok frefl o] M EQ] RAW 264.7 Al 2= o
e F vFAstEl 9] ¥A (heat-inactivated
fetal bovine serum, FBS, JRH, USA)°] 10% S-o{¢]
+= Dulbecco’'s Modified Eagle’'s Medium (DMEM,
JBIl, Korea)S Ap&-3le] 95% 7], 5% CO,, 37°C
wjeF71ol 4wl ekatelet. Al 2 2x 10° callyml 5
=2 A=z vljef A (SPL, Koreg)ol] & E3}e] 70~
80%°] &S B w7k wjkst F cat/
Mg?*free phosphate-buffered saline(PBS, JBI,
Koreg) oz A 25 AH3le] Ayl A&l
Feo ule} DEPS] FxEA=ZA] standard refer-
ence material 2975 (SRM 2975, NIST, USA), titanium
dioxide nanopowder (TiO,< 100 nm, Sigma, USA),
zinc oxide nanopowder (ZnO< 100nm, Sigma, USA)

2 Agsle AP sl

4. RAW 264.7 M=o DEP, SRM 2975, TiO,
ZnO X} 2|

Aol Ahg-3l7] A DEP detel& FBS7} ¢l
e 2] DMEM vjA] 2 A}43}e] 1.0mg/mL= 7t
BRI, T o] Fol| 253 F7)E AREEle] 2%
A 23] 253 4l shoioh. DEPE Az A=
&17] Aol w) Agwmid AFA THEIM RAW
264.7 M| 2ol A3k & 18A17F Ft wjekale] Al
3& 2859t DEP x2] & RAW 264.7 4| £+
ref e Al 2AARA Fol mom 4
ZA3} Zro] Al FE|sle] HN=EE 7let o3l F
A PBSE Alg3le] Al ZZ5 M-St & A3 A}
g3joleh.

X

5 MTT EAMHE 0|88 MzSd "It

M ZEAS MTT[3-(4, 5-dimethylthiazol-2-yl)-2,

5-diphenyl-tetrazolium bromide, Sigma, USA]2] d
Ab Fhglell 2AZ MTT $494 (assay) 0.2 5743}
At (Mosmann, 1983). A& W& 28] A3t
™, 96-well plate(SPL, Korea)ol] RAW 264.7 M| 2.5
AE3 F 70~80%°] LHES HY W HFE=
= 100pug/mL= 3le] DEP dete) e 7+ 9 o 0.2
mL¥ aAsE 5 F7bHe=w 1847k %<t DEP
ol x=FA|A wlekstadt) o] F 05mg/mLe] MTT
reagent® 7+ o] WelFu Frkz 1417 vkt
%) dimethyl sulfoxide(DMSO)& A}4-3)] u-e-S ==
©A]Z] o] 3 microplate reader (EL800, Bio-Tek,
USA)E ALgste] 570nmeld 328 Z7stel
F4315ieh. DEPS o)3h A E54S thee] Ao
= el ¢l Cytotoxicity (%)=[1— (As7onm Of
sample—Aszonm of blank)/Aszonm of control —As7onm
of blank] x 100

6. AZIMZEAIE &H

DEPS| A2lol whg Ab7bHl EAFEA 44 (@popto-
sis)el] wh3k F7}= 0.05% trypsin-0.53mM EDTA
(Gibco, USA) 5 AHg-3te] Ml2E 3|43 § Apo-
ptosis Detection kit (BD Biosciences, USA)S A}-&
3}e] annexin-V-flouorescein isothiocyanate (FITC)
9} propidium iodide(Pl)2 M 22 o]% IA3F &
FACS Calibur flow cytometer (Becton Dickinson,
USA)E o] gale] EAslelc}. Annexin-V-FITC)
)3} 7} == 488/530 nm (excitation/emission)2] i}
Zol| A EA 3}l 3l Pl 488/617 nm (excitation/
emission)2] s}Akel| A =219} (Hiuraet al., 1999).
Az 7ke] ®A4-2 CellQuest Pro software(Becton
Dickinson, USA) 2 =3} 5}¢ ).

7. RNA 2|9 o At S8EL 8 93
(RT-PCR)

% RNA 22]= RAW 264.7 Mz 4] RNeasy
mini kit (Qiagen, USA)& Al--aled on, 229 %
RNAX Ultraspec® 2001 Pro (Amersham Biosciences,
UK)Z Al&-3te] 260nme} 280nme] s}Alol| A &
B2 2Asle] FE9 £xE AAeAd 2%
¥l RNAE= AMV reverse transcriptase (Promega,
USA)E AH8-3te] cDNAE Akl o, o3t 2
2 gpecific primer (Bioneer, USA)Z ©]-g-3}o TNF-



ash IL-18 #4248 FFAA AEshelch TNFo;
forward 5'-ACTCAACAAACTGCCCTTCTGAG-3,
reverse 5-TTACAGCTGGTTTCGATCCATTT-3,
IL-1B; forward 5-TGTGGCTGTGGAGAAGCTGT-
3, reverse-5’CAGCTCATATGGGTCCGACA-3, 3-
actin; forward 5’-TTCTTTGCAGCTCCTTCGTTG
CCG-3, reverse 5-TGGATGGCTACGTACATGG
CTGGG-3'. PCR AMHE-2 ethidium bromide (EtBr)=
i 20% otz = AleAl AAskdH. o]
715l DNAX Alpha server ES40 (Alpha Innotech
Co., USA)E Al-g-3te] UV-277] Aol A 2783}9]
37, ImageQuant v. 5.2 (Molecular Dynamics, USA)Z-
AHgske] Aeksioley. Aol sjRahe W=e) 2w
+ Practingt v mal| 4 PE3H 5 vehygis

8. &A=

DEP A& 7ke] Aol digk FAA HolAd2
SPSS 2 72 (ver. 12.0)& Al43te] ANOVA=
b8}l 3 Turkey HSD AF3E7AS o] 8515t} p-
valuez} 0.05 == 0.01 o]3lY w] §-2]Ad o] glekx

Table 2. Chemica composition of DEP samples

94 A w7 YA7E Az mlAE oy 115

A74seet

1. DEP &8t ME 24

S| :
Cr, Fe, Cu, Zn, Sr, Cd 5¢] u|gkdar) AZEHgo
], AegF42]= Table 2] A3t F715k49)
Ak 23656~ 371.25g/kg Wl ol F3 A7}
v &gk S dAlo] 2aEl Xkl o] weo] A&
Fgon, et 37523~708.22g/kg W=
Y AFlAM frlskel wlE] 1.2~2.79 71EF
wo] HAEE AT =t Zh7+e] PAHs A £l dist
eFg Table 20 =A319 0}

2. DEPof| mE MzZz=4H "It

MEZzEAME &A317] $]s] DEPZ RAW 264.7
Aol M3, MEY AEES MTTHE o]

Vehicles B C D E
S 7.02 113 27.57 - 1.00
Ca 132 183 3.68 0.70 0.56
Fe 0.34 0.62 1.05 - -
Trace element (g/kg) Cu 0.04 - 0.58 0.02 -
Zn 0.53 171 474 0.57 0.41
Sr 0.04 0.04 0.10 0.05 0.06
Cd - 0.09 - -
Carbon (g/kg) Organic carbon 236.56 327.55 314.93 371.25 267.00
Elemental carbon 581.04 518.13 375.23 494.43 708.22
Biphenyl 13.60 12.33 15.39 48.45 65.52
Fluorene 18.86 18.43 20.16 - -
Phenanthrene 156.25 291.82 154.57 204.33 210.59
Anthracene 26.50 12.72 138.89 178.44
1-methylphenanthrene 29.76 19.69 - 191.19
Fluoranthene 56.91 108.41 95.84 147.56 144.86
PAHs(mg/kg) Pyrene 59.22 218.74 108.96 233.84 135.46
Chrysene 30.67 20.27 47.48 58.38
Benzo[a]pyrene 4.44 - - -
Benzo[K]fluoranthene 22.73 4,93 - -
Benzo[€e]pyrene 50.80 8.49 - -
Benzo[b]fluoranthene 23.98 12.49 - -
Benzo[g,h,i]perylene 7.71 5.28 - -

—, data not detected.
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100+ e
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Fig. 1. Cell viability of RAW 264.7 cells as measured by
MTT assay. Raw 264.7 cells were treated with DEPs
(A-E) from vehicles as shown in Table 1, SRM 2975,
TiO,, and ZnO at the concentration of 100 ug/mL for
18hr. Control cells cultured in DEP-free mediawere
run in paralel to the treatment groups. The data are
represented as mean=+ S.D. of four independent ex-
periments. Statistical significance from control is
shown with #(p< 0.05) and *(p< 0.01), and from
SRM2957 with * (p< 0.05) and ** (p< 0.01).

43l FA5g] v A3t DEPS] &35 =7} 100
ug/mLg @ A, B, C, D, E x}&0|A 45.0, 55.2,
40.6, 46.2, 46.4%2°] M| =4 o] vl on, kAl
279 SRM 2975, TiO,, ZnOx= 7}7+ 29.0, 15.3,
95.2%2] M| Zz=Ae] A=t 53] 2158 DEP
M B AlgellA B ow MESAe] 74t 7
g Aoz vepgod BA-oR {203 Aol ¢l
UL, AAje] 74k FTe|x FYA s} 7 A2
C 2=k& At A 25| DEPe|A] FHxEAQ]
standard reference material (SRM) 297501 #®]3]
ooz MESA ¥ FAHH Aoz el
o} (Fig. 1). SRM 2975% |33 EF7|ed T4
(NIST)ellA] DEP A9 =5 AA8H7] )3 =t
Lol Aoz AEEX dgt ARE hitp/www.
nist.gov/e| A Q4 4= ¢lo}(Bao et al., 2007).

J

H

3. cHAMZ 2| RIZIMZALHE "It

RAW 264.7 4| o] DEP 100ug/mL =} oFAd o
Z9l SRM 2975, TiO;, ZnOZ w=ZA)H 1 o3
H71sld ek A ZANE A=RE vagls o

o B

>

Induced apoptosis (%)

Fig. 2. Flow cytometric analyses to assess the effects of vari-
ous DEPs on cellular apoptosis. RAW 264.7 cells
were treated with 100 ug/mL of DEPs (A-E) from
vehicles as shown in Table 1, SRM 2975, TiO,, and
ZnO for 18 hr. Extent of apoptotic damages indicated
percentage of lower right and upper right in the qua-
drant relative to the control cultured in DEP-free
media. The data are represented as mean+S.D. of
three independent experiments. Statistical significance
from control is shown with *(p< 0.05) and *(p<
0.01), and from SRM2957 with *(p<0.05) and **
(p<0.01).

B, C, D, E A}%<A] DEPE A|3A] ¢k H=+
o vl&] 2 &A= 4.2, 4.0, 3.3, 25, 2,94 =
A fred Aoz yehgen, Atz SRM
2975, TiO,, ZnO%= 77+ 2.0, 1.3, 750 = =4 1}
< & Flsksieh 53] A x}5F2] DEPe|A H+
Aoz A7 EAVES] A=t AY A FHrtE
Ao} Be} Cabgell Hallb: ARz £
2pol7} glglom) Do E kel HsiM:= zho] (p<
0.05)7} 9iet gk A, B, C x}3e] DEPelA
ZE29] SRM 29750) a8l ¢-oHo s =7 =3
" 7oz Jeprl(Fig. 2).

4. DEP7} M Z2| TNF-o} IL-1B<]
mRNA gtsio]| O|x|= H&t

RAW 264.7 A|£2] x}Feo| u}= z+zke] DEP
100pug/mL e} kA 279l SRM 2975, TiOz, ZnO
2 =23 % TNF-a mRNA %3 A=2 I3
3ok TNF-oo] d A=g vafls 9 A, B,
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Fig. 3. Effect of various DEPs on the expression of TNF-o.
in RAW 264.7 cells. RAW 264.7 cells were treated
with 100 pg/mL of DEPs (A-E) from vehicles as
shown in Table 1, SRM 2975, TiO,, and ZnO for 18
hr. (A) The expression of TNF-o. measured by RT-
PCR. (B) Quantities represented by gel band are
expressed as intensities relative to B-actin. The data
are represented as mean+ S.D. of three independent
experiments. Statistical significance from control is
shown with #(p< 0.05) and #(p< 0.01), and from
SRM2957 with *(p< 0.05) and **(p< 0.01).

<&

C, D, E zk5ellA DEPE A3a}A] ok Wz
vls 2 AR 25,22, 24, 1.6, 220 =4
g Aoz veplgow, okt el SRM
2975, TiO,, ZnOx= 7Z+7+ 1.6, 1.3, 35w = =4 1}
<+ A& skt 53] A o] DEPA H+
oz TNF-02 Wde] AlY =4 Hri=glen,
D x5k& A3t A A}52] DEPeA Frzgalal
SRM 2975¢) w]s] fo]ldoz A AU
(Fig. 3). m}x71A] HFAlo 2 RAW 264.7 A Zo
DEPE A=|dl& o IL-182] S Hrisid+t
=l H]EiA A, B, C, D, E &}gell A 247t A
= 241,81, 20, 14.9, 13.8u] 9] =& wle ofS
Bolow, A7 ZAPE Azl MTTHE o] 43
A Z=A 7re] A=) s o S B
Fiet (Fig. 4).

94 A w7 YA Az mlAE oy 107

& v oo o0 <« {9«% 9" 4©
& \

&

Fig. 4. Effect of various DEPs on the expression of IL-1f in
RAW 264.7 cells. RAW 264.7 cells were treated with
100 ng/mL of DEPs(A-E) from vehicles as shown in
Table 1 for 18 hr. (A) The expression of IL-1f mea-
sured by RT-PCR. (B) Quantities represented by gel
band are expressed as intensities relative to B-actin.
The data are represented as mean+ S.D. of three
independent experiments. Statistical significance
from control is shown with *(p< 0.05) and *(p<
0.01), and from SRM2957 with *(p<0.05) and **
(p<0.01).

o FH

DEP:= di7]2de] & A ulAlgAte] ¢
Qlejm, Mxe] 7153 5ol HAF e Tkt o
e A Aoz dHA dx 53] =&
Al B A Fo] ARl ZE 93e] Fue B
a7} 2lek(Hiura et al., 1999; Boland et al., 2001).
DEP:= ®7] Foll EA =7t dubdez s
<+ SEA ARl x2HY, oA =29 HF
Az s $19F 2 AL depde Al in
vitro®ut oluz} invivoolA® W@ ArxAdz}
RBus 3 ¢)oh(Li et al., 2002; Dybdahl et al., 2004;
Li et al., 2008).

SElE ol AelA Zzke] Azt £

(e}
e
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DEP(Table 1)& uv}$-~ f dAAM=z3e RAW
264.7 N Eo x=ZAFE W 50% A Fe] 2 A
E540] vebhd AL At (Fig 1). ¥5 5
ARoz zpel7k VA ebgkert B Ao Mz
A HFo] tha =2 At tlat ¢ele Awrd
B 2}k 2] DEP2] Eli¢} & PAHs &gfo| o2
Apeke] DEPRT o &2 7o <1<le] & Ao
2 34 FHdert v ey Ao A-hAdL2
[ZE A dsket (Table 2). Y] A4 f-2 9
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