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17500 25 R W RAEEIIR] PM, P35 TR B2 (109.9£7.99) pg - m™ . PM, s OC #4534 it ¥k B2 Ky
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Z=5 PM, ' OC/EC [ERT 2.0, K TR KA LK (SOC) ML A, 5k F OC/EC e/ LA 7%
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O WS AR FLAE T ] 5. 0 — 25 X PM, 5 v 8 B4 43 Bt Bk B 1A 38T S, bl DX R i I S i R
A 7RI A HER AR

KR PM,, AMHlEK, TR, AR, L

Characteristics and sources of organic carbon and element
carbonin PM, . in the urban areas of Beijing
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Abstract: To investigate the concentration, seasoned characteristics and main sources of organic
carbon (OC) and element carbon (EC) in PM,; in Beijing urban areas, a total of 95 PM, ; sample
were collected seasonally in the traffic belt of West Third Ring of Beijing from April 2015 to March
2016. OC and EC were analyzed by thermal optical reflection ( TOR), and the characteristics
including OC/EC ratios, correlations between OC and EC,secondary organic carbon (SOC) and the
source of OC and EC were analyzed in detail. Results showed that the average concentration of PM,

was (109.9+7.99) pg+m~. The average concentrations of OC and EC were (13.49+4.32),
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(5.41+1.83) wg-m’, accounting for 13.13% and 5.2% of PM, ., respectively. The seasonal
characteristics of the average concentration and proportion of OC and EC in PM, ; were ranked by the
order of winter>autumn >spring>summer. The ratios of OC/EC in the four seasons were all larger
than 2.0, which indicated that the SOC were formed. The minimum OC/EC ratio method was used to
estimate the SOC formation. The annual average concentration of SOC was (6.88+1.10) pg+m™,
accounting for 50.86% of OC. The concentrations of SOC during winter and autumn were higher than
that in spring and summer. The highest contribution of SOC to OC occurred as 62.22% in summer.
The correlation analysis showed that OC and EC were more correlated in spring ( R>=0.9046) and
autumn (R*=0.8886) than in summer ( R*=0.4472) and winter (R>=0.6018) ,indicating that the
emission sources were similar and relatively simple in spring and autumn. By analyzing the mass
concentration of eight carbon components in PM, ,, gasoline vehicle emission and coal burning were
indicated to be the major sources of atmospheric carbon aerosols in urban Beijing.

Keywords: PM,,, organic carbon, element carbon, secondary organic carbon, ' seasonal

characteristics.

BRI I R I 10 T B2 R 40, 18 LU HLAK (organic carbony OC) | TG Z 5k ( element
carbon , EC ) IR R E5 8% ( carbonate carbon, CC) FIIERAFTE, CC 7E R H S SRR Y & A 2 5%, — /i
T LA OB BRI 2 E OC A EC 4L, 2415 PM, o JiEHVRBE () 209%0—70% > .0C £ B {594
TR B B HER B9 — A HLBK ( primary organic carbon, POC) FIHE & Pk SAL & ¥ 2 ad Yo Ak 24 I b Y —
AT LB ( secondary organic carbon,SOC) , ¥ A7 K i M B0 B0 | B A8 A LA W, X A A4 i Bl i
B R AEE Y EC FEORIET AW R A RS 58 2 B0 Be T B 75 Y IR B 4 R, PR H R P i R
e BTE N A — AR 7R B2 ) F 3R 6 I ECE AR T ki 5 | e e BRI IR 10 o5 — B B 4]
AR AN, OC GEEHE T AT EC 5RO AR 2 A BE UL BE MR A SR B2 38, T ) 422 58 i A< A AR
A AT LBV IR AR R RSB L B RS AR AL AT AT 4 SR 52, R i R A5 )
FEHEZ

AR, I O R = R = O R PR P AR X E X PM, st OC 1 EC
FEE T8 158 T S ik BRI IR KT RiAR 53 A LA K5 ol IR SRR RAE. SR &, KR 5E
FR IR I TR 4 1 i W, 6T PV, PR OC il EC %) 32 22 1 W D85 4k )5 Lo s FR. B A1, F 9 L RE I Bk
A B[] B P R P M, s H 5 Bl 3 19 43 A R AE RO R BTk, 30 47k, Bl 3 A 50 38 335 BB VR RN A 7 sl 9
A A B Y S50 LA S WL a4 A e AR S i, dE 5t PM, s R I i B 2 A 1 A8 Ak, S KRS
PR B T5 AR TE I 25 74 i A ARk

R T 20 A A I X T ST T G ) AR AR A T o AR B R R, AR T
2015 4F4 H 2 2016 - 3 H 43 4 DF WAL RTPE =328 45 T 2T T PM, JFE S AR AR  TEARET T
PM, "1 OC Hl EC fI5 59K BT A8k I OC 55 EC AHSEVESEERAE , R4 T PM, o 8 NiRZH /3 Y
V5 YREAE BT AT T AU I DX B B S R ) 32 R IR, AT SR A cd i) B v AL 3 X e Jo S e
P BRI BLRE BORLFIRL AR A

1 #B5 77 ( Materials and methods)

1.1 BEACRAE

SRR A T AU T IEE X 8 = R AL R T B A i R (116°1871087E ,39°56750.7"N ) #%
T, SRAEA B B B M T 2Y 15 m, Jl 30 2 B0 SO ATBORME 2 X, AR I P — PR3 3 T3, J [ e Kt
FUYERS A TV HEBOR , FEARA R T I X 75 Gk, F 2015 4F 4 7 1 H—2016 4% 3 /] 31 HRH
3 & U A R A A (17 2030 BY) [ EFSRAE PM, o FF &, SRAERTE] A 09:00—IK H 0900, 1% 2%
<+0.5 h, RAEJLE K 100 Lemin™"  SRAEFEATE TAE H UEFT. 06T BT R AR B e 4505 1 E R4, 25k
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TCRRE ST FEATA RS 95 L ([F]—K 3 S XER T RAEM) 3 DAL — 88 ) R IERR Y HAR
90 mm FYA HEUEME (HEE Whatman 22 H]) |, RAERIE 550 C Db m i 2be 5 h (LA LBRIER T A4
ML E 42 50) |, B BER AR 5 2 8 TR E W AE P4 24 h DL B SR E 750 2 — W7 KFFR
a1 RAE ST B8 R BR T A0 22 R A UK A AR TR PR
1.2 BT

R 5E FE VR 5 BT ik il A 8 70 74 ( DRI Model 2001A) % PM, s ¥ i #4720 41 F J IMPROVE A
PO E A O R S (TOR) M2 H: OC F1EC, 3B it 72 2k . A S8 B YTHL 0.539 em® A IEDE IKE
SR A A P T HE , 73 B 7E 140 °C 280 °C 480 °C il 580 °C & Al 2H 739 OC (OCI |
0C2.0C3.0C4) SRIGTEEA 2% A MAIIAEE T, dkEE TR, 4357 580 °C \740 °C F1 840 °C BEHLAS
[F 241531 EC(ECL EC2 EC3) , Hrf B S AE TC MGt fE v, 343 OC 7] & AE R AL IE B 284 ff ik (OPC) |
L ETE ECL A, 35 5 OC W 45 SR A I, EC I 45 5 O = ALt 0 25 B2 v >R FH 633 nm 9 He-Ne O
AR 4 Y R S EsR AR AL HERR T E OC FIl EC A 2051 . R &N T B 1 9% & G & ek
E W4 MnO, AL AL N CO, , 548 Ni fifbid J5idt AL CH, , 3 i IO B 1AL A 25 (FID ) 2 K
M F 209 OC & XA 0C1+0C2+0C3+0C4+0PC; EC & X EC1+EC2+EC3-0PC.

2 5 51718 (Results and discussion)

2.1 PUZE PM,,.0C Fl EC ¥ A ALERE

1E2015 £ 4 H 1 H—2016 4£ 3 A 31 HIHRIMRAEG UK ER 95 4,3 285 MM R 1 51 T
b5 4 A5 PM, 4 OC \EC (X a3 & OC EC £EPMy T &5 (10 F . i3 1 Fis , Rk ]
PM, S e JE L FE A (11.86+8.94) —(356.98+17.82) g m™; F44 i FH v B 4 (109.9+7.99) wg-m™.
ZPME R ABE 2 AR ARE) (GB3095—2012) FRRE M S A AR EFRE (35 pg-m™) 9 3.1 4%, Hoh Ay
55.91% M KRB — 9% HARERRME (75 pg-m’) W BLAT 0L, JEECTT PM, 75 YRR B8 LA™ 3. PM, i OC
R B U B S B M (0.57+0.11) —(61.37£13.8) wg-m >, i W B A 24048 4 (13.4924.32) pg-m ™, (5
PM, (4 ELSE- 2B R 13.13% , 41 OC/PM, , B BB 510 5t E A MRS A b (36 2) IR T RE K R 260 1
2011 AEAY ML 25 5 (24.16% ) LA K 22 TR R BUAE 2013—2014 4E A ULIN45 5 (17.8% ) . — EFLE it
SUTTEUR BT X OC W55 YL Ui (SAREFIAIUS) 4 ) 4 il 4 s BOAS: 17 Bk 5 ) P At 3 o A L, FNE e
B A 2014 AEVLI AR (13.15% ) $230E, OC AP 4 i W JEAIG T 52 0 25 /8 2011—2012 4F 10
W7 5 B (H (22016 £3.32 g+ m™ ) Fl Zhao 21 7E 2009—2010 4F WL (4 47 5% E K (26.4 +
21.7 pg-m™) , BT IREEE ST FE 2010—2011 4F WL A9 _EIFEAH (8.6 6.2 pg-m™) , FIH T %0 7
2006—2007 AERLI ) INEL(E 7.1+3.3 pg-m™.

£ 1 JLETH PM, H OC EC B3 e s b H 5 L

Table 1 Average mass concentrations of OC and EC and their proportions in PM, 5 in Beijing

PM, ¢ J3 5 PM, 5 V-39 B2
Si:(jn Sariij fifn&her Con:::gt;“on con(:é:frr;?sns /o ( M;‘Zﬂ ) ( p.gE-Cr:’3 ) OC/PM,5/% EC/PM, /%
(pg'm™) (pg-m™)
% Spring 25 19.60+6.13—307.99+21.00  102.31+17.82 8.67+2.51 4.80+1.33 11.10 5.08
X Summer 25 12.69+7.50—227.76+25.92 78.78+12.00 6.22+3.46 2.13+£0.58 7.21 2.73
X Fall 21 22.28+5.34—249.04+22.89  128.05+14.95 16.37+£3.61  5.70+1.37 14.62 5.22
4 Winter 24 11.86+8.94—356.98+17.82  130.45+20.78 22.70+5.87  9.01+3.73 19.58 7.70

5 EANHAI T A EE , PM, 7 OC (95735 S v B 5 Md 261 78 2007—2008 4FE WL Y H A< 50l
(3.75+1.5 pg-m™) Fil Xie 4578 2008—2009 AF WL ) 3 &l FHAB A (3.37 pg-m™) . 424F EC AY &
WeBETE RN (0.21£0.09) —(27.82+9.12) pg-m™’, B Ik B A FIME M (5.41+1.83) wg-m™, 5 PM, [
LLBIE B 5.2% , EC FHREE L PM, s F1 OC MR B ZEFe e , B MR ANl 2.13£0.58 pg-m™ &k
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JE R4 9.0123.73 pg-m ™, HAWPHASZET5 W BEAR 25 A K EC 451 B ik 2 5 [ N HAB S T A L Ak T
Bt Qok-F ¥ T EANHABIR T 75 G K-F B8k TC(0C 5 EC WREZ ) 294 PM, 5Tk B2 Y
17% , AT L, S5 B A A BT RS PM, s Y EE B i 2 —.

H T AN ] 2219 B U 2R A RIS Bl UEAT I 26 5, IRLE PML, s R A OC F EC BRI T B 319
KRR fh 2 1 AR 1, JEIB & P, OC A EC -2 i vk RS2 HAE PM, 5 R i o L 45135 2 80
&, ORI MG T | B R A RAE. 8 X R 2= 1 A2 AU FRIE A 2 B2 A ] R & IR IE
JUHTHRIEZY 5 BT YWD HER LB ™ 8, I LA KU AL AR, ) I8 st il , AR 15 B 9 L
IR R T SR GBS, KIS 22, A 15 G i 9 BRI 5.

x2 EHMANEEIH PM, OC EC KM R HAE PM, AT & HL )

Table 2 Mass concentrations and proportions of OC and EC in PM, 5 of other cities worldwide

fﬁiﬁ ifﬁ-ﬂ‘ﬂ (;LZ(;:*) (MgE_Cr:%) 0C/PM, /% FEC/PMys/% TC/PM, /% Reﬁﬁce
JE3 Beijing 2015/04—2016/03 13.49+4.32  5.41£1.83 13.13 52 17 ABF5E
Jt5¢ Beijing 2011 21.94£12.02  5.03+2.58 24.16 5.55 - [30]
JE5 Beijing 2013—2014 15.46 2.88 17.8 33 — [31]
K Dalian 2014/01—12 6.9 29 13.15 5.6 18 [32]
5 Qingdao 2011/10—2012/08 22.16£3.32  7.28+0.52 - - - [33]
AFIE Shijiazhuang 2009/04— 2010/02 26.4+21.7 9.7+4.8 - < 19 [34]
_E¥ Shanghai 2010—2011 8.6+6.2 2.4+1.3 - a 20 [23]
I Guangzhou 2006—2007 7.13.3 4.0£2.5 18.3+3.8 10.242.6 - [16]
H AR Japan 2007/08—2008/08 3.75x1.5 1.94%1.2 — — — [35]
FEFHE Denver 2008/03—2009/03 3.37 0.44 — — 50 [36]

2.2 OC/EC HfE K SOC Byfk%:
2.2.1 OC/EC HAEH5 BT

OC 5 EC i HUME % R I A SIS Je i r= Az e, OC MR IEARN B 2, AU & T
ELEHE POC(— WA HLER) , i3 Tl b2 KN R 42 i SOC ( R A HLER ) .l EC EE R
TRF ket A2 1 BB R, e RSP HeA e , BT LA & V8 — IR OC HERUI /R B4,

WFFEIA A OC/EC L A 2.0 85 7 NI R A A7 e ik I5 Y NI E 45 R (2 3) T LB
Jbat 4 A OC/ECHEMSE- B KT 2.0, F B RAE 8] 4 F 35 48174 SOC AYT5 L.

F 3 ARZET PM, 4 OC/EC L .SOC HEE K i OC R EEAY L

Table 3 ~Concentrations and proportions of SOC in OC and OC/EC ratios in PM, ; in different seasons

#Z= Spring 1.16—3.76 2.43 3.29+0.86 37.95
5 7 Summer 1.21—4.71 2.61 3.87+1.27 62.22
Kk ZE Fall 1.48—3.90 2.98 7.94£2.12 48.50
A2 Winter 1.14—12.16 3.10 12.43+3.68 54.76

OC/EC FLAE AT LA PE M J2& B A AE Uk G, 3 0T DL K 20 B il S5 500 490 79 f T5 A HE
E AR5 G I HER B PM, 5 OC/EC A — A [F). A 98 R BR 42 B SHECAY OC/EC LIE R 1.0—
4.2 HARERISEI A OC/EC HHZ R 0.8 B2 RIPRIh 4 2.2 s BRIEERN A 4 A BE ) OC/EC b
{E5 5100 8.1—12.7 1 2.5—10.5")  ji 3¢ 3 nl %1, fir g =45 OC/EC HAEAYF AR R T 2.4, LI A
LI 59 1) 25 7k 25 Y HE IO 33X 5 SR AR S SE B R GO AR AT, WE I o5 Ah b 5T T P = B, KA AU S8
HERREEAT , E i B SO ATBONEE X, B TS 0R MLsh A 2 LI 4 £/ 2 Kk PM, |
1 OC/EC B2 510 1.16—3.76 (3418 2.43) \1.21—4.71 (348 2.61) F1 1.48—3.90 (“F-3{E 2.98) ,
TSN G R ] RE R F B A = e B I Y FE 2R IR 42 PM, 1 OC/EC HUfEh 1.14—12.16 (13
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1 3.10) , T A ARSI 0 FZERIFER T A8 EHE A A BRI HEL.
2,22 TIRAEHLER(SOC) B H:

H A0 A H R RE S 7™ 4% 1) 43 FF POC Fil SOC, B N AMIF5E 2 R H OC/EC e/ LB L #EA TR )
FE R SOC ByE BAGH. BAE LA EC VBN —WHE A 78 B2 9, FHRAEATR] OC/EC S5/ MEDR AR — Wk HE
HIRI OC/EC HAE AR T,

0C,..=0C,~ECx(0C/EC) ..
X, 0C,, A=A, (ng-m™) ;0C, HEAHLHK, (pg-m™) ;EC HITHRK, (pg-m™) ; (OC/EC) ;,
SR TS 21 OC/EC A Re/IME. %5 BRI R 2205 AT A AE TG S NS YR HEOAS [R) 25 T 3R Y
S PRI AT ST A4S 2575 FFAR0 (OC/EC) |, (B R3S 3EAR R 275 1 SOC 7 .

H122 3 AT, 44 SOC SEHIVREE K (6.88+1.10) pe-m ™, (5 OC & 11 50.86% , KT T 5 L% 78
2013 F1 2014 4EJb 5T A @ HABF ST AU 45 5 (SOC/0C : 65% ,60.1% ) ;5 542 Rk 25 7 2013 4R AL 98 1Y
ZEHL(S0C:7.97 pg-m™;SOC/0C:51.5% ) L. AT WL, SOC JZILE PM, ' OC A% 51 B AR 4. L 5 /Y
SOC M EEMZE 1742165 OC Je OC/EC FufH Y 215 28 A AH — 30, SOC ¥ BE K B /IVIRIK A4 2% (12.43
3.68 pgem’) FkZF(7.94+2.12 pg-m) HZ(3.87+1.27 wg-m™) F1FHFEZ(3.29+0.86 wg-m™) , XJ W 1)
SOC 4359 5 3] OC 1) 54.76% 48.50% 62.22%F1 37.95% .4 2= SOC 1 OC 1 A 5 b %5 2. JEL K 1 RE 2
— 7 T A ZE R AT AR AL BN 42 )3 Ik ) A 4 A5 D PR 5 3808 ke MR 21 3 et A AL R il ok
i 75 R BN AT AL i, n b A 2SR AR 0 ) s 0 1 e XU 3 i, /)23 B e e D S i i K
SR LRSS AR T 15 Gy 0 4RI, B S AT G e A s B8 I TRl A T4 1 SOC.
7 T A ZE A IR TR i A2 45 R PE A L) (SVOC) T Gy AEAE Tk 248 2 |ty 2§30 SOC 142
W EETT L — > T RE 4 JRLERL T SOC 48 %5 ik B #9523, E°0C W i e 30, JR R AT RE S vl T —
T 2 B AT YE R, A R T A MUY 55— 5 T PRRE S v T e RS 06,2015 AR BRI A]
(8 A3 HE27 H) FHRIEN 29.5 C, HA 5 R i 35 °C, FIH XL 78% , fe =ik
90% , T i ek o Vi M A2 R NE I R A 2% 380 T SOC 1 4R il L.

2.3 0C 5 EC fyMIEdE

AFFH KR OC/EC B MR/ NP & 6 7776 05 YA TR/ 12 i OC Fl EC 2
T PR S P AT DA A — 5 P8 b S e — 2 SR 8 =2 ] 9 56 R |, Turpin 2558 A A0SR OC Fl EC BAH K1
I, Ui OC Fl EC JCHR4 AT BESR L FAR RIS — B i5 4408, 0C FEk POC,SOC X} OC 1 5T iikis/N. It
T ARRZET PM, 4 0C F1 EC MISEMAIE 1 FiR.

O #% Fall ———— %M (BkZE Fall)
A £ Spring R 2tk (£% Spring)
O HZ Summer — % ( EZ Summer)
20 O %7 Winter e 21 ( 42 Winter)
L o )
_ 60 %7 Fall £-Z% Winter
T S0F 1=3.6447x-0.9494 o ;;l-oéégﬁs 3883
5400 R=088%6 s o o
s O 05T @] %2 Spring
3 ""6;-:" o o yjl,4797x+2,2296
- 5 B Stmer R*=0.9046
A y=1.14x+10.385
R*=0.4472
10 15 20 25 30
EC/(ug-m™)

B 1 ARZEY PM,H 0C 5 EC BIAHE

Fig.1 Correlation between OC and EC in PM, ; in different seasons

K1 TRAE 2 PM, 1 OC 5 EC ARG 1, R” =0.9046 , A ZE OC Fl EC 1Y [RIJEPELT,
ATREA LRGSOk IR X 5F 2 0C £ 8 POC RYZ5ISH — 2, R ZRIE FHLah 4 Bk Bk 22,
R*=0.8886, & ARk R [A] JE Mt A by, =R VE FHLB) A HEL. 4 2 PM, 5 OC Ml EC I C R B R =
0.6018 , FHC A HERK 2255, ULIHAEA 2= OC 5 EC SR IEAIXT & 4%, Brdlsh = HE i oh , — 7w i T4
2 R W 2 S TR R IA SRR HE A 2 KR I, S 22 FRAR TS , SOC TEAZATI IR 230 HH 2 vas 1 Tk
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BE 5 —J7 T B TRR RIS T i 22 6 0C 5 EC B BTlk AR, Ktk OC 5 EC FAH G 2% . 8 7=
PM, ;"1 OC 5 EC AHOCHRAR, R® = 0.4472 , i W B 2 5 B S EOR U5 T In 52 4% , B 52 B ML 8l - HE TG
Ah, 3% SOC WIsZmEE K, T 5 Folbaa n; HA R SOC AN B EC, S 8UH et 22 5% 5 5 2 SOC
1E OC i e e s Y 4518 AH — 2L
2.4 0C 5 EC &5 HRIE BT

POGRURE (TOR) 7ED & BURL H OC F1 EC & & 0y [al ik, ] [al i 45 i 0C1,0C2,0C3,0C4 EC1 |
EC2 . EC3 K& OPC %5 8 ANBRZHZM e B | U538 I3 25 SR 00748 S5 B, R [l HE s DR HE R 1) 8 /Bl 4 43k
FERRA —E W 25 5 o OCT 22 AW iR BeHR A 1B 20 43, OC2 J2 BRI IR b d5e F & 10k 4H 43, EC1
BRI E RS E A, EC2 F1 EC3 & 54 4 R =5 iR 4 3 AR 45 A [ b i AN [7] 77 7 i 1
fE b A, SCERH T OC3,0C4 F OPC 153256 irfi 25, OC3 Fl OC4 AT REZ VM 2 2 < BRI Bl 4 18 %
PR 0 T2 53, OPC 2 AW TR E IR 5l 5 VAT 2 HE IR 1 AR ik 20 43 BT DURR H8 SR A i 32 2 HE AR
JnRAFNWr. A X DU 2 PM, A R 2H 43 1) o s TR BE AN A 2 s

HE 2 7 LLEH, IrfZE9 11 002,003, 0PC VLK EC1 & Bk, B4 30 2/ 5 TC 1Y
77.03% —83.04% , HiAth 4 iR FiZH 4> OC1 ., 0C4 EC2 Fl EC3 14 7 85/ PR e WL sh 4= v HE e iy
EC1 W& AR 4 ADNZ MR R, I EC2 Ml EC3 241 & AR, LG H R 8 1%, Uil T HLEh 42
VRIMHEBOR b 5 30 XA 2= B A I Y 3 SRR AR I A RR AR 4H 73 OC2 W AR Y- Y & s 7E 8 B2 43
HhE R, R HE B R A IR DX A ST 4 A 1 RO IR 2 — B i L, OC3 Fi OPC 11 &
BB LI 5, 25 SRR e B SE B O B, B AT AR 1T BB AL 20 42 VI HE ORI B 1) 32 B2 43 EAS 1 R
S ARRAEY B FEIE L 531 OCT ZEAUCRAE W] 1) & i AR & BK A W v TR B, Rt ol g
FEYI IR R O 25 20 ks )38 2 AR A A o 1 e A R B TORFEIIE] PM, R A I R
IR T AL G HERCRR I X 5 OC/EC FUE BB 5 4Lk 5 — 3%

S0

Qocl
@ 0C2
oc3
m oCc4
OPC
B ECI
N [ EC2
B EC3

Percentage/%

Summer

2 BOLIHTIEAIN L A AR AL M E TC B 70 B

Fig.2  Carbonaceous components percentage in TC by the thermal optical method

3 %51 ( Conclusion)

(1)2015 4F 4 —2016 4F 3 H REEWIE] , L GURIX PM, (AP35 i 7 (109.947.99) wg-m™,
PM, . OC Hl EC A 34 B BE 70 591 0 (13.4924.32) wg-m > F1(5.41£1.83) pg-m™, 735 & PM, Jf
TR 13.13%F15.2% , —F ZH TC 5 PM, BTV BE 1 17 % . Uk B &5 B S 20 Bt 3k IX R PM,,
1) B B B0

(2)0C Fl EC -3 Jo ik B K HAE PM, 0 BF o O A0 25 T AR AR AR 2 S B & T i, HLU R K
FMES , B BRARAYRAE. 33X Pl 215 28 AR AE 7T B8 2 p HEBCIRAS [R) AR S AR fR W A4S PR 26 3L [ 5
AL

(3)4 21 PM, 5 OC/EC HABI KT 2.0, F WA 35 BIAETE KA Bk (SOC) 1 A B, AR 4
OC/EC f/NUA AN, SOC AP EE 4 (6.88+1.10) pg-m ™, 15 OC & HE1 50.86% , % W] — 1R A i
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EALTURIX PM, P OC 19T BRI AT 19 SOC W /KK TR EZEY ,S0C X 0C Tk R E %
5358

(4 MM EM,0C 5 EC MM XMEERZ (R =0.9046) i i, k2 (R* = 0.8886) = T& %
(R*=0.6018) , 7 (R*=0.4472) e fi, RIAFEFPIZE OC 5 EC VAL ELAH X ] 57, B 2= 1 A1 ¢ R 4L
Ak, X 5 H 2 SOC Mt L4 %

(5)#E—2XF OC Fl EC #4153 B v B /3t 22 BH , SRAE IR0 53k X PM,, 5 FPse Il < i 32280k
TR TFHLEI IR ZEHE BRI X 5 F OC/EC HAE A B9 75 G ok I — 2L
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