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 E AR KETH H ZE PM, s TRA S IR 2 ZALRRAE XORUR, T 2019 4F 7—8 A %51 2 NS4
IERCRAE T PM, s FEAh, JFIE T HA A MR (OC) FIUGER (EC) M k. 450 EW, HIX PM, 5. OC
N EC ¥R BE H AEA K (53.4420.8) pgrm™ ., (8.72+2.56) pg-m™ Fl (1.67+0.90) ug'm™, ZFIX PM, 5. OC 1 EC
W A YME A BN (54.2424.5) pgrm >, (7.54+2.50) pg-m > Fl (1.82+1.06) pg'm™>; 4K PM,s. OC. EC ¥
S E Ayl (47.3£16.1) pgrm ., (8.7£2.1) pgrm® I (1.5£0.6) pg'm >, T [E] PM,s. OC. EC {534
FEAY 5 (60.2£26.2) pgrm™, (7.5+2.9) pgrm™ Fl (2.0£1.2) pgrm™. OC I R NIRIX & TREX, AR
Tl ; EC B PM, s ¥R BE R B AR IX i TIRIX, & [H] & T K. OC/EC WA T, 3IX (6.04) = TXB
X (5.08); FIK (6.58) 5 TRl (4.54). WX OC 5 EC ML TREX, MK OC 5 EC #5155 TR,
K FH EC /R ERik 5 MRS fAIXT SOC & #7658, 1538 [ R 57K SOC ¥ B 43718 (5.71+1.35) pgrm™
I (3.81£1.20) pg'm™, K SOC {5 Y A 8] /™ & . FBEAHT 5 E A A T S5 SRR, R HE T B =R
X PM, s HHii2H 431 J2 BER JR TR B AALh 4 B S HE k.

KW PM,s, Bkdsr, BRA, ZWHEBLEK (SOC), WM, K.

Spatial and temporal variation characteristics and source
apportionment of carbonaceous components in
PM, 5 during summer of Tianjin
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Abstract In order to study the characteristics and sources of carbonaceous components in PM, 5 in
summer in Tianjin, two sites were set up in Tianjin from July to August 2019 to collect PM,; s
samples during day and night, and the contents of organic carbon (OC) and elemental carbon (EC)
were measured. The results showed that the daily mean values of PM, s, OC and EC concentrations
in urban areas were (53.4+20.8) ug'm, (8.72+2.56) ug'm, and (1.67+0.90) ug-m™, and those in the
suburbs were (54.2+24.5) pg'm™, (7.54+2.50) pg'm™ and (1.82+1.06) ug-m™. The concentration of
OC was higher in urban areas than in suburb, and higher in daytime than at night. The concentration

of EC and PM, swas higher in suburb than in urban and higher in night than in day. OC/EC value was
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higher in urban area(6.04) than in suburb areas(5.08), and that was higher in day(6.58) than in
night(4.54). The correlation between OC and EC in urban areas was weaker than that in suburbs, and
that between OC and EC in daytime was weaker than that at night. The EC tracer method and MRS
model were used to estimate the SOC content, and the SOC concentration were (5.71£1.35) ug'm™
during the day and (3.81£1.20) pug'm™ during the night, indicating that the SOC pollution was more
serious during the day than at night. The results of abundance analysis and PCA (principal component
analysis) showed that the carbonaceous components in PM, 5 in summer in urban and suburban of
Tianjin mainly came from coal combustion and vehicle exhaust.

Keywords PM, s, carbonaceous component, diurnal variation, secondary organic carbon (SOC),

source apportionment, Tianjin.

AR, PM, s X3 EI T 25 S i A7 8 7™ B B2 il oL B2 3 2 PMy s W OCHEAH 7, FEME R
HL B% (organiccarbon,0C) il J& & #k (Elementalcarbon, EC)¥. OC U #§ H & HE i W) — W A #L ik
(Primaryorganiccarbon, POC) Fl1Z8 54k 2% [ v A= 1 9 — IR A3 LAk (Secondaryorganiccarbon, SOC)P; EC &
B30 1 A AR AN SE R BE AR L WFSE R B, OC HoA « =80 KU 7, I B 5t E A /o 78 S
EC (%W B P58, S A 196 P O R 25 SO PR, DA T S JBip A A At B, ] IRF BC ik HA AR 53 A IO
PEVOL 25 F IR, B2 43 X R AIREE BN A ) f 5 AN 25 22 A0

KT “2+26 7l T 22—, [ 2 A E kT 07 B9 &k 0T, 28 88 7w, 2018 4F KRR X
PM, s W FEARIIME IR B 52 pg-m™, i [ SR (35 pg-m™) 19 0.49 A, RAT5 YRy 7 8. [R] IR K e
SEALTT Tl e Z —, A A R BA R T BOR Sl I IS HE TS 3 A, ™ 5 i) 5y T DX PR 5%
AT 5 PM, s B 2H 4375 2 O A 12 XU S8 AR 01, (HAR SCIFIE R AN OG T H =9 A8 AR AR AE, G
T REBETTIAR X PM, 5 B2 4 AR SR 30, R AU BIFGE 1 R T DCRIZR TN X PM, 5 H A Bk 26 45,
IRARAE B X KT 2 X PMy s W BB 73 AT 1 RIESE. AE 2N B0 P Y A5 o,
R OC Wk BEF R I F R & T (0] 5 EC ¥R BE 1Y B A 22 S 70 45 T () A3 Bir S ml L, 220 L PE %2
EC ¥ BRI R (RAR TR 0], FZE W T i ] RS2 4558, ¥ i a3 25 midb ot EC W R
W B AR, E2 5 Y HUE A RIFLE) 4 ST A DG, AT UL, 52 Z R R RS2, RSP ik 4 43 Mk B
S AR A A B A X2 S

SRAFSE KT PM, s WV 2H 53 B9 B A AB A RRAE S i PR 22, ASBIFSE T 2019 4F 7—8 H X KT &
KA PM,y s HEATRAE, B X PM, 5 Hli 2 43 Mk BE i ) 25 A8 AU AR iE SRR IR AT 438, B S R i ol
JEACBIABOR St 2%

1 MRS (Materials and methods)

1.1 FERCREE

A GBI R AE R R IR X S5 RBIX, 43507 T R FF R B S 4 BB T (39°6719"N,
117°9'43"E), Mo md HF K 2FH R 10 X KA IR B 255 WL s A 6T (38°59737"N, 117°20713"E). SRAEHT [H] 2
201947 H 19 HZE 8 H 15 H. R #A PM, 5 U1 K% B 19 HY-100ws H i S R AERR (F 5 fHAE A A),
AN 100 L-min™. K A TEHEE (490 mm, Pallflex), JM B R AERE S, FH R RAERTE] 24 H 08:00—
20:00, A [ERAERS ]2 H 20:00—K H 08:00. HR AT ZIEAL 48 7K, FH R FRL A1 45 24 5K RAFEH 1]
SGEARARNE T B L B N oA SR Gl BORL.
1.2 FES BT

ARG R I 3E E VLA 52 BT (DRI) & WA #OGHR 7314 (95 DRI Model 2001A) X 20 73 € 1 53
B0 =200 3 it R IMPROVE #2 JF FHIR 2%, B4 i BB T 0 SR s 204 T, 43 HE 140, 280, 480,
580 C N &AL, K g R L1 OC ¥k~ CO,, SR 5 S ad fi Ak % 4k CH, 2 10, 15 31 OC1,
OC2, OC3, OC4; SRJGTE T 2% A AFKM T, F 580, 740, 840 °C Z G, i AH ] i 3 43 51 v]
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% EC1. EC2, EC3. Bk i 2 2 7= A= 24 f# bk (optical pyrolyzedcarbon, OPC), #43 #1 i #2 5K H 633 nm
() He-Ne OGRS LI OPC & . % X OC=0C1+0C2+0C3+0C4+OPC, EC=EC1+EC2+EC3-OPC.
1.3 el

RAFERTHG 25 IR S T S b 600 C 2508 T =il Bbs 2 h, DL ZBRME - (055 B8 B Je 2 oa. SR AE T
JE B A R E T ROV E D, AR R E N A5 T A 72 hy DARRRIRLEE | R A R R X PR A R )
LR E LSRR ZART 50 pg, BOFEEVENFRE . RAE SRR P R ER AR 25 R 5,
AR OC., EC AL{E A A FE i AR SIS AE H1IBR 1,

2 LEE51E (Results and discussion)

2.1 PM,5 Ml OC, EC By B /K V- S 7% A8 fLFRAE

FAEWINE], KT PM, 5 W BEJL N 22.6—132.7 pg-m=, H¥ME A (53.8£22.5) pg-m>, 1K T (FREE
25 SRR FRE ) (GB3095—2012) Y AR EFRAE (75 pg-m™). IRIX AR X PM, ¢ ¥ B H {8 551 A
(53.4+20.8) pg-m Fll (54.2424.5) pg-m. Bk X PM, 5 ¥ BEAICFRBIX, A] 68 S i T R EAL ) 42 BRAT BUR X
FEXTIR X, BX ML AN RAT H R AR 440 2, S ECBIX ML 42 B A HEL PM, s 3825 [RS8 X A AL
WA Z, R BAEL S 7= A 2 PM, 522 B (B AH LA, R B 2R 1R PMy s MR (BN (47.3+
16.1) pg-m>; B A PM, 5 e BE H{E N (60.2426.2) pg-m™>. K PM, s # AR T2 18], 3% A] fig & P R 7% 18]
KA F)E 5 BB, HRGEEAR (6 1), 75 G P0E LAY 8, UM 5 80K 8] PM, s W BE 45 (R 7. B
I, REETTE % PM, 5 15 e 558, (AR5 Z 40

F1 REMRSELSH

Table 1 Meteorological parameters during sampling

¥ 5 Site KAt Bt Sampling period iR J%/°C Temperature FAXTHRE /% Relative humidity i /mph Wind speed
EPN 30.78 55.47 2.65
X i
&[] 26.36 70.44 2.28
) EFN 31.03 51.53 2.68
g ‘
&[] 27.19 65.94 2.39

OC. EC 7838 [a] FUS-7% 8] 1 2% S 4N 1 7, PM, s H OC A He B2 T BN (3.4—15.0) pg'm™, H
PHEH (8.1£2.6) pg-m™, A3 X FIAR X OC Wk BE H BI{E 73514 (8.7242.56) pg'm™, (7.54+2.50) pg'm.
EC ¥ IS H R (0.5—4.9) pg'm ™, H ANy (1.7+1.0) pgrm™, Hrp I IXAIZB X EC ¥k & H ¥{E 7351
J (1.67+0.90) pg-m>, (1.82+1.06) pg-m>. 7] UL, KRETHTE 7% OC ¥ & H ¥{H & T EC; 3 IX OC ¥k & = F
RBIX, BC e FEAIRFRBIX. 3% AT GBS 1 T3k XN AR 22, RMRE | A8 T IR S5 HE BEOUR A9 HE R R B IX, il
HOC e B Ay Kk X St L 30 22 BRAT R, R IXALBh A BRAT R B X ALah 4 R SRR K £,
[ EF AT DX A FHMLARAE FH A 22, DI BB X EC R B8 v IR

or X Urban [ F%Day
%B X Suburb 1 & Night

oo
T

(=2}
T

~
T

Concentration/(pg-m™)

8]
T

N\ il

ocC EC oC EC
1 WXRRX KLERE OC, EC ¥ Hhis

Fig.1 Comparison of OC and EC concentrations between urban and rural areas and between day and night




134 TR RHETTE 2 PM, 5 H 4 0 i 28 AR AURRIE B2 R DR AT 107

R AR FE AR, R AR ] OC He BE S4B 439 K (8.742.1) ugrm™, (7.5+2.9) pg-m>, [ KA 8] EC
e PE BIE 430 R (1.5£0.6) pg'm >, (2.0+1.2) pg-m ™. EC B B A1 B = F (K, OC W R BN R
1o T I 3 T R R p 9 TR B, — O TS SRR )T G, e IRCRATE S 1) 35 7 A 28 3 v VA, BT
22 % 32 Ay ke IF e WA Al PR AL 3l 4 R 5 OO 45 BB £ A) SR A I (8] A7, () JR A (] 6% 44 21290, fit fiff
R [8) SR RE 3 18] ML 3h 42 2 A HERICE 388 hn, AT S30 BEC ¥R IE T 55— i i T E B A Kl fEth To6lk
2 N INR G808 22 SOC 7= A=, F 3 OC W BE 5y T[], PU &2 (B9 25 21 5 A IF o0 45 SR A — 2K

h TR S B 25 SR A o it X, ARF SR A SPSS22.0 44 XHE R OC. EC Jii 2 vk JiE it
PP ST REAR B AE S BB B8, 45 SR 3 2 FT 7R, OC3. OC4 J3- 7% [0) e i 2% SAFAEGE 124 5 X (P<0.05),
HA B 4 4o 12 1B e i 25 SR AT Bi 31278 X (P>0.05). OC3, OC4 Wk TR IEAIED LB ERA . &
SFURE T A R R I AR 2R 20, SRR, N B 5 R AR AU A S T, P R G L B, 5 3 5R
Jits TA = 2, 21 OC3, OC4 & [A] vk J3 22 5 W 385 WL p RAE S MHE A B K2 REWE, B R
BRI B R 22 R RAE S ], B AR AR 2 A 2 HERCRT B2 AR OC3., OC4 Bk vk JE 25 53 B 1Y
TR HA R AL o T B (VR 25 S I A e i X, R H B R 22 55 AN .

R 2 BRIAIBRZEL S P SRR A S RO 30 25

Table 2 The results of nonparametric tests for independent samples

OCl1 0C2 0C3 0C4 EC1 EC2 EC3 OPC ocC EC

PfH 0.421 0.208 0.027 0.040 0.821 0.463 0.153 0.087 0.076 0.248

T R T T AR B A 0 ) 15 e AR A DL, R BT 25 2R -5 R T D AR R 2 7 15 e i Bl Le
BT RN 2 s STEAEAR L, BEAE PREIG BEAE A9 SE0E, PM, s TR R AL R 2 AR (H
552016 AEAH LL, ABFFE R OC W MG AT LTt EC Wi 25 1 [, 1X AT RE -5 3T JLAF AL 8 4F 15 o HEROhR #E
PB4 LA . SR B, ITARR KT PM, s FRaRALo5 Y il LA P el

14 —a— OC
—e—EC

S

1 1 1 1 1
2008 2010 2012 2014 2016 2018 2020
Year

B2 S5P4F PM, s RS0 L4

Fig.2 Comparison of the carbon component in PM, 5 in previous years

T ML TR OC. EC W15 YeokF, #I5 [ A3 T A L 8%, 25 R 4n sk 3 s, R
AT 2 PM, s 1 OC B4 S it AR TR . o, M PR a7 HEEE . 3, TR PH . #eil . v, &
PG EC B S KT raas . e HEHE . veBH . &1l P92, mFdbat )N . RO, B iRk T e
()22 57 BB -5 Y ML 8l 42 R AL I R be S HE IR A ok, 5 KGR ) | 30 32 R B SR R R A AN
Ay, B FF, Kt E Z PM, s b OC A4 & B8, EC A 7 & 4K,

2.2 OC 5 EC HytHM: 04

A dE , vl OC, EC MIAHICHERR ST, #F — @ B B X HOR IR AR 1 5 — Btk AT 91 240
FIWT, 5 OC. EC FHI& M5, 2 B HOR WAl 0 — 25 57 H S 55, WU B HOR IR & Z%, v REAF7E
WG GBS, KT 22 PM, 5 H OC 5 EC AYAH 4347 45 S5 36 W, 3ok IX R0 IX (440 56 22 58 r (850 31

%)
T

=
T

f=2)

Concentration/(pug-m™)
o

~

[}
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0.692 F1 0.505, 3% IX. OC., EC FAH S & TR IX, R IX OC, EC R —3, F232 A R issm;
RBIXAH B 7 55 B K, OC 32 21 K SR U551 4n A 40 e A AL S5 () 52 e B2, ICRR X OC ., EC AH G355 .
SRR IAIAH F g, IS IR (8] (A A 2 2250 r (B2 3R 0.566 F1110.670, 4K OC., EC [IAHSCPE ik 155, %
BIFR OC. EC RIFER RS 4%, nIREH T 1R ™Az SOC Bk (| B £,

R3  SHABIE T PM, s B HE

Table 3 Comparison of the carbon component in PM, s with other cities

ki City 0C/% EC/% SCHELiterature
PNE 15.06 3.16 EN I
R 10.89 3.90 [29]
R 18.60 6.26 [30]
b 15.81 242 [31]
Il 13.92 3.15 [32]
R 8.20 3.80 [33]
TP 7.20 2.40 [34]
WK 10.53 6.61 [35]
b1 10.19 431 [36]
23 13.08 6.44 [25]
#HI 12.37 237 [37]

2.3 OC 5 EC 0y Ll Hr

AL, 3 X OC/EC JE 2 2.61—9.67, ¥IMEH K 6.04; ZRIX. OC. EC {uH N 1.95—9.89, H{EH N
5.08. X OC/EC HLAH & TRB X, —J5 1 i T3 XN 10 35 4, SR MRER | A8 U A R il o 3 K S B IX.
OC ¥R e, 3 —Jr T i F IR X AL 8l 22 BRAT A S RB X A T AL R ASCHERI, #E 1M A2 i 3k IX KA rp BC ik
JEAR TR X, & S 30 X, OC/EC il i TABIX. 14K OC/EC YE Il Ny 3.83—9.89, -1 {H Ky 6.58; 1%
[8] OC/EC Y [l A 1.95—8.20, “F-¥I{E h 4.54. WFFE KW, 2§ OC/EC it 2.0 B, MM K< OCFR T &
A — W HERH POC, i 1T 58 & A7 B POC #%ALJE B A SOCH). Kt B % OC/EC #i it 2.0, BiH &
WA REAFAE SOC. 12K OC/EC & T [R], AT REJE Hi T K32 SOC 5 YL B ™, HRIB EE R AL H A
AR (R 1), JERAIT K BB B &, B A SOC M4 B, s 2.4 Rtk —2 20 fr. 2209 &
BRED | PG 22 ZE ST OC/EC BIMIFFT 45 St S 0 11 K v T (] ) 4R
2.4 KA MLEK (SOC) Hyfh 5

Sy B A SOC B BTHK, Turpin %5% 21 EC /R ER 1%, EC /£ POC 7R BT SOC ¥ B it 47
fh%, TR E W (D)

SOC = OC — EC(OC/EC),; ¢))

3P, SOC h WA HUBKAY BT R, pg-m ;s OC Fl EC 433113 RAEMIE] OC Fl EC B, ug-m™s
(OC/EC),,,; & — W HERC R RSP 9 OC/EC HUfH.

FI TR 2 bk 78R H OC/EC Fe/IMEE AN (OC/EC) i, 1HSEBR_E 75 B ) At AU, T A W
PO, AT SOC 7E OC H A i b AR Wi i, B OC/EC $ie/MEEEAR (OC/EC), 1T RE 2338 MR K%
2. Millet 55190 gt R4 1 e /M SC R B0 (MRS) SEHf 2 EC 78 B 15 T (OC/EC),, 1B, Wu 551 45 it
PE— BB SEIEFR T MRS TR, BIMES (OC/EC), 5 M F T 1 % 2245 4k, 134 — AN % (0C/
EC),; X N SOC, F315% SOC HAHNE EC BAHSC R AL (RY). Fe/N R? JIrXf Y (OC/EC), RIIAA 2 K
{H. Ji %) 0 R AERD 73505R ) MRS EE 0 mUR M B AR 17 SOC M EREAT TS AWFFE R %07
VAR AT X T B 2R 0 (OC/EC) s MM HEAT AR, 45 5N 1El 3 FiR.

WU 25 R0, IR (OC/EC),, {4 2.04, B [H] (OC/EC),,; fH A 1.84. 20 1 11544, 1K SOC
W N (5.71£1.35) pg-m™, 1) SOC ¥ JE H (3.81+1.20) pg'm™. 1K SR AELE—E K SOC 55, &
R BE 22 S R U RS MR, 5 2.1, 2.2 ]2 2.3 AR B S5 A0 — B0 B R0 RIBERAR, IR,
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B (] LR PHAR S 5, 2 Fh 42 PR 2 0 52 ) m] 41 (' Ak 2% B g in il , 38 1 A= i B3 2 SOC, 33
K SOC V5 4% A& [A] B Ay ™ H.
2.5 B SR SEAT

W, OC1 AR LW BBk BETH, OC2, OC3. OC4, EC1, OPC Tk I THABEFI AL sh 4 B < HE
Jit, EC1 7E7RIM 4 R A B & = s 4800 42, EC2 A EC3 7R 48l 2 B rp & = g s el

BRI A 20 19 =F B 2 T2 AL MR 5 8 Bk 4 49 vk 2 2 A1) B, 38 2 70 BT KT PM, 5 R
8 il 4 43 1) 2, RIS YR IR AT 25 F S 16 ] 4 S AHIESE 8 R 2 43 11 = B A 3 xR 1] LA
FOSARINTE. K 4 AT f%, OC2, OC3, OC4, EC1, OPC 7EIARRIA] | B0 18] =F B 84 =, vl 4l e w26
I, BRIERNHL B 22 B SR KT B 2 PM, s 4l 20 2 BRI, K b A Tl Py, Tolk
KB, BRI A HE G B oK. R R T AR 0 N 0 3 T 07 9 &k 8T, Ilsh /R Bk, A LBk
ARG B v AL, AR 2019 47, MLEh -0 L 300 J1 i, KEHLah 4 iz 1T 8k 1 bl sh 4 &
SHEBCER K.

O q%Day _ O gmNighe e - -
_- PR -
P - - ,/
0.8 . 0.8+ ’
‘ V;
/’ ' U
| 4 L 1
g 06 Minimum &> 7 g 06 ‘\ Minimutn B2
) = ! )
3 QEECS01 3 ' OC/EC-1.84
kg ! g ! 1
& 04 ' & 040 1 '
\ f \ ,
\\ 7 \ i
\ ,I v
02 ' 02 ‘|1
\ ' Ve
\ ’ Y
vy, ‘e
ol M L L | L | ok L 1 L 1 !
0 2 4 6 8 10 12 0 2 4 6 8 10 12
(OC/EC)p (OC/EC)p
B 3 MRS FRAA LS
Fig.3 Results fitted by MRS model
35k E= # X Urban | [_]HXDay
- 0 %6 X Suburb 30 S S 7% ] Night
30F |
= 251 —
i = = g
S =) = S 20r BNIm
g 20t = — g
= —| — =
2 = = g 15r
£ 15F = = £
= = 10+
10 ] =
5k B % st
0 %WH = = EHH 1 | 0 [§§§ §§§

oCl1 €C2 OC3 0C4 ECI EC2 EC3 OPC OCl 0C2 OC3 O0OC4 ECI EC2 EC3 OPC
4 ABTREE )T R I 23 X L 43
Fig.4 Spatial and temporal Comparison of the abundance of carbon components

N T xR PMy s PR o B SR PR BE— 28 0B, ARBETER A SPSS22.0 73 ) A 3 3k X 55548 IX K
U PMy s FHY 8 Tl ZH o3 HEAT T o0 BT, S5 RANEE 4 Pz AR X e A L3R B 2 AP 7, BTk
IRE] 74.64%. N 1R T 58.989% A fkia, Hirfr OC3. OC4. EC1, OPC i i 3, RUPRIRANHLZh
e R AHFBOR TR BT 2 R T 15.651% 7R AL, BC2 MR35, R WIS 4 R A H /R 51
BRE R BEXIZB X LB B 2 AN 7, STk A 3 76.277%. AT 1A BE T 62.121 % Y78tk i, I
HOC3. OC4 11 1 W 3%, R WK AN HL 3 7= B CHR ST MR B R I 2 iR T 14.156% 9 A2 AL it
EC3 {2 3%, WIS %7 B UHRF M £ 2 k.
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R4 B HTER

Table 4 The results of principal component analysis

Y143 77 X Urban A X Suburb
Component [X1 Factor 1 [X+-2 Factor 2 K1 Factor 1 [XF2 Factor 2
ocCl1 0.654 0.577 0.793 0.129
0oC2 0.860 0.413 0.883 0.313
0C3 0.906 0.030 0.941 0.093
0C4 0.967 0.114 0.908 0.175
ECI 0.900 -0.033 0.705 0.608
EC2 -0.011 0.943 -567 0.004
EC3 —0.285 0.193 0.010 0.980
OPC 0.845 0.022 0.823 0.063
FRET 221% 58.989 15.651 62.121 14.156
FHIEME 4719 1.252 4.970 1.133

L LRk, RIS LB 4 R SHF RO R PMy s HBRZH 53 1 32 2R IR R R AL T FE 28 Tl
s, Tl ik, N RO R, B2 MV AR AR A 7 A 196 R PR B s RIS, R AL s AR K,
P i, A T FE R DR 416 I, IR AR R R HE RO R T PML 5 R BRZH 73 ) 2 ER UL

3 4518 (Conclusion)

(1) K E 2= X PM, 5. OC. EC V- 344k FE 4351 24 (53.4+20.8). (8.7242.56). (1.67+0.90) pg'm,
ZRIX. PM, 5. OC, EC V344 73l A (54.2424.5), (7.5442.50). (1.82+1.06) ug-m>. [1K PM, 5, OC., EC
S ST BE 4 R (47.3£16.1). (8.7+2.1). (1.5+0.6) pg'm™>, #Z[A] PM, 5. OC. EC “F- ¥4k 43 514 (60.2+
26.2), (7.542.9). (2.0+1.2) pg'm. OC ¥k BE R B I IX & TRBIX, K& TRl EC M PM, 5 e B R
B I T X, )i T R VAR S A A B, REETT PM, s TR OC A 8 & K
EC H4r & m Bk,

(2) OC il EC A& M4 W, ZRIX. OC 5 EC BYAHSEMESS T IX, F£WAIIX OC 55 EC Ak
IR —F. FRAY OC, EC AHOCHE 55 T ], RWIH K OC. EC RIFEHA A %, W HE 5 H KA H
% SOC {5444 K.

(3) OC/EC HAB AT HTAI 4, 31X OC/EC LU fH i TRBIX., AT fig 5 30 PRI A IR 5 ki OC 85 %,
DL RAE X A3 2R R FHHLACHE I EC 382 A OC; IR OC/EC & T 1H), IR T H K ™42 SOC .

(4) XPER SOC 23 PHEE, IR SOC W (5.71+1.35) pg-m ™, 7&0H] SOC N (3.81+1.20) pg-m™.
ERIIAFAE—E N SOC 154, MR 25 5N RS R]. B 28 I ORI, AR A, JEIR A R B R
PR SR, ARG Ak SO e, AR 2R i SOC 22, e 3R SOC 15 YL M i ] 5k ™ 1.

(5) FRESHT 5 E M AT A BRI, K H BAL X PM, 5 Hik 2 7 F 2R IE TR AL 3l 42
A HETL.
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