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Chemical Compositions in PM, . and Its Impact on Visibility in Summer in Pearl

River Delta, China

YANG Yi-hong'?, QU Qun®, LIU Sui-xin’*,LI Xiong", ZHONG Pei-yi’, TAO Jun’

(1. School of Chemistry and Biology, Zhongshan Institute, University of Electronic Science and Technology of China, Zhongshan
528402, China; 2. South China Institute of Environmental Sciences, Ministry of Environmental Protection, Guangzhou 510655, China;
3. Institute of Earth Environment, Chinese Academy of Sciences, Xi’an 710075, China; 4. Guangxi Meteorological Service Center,
Nanning 530022, China)

Abstract: Aerosol samples of PM, 5 were collected simultaneously at 6 sites from five cities ( Guangzhou urban, Conghua ( suburban of
Guangzhou ) , Foshan, Dongguan, Shenzhen and Zhuhai) in Pearl River Delta region during the summer of 2010. The concentrations of
organic carbon(OC), elemental carbon (EC) and water-soluble ions were determined by thermal/optical carbon analyzer and ion
chromatography, respectively. The characteristics of PM, 5, OC, EC and ions, spatial distribution were discussed. Moreover, ambient
light extinction coefficients were reconstructed by IMPROVE formula. The results showed that spatial distribution characteristics of
PM, ; and its chemical compositions were obviously different. The PM, 5 in Guangzhou, Foshan and Dongguan were higher than those in
Zhuhai and Shenzhen. The contributions of (NH,),S0,,0M, EC and NH,NO, to ambient light extinction coefficient were 39% ,
31% , 12% and 13% , respectively.

Key words: haze; spatial distribution; PM, 5 ; chemical composition; visibility
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Table 1 ~ Surrounding environment of the sampling sites in Pearl River Delta

Wi RFE B AL BE/m L #iE
I HEW A 8 22°34'55"N, 114°07'43"E Yl
AR5E FREEs KT 20 23°03'37"N, 113°44'55"F T
I B IR R T 50 23°07'26"N, 113°21'17"E i
il A RBC 25 23°01'59"N, 113°08'15"E Wi
Mk PGEFRL 20 23°41'47"N, 113°42/08"E BIX
PRt IPNE SR 50 22°20'49"N, 113°35'05"E ZBIX
. - 23°C  HHXHRIE 35% ~45% ) VA5 24 h, K5 FRakAT
i | SN PRI, BRI 7RI 8 EPA ML 7 ik JIDREHE A 1
B —~7 o b LT RP-SEAT R, FLATR POV B AG1222 /)
86| 5 3 T 10 pg'?’.
ol A 13 BRI
- L\{“"“ o o JIr A FE 5 B9 OC (organics carbon ) Fll EC (element
P — Lh P 5 J*"QL {| carbon ) 7 AT 2K FH 3% [E V0 BEWF 5% BT i il DRI Model
23.0° o ] N .
#5E e 2001 # 5% 8% 4> M1 4L ( Thermal/Optical Carbon
e p Analyzer). [ ] IMPROVE #2 5FBy 52560 7 | %
by /e | N N Vs .
26 H‘.,,\{,f; R TH g 7 1% ) S A L SR 24 .
2240 LFJ R [ - BYER DU 2 — WA S A 10 mL 22588 7K
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Fig. 1 Geographical locations of 6 sampling sites

in Pearl River Delta
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Table 2 Selected meteorological parameters during the sampling period
L . ‘/i)/:‘k St=a=1 . N3 ‘JXL‘EE o
TR PR HE WXL/ % PHAR A /mm
/kPa /C /me+s

Ak 1.00. 40 27.9 80. 8 1.31 60.3
T 1 00. 40 29.3 72.3 1.37 135.8
1l 1 00. 80 29.8 75.0 1.97 118.9
Ree —b 28.5 75.6 2.12 34.7
I — 28.8 75.9 1.79 64.3
BRifg — 28.8 81.3 2.28 79.9

P ) 100.53 28.9 76. 8 1.81 82.7

1) “—"FoRToEHE

H YR8 UL AR 4 NIHR B BE LB 345 2.
PRI IR R 4 IR G RE L B R KA
THCRECRHIUATE, FREE G R 0 B4R 5%
REMLEED . TOERE b, MRIEA (1) 155

b, =3.912 x10°/v (1)
K, v FREILEE TG REAAL R Mm ™.
1.5 Btk
1.5.1 PM, s

FRAE IMPROVE PM, , i i e gt A 20 A

PM,  B9fE2E 2 A PM, k. HARAT .
PM,, =(NH,),S0, + NH,NO, +

OM + EC + [FS] + [SS] (2)
KA, [(NH,),80,] =1.375 x [SO;~ ]; [NH,NO,] =
1.29 x [NO; ]; [OM] (organic matter) =1.8 x [OC ] ;
[FS] (fine soil) =2.2 x Al +2.49 x Si +1.63 x Ca +
2.42 xFe +1.94 xTi; [SS](seasalt) =1.8 x[Cl™ ].
F T[] A0 B 8 S IR 4 TR T R 4 BT i, 4
AR I AR ZH 32 v AR ZH 53 B A% K
g3 AR IR ITER M AR
1.5.2 IHLRFER

KU IMPROVE WFFE 1Rl 45 2] ) JORE 1) 11
JERE( b,,) A, IR =AM 6 I RAE KA
RO R A BAK IMPROVE 21T .

bi, =b,, +b (3)
b, =10 x [ EC] (4)
b, =2.2 x fy(RH) x [ Small(NH,),80,] +

4.8 x f;(RH) x [ Large(NH,),S0,] +

2.4 x fy(RH) x [Small NH,NO,] +

5.1 x f,(RH) x [ Large NH,NO,] +

2.8 x [Small OM] + 6.1 x [ Large OM] +

1.7 X f(RH) « [SS] +

1 x[FS] +0.6[CM] (5)

A, 24 [ Total X] <20 pg-m ™, [Large X] =
[Total X]°/(20 pg-m); 24 [Total X] > 20
pg-m >, [Large X] = [Total X]; [Small X] =
[ Total X] — [ Large X ]. =" X 435124 (NH,), SO, .
NH,NO, 1 OM. % (& %] PM, , A< I 8 (1) £k 2 B 43
(FERE /IR ALK EY) o) o2 3 BOH
TG, HIEOLRCR S FS AR, WA M 7ETH L&
P R 4Y, B H A AR R 0. R
ASBIFFEHE X FR 23 (other ) X 1H G £ BLAY BTHK , 1O
R AL m*-g " FILJRE IMPROVE 14 & 5005 72
(5)FATI T EIE
b, =2.2 x f((RH) x [Small(NH,),S0,] +4.8 x

fi(RH) x [Large(NH,), SO,] +2.4 x

fs(RH) x [Small NH,NO,] +5.1 x f, (RH) x

[ Large NH,NO; ] + 2.8 x [ Small OM] +

6.1 x [Large OM] + 1.7 x fc(RH) « [SS] +

1 x [FS] +0.6[CM] + [ others] (6)
X, [(NH,), SO, ], [NH,NO, ], [OM] [SS]it
BRAZ(2). [FS] =] fine soil ] ,CM( coarse mass)
=[PM,,] - [PM,,], [others] = [ PM, ] - 1.375
[SO;"1-1.29[NO; ] -1.8[0C] - [FS] - [EC].
bl bl B Mm ™ A2 43 [SO;T ] [NO; T,
(G ] [Ca* ], [PM,]. [PM,, ], [OC] . [EC]H:
i Rpg-m ™. RH RAHXMEEE £ (RH) | £, (RH) F
Jss (RH) i FH R 3 B2 48 1< 2 %, HIBCME 2 0L SOk
(287, HITHUELT: CM & b, 89 STRALN | FLAHE
FUR AN PM R JEE 2200 CML X b i BTK.

2 HR5iITE

2.1 FR=AHLX PM,  HRBE 25 ] 2 A HRAE
B =X PM, o B W EE N (36.0 +
17.5) pg-m >, /N F I8 [ 25 <03 & bR #E (GB 3095-
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2012) Hf PM, o B9 H ¥ - HAR1E 75 ng-m ° (WLFE
3). HUREK-5 TR R A AL v H X R % PM,
WPEAIYS (38.4 £ 17.7) pgem ) @ F Ui IR T
5 (30.1 pgem ™) AETT(25.2 pgem ™) fH
BEAMT IR (117.2 pgem™), KF (59.6

pgem ) KHE(103.2 pgem ), K (116.3
pgem ). UM (90.6 pgemT) | B (52.2
pgem ) | EIL(70.8 pgem ) AT Ak
PEER =M R E S PM, R AR, B
FEE PM, ;1) HBE—Hhr .

®3 EFERZAMXPM, AEEUFHSRE /ug-m™

Table 3 Chemical component concentrations in PM, s during summer in Pearl River Delta/pg-m ~

3

WiH I REE J7M il N4 b733 R
(n=13) (n=15) (n=15) (n=15) (n=15) (n=15) (n=88)

PM, s 22.7+5.8 46.5+19.2 453 +12.0  49.4+17.8 30.6 +6.2 19.6+9.5 36.0+17.5
oc 4.2+1.4 7.9+3.1 8.2+2.3 9.4+2.7 5.9+1.5 3.3+1.8 6.5+3.1
EC 1.8 +0.9 3.5+1.4 3.3+1.3 3.4x1.2 1.6 £0.5 0.9+0.8 2.4+1.5
F- 0.00£0.00  0.07 +0.08 0.0+0.0 0.0+0.0 0.0+0.0 0.01 £0.04  0.01 +0.04
cl- 0.1+0.1 0.5+0.8 0.2+0.2 0.4 0.5 0.1+0.2 0.0+0.0 0.2+0.4
NO;y 1.3+0.8 4.0+2.5 3.7+1.6 3.6+2.3 1.0+0.4 1.6 £0.9 2.6+2.0
S03- 4.1£1.7 7.4£3.4 7.7+2.6 8.8+3.8 6.9+1.5 4.1£2.0 6.6+3.1

nss-S03~ 3.9+1.7 7.2+3.3 7.5+2.6 8.5+3.7 6.7+1.4 4.0+1.9 6.3+3.1
Na* 0.7 0.2 0.7+0.2 1.2+0.4 1.3+0.4 0.9 +0.2 0.4 +0.2 0.8 +0. 4
NH, 0.1+0.1 0.8+1.2 0.9+1.0 1.2£1.3 0.5+0.4 0.0=0.1 0.6+1.0
K* 0.1x0.1 0.3+0.3 0.3+0.3 0.4 0.2 0.2£0.1 0.00.1 0.2£0.2
nss-K * 0.00.1 0.3+0.3 0.2+0.1 0.3+0.2 0.1+0.1 0.0+0.1 0.2+0.2
Mg?* 0.0+0.0 0.1+0.0 0.1+0.0 0.1+0.0 0.1+0.0 0.1+0.0 0.1+0.1
Ca?* 0.2+0.2 0.5+0.3 1.0+0.4 1.0+0.4 0.7 +0.2 0.4 0.4 0.6 +0. 4
1) n WFERREL, nss-SO3~ =802~ —0.252Na*, nss-K* =K* —-0.037Na*

M PM, s ZS [l 53 A b7 AN RIS T = ) v B 22
SREER. TRRIEE SR T R R BV ) W B R AR (0 ) R
22.7 pgem A1 19.6 wgom ), FEEZ F pg g FE K
(RS VT AT SO ) T e W i | I ok
B Tl HE Al 2 5 3 BR3P, iR
AR F L b 1L KA PM, Wk R, iR B
(49.4 £17.8) pg-m . HIK AARZEM Mk X, H
PM, 554 (46.5 £19.2) pg-m *F1(45.3 +12.0)
pgem LS e R S Y R o e
AT VI s A R FR DI &, TR =M EET
U] A AL B X A PM,  HEJE R (30.6 £6.2)
pegem WSS IR AR, 7T RE S A2 2 b K i
Pk pes AT
2.2 FEARE RS [R5 A REE
2.2.1 G525 8 S A RAE

UL SB[, B = #f1 b DX T KR PM, st OC il
EC ARSI E 530 (6.5 £3.1) wg-m 7 Fl(2. 4
+1.5)pg-m (WL 4), 400005 PM, BT E RN
18.2% M 6.5% . Ffk(TC =0C +EC) (5§ PM, (JfiHe
el My 33.2% . 5 2002 4112006 4FER =Mk &
7 PM, "1 OC FIl EC WL 45 Xt b (035 4) , AR HF
SEULINIE] OC F1 EC ¥R BEH 2002 4F W 45 5 A W
RS 2006 4 OC WL &5 5 b3 , EC A3

B R R, AT T JLARBR = A 1 R AT e il 4 it
X B2 53 ) RS R L

S AR AL e X 2 OC A EC W 4
X H BR =1 OC Y BE AT 41K, 11 EC ¥R 5 AH X
. SR K A SR b X Rk T an b
aOREE, b, HER, RIERE (LK 4) B
fEZ OC Fl EC Y EHIXTAR. MAARE Bk =1
HIXE Z PM, 1 OC Fl EC ¥ B b 40 X 54
IR,

M OC FTEC 25340 E&, b, TN fiil
REE. WYL il BRiE SRS OC, EC WRIEZS
(] o A A R (LI 2) , Herp OC i BE Py - A
> T M > &RZE > WL > R > BRI, EC ¥k B2
FAR5E > I > T > WA > IAE > BRI ik
BE B, RSE, TN OC A EC W & T
AL BRI BRI, Hon 3 T KR 0C, EC S
BIRBE 430 s 3 T Y 1.9 2. 3 4.

W OC FI EC 2Z [8] A AH SG M 5¢ 2 mT DL R HI
MR S VA I 1 TSR PR Y L I 3 AT AL O 4 )
BR= MM X ANFEIRT OC A1 EC A R (R
0. 66 ~0.85) , AT UL 3] ] Bk — £f1 4% R AE L8 OC
M EC A —E AL rE. Hrh RSEMAHC R B
(R=0.92, P<0.001), Bk i A1 & & BOAH X} B i
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F4 ERADOHXMET OC, ECRELLE /pg-m >
Table 4 Comparisons of OC and EC of other areas and cities in China/pg-m =3
i X I /2 Bt KL ] ocC EC ik
= f X HIX -2 WX 2010 4F 5 % 6.5 2.4 NI
X P2 ’E 2006 4F- 5 2 5.3 5.7 [31]
RE 2006 42 8.4 6.5 [31]
HIX -1 RA 2002 4FH % 9.2 4.1 [32]
X P2 "G 2001 4F&Z 14.7 6.1 [33]
T WX 2004 4EH %= 17.5 5.7 [22]
Tk WX 2004 4EH 2 11.3 4.3 [22]
X 2004 4F 5 2 5.6 1.4 [22]
A6 X X B P 1y X 2009 - H 2 9.4 2.2 [29]
RBIX 2009 4EH 2 8.8 1.4 [29]
K= X (i WX 2003 4EH 2 13.3 2.9 [24]
il Billx 2003 SFHF 17.1 3.6 [24]
T X dbae WX 2003 4F 5 2 17.2 4.6 [24]
Kt X 2003 A H 16.5 3.7 [24]
Hh R Hb X GiN WX 2003 4F 5 2 25.1 8.0 [24]
vl WX 2003 4EH % 14.2 3.0 [24]
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Fig. 2 Distribution of OC, EC and ions concentrations, and its percentage of PM, 5 in Pearl River Delta cities

(R=0.81,P<0.001). 6 1R OC FEC [BIH  JEHLh4:.

FRMAZEA T 1.31 ~2. 69, H A w515, M fk B BMEATE B R Bk =X 0C/EC SFH(E
T, ARMEAEE . PLEh EHEROM A Y ORGSR TR 301, B 1.7 ~ 7.9, 28 (B 0 A e AE AR B
FRHTIR A OC/EC S el (4% 2.7 1.1 B BRI (4.6) > WAL (3.8) > 1l (2.9) > %Il
F19.0%) AT LAKIIER = MM % OC MIEC EEK  (2.6) =) M(2.6) > K5E(2.3) (WFES5). £1K
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Fig. 3 Correlations between organic carbon and elemental carbon

FES OC/EC A LB W5 T OC 5 EC [ A&}
FORI L E F R = A b X UK R AR R A HILBKR
(SOC) X OC Yy BTERA LB I

it —2 T i SOC XF £ W 2 OC A BTk, )
Hit/N OC/EC {8 J7 35 [ 42 £l 55 2k = fA 45 SR AR S
SOC B i, Hat By f2 =k SoC = 0C,, - EC x
(0C/EC) ., 3H, 0C,, R A LK, (OC/EC) .
LI F /N B O AR LR 5. T,
MALEZRHE SOC 5 OC Hefil =ik 45% VL b, T
il ZRZE ., WY SOC 5 OC FLWITE 20% ~30% =2
B, EARFIE R, Bk =M X H IR
DURE S HERCIEIE ik 57 Ak 5 B A X R
T R, R R A HE A & LY
(VOCs ) 7E i b 1 e 8 5 i B8 1) B 2R 00 5 o A
SOCH# .

K5 K=HEHEX OC/EC, SOC, SOC/0C &R %1t

Table 5  Statistics of OC/EC, SOC, SOC/0C

in Pearl River Delta

VA= BEARL  OC/EC SOC% S0C/0C

/g m /%
Ak 15 3.8 2.8 46.7
S 15 2.6 2.1 26. 1
A 15 2.9 2.1 22.7
58 15 2.3 2.1 25.4
I 13 2.6 1.1 27.7
b7 (3 15 4.6 1.8 53.9
B 88 3.1 2.0 33.9

2.2.2 KIEVER A5 M AR

2010 4F R ZEER = AHLIX R P, BRI T
BT MR (1201 £6.8) pg-m ™, 5 PM, K
PR SEON 33. 2% £5.5% (WL 2) R WIKHE
PEALSRBE = A 0 KA T 1 ALy 2 —.

G P AR T B K R P, ) B A
Fb, b7 2 (55% ) Fndb s (46% ) %, 5 L
W (329% ) MY, Bk =M H T BOKIEER T
2SR AR R B [ (17.0 £8.4) pgem ] >
M [(15.3 £5.2)pg-m ] > &KZE [(14.8 27.9)
pgem ] > ML [(10.6 £2.2) ug-m ™ ] > ERifE
[(7.1 £3.7) wgem™> ] > ®IYI [(7.0 +3.2)
pgem ™.

ORI 147 R Bk =y b DX 4538 Tl R0 PML, TP BT S
T AR A A — S (WK 3) : S0 > NO; >
NO, >Cl™ >F ™. PHES 1k B A8 Akt H A [ 39 i (1]
FEEBT 22 5 Horh AR TN TR Na ™ >
Ca’" >NH; >K" >Mg’"; ZRZEHMN:NH; >Na* >
Ca®* >K* >Mg*"; 1l Na® > NH, > Ca®" >
K*>Mg™"; BRiFl:Na® =Ca’" >Mg"" >NH,
K*. Bk ,S0;” A NO; RE Bk =M X i+
BRI ROK R P, RS FWEA S
(76.3+7.2)%.

3T M X R A R R 32 Ok I T R A
SO, WAL . AR IEM s KW, Bk = A X
90% LA L1 SO, Al T H T A Tl HER . il
FoM L 2R 5ESE LI 5 nss-SO; W& R A i (430 R
8.5.7.5. 7.2 pgem ), Nk, BRI MR nss-
SO;™ W& B AH XT3 AR (40 9 6.7, 4.0, 3.9
pgem ) S EAMER = SO, HEEE Hah R AA
—5( NO; EZH KA T NO, BT AL, i
NO, FERET AN, HLsh A HEw, Tk HEsik
. TEER =M IX,87% ) NO, SRIE T H T AL
B A HE Y. A W ) MR, AR SE (4.0
pgem ) TN (3.7 pegem ™) R I (3.6
pdg-mJ) 0] NO; woE R T WY (1.3
pgem ), M AL (1.0 pg-m™) FIER ¥ (1.6
pgem ) FRIRET 3 AT NO, HECEE R, X —
SEIR R = ff X NO, HE I g R AR —
OO ONH, F BRI T SIS ShHE AL, Hk i HE
FEoRAhiL > TN > AR5E > AL > BRI > BRiE. 3k
T H X Ca®* 85 1 AR 18 6 28 i A 5 T b v
BRI Ca’ U B HEAE RS T U Y
i 3 A7, W] R 5 W8 i R AR 7 sl A G

R T T RER =R DX R R B | 43
) BH 5 1% T vk B e i o X i Wk . LR A
KA.

PHES 744 = Na* /23 + NH; /18 +
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K* /39 + Mg**/12 + Ca**/20 (7)
FIE 744 = F~ /19 + C1” /35.5 +
NO; /62 + SO; /48 (8)

HTPET 4 m] DL I H B =2 (] S A A 3 AT O G
B T AT FE T LI ) 9 b 3 R 1 e
PM, R 2B P R b 2L T B B S 1Y
Pl 1: 12k b R WK =M X E Z2 RS PM, 1
SERRME . IR TR AR R ] AN TR Bk = A
PM,, MRS BE AN [A], e RO AN B PM, 5 B2
PWERTE , T XUa AL PM, (#3T k.

0.8
2 Mk y=1.00x +0.06, n =15, R*=0.89
A M y=111x+0.04, n=15, R2=0.97 T
0.6 .
[ ] A
=M *
M= 0.4 o
B o
= o
Sk Bl y= 1.16x + 0,03, =15, R2= 0.98
O HEBE y=1.12x+0.11,n =15, R*= 097
o FEHI y=195x+0.02,n=13, R2=091
v BRlE y=1.60x +0.05,n =15, R*=0.92
0 L 1 1 1
0 0.2 0.4 0.6 0.8

P 24 ik

E4 BEABETFHEXXR

Fig. 4 Total anions versus total cations

2.2.3 PM, Sl

Rt T i Ak 2 R BE S AR PM,
W PERRAE , FR PG IMPROVE Jit vk 3 i 8 20 5, AL
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GiRE PMZS(ZETQI—?;@MEZIEU [ Pearson FHIC R %04
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2.3 RAHNRBE I EZ ok 7

FIH IMPROVE J7 R X Bk = ff 2 23k 7 i K<
H R TER, WL, )M, Bl R5E, T
TRV T UL BEH ) S0 9 ' FR 4K R T O RO G
PERSHF (R® 2394 0.54 . 0.62, 0.70, 0.57, 0.52
F0.76). BRT ) MM, HE & SRR ER
BOEHE/NTIE (W 6) . S8 AR E H#RL
SR A 22 1 i PR v B2 S R B B H 4 1k
LI P i DAL 40 SR T A T T D' AR R A b 2 P
24 h PM, B dib Al sl B B0 ok | DRI LG 2 22 [ o
SRZZ FIHE UL R AR Ak B . RO, R E
bl FEABE R MLER = 1 KA R BN L PR AR Ak
. L IMPROVE J7 2 0] LA 47 25 340 51 08 10 4
[ 2 = 25 30 T R0 O R B s ik R B T
BZTR = A XA S KA R B
bl WF 6. NHATHL R =M E BRI R K E
B b, N (193 £ 115) Mm ™", JE H H 58 ~ 699
Mm ™', b S KA A AR 58, RS B BRE 1L
X5 ARSI TR S 1 PM,, VR S R
B = MEZ PM, R AL, HEEE b B EAF
FERT 391 Mm ™' (AR A RE DLEE A 10 km) ARG OL,
RS2 KA T 3 RS LAk, UL 8] 2k — £
KA R B B2 sk R 7 /2 (NH, ) ,S0, Al
OM , H: 5T mk R0 9355 39% F131% , Wi stk 2
Bk 70% 5 okl EC FI NH,NO, , H 5Tk %50 N
12% 1 13% 5 M3k S v i Tk B/ AU 5%
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Fig. 5 Reconstruction of PM, 5 mass concentrations by chemical compositions in Pearl River Delta
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Fig. 6 Measured versus reconstructed light extinction coefficients and contribution factors in summer in Pearl River Delta

6 HSRMRASEREERM bl ERG M
Table 6  Statistics of reconstructed light extinction

coefficients in Pearl River Delta/Mm ~!

i HA% PE WMEZE RME S RORE

Ak 15 170 39 97 225
I 15 240 95 143 443
il 15 280 129 167 635
R5E 15 249 144 140 699
N 13 107 38 68 213
R 15 103 58 58 280
JsR S| 88 193 115 58 699

A5 WL 5 T b IS RS Dy b Il > AR5E
> M > IR > TII > 2R, 5K PM, s 19728 1k
BE AR — 5 6 "M, 7E Bk = M X,
(NH,),S0, J&REULEE T B e 3= B DTk, L oTiik
BAE34% ~52% Z[a]; HYGE OM, H BTk #5E [
}23% ~34% ; EC Fl NH,NO, 51k R TE 5% ~
17% Z 8], SS FHE W5 sk Z A /N T 6% . H
WAL FIER ¥ (NH, ) S0, TTER T 46% , 1]
DA YL 0 Ml DX B 7R 56 % R DL B 1 R 1 BT
BRFAT ik —2F L by BRIGH OM BT AR AR X AR
H24% T B ARSE . TRIIAY OM STk 1y
1 29% , ] WLAE I T He X AL B 4 F0 SOC X B L
HISEI AN 2. SR, 32— 25 0 s 0 R A
FAILBH ZE (42 1 A REAT S5 % A /<R UL BE T B 11

[F] .
3 i

(1) 2010 4EE FER = IX PM, , H ¥k
FERN(36.0 +17.5) pg-m ° , FEIL T EFK PM, ;1 H

Y —Gbrife. PM, s FEAL S OC, EC FILE
KIS P E 435 M (6.5 £3.1) . (2.4 +1.5)
(121 £6.8) wg-m ™.

(2) B =AU IX PM, B AL 5 1l 4 25 1] 43
AGERAEL L, BB1L1 . R2R0 M PM, o B
73 (0C, EC HUKIEMER 1) W2 & T AL . B
TR

(3) (NH,),SO, JEEk =1 Hu X BE UL T M fe &
FY T, BT 34% ~52% Z 1) H
OM, Ttk R Fl o 23% ~34% .
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