X)
6‘-}%[]]“5‘ wos e o 543 B 1IN 20244F 1 S

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol.43,No. 1  January 2024
Knowledge Web

DOI:10.7524/j.issn.0254-6108.2022062302

A3, W, 2R, AF. KT 2018—2020 AR Y PM, s FUKIEPEJCHLES THRFE A E V5 Yeid RO (0], 3RBEALF, 2024, 43(1): 287-
296.

JI Chuanwen, XIAO Hao, LI Qinkai, et al. Characteristics of water-soluble inorganic ions in PM, 5 and study of heavy pollution period during

2018—2020 Spring Festival in Tianjin[J]. Environmental Chemistry, 2024, 43 (1): 287-296.

RiET™ 2018—2020 FFT PM, s FKAETLHL
BFHFERESTREEREST
efEL B % FEI ONHE T FRrAET
(CREREMIR ARG R #22BE, KHE, 300072)

M OE WIS Y E U A O S e R At b DX T AR ) S Y AR PM, s TPk
BHLTIE FEARMEREEMER, AMRESASHTEDEREMILEER, WREH
2018—2020 4F3ELE 3 FF I AY 2 W E V5 453 72 PM, s T EEKIEM: I T (WSIIs ) e B iE 45 %t
Fe T, 25, 2018 4EF0 2020 4EF Y] PM, s SEI M BE (9832 pgm™ F 137.7 pgm™) BE®T
2019 4E (1 49.97 ugm™) . PM,s F- ¥k BEAE VG Y I T ( 2020 4E 4 206.5 pgm™) IG5 Y8 I (2018 4F
98.32 pgm™) Y 2.1 f8F; 2 WG NO, Wk BB AR K, il SO, MEEAETS Je I T (14.89 pg'm™) 2
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FE, o NHNO; M EE M OHLE, ELV5 YL A NHNO; W e 3 i 4e i 1. seah, 15530 T Y
PM,s/CO. SOR., NOR ¥JH W F+ 5, FHATE ALK SO H NO;TE MG 72 & S 805 Ye i 1 H PM, 5 e &
B R HEZ — RNFWH SRR . AHEE . SR LERE TR, msEXR, FHK
SIWEEA /N, FREEATE Y T A R AL A ORI e, 2 7 0 535 1 R 10 S50 5 e HER
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Characteristics of water-soluble inorganic ions in PM, 5 and study of
heavy pollution period during 2018—2020
Spring Festival in Tianjin

JI Chuanwen XIAO Hao LI Qinkai HAO Xinni DING Shiyuan LI Xiaodong ™
(School of Earth System Science, Tianjin university, Tianjin, 300072, China)

Abstract To elucidate the variation characteristics and influencing factors of water-soluble
inorganic ions (WSIIs) in PM, 5 during the heavy pollution period of the Spring Festival under the
influence of air pollution control and COVID-19 epidemic, the concentrations of WSIIs in PM, s
during two heavy pollution periods occurred in the three consecutive Spring Festival holidays in
Tianjin from 2018 to 2020 were comparably investigated. The results showed that the average PM, s
concentration in 2018 (98.32 pg'm™) and in 2020 (137.7 pg-m™) was significantly higher than that in
2019 (49.97 pg-m™). The average PM, s concentration in the period II of heavy pollution episode in
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2020 (206.5 pg'm™) was 2.1 times higher than that in the period I in 2018 (98.32 pg-m™). The
concentration of NO, in the two pollution periods changed little, while the average concentration of
SO, in the period Il (14.89 pg-m™) was 49.6% of that in the period I (30.04 pg-m™). The SNA
accounted for more than 77% of the WSIIs, and were mainly in the forms of NH,;NO; and (NH,),SO,
among which NH,NO; was the most important inorganic salt and it’s concentration in the period I
was much higher than that in the period 1. In addition, PM, s/CO, SOR and NOR in the period Il
significantly increased, indicating that the more effective formation of SO,* and NO; was one of the
main reasons for the high concentration of PM, 5 in the period II. Adverse meteorological conditions
such as low boundary layer height, high relative humidity and low wind speed resulted in stable and
strong inversion weather, which led to the reduction of atmospheric environmental capacity and
greatly improved the generation efficiency of secondary inorganic aerosols during the period II, thus
offsetting the impact of epidemic effect and emission reduction measures. For the period I, in
addition to secondary transformation, PM, s concentrations may be more affected by regional
transmission.

Keywords Spring Festival, water-soluble inorganic ions, SNA, formation mechanism, Tianjin.

PM, s VB I 58 RN E 25 Yoy 2 — M, X Nt B | DXIUAE A5 L 38 ek A 3 7 A B K )
B s R g R B, KA P JEHL B T (water soluble inorganic ions, WSIIs) /& PM, s B 8 224 43, 7]
b7 HOTE Y 30%—80% %L, 3@, IR IJCHLES F (SNA, EI sulfate, SO4*; nitrate, NO5; ammonium, NH,")
£ WSIIs H EA 3 b 7105 i ana B 58 &k B, 76 R HE 2014 4F 42— R LB 75 YL s F2 v, PM, 5 19
F O RHE K 5 SNA 1k B It 2 DA 560 8 mU L [X 2018 4F 1 H AY LR T5 Yead 72 SNA (5 Ho Al —
UHEABCR I T, SNA T2 SO,. NO, il NHy &5 S RTAY) 252 5 2R RS AR 2 RS A J Y,
T R A S A MU DL R AR ) R A3 5 )2 85 B2 (boundary layer height, BLH) ', Ik X35 (wind speed,
WS) . i AR B (relative humidity, RH) 48 G 5511 358 R T i) 19 e 4k, i 464575 4L i . 1)
i, D358 Ay AR AR i T G 3 1 TS 2 i ) AT G A B s PR 221 L B A S 3R E sz ALY
G B, 1) 4 3 1t 9/ R 23 A2 77 06 Bl KPR ATl DXl g G HE il 225 4 & A6 B AR A, SR 1
ATFFE IR, BRUEIACERAT 2 B bR &7 B8 R A0 i KA TG G b, 50 I IR 3 it 4 2P 0 R0 e =1
5T KA. i hn 2020 A& T BN, 78328 e 1F 18 S IS e A I T TR 07, R AR G AR BB kL X AT
SR T ™ EE Y g T G s R0 20 DR b, R I T A Y I ) s e S R AR ML A R P,

AT A T ) PRI iAo B b, 2 et VAR B X B R Y YA BTG 7 B A2 (A% 00 T I
Mz —2 B GEAE R, BE < KA Qe Bt AT 8h 140 (2013—2017)  FlF T i R Ok LA —4RA73h 140
BRI HERE i 114 1) 2 S, DR s AT A B W I s 2 Al PM, 5 (25 8l 12 4 e AR < 2.5 um
FRO 20 UKL ) AF 96 B DA 2015 4F 70 pg-m™ FEZE 2021 4F 39 pg-m(FEIE 30%) 22, (H R K & &
5 Y K AATIIIAG 5 28 P2 A IS T8 i SR K HE 2018—2020 4F 7 4% 3 AR T IR ] PM, 5 BE 5, T
PM, 5 SR M B B9V B2 IT 0 T AR AR RRAE ; 25 5 R 240 B/ A B3R S 00 B 1 B S Y
H SNA TR it B2 2545 75 DB IX Sal 1% iy LA B e A A0y 25 5 Ml 1R 3R, o) L B B R TR % 2 3 4R T IR AS
()5 G A A LR, A 2 S TR T R AT e By P S A 2 S 4.

1 MBS (Materials and methods)

1.1 PM,s FEfhR &S Ab 3

KI5 L0 A 38 AR R R A T B AR X B R B T (39. 119N, 117.16°E, I Ml If] 55 £ 29 25 m),
JEN 3 A AT A L ASE T L R RX L X TG Tl X, AT 2 SR 6k Tl 3455 27

PM, s BEAS AR A 10 24 H 8:00—¥K H 7:00, RAER B F I (SFH): 20184 2 H 15 H &
21 H;20194 2 H 4 HZE 10 H; 202045 1 H 24 H £ 30 H. # 4 (8525 55 & b5 #E (GB 3095—



13 LS4, AT 2018—2020 4EE Y PM, s FR/K I E TEHL BS T4 A 3135 Yk 2 07 289

2012) YR ELE B 24 h PM, s SER M R T 75 pg-m™ R i5 e KO, 78 RALRT BN R 43 LR 2 BEis e
W1:20184FE 2 H 15 H&E 21 HOS W T, FA5 B0 Fis g, 2 7d) . 202041 4 25 HE 28 H
(YT, b Tl i, 4 d).

FRERS M 26 [E Tisch KU & 40 0B ) % K 45 (TE-6070D-BLX, TEL USA), Y1 EPR42 K 2.5 um, i &
Sy 1.15 mPmin™, SEARE A7 TELF4EDE IR (25 cm % 20 cm, PALL, USA) $2HT#E4T 450 °C 15 B pe b 3,
B RS S AR AE 2520 °C UKAR Hh . R S BB 8 4l /K 75 R 0 A5 U A5 3] A0 Pk B, 3 B €8 X
(ICS 5000+, Thermo Fisher Scientific, USA) Il & J 1 8 FhK i 4 JCHL B F ¥ B (CI'. SO4* . NO5 ™, Na',
NH4", K'\ Mg*, Ca*). K5 s il i (7). Kk . XU[a] (Wind Direction, WD) | FH X B 3 52 /0 42 3
(MetPak, Gill, UK) 8, RS 1 h. 6 2575 Y445 (PM, 5. PM. SO,. NO,., O, CO) K H H[E ¥
5 W00 3 4 Tk T 2 A S I R A S B (hittp://106.37.208.233:20035/) , 356 FH B 25 S Af 5 2.5 km 1)
T 7 P R 9 3
1.2 KA 2 A

SRARFT 2 Y5 Y 1 BLH AR Ak 4 KT R A5 G a2 i, S IR 48 116.75°% 118°, JL4fh 38.5°%
39.5° DX I AT AT ST, A 1% R LA TS 43 1l DX R vl /1N 4 V3. A 5 X3 A 75 30 A A% (1 A XA X
B 1A BEE ), A3 HESE R 0.25° x 0.25°( 2 27 km x 27 km) , 30 DA% (F& BEAH ) BE 400 — 2 Ky B /N i
BLH. BLH R4 JH 15 PM, s R FEJE HAXT R, SRAEMR 1 h(BIT = UTC + 8) ™, $(## >k A “The Climate
Data Store” (https://cds.climate.copernicus.eu/cdsapp#!/home) . {fi BT, 5 15 YLt P BEAS I % = B (L 05 47
YA, 53] 30 N IMAE, S8, RIS YLt BER) BLH; #F5¢ BLH AR {3 4 H BLH #6471
T3, e AR B — A BUE.
1.3 Jaln il CWT Bl

i 1 Meteolnfo Map #X{F 1158 1 V5 YL [R] &5 /N R B T 500 m /55 B2 %) 48 h J [m) LA, AR FH Y
K50 5 B B Z AL Hik .0 (NECP) F-43# R

W FE A I (CWT) 20 B 325 2 48 AR AL U 3R DX B4 20 B 120, S el R X R A 47 A9~ 24 A
VR ¢y 43T HET H BRI 15 YL STk, AHAE T PSCF A S 4 SR RS 15 Yo A B 2, A= (1).

1 M
Cij = Z CiTijk (D

R, ¢, IV (i, ) BT 195 Yk TR kB, MBI, ¢ MBI & 223k [RK o7 I I
S BH, 1y SEBLIE k 7E IR B
TR 1, 51 ALRALTE B ) AH St 0., B PR 6 1) A 5 52
1.0, 120n;
0.8, 40n;; <120

Win;) = e (2)
=104, 20n, <40
0.2, n;j <20
PEMT CWT dEAT IO RAE £ 23K (3):

2 5B 5308 (Results and discussion)

2.0 PMys FRRVERE | SCASH YR IE B % R

QA 1 T3, 2018 4 SFH () PM, s -3V (98.32 + 15.21) pg'm >, KA HI KA SO,. NO, -1
e BE 43 904 (30.04 + 10.53) pgrm . (43.82 + 10.17) pg'm . 2019 4F SFH [ PM, s F 4 ik J& 4 (49.97 +
54.39) pg-m, A1 He 2018 4 SFH K T 49.2%, H. SO, NO, P 3 Uk 143 Il 2> 57.8%. 49.9%. L3k
A, W% SR 32 B 2017 4F DLk HE 0 A T AR DL R COR B T 4Tk 5 K PR T8 AR = AR AE AR 34
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(2018—2020 4F ) )& KA U HEFE it A4 52 0 . T 2020 4F SFH 72 98 HEFS It . 938 175 3500 45 B s i
SO, W ((14.91 £ 4.18) pg-m™) 1 NO, #¢ & ((37.4 + 9.23) pg-m™) A . 2018 4E [5] 14 it A, {HAR 1L
2019 4F SFH 2» $4E T+ T 17.7%. 70.2%, H. PM, s ¥ J& ((137.7 £ 98.07) pg'm ™) i5 | 3 4E e . AR
2019 4F SFH MIBR & 2R (2019 4F 2 H 4 H )t &4 1778 M RKT5 4%, HEWHE 2 RAE 22 MY B &1
(WS H 1.14 m-s™) LSRR AE AT (CL L KR BE 5308 10.41 pgrm ™. 9.58 pg-m™) I S35 L 104k,
G YR (U 1 d), R SR AT M S .
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Fig.1 Time series of major meteorological parameters, air pollutant concentrations and BLH during
the 2018—2020 Spring Festival Holiday

75 G W ) PM, s 46 B (((206.5 + 57.34 ) pgm™) Fh i@ EI5 9 ) T/ 2.1 6%, O W & ((61.53 +
12.61) pgm™) FHE T 17.03 pgrm™>. 1 SO, #JF ((14.89 +2.81) pg-m™) AR I5 4 T 11 49.6%, NO, #k
JE((43.99 +5. ) ugm™) ZFARE. FEREAMIrm, ST REA LT3 1 FHm 2 71.2%,
TR ((0.47 £ 1.49) °C) Z8 AL AN B 5, 1 KU ((1.27 £ 0.23)mes™) FEAR T 50.8%. T ARIWT IR R, S
WP BN 5 R 5 A1 B R B BRI DG, BT 2018 4F L 2020 4 SFH ] % A 1935 Ye FHAF T B 5K 4
A B SO R OGHEK.

2.2 PM, s /KU PE B AR LRAE 3BT
2.2.1 WSIIs }z SNA ¥ AL FFE

W% 1 7R, 2019 4F SNA ¥R FEAH L 2018 4R MR 15 49.9%, 1M 2020 4F4H LE 2019 4EHE K 196.9%, X
5 3 FATE PM, s W AR AL ALAR AT, JF FLI5 Y3 T i e 11 b i) SNA ¥ B AR fb i 3t 5
PM, s M A 2 Y5 Y a] i A2 A i 3 — 30 78 3 4B R P, SNA 78 WSIIs FP iy i Hu 4 5 73.0%,
GG T AP SNA 78 WSIIs fi b B 2 43 5l &1 38 77% 1 81%. [Rl i), Bifi & PM, 5 ¥ B 19 T &5,
SNA 7 WSIIs H1 1 5 F ok, X B SNA &K EET PM, s Hf £ B 19K M 1447

R 120182020 AFFF B L 2 Y5 M) SO, NOy ™. NH, YR S HAN G S R (P fEH+hr %)

Table 1 Concentration of SO,*, NO;, NH," and their related parameters,(mean + standard deviation) during Spring Festival
holiday and 2 pollution periods from 2018 to 2020

i H 2018 (V55444 1) 2019 2020 ySYe 11
Parameter Pollution Period | Pollution Period I

SO,*/(ugm™) 9.96 + 3.09 5.15+5.70 14.51 +10.23 22.03 £5.69
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2k 1
T Ve VL
Par;ﬁter I%gllliti(cj: ;fiidl I) 2019 2020 Pon:g:;%ir]iid i
NO; /(pg-m™) 13.29+3.39 6.24 521 21.34+13.76 3130 +8.18
NH,"/(pg-m™) 9.49 +2.57 5.00+3.87 12.80 + 7.48 18.25 +4.31
SNA/(pg'm™) 32.74 + 8.74 16.39 + 14.59 48.66 +31.17 7157 £17.11
WSIIs/(ug-m™) 4340+ 11.29 22.86 4 21.60 59.07 + 36.62 87.18 + 14.40
SNA/WSIIs 0.77+£0.14 0.73 +0.04 0.82 +0.071 0.81+0.09

d I 2 AP, AE 3 AEFITIRIS 2 5 Y] PM, s B WSIIs 7, o e f @ AU 2H 0 o NOy e X ]
AEAZ AR TR 2 Ul HEFE it 1 52 M, 4 ZRIRIGE B AR RRAIG, (1145 SO, 55 SO HER Ik /D, R, REyR %
PR 1 O3 25 NO, FIHERLHE I, 520 NO; i A= g fint” 381,

100 — - 100
I ‘s«.‘v% s=09/.‘,‘
: IS0 ll6:9% 8.8%
T | = e
75 68% | = 175 Mg
221900 E2018%: | [ INa*
£ F222% = ~
E 23197 B B IC<1+
£ 50 F 450 E NHj
& 2301% 2500% g = P
£ 2341% £ SO;
205% ESINO;
25+ 425
LS M 26:3% 3516%
2018 2019 2020 Period IT
(Period 1)

B2 20182020 4FF4F T (B K 2 Y5 st /K 5 14 S 1 (WSIHs ) Hh 4% 2 0k B2 o 1L
Fig.2 Concentrations of each component in WSIIs in Spring Festival holiday and 2 pollution periods during
from 2018 to 2020

222 SNA WIE1ETE L

H1 T H,SO, 1R ZE SR AR, NH, — M58 5 H Oy AE AR iR 4, 5 5 HNO; B A= i iR
ER 0O PRI RN 38 R AR A B R 5 B R AR 1 4 B AR LE ([NHL)/[SO,* 1) Ul & #% 27 5% (ammonium rich,
AR) 1 7% £ ¥ 5 (ammonium poor, AP) . 7E fii A B 5 v, —MEH [NH, YISO, ] = 1.5 B 8 sz
AR 5 AP [ {EM", B4 [NH,V/[SO, ] > 1.5 B, A& 8058, Fl T NO; (7= A= i 7E AN 5E h, AR 4
[NO; 1/[SO, ] 5 [NH, VSO 1WAy it L ), A5 2N LR [ F 5 AU (18] 3) 2 8 3 4R BB 2 ki5 e
W [NH, V[SO,7] = 2.3 BEFE W HISE AR 15 AP (9B, B4 [NH, /[SO> 1> 2.3 b, B 2% 8 i 17 7.
NH,"5 H,S0, 5241, 4y NH, T B, NH,NO, e B 25 1 i

t & 3(a). (b) Al %0, 3 4EE 5 WIE] A [NH, 1/[SO4 ] MG S FEI7E 3.91—9.80, HI{E N 5.77; 1€ 2 Btis
eI b, [NH, V/[SO4] L (EVEFITE 4.02—6.23, ${E N 4.89, LI L [NH,V/[SO,7 ] HAH AT R T 2.3. B
3R TR S 2 B AT AR R, B XF LI 3(c) . (d) AU PM, 5 7E R R BF5E B B
EETHLES F UL RRAE, BITE 3 AR B0 & 2 Bels eI i AR RS T, SNA 2 2 L (NH,) .80, il
NH,NO; JE2AA7E. Ml 3(d) s R AR (0.94) AR, RETS Y4, BR (NH,),SO,. NH,NO;, i
A A7 76 NH,Cl % JoHLER, I HL NH,NO; JF vk B W] 85 T (NH,),S0, . NH,Cl 45 (3 1). [l 5 4 ]
11 4 NH,NO; JF i B I 5 TI5 064 1 (3% 1), DL E36H] NH,NO, 2 3 4E B35 B & 2 Beis Je i &
TR TCHLER ™ 4, JF Ho5 G ™ H, NH,NO; Ve BEBR (57, 11 45 A 15 5k ) DR 1 4, %o 7 SR v ol 4
PM, s e BE T+ i PR T2 ST i A B X
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o o 101
E = 08|
06} Z
py 0 2018 04
A 2019 O 5% I Period I
2020 1550 I Period I
0 1 [ | 0 | | |
0 0.6 12 0 0.5 1.0
2[SOF [+[NO3] 2[SOF T+[NO3]

B3 (a)2018—2020 4F4F 1 (B NH, /SO MYt L5 NO3 /SO, Wy B i LU A eR K (b) P BTG 3
NH,"/SO,” ) Bt i) 1t L5 NOy /SO Wy STk LU i BRI &K (¢)2018—2020 AR5 B NH, BEZRMR 45 2 £ SO +
NO; BEIR R L (14 BRI (d) BTG YL 3 NH, R RV 5 2 % SO,7+NO5 FE IR M FE 1Y eR £
Fig.3 (a) Function of [NH,"/SO,* ] and [NO5/SO,*] in 2018-2020 Spring Festival Holidays; (b) Function of [NH,"/SO,* ]
and [NO;/SO,* ] in 2 pollution periods; (c¢) The function of [NH,'] and 2[SO,>+NO5 ] in 2018—2020 Spring Festival
Holidays; (d) The function of [NH,"] and 2[SO,*+NO; ] in 2 pollution periods

2.3 EIG YRR P R ER AVGR AR B I L

CO E TR AMBE . Tolk ¥4 575 B IR, AT LUR I 48 /R — UCHE IR 208 21, Hir A # H
PM, 5/CO & & HUAR WAy — MR BEHE X PM, 5 B9 STRRET, PM, 5/CO L (BB 7, — MR BEXS PM, 5 TR
BN, B 0TS Y 0T PMy 5 B9 Dk K. T3k 2 [ 1 B, A8 3 AR R, PM, 5/CO HE(E S
CO. PM, s e AR A RE BEAH ], DA TS YU, — U Ak H— RO PM 5 3 1 B9 Dk _E T AR
JEHIE TG I A LTS5 00] T, CO MR B BT RAE A9 — U HRRSE B K, {H PM, 5/CO FU R 5, 2R
159301 T B AR — UCHET XA B 8 56, {H B AR AT REXS PM 5 BRISE M B

&2 20182020 AT B S 2 TS 58] CO WK | LS PM, /CO. SOR, NOR P-4t 22 )

Table 2 CO concentration, PM, 5/CO, SOR and NOR (mean + standard deviation) during Spring Festival holiday and 2
pollution periods from 2018 to 2020

WiH 2018 (75544 1) [ Rl
Parameter Pollution Period | 2019 2020 Pollution Period Il
CO/(pg'm™) 1.43+0.36 0.92 +0.60 1.53+0.57 1.84 +£0.54
PM, 5/CO 0.07 £0.02 0.05+0.02 0.08 +0.04 0.11+0.02
SOR 0.19+0.09 0.18+0.08 0.36+0.18 0.49 +£0.08
NOR 0.19£0.04 0.16 £ 0.06 0.27+0.10 0.34+0.06

SASHTRY) SO, EZ5-OH KAz YA s b % A ks 47 3¢ 1 & A= AR 34 40 B g A= B SO 131, NO, Tl
T8 1< 47 R A AR 2R R AR B NOS M 30, — it b, i 48 £k R (sulfur oxidation ratio, SOR) | &l & 1k %
(nitrogen oxidation ratio, NOR) ] A 43 B ZRAE A RTAY) SO, A1 NO, IR IR FEALREER ",
SOR = ¢(SOZ)/[¢(SO) +(SO,)] @
NOR = ¢(NO;)/[c(NO;) + (NO,)] (5)

A, c(SO) L (SO, ¢(NO3) . e(NO,) 43 Jill e 7 BE /R e B, 38 % 24 SOR. NOR > 0.1 ¥, 1} B
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SO HI NO; THHTARY) SO, NO, 7E RS & A= B I i Wk i Akt #2572, 3f H SOR. NOR iR /R A&
15 AR B R, R AR R = L a3k 2 1 TR, 3 AR T IR 2 5 4L 1 SOR
NOR ¥ KT 0.1, JuHAEIG YL ] 1T+ SOR, NOR ik 0.49. 0.34, ZRTM0T5 443 1T Feys 4 T &9 SO, #e
JEREAR 50.4%, NO, W BEAR AL AN B . b 3R A8 £ 1 B AR K ACUHE 5 3 s 8 1 52 i) R T SO, HE il s
A, AR R i NH, B 219 5 NO5 25 A 28 iUl R £h I 5 0H &5 1 NOR . UL, 7643 & il K<
SO, HEA R RIS, X R 56 i SRR Y NO, St TE 7™ 4% RS HE A HERCE 1, v B Tk — 2D 1%
R A 1 E) PM, 5 VR JEE.

MG B SCF I AT A, 5 e W H TS e 1 A SO, Mk E R 50.4%. NO, #k BE £ OF, i 5
PM, 5/CO(0.11 + 0.02) H LA X 5 SOR(0.49 + 0.08) . NOR(0.34 + 0.06) {8 25 B — W55 AL X PM, 5 ¢ J&
() TTRRTE TS Y30 1T PP AR E 5 el 1 Zmfs £,

BT R, bR R EEARAD, 15 U3 PM, 5 1942 AR KRR JE T 53R S 500 AR fbAH 5650 3 -
PRR BT, 2 475 Y AHT, U0 BH IR T RRAS 2 28 P A5 e 151 PM 5 5 Yo ik 13 2 SR K i) R 2L
F.MTE Y I RH(71.2%) Ri5 54 T Y 1.44 6%, JF H &R 554 (RH > 60% ) & 375 & K AT5 L i G
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3 %518 (Conclusion)
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