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Determination of volatile organic compound emission from nonmetallic

materials in a small airtight environmental chamber

QU Jingming' OI Xuekui' ™ ZHANG Jingjing® ™ JIA Kai'
WANG Xinxin' TANG Qingfeng' LI Chen'
(1. Institute of Analysis and Testing, Beijing Academy of Science and Technology (Beijing Center for Physical and Chemical
Analysis), Beijing, 100094, China; 2. China Academy of Space Technology, Beijing, 100094, China)

Abstract In order to reduce the cost of testing for volatile organic compound (VOCs) emission
from nonmetallic materials and improve the detection efficiency, a new low-cost and in-situ sampling
of small airtight environmental chamber was designed and fabricated. In this study, polypropylene
(PP) plastics were used to detect the release of VOCs under set conditions by using the developed
small airtight environmental chamber method, and the effects of temperature and pressure on the
outgassing test results of the samples were investigated. The results showed that alkanes were the
main volatile components in PP. Compared with pressure, temperature has a more significant effect
on the volatile characteristics of VOCs in materials, and the release concentration and gas types of
VOCs in high temperature are significantly higher than those at room temperature, but the sensitivity

of different components to temperature is different. Most of the volatile components were easier to
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come out under low pressure conditions, and the release of low boiling point components was slightly
more significant affected by pressure change than that of high boiling point components. This method
has reliable performance and can realize the experimental environment with controllable temperature
and pressure, and could be used for the analysis of VOCs in nonmetallic materials.

Keywords small airtight environmental chamber, nonmetallic materials, volatile organic

compound (VOCs), emission characteristics.
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FLSCRRIR Y I IR IR, R A O BRI R A5 A 48 AR VOCs IR

AR SCBET IV T — il AR AR L v A7 BRURE B4 /N R0 28 PH IR S5 s, IR F & 8 7N TR 1 3
fity, B LAY (Y AE 42 8 A RE(PP) , 75 FE AIVIC R A 5T T 245 A BHE S MRB O IR, K /N 5% 1 2R 5
i B S = GOA B 45 — A 1%/ B G5 42, T MRS [RIPAREE T 19 A8 . B2 B e
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1 #MBLE )7 (Materials and methods)
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AR SCETT /N PR AE ZA5 FLR 2 L, SR 1 U855 ERBE AR P BE X VOCs AR 14 W B /58 BRE 500, ¢
AR F B IS A RL IR, JEXTHIR AR P BE AT Rk b A b B AR R G T 01 DL — AN 0T LT IR ik ke
PSR S RG, 55 F RO AR 22 1] %) 9% dt 0 FH 2R DU 3 05 8 B 3. T 32 — 0% BiF Tk 4 — SOAH 6835 /o 1%
B AN 45 B I A RN i PR T 2 280 T Sulfinert 404k A B 38 1 3817 1 4 v B 9 42 B, AT DA S B
JE 1 BRS i 45 . /N A RS A S an i 1 BT
12 %k

PSR T BRI | A8 A A Al 4 B ARV TIORGOS I, #5 L (23 °C 8] 25 °C) &4tk
AR B, T30 B ] — B DA LA /NGB 2] 28 d AN SEIBL O T 8 5 SE IS ORI 4R R R R, 2R IR AT AR
% P 2 0] 45253 4 A RHRE SR I 1) 3 56 1 B — R FH 50 °C, AR E] Ry 72 Wi 20l TR R T R
& JE MR VOCs 4 & AR, 2S5 i N2 B0 25 R 25 5K B, R REA St 7 80
B EEX. SRt X R Rk E SR 25 °C A1 50 °C, SEAiF RS )8 E A 24 h Fl 72 h. IR PR F R AR
75 (6.7 Pa) R8T, A AT BHRE A SRS L | P28 ROV B, IE A [RI AR T AR AR A 155 10 i
7 He o3
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Fig.1 Physical diagram of a small airtight environmental chamber
1.3 A

RIS i 2 B ST P A 1) SR TR M (PP) BERLRL - i, P DT R 4 B8 R4 AL, S AR TR 8% B
B SCUGETREAEAE IR (23£2) °C, AHRHEE 50%+£5% AP IR H (B ER 8 v AR BLAIR 65 %8, FRE 10.0 g
(AR R 2 A T Uk 1) % PR PR B A v, R R B 77 (101.3 kPa, 6.7 Pa), % 1. SR J5 K %5 4]
AT TION T P45 1 A R A I AR B0 I B, I PR A58 e i) 1) RE AR H B =R S B 5%
9 e 45 - AH 8,335 B (G4 422, 4% 8 EPA TO-15 J5 Bl #5 & M WL 43
1.4 AR 55

Agilent7890A/5975C IS AH (7% [ 1% 4% ; Entech 3100 %! 7 ## 1 ; ENTECH 4700 % &5 k5 i S AR B¢
1%; Entech 7200 %4 ¥ Bif 7 45X ; Entech 7016D Y [ gl FE4e B 5 3.2 L BLAS 0, N RE RG22 3 G2 Tl
T WEEZ SR E (LN

A ER, Bl >99.999%:; WAL, 215 >99.99%; = 4l &S, 215 >99.999%; 117 Fi 5 8% VOCs frifE
ST pmol'mol™, 14 H 2 [E Linder 22 /] )5 WhR: WA W £t . 1,4-Z 54 | SACE R FLXT B AR
(1 pmol-mol™, [ Spectra Gases /).

1.5 AXER AT A
1.5.1 Tk 5 A%

— RV B CREBEAL S ¥ B, M) AR I B2 -40 °C, #8233 60 mL-min™", f#HTIREE 10 °C, & 80 C,
PR BE 150 °C, L] 10 ming — 2% B (Tenax ¥ B, M,) 348 TR EE-50 °C, fi 4 3% 10 mL-min',
FRATIRE 220 °C, AT 6] 2 min, 4L 230 °C, HEREITE] 10 min, FE 5 7% 8 0 ] 3 ming =22 BF
(A B, My) 3 42 00 BE-190 °C, % AT JR BE 80 °C, ff BT B 1] 2.5 min, KL% IR B 100 °C, 4t 4% i ]
10 min; fZHIZE IR EE 100 °C; FEREAFR 400 mL.

152 ik

Agilent DB-1 & 414 {43+ (60 m x 0.25 mm x 1.0 um) ; (435 F: FHE R P WIRIEE 5 C,
6 min, LA 5 °C-min”' FF & 170 °C, {£4F 5 min, F-L4 15 °C-min™ FHE Z 220 °C, {£3F 6 min; PEFE 1R E
150 °C; 3RS N 4l He, 2 1.5 mL-min'; 20 W IEEE, 200 e 50:1.

1.53  Fig st

BT 2% B T (ED, B TILfE R 70 ev; B T IRIRIE 230 °C; WU AR 150 °C; fE kiR E
250 °C; 2P (Scan), FH 75 Fl 20—300 amu; %57 4ER A5 8] 7 min.

1.6 EPERE G

i3 Scan FAFH, AR HARL A 0 0 O B BsF ] FIAR v 3% A 28 I RRAIE B8 28 . % bRk g ST i
2, TS R S B S SR, FH B A A S 117 FhARAES 3 S A 10 nmol-mol ™! 19VEA b il
AT A5 nmol mol™ MR A Ar A HAT T, AR B4 100 nmol-mol ™ 1445 #Efl . 43 5l il B
40, 80, 200, 400, 600, 800 mL JR-AARUEM A T, R 50 mL PUARFE A, 2 i v e J3E 4 i ity
2R, XA IE S E 43 1, 20 5, 10, 15, 20 nmol-mol™, PIFR Y& &y 12.5 nmol-mol™; 43 51 4l Ht
20. 40, 80, 200, 300, 400 mL JE& & An #EAH AT, [FIEHIIA 50 mL PN AR A, 2 il (0 e B A o il £k,
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Kb WA E B FE 43990 R 0.25, 0.5, 1, 2.5, 3.75, 5 nmol-mol™!, AR & A 12.5 nmol-mol ™. X &= e &
Wy J5XoF oy TR ot R A AT AR, B R R R AR 2 R LAY . & H B ARG W TR 1L B A ) IN AR ) 2
MR HI759—2023%7 By %] 43 S, ELAACH - MR8 o e i) 8] 56 J5 HE P, H0 DGR ERHIRIZE N AR 1 2Z 115 B B5 ) 6t
NEAFR 1, A TR 1 FIAER 2 Z I E BP0 NAR 2, /T INAR 2 FINAR 4 Z 810 B AR PR 3,
AR 4 ZJ5 1 BARPIX R AR 4.

2 ZER 54718 (Results and discussion)

2.1 WhEmiaae g

X I 25 A AR AR (A 48, PR B A A LR (0 RS 2 ORI D S 4 S ) S . B vk
T /N RS AE 4 1, BRI AR B2 BRI & 6.7 Pa, 0 R4, Horh — 1% RICE (29 25 °C),
P —ZH IR 50 °C AOBERE N, A I7E 1.2, 3. 4.5 .6 . 7d 2 E BRI BL2S i, Z4CRRBE R
LS A TR B) B A7 R ) AR AR AR 0. 25 SR L2 1.

e W) Ry ed (R ]IS

Table 1 The relationship between the degree of vacuum and the storage time

HA5JE/Pa
17 /d — Vacuum degree
Storage time 5 Jm 50 C
e fE2* fE3* 4

1 6.7 6.8 6.7 6.7
2 6.8 6.8 6.8 6.9
3 6.7 6.9 6.9 6.8
4 6.8 6.8 7.2 7.1
5 6.8 6.9 7.5 7.2
6 7.9 8.1 8.7 8.8
7 10.1 10.5 10.9 11.6

t 2% 1 AT LUE t, AR R R 1—5 d B, HR S AR IR A EL2s B4 e B 8 AR 1k, 50 C M ARIAR I B2
JE L 7E o4V L P AR R R D B, AT TR 2 5 d I, PRI T B AR A 2 A i P ) A K
AR, B ES 6.7 Pa. Ul WIBHI % /N5 P ARG 025 B A ASUE IR R 5 d, Tl IR AR SIS0 B Y 72 h K.
22 /NS PH AR MR AR I 3

IR, X IRBERE 07T BLUR I AT I 5 . SR E 3 /N P BRI, 76 AR BAGRFE R RTHR T, Rk
i B REAN, FH R 4l U B ElK IS A8 U, P65 Uk 8 IR, VRS S, KA R T 2 6.7 Pa,
7 50 °C IR0 R FE R ARUE 72 hy DA b il e A [R) 4 J7 2 60 B e v 75 Sovlk BE R AT T . 25 R
22 iR, TIC & LA 2.

R 2 BT S RE LR (ugm™)

Table 2 Background concentration measurement results of the environmental chamber(pug-m)

=) AN o) MZ A
N’fm:er len;ju%nd itef: (l)? /tl;r;r; ! 2 3 jj/fgia
1 FH i 11.95 1.69 1.72 1.58 1.66
2 L 1525 1.73 1.77 1.66 1.72
3 LG 16.54 1.74 1.63 1.77 1.71
4 A 19.03 1.75 1.81 1.87 1.81
5 Rk 19.62 1.65 1.66 1.71 1.67

6 — A b 23.52 — — — —
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‘;E A {5 S - . N2 o
¥ Tz (R FTE) min . i 03 T
Number Compound Retention time Average
7 1,4- 50 26.99 — — — —
8 o 31.60 1.78 1.78 1.74 1.77
9 IRAREE 34.99 — — — —
10 PORCEW S 38.13 — — — —
11 TVOC — 10.34 10.37 10.33 10.35

2% 103 = g _

£ ¥ g 2

= ¥ ; =

2 50 % . (@) ES

£ 1X10 -mlk < o g
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£ 1 % =4

5X 104 RBE
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Fig.2 Background chromatogram of a small airtight environmental chamber

13 2 AT LAFE ), A BRI BE IR R 1.87 pgm™, SRR MEAHLE P (TVOC) W 10.37 pg'm™,
WA (GB/T 37757—2019 HLT L™ il A BRI 38 1 o 3 e kA LA R T 3 8 00 2 R s e -
SR EIE L )R (GB/T 29899—2013 A Jd M S HAil il o ¥4 e AT WAL & W B O 186 77 vk /NRURE
ORI ) XA VOCs T8 53k FE Y MLAE RS ), TVOC HTF 53k BE R AR T 20 pg-m >, AR fa]— H bs B4
W SENAR T 2 pgm . IZFR AR RE WS IR X VOCs 5 BHEAYZOKR.
2.3 FEAIAES R Hr

hy T AR T2 S R R 3 A R SR S R 2 | B Mo vk S RS2, 3R 3 R 4 430
BT RE R AR S PR 250 B4 20 i s B4 R S 21 0 B E MRS SR SO B P AR
P br iSRRG 2R, HA G VCHCBE R T 80% 1 %85 45 R AT AT IA, & 470 & & LUE BRLeit. Ak 3
ATUAE ), WET, SR 25 C ETFE] 50 °C i, BEA IR R THa, AEHREUZ 9 VOCs ¥ BT A A
) A2 2 A I, ELRE R RN RIS 22, VOCs 4143 H1 25 °C I 11 F 2] 50 °C 1 9 27 F. VOCs 443 3=
BBk M7 TR A, Horh LU Co-Cyp B R BRI 2.

HH % 3 AT UL, RGP AN [R] 24 h SERCZ 72 h, IR 25 °C T ROR UL 0975 G ik B R AL DN,
TE 50 °C. B, AN [ 253 TR 0V 5 4046 R T R 3, 385 WS PRI 10%—50% =2 [, B 6 A 23k 32
T 2 A% PR, S 2 A L R AR AR ) S I T A R R e 2 3 R SRR R 6 B

R3OCWIE TR AL E SR (ugrm ™)

Table 3 Determination results of the components of the released gas at normal pressure

Cfi:’gry Niir fifjnﬁtftl)f/t I:rl;; cifnid?n q 25 °C/24h 25°C/72h 50 C/24h 50 °C/72h
1 12.36 5T ke 2.10 2.07 3.15 3.52
2 13.62 ET%E 1.52 1.68 271 2.86
3 18.41 IEkE 0.49 0.85 3.54 4.38
TSR 4 21.95 2,3- - Tk 2.03 2.11 84.31 127.95
5 22.14 2-FRE- e 9.60 10.06 352.72 501.71
6 22.90 3-F Jk- e 0.15 0.50 1.92 4.63

7 23.69 Eok 2.11 3.42 15.09 37.51
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223
c fijgry N’u in ir ﬁfff:('j/t T;; cgﬁﬁﬁ] , 25T24h 25C72h S0°C24h S0 C/72h
8 25.36 2,4- H 3Lk nd nd 8.79 12.91
9 27.16 2-F - e nd nd 2.31 4.54
10 27.39 2,3-ZF 3L nd nd 1.92 2.72
11 31.33 2,3,4- = HIEL- ekt nd nd 2.86 438
12 31.61 LEE S 0.62 0.74 59.39 68.67
13 31.85 2-HI - e nd nd 2.54 438
R 14 3221 3-H 3Bkt nd nd 11.76 12.66
15 35.78 LR nd nd 1.33 2.80
16 36.15 ], b = FR nd nd 4.64 8.33
17 37.14 AP nd nd 3.50 478
18 41.36 ZEhE nd nd 30.81 43.04
19 45.50 ki nd nd 137.15 177.81
20 48.95 =k nd nd 6.22 6.60
21 34.20 2,3,5- = H -2t 5.94 6.15 270.93 439.79
22 34.41 2,4-— FIE-BEde 48.27 50.38 698.48 993.31
23 36.07 4- W FE-2E 5 17.71 18.86 435.66 613.18
FEMESER 24 44.08 3,7- 3Bt nd nd 189.44 232.78
25 4434 3,6- - F L2805 nd nd 164.69 182.18
26 45.77 5-HIE-+—% nd nd 182.25 216.42
27 45.97 4-MRE- nd nd 131.32 157.22

F 4 AT LAE L, 58 B AR 2SR 25 ¢ EFFE] 50 °C 1, VOCs 440 25 °C ISy 14 Fh
HEINE 50 °C WY 32 . X R 3 RIER 4 W LU, B R RIR R PR SRR 1 AR A AR — B, 40
it 2 s T ) JEE G, 3R A T R TR 22 TGS R W TR R TR A R, (R L R e 48 AR
20 43 B R T A2 R 0 5 W A A, T W A AR v Y Cp S UL B 4y 2 IR R R LU R £ 53 48,
-FPSEC be . IEFE ke, LR O ke, 1IE 2 he . 1ET-hed 20 HAE S IR AR R (00 41 S R I 3, 58 B Xk TR 5
A B B i /N FL s 5 A AL 3, v TR a8 A R R T IS 2 A3 i R

&4 AUE TR AL E SR (ugrm™)

Table 4 Determination of the components of the released gas at low pressure(pug-m™)

Ci:gry Njfmir }ii’fiﬂi rl‘::; Clﬁﬁfn d 25°C/24h 25°C/72h 50 °C/24h 50 C/72h
1 12.36 STk 3.06 3.34 3.71 4.57
2 13.62 EThE 2.64 2.85 3.57 4.25
3 18.41 ESLgE 3.53 3.80 5.14 8.99
4 21.95 2,3-HIR T b 2.96 323 97.48 168.51
5 22.14 2-H - e 20.60 25.80 428.35 655.90

TE AR 6 22.90 3-H k- et 0.46 0.69 4.53 6.64
7 23.69 ECk 3.42 3.69 36.59 47.68
8 25.36 2,4- b nd nd 10.40 18.30
9 27.16 2-HE- O nd nd 4.11 6.79
10 27.39 2,3-HRE ke nd nd 2.14 2.95

11 27.66 3-H - ke nd nd 1.12 1.96
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2k 4
c jiigry N’u in ir ]‘ifffl')?/t ‘1‘:;2 cffni?n , 25T24h 25C/72h S0°C24h 50 °C/72h
12 28.78 EBELE nd nd 1.58 225
13 30.09 - bt nd nd 3.16 3.73
14 31.33 2,3, 4- = HI 5L e nd nd 3.92 4.89
15 31.61 P 0.86 1.44 64.89 69.29
16 31.85 2- APk nd nd 3.92 5.14
17 32.21 3-F LBk nd nd 12.23 13.86
o 18 3331 TE=ELE nd nd 2.19 3.72
19 35.78 Yo% 3 0.76 0.90 1.99 3.21
20 36.15 ], X = FE 0.92 1.44 7.81 8.47
21 37.14 PR 1.04 1.18 4.59 5.68
22 37.44 IEFhE nd nd 4.57 10.06
23 41.36 2L nd nd 39.75 53.31
24 45.50 ke nd nd 163.68 199.60
25 48.95 s nd nd 6.28 6.85
26 34.20 2,3,5-=HHL-Cbi 6.36 6.94 294.51 688.51
27 34.41 2,4- LB b 5229 56.64 753.01 1105.07
28 36.07 4-H Rl 2491 27.53 459.41 824.22
EVEER 29 44.08 3,7- B4 nd nd 190.38 260.52
30 44.34 3,6-HH -2 0 nd nd 167.61 197.27
31 45.77 R nd nd 190.34 228.73
32 45.97 4- WLkt nd nd 131.86 182.94

IR AN (] 560 ek B Rl ) R e 8 9t i P (&1 3) T B g M o 3], o o o ARG ) T
1o, ANV A ) VOCs 23 KU Sk, TR B 12t S8 388, (L ARG 8 et AN ) 4 4 %) B i e o i R
AN B R T, S T e ANE T B R AR A, T Cg S DAL 1) VOCs 1 B i AR [ 72 B 1)
o, Jo =2 Co DL B e R S AE SR T SURIBG . 3X 0T BBt 5 T e AE T BE P A% K 4 43 a5
fiX, HWHETCT 0 C, ZEW IR T OAELTT o, ShETHERIE, ¥R 3R a s /0. 1 Co LB ke alR
RV Z AR IR A SRSl 2 BRAA, B R XA e, R TR R R A, B TR T, S KRR
B, X AR A DL TRk K. SRR W) B R FOR, AR R T I RN, R
o7 SRR AR /NI — B4, e i PR A R G . R IR G F B, Rk b SR R 4 T R R
PL—F R 25 i A, A2 1T e ARSI ok, T 2438 8 T ik, AR o7 sh R 3 I, BT 5= 1
TEALRE, T A AL P RBG B 1 ok

H T BRGHEE | R R R R M SR A R R /N, R S T LA RS RS TR
[FIZH 53 B LUAE, P38 5 AT LU Y, JOI0 R He i 2 A0 He , b 8 44 R B K, A [m] A 2 2 A 43 Wit E 1)
HUSMAD A KRS, HEFLE ST 50 °C/24 h 5K 5 25 °C/72 h 935 & LA 5 5 45 i 5k 80 1%
H1 45 1%, AR 53008 L5245 80 111 A%, i 7 T 28 58 R J1 05 & 41 53 et A2 i, 38 3 L 3% 50 <C
SEYGIR B, R SRR A T4 L 72 h (44455 FU AR, AT S0 B3 = i . S At ) 2 A 2. 3R S
AL, IR 50 °C/72 h # K 5% TR 50 °C/72 h (48 & AR TS FIAE 1.01—2.05, SF-2{E R 1.28, 0] LIE HHIK
FEIREE N K 805 J 415 T 5 B 03 s 20 2 A B 32 1 0 78 AR5 Wil B v 0 4 e i o B 3. 45
- ULEAER S VOCSs W) 5 A4 2 R 2 BRI R A G, T ) AR A AR — R AR LR A R
53 B REIL, DR, 7 F R MR R RS, n] LURI AR SE B0 AR E AT RSPUR AR, LITE FUAC s L 30
SO IR BB BN VOCs 7K K Ho g s 174
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sl iR 22 w| L=
%105k B zlEE / 1 <+
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325 C(a)Fl 50 C(b) B <Ak TIC
Fig.3 Total ion current plot of the released gas at 25 °C (a)and 50 °C(b)
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Table 5 Comparative analysis of volatile gas components under different conditions

P R B4 B R] /min Uasl/] ﬁiﬁ
Number Retention time Compound H RS0 °C/24 h: {KJE50 °C/24 h: XRS50 °C/72 he
HH25 °C/72 h fIRH25 C/72 h HHS50 °C/72 h

1 12.36 ST hE 1.50 1.11 1.30
2 13.62 ETHE 1.62 1.25 1.49
3 18.41 TESkE 4.15 1.35 2.05
4 21.95 2,3- " HIFE-THE 39.93 30.21 1.32
5 22.14 2-HRE- IRt 35.06 16.60 1.31
6 22.90 3- BRI 3.84 6.59 1.44
7 23.69 ECkE 4.42 9.93 1.27
8 25.36 2,4-Z WAkt — — 1.42
9 27.16 2-H-2 — — 1.50
10 27.39 2,3-ZHHE- ke — — 1.08
11 27.66 3-HI el — _ _

12 28.78 EBEkE — — —

13 30.09 FIE- R b — — —

14 31.33 2,3,4- =Lkt — — 1.12
15 31.61 HIZR 80.33 45.14 1.01
16 31.85 2- I JE-Pake — — 1.17
17 3221 3-HEE-Pake — — 1.09
18 3331 e — — —
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e
Hefi
¥ L B3 B[] /min Ew Ratio
Number Retention time Compound i H50 °C/24 h: fIRHES0 °C/24 h: fIHS0 °C/72 h:
25 C/72h fitJE25 C/72 h HIES0 C/72 h
19 34.20 2,3,5- = H Sk 44.05 924 1.57
20 34.41 2,4- b 13.86 13.29 1.11
21 35.78 oS — 221 1.15
22 36.07 4-HIEE2e 23.10 16.69 1.34
23 36.15 [] X R — 5.44 1.02
24 37.14 PR — 3.88 1.19
25 37.44 IEFHE — — —
26 4136 2k — — 1.24
27 44.08 3,7-ZH -2 4 — — 1.12
28 44.34 3,6- - 25kt — — 1.08
29 45.50 b — — 1.12
30 45.77 5-HIgE- e — — 1.06
31 45.97 4-F R —fE — — 1.16
32 48.95 =k — — 1.04

3 %518 (Conclusion)

ABETEIF AR 2 L /NRL S PH SRR 15 1% S8 B R S5 A6 1R AT HERAT G 00 J) 301, S AR AP HL w52 2K
LA DR PO A R AR A, IR A RAT R A U A S B, 7T S AR SR v R . A2/ N 5 ]
PRIEAG LI N T e T RE, AT LA S A A AP A o S B R

A PP SRR T WF ST X 52, 2586 1 /N 2 AT ok 0 e 7R vt 2 R T ) Ao i B A 1 45
AR, SR EE R AR, e AR HCIRES T, MR R BRI VOCs ) B 2 Bl i 1) (9 2 1<, 38 B2 1 T
1 A AN TR R JEE 018 8 T, AELAS [] £ 0 el B2 PO BB PR A7 A 22 55 IR AR 1 S K28 VOCs A i 5
Jid £, T AR R R A Co LA 2H 2352 3t BE S e s ) AR AR EER A 2.

AT FE NN AT R AR BTt e, sl s T LR R, AR R A T AR T VOCs W) A 4
R, WO AR S AR AR AR A FH IR X ARG R A4 KL VOCs W) BB i i 4 1l S5 i e S 1 =%
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