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Abstract: Arsenic poisoning caused by high-arsenic groundwater represents a significant threat to human health. The arsenic
methylation process, which converts highly toxic inorganic arsenic into less toxic methylated arsenic species, has the potential
to mitigate the environmental risk of arsenic contamination and reduce its toxicity to humans. This process may provide an

effective approach to managing arsenic pollution in groundwater. However, current research predominantly focuses on the
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migration of inorganic arsenic, with limited understanding of the key processes and controlling factors that govern the
enrichment of methylated arsenic. In this study, it analyzed shallow groundwater from the Jianghan plain, located along the
Yangtze and Han rivers, using inorganic carbon isotope tracing and EEMs of dissolved organic matter. The aim of this study is
to elucidate the organic matter degradation pathways that regulate the enrichment of methylated arsenic and to identify the key
biogeochemical processes involved. It found that methylated arsenic concentrations in the Jianghan plain ranged from <C0.01 to
444 pg/l., with an average concentration of 30 pg/l.. The processes controlling methylated arsenic enrichment differed
significantly between groundwater from the Yangtze River and the Han River. Along the Yangtze River, the degradation of
high-molecular-weight aromatic organic compounds drives methanogenesis, which in turn promotes arsenic biomethylation
and the subsequent enrichment of methylated arsenic in groundwater. Additionally, the sulfate reduction process, associated
with the fermentation of organic matter, also supports arsenic biomethylation. In contrast, in the Han River region, the
arsenic biomethylation process is primarily driven by the fermentation of small-molecule reactive organic matter.

Key words: groundwater; methylated arsenic; carbon; isotopes; three - dimensional excitation - emission matrix Spectroscopy;

Jianghan plain; hydrogeology.
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A 70 Z A~ F R L X R o 1.542 NAROK 2 4> 3% 5|
fith¥5 Yu Ho R 7K B9 8L ( Brammer and Ravenscroft,
2009 ; Stuckey ez al., 2016) , K 3] ¥k w5 fift o F
I NN B R (AN S S SN
P P b B, 4 51 R O I A 9 R LA K BEL i
JL#E K & B (Fendorf ez al., 2010) , A 1t , Bl 2
NS AR R (iR IR N W a1 2 ) s o B S B
AR 5 T K TS G 0 ORI R B

E A AR 55 22 B, A ) 9 o 245 L 7 1 Fn 2k
A ROPE 22 5 3, b L A R b Y B R G K T
JC WL (Styblo er al., 2000) . it F JE Ak i 724 K
bR 7K R G b M BR Ak 2E 0 8 b R IR
W 7 R 0T 00 TG L RR e Ak O 1 PR AR A YRR AR 7
— 2 B EE bR] DL AR A 0 B B XU S DA T e 4%
N 75 3, A HE Ry 98 45 T K s Y e Y
AR AR AR LAAE XS T e T K R PR AL B Y
il 7% £ B P AE THLEH D As(V) 5 As(TI1) Z [A]
1T # ¥ 46 (Gan er al., 2014; Schaefer et al.,
2017; Deng ez al.,2018) , i T Hu T 7K A7 AL fi v
JE AR X #5A, XF T G AL A A Ak S A L AR (R A
W5 A ) o 72 w58 U5 47 BR (Maguffin ez al., 2015) .
DI, 458 58 3 F /K v B 3R T 4R 0 AR S 4 R N
ED Gl i A O/ R 7 ) A= R S - S

fift ) B S Ak it B AE AR S bt A A, H X
M b AR RS H R iy b Rt R R £ .
M IN N EY S 51 C-Fe-S G B #2 2 fift I 5

Ak B 5 5 #2 (Zhao er al., 2013) . 3554 i IR £ 18 TR
7 (SRB) #5747 fift FH & Ak 2y i i IR ] o 42 41 g WY
i 1 I B (Zhao et al.,2013; Chen et al., 2021) , #i
1% £ 340 J5t ok B 0 7 W) B Ak B AT A S O PR R TP B
MR E LI Y AE S 5 A o R
% 1 E BT AE ] (Stolz et al., 2006; Zhu et al.,
2014) . 1M i 12 R 38 J5t 5 9340 it 3k i (] i e A A R T
BT Y A 0, G ek W BRI T [ S A DA T ek 2D
fitg B 3 1L 59 JE W (Kocar et al.,2010; Zhang et al.,
2018) . A LR R Sl A= ) 32 B 0 i R g R OR TR
A ft v E A YRR A ) R R IR R A W B S S
PE |, R B A AL O it B g v B 2R R -, R ] e
AL B A 0 ZE W M R Ak 2 5 B (Wang er al.,
2015; Yan et al., 2020) . A i, fif B7 b R 7K o 422 i
fieft FF RS A ik 2 19 A BIL BT O 9 R IR S B i i 4 A B
TR A8 7 i B AR 09 A ) Ml ok Ak 2 0 AR L IR
PE JC AL B 7] 457 2= AT ] T 48 75 MR oK b A L R
B9 5 A= W 1% i it A2 (Kump and Arthur, 1999) , i
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P 4 i R K R bR AR A A PSR A
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ARG TN (VA Bl S W 1R e [ R R
EERERE R Z —  F ¥R R 27T m g T
HL Y (1 3 AR U X, U ZE 43 B, 24 1R
N 16.8 °C, BEAK FT i, 42 F B R K i 1 269 mm,
B R K & 50 A AN ¥, b B R K & & 3000~
50% AE-H 78 & B 1200 mm (855 RS, 2017).

T T2 P A VTR YT op B A ) 2f 5t 4]
S, FESNAMERLZ RE T £
A KZE (D) AL DOF RS U428 &% K R G A 40 2
NHIC (D @GR K & KZE, R+
W40 R AR A 2B, A A AE R LR 3~15 m; (2) 1
R B e LB R R K2R B o Rk A
Jry e ARG 133 B AR, R 15~80 m (Gan er
al., 2014; Deng et al.,2018). T L&A &K E
52 B NGB K K AR Fe \Mn 58 (5200 , B Y
i JE Bl T K 3R R B R R R R S K R AR
ARWFGE 0 H AR K2 L E 5T X P 3 3838 B K T50
B B A K, K 77 35 B G2 A0, 0T ¥ )2 2K RS K B AR
TR B Ay 28 MR K R AR S P b ) AR R AR .
X A LT KTV R DR A LR
WL R 0.05%~1.54%, BBl & N 0.41% ~
20.9% ; UYL Uy B2 U0 AW A A L Bk A & 3 LY

112°30'0" 113°0'0"

0.29% ~ 0.50% , Zhki & 1M 2.43% ~ 38.6%.
2 FEMCREE M A S NS

2.1 KEREMBMIFNE

2020 4F 7—8 H , A A X VLT JR K L
W R Z R R K AT T RGN K IR A WKL
DOITREHL B4 R 53 4 FAKFES (1), R
KRS YR A TR R K EE A A F RIS, R
FE AT H22 LAF 15~60 m. K FE T, il /K £ 10 min
5B BRI A8 BR AR . B i R i £ S8
K 543 B A (HQ4 OD Field Case, HACH, USA;
MTC10103, HACH) ik pH /K i L5 R (EC) |
7 i 4 (DO) FAR AL I8 J5 i A7 (Eh) . #b T K iy 2
AR R Ak vk B G 5 43 oo B 3 (HACH,
2800, USA) M & . HF JC ML Ak [l £ 22 0 3 1% bib
IR 28 0.45 pm P8 B8 98 5 i A HgCLARAE . AN TR
fif JE 25 (AL = 0 fif (As (TID) ) G L 7 Al (As
(V) . —H 2 (MMA) , - 5/ (DMA)) F B B
BT BB ERAT 4°C(Tao et al.,2022). FH
T B T2 BT B K RE FH 0.22 pom U8 B8 5 08 )5 0 2 T
4 °CARAE T 4w o0 2 AR 5 1 9 4 s 1R 1R
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Fig.1 Distribution of groundwater sampling sites and methylarsenic concentrations in the study area
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BT (DOM ) = 4t 2256 73 Hr B #E 5, 28 0.22 pm I8
(S U/ R R =N | WNE &2 R T R T
eIt R AF T 4 °Coag Ab, 500 mL ok i i K RE
FHF B8 B2 3 2 43 A, OF 6 SR BE 24 h 9 58 L
22 ERWUR

K. Na,Ca Mg % BH & 1 ¥ B fff o B A 55
2 1K % i {X (ICP - OES, iCAP7600, Thermo
Fisher Scientific, USA) 4> M , & ik & W BR N
0.001 mg/L; B & ¥ % H & ¥ 3% {2 (1CS-2100,
USA) , Fe KK H e B R 0.01 mg/L. JCHLBK [A] a7 &
a3 BT R SO (B 3% AR IR AL S TR (GC-
IRMS) , 38 BE  +0.5%,, 0 #r iR 2406 F 0.3%,.
Vs fife I A AL BT 2 OGO 1 43 A F-4500 98516 43 O
JGEETHAH = 4P OO0 (EEMs) , B G icE |
1 om A 35 Lb (0 ML AE %5 30 E 474 A DUt . 1 44
B : 12 000 nm/min; ¥ & & G oSO8k 4% T 1 1%
B A 10 nm; ¥ & B Bl 330~600 nm, 3 &
5 nm; & B K8 Bl 2 220~500 nm , 38 5 2 nm. S
I 5 il FH AR £ 3 - i 28 6 B A #S (LC-AFS
9730, ¥, Hr ED) 43 # , e AR K H FR > 0.01 pg/L. i
B 2 54 T PR 2 F B B 22 4 41 (500 mg/
3mL,55 pm kAR ) IR 43 B I >R H HL JEOR & 45 5 1
1R & 3E AL (ICP-MS, 7700x, Agilent Technologies,
USA) M, Fe A H PR 0.01 pg/L. K EERYEH L BH
B B v B AR b R 2 (T ) b B A
W 5t 43 B 03k r o 43 A, V5 il M WL T = 2 5
T 43 AT AE v Ml T K 2 (R0 B 85% 27 BE 58 1

3 4

3.1 /KK Z4RAE

5% X M R K b i B IR AR () MeAs) ¥k T Fl
H<<0.01~444 pg/L (£ 1), KITHF & # F K
MeAs % i 1 6.16~444 pg/L,FH¥I{E N 36.7 pg/L,
DI 5 R 7K o MeAs 3 B 78 <<0.01~92 pg/L
JE LN 14.8 pg/L Bk R K H S
Wl BFMTRITH R T AKKAL B FE
Ca-HCO, #l CasMg-HCO, % . #1 F /K &b F 58 38 Ji
W8 Eh Bk bR B, 78 —173.90~85.50 mV i [#l
M, B Eh{H B9 FEAE , MeAs e B TH s KV R Hb
T /K Eh fi £ —171.10~ —62.20 mV, ¥ % i K
—130.47 mV, & F XL ¥ i , H Eh @ B H
—149.90~85.50 mV, ¥ {H K —103.69 mV. K IT.
10T B MR K As (TID) #& B2 7E 50.4~5 330 pg/L, -

BIE N 376 pg/ L, BUVLHY B s K e As(TID #e JE 7F
16.50~1 450 pg/L, ¥ {8 K 213 pg/L. H1 & 2 7]
YT JE R K o MeAs 5 As(TIT) e i 52 91
FIEM LR FE P AE T 1R K w4 9 34k
o R & T E As (ID AE B IK Y (Yang et al.,
2020a, 2020b). K YT AL R K NH, ¥ B 0.44~
35.50 mg/L,F-2{H K 8.31 mg/L, NH, #k & & & 1y
Hi R 7K rR SR A e R A G A DT R R K
NH, "¢ B 34 3 4241, 78 0.45~45.30 mg/L,F¥I{E N
6.76 mg/L. I Ah , K VLY = 3 F K o DOC ik B2 7
3.52~28.2 mg/L,F-¥I{E H 9.57 mg/L, (VLU /5 Hi
T K i DOC ¥ B2 5 3l 1% T K VE Uy R F B (E
4.14 mg/L. H F 7K DOC ¥ EE 5 MeAs Z A& A 1
AR, R T KR P I E EZ R 2R A
ZE Y b E o R AR P AR S S
BT 28 YR 53 F 25 40 A %5 U0 G & (HL B 45, 2020) .
3.2 FHLEkE AL E FFE

)2 K JE K 19 §¥C-DIC 1§ &b T —17.53%~
10.50%, , F ¥ 1 R —6.99%,. @1 & 3 r /=, K IT
W M F K P S8PC -DIC {7 —16.39%~
10.50%, , ¥ Bl J9 —6.28%, , BLIL ¥% /5 i T /K vh
5¥C - DIC fH 72 —17.53%:~0.85%,, ¥ ¥ {6 K
—8.79%,. KL UY 7* b F /K 1 8°C-DIC fH &4k |
T BT R R K 9C-DIC 1A .
33 MIT/KAPAMBETYR= 45T

J T R K TPOR [ DOM 28 B % MeAs &
£ (0 52 W, A BIF 5T 4 53 41 M R K B & E 4T DOM
=4GR 4 A, 4 AT X 4 B ik (EEME-
PARAFAC) X 286t ik ¥ 4s ik 17 b 8, 52 A
SCHR 3 1Y A [R) 288 R BIL T Y 98 O RRAE X B A
B 3NN 5y (£ 2) , AR W & 4 o

5 C1EA WA 3 & 1% (255 nm ., 340 nm) il
— K T (466 nm) |, Sy il U5 2 0 A A AR T, 55 A%
GL) A W C WA X R, 43 F i B K (Chen et al.,
2017). ZH S H S&mEF RN AE RSB E T A
BLI 26 W0, DT 52 e 2R SR 7K A4 () DOM %€ G FfAiE
(Lambert ez al., 2017). 0 4> C2 B-A — 4~ % & &
(<<220 nm) Fl— 4~ & 5t 1% (418 nm) , Ry Bl P52 & |
i, 5y T AR (Walker ez al., 2009). 414y C3 B AT
Wi AN % & W (240 nm. 320 nm) Fl — 4> & G i
(398 nm) , Ay fl A6 Wy 5 2JS T8 o, 2 A W) % fie oo 2 v
72 A (88 /N4y T (Yamashita ez al., 2010). 3 ff 3t [
253 1 Je R Ao FE R AEAR R HH T 1 A I (Ex/
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Em:<250 ,>>380) fl C W& (Ex/Em:>250,>>380),
AEARE S PR E BIR L CIEME T A,
BEARWZWNAFRESIE Ry 7450, 50 FRbE
& (Fellman ez al.,2010). H itk 3 Fp 3L [6] 26 43 v, C1

50

[ )
®
.0'0‘..0
e
0 s 0 s

DOC(mg/L)
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TEOOE B HL R K MeAs 5 As(ITD) Fe?” \NH, . DOC i ik E1 % &

Relationship between MeAs and mass concentrations of As(ITT), Fe*", NH,", and DOC in groundwater of Jianghan plain

A, O AR R, R JE C3 R C241 4y .
4 g

4.1 H Tk R EMBEEN KK ERE

Vs ff ML (DIC) [y Z 5 Fe (11 )R EL &
AT 48 78 b 7K A A L A R Ao R R AT 48 R
A [R]  A=  b BR b 22 33 #2 (Nowak ez al., 2017). 40
F5 B R , H VT R R R K 5 00T W R R K
dC-DIC \Fe’" \NH," 5 MeAs Z [0] () & & 2 B H A
] i B0 A VTV R R K 3 1, 8P C-DICE 4
ATFE — 10.5%0~3.46%, Y5 [Hl , fifi & Hi T 7K H MeAs ¥
JE 38N 8 C-DIC & 8 3% in st 1F , Y 3% 50 119 5 4 1
Wi Fe' 5 NH, W E B ETm CAHREY, A
] B 7= F e 3 A 3 W] A B AR 0 PC W AR TAE LY
CH, W i1 8 1y "C & 4 T3k B /9 DIC b, AT
7= A IE 4 8P C-DIC (Xue e al.,2019; Liang et al.,
2023) , X 48 7~ 35 16 38 JF 3 R K R 85 oh & A5k 20
A BT % i, 2 B BE B B L A A 5 A R S
A3 75 B BE B A AT ArsM T BESE X, n] A AR ) O
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Table 2 Descriptions of the three-component PARAFAC model of Ex/Em wavelengths data and their comparison with previous

identified components

2455 Ex/Em.max(nm) PR A SCHik i
(C2:350/454 (LLambert ez al., 2017)
C1 255(340)/466 Wi Y5 2 I AT 5 3 K g e R 0 A AT K (2:<°260/448-480 (Fellman et al., 2010)
(3:250(330)/456 (Yang ez al., 2020a, 2020b)
(3:240(305)/425 (Osburn et al.,2017)
C2 <220/418 i 5 2 B LR, 43 Tk B AIG (2:<2240/404 (Walker et al., 2009)
(C4:<C240/405 (Lambert et al.,2016)
(2:325(<260)/385 (Yamashita ez al., 2010)
C3 240(320)/398 Tl HE 5 I AR 5 A A R (1:240(310)/405 (Chen et al., 2017)

(3:315/410 (Lambert ez al.,2017)

1k 1 #2 ( Zhao ez al., 2013 ) . FE B #u F K b i 5
A A LT R R AR BE T Bk AL W 8 TR R R RO
774 CH, MUNH,, B 2 19 As (1) & &4 4
YW b LR R T kPR3
1 5 B AR LAY R AR (B L AR T R
DUTT WY e b R K b 3 i i 4R 0 3= ot AR
XiF LK VW R R DU R R K H JE HIL B [
MESHEMKE LR TLERBEHR 25 BH 4,
Bifi 5 MeAs ¥ B (38 A1, 8 C-DIC {2 8 FF A%, ix ]
g5 HUE WA 2N B DL R B R OGO A
B CAE X — o 8 2 B0 e R (Xue er al.,

2019; Yang ez al.,2020a, 2020b) , S i F /K b &
T HZ 54 C K DIC, Wi 52 B AH X 52 A9
SUC-DICH . fE#a# 2 h , Fe?' 5 NH, ¥ Ji & W %
G, HE DU AT BE 5 28 W B R R 3 I 7= AR HS I Fe®”
Az i FeS UUTE Ay 3 BEAE OC , H T30 9 10 Fi 46 500
hE R Ak Tk A AR ZS (ST 0 12.19~16.37)
] S LA T R A B TR v R
I, 8°C-DIC {8 i 2 FEAIK , Fe® 'k B2 Wi 38 m , v fig
SEH TR AT T LR RS Fe(1ID R
A0 4 0 V1 0 I A A DA TR 7 R A Ak
Yy L 0 Bl Bl R, BT M K AR R 3 Ak B
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Fig.5 Relationship between methylated arsenic and 8"°C-DIC in groundwater along the Yangtze River and Han River
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B8R, Bk i R K I R K & A MeAs.
42 TR ABUEFN RN P E®E &
) % M
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BCHIX) , T3 45 an & 6 fr s, K VLU i b R K
I FLER B >1.7, BA K Z 049 IE A b
S, DOTT Y R R K FTAR 6 A, 38 50 Sy B R
H5HMAEMFEIRBEG AR . KILHEF T KPR
BIX i 1% , H A A % e 55 09 B A 41 43 4% 4 i I
W FEH T KB BIX &/ FRILIFREMBT
K iy BIX, ¥ o8 58 7 A4 4 4y (Huguet ez al.,
2009) . 7E HIX b P9 X B 22 5 W 0, KOV Rt F
JK HIX 7€ 7.08~24.21, - $ {8 4 12.02, 32 8 4%
o P T A R R R, DUYT WY i b R K HIX AE 4.25~

10.68, F-¥{H N 7.44, Bk B8 T 5 b
BUJTT, J85 8 b A% B W 3K T ROV WY R R K.
X B DX 3, T 7K e A M A PILTT  Be G 4 )
FRAE 5 MeAs Z IR ZR (B 7) al A KT R LT
KA HLT LA C1 . C 33X 2845 f K/ A5 i 5 119
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AR SRR AR W O ) T o AR A
BLW AT 00 46 7K A I 19 A6 G 90, B FE TE 25 5 1 1l
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ST R (Gan et al., 2020) . T 244 HL 5T Al 37E A
7 R BE B B, el T R Y A 2 B B R O A
AR AL E A RS B R /& H (4n-OH .
-OCH,.-COOH .-CO-) iy 4t & (Sansonetti, 2007) , fifi
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o, C1.C34 404 i TR UL IS 15 4 R K b A L
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M T8 £ ™ W il W A0 Methanosarcina mazei,
Methanosarcina barkeri M1 Methanosarcina ther-
mophila % (Zhao et al.,2013) 7 47 il F 3 Ak D) i
LAl H S S AR R 89 & A (Wang et al.,
2018) 5 [d) i}, 7 HY e AR 365 4 A% rp ] Az il HY B b i
2L ZW B S T AT i E Y R A AR R
= (Thomas e al.,2011) , 5B MeAs ¥ J8 3% #i 15 i .
17 5B 43 7 B e 18 A Methanobacterium , Methanosae-
ta Fl Methanomassiliicoccus %5 W 7] DL #E 47 B F 3L 1k
i BIREE DMA B 2672 9 MMA, £ 2= JE HLA E
& (Chen er al., 2021) , M I MeAs ¥ £ 5 67C-
DIC R RE W E IR, IFAF 2 B8 — i 2 fL )L
LB R b I AR R W B AR W AT AR O TR
B B & R ) R XM RS 5
fift B Ak Al o #E b & 4% B AR M (Stolz er al.,
2006 ; Zhu er al.,2014) 5 oAb, AT 5E A AL 5T 3K 2
B A R Eh b o A 2 Bk A A W Y O IR AR
T HCAs B R MR K, S AR B A AR T
AN FE L R, 1A R T MeAs B R 4R
DUTLR 1 R 7K T MeAs B9 5 88 320 7= F e
o SRR A S 8 A DL K B R 2L R AR ), (2
7 Ve b B JF AN S S B T K T MeAs & £ 1 45
AW R AL 2 R L BE A R A S A LT K T
A B IEAT , MeAs B 5 4, X — 7 S A YA 7
T A P S S B AR R L W I M A
A K5 o —J7 W, — Se i H AL T Rk R T A
TE T — 28 BAT A AL 5T & 9% 2 BE A9 1 2 P 48 9 (Song
et al., 2022). PUILUT 5 Hu T A A 8 T K VLo B M
. MeAs ¥ A X B, 3 AT RE 5 P IX I8 T K
A AL BT 2H ORI 3 45 A ) Bk AR o R 2 e R B
R A F R A IS A 5 RT R R A A RY  BEAOC
VLU 5t 2R D 42 DOR A A = R i) 4, e 5
B TH DA VD0 7 b B R R TS BUX N O TR
JEL A W AH D R IR o e S e sk A (v
PR, 2013) MBI R Y 2B EAE, 5A
HILJST A4 359 AR T AR e S35, T T 7K b A HLBTAR K
— 43 K IR T UL (Huang ez al., 2015). KLY
FUURY h TOC & i T DU AT, TORR i fb i
i v iy S 1 A AL BT S e M SR Y Y 2% S TG 5
Wi b 7K 32 45 A W b R A A i R R — 2 e
9 H AL I A YA W I Sl i BN AT I AR A AR
B 5 F 51 O, NO, \Fe'' (SO, %y 132 {11 #&
S I 2 gk 2 g A 77 BB By Bt (Bethke ez al.,

2011) , VLY B2 T K rb ol SR B B0 2 Y
BiL R 6 i JEUR ™ g ik ek A T LY R 3 T
K AT BE LA BIL T A I e el AR O 32, 7 T e
WA K EMEIEA R EEE YR AT R
PIAS %5 K )2 Eh B[R #E 77 78 22 5, KLU & /9 Eh
(BR80T DUTC T 5 W 0 97, 36 AT BB 5 A4S &5 K
JZ P A 2 Y 8 AL B Be AT G (Xu ez al., 2024).

5 kg

(1) VL0 st R K H 356 i vk B2 4 B Ol <<
0.01~444 pg/L, # /K & A F 5 WA B2 58
W JE R B M % Eh FEK, As(TID) 34 i MeAs i )&
2 T, 3 B Bl K b R Y AR AR T
o2 As (1D 1E A K Y . MeAs ¥ & £ 5 NH," |
DOC Z [Hl /7 75 — 5 M IE M K56 R KU 7 i
T K H MeAs Wk Bl = T AR VLW R LT K.

(2) VLB Jit bR 7K v s fige v A BL BT 4 7% 3 b
oy CL Rl IR 2805 A5 A8 0, 47 T K C2
Sy bl VR 2 BB o T RN C3 R AR R 2
O B 5, 2 A 0 R A O R R R AR RN L R
TR H T K B S A v B R i, C 1R C3 44y
AET B AR T DLYT Y B b R K v C2 241 43 AH X85 s

(3) KT 1 R 7K §°C-DIC £ —16.39%,~
10.50%, CGF3#{E N —6.28%,) , i &4 F =4 T =
[ 05 7 T A WL 5 B A = W e b 72 o ik 72 L 42
HE T BR S AL 30 T 1 VS fre RR 4 A= ) Al R

(4) LI W 7 # F K b §°C-DIC 7
—17.53%,~0.85%, (°F ¥ {8 2 —8.79%, ) , LA/~ 5%
T M A OPL R kWL RS R b B R E
SR T m R Y O R AT R
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