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Dynamic Changes in Hydrochemical Characterlstlcs and Inﬂuencmg Factors in

the Karst, Watershed Flood Process - L T ?

_YUAN Yas qlong , SUN Ping-an'".{ SU ‘Z-haq ; "YU Shi' , ZHONG' Ll hua , HE an yi', XU Qlan
€1. Key Laboratory of Karst Dynamies, Mmlstry of Natural Resources & Guangx1 Institute gof Karst Geology, Chlnese Academy of

Geéological Sciences, Guilin 541004, Chinag 2" Scheol of Geographical Suences Southwest’ ﬁnlversny, Chongqlng, 400715 5 Ch]nd
gesources Bureau, Guilin 541001 ~China)

nzﬂ)stract The hydrochemlstry of river water'in a karst basin’ has a rapid response to the rainstorm/flood process, which is an important

3. Guilin Branch of Guangxi Hydrologic atld Water

proceas of ‘the"karst carbon cycle and shoufltl not B2 1gnored 'Bdaed on the dynamic monitoring of the hydrochemical characteristics of
the ﬂood process=in the Yangshuo section on November 8- 12, 2015, the dynamic change in the main ions and the influencing factors
weré: analyzed, and the concentration and flux of inorganic carbon from different sources were calculated. The results showed that the
hydrochemistry types in different stages of the flood area belonged to the Ca-HCO; type. The ions were mainly sourced from carbonate
weathering, and affected by silicate weathering, rainfall, and human activities. Because of the hydrological process, the weathering
strength of carbonate rocks sharply weakened at the beginning of the flood, and then gradually increased. The concentrations of HCO; ,
Ca’*, and Mg’* sharply decreased at the beginning of the flood, then gradually increased, and continued to increase in the second
flood process because of the waterlogging in the karst system. Because of the waterlogging, the reaction time between water and rock
become longer; thus, the concentrations are higher. The dynamic changes in SO, CI~, Na*, and K* were mainly affected by
precipitation and human activities. At the beginning of the flood, the concentrations of SO, C17, Na*, and K* increased because

the Tunoff takes more ions sourced from activities. The concentrations of SO}, C17, Na*, and K* decreased with the decrease of

easily transported substances. At the lowest point of concentration, SO2~ and Cl~ were mainly sourced from precipitation, and Na* and
K* were mainly sourced from precipitation and silicate weathering. The weathering of carbonates by carbonic acid was the main source
of inorganic carbon, accounting for 74.3% of total inorganic carbon on average. Because of the input of sulfuric/nitric acid, the
contribution of the weathering of carbonates by sulfuric/nitric acid to the inorganic carbon cannot be ignored, and the contribution
increased significantly in the flood, up to 31. 7% . The geological carbon sinks before the flood, and during the first and second flood
processes in the Yangshuo section were 1.28 x 10°, 5.28 x 10°, and 11.52 x 10°g-d ™", respectively. The geological carbon sink
before the flood was equal to the annual average flux, whereas the geological carbon sink in the flood process was several times that of
the annual average flux. Moreover, because of the significant difference in the weathering strength of carbonate rocks during the two
floods, there was also a significant difference in the amount of geological carbon sink under the same discharge.

Key words: karst watershed ; flood process; rock weathering; hydrochemical characteristics; carbon flux; Lijiang River Basin
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Fig. 2 Change in trends of main parameters and ions during the flood
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Table 1 ~ Characters of main parameters at different stages of the flood
B P i kg e s HSR
- /m?es! /C P /mg-L~! /S cm ™!
i/ MHE 135.00 21.06 7. 46 7.98 221.9
Sk I YNIER 171. 00 21.30 7.52 8.09 222.4
’ S 148.75 21.17 7.48 8.03 222.1
CV/% 10.5 0.5 0.4 0.6 0.1
/My 390. 00 17.78 7.03 6. 58 131.5
SET FoRAE 1810. 00 22.91 7.43 8. 49 223.3
o SEHIE 1 000. 10 18. 64 7.22 8.01 162.0
CV/% 48. 4 7.2 1.4 6.0 17.4
e/ ME 564. 00 17. 19 7.28 8. 44 187.4
e 11307 FoRAH 2460. 00 17.83 7.33 8.84 239.6
e A 1285. 67 17.55 7.31 8.58 213.0
CV/% 79.8 1.9 0.3 2.6 12.3
F2  HKTERAEMRAKLEEHE pmol - L~
Table 2 Water chemistry at different stages of the flood/pumol L ~! -
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ot e I [ 46 68 || Sy Y 4780 4 | '3 = 93 4 112 1303 /52 .
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ME 26 52§ | gl W dlos 3 ? 6 99 1604 = 60
® SN 36 g2 I S 4204 @ 131 3 159 103 123 2297 /98
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- FHE 32 67 10141/ 114 3 ‘49 83 112 1888 s
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peq-L™", P41 733 peq L' B 724 Bk
F1289 ~2 310 peq-L~", F11 676 peq-L~". EBH
PHES T Y i ik B AR fb S SR 0 — 2, B TR b
Tt 55K —%, HCO, Ml Ca®* J&fix = E A9 H FH
B, ol 75% M 83% . Wi s Ak, H
SRR IEFAEZE R, RETU A ALLT 3 2K
(K2).@ca’" | Mg** il HCO; 7AEfhiash 5
—3, Je PR BT, @QKT | Na® | C17 SO~ A%
fhiasas —8, RARTHmE e 208 F e 218 -
T+, @NO; FrSi LS, A,
3.3 ISR AL AR

TR R T B s K, S HRFR N4
T AR e, BRI RSN RS, pH ., %
i SRR S 8 S B TR, AR IR R K (3R 1
M 2). BB 7482057 ~ 2746
peq-L™", P12 354 peq-L™'; BBHE T2k

1951 ~ 2640 peq-L™', V12247 peq-L7'.
HCO, il Ca®* MRS i M BABHE 7, 23
81% 1 86% . Ft I W —34, & &5+ fk R+ ] L
k3 25.0Ca%" | Mg** fl HCO, ARk iadih 5 &
-, 5 EIHES, B 2R e, W
FIHEY; @K', Na*t, C1”f1 SO~ Apfbifadh—3%,
Hi s O S LD R - ) s =8 1 w2 N
GNO; F1Si E TN, AT

itit

Wi kK R4S B B HCO, il Ca”* #2E £ 2
HIBABHES -, RIZKA2EA05, Ca-HCO, AL, AT It
KIS RS B BOK AL 2R RRAE B B AZ IR IR R A A i i 52
M. C1°/(Cl™ + HCO; ), Na*/(Na® + Ca’") Al
TDS 43514 0. 017 ~0. 057 . 0.042 ~0. 139 F171.76
~140.81 mg-L™", BA LJE T« 5 A K2k
#1760 Ca’*/Na® | HCO; /Na® Hll Mg®*/Na* 43 %
$96.19 ~23.07, 11.49 ~44.02 F10.76 ~2.51, 3
PR R R k2 FRE R AL 25 KA IR & I RRAE , I LAk
FREh A AL R 2T ik 5 B 9 5 T 95 o 9 S
PERFIEAR—30. BFEIXCR WL R SR, BRIRER A A
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B 40 %

RERRER 745 5 21, PRIRRIR £ 2 WL %6 i 25 K T
RERRER 70 DRI B R 25 X Tl 7K 7K Ak 2 1) 5%
TR K.
4.1 FEE TGS K R

WNE 2 P, Bk R BB BH 7 W7 T T 7K Y
FEBFAH A ANRR ARG PR IK T R A
HEREER. WRTINR, N E P EERAEE
E—EMES, KRBTSR 3 4. OC ", Mg**
M HCO; ; @K', Na*, Cl- Fl SO ; @NO,; FISi,
L X I 2 AN TR] ) 5 i R 2%
4.1.1  BRIRER ARl A P A 5

WATHTIAR, Ca®* |, Mg** Al HCO, FERIE Tk
PRI IAL, TEBK R4S B B A 6 — 3 A8 4k
R (E2), IFEEE R FEA IR, B
WA E B G (B 2). 5K A
X, MK R Ca’t . Mg?* Fll HCO; HeJ¥ R4
=, Sr 5 948 132 F11903 wmol-L™", 5 T 9
AU AN 2011 4F 11 7 (945 5ol — 25

AL T, WA 11 H 9 | 0300, HE#IH
184 m® s~ HREH T 5 ZEWE T (1/810 m® 45 ™) FELE
b R BRI, A7 1 8 FF08%00 JF
UEIERT, 19700 AN 5 BRI o T T LA 9
H 03.00FF 16 200 1 7F, = 10.00 P85l , If
L1300 T34k FERKT (1720 w370 AT,

05— I AL R 0 e e I 7 4

19 h JPRIVER b s X [ T 22 BF 391 67 17 28 7 14419 .
FAE TRV T, Ca®* | Mg®* | HCO; YR
HIEE S HTE 0300 ~ 0600 %47 B B e, =
JE R TR, 2 20.00 i5FEAE, RIE 7 HRE &
MG e e = (W 5 20 10 he AT 0L, 76K 4%
AFPK A RS, BEE T E A TR, IS FERL
N7, RONIRE RN K HE Sl T Z A At 7E 38 alA
ZABR RV R 2 s ) TRl < K 1 e it A,
BIRA TR, (AR TR, (B K
BRI T REA . Bt B oy AR R R
AR 3 CO™ | % CO, TR IhBRAR £h 5 £ (1145
8"Cy . i N RE. UEK T R, 8VC 1 FF £
ANTE AT K B R A T A K R S B
A, UHUER G W& AR E R R AITA,
X} B T R RS N S B 1 AR,
THEZRM T 11 A9 H20.00 5, &N
G525 h, AKAERZ AR T BRI, Kb
CO, X il B2 5 5 19 ¥ Tl 2 — A 38 P 3 1 2
R R K AR AT — B B, K
Ca>* | Mg® " Fl HCO; % B PRI B B 8 o A 8 o T 44
i, AR H AR . 11 A 9 H 20:00 £ 11

J10 H21.00, ML TR, 1200 m’-s™' [
% 483 m'-sT', LS R Z WS M, M 1315
pS-em ' FHEIE 169.9 pSeem ', W] ULERER £ A
VR T IR. AR AR S A  N R UE ARRAE
ﬁﬁg@i[li 16,33] .

R, 11 4 10 H 21:00 & 11 A 11 H
14.00, WEZEE L, BEHEM 169.9 pS-em ™' I
FEZE 187.4 pS-em ™', RIRER A FIZE WG R, 11
H 11 H14.00 ZJ5, K10 HAI 11 HFEN, A
SR, 610 m’ s T E3 140 mP-s ', W]
D, 575 K I T o e v B 5 D T A8 b L R R
JE 2126 h. 53t THIARR, Ca** Mg, HCO; ¥JE
L PRIER M I NRE, HIHZE BT, SR
187.4 pS+em ™', JFE 239.6 uS-em ™', BIAFIHE
Ui HIR e CUIEETR & S N | B RS I B
R Ca®t o Mg®* [ HCO; Vi Filrt gl A e

S, BNt IR AR RRAE . X R Rt 1
01530t LSRRG , itk 1 DI Ry B
Kb THURIARES A T A 2 )22 Tty WY SR 4R
AR RVEFI AR . AR XS b, RE W 2258 e s i v
Fy 3 AR L T W L0, DT Ca® M
HCO; W% M 3l . W2 Jin, e
HCO, Vel Akt S B 6 TPk i
BEIR PR s MR 1 382 (O, A Tk, (K B
Pl AR S B (R) RS, R VA R R 2 B B R
ihA.

4.1.2  EERRER A KA 2

Al R A T RERRER A AN I P RE R EL
FHHEIRAL T, e K i AR o S BE T D sk
A(E2). k2 Fow, EF KRN T, 73
WERE 430 51 pmol - L™ F152 pumol - L™, 6 3%
ARAl s RS T, JLHREE R 75 pmol - L™, WEATHY
T ORTR) TR R R KU X 2 T e 2 ) PRl 2
RERRER 5 KA 6 22 I e A P U B R R . TS VL 4k
RERREL A R A e L, HRRJR, ME SR
-, DRI X A TR ) 80 5 MR X A . AR TR R 3
FHLIX, HERERA TOKZ AR ER, KA S K
JZ il RS K Z e oK AT, DR e i
AR K.

RERR 5 5 KUK Bk 1T 3% 1 1 A A, 38 63T 7K
HCO; , K* Na®, Ca®* Il Mg®* H —E M oTik. 5
KA MBI AR ST X R R R A 0, Bk
VL RERR R A KAk, B5 K SAAN K A He 2y
0.6 B, () F2) i, REERER A X
XK HCO | Ca* + Mg FI K" + Na* (1 5Tk
3N St MR 52% | 14% F1 24% .
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Ca Mg, . AlSi,0 +2H,CO, + 6H,0 —>

xCa’ + (1 —x)Mg’" +2HCO; +
2H,Si0, + 2A1(OH), (1)

Na K,  AlSi,0, + H,CO, +5H,0 —
xNa®+ (1 - x)K*+ HCO; +3H,SiO, + Al(OH),
(2)

4.1.3 kX W*ﬁkiﬁ@m%m

K", Na®, Cl-F1SO;” fAEB AN BN
%a%*%%%%ﬁﬁﬁ%%,ﬁ%ﬁ%\wo
88 . 121 wmol-L™", Hr SOI~ ¥ & S5 H: A% (29
~375 pmol -L™" )M, €17, K* Hl Na" ¥R JE &
THEPRIERT (9 ~60 . 2 ~34 F1 1 ~49 wmol - L")
WK SOT EERE T AT HEHRE SR
fift . BRALPI AL . KA LA S A ZE3g 3.
WF T XA UL 28 K 2 B AL 0 07 IR, I EL3T K v
SO~ SREMIAHY, W, WoKH SO; FERHATF
RAEERH (FRFR ) . crnz%%“fc?, ARV
1, FEOR AR T, A2 ARG S5
n““* Yk Cl %%ﬂ%ﬂﬁ, PRI T el T
@#ﬁxﬁkﬁﬁmm%m ¥m%d/waﬁﬁ
0. 67~ 0.684 Iefle Ttk 1y He (i (LA )7 w3 5
Cl™ ARIF Na'* [ e Ak Fl A28 3h B2 B ﬂﬁ%%

KR w@& b2 B AR Tm*ﬁ

W, lﬂﬁ’ﬁ[‘?ﬁ‘zﬂﬁﬁl\ ﬂ%ﬁ?ﬁi@ﬂ%%ﬂ'fk%u}s;@‘

ém“” ‘ =

ﬂfﬁlﬁzmgzﬁmﬁm-ﬁﬁi%ﬁiﬂ
i, e 122 wmol - L' FFFE) 141 pmol -L™". 7E
ZJaiia TR, SO;- ZUal FREE] 104 wmol - L~
RIGIZEETTHEE] 111 wmol - L', B4 SO; -
ALK, AR AR 8. 7% . WNATHTA S02- T &
kA FREN, B [ F A6 shHER 0 B A AL
A PR RO R SRR I B B A TE R
TR A 00 e W Y A MR R TR K R SO% T
i, AR L pH W2 B E TR (K 2). ZFERA
T AL T R R R, W AL SR A R
A R T W SO A A N S TR = A e
55, KA B A A RN S HEORNR SR i AR

R BN SO Bz 3, Wk S0T
Hom. HREBRAMR, 78 R EW AR (P
), PR N A R TR R R, BT 2 AT i
fIRMA.

K* . Na® Al Cl~ ¥ AR AT R R 25 1k B
2 BT, PR B G 2 v PR AR R, HOR IR
FEA = OF K ABRPR P KT Na® Fl
Cl™ BRI AT Ky @2 B i K |

Na* Al C1~ B AR A AW Ko QNI s
AR KT Na® 1 CL- Bl A2 A Ak B 4o
2 fizs, Cl™ il Na* WA J5 v BE DR I8 T A 7 8
R B, AR T, K AR F S K
WRE. B AR, ClT MR 38.3 pmol - 17", 5%
FRBEAAR 24 (457 H0H 23.0 pmol - L") 5 K™ F0
Na * ¥ 435k 47. 4 wmol -L ™" F143. 5 pmol -L ™",
82 v TR R R B (AEE3E ST 5 9.3 umol - L7
15,6 wmol - L") AT UL R R 23 < rp At
FHIT R KT Na* Fl CL™ 4 B R e sy A 3] 7k
o, R B T 2R SRR E i R
AILLZM, K, Na* 1 Cl™ ¥R Pk [ = fa e ok
TR L, RISRIE TR K FRERR 3L 5 XUk, K
1 Na* IR KSR )G , W 4351k 38 "}.L_mol-L'1
128 pmol L~ ,iimkr“z:%n&@%?éaﬂ?ﬂi#ﬂ‘Iﬁa
fif, X FES LA %ﬁfﬁ?h s, b
M3 e %%E%U Wmﬂ%F
PN @m%ﬁNwﬂCIM%A nm¢Na
Cl- /i?fﬁzéijiﬂ B2H U\?%Tﬁj_ﬁ({*ﬂ]]ﬂﬁ)ﬁfj
mLF% M%m$ﬁ1%mﬁﬁ ﬁﬂmeﬁ
ffVﬁﬂ%F&@TW%%ﬁ%mEVf%ﬂ&
%Wﬂﬁ%ﬂ@@* DR o ok 45 7 ﬁ@ﬁ%ﬁ?
PR ©

M)f%%?k‘%@¢ﬁ%ﬂwﬁmﬁ#
Ay, =2 EEAE I R RIS I v R A AT
SEAKI NO, VB 23 i 7E 40 ~ 105 pmol - L' 2Z ],
1568 pwmol - L1 HE T 4 NO; WEED A fE 42 ~
138 pmol - L~" Z [H], ¥ 93 pmol-L~"; 7t I
NO; HeBE /3 A 7E 65 ~ 103 pmol -L~" Z i), -1 83
pmol - L' (F22). N 2 Fras, NO; HeFE 27 I
B, (AR, Bk R R A R AR, A
AT L0 NO, , HiR S B & m TR
7K.
4.2 Ttk & SRR RFIE

T VLI SR R A I AR I & R B ER | TR
A, PRI ZK A TG ML 5 5k 5 TR R XAk Bk i £
F(CC), B/ MR NALIR R EL A (CS/N) FIK R
WAbRERRER A (SC) . M4 Si vk B 1330l R KU A feE
1R kA S PR R 2R (HCO; _SC =0.52 x [Si]).
AR Ca®" + Mg /[ HCO; TE IR £ 5 KAk
KRR IR AR, iR R h R £ e o UR Ak iR AR
(HCO; _CC) TR/ i 2 KA Al 12 £k 5 o U5 flk iR
M (HCO; _CS/N) ',

HREIHALE R, oK # v HCO, _SC Wk AR
AT, SoKH uE T A AE T3 vk 2 43 5 oy 27
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27 139 pmol-L™". SF/KHI, ¥t T # At T
HCO; _SC el 550 1.4% | 2.1% 1 2. 1% ( £

3), PRBEKGE R FPRR IR ER A XA SR YRR R S AR Ak i
N, I HCO, _SC g A Tt

£33 HAEBRENRARRBELVBRE., LETBRER"

Table 3 Concentration, proportion, and carbon flux of HCO; with different sources at different stages of the flood

e 28 HCO; /pmol-1. ™ H 5/ % W x 10°/g-d ! TR
cC CS/N sC cC CS/N SC cC CS/N sC x108/g-d~!
H/IMHE 1584 248 22 83.9 12.9 1.2 2.30 0.35 0.03 1.19
kI SSoN] 1647 279 33 85.8 14.8 1.7 2.87 0.48 0.06 1.49
EHIE 1 609 268 27 84.5 14.1 1.4 2.48 0.41 0.04 1.28
CV/% 1.8 5.2 17.4 1.0 5.9 16.9 10.6 12.8 28.1 11.1
Fe/IME 651 275 18 65.7 15.4 1.2 4.74 1.34 0.09 2.52
ET 0 SN 1575 399 37 83.4 31.7 3.1 24.45 6.60 0.70 12.92
FHE 948 328 27 71.9 25.9 2.1 9.99 3.30 0.28 5.28
CV/% 28.0 11.5 20.0 6.8 17.7 24.6 65.5 45.5 56.4 64.6
H/IMHE 1178 376 31 73.4 16.9 1.5 6.89 2.20 0.27 3.74
e T3 BoRME 1874 393 51 81.6 23.4 3.2 47.81 9.89 0.88 24.78
SHE 1463 385 39 77.0 20.9 2.1 22.08 5.16 0.48 11.52
CV/% 24.9 2.3 27.0 5.5 16.7 41.6  101.4 80.2

1) CCBRARNALBRIRER & 3 CS/N . BiFR/ AH R AL BRIREE & 5 SC. Bk KL RERR Hh

HEK R HCO; _CC 1 HCO; _CS/AN 75 1k i
F (B3R 3). P, Bt T At I Heoy
cc /&Fﬁ%ﬂy@;1584~1647 651“ 1532%111 178 ~
1874 pmol s, ],,HC03 cC Hc“{ﬂé}w'}ﬁ 34, G -
8. 8% 65,,7%.~83 4% Fi 7349/ $1_690F /k
LT H;ﬁ%u 1 #1 HCO; _CS/N mﬁﬁj\ﬁu,ﬁms
.,..--~279 375 -~ 399 1 376 ~ 3 p,t’nqﬂ Lj .y JHco; _
\ GS/N H mﬁﬁm 12.9%
3, 7%:%1]1’6 9% ~23.4%. W3 fimn, &H’%
A %7}0’ HeHUS HCO; _CC e 3 I 490 3 R
HCO; _CS/N ¥k & DR T R AR A 10 B9 90 S
SRR ER A 10 DL s N A T R, B
. MAERE R EE A, B IR VA ik R A R R K A
RIZ VI ”Elﬂﬁﬂi"'b[lﬁ'ﬁéz%&iﬂ Fb 1] . 22 1

T GnRTET, IR R VA Tk ik TR £R A AT TH
—/l\%éé;ﬁuﬁiﬂﬁﬁﬁ, R i HCO,; _CC e B 1 Fb A5)

FReeafin, i HCO; _CS/N M 5t T WA —
2, L mg A T R

Bifi 5 I B 0, 3  AR REAL S RE A&
K 5 T Ut R Btk V1 5 Y i AR %?EﬁiﬁﬂﬁiE
FHFRKFR (R 4 0.88 ~0.97). Pk, it T At
11 #3343 54390k 149 . 1 00011 286 m* s ™' (3
1), bt TRt 305300 /K 6.7 451 8. 6
5. SEKEA, dE T WAt T sc @& (L C i, F
[A]) 43 5~ 0.04 x 10*, 0.28 x 10* F1 0.48 x 10*
g-d ™", UE T HAFNIE T 8343000 SR K BA Y 7. 0 £5% Al
12.0 f%; CC ﬁ%%%dﬁ 2.48 x10* . 9.99 x 10° FI

22.08 x 10%g-d ™", ¥t T HIAIUE T 1945500 4 F K 31
1 4.0 f5FN 8.9 £, CS/N @480 0. 41 x 10°,

4 14489 \qu 4% =)

71.4

f

<]

g

g

ﬁ_ll

=

=
z : g g g g
S 2 2 2 S S
= = = = = =
z 2 S = a )

B (H-HTH)

CC . BRFR AALIRFRER A 3 CS/N . BRAR/ Bl B AR R R 5
SC.: BRER M AL E FRER
E3 kg EEHRARREHCO; RE,
teBlFnaR B E T REEE
Fig. 3 Concentration, proportion and carbon flux of HCO; with

different sources at different stages of the flood

3.30 x10° F15.16 x 10°g-d ™", ut T A0t I 4
SRR 8. 0 f5 1 12. 6 4%, W WL, WYt Kt
FROGE A 2 . It 1 WREREL A WAL iR
FERRRE , SC R F it a AR Y ; Mk E# X
Al B 5 2 N B, RN L AR R R AR EE B £
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AR B T U I RERR AL A A
WA ETE, SC RIS T MBI ER A XUk
BREERCU T UIFRE IR, TR /A R KA B R
HREE UL T —F, T CC K 5 A
M, CS/N s KANIH G TR .

HCO; _CC —F3RIFET CO,, —FRIFET A4,
HCO; _CS/N &k i 45 A1 ; HCO, _SC 2Bk
JRTF COo,. T HCO; _SC A1 HCO,; _CC fy—2F K
HFRBRAL, HGE AT L Wt T39I AnE 113953531
J71.28 x10°, 5.28 x 10° fil 11.52 x 10°g-d™". Yu
AL T A A BROORE K S R A B T
SFL39 B T 47 24 4 BRI A 1,17 x 10°g+d ™
LR AR SIAR 2, 7T UL TR 3 i SO
AREARGF AR BB A R S B 36 T IRt 11
191 by ST b3 £ 43 0 S F A Y 4. 1 A5 9.0 £,
SR N A AR 619% F1105% . AT L, ok
S TER BB B, 3 T 1 4
P IO 2200 T B 5 9 AT B A GG
R, (PR IR KA R T ek A7 6 K i
S UG SRR e T3 B T T
S % T A 2 L OUHT 4 it IS8 % o
| R IEIR AR 1 £ R SR A I 1)
AR P S A SR A LR i R R

ZEr AR SRR, v S R e

FE BRI ) | B e o e[ B s 5
I G 2 NI IR) . R 5 BB o 14 A B R R
TR B4y, B VA bk R R A R R
W TR T D A2 2 e s 8 HE 11 28 40 5 T 1
Ao BB R e ok 1 S LI IR). R A, Pk
i 2 A T AR B K H e | A KRR I
B3 he oK HEWR I, B 18 15 A 784 S i ]
TR, Kb CO, KRBT/ R FREL A, P A
T e ARG, (E 32 2 VA HE T o A B, ok
BRI T T R B IR Y, 1R 1L
T o T 22 A Vi B0 R S, A
3 et R

5 #ig

(1) BH 3 U 1 vt 7K 2o 2 4% B BE K Ak 22 28 AL oy
Ca-HCO, B | JK IR fift 0 £ 2k A iR £k 7 Ak,
1 RE R R A KAk B K ARG sh i —
D1FA.

(2) dk it fErh HCO; | Ca®* FI Mg * A7 45
FalkmRER A AL FE. Ut K A ik R £k A KAk 5k
K, W, Btk R, B AT &

K7 HEH, R KRR )2 A i B ) AR A, BT
W QR T RE Z 5 RN, FROKAER 2 A0
i B, SCNIIE RGN, B BT RS
Ttk R, RSO B R R AT BB
MIAHRMSE , FEFARSTE R Z AR, Bk
JEREE B

(3) 32 % I HiT 393 R 7K R Ml R 428 0 A1 R s
SR RN SR B AR Y 5 3 B W Y S
SO;™ . €17 Na* Hl K™ 7E#t /K i 72 A 499 Sl L7,
Ja N S iR Wy oL, e BE SRR . f e R AR
AR R 228 T, i R By, AZRi% 3k
W TR/, SOL™ A CL™ 2K PRk kiR,
T Na* H1 K™ 32 2R K P55k ok I8 5 kIR £ A XAk
SRUE. PRI A Bk P 5 M DX S I, AR
el PTGV 0 V8 25 AR SRR o
R AR HRDK STl M R/ [

(4) BRI | G R AL e
%x%%ﬂ%ﬁ@ﬁ%%ﬁﬁ%ﬁ%@%ﬂﬁ%i
TORIR FC b R DAL B R 8 1 0
74. 3%, A2 TRSC BRI AR ER & KUK i X
et (g Sk Bop 53 W
R . T L A1
HEK AR RS B BE LU, P35 200%% AT I,
I 907 DA T e O 1 i S A7 4R TR R KU B TR A
. PE 9 R T e B Y13 e A TR KL 2R TR K
SRR R IERR 21 500 1. 28 x 107 5.28 x
10° A1 11.52 x 10°g-d ™", PEAK AT Hb BRI 5 4
SR A 2, K R T ARl L
PHUCHE K S R B R R o A 8 B A e 35 25 5%, Ml
BRI iE fEEAH R e S O T WA TE B 25 5%, 5
— UK RN 25 R K PR Y 58%
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