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Influence of exogenous acid on carbon sink effect in a karst watershed

SU Dan'? ZHOU Zhongfa***  HUANG Jing'? SHI Liangxing'? GONG Xiaohuan"?

ZHANG Heng'? YAN Lihui'?
(1. College of Geography and Environmental Science/Karst Research Institute, Guizhou Normal University, Guiyang, 550001,

China; 2. State Key Laboratory Breeding Base of Karst Mountain Ecological Environment in Guizhou Province, Guiyang,
550001, China)

Abstract To explore the changes in hydrochemical characteristics of the Karst basin and the
contribution rate of exogenous acid to the weathering of carbonate rocks, the Shuanghe River basin
was taken as the research object, the basin was monitored four times in March, June, October, and
December 2019, respectively, and a total of 17 water sampling points were selected. A
comprehensive analysis was carried out by simple mathematical analysis, Piper diagram, Gibbs
diagram, ion ratio method, and mass balance model. The results showed that the pH of water in the

study area was between 7.81 and 9.00. The basin as a whole was weakly alkaline. The cations were
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mainly Ca®', accounting for 72.44% of the total cations, followed by Mg**, accounting for 24.38% of
the total cations. The anion was mainly HCOj", accounting for 89.97% of the total anions, and the
hydrochemical type of the watershed was HCO;-Ca-Mg type. The rock weathering type in the
watershed was dominated by carbonate rocks. Ca*’, Mg*, and HCO; were all derived from the
weathering and dissolution of carbonate rocks. NO5™ was mainly derived from agricultural activities
and atmospheric deposition, while SO,> was mainly derived from agriculture activities. The total
seasonal variation of (Ca*+Mg?") produced by carbonate rocks in the basin dissolved by exogenous
acid (nitric acid and sulfuric acid) was 38.46%, 30.55%, 28.68%, and 38.41%, respectively; The
seasonal variation of HCOj; in the total [HCO5] was 25.49%, 18.97%, 17.16%, and 24.18%
respectively. Seasonally, due to the influence of human activities and the dilution effect of rainfall,
the contribution ratio was higher in spring and winter than in summer and autumn.

Keywords karst basin, hydrochemical characteristics, ion source, exogenous acid, carbon

sequestration.
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Fig.1 Overview of the study area
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52 (electrical conductance EC), 3% F§ WTWMulti-3430 {# # X, 2 2 BOK B /0 A (2 [ WTW 2 5)) i3F
Fraismin e, a1 225054 0.01, 0.1 °C, 0.01 mg-L™', 0.1 pS-em™', HCO; Fll Ca* % F]f# [¥] Aquamerck
O8] R A S R TR B AT B, RS B 4390 R 0.1 mmol L' 1 2 mg L B —41K
FEFE AR 2—3 K, IR ZEFEHIE T 5%. i FH R C IR MR AE T /3 /K AE 1 5256 % 0 #r, RAERTH &
BT EREE 2—3 K, 5 0.22 um A BETR LT 4 U8 oL U8 5 28 AR AR, e rE ikt oo
FE i v i B 23 RO B DR T AR B A KRR, R BH B8 7 (Ca®'. Mg, Na il K°) (9 K FE 75 A
2—3 9 1:1 BRLEZE HNO;, I8 % pH<2, HAR /K FERMMAT Ab 31, B AR LI % B0/ AE, BT
AARMERETE BT, HCE T 4 °C B UKF VR s R AT, SR PT [al SE 56 % 4740 #r. Ca™ . Mg™ . Na'Fll K4
FH 5 1 H1 9% B Varian 23 7] 42 7= 1Y VISTA MPX % B JEHE A 55 125 11 -2 OG5 SGHEA 7 4G, 052 31 il
175—785 nm, 43 P2 0.009 nm®, I 45 0.001 mg L™, AHXFFRvE R 22K T 2%, NO;y~. SO,> Fl CI 4
B3+ H1 25 [E Dionex 2 ) A= 7 i 1CS90 %Y 25 (4 5% A A7 A I, I 22 i [l 0—1000 pS-em™, 73 HE %
0.2 uS-em, LA_FFE i i B PH B 105034 1 rp [ B2 g st BR AL 24 B 5% 07 5 A 1.

2 25 54718 (Results and discussion)

2.1 FEYHSERRE

XU A KA 2 S8 g i an 3k 1 R oy, KR pHAE AR ARG R 7.81—9.00, “F-H1{E A
(8.46+0.18) , A8 5 BN 2%, 2% WA it 3 pH (H 2= 17 A8 fb B R, KA Ot 553 Bl 12 . 7K I A2 1698 [
9.30—20.80 °C, “F-3I{E N (14.72£1.59) °C, & 7 RECH 10.75%; HL-F:F (EC) By 22 fL L F hy 209.00—
356.00 uS-cm™', I {H N (277.22+29.41) pS-em™, 48 55 R EC K 10.75%; %5 fift Pk 4[5 14 (total dissolved
solids-TDS ) $& 7K H i it (1) JCHLER A1 WL 0 S PR, TDS ¥ 8 A8 b e AE 7K Hp 32 3088 1 At it 22 el 72,
i3 TDS 1 28 4k 15 [ o 202,73 —316.11 mg L™, V¥ {4 255.06 mg-L ', @& Tt 5ol 3 (4 24 (4
(65 mg-L "), A8 5 ZH0h 9.25%.

F1 WREKMAFEASHENL
Table 1 Variation of basic parameters of hydrochemistry in the study area

mffE SEHE K/ . EC/ DS/ DO/ Ca¥/ K/ Na’/ Mg*/ SO/  CI/ HCOy/ NOs/
Time _Statistic  °C__ P (uS-em”) (mg'L") (mg'L") (mg'L™") (mgL") (mgL") (mgL") (mgL") (mgL’) (mgL") (mgL?)
KM 1730 9.00 356.00 28668 1090 4800 149 213 1999 2337 218 19520 6.84

w/AME 1070 829  209.00 20273  8.75 36.00 0.61 0.55 10.74 8.93 0.60 13420 254
201903 FHIE 13.64 858  266.00 23831 9.72 42.47 0.91 0.91 13.79  13.70 1.06  160.75  4.72

brifEZ 169 017 3165  23.60  0.52 3.54 0.26 0.41 2.70 3.13 0.46 19.85  0.99

AR5 ER

/% 12.00 2.00  12.00 10.00 5.00 8.00 28.00 0.45 0.20 23.00 44.00 12.00  21.00

WK 20.80 8.68 34500 29560 9.34 5600 280 291 2066 1746 414 20740 8.48
WM 1487 821 24800 22213 803 39.00 069 0.7 1190  7.99 039 14945  2.65
201906 T 1662 841 27853 25214 886 4379 110 085 1438 1149 107 17450 496

bRiEZ 155 013 29.65 2172 0.40 426 0.55 0.64 3.01 2.68 0.88 15.87 1.74

/% 9.00 1.00 11.00 9.00 5.00 10.00  50.00  75.00 21.00 23.00  82.00 9.00 35.00

KM 2007 869 35600 31571 10.10 60.00  2.04 196 2020 2849 249 20435 856
W/AME 1420 7.81 24500 23828 7.85 4000 078 031 1250 9.0 055 16470 3.62
201910 THME 1670 831 28835 26534 873 4518  1.08 081 1491 1495 096 18228 522
brfi2E 168 025 2986 2367 059 5.80 0.32 0.48 2.46 4.82 057 1512 121

/T‘RE/?R
2;;% 10.00 3.00  10.00 9.00 7.00 13.00  30.00  63.00 16.00  32.00  60.00 8.00 23.00

201912 #AKME 1410 9.00 339.00 31611 1120  60.00 1.68 2.60 22.58 2577 2.58 207.40  5.88
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sk 1

B oA KR EC/ DS/ DO/  Ca*/ K*/ Na7/  Mg*/ S04/ CI/ HCOy/ NO5/
Time Statisic  °C_ P"  (iS-em™) (mg'L"') (mg'L") (mg'L") (mgL™") (mg'L") (mg'L") (mg:'L") (mg'L") (mgL™) (mgL™)
B/ME 930 828 23400 23137 893 4050 093 033  13.83 875 049 15860 2.8l

FEIME 1191 852 27600 26393 986 4565  1.26 089 1652 1425  1.08 17995 432
012y 144 016 2648 2247 054 4.44 0.24 0.57 2.77 436 0.59 1447 099

% 12.00 2.00  10.00 9.00 5.00 10.00  19.00 6400 17.00 31.00  54.00 8.00 23.00

22 FEEFARCRHE

WF 5T XK R B F 4R P, PH S 5 e B K/ h Ca?>Mg>>K™>Na', Ph Ca* AL BH &,
Mg> Wk 2 ; Horr, Ca> Tt i W E A8 Ak A T 36—60 mg L™ Z 0], “F-2I{H 2 (44.27+4.51) mg- L™, 28 2%
H 10.25%, KL Ca* & 28 A0 IR B2 A/, Mg on & Wk B 2 A6 A T 10.74—22.58 mg L' Z [H], -1
{47 (14.942.74) mg L™, 85 RECH 18.5%, LR R Ca® K KT A6/ T 0.61—2.80 mg L™
Z 6], SFHME R (1.09+0.34) mg-L ', 2853 R ECH 31.75%; Na W AT 0.17—2.91 mg-L ' Z [i], %
BI{E 4 (0.87+0.53) mg-L™, 25 55 RECH 61.75%; B &g+ a5 Wk Ji2 K /MIUF -y HCO; >S0O,” >NO; >CI',
P FAES 1 HCO, 5 Hor, HCO, i M AR Ak A T 134.20—207.40 mg- L' Z 7], SE44{H Jy (174.37+
16.33) mg'L, 28 5 R BN 9.25%; SO o 2 ¥k &£/ T 7.99—28.49 mg-L ™' Z [H], “F- {2 (13.60+
3.75) mg-L', 28 5 RECH 27.25%, 5 KAH L BLAE BRI TR K (SH10) &b, 52 NS 3l 52 i 5 K5 NOy it it
WEEA T 2.54—8.56 mg L' 2], FHE F(4.81 +1.27) mg-L ™', A5 R EUH 25.5%, e FAB A THRK A
A5 (SH13), W RBAZ XA R H 8 18 /E 152 ), S SO B 2 T ILARAE 40 CUBT R EE AT 0.39—
4.14 mg L™ Z[i], “F3{E 4 (1.04 £0.63) mg-L™, 425 R ECN 60%; Z5 b 70 il 1, Wi 8N K*, Na'Al
ClUFIRIN & i AR B 55 /0N, AR 5 22 B0 AR B BRI RRAE , 22 BN Sl 6 K AR AR A s i K
23 JKAfkAe A

HRH Piper =2k [ A] J Bt K A 220, NI 2 vhal L Y, BHES 1 B4R Ca®', Mg>—1l, B
B E2AL T HCOy — M, FZEBH B+ Ca® i B BHES 11 72.44%; Mg i S FH 2§ 119 24.38%; 2 [J]
BT HCO; i EBAES T 89.97%, 2 B XU i 3k /K b 24 26 B HCO5-Ca-Mg B, [a] BFfE 7 H AF 52 X 1
A KA 2 R R R A Kk
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Fig.2 Piper ternary plot of Shuanghe River Basin
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R ERGE U K AL 27 AR A 4a R 3R G H A B 3 A5 5T (Gibbs) B, AR 45 TDS 5 Na'/(Na'+Ca®) Fl
CI/(CI+HCO; ) 1 5 2 A S B 7K v 32 2288 521 43 i i UL, 000 5 g i 3K Ak 2= AR Ab i) E B R
WA AR 28 W4 LA R RS RN G 52 0 B35 24 TDS R fIK, Na'/(Na™+Ca?") #1 C1/(CI+HCO5 ) iy LB
/NTF 0.5, DU IR 3t S8 K Ak 2 AR Ak 32 B A2 2 A KUK 4 o . 22 i LT A 1Y) Gibbs B W & 3 TR,
TDS 5 Na'/(Na'+Ca®) 1 F{H ¢ & & 3(a) #1 TDS 5 CI/(CI+HCO; ) WY HLH X R K 3(b) Hh, H . & .
Bk A=K RE oA AR R, YT A A KA i B — I, Na*/(Na'+Ca*) # C1/(CI+HCO; ) ¥ U {H
PI/INTF 0.5, = B AUGR I 0 K Ak 24 AR fb F2 B2 25 A A B 3, 52 28 % TR 4 RN RN R 52 i 38/ )N, SR
NBFFESE R —F.
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Fig.3 Gibbs diagram of chemical ion composition in watershed water

TE B AR BT AR, Ca F Mg 2R R Tk R 28 A . 28 R 360 UL S e R 384 0 W) i I35 it
HCO; FE R F kR L A0 W 93 i, Na il KM F 2R IR TREFREh A M ZE R th a0 W i ™). [N =
AR 2, SEOLE Y= P 8+ it B 2R 1H], AT LG i Ca®/Na™5 HCO5 /Na™Fll
Mg*/Na' i L AE DG 5K X 3 T K A4 1) 5 A KUAKZE #9542 Ca®'/Na™ 5 HCO, /Na'Fll Mg?/Na' (1) L {H 43
LT 0.02, 0.004, 0.11 I, F2 8245 T 28 K b A v s 4 HUAEHEIE 0.35, 2, 0.24 I, EEZ kM ih s
RALFE ], 24 LU(EHZE 50, 120, 10 B, 325 b Ak R R A VA A 42 60 0L F BT 4(a) F1 4(b) AT RN, BT it 3l iy
TKAE S TR PR ER A s e — N, i s i PR 3R A 5 78 A a — v, R W9 XK AR 22 Dk
BR R s i R B, BRERRER 5 0 1) 5 28 A A 0T ) 0 T D - 2 B 5 e 5/ NP AR A L B rh
) Mg*"/Ca** Fil Na'/Ca> ) LU AH O¢ FR i — 20 B ik X g A KA AU CT, fy 1] 4(e) WA, B9 IX KRR 7K Ak
2 Y Mg /Ca* Fl Na/Ca> 1Y LB T H = fa F1 5 fif A Z (6], it B RE R R 5 — M, iR £ 4 KAk
o A, U B OO AT IR 4 /K Ak 2 PR B A2 15 TR R A 1 XA s i

FH &1 4 A1, RO Sl K AR K Ak 20 i 35 28 32 kR R 0 s s i, >4 AT CO, 5K B85 & A il
H,CO; FRM: 2 5 Ui del Btk W2 5 2 KUAL 1 i I5F, [HCO, J/[Ca>+ Mg ] HeAl o 101, HiE itk r =R A

Ca(l_x)ngCO:;J"COz'i‘Hzo = (] - x) Ca2+ + ng2++2HCO37 (1 )
4 [HCO;5 J/[Ca*+Mg™] WY LLAEAI T 1:1 B, WALl B R 5 ol B R £k 5 AN e V-l Ca® Fll Mg” i 4L,

FRAR Y [Ca*+Mg?] W F5 2T 22 A B 2 b 75 P Y, B2 AT B ke U5 T 198 il i 4 A1 R
S SRR XA AR AL SO T NOy ™. H I 5 Al %0, BF5E X S K AE v [HCO5 )/[Ca*+Mg> ] 1Y Eb
R BALTF 1:1, B R & 4 T, AT IX 22 R AR A A5 ), 78 % 4625 % i 38 1 4 o k3 /), %
BFLA PR RN B IR S MR PR B 2 5 T W 9% X B TR & 10 3 A, 0 AR SUIRT /NG 8 B B 9 rP i i S5 A A0 IR
R A A BB IR 1 A 3 A3,
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Ca;_oyMg,CO; + HNO; — (1 — x)Ca*" + xMg** + HCO;™ +NO;~ D)

2 [Ca(]_X)MgX] CO3 + HzSO4 4 2(1 - x)Caz+ + 2ng2+ + 2HCO3_ + SO42- (3)
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Table 2 Seasonal variation of [HCO5'] mass concentration in Shuanghe River Basin

REEE o e e o pe e .
QU HCO;/  SRFEWIE]  HCO;/  SRAER{E]  HCOy/  REFERSE]  HCO;/  FE{L/(mgL™)

i
Sar:i[t)emg Sampling time (mg-L™') Sampling time (mg-L™') Sampling time (mg-L"') Sampling time (mg'L™')  Seasonal variation

SH1 2019.03 134.20 2019.06 164.70 2019.10 173.85 2019.12 173.85 39.65
SH2 2019.03 134.20 2019.06 158.60 2019.10 167.75 2019.12 176.90 42.70
SH3 2019.03 155.55 2019.06 164.70 2019.10 164.70 2019.12 164.70 9.15
SH4 2019.03 158.60 2019.06 170.80 2019.10 189.10 2019.12 176.90 30.50
SHS5 2019.03 158.60 2019.06 161.65 2019.10 176.90 2019.12 158.60 18.30
SH6 2019.03 152.50 2019.06 170.80 2019.10 170.80 2019.12 179.95 27.45
SH7 2019.03 164.70 2019.06 170.80 2019.10 170.80 2019.12 176.90 12.20
SH8 2019.03 164.70 2019.06 164.70 2019.10 176.90 2019.12 164.70 12.20
SH9 2019.03 155.55 2019.06 183.00 2019.10 183.00 2019.12 183.00 27.45
SH10 2019.03 195.20 2019.06 203.13 2019.10 204.35 2019.12 207.40 12.20
SH11 2019.03 140.30 2019.06 183.00 2019.10 170.80 2019.12 161.65 42.70
SH12 2019.03 189.10 2019.06 183.00 2019.10 189.10 2019.12 173.85 15.25
SH13 2019.03 195.20 2019.06 149.45 2019.10 189.10 2019.12 183.00 45.75
SH14 2019.03 134.20 2019.06 183.00 2019.10 173.85 2019.12 195.20 61.00
SH15 2019.03 170.80 2019.06 189.10 2019.10 198.25 2019.12 195.20 27.45
SH16 2019.03 176.90 2019.06 207.40 2019.10 222.65 2019.12 207.40 45.75
SH17 2019.03 152.50 2019.06 158.60 2019.10 176.90 2019.12 179.95 27.45
BT 29.24

i), (2). 3)A:
4 [Ca(l_x)ng] CO}+H2C03 + HNO3 + HzSO4 il 4(1 - .)C)Caz+ + 4ng2+ + 5HCO37 +NO37 + SO427 (4)

HE R (4), B 3A k (mmol) i) H,CO5. k,(mmol) i) HNO; il ky(mmol) 9 H,SO, F: 712
5 TRIRER A B9 ok, i A5 2]
(ky + ky + 2k3) (Ca,_ Mg, ) CO; + k; CO, + k;H,0 + k, HNO; + ks H, SO, —
(ky + ky + 2k3)(1 — x)Ca>* + (k; + ks + 2k3)xMg> + k;NO; ™ + k3 SO,> + (2K, + ky + 2k;) HCO; ™ (5)

T TR T b A S T £ o 77 A 1 (Ca®*+ M) Fl HCO5 43 310« ki =[HCO; ]-[Ca*>+Mg**], HCO; =29,
ANIR R (hi R FNGR R ) 7% Tk Bk B2 26 5 77 2E 19 (Ca?™+Mg®) i i 3L (Ca?+Mg>) L 2 1-(ky/[Ca*'+
Mg 1), P9 HCO5 5 s [HCO5 ] O EEA9 A s 1-(24/[HCO5 1) B WP 58 X ANR R 2 5 i Sk bk B 16
5 WAEXT (Ca**+Mg™) il HCO5 M BT iik LU (1) LT3 45 S 5k 3. 3% 4 foR. 2019 4R 4 & | Bk & 024
TRRR VS b 2 ) (Ca”'+Mg™) i [Ca>+Mg™ ] H9-F-34 5 e 73 31l 38.46%. 30.55%. 28.68% Fil 38.41%;
= A () HCO5 15 [HCO; ] B34 L 4 43 31 M - 25.49%. 18.97%., 17.16% Fl 24.18%, % B 1EHEA TR
A1l B A 201 2 B A R R X G UM P A VA D i s ), FLTHAR 45 SR A B, (Ca?+Mg?) 5 HCO;5 5
[Ca*+Mg*' ] Ml [HCO; 1 MY LU I RN/ 2 L 420, B2 SRR, X 22 5 A HKE5)
FR AR A s FEREET T, A lb A I8 5 28 0 64 it FH 8 SO I NO5 v B 38 fin s 44 23R B 0 B 20 i
I, & ZRIEm KA A Z ey, feiz Bt fe b 44k, BaBhn SO e 5 RAPEM M LR,
B K ZERE N R AP ZE 2, T I T B IO SR K SR TR R, BRI T I SO, 5 NOy Ik
B, AR AR, EIERUE TG sk g, 51 15 CO, ¥R BE D v, BT LATE KR F B i, &
o5 Ko R KA P Y CO, FE AT, 5 B0 R X 56 (0 1 ok EL 310338 i, B IR v ok EL 008020, T 8
(Ca®™+Mg*")/HCO; 5 SO /HCO; 11 i L 3¢ & vl LA H S UK FE S Tk ih ik e 2k 4 5
B TR Vs Toh B T 7 =2 (), B S AT e PR % o — 00, 156 I 3 . R =AM IR R X [Ca®+Mg®'] Al [HCO5 ] Y
VA ol LY A8/ T A7 5 T R R 0N, 1) 5%
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R 3 SMERRS SRR E A XA A 19 (Ca®+Mg™) i [Ca®+Mg™ s 1Y L] (%)

Table 3 The total proportion of (Ca*+Mg*) in [Ca*+Mg**] generated by exogenous acid in
weathering of carbonate rock( %)

Sam[‘/)ifii‘f‘ite 201903 201906 201910 201912
SH1 65.73 18.80 29.54 39.63
SH2 73.08 24.77 24.08 30.74
SH3 30.09 26.60 3221 38.91
SH4 25.15 21.29 12.96 33.34
SHS 29.86 32.22 23.60 48.19
SH6 31.47 23.38 33.20 18.81
SH7 35.98 28.64 33.90 42.02
SHS8 37.53 30.83 28.05 45.14
SH9 50.37 27.03 25.14 34.77
SH10 23.76 31.89 39.72 44.72
SHI11 29.32 27.58 15.90 35.39
SH12 8.67 32.47 38.26 53.39
SHI13 30.04 74.26 25.77 55.65
SH14 75.52 35.39 27.92 28.41
SH15 24.15 28.15 54.23 28.67
SH16 39.71 6.04 11.82 33.21
SH17 43.42 49.99 31.30 42.02

F 4 HNRRS SIS L™ 410 HCO; i [HCO3 1 1 L (%)
Table 4 Total proportion of HCO; in [HCO; ] generated by exogenous acid in weathering of carbonate rock(% )

Saﬁfiﬁsite 201903 201906 201910 201912
SH1 48.95 10.37 17.33 24.71
SH2 57.58 14.14 13.69 18.16
SH3 17.71 15.34 19.20 24.15
SH4 14.39 11.91 6.93 20.01
SHS 17.55 19.20 13.38 31.74
SH6 18.67 13.24 19.91 10.38
SH7 21.94 16.71 20.41 26.60
SHS 23.10 18.23 16.31 29.15
SH9 33.66 15.63 14.37 21.04
SH10 13.48 18.97 24.78 28.80
SHI11 17.18 16.00 8.64 21.50
SH12 4.53 19.38 23.65 36.42
SHI13 17.68 59.06 14.79 38.56
SH14 60.67 21.50 16.22 16.56
SH15 13.73 16.38 37.21 16.74
SH16 24.71 3.11 6.28 19.91

SH17 27.73 33.33 18.55 26.60
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3 458 (Conclusion)

(1) 38 38 X BT 35t 30 K A2 20 53 HEA T 50 B, 38R pH A F 7.81—9.00 22 [, 7K 14 553 Bl 1: 5 48 3
FHES LA Ca®*, Mg 3, 230911 5 S PR B F 19 72.44% ., 24.38%; I3 BB L) HCO, K &, i B+
(1 89.97%; i sk /K k225 HCO;3-Ca-Mg #4.

(2) K245 Gibbs 1] 5] HH JE 3K AL 27 85 32 45 T KUk, 5228 R W4 5 RABE R sE A /s S5 A
WAL SR LIBR R ER 50 B, NS BA . BHES T (Ca® |, Mg, HCO; ) BRI TRR AR £h A 15 i, 28 %
hA SRERRE AT A TR

(3) VI N NO; VR FETE 2.54—8.56 mg-L ™' Z [al, Fe RAH HH BLAEROK A ] J5 (SH13), AT RESZ %A A
H #384E /52 m, 58025000 NO; R B = T Ho A W 5, SO MR IEAE 7.99—28.49 mg L™ Z[A], e K
{E H BLAE TR K (SH10) &b, 1Z s A F Jo B IX S 8RN X 38T AL, 52 NJ8TE shg m k.

(4) 38 0 B T AR 00 8 NOy EZ IR 400 1 sh A K ST, SO B IE T4k 205
JoT et S-SR T L AR R R A R . B R ) RUAK Bl iR R A X (Ca®+Mg™) By BTk, 2= 1 AR Ak 43 i A
38.46%. 30.55%. 28.68%. 38.41%; %I HCO; ) 57 #ik, 2= 47 42 1k 70 5l By 25.49%. 18.97%. 17.16% Fl
24.18%, STHRFI RN F . LW TR ZE i, 31X A7 NS0 Bl R RN AR RN 114 52 1
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