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Abstract: Quantitative evaluation of the impact of sulfuric acid to karst carbon sink not only improves the estimation accuracy of
karst carbon sinks, but also facilitates research on global climate change. In this paper, Guilin karst area affected by acid rain is
selected for studying. The results of testing and analysis of the chemical composition and inorganic carbon isotope in 14 karst
spring and 15 subterraneans show that in both karst spring and subterranean, Mg*" and Ca’" are the main negative ions, and
HCO; ~ is the main positive ion ,which were accounted for more than 90% of negative ion and positive ion respectively, and
SO,* has a lower content, which content range was 0.004 — 0,213 mmol/L and the composition ratio was 0.12% —6.11%
The 6" Cpies [Ca®" +Mg?" J/[HCO, ] are more inclined to carbonate dissolution endmember, and the longer distance from
sulfuric acid dissolution endmember indicates the limited impact of sulfuric acid dissolution of carbonate rocks involved in
groundwater inorganic carbon (DIC) and 8" Cp. Same as the situation of Sr*" /Ca®" values, 6" Cpe could reflect the run-off

condition of groundwater to some degree. Using the stoichiometry method calculate, the average proportion of DIC
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(HCO; ™ 1,50, ) produced by sulfuric acid gained by stoichiometric relationship is 22.64% , accounts for 13.04% , while that
produced by carbonic acid accounts for 86.96 % , of which 43.48% comes from the soil atmosphere. Deducting DIC contribution
of sulfuric acid to the groundwater, 13.04 % karst carbon sink will be reduced.

Key words: karst carbon sink; sulfuric acid; C isotope of dissolved inorganic carbon; Sr*" /Ca®" ; Guilin karst area; groundwater.
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S PRI e AACHR X 1 TR K ) DIC e Y5 32 28 2 4 1
A LY o e R e TR R0 0 A i (AT DR AL 2012).
FEARHD X 34 ML AR 1 0 C{H B 232 C, M Bk
e, HAH A — 23.00%0 ~ — 32.00%0. F ¥ {H N
—22.68%, CE FE AL %, 2011). i AH DU FR bR BR 28 & B
A 5 KM FE W 6% C A, HAEHTE 0% £ 2% A
(Telmer and Veizer,1999) .70 Xt #1 F 7K 8% Cpie {H
(9 STk LG AT LR R Y o oG IR A RS A Ok i B
(Goldscheider,2007 ; E 27 I8 45 ,2012) «

8B Cr =1 —2)8"Cy + 267 Cy, (D
A oW Cr AR T KT 07 Crre fH 507 Co LR L
HEWRPERY 07 C A 0" Coy IRRIKIRER A IRIER) 67 C
1B s A% 2 B R R 7 15 P28 X MR K 0% Cre 1B A9 57
ik He.

B G (1) 3F 58 i 2 #h 5 Bk PR XA T R R
8" Crue (B A TTMK LE Ry 49 %6, XiF b ¥a7 7K 9 BT ik HE
43 % 5 5 5 R IR AH L, Bk R R fik 2 X M T 9T K Y

B3 HFAKT S /Catt 5 6% Coe Z I G R
Fig.3 Co-variation of inorganic carbon isotope (8" Cp)

value vs. Sr*" /Ca®" value in groundwater
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YRR KGR B T DB IR 6 4 B PR rh AR iR i
() T Al 5 8 Cooe 1E It 2 R A7 55, 2013).

3.2.2 Tk SPPt/Catt EASAE  REAOHE X HIE
KR Sr?' /Ca’ AL FE K 0.300 X 10 ° ~0.900 X
10 P48 K 0.432 X 10 *; b F i K iy Sr**/
Ca’ " {HILFE A 0.300 X107 ~0.645X10"°%, F {4
H0.429 X107 R4 I KRB S /Ca”™ A
THUR WK (R 1R 3). R ER R 5 i Sr 43 it &
BB /N, —BEAE 1077 ~ 10 B 2 (Weinbauer and
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Velimirov, 1995; Tesoriero and Pankow,1996), Sr
(& B AR A3 A v K b Set T IR, TR Il I
LA G ik BV A B K iy Ca™ l T CaCO,
PR P e VAT 025 ik AR 25 B 38 B AR R I A HL
Sr*" Ca®" ANZIEEIG YL B e L 8 H A Srtt /Ca®t
E 3R 4 A H T /K B9 A 2R 8% (Shawan and Andrew,
2002). — MeAE LR L K AR U 2% 1 22 L K AR T[]
K, Se* " /Cat B B s K AR UL A5 R 7K 5V FH R ()
JE,Sr*t /Ca® " HAR (B A7 45, 2011a) BFSE IX ML T
WON ARG, WA, H S /Ca’ T fH
1 5 25V R R S BRI ) R 6, 8 T A A AS B b AT
K, H SrPT /Cat T H .

A R TR 0% CefE5 Sr*" /Ca®’
E AT A S A3 HT , L 3 AT LA H L P 190" Coe
H5 Sr*" /Ca® ¥ HA BAF WA ek (R* =0.23,
n=14,p<0.005;R*=0.42,n =15, p< 0.005) (A
3 WK 0" CoiefA 5 Sr* /Ca™ {H 52 AH [ A 2 4 il
R KR TS 52 m Sr2 't /Ca ' K/ A
2L UL 8" Coe fH 1Y /N IR 32 7K B8 58 Ik 2% 1 428 1
TR B 5 T A KA A G, KO A 3R AR
[ Sr Y it FIE Bk 1Y LE B 2, Se* " /Ca” {E T 07 Cre
{HL 5 5 7K PR U A% R 4, 7K S5 A R B Rl 8, 7K A A
HRARAS Y Sr i B R EE B Y LB, St/ Ca’ B
O Coe [HAR. I .0 Crue [HER Sr*" /Ca® " {H—FF . 7]
PAAFE — 5 R b R e K A O A1
3.3 ERER (W ERIA R Xt Hh T KB % T Wl Ak (DIC) &

8" Conc BB
TR P 46 BRI A 4 T 43 0

LA 2 A>75 R s B3R (IR %D 452 2012, 2012D) ¢
Cai ., Mg, CO; +CO, +H,0=(1—x)Ca’" +

+Mg?" +2HCO, , (2)

2Caq_ ., Mg, CO, + H, S0, =2(1—2) Ca’™ +
20 Mg?" +S0,% +2HCO, . (3)
M C2) AT DL & Bk R % Tk ik R £R A, [Ca® +

Mg*" J/LHCO, 1 M %4 & b h 1, [SO,” 1/
[HCO, /9 24 & Lol 05 107 24 6 IR ¥ Tl ik 2 46 i
(K, [Ca”" +Mg*" ] /[HCO, JIHISE N 2,
[SO* J/LHCO;  JfMfHA 15 B 4 FTLIAE i, 14
ANEVE KRN 15 5% M V] 34057 F Bk 82 17 ol e 2 6
it 7 BRI T TR I Ll TR 2 i o B B A
378 B AT B VA ik (R 4, R R 5T X M K
2 Wl R 1 Tl A FH 42 .

[, & % X L /K 8 #L Bk (DIC) & % &
HCO, L HEH K HCO, 0B CES 6% Cpeilt

B AT I A« TR TR G RE MR A K 0T R 7K 0 e BB T A5 1Y) 52 ) 1243
2.5
2Ca1aMg.COs+ H:SO =
— 2(1-x)Ca*+2xMg* +SO+ +2HCO;~ il
S 20F
Q
=
~
';:'D 1.5 0 5k
= A T
+
‘=
8 10E Cau-vMg:.COs+CO:+H.0= = % fi#
(1-x)Ca”+xMg" +2HCOs~ A
0.5 | 1 | |
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[SOs7] / [HCO:"]
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Fig.4 Equivalent ratios of [ Ca’" + Mg*" J/LHCO; ] vs.
[SO,? J/[LHCO; 7 in groundwater

elBl AH 45 (% 55 25 F1 32 38 26, 2014). A5 b R K
HCO, ~ R Tk R h 4 1) e 2 V5 ik LA S I TR Vs i
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[HCO; ~ JF1 8" Crye A A1 1 3 7T W] LABA € IR« (1)
H,CO; ¥R £ A8 M HCO,  Hi—k A
T CO,, — Kk TRME S, L[ Ca +
Mg®" J/LHCO; ] =1, 8" Cpe = — 11. 5%, ~
—16.0%0; (2) H, SO, it B2 £k 4 i) HCO, ~
ik 4 ok A Bk BR ER A, Rt [Ca® 4+ Mgt 1/
[HCO; ]=2,8% Cpe = 0. W H F /K Ca®'
Mg”" Al HCO, € 3% W A 3 ST 9 it VR & R
KR SO 255 I 2 07 T 3 465 3 R A G Y LR L

&5 s AR X 14 S 50RO AT 15 45D
T 6% Coe 5[ Ca®t +Mg® 1/[HCO, 1 i
FE ARG R R 5 AT A, 5 R SR Rl T il 7K A7
TR R R 25 B IR 7 A 0 ik 2 3 ik P A it T o 2
V] LB Qi o) T il TR 7 e s TG » 55 7 TR VS 7 iy G B 5
I L UE S R 2 5 ik R R 5 1 VS i X b R K JE AL
W (DIC) K 8" Crye 4 TTHR /)N,

34 MEBRAMBBRESERTKPMNLEFHE

5% &y mol BRMAR &, mol FiRILIRIZS 5 T EkIRE:
FEMAER B 27T IR () (DB B ()

(k, + 2k,)(Can_,,Mg,)CO, + £,CO, +
kyH,O + £, H,SO, = (k) + 2k,)(1 — 2)Ca> +
(k) +2k,)xMg” +£,80,% +2(k, +k,)HCO, .

4

HEMRH X 2 F2 KA FEK [Ca™ + Mg*™ i

HHe BE0.044 mmol /L., AR & HCO, (34T
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0 Car MeCOm S0 i 2k,)) Fe 7= A DIC (& R /K i DIC /9 He 4
2(1-x)Ca” +2xMg” +S0. +2HCO,~ ([HCO;  n,co, J/LHCO; 1) 5 Bt FR ¥ 1 Bk 1R £ 4 Y
S FL] 2k / (oo 42k, )) S A2 B9 DICCHCO; 4,50, )
9 G R oK S DIC i1 e (CHCO; ™ s, J/

E'”’ s o Uk [HCO, D:

% A A F ki/Cky 4 2k,) = (CHCO,~ ] — [Ca*" +
i @ Mg*" D /[Ca® +Mg*' ] , (8)
CaqoMgCO+CO+H.0= 2k, /(b +2k)=1—k,/(k,+2k,) , (9
I I [HCO, yco, J/[HCO, J=2k,/[HCO, J=
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[Ca*+Mg*] / [HCO:™]
B 5 #iFK " Coe5LCa" + Mg ]J/[HCO,
AR RRAE
Fig.5 Variations of 0'* Cpe vs. [Ca®" +Mg*™ J/[HCO, ]

JHAEAR

in karst groundwater
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DA 3 45 7K Sl TR 175 Tl i T 2 1) LB (R, / (e, +

50
A
~ 40f y=138.44x+10.86;
s A R=0.49;p<0.001
s
= 301
o
2
% 5 O SRK
> ° A R
5
Q 10 A y=280.01x+14.39;
R*=0.61; p<0.001
0 1 1 1 1

0.00 0.05 0.10 0.15 0.20
SO+~ (mmol/L)

2([HCO, ]—[Ca*" +Mg* D/[HCO, ], 10
[HCO, ™ w50, J/[HCO, ™ J= 1—[HCO; 1,00,/
[HCO, . (11)
TR R 1, R 1 o] B % KR R
VA IR TR 5 2 1 e 1) ((Caq ) Mg, ) COup 50, ) A
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Fig.6 Co-variation of SO,*"

by sulfuric acid (b)

vs. proportion of carbonate rock produced by sulfuric acid (a) and DICCHCO; ~ 1,50, ) produced
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K2 ARBMHEMT HCO, ™ BT & Lk Fi

Table 2 Proportion of HCO; ~ in different corrosion conditions

aLiP LY H.SO. #ib L # (%) HCOs ™ n,s0, (%) HCO; H, CO, (%) HCO; ™ s (X))
T PR Tl T ok sk TR k5 22.64 13.04 86.96 43.48
itk T2 V4 b Tk TR 2 0 0 100.00 50.00

Vs il R R R A R SE Y L Ry 22,6404, 77 A2 g DIC
(HCO; ™ n,s0,) i &k DIC #-F- 2 He il S 13.04 %6 (3%
2) BB R 7= A4 1 DIC (HCO; 1,00, o 3L F 7K &
DIC 1) L8] Ry 86.96 %6 I rfof Y F e KA iy
HCO, ~ LB R 43.48 % , fE A% & H, SO, XJih T 7K
e HCO, ~ A3 5Tk 1915 000 T 5 11 58028 1 ik T 200 i
AR KR DIC 1 50.00 %6 24 U5+ 88 KL bk, 41
ok i 2 X6 b R K R DIC 9 BTk 7 9 ik Y 35500 K
/> 13.04 % ((50.00% ~43.48%)/50.00%). T 98
B (2012) FI R R bl i % D) B GIS AR5
FEMR R W AR CO, T8 A AR IR % T VE H CO, I
(9 24.45 Y0 A SCEUE /N T2 A8 B IR AT R J2 IR F
B 7% 2 Hh 2% )5 20 + 52 0 28 oh /B TG, 1R M iR
A I FEAR (4 R 25,2007 , T ¥ Al 3 7 i B T 28 X
e A i 300 TR TR ) P 3 A U B A S T AR 2
REABEAEE.

MR AT 1k 32 R A ke R L R T ok e
B ER A AL 2E O AR HE b F K B HCO, L Ca® '
Mg™" ¥ B ok T 530 B R 1 Tl il TR & 5 1) L 481, JHG i 4
J& HCO; . Ca® \Mg™" BRI T KBRS B
L3O 32 N 2875 Y ) 7™ 4 b 7K JF AN 38 7
W ANIE W T ik R R i 0 b 2 KA i

4 5

FEAACHE DX 5 7 T K P RS 7 L Mg® ' il Ca™ "
S HETF L HCO, ~ 3, 43 51 o BH B 7 B
T 90% L F,SO B ik, FERE T
KATRITIE. 6% Coe . [Ca®t +Mg?" J/[HCO, ¥
A 1]l T2 7 e i G » 25 T2 V5 fk ity O M 02, JIF 52
TR S 500 R £ 5 1Y % i 4 b /K EHLRR (DIC) K
8" Coe Y52 M A FR.

8" Cric AR Sr/Ca fH—#, 7] IFE— & R |
S B 1R KB AR T SR A A R SR R L AT T
BRI, & 0" Coc [E A S /Ca® {H
WAFTE A 22 5 M R ol AR AT I R G R AR
U KA AR R B R0, 2K B R 3k 25 Th 4R 75 1 S 1)

BRI E KA A, H Se* /Ca® EH N 8 Coe HAK 5
TR R BRI TR R G0 K A AR T 18 L K A
FHBF R, 7K A A P 3145 19 St (4 2 R SR i 19 L 191
2, H Sr*t/Ca” HM 6 Coc fH .

b2t i G R THE A K R AR T DR R
Vol R R A MY O B L B 2206400, AR
DICCHCO; 50,0 i & DIC 1y F ¥ 1t 6l &
13.04 % B 82 7 4E 1) DIC (HCO; 1,00, o 5 F K
& DIC W EL A 86.96 %0 Hodp Sk IR T - HE KR
1 HCO, ~ iy 43.48 %6 IR i, 1 5 82 Xof b T 7K
o DIC B9 BT R - i e 10 A% 2K ik 20 13.04 %6 19
b, AR XA R K SO, & AR (RS
P2 190 86 X i R 25 1) Vs ol A P B VS B Y A5 7 1 T
AL BAL.
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