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Abstract: [Objective] In order to find out the sources and control factors of main ions and
dissolved inorganic carbon (DIC)in karst wetland water. [Method] Groundwater and surface water
samples were collected from Huixian karst wetland, and the characteristics of hydrochemistry and
dissolved inorganic carbon isotope (§°Cpic) were analyzed. [Results] The hydrochemical type of
most groundwater and surface water of Huixian karst wetland is Ca-HCO;. Ca?*, Mg** and HCO4’
are mainly from carbonate rock dissolution; NOz mainly from agricultural fertilizer and
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nitrification of soil organic nitrogen; K*, Na* and CI" mainly from fertilizer, manure and sewage;
S0,* mainly from acid rain and pyrite oxidation. DIC in wetland groundwater mainly comes from
the dissolution of soil CO, and carbonate minerals. According to the isotopic mass balance, the
calculation results show that about 46% comes from soil CO,, and about 54% comes from the
contribution of minerals themselves. Huixian Karst Wetland is not entirely the result of carbonate
weathering under the participation of CO,. Sulfur-containing minerals, acid rain, and human
activity derived H,SO, also participate in the weathering of carbonate rocks as erosion media. In
addition, the nitrification of agricultural input reduced nitrogen fertilizer cannot be ignored.
Wetland surface water DIC mainly comes from groundwater. Wetland surface water 8**Cp,c value
is affected by photosynthesis of aquatic plants and CO, degassing, and its composition is relatively
positive compared with that of groundwater. [Conclusion] Water Chemistry and §*Cp,c can help
understand the weathering and biogeochemical processes of karst wetlands, and it should also be
combined with wetland hydrogeology and human activities to provide more accurate information.
Key words: karst wetland; hydrochemistry; dissolved inorganic carbon isotope; source; controlling
factors; hydrogeological survey engineering; Guilin City; Guangxi

Highlights: Using hydrochemistry and3"*Cpc, combined with the hydrogeological and human
activity conditions of Huixian karst wetland, the sources and control factors of major ions and DIC
in Huixian karst wetland water were discussed, and the biogeochemical process of Huixian karst
wetland was revealed.
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HEHFE (Pantetal., 2018; Meybeck etal., 1982; Lietal., 2018; %% 4%, 2013; Abusaada
etal.,, 2013). TEFREPERGHLIX 73 A0 KIAIBRIRER A, A VAR HAE Ny —FioRe R (R
SRR ESS IAER RS, FL BT In) e Bk 82 B A TH)RE (Han and Liu, 2014; Wu
etal., 2009). TEAVBHIAZS RGH, BRIk EhA XAGAEH B PP fEAR KRR R B4t 1 /K 4
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FRRER IR AR ZS 224t DIC KI5 52 e AR Ak B AR M b BR A 22 1 #2 (Stern et al., 2007; Zhu
etal., 2011),
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Fig. 1 Hydrogeological and sampling distribution of Huixian karst wetland
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Table 1 Hydrochemical and dissolved inorganic carbon isotope parameters of wetland water

g 2+ 2+ + + - 2- - - 13 Lo
W5 Sy MY Bl molh (molh molh  molh (mglh (melh il (F’)&)z Sle
G1 7.20 76.89 6.02 7.85 2.25 12.00 15.35 37.18 20850  268.16  -12.92 -1.61 -0.16
G2 7.35 73.45 4.43 1.99 3.11 4.04 16.46 3.11 22090  224.25 -8.00 -1.58 -0.15
G3 7.49 55.62 5.22 16.69 5.82 13.13 20.60 4.66 19160  227.73  -13.79 -1.64 -0.33
G4 6.96 22.81 6.21 3.73 2.34 8.89 9.94 31.03 54.10 117.72 -9.38 -2.17 -1.19
G5 7.46 61.74 2.84 1.67 1.12 7.24 6.63 47.94 139.75  202.48 -6.93 -1.77 -0.40
G6 7.44 81.25 11.94 14.75 63.80 20.08 48.49 79.24 258.10 45377  -12.92 -1.52 -0.09
ﬂgjf G7 7.50 78.88 8.80 9.49 55.45 14.47 30.85 65.28 256.97 40494  -12.40 -1.52 -0.09
G8 7.13 112.70 5.47 7.24 0.35 12.84 6.32 116.75 240.06 38672  -10.38 -1.55 0.04
G9 7.35 67.26 4.54 21.58 31.44 18.08 47.92 26.47 207.38 32930  -13.22 -1.61 -0.24
G10 7.49 80.31 1.46 2.04 2.09 3.14 10.74 8.21 22541  228.88  -11.77 -157 -0.10
Gl1 7.44 70.71 5.10 0.87 0.82 2.33 16.53 1.43 207.38  207.40  -11.62 -1.61 -0.19
G12 7.09 269.25 246.70 1.58 1.00 4.36 1374.8 28.70 25472 205971  -10.06 -1.58 0.11
FEME 7.33 87.57 25.73 7.46 14.13 10.05 133.72 375 20541 42592  -11.12 -1.64 -0.23
R1 7.54 59.91 6.11 4.74 6.04 9.20 8.31 <0.05 213.02  213.12 -9.63 -1.59 -0.25
R2 7.55 65.15 5.75 1.72 2.95 5.32 11.92 <0.05 202.87  201.98 -7.45 -1.61 -0.23
R3 7.37 54.20 4.56 1.58 2.31 3.74 7.66 2.18 17582  170.89  -10.05 -1.67 -0.36
R4 7.52 49.49 4.82 1.87 3.33 4.03 7.59 1.44 169.06  163.31 -6.27 -1.69 -0.41
R5 7.35 50.23 4.62 2.02 2.49 2.96 7.76 2.00 166.80  161.52  -10.73 -1.70 -0.41
Wb R6 7.42 62.56 7.78 4.08 3.72 6.39 12.99 1.44 209.63  211.98  -11.47 -1.60 -0.24
K R7 7.32 42.50 5.82 2.39 6.10 5.54 6.78 1.46 15328  152.64 -6.22 -1.73 -0.51
R8 7.15 52.29 9.56 2.69 450 8.87 9.33 <0.05 18596  189.35  -10.07 -1.65 -0.36
R9 7.57 53.54 8.56 1.86 7.59 10.16 8.50 <0.05 229.92 22665  -10.09 -1.56 -0.26
R10 7.26 46.19 7.09 2.27 3.99 6.80 8.13 <0.05 162.30 16410  -10.51 -1.71 -0.46
R11 7.38 53.50 8.05 2.44 5.48 7.47 8.42 <0.05 196.11  195.30 -9.74 -1.63 -0.32
FME 7.40 53.60 6.61 251 4.41 6.41 8.85 - 187.71  186.44 -9.29 -1.65 -0.35




KBRS H WTW3430 7EILIAIE KR pH FIs S, RS (HEE
Merck A7) #E1T HCOs B €, #5% 0.1 mmol L. HABYI B F (SO~ CIFI NOg) Al
FH 257 (Ca** . Mg® . Na"Fll K*) i B {23 {% ( Dionex 1CS-1100) Fl Jf - & 54 6 i (ICP-AES)
ME; 8°Coic Fl MAT-253 4% Gas Bench 11 5, #xfiR2 /T 0.15%. B IHKH7E B
SR GRS T TR D IR A I BAS I hot 5E e MR AT SR LK 1. Sle. pCO, 5 it 2
FIFH PHREEQC v.2 #fH#E47 115, JET PHREEQC $u¥E /%, Kyt pH AL, 1R LU
A A4 (Ca¥. Mg®. Na'. K' . HCO;. SO CI'Fl NOg) i AN#fEd, Sic
PCO, MH HH SCAFHHERER

4 %k

4.1 KFE D RIARR TN RS BEHE

Sl IR I KRR KRS H G GR D ATUUE W, #F5E XK pH AT
6.96~7.57, S ERIGEHE. TDS 24k uE A 117.72~ 2059.71 mg L, /KFEZ ATk
JE %7K (TDS<1000 mg L™, {H TDS i T F-F#44H 100 mg L™, H#i Fok TDS *F
B 425.92 mg L, LI T KOG FTA RS SR IGBRZUR MR (B RS, 2019). £l
VRN R KRR K E IS T Ca¥t. Mo® s EEMIBIES 7 HCOs. SO~ M
SALA I K RE Durov BRI DA (11 2),  HiL R /KR H 36 K S 85 7484k fhi ) Ca?* & i) —
Ui, BB RN ] HCO5 i — i, KR/ AZKAESR BN Ca-HCO,, 1 BH KA 7K AL
TR R BT R, BRER AR TR -0 I R Sl A A K A2 S s AR
F o AN T KFE S A BN B, RPN B KR, a0 G4 SUKMZER IR N
CaMg- HCO;, Z i AMEIX NE S8R Cry M1 Cod HUE, MR /K5 AR A MBE =R s
SRR A KR KRR, A S IR ER (1 Ca® A1 Mg B i ¥ e 23t T /K s
G12 pi/KA - RTIRIy Ca Mg-SO,,  H 5T IEFEMBRERT 4 5% G6. G7 Ml G9 ri/kik
FRAEIA Na Ca-HCO; -Cl, X =mi¥ i TR RKX, HH TDS BK, a5 ANNiE
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Fig. 2 Durov diagram of Huixian karst wetland water



FAR7KAR T DIC T2 CO, HCO3 1 COs% 4 ik, 247K 44 pH {E7E 6.35~10.33 2 [,
IKAR PR IR EE B LN HCO5 N X2 AR IRHIF 9T /K44 pH /e I AR Y Rl Y, BRI A S RAK AR o
HCO; & B 5 1) CIRFEVEN DIC ¥R B, 45 R B RS AEHH T 7K DIC IR BEAR L A
0.88~4.23 mmol L™, H1#/K (¥ DIC ¥ JEALTEE N 2.51~3.77 mmol L™, B R K K
DIC AZ {75 R 7K DIC A4k i [ 1A ; 23 Al it R 7K 8 Cpic 2L TE Bl J9-13.79%0~-6.93%o,
MK 87 Cpic ABALTE I -11.47%0~-6.22%0, 1BHiHEF /K 8°Cp\c e T /K AN B H i IE .
4.2 ZE RS ESHRERISIAFIEE

SAlE R P —E AR R (pCOL) ALTER N 102 ~10"%atm, HIAT KA
pCO, 118 104 atm, Wil 3 i, G8 Fl G12 Hy F/AKAERERAS M AIFE %L (Slc) KT 0, H
RIKMBRERAES HAIFEHS/NT 0, Sle fe/ME A THEMEWED G4 RIF, RBUZIF/K M
BRIV IEE 71, 7] RS 120 DX Bk R £ JERT g 25 (1 M IR 856 0% o I HRIE T DA H,
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5.1.1 AHKIED BT

Sl VAR I R KR K B (A AR B DL 4, MBI ] DUE HAN R BS A1 S5
ZIAFFAE IEMISE B IR R o 2 li@ MK ik Ca®* 5 TDS. HCOg 2 A7 A AR i 1 K S 1
BN SR IX PR IEAE A VA XN B, R X R /KA RS (B A, 2016).
—RERUE, A RAEARFEE NOs, KR NOsSRIEA KA K. ARAALAE. R &I
TAVESH ARSI KIREAE R (Wang etal., 2012). K'. Na'Ffl CIkIEA HAARIE (FEK
FEh A RERRERTA M) FIARIE (CWifb e, FEAEANS/KE) CHEREE, 2016). HERHLX
F%7KH NOs K \Na" 5 CI& &% 1K, 43 74 0.08~0.47.0.14~0.24.2.37~6.91 1 0.09~0.27mg/L
(BRIBEIESE, 2012), 2xAli@HKIE NOs. K. Na'5 CI&&EH Mt 10 5Ll b, B kS



BEoK AL, MK o IX 28 B A E ORI . Sl it 2 b A AR S b, Btk
& NOg'« K'\ Na'hj CIrZ[afFE B RGRIIMRIGR, R ENEZN A JRIE, Fm
TR P AR A A BRI 2 R . S Ali@ K ik SO% 5 Ca®* Mg™. TDS Z IRIF71E
PRERIAISCHE, BT HS0, 2 5 FERER #h 2 WAL AHEH K M4 KA 32 (MR . SO% 5
Na'. K. CI'Fl NOg HHRIEIIRLTS, Ui W A Jus IR T BEVERL D, S5 A IR A /K SCHE 2% A
HIBHEH KA SOL R IF N BR R RIBRERD 1144k

1
Ca?* ‘ ‘ 0,020 00046 (54 . 0039 031 -029 .

08
Mg?* . . 013 0083 029 . 015 0070 087 ‘

06
Na* | 0020 -013 . ‘ 010 ‘ 040 0.056 0.0056
K* 0.0046 -0.083 ‘ ‘ 042 -0073 . 047 023 0062
HCO, | 688 o020 0.42 . 030 029 029 034 043
S0, ‘ . 010 -0073 030 ‘ 015 0077 -086 .

—--0.2
Cl | 0039 -015 ‘ . 029 015 ‘ ' 0.021 -0.0056
NO, | 031 oor0 odo G4 o2 o017 @8 ‘ 029 023

pH | -029 -037 0056 023 034 036 -0021 -0.2 . 033
-0.8

TDS . ‘ 0.0056 0.062 0.43 ‘ -0.0056 0.23 -0.33 .
-1

Ca’* Mg®* Na" K" HCO, SO, CI NO, PpH TDS

—04

~02

[ -04

-0.6

] 4 37K A 3 10 B A 5% e P
Fig. 4 Correlation coefficient diagram of wetland water ions
5.1.2 -t
ARG A T B B LA AR TE W S0 22 5, TR L 2 1 AR P SR B 7K A v 3 i ) SR
(&FH%E, 2022).

HUTR KR Ca?* A1 M@™ LR (B IREL . RERRER M ZE R 5 IR, PRITT LU ca® "+
Mg? * 5 HCOy+S0,% 24 & Hi At Sk 7 Ca? Rl Mg (it 35 Bk ( 254K %%, 2022). FH & 5 Al 41,
WRTEIXAKRE SRS A T 10 1 R EJTRIBHGE, e Ca® Al Mg® - ok T- kR 2k SRR 2k
WY, BTl R R RER A A D, R e A R TR R

WHE T R4 (CaCO3)« Hz= A1 (CaMg (CO3) o) Al VA /K FVa i A FH 77 A ﬁ 1, 2).

CaCO3+CO,+H,0=Ca*"+2HCO5" (D
CaMg(CO3),+2C0,+2H,0=Ca**+Mg*'+4HCO; (2)

TR0 75 AT IS BV RSP TI Mg® 5 Ca?* /R LB n[Mg®)In[Ca®*]=0, 4l = ik F]
ST n[Mg? )n[Ca']=1, MREEHT 52X /K4 n[Mg?*1n[Ca?" 15 HCOs RIS (LK 2 (&
6) A, KA TR K Ca®'y Mg™ 5 HCOs SRIFI R — Bk, EBRIETHi
AV, Hr G4 f G12 5 HA /KW E 0z, 404 G4 mAERE| Cy fl Cd i EF A=
E*ﬂ I JRRE IR, A KRR 2R rh it Ca® fl Mg iZ Wl Vi 3 ks G12

2 BT IR FE R AR, BUE T RRE S 5 R B RE EAL ST R B SO, (3 ),
%Eﬁﬁﬁi@?%ﬁ*ﬂﬁﬁ@?ﬁﬁlﬁﬁﬂ; AT, i Mg® AN Ca® AR 4 %5 B Ui

2FeS,+70,+2H,0=2FeS0,+4H*+250,* (3
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FVRfE, n[Na']/ n[CIT{EM M 0.86 B¢ 1 (Lietal., 2010), MK 8 FFE %1, n[Na* )/ n[CITME K
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Fig. 7 Relationship between n[NO3]/ n[CI'] and CI" molar concentration in wetland water
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Fig. 8 Relationship between Na* and CI molar concentration in wetland water
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5.2 AR T iR R T HIE &=
5.2.1 i T K TCAT BRI B 4% i R 2=

SR T 7K S B2 RRER #h S K 5 R A R R AR . — R UL
AR K HRRR AR B 32 B2 B 3 CO, HIIREN, 1 Johi R £k A IS AR T 4k 4 Je 4 E +
B FOK B KE R BE VAU Y. (BRI EH R, 2012; Lietal., 2008). Hi 7K
) DIC F A =AKIE: (1D BRIRELA BRERE h: (20 KA CO T /KR (3D
il AL A A2 B AR R DR B RO WA P 77 A €050 Hor, KSHR CO, (11 8™°C 1 A-8%o0
(Cosford et al., 2009), HFHFFLIXH F7KH pCO, i T KA 40, BRI KRS CO, F A filxt
ToALAE FR IS K A TE LR R 25 A B /N . BEARHLIX C3 MR E, IRk
Z I AT 0 h], HBR A X 67°C 1829-29.35%0~-18.26%0, “F-179-22.68%0, JE
X N-29.21%0~-22.60%0, “T-$51°5-26.21%0 (ML, 2011), ZEEHL-24.4%0. ZAIIEHE
W BRI B TR A R AN R R R IR B 5 e s s, 3 8"°C J-4.4%0~
2.90%0, “TIIZIN 0% (AT ZE, 2013). CO, KALHRER £ A 7= A= Wi AR B [ A7 R 41
AR HCOs, 435Ik A 1% CO, kiR b, X4, W 8°°C BUE H9-12.2%0-

(CapxMgy) COz+H,0+C0O,= (1-x) Ca”"+xMg*+2HCO5 (4)
PR 35 o 1 7K 8" Coone BRI ik L 7T P 40 T 799 3 7 VR A B AR Sfe 45 .
§8Ce= (1-x) 8"Ca+x5"Cg (5)

R, UCeAREHM TR §°Coic s 8°Ca T LIEBE 1) 57°C 1 §°Ce AR
TR 8°C A x ARRBRIR £ AR T R K 87°Cie 1 I STk H

LRI WL 2, BoR%) 46%K H T 1IE CO, H A BTN N 54%. 5°Cpic
(BB B R BB R PR 7R N TGSl XT I R /K IR B, B RIF RS F R nE A
ZAlE i T 7K DIC RRIERIA : KA T A X 7K A (G, G3. G6. G7 1 G9)
13 CO, K TR A T RER AL T B A X /K A (G2, G4, G5. G8. G10. G11
I G12) RIVARIREL A KT 13 CO,, WAL KGRI AMB A —5 ((FH15%, 2019;



Jiang etal., 2008; Jiang, 2013),
% 2 H R /K H DIC ANFEBRIERT G

Table 2 Proportion of different sources of DIC in groundwater

KIKER i o Core Log (pCO) Sl THECOUE  BRERER A
(V-PDB, %o)
Gl -12.92 -1.61 -0.16 0.53 0.47
G2 -8.00 -1.58 -0.15 0.33 0.67
G3 -13.79 -1.64 -0.33 0.57 0.43
G4 -9.38 -2.17 -1.19 0.38 0.62
G5 -6.93 -1.77 -0.40 0.28 0.72
G6 -12.92 -1.52 -0.09 0.53 0.47
K G7 -12.40 -1.52 -0.09 0.51 0.49
G8 -10.38 -1.55 0.04 0.43 0.57
G9 -13.22 -1.61 -0.24 0.54 0.46
G10 -11.77 -1.57 -0.10 0.48 0.52
Gl -11.62 -1.61 -0.19 0.48 0.52
G12 -10.06 -1.58 0.11 0.41 0.59
FHME -11.12 -1.64 -0.23 0.46 0.54

SRR KA HCO A TE A2 CO, 25 P i A AL IS, Btk 4.
W2 R AN SIS B RTR ) HoSOL M E N IMA R 2 SR A (MRE (224, 2010; Sun et
al., 2010; XM58%%E, 2008), 6, Hy7A4M HCOs &3k HBRIREN W0, 21N 0% (2%
AT AR, 2001; R SCEESE, 2014), T WHA HS0, 5 STl kL 4 XUk, KA §°Cpic
{E 2B i 1E

2 (Ca,Mgy) CO3+H,S0,=2 (1-x) Ca’*+2xMg**+2HCO5+S0,* (6)

BRI, U HoCOs 2 5 B AL, n[HCO5Y/ n [Ca*"+ Mg™ 1 2; L1 H,S0,
S SRR A KA 1, IR Ca?* Al Mo? RIS T- Ik SO,% . HCOs A Hofth St ,
n[HCO; ]/ n [ Ca®*+ Mg*J#a T 0. n[HCO5]/ n [Ca®*+ Mg?*15 §"Cpic E {155 & W& 10, AJ LA
B, H,S0, 2 5IRIR A L2 FEH /0 T K 8°Coic k. LR IRIZ G12 14,
b Z B AL 2R KB SO,.7, n[HCOg ]/ n [Ca®*+ Mg™' T T 0.

B4k, Semhi (20000 38 T AEEIAERS IR & LI CO, RALRRIR EL A IMBE /1. T2 lA
R A E B ZAFAE, FE HIURE WA E R, MRS S T R S EAR A T
S HY, RAERRER s AL I S B0 R /K NOg W T, 7, 8. & 11 JEor 1 &l
Hh7K & nINO3Y/ n[HCOS 1R 87°Cpic ML FR o AL B[R 2 AR Bt 5 LU AR 3 0 7 s AT S B
fmIEfkass, RPMERATRES N 7B P ER Eh A Rk, 9.

RCHNH,COOH+0,=RCOOH+CO,+NHj (7
2NH3+40,+H,0=2N05 +2H"+3H,0 (8
(Ca,Mgy) COz+HNOz= (1-x) Ca’*+xMg?+NO3+HCO;5 (9)
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2l KR DIC 5 §BCpic ISR TT LA 12, AT Mg F K DIC A8 b K HB 4751y
T /K DIC 2K A, S b TR AT BE Tk 1 K88/ 1 /K FF i) DIC. #1%7K DIC 5 §%Cpic
ERHEIRZR, BHFEKE 8BCoc MIRTHE F K S EMIE, X328 T 5 I i A4 Py
ERUCEERE, — 5, 2l R AR A KA BRI COL 40 &, BB AT i
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ARV T S ACE R /K AR 32 B3 F1 DIC FSRIE Szl ER, a7 aminth iy
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(1) 2AlE VAR R R4 FH R /K FiHs /K K AL 222888 Ca-HCO,. MK & Ca?'s
Mg®* 5 HCOs 1B RIE TR h A i, SO.» Bk BRI ABREKT 1A L, NOs L%
S LA IEFD A HLE R4, KTy Na ™A CI = S5 AR . ZEAEATS K,

(2) 2AlAE IR R 7K DIC 32 ZRJE T T3 CO, MBRER 2LA 0 Wi s fde, A4 [A)
R BT, THE T A R /K DIC Sk H 135 CO, FIBRIR a0 MM b, 1t
HEEREIRY) 469K H T 1215 CO,, %) 54%K B TH AL DTk . SilmimiEth A e
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