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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] In order to determine the sources and control factors of main ions and dissolved inorganic carbon (DIC) in water of the
Huixian karst wetland, [Methods] groundwater and surface water samples were collected from the Huixian karst wetland to analyze
the hydrochemical ions and dissolved inorganic carbon isotope(6'*Cp,.). [Results] The Ca—HCO, water was identified as a main
hydrochemical type in most water samples of the Huixian karst wetland. The dissolution of carbonate rock was primary contributor
to Ca”", Mg®* and HCO,", while NO,” was mainly derived from synthetic fertilizers and soil organic nitrogen. Moreover, K*, Na*, and
CI” were driven by the mixed inputs of synthetic fertilizer, manure, and sewage, and the acid rain and pyrite oxidation contributed
more to karst water SO, Further, karst water DIC was respectively derived from the soil CO, with the contribution rate of 46% and
from the carbonate minerals with the contribution rate of 54% according to the obtained result from isotopic mass balance. In
addition to the H,CO; produced from CO, and H,0, the H,SO, derived from sulfur—containing minerals, acid rain, and anthropogenic
emissions was involved in carbonate weathering in the Huixian karst wetland. Additionally, microbial nitrification processes of the
reduced nitrogen fertilizers could be also ignored in the study area. For the surface water, the DIC was mainly derived from
groundwater recharges, and the value of §"°Cp,. was affected by the photosynthesis of aquatic plants and CO, degassing, thereby
resulting in the more enrichment of 6"°Cy,;. compared with that in groundwater. [Conclusions] The obtained results provided insights
into the understanding of minerals weathering and biogeochemical processes, and also highlighted the control factors of

hydrogeological conditions and human activities in precisely determining hydrochemical mechanisms in the karst wetland.

Key words: karst wetland; hydrochemistry; dissolved inorganic carbon isotope; source; control factors; hydrogeological survey
engineering; Guilin City; Guangxi

Highlights: The sources and control factors of major ions and DIC, and associated biogeochemical process, were determined using
hydrochemistry and 6"*Cp,;. combined with the hydrogeological conditions and human activities in the Huixian karst wetland.
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R T KR T AR 2R LR, R HCO, AR
M HIZK 1Y i) 2R AE 2 — (B2, 2015), [RIEH 2 7K i
W AR JCHLER (DIC) 32 B4 BBy, nl b — ek A=
B E A TE R T R . 1 S MR IE &
FI B e A 5 AR A A B SR A TR 28 AR B8N, %

1 5 7

T b K Ak 27 2H R AR TE G B ok 78 v 5 A7
I K IAA EAE R ESR, Kk k22450 AL BE
SR IR K AT G B 1 D7 s (AR 52 4%, 2014),
i AT DL ) 4 ] DR 2R R A B R AE ( Meybeck,

1982; W4 W %5 45 2013; Abusaada and Sauter, 2013;
Pant et al., 2018; Li et al., 2018) . 7E [ P4 g HiIX.
O3 A G KRR R TR ER 7, A IR AR S — Rk
) ., 2 A X 55 9 2 S R G, LR R A )
LR A7 2 A AT &7 (Han and Liu, 2004; Wu et
al., 2009; K5, 2020; BA—55, 2021) o TR IR

fifrtE TCALR R 2R (6 Coie) PTHR/R ERIB A S &R
4t DIC fe U5 5% i) HLAB Ak 1) A= 4 Ml 3R Ak 2 3 72
(Stern et al., 2007; Zhu et al., 2011) .
WD X T 2 5 0 K8 25 R AT Bh 2k
VAT T K& BB 5T (Jiang et al., 2008; 78 4245,
2010; Jiang, 2013; {E30145, 2019), SR M AE AR R 2R
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2l T H A T 110°107507~110°1421"E .
25°520"~25°6'55"N Z [i], HiAb BRITIK R — 94 32
TR YT CRE VTR 38R S5 AT 37 3Rk A 43 7 S sty Ay iR
(A AR JE g . 0 = R b 2 A 3 S T
FRER A Bk Ed, BT IRA S AR KIE A (D,d) . -
TG AR AL(Dyd) FIEEMRAL (Dyg) , 51 R I
oA RARTKS, SRR ES, FES MR
PG 6B 2 b Je R R IR B A S K A A, A
T ARG A (Cy) FERIELL(C\d), A PE AR
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FEFREAR, B ARS L WA DU —E R
AEN T B R AR, A b E KRR i K 4
HET R S 451

SANAV IR H AN AR D, Shy LR R YR
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SR, THZERET 12 A8 T K (G1~G12)
F 11 Ak MK (RI~R11) B 5, SRARE S 200 T W
B o1, AR 12 4098 M b T /K FLIE ¥ 78
10 m N, IRIZFLBRK FLEA K o KAk s
FH 1500 mL ¥EPHRAE; 6"°Cpye FEH 30 mL i3 &
Je (R 7K, I 3~5 A A HeCL, B 1 3% B, K kE
4 °C B PEAE

SR B 485 =X 7K T 2 80 WTW3430 76 3837 I
FE KR pH FTHL T2 R I & (72 [E Merck 24
w)) #47 HCO, Bl &, k5% 0.1 mmol/L., H AR
¥ (SO, CI'Fl NO,” ) FlIFHES ¥ (Ca*", Mg™", Na
1K) B T 03 4% ( Dionex ICS—1100) F1J5 - %
F61% (ICP-AES) il 58 ; 6°Cic I MAT-253 % %
Gas Bench II W%, 26 %F 1222 /NF 0.15%. FrA
TR I FE [ AR G TR 2 Vs o 9 YR A 4 A B A
D5 M Hr &5 R 0L 3% 1. SI. pCO, T3
A PHREEQC v.2 #7114, 2T PHREEQC
R, W WA pH A, 1R LSV A T WA 4y
(Ca*, Mg*', Na', K" | HCO,", SO, CI'fll NO;")
g NBAE R, ST pCO, M H ST 3JH

4 45 H

4.1 KUZAH K BHEETIRS ST

AA VT T K A R AR S 8 5
(£ DA LLE 1 #5598 K K& pH A+ F 6.96~
7.57, SR A R . TDS 28468 Bl R 117.72~
2059.71 mg/L, /K#E Z A AR 1k B 1 1% /K (TDS<
1000 mg/L), {H TDS ¥ & T 5V 3415 100 mg/L,
Hp N /K TDS F-34°8 425.92 mg/L, #ELH T
KRR M A 0 B R il AR R AR A
2019) o Sl T Hh T 7K R b e K 32 B0 PH %5
T Ca¥. Mg™; FZE R P E R HCO, . SO,*.
SAIAE R KR Durov K (18] 2) Bos, H R /KA1
HiL 7K PH S TR A i 1] Ca* v i — i, B B9 1 A
T 1] HCO; #5 1 — ¥, K3 43 7K 4k 2% 25 L oy
Ca—HCO;, Ut KK A 27 52 e iR 6 51 A 1A 2R 4%
i, B TR o O T b — T U o X 2 Al N b 1
KA B EHINER o A R 7K RE S A By
B, RPN A A 2R 2T, I G4 ik Ak 2E 25T
LI N Ca-Mg—HCO;, iZ i SAMS XN & & A5
Cy M CdihZ, #h T /K5 H =AMz KA
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RIS R A5 TP S TR b K (A 32 B T T A L St T B 4 il PR 36 1705
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Table 1 Hydrochemical and dissolved inorganic carbon isotope parameters of wetland water
KEXE G5 ca®/ Mg®/ Na/ K7 cr/ sof*{ NO,/ HCO,/ TDS/ 6"°Cpd/ lg SL
(mg/L) (mg/L) (mg/L) (mg/Ll) (mg/L) (mg/L") (mg/L) (mg/L) (mg/L) %0 (pCO,)
G1 7.20 76.89 6.02 7.85 2.25 12.00 15.35 37.18 208.50 268.16 —12.92 -1.61 —0.16
G2 735 73.45 4.43 1.99 3.11 4.04 16.46 3.11 22090 224.25 —8.00 —1.58 -0.15
G3 749  55.62 5.22 16.69 5.82 13.13 20.60 4.66 191.60 227.73 —13.79 —1.64 -0.33
G4 6.96 2281 6.21 3.73 2.34 8.89 9.94 31.03 54.10 117.72 -9.38 -2.17 -1.19
G5 746 61.74 2.84 1.67 1.12 7.24 6.63 4794  139.75  202.48 —6.93 -1.77 —0.40
Go6 7.44  81.25 11.94 14.75 63.80 20.08 48.49 79.24  258.10 453.77 —-12.92 -1.52 -0.09
Hi R 7K G7 7.50 78.88 8.80 9.49 55.45 14.47 30.85 6528 25697 40494 —12.40 -1.52 -0.09
G8 713 112.70 5.47 7.24 0.35 12.84 6.32 116.75 240.06 386.72 —10.38 -1.55 0.04
G9 735 67.26 4.54 21.58 31.44 18.08 47.92 26.47 207.38 32930 -—13.22 -1.61 —0.24
G10 749  80.31 1.46 2.04 2.09 3.14 10.74 8.21 22541 228.88 —11.77 -1.57 —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 2059.71 -10.06 —1.58 0.11
SFME 733 87.57 2573 746 1413 1005 13372 375 20541 42592 -11.12 -1.64 —0.23
R1 7.54 59091 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 20198 =745 -1.61 -0.23
R3 737  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 4949 4.82 1.87 3.33 4.03 7.59 1.44 169.06  163.31 -6.27 -1.69 -0.41
RS 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
= R6 742  62.56 7.78 4.08 3.72 6.39 12.99 1.44 209.63 21198 -11.47 -1.60 -0.24
K R7 732 42.50 5.82 2.39 6.10 5.54 6.78 1.46 153.28 152.64 -6.22 -1.73 -0.51
R8 7.15  52.29 9.56 2.69 4.50 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 22992 226.65 —10.09 -1.56 —0.26
R10 726 46.19 7.09 2.27 3.99 6.80 8.13 <0.05 162.30 164.10 —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
PYMH 740 53.60 6.61 2.51 4.41 6.41 8.85 — 187.71 18644 —929  -1.65 —0.35

SRR IR AR A KR AIKEVER, s A SRR L
) Ca® Fl Mg 2 W Bl v 8 31 b T K vp; G12 ASUK
fe e 2R RIS BN Ca-Mg—SO0,, H 5 [ T & 5 1) i
B A %5 G6. GT Hl G9 ok a2 M K Ik
Na:Ca—HCO,'Cl, iX = s ¥ 0 M1 T | RIX, Jf H
TDS K, 5 N s ges HHEVIN LR

KKK R DIC 2 i CO,. HCO, 1 CO,™
AL, 247Kk pH HTE 6.35~10.33 B, A& iR £k
FELLHCO; A E . ARBIFKIK pH ¥I7E IS
BRI, PRI AR SC LK AR HCO, S B3R 1) C ok
JEAE A DIC ¥R B, 455 Bn 2 AligHb b T 7K DIC #&
AR AR R K 0.88~4.23 mmol/L, i3 7k DIC ¥k &
5 Ak 30 B A 2.51~3.77 mmol/L, 1 i Hi 2% /K
DIC ZE L 7EHL T 7K DIC ZEALA Bl 5 21l s bt
7K 6"Cpye 224k BBl R —13.79 %0~—6.93 %o, 3 3 7K
6BC i 2B AT M —11.47 %0~—6.22 %o, 112 i1 3b 3 7K
6 Crye BB 7K AN & R IE
4.2 ZEWBHRS ESHERTEIEFIEH

Sl v b K M SRR 53 FE (pCO,) AR
I R 1077~1072 atm, ¥R F KA pCO, ¥I{E
107 atm([&] 3), G8 Fll G12 Hi T AKARBRIRAS U F 45
B (SL) KT 0, HATK AR R 45 1 A48 £/ T 0,

ST, Fe/IME A TR TR LAY G4 B IT, iz
K B BRI IRAE T . IR T LIE ), 7K
K 1g(pCO,) #k K, H: ST, #ik, KK pCO,
B2 R BRER A VA e

5 1F #©

51 FEFFREREHEE
5.1.1 ABRESHT

Sl A T b T K 3 K (R AH SR AR
UL 4, NI AT DL AN A B T RIS 40 [l FE
FEIEM R A XX R . 2B HK K Ca®'
TDS. HCO, Z [BJfF-7EM i 1 AH 2, 5 ABFSE R
IXRRRRAIE 2R 5 X0k BH 2, 22 B9 DX BH &g () 7K
FR(E AL, 2016) . — MR, 2 A KUALA ™
A NOy, KR NO, R IEA RAFEAK . Kk ik
HE . K& FRAE . Tl 1 3l A K SR K ) i Ak 1
(Wang et al., 2012) . K", Na"Ffll CI>RIEA AR KA
(FEKRNER A | R ER VA A 55 ) AR SRR R (CAn R e |
AT K EE) (8 2R, 2016) o FEMHL X K
NO, . K'\. Na'5 CI & & Ik, 43 %14 0.08~0.47
mg/L. 0.14~0.24 mg/L. 2.37~6.91 mg/L Fl 0.09~
0.27 mg/L(IBEIASE, 2012), 2(IlfEH/K A& NO, ™, K+,
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n[Mg*)/n[Ca*1=1, H 4 F 5% IX /K 1K 85 n[Mg>/
n[Ca™] 5 HCO, ¥ & 1AL & (18] 6) n] A1, KB
A3 iR K AR K Ca®t, Mg®™ 5 HCO, R iF R
— B, FEORIE TRk R A e ok, Horh G4l
G125 H A K K i 125 80, 43 BT G4 s J2 32 3
Cy 1 Cd HuJZH A = B M = BK A 52,
AR ER TP Y Ca> Fl Mg B Wi g i g 2 b
K G12 W52 BB R S B i s, Gl
WS 5T MR Sk T ok a1 SO, (5
3), SRR IR IR L AN R Fh VA A B2 LS &, T Mg™ AR
n Ca* 225 VI
2FeS,+70,+2H,0 = 2FeSO,+4H"+2S0;"  (3)

T H A n[NO, V/n[CL] SR 31 4 b T 7K He 4 1
FHE ORI FE W, 454 n[NO, /n[CI] 55 CITHkE
e ZR AT HE R 7K b NOS SRR (& 7)., A Ui
Hi /KK NO, FEAKSRIE . 157K SR IF A2 K R IR 55 /0,
RN LAV ALRE AN+ A LR RIS

Na't5 CI HAE H FHRHI WK /& Na'fi1 1R IE,
ek NaF1 LUk H W v A0 I sk 25V i
n[Na')/n[CI'] {8 % & 0.86 5% 1(Li et al., 2010), M
& 8 Hr ] 1, n[Na')/n[CL'] {H K H 53 =5 0.86 Fl 1,
T LARE K SR A S BOR IR HERR

JK K R n[Na™+K']/n[HCO, 1 5 n[Ca>+Mg>]/
n[HCO; ] FLA AR Ak (1B 9) S W T i iR & 75 Ak
iR 2 LR o 5 5 A 2 4 1) 5 ik (s 5 B R X1
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G55 R T2 A AE AR T 3, H KK A
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157K
5.2 BRI HBRIR R IEH E &
5.2.1 ¥ F AR AR KR A ISR B &

SN b R K A2 kR R Sk ZE Ty
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KRR A AR 2 Bz 5 13 CO, Kl B
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(1) B2 R A Wk PR v 1, (2) KA CO, i T
AR (3) il b ALY JE5 40 26 figt R A AR s %) I Wi
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(Cosford et al., 2009), H F W58 X 1 T 7K+ pCO,
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MHLIX C3 YR T, 3R A A7 B AE B S5 R 3%
i, LB R ER A X 6"°C 8 —29.35%0~—18.26%o, F
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SN Ml P H R ) b 2 32 R e 4 R R A AR ik
iR £ 5 RNk R +h A Je iR B A, FL 6°C 4.4 %o~
2.90%o, “F-F129°h 0%o0 (1523 1% 45, 2013) . CO, KUfk
B T2 8 2 77 A= WA A3 49 £ A S5 (HL ] 47 28 4 AN [R) 79
HCO,, 439l 5k [ + 3¢ CO, e iR £k A (X 4)
§°C BUEH-12.2%o

(Ca,_ Mg )CO;+H,0 +CO,= (1 — x)Ca™ +

*Mg”" +2HCO; (4)

(R I 1 28 X6 R 7K 61°C e (BB Bk He T A 4n
TSGR AR (X 5) kT8
8BCr= (1 —x)63Cp+x6"Cy (5)
A, 6PC AR T K HF Y 6PCpye 1H; 6°C,
R IR PR 61C {H; 6V Cy AR RBRIR 1L 75 1 I
1 6C fH; x FRFBRIRER A0k XS M T /K 6V Cpye (H

DIk L o

AR W 2, BRY) 46% K H T 1%
CO,, " WIA B BTER 2K 54%. 6" Cryye THL BB 22
SRR BB A R FE 7 NI 2l x5 1 M T 7K ) 52 i)
FREE, BAT RAFMIPAEE TR R E R . Sl T 7K
1 DIC W R IR F Iy R 70 T J A DX 7K s
(G1. G3. G6. G7 F1 G9) 14 CO, K ThkfREh 4
T G HB 4057 T Ak b AR b X 9 7K 45 (G2, G4, G5,
G8. G10. G11 fil G12) I Mk R L A K F L+ 4%
CO,, %MW T 45 5K 51 N BIWFFE A — 2 (Jiang et al.,
2008; Jiang, 2013; {F-4145, 2019) .

BT W58 2 Bk h HCO, R5E4 & CO, 5
R A KA ZE R, s . BT A
KSR IE R H,S0, 1E MR A Bt 2 5 kR £h
= H AL XA A, 20085 22424, 2010; Sun et al.,
2010) (58 6) Hip=A: () HCO, 4#BK A IR EL T4,
2438 0%o (32 FE A M3 AL, 2001; JH SCIBESE, 2014),
R A SR A5 H,S0, 2 5 ik R 46 4 1 KUk, K f&
6"Coye (AR IE

2(Ca,_ Mg )CO,+H,S0,=2(1 — x)Ca*" +
(6)

— ki, LA H,CO, Z 5k £ A XL BT,
n[HCO; V/n[Ca*+ Mg*| Jy 2; HA H,S0, B 52
ha WAL R 15 IR Ca® il Mg Sk I T AR R 5§
SO,* . HCO, A HAb R IEHT, n[HCO; /n[Ca> +Mg*']
#TF 0. n[HCO, |/n[Ca*+Mg*'1 5 6"Cp H 1Y %
# (K 10) %M, H,S0, Z HikiREh H Kb &2
R HL R 7K 6"Cpe I IE o LSRR IR A9 IR G12 A4,
AL Z AR Ak &7 A R | SO,7, n[HCO; )/

2xMg** +2HCO; +S0?2

R 2 Tk DIC REISEIRERT & tE 5

Table 2 Proportion of different sources of DIC in groundwater

IRKAR T ViR=) 6"Cphc (V-PDB, %) lg (pCO,) SI, L HECo R TR £ 5 U5
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
H R 7K 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
Gl1 -11.62 -1.61 -0.19 0.48 0.52
Gl12 -10.06 -1.58 0.11 0.41 0.59
FIME —-11.12 -1.64 -0.23 0.46 0.54
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(Ca,_ Mg )CO;+HNO;= (1 - x)Ca™ +xMg™* +
NO;+HCO; (9)

5.2.2 ¥ E R BB KRR 2R B &

T M b 2 7K ) DIC A 5 A 455 ZMIE R PN U R
HMNBALFEFR AT SR DIC D K T A LI 4 it
KR CO, HITRRAE, INTE Bk [ /KA A= 9 R AR
H=H: CO, Wi APLB I i s e . i 2
8 CO, WA, IkREL A UIVE | e AR T
1t A HLUTZF (Bade et al., 2004) .

23R /K A& DIC 5 6VCpe 1 X R B R W
(& 12), 15 Hb b 2 7K DIC 728 4k K38 4 76 1 F 7K
DIC 8L Bl N, 7R R /K ] BB BTmk 1 A8 o i
FK ) DIC, #132/K DIC 5 6°Cpe 55 i 56
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BLAZ P AV R 0 AR Wy o Bk Al 2 o AR, — i,
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J A FH AT A AR 613Cp, 1E R AS ;s 55— 5 IfT
SV TR H AR R K S5 44, S50l b e K Ay B2
BF A, 8 IR AT, KA T PR A P RN e 2
W, AZCAEMEE, Yo A E Y A PLBTI,
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ZH AR B B 1F (L et al., 20105 21284, 2011) .,
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