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Variations of Inorganic Carbon and Its Impact Factors in Surface-Layer Waters

in a Groundwater-Fed Reservoir in Karst Area, SW China

LI Jian-hong', PU Jun-bing’* , YUAN Dao-xian'?, LIU Wen'?, XIAO Qiong’, YU Shi’, ZHANG Tao'?,
MO Xue'”,SUN Ping-an’ ,PAN Mou-cheng’

(1. School of Geographical Sciences, Southwest University, Chongging 400715, China; 2. Key Laboratory of Karst Dynamics, Ministry of
Land and Resources & Guangxi, Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, China)

Abstract: In order to understand the inorganic carbon cycle of the groundwater-fed reservoir in karst area, Dalongdong Reservoir,
which is located at Shanglin County, Guangxi Zhuang Autonomous Region, China, was investigated from 12" to 20" July, 2014.
Concentration of dissolved inorganic carbon (DIC) , 8"C of DIC (8"C,,.) , partial CO, pressure (pCO,) and CO, flux across water-air
interface were studied by observation in sifu and high-resolution diel monitoring. Results show that; (D DIC concentration and water
from 122. 88 to 172. 02 mg-L™", pCO from 637.91 x
107%t0 1399.97 x 107° ], while 8"C,,. decreased from upstream area to downstream area [BBCDIC(MH_%); from - 4.34%o to
—6.97%o]in the reservoir. @ CO, efflux across water-air interface varied from 7. 11 to 335. 54 mg-(m”-h) ' with mean of 125. 03

mg-(m’-h) =" in Dalongdong reservoir surface-layer waters, which was the source of atmospheric CO,. CO, effluxes across water-air

pCO, increased from upstream area to downstream area [ DIC

(average) * 2 (average) *

interface in upstream area [ mean 131.73 mg+(m’-h) "' ] and downstream area [ mean 170. 25 mg- (m”-h) ~' ] were higher than that
in middle area [ mean 116.05 mg-(m’-h) "' ] in the reservoir. 3 Water pCO, and CO, efflux across water-air interface showed
similar characteristics of diel variations, which decreased in daylight and increased in night and showed a negative correlation with
chlorophyll a (Chla). Possible reasons of research results are found as follows; (D DIC concentration, water pCO, and 8“C,,. are
influenced by biomass of phytoplankton, turbidity, conductivity, the depth of water and transparency, while CO, efflux across water-air
interface is controlled by both of biomass of phytoplankton and wind speed. (2 Photosynthesis, respiration and vertical motion of
phytoplankton possibly affect diel variations of DIC cycle in the groundwater-fed reservoir in karst area.

Key words : dissolved inorganic carbon; CO, efflux across water-air interface; stable carbon isotope; spatial distribution; groundwater-

fed karst reservoir
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Fig. 1 Schematic map of hydrogeology and the sampling sites in Dalongdong Reservoir
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Table 1 ~ Hydrochemical characteristics of surface-layer water in Dalongdong Reservoir

WiH JiE X R BRI X1 HPEK RS (P91 AP FE (CEHE)
Ca* /mg-L"! 25.56 ~37.14(32.36) 39.62 ~44.93(42.40) 17.93 ~57.78(35.42)
Mg* /mg-L"! 4.50 ~5.31(4.86) 4.31 ~5.07(4.76) 0.47 ~8.23(4.46)
Na?*/mg-L"~" 0.70 ~0.92(0.81) 0.80 ~0.96(0.86) 0.40 ~1.94(0.99)
K*/mg-L"! 0.45 ~0.63(0.53) 0.52~0.61(0.57) 0.27 ~1.45(0.95)
HCO; /mg-L~! 85.4~176.9(152.5) 207.4 ~237.9(215.94) 109. 8 ~231.8(178.73)
€1~ /mg-L"! 1.94 ~2.96(2.20) 2.29 ~2.89(2.61) 1.26 ~4.78(3.04)
S0%~ /mg-L.7! 6.82 ~11.38(8.14) 8.94 ~11.18(9.69) 3.38~9.86(6.53)
NO; /mg-1~"! 0.59 ~3.75(2.94) 3.02~6.41(4.91) 1.4 ~12.66(5.70)
Sle 0.20 ~0.64(0.53) ~0.11 ~0.04(0.03) -0.34 ~0.87(0.22)
pCO,/ x107° 512.68 ~1948.84(1153.80) 7585.78 ~10964.78(8 897.82) 316.23 ~ 1 1481.54(4 313.30)

8c pic/ %o

~7.92~ =3.59( -5.85)

~10.98 ~ —=7.41( -9.54)

-10.08 ~ —1.87( -6.87)
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38.41% 5 M\ U BT U R I /N [ 8C e )
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S pCO, B, T Im KA IE 7] CO, W EERRE |
X 2K R KA €O, TR, T i 28 A X
AFE AT X AT K- CO, 28 ki
I, &5 R TR 22 B R R T B AN X B KR
CO, M, CO, =& i & i [l £ 7. 11 ~ 335.54
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& pCO, FHIME 4> 50 637.91 x 107°, 1208. 83 x
10 " F11 399. 97 x 10 . 1 b Jifp Hs IX AR i 300 iy
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Fig. 2 Spatial distribution of DIC content, 8"Cp,., pCO, and CO, efflux in Dalongdong Reservoir
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772,57 mg-(m’-h) "' JHY CO, 22 il &, nf WK
T K 22 3 27K -S BT CO, A8 83 AH 24 1T WA
2.4 KK pCO, FIZK-R A CO, ACH il & B A8
FEFFIE

30 3 X R e IR K PR W R K R AT R
WM, % B PEFRIZ KA pCO, FIK-SFH CO, 35
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Z 6], 1470. 88 x 107°. KFEH 14 H 09.00 JF
IR, RIZKIE pCO, EFF IR T . IR, A%
WX B AE 15,00 £ 47, S /MEFE 14 H 15,00
(1348.96 x 107°), b i AKX B pCO, 2 A
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Fig. 3 Diel variation of pCO, and CO, efflux of surface-layer

water in Dalongdong Reservoir
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Fig. 4 Spatial distribution of Chla and Tb of

surface-layer water in Dalongdong Reservoir
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1 Z SRR PRV , PRI R I ) 7K A I 30 381 i
RIZKMIC [ B 2(b) ]. XKW Chla £
M) A3 2 J2 /K AR T A LB 2 (B A AL L R 22—,
X B A BT 45 SR .

P ('Th) 13 B B 32 B30 2 5 /K AR A Y
3 A1 S WA IS 108 5 2 R 7 v 3 T S e TS ALk 1Y)
10, AR RGN (1) 7 & — B AE 0. 14
~0.72 pmol-(m’-h) MO0 T G ) R G HAE 3
f5 1 A FFARY . MRS 36 W0 5 2 BRI K, UK
T Z R —BTE 3 5 1, UL b, &5 B Bbkm
WG, W1 7= 0 53 T e AT ) 6 o B R M
FER R, WL VLK 2R 5 28 TR Ui A ) e i o KA
HELEE 10 m 22 LA E R Z KT 2 m AL T
WAL Chla He B2 fe KPS KOB IR K I W A 4
SR RE NI S m 224 (B R & 3R) , Hngk
2 iR, Th 538°C, fHE B FIEMHKE(R=0.89,P <
0.01),5 DIC & & FI/K{K pCO, & i 2 T C (R
g -0.66 F1 -0.61,P <0.01) ,BHIE55"C,, fH5%
BEFMME(R=-0.84,P <0.01),5 DIC & f&A
KA pCO, 2 WFEIEMIK (R K 0.73 M 0.58,P <
0.01) , 31X B 5 2 KR T 7K 4 mT B H B0 T 6410 il
M. WE 4 (b), N LR T E, 2 KK E
(Th) B TR, 30T 7K A4 1 375 W B2 R3St ) A
TS 80 UE2 2 K AR E I VR 58 1 Ui fn iz

TiEFRIZ KA Chla 84K, Y6 A1 WSS, LA
IR AT DIC 7 &2 fK K pCo, ¥4, 8Cy, 1H
i

F2 R, K5 DIC &4 KK pCo, . 87C,,
(B9 FH C G 22 I AN B 58, 80 XU 2% 5% i) /K -0 5 T
CO, A il B (il B 2 22— XUk 32 2 5
AR S AR A e R BOR AR K-S CO, 28 2R |
RS AR, XU K T A B DI 8 7K T ™ A=
TR DT R A A e R K IR X K-
[l CO, 3841l 1 5 1L A8 AR /N 5 19 23 [E] 45 S
HEFVRA, 5REE B EEHX(R=0.78,P <
0.01). WNE 2(d) ,2 SH15 S WM 5 AL T FEAL 1 Hb
FEAN AL T2 FE I, KA /0s , Bk 00 1 i
AREUKPEAL T K B B, Hi 200 I 1 AN K, K IR 3
&, 7KAK DIC & S ARXHAG, InZ KE i Js , K
& pCO, BEAR, T T BUK - FHH CO, 380 R [
%, R HOK - P CO, A8 il i /N F 3 Ry A
FERE R 1 50 3 S50 . 7 TN TR R 16
S A T RETE Y 18 ~20 5,13 ~ 15 5 Wi
R T Z IRBER X BN, KRBT CO, 38 He
WEE/N, WAL T /NS ETE 6 ~ 10 5 AT FiiFFF
KB 11, 12 28 5 WMol o5, iy T LLAAR A BH Y, 7K
MR IR K 500 B 8, HE sh i, 3 B0 2 X el K-SR
Ifil CO, AZHuil K.

£2 DIC A&, §°Cp. Kk pCO, f1 CO, XHBETHTNIEHEZHEARRE (n=27)

Table 2 Correlation coefficient of influencing factors with the distribution of DIC content, 8C., pCO, and CO,efflux(n =27)

mH T pH DO Spe Chla Slc KR BB AELS
HCO; -0.08 -0.38 -0.01 0.76"*  -0.66** -0.72** 0.50** 0.55** 0.73*" 0.21
3%C e 0.18 0.46" -0.06 -0.82"" 0.86* —0.27 -0.64%*  —0.84"" -0.37
pCO, -0.30 -0.95** -0.06 0.82**  -0.61** -0.65"* -0.35 0.53"* 0.58%* 0.42
CO, it -0.16 -0.29 0.02 0. 04 -0.59* -0.50* -0.51"" 0.14 0.01 0.78**

1) = # FIRTE 0. 01 BAF/AKF R WML, « % 0.05 BFAF ERFAMAK

22 R KIS DIC &8 | KK pCO, FIB"C,
HAAHSCOC R 3, (A 5 K-S ANH CO, 38 il 1 AH
KRN, XEH TIEKERE X, co, K
FEIKARR)ZE RS R i T oK R VR 28 4k
SURIRBDKAR P R 2 DIC SRR, pCo, 1
K, B FIRER X, DO A%, A LT o il B ok
HIYPC, HIK IR 58C, 2 B AR

Spe 7KK pCO, | DIC 7 &2 [A] &2 i 3% 1EAH 56
(R 50.76 F110.82,P <0.01) , 538"C,, & & A
(R =-0.82,P<0.01), JFHAEF/KIAEF Spe
SRR B o D, 1 R 2 KR B
PLHCO; b3, FrA Spe 3 E 2 HCO; WM&

i), AR5 KR pCo, J& L HCOo; [ (2) JiH5E
58], I —JH pH 57K4K pCO, 2 53 IEA
S TFAMFEH KK pCO, LA pH AR5
SHAB A FE AR AL 78 K TR AR AN KA
T, K5 KK pCO, FIZK-FHT CO, 22 il & %3
[ A A S RN . KB /K 3 2 K R T 1
WA 6] 7K R AE 30. 5 ~32. 8°C 2], “F-#) 31. 67°C , 2%
] AR ARARL /N, DRt K e 3R K P 26 )2 K AR K iR 5 DIC
Fr | KK pCO, | 8"°C, fH . K-AFH CO, 38Heil
IR AT EAOC R RIA R (P >0.05).
3.2 KIBIA/KERIZKMA DIC ERAR e Fa il 2=
5 W, E A W A AORLEE (T) AFTE R
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%3 DIC FE. 8°Cpc. K pCO, 1 CO, KIMBFEERTHEHERBXERE (n=17)

Table 3 Correlation coefficient of influencing factor with diel variation of DIC content, 813CDIC , pCO, and CO, efflux(n =17)

Wi T pH DO Spe Th Chla ABES
HCO; -0.77%* -0.26 0.33 0.74%* 0.03 0.28 0.32
31C e -0.21 -0.18 -0.06 0.21 0.10 -0.21 0.21
pCO, -0.87*" -0.97*" 0.47 0.83"* -0.52" -0.54" 0.43
CO, i i -0.29 -0.31 0.26 0.23 -0.56" -0.57" 0.52"

1) # = F/RAE 0. 01 BIFKF LWEMIE; « TR 0.05 BEIEKF L EEHX

4 it

(1) M\ _E3# 3] T i DIC & & FKIE pco, {Hiz
WEHETIN, 81C . (EZ W I B, T b I8 RN 97 300 i s X
CO, ZZ Pl EAK, P A HL X CO, 32 il 45

A Bk O R K R JZ KR DIC % 4
" Cpy [HAUKI pCO, #9725 0] 73 A T2 52 17 U AL
WHE M R SR KR i W] RE SE A R i
JK-FT CO, A3 B BR 1 A2 ¥ WP AR A0 ok 5 )
ARAG RIS MR i 32 X GBS
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