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Abstract;, River is (haracterlzed by obvious spatial heterogenelty in catchment, which is exarerbated bysspecial environment features of

-

calcium- rlch hlkdline and'DIC-rich( dissolved inorganic carbon Jain karst river. Thus, it also leads to significant spatial variation in the
CO, degassing across water-air interface. Main ions, physicdel-emical parameters, 813CDIC value and two common approaches ( floating
chamber(FC) and thin boundary layer models( TBL) were used to analyze the CO, degassing characteristics in Guijiang River, a karst
river, China. The results were as follows: (D Hydrochemistry in Guijiang River basin showed a significant spatial change. All of
HCO; , Ca**, specific conductivity, total dissolved solids (TDS), Slc and pCO, showed similar distribution characteristics in the
following order: tributaries in the middle reaches > middle reaches > Downstream > Upstream of Guijiang River. (2 During the
monitoring period, CO, degassing occurred in all the sampling sites and it was the CO, source for the atmosphere. The mean CO,
evasion was 237 mg+(m’-h) ~' in Guijiang River, which located in the range of average CO, evasion of global river. However,
significant spatial variations also occurred along Guijiang River. The CO, degassing flux in tributaries of the middle reaches and middle
reaches of the mainstream were obviously larger than those in downstream and upstream of the mainstream. 3 CO, degassing was
mainly affected by carbonate equilibrium system in tributaries in the middle reaches and middle reaches in the mainstream of the
Guijiang River basin, which resulted in obviously larger CO, degassing than those in downstream and upstream of mainstream.
However, the CO, degassing flux in tributaries of the middle reaches was also simultaneously affected by biological photosynthesis, and
the minimum CO, degassing flux[ 6. 38 mg+(m”+h) "' ] appeared in tributaries of the middle reaches. In addition, the CO, degassing
flux in mainstream upstream was mainly affected by atmospheric environmental factors, while it was synergetically influenced by many
factors in mainstream downstream.

Key words:CO, degassing; spatial variation; carbonate equilibrium system; photosynthesis; Guijiang River basin
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Table 2 Physical and chemical parameters of GJR

e LU (n=4) TR (n=11) HFIEZ R (n=5) Tt (n=5)
KR/ °C 23.9~26.1(25.2) 26~29.7(28.1) 28.3 ~31.1(29.7) 28.2 ~29.3(28.66)

pH 7.07 ~7.26(7.17)

EC/pS-cm ™! 32.4~59.8(47.6) 74.2 ~186.4(135.9)
DO/mg-1 ! 7.82 ~8.58(8.24) 6.3 ~8.27(7.08)
HCO; /mg-L~! 14. 15 ~24.89(19. 89) 34.40 ~96.87(65.77)
pCO, x10°

Ske -2.52~ —1.78( =2.09) ~1.45~ -0.09( -0.73)
hEE/NTU 8~25.1(18.3) 9.4 ~29.6(18.59)
TDS/mg-L ! 21.30 ~38.89(31.24) 48.98 ~122.77(88.87)
TOC/mg-L ! 1.99 ~ (4.97(3.24) 2.76 ~6.6(4.40)
DOC/mg-L~! 1.86 ~4.95(3.13) 0.63 ~6.54(3.34)

7.22 ~7.78(7.50)

7.26 ~8.22(7.78)
143.5 ~295.5(208.0)
5.17 ~9.38(7.57)
71.25 ~174. 46(111. 40)

7.54~7.97(7.7)
111.8 ~135.2(121. 6)
7.55 ~8.85(8.12)
51.97 ~67.1(60.23)

1071.52 ~1698.24(1398.60) 933.25 ~4168.69(2272.01) 575.44 ~6165.95(2613.24) 758.58 ~1862.09(1374.38)

~0.47 ~0.58( -0.01)
4.8 ~35.6(21.49)
94.58 ~192. 05(135. 66)
4 ~6.65(5.40)

0.65 ~6.36(3.49)

-0.8~ -0.2( -0.57)
4 ~18.9(10.67)

72.65 ~88.46(79.38)
3~5.68(4.22)

2.95~5.25(4.01)
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Fig. 3 Ternary diagram for major ion composition in Guijiang River
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2257 (B K ZBOTHRE K (EEES ~ 15 cm+h ™!
Z [a]3E£E , 140, Rhone Y] s/ A 8 em-h =" 1fidis i
15/ (1) Saone IS 8 ~15 em-h ') K (5",
F S5l i g R 10 em-h 'S K (EEY 22T
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15 em-h R EEBERE G S0 T 4 Y K (S
HACER 1 W Hy3gh Tl Jit 3 0 2 55 48 i dal gt 3l e 11
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HRA MR KD 9/ R 2 55 e Wil i i
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BRI 3 BN BRI CO, S R A AR 1k
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REN CO, A & 75 76 T B Wi 8T 6 K
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TSR P24 XU, AR X T A SR AR a5 R e IR
Y K AE, R I A S B XU PRI R A
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Table 3 CO, exchange rate at the water-gas interface in different reaches of Guijiang River

. o pCO, JRE K Flux-cal Flux-ave Flux-8 Flux-15 Flux-J2U#FE
fr# W x10 ¢ /m-s~"  /em-h~! /mg-(m?-h) ' /mg-(m?-h) ' /mg-(m*-h) ! /mg-(m2-h)._]../mg'-'(.-m2-b)_]
Gl 1230. 67 0.27 7.29 85.27 143. 66 93./54 175. 40 =/ &
- G2 1698.24  1.49  18.80 ~ 333.71 218.05 141,98 266.21 i
I3 1621.81 0.6 10,64 (47 177.13 20447 [ 13314y .64 S ==
Gl 4 107,52 0.77 1236 102.81 102.17 | 66.53 |1 12474 ¢ #— )
GI'S 1949, 85 1.56 | 119.69" 414.83 258.85 ] 168.55 |\ 316.03 * 5975 4
GI6 /234423 006/ [ 582 L AN 321.22 20006 | | 392.18 ™
o~ a1/ B3os os | fe 74 Y B9 %0 neaf) M7 F 8873 -
: G S| aneseo 196 A0 223900 618.94 / [a03.08 © 75566 . —
Cros | j1862.00 0.7 T12.677 W 231.28 224.35/ 146. 09 273.92 —
Giio  ['3162.20 015 | 6005 251.20 444.86 Wy bso. %B" 542,52 " 465. 744
BUETR, Gl 2691.54 0,98 J‘-"15‘.‘34‘ | 449,03 359. 55 23412 438.97 190,57
L@ oz a0 04 7.06 145,84 253. 63" 165.15 | 309.66 —
; gy |45 05 To.6aA Lt 148.99 97.02 181.91 63.97
C ffcia L 2089.30 0.21 7.78  ==160. 67 253.83 165. 28 309. 90 —
LGNS 1698.24 158 21.98 330.33 184. 64 120. 23 225.42 133. 56
GJI6  6165.95  0.08 6.84 448.51 877.97 571.69 1071.92 —
GI17 575.44 106 15.96 8.29 6.38 4.15 7.79 —
MR GNS 1737.80 011 6. 88 107. 24 191. 42 124. 65 233.71 —
GJI9 141254 0.1 6. 86 77.09 138.04 89. 88 168. 53 —
G20 1659.59 1.5 20.97 310.38 181. 88 118.43 222,05 —
G2l 758. 58 — — — 33.19 21.61 40.52 —
G2 1348.96 121 17.69 191. 74 133. 14 86. 69 162. 55 —
T G123 1584.89  0.19 7.40 106. 17 176. 25 114,77 215.18 —
G4 144544 0.11 6.57 81.87 153. 12 99.70 186. 95 —
G5 186209  0.61  11.48 310.38 224.33 146. 07 273.88 138. 18

1) Flux-cal J2i# 3 15345 3] K (B 515 201938 i ; Flux-ave S8 13 158 K B 035 515 201058 i

/N K ABAS B 538 5 Flux- 15 SRS SO i 9 2280 % ok KBS 2 AYiE

Flux-8 JEHR4E S A i fr) 22 96 4 ) e

W 4 s HEVL CO, i <Gl = V- BI{E 2k 237
mg- (m’+h) =" L FHF AR co, BAHE R
BN, /NT— i3l | R SR, Ho)
TPUL T, B R TIER . A Y
TA I R I T g 7T FE A I R B AR Y o, B
SOE A NER 3 PR LA Y T R

CO, i<l =, 224k Fl oy 102,17 ~ 218.05
mg'(mz-h) U OSEEI{E N 167.09 mg-(mz-h) “torp
W T AR L Bl A 72. 68 ~618.94 mg+ (m*+h) ™',
SEH{E K 285. 55 mg- (m?-h) ~'; HESE I AR Ak
9 6.38 ~877.97 mg-(m*-h) =", FEII{H K 279. 14
mg+ (m®+h) "' R U7 A JE Bl R 33,19 ~ 224.33
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Fig. 4 CO, degassing ﬂux" calculated by different K Values'.in Guangxi.Ri\fﬂi’r j.-""- T
i /
&4 t&%%nu.ak SHHE COo, Hit—ués = &
| Table 4 CO, degdssmg ﬂux facross, t'hc water-air Interface in mdm nvers droun'd lhe-'world s
i Aoy B R f A cmh ! CO, W P mg- (g 1) sk VL
T ® [ e Jz*ﬂﬂ??ﬂi-ﬁ* " dj 3 e EX 25 =
T (BRILFRY. b Emwémﬁﬁ 8 ~15 346.6 ~ 653,01 (36
L) - Pt 7 @) 5 1356.6 (371
AE T om0 ) 0 ~ 15 13474 632.9 [4,24]
Sy PR o { (a __‘.H/_,, 371.7 ~1677.6 6]
ﬁa‘ﬁﬂﬂﬁ v MEER SEHE ir — 29.6 [38]
LSIRE HE TSR 8 271.2(50 4ER) ~70.3(90 4£:4R) [39]
P PG L ESE| bl 16.3 494.7 [40]
T e 170. 8 ~269. 2 [2,5]
2.3 HEILHEL pCO, 25 [E AR Ay 4a il F 2 PC4) | FERE n o FE R S B AR 7 22 TTmR R I3k 6 Jir

SZMAE pCO, BN RIRZIBE 24, 5T IN R
W3 pCO, JEH T KR A | TRI VAL B BR AR 8 2o 72 LA
B WO K AR A5 oo R I [ S e 5 SR R
UL ) TR R R AR IR | R KU AR A A
B, 7K AR AL, pH, DB AF K SCHbER fb 2 A A=
PRk 25 38 b LA B B2 Ak 5 b 5 2% 14 5 1T 3
pCO, FEFE HAEMAHIE X R, 45 I EAH B2 M (%
5), HE A2, Wi k47 2 o4t A e % A

£ SPSS 19. 0 Akt 17 4~ pCO, FEma K %= i

1T FRS 2007, 48 KMO Hl Bartlett K E , IA M 1% %k
TE?G‘AIEEM}%WE’JE? I K5 2R e,
BURRE A e K1Y 4 4\3&%(13(:1\ PC2 . PC3,

k. ATLLIE N PCL, PC2 ., PC3 I PC4 B )7 25 TTHkR
S5k 39.93% | 14.37% . 10.76% F1 10.09% , &
TR 75.15% .

5 PCl B % M &1 & HCO, | Ca®" | /Kl
pH. Slc, 8"C,,.. EC. TDS I & TOC, &1 &,
PC1 il CO,-HCO; -CO?™ -CaCO, kR V-1 & 5%
[R(11) ] pCO, HISEME. DIC Fl Ca’* J&= 2 5 kiR
A RGN BT, KRR pH R R T R 4
RIRTTRIR , 87C i« Sl pCO, MR85 R i 7 42
AR FE .

H,CO, + CaCO, — Ca’* +2HCO; —

Ca(HCO,), — CaCO, | +H,0 + CO, T

(11)
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Table 5 Correlation coefficient of influential factors of pCO, in Guijiang River

pCO,  DIC  Ca®* KR pH Sle DO EC h ™S #E T0C  Doc Kl BE ORR KE 3
0, 1
DIC 0.25 I
Ca2* 034 0.9 1
Kl 032 08 08 1
pH  —0.43% 0.67* 0.63* 0.64™ 1
Sle 0.03  0.89™ 0.8* 0.89™ 0.87* |
DO -0.77%-0.24 -0.33 -0.43 02 -0.15 1
EC 0.36 0.9 0.9* 0.87* 0.62* 0.8* -035 |1
Th 0.07  0.03 0.07 012  0.04 010 0.10 0.07 1
™S 0.36  0.9% 0.9 0.87* 0.62° 0.8 -0.35 1* 007 |
WE 019 -0.06 -0.07 016 010 -0.01  0.33 -0.08 0.44* -0.08 1
TOC 025 0.61% 0.65* 0.73™ 0.43* 0.6 -0.46* 0.65* 0.13 065 -0.14 1
poc 033 -0.06 0.0 0.2 -0.09  0.02 -0.37 -0.0 0.1 -0.01 0.02 0.42" 1
SE018 -0.25 -0.24 -0.40 -0.53" -0.47* -0.03 -0.24 0.08 -0.24 0.1 -029 -0.17 1
WE 001 -0.00 -0.01 001  0.07 0.06  0.14 -0.01 -0.52* -0.01 -0.08 -0.10  0.00 -0.36 1
JB 0.2 -0.07 -0.09 0.03 -0.19 -0.08 -0.18 -0.06 -0.15 -0.06 0.1 0.07 0.1 016 -0.01 1
R -0.01 -0.17 -0.16 -0.15 -0.09  0.10 0.1 -0.17 010 -0.16 0.17 0.06 0.3 -028 012 -0.01 L~
3Ty -0.06 034 037 047 056" 0537 -0.00 037 040% 037 017 045° 0437 -0.24 -0.17 /S04 '“0.}99,. T
8%poc 0.0 -030 -0.26 -0.14 -0.15 015 -0.07_-0.27 0.5 -026 0.49°10.07 011, 0.03 -0.41* =025 010 L0.24
1)+ FoRAE 0. O ACE(U) |53 « For1E 0. 05 ACF (W) -3 4 fi i / =

= i i
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Table 6 Component loading and variance contribution

E/
A5

rate of influential factors

T W
PCl1 PC2 PC3 PC4

DIC 0.95 -0.12 0.06 -0.17
Ca* 0.96 -0.07 -0.01 -0.18
KR 0.93 0.05 -0.15 0.01
pH 0.75 -0.02 0.52 0.23
Sle 0.96 0. 00 0.19 0.07
DO -0.31 -0.17 0.82 0.17
EC 0.96 -0.08  -0.02 -0.19
Th 0.1 0. 80 0.19 -0.19
TDS 0.96 -0.08 -0.02 -0.19
it B -0.10 0. 56 0.48 0.03
TOC 0.75 0.21 -0.36 0.10
DOC 0.12 0.42 -0.35 0. 48
SR -0.40 0.07 -0.12 -0.71
T 0.01 -0.56 0.00 0.57
IR B -0.09 0.13  -0.37 -0.15
JABE -0.11 0.28 -0.20 0.63
3"Chic 0.54 0.52 0.17 .27
T 22K/ % 39.93 14.37 10.76 10. 09
ZRTETRRE/ % 39.93 54.30  65.06 75.15
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Table 7 Multiple linear regression analysis of pCO, influencing factors in Guijiang River
- ZICLERNT | ASCHE | B
% : ’ ! S—
st:; T rhiiE TSR
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SR (SR TR

REUFRER (R, BE) R =0.98 R =0.99 R =0.18 R =0.36
P <0.144 P <0.05 P<0.46 P=0.64
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