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The application of 8 C-DIC on weathering and biogeochemical
processes of carbon in rivers

LI Si-liang, LIU Cong-qiang, DING Hu, HAN Gui-lin
(The State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry,
Chinese Academy of Sciences, Guiyang 550002, China)

Abstract : The river is the important link between land and aquatic ecosystem, which takes a large of
material to ocean and impacts the global carbon cycle. Here, water chemical and carbon isotopic
evidence from different scale catchments in Southwest China to ascertain the chemical weathering and
carbon sources as well as impacting factors. The relationship of 8" C-DIC versus chemical ion ratios
demonstrate that sulfuric acid derived from oxidation of pyrite is also an important agent of rock
weathering in Beipan River. The result shows that around 25% of the HCO, in Beipan River originated
from the interaction between carbonate minerals and sulfuric acid based on the Mixing diagrams between
carbonic acid weathering and sulfuric acid weathering according to the relationships between 3" C-DIC
and major ions. There is high carbonate weathering in the Houzhai catchment relative to other catchment,
Southwest China, which is a small typical karstic catchment with the developed subterranean conduits and
frequent agricultural activity. The 8" C and DIC characters in Houzhai catchment are thereby considered
to be mainly impacted from soil CO, and weathering of carbonate rocks. Meanwhile, the nitrate derived
from agricultural activity might shift the 8" C-DIC. Furthermore, the higher PCO, contents in
subterranean conduits compared to that of surface stream leads to part of CO, evasion to the atmosphere
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after groundwater discharging into streams. In brief, 3" C-DIC can be useful to understand the carbon

biogeochemical processes in rivers, which is important to assess the weathering and global carbon cycle.

Key words: Dissolved inorganic carbon; Carbon isotope; River; Chemical weathering

TR R R 2R il o A vE A A, T HL
JEFl LK A A 35 R G0 B 2 AR ER 41, B X i Y
H Wy 3t PR AL 25 2o R RO ) A PRI 5 AT AR R R AT
T PR AR RS A S PR O R B AR AKHTE SR
B, EUENEIRYEIEAR T, B2 R 01E
Z BT R MY TR, U H R IR & M ioE
A B M A A % K AL ( Meybeck, 1987;
Ludwig et al, 1996 ), A & % F 1k 2% XAk 4 5K
HCO; Hiti@E, TR ARRES MH R A6
PIEAE, A AR I 5 #& JCHLAR (dissolved inorganic
carbon , DIC ) i [F] 3 28 {80 A B 2 #H 4k 1 BH LA B X 0]
T H 98 B B9 K ¥R ( Hitchon and Krouse, 1972; Aucour
et al, 1999; Das et al, 2005; Singh et al, 2005;
Spence and Telmer, 2005 ; X|M5%E%E 2007 ; Li et al,
2008, 2010) ,

T B oMLk E B R IR IR L0 M vE i -
# CO, FIRR CO, WM. —MEL TRRET W
M Co, BMABME R EE R (Das et al,
2005 ; Singh et al, 2005; Li et al, 2008) , #f#EICHL
BBk [Fl 62 & (8" C-DIC) 7] LA FISRAERAM 3 # DIC 3k
T IRV IR A5 1R, TR F AR
TR RN X dl 2 BRI IR, 8 AR B ER R
BRI R H— AN TE 0% 2%, +3E CO, By
Bk RS0 28 (B AR 7 O Sl A 4 S B F0 1248 €O, 5K
KAWL 72 (Clark and Fritz, 1997; Hoefs, 2009)
HTEXEEANERAR,C, WS C, YK
SPCEEAMHEZERM,C, Y 8 C [HTE - 27% i
H,C, AHYITE - 12. 5% 25 H7 (Vogel, 1993) , B AL
A 3 CO, 4h7K 3 DL 1 [RI7 B 4RAE,
BEHFIIAEY WET S LIE CO, RMRE
PRIEIR +4. 4%0( Cerling et al, 1991)

AR B BFFE R B, e X F AL B EAE
Z A KA T R T ELE 32+ LR AR AL B
e EAL N AR MK B I E S BRTT
I 1 8 A M WAL 5% Ak % 2o #2821 ( Spence and Telmer,
2005; Raymond et al, 2008; Ali and Atekwana,
2009; Li et al, 2010; ZF %, 2010; Brunet et al,
2011; Wang et al, 2011), bt RAHREEL
RSN K Lawrence Y 8" C-DIC & 45 t ¥ it WP IR
YE I REAK K R K ) J6& Y R e & W FR 1R
¥F ( Yang et al, 1996), Hélie et al (2002) 7E

Lawrencef] F-/K iR 87 C-DIC 1, £t k5
RIS AR ST 45 58 BER 2 5, A TIA K R R R BE st
AR SCRIASIR S 1 AL T X025 31, X R 8 7l iR
BRAE R IR, A SCLA PR W T R iR o0 1, 1R
158" C-DICHE T F KA H 4 Rz Y, LA R YT 3 Bk 24 4
M IR 2 S X R R L R A R

1 #RMTE

1.1 HREX

Tim X AW ERER WHRAS5 T
km® | A EHAMN 15.97% , B2 =K%
HERBREFERXPERER BB EETRRL
RS EIM X, FESAEULRMN AP ONE B
B SR I i X B 2 R R bR
PEE EFE R R, 5N E A R T A K b
L, WERERREEAAERER SERETH
HX, RMBKEBREEAHBEEA 137 k', 5248 &
HEARAY 73. 6% (RIB L, 1993; XIMIREZE 2007),
AP ER TR ARERERBAHRITER, — &
AT, 47 F 25° ~27°N ,104° ~ 106°E, JRZEIT
L W(Liet al, 2008) , RIR F AR E, EBIR
ZHRMNE, WER DR A AT R
BXEZE2BR =B RKREA SHEHT AT
2, PR KR B A, AT AR
A, ABEETAR, MBFAILERERK, AT
BB MR KRR 82 B R K, KL WK
FLE (EEME S, 1996), —EEMNPITER
%58 5 /N IR, 7 F26°13'3” ~ 26°15'3"N,
105°41'27" ~105°43'28"E( Li et al, 2010) , Fii A
81 km’, /K E1400 mm, HiHER A K, TN
WEREE A i BHENZBR P S RILY,
aHAKE Ham RREIKRARTERRERA S
A, MBM TR, EAKATZEAE(ERMEEE,
2004; EREESE, 2007),
1.2 &Moo

LRI R T =M KRR AK, EEEE
FEW R K M T R SR KSR IRl A X s s
AbHE R RIS RGN K A B O R AR AT T — A4
IKSCEERI R BE, A ANAR I G E pH KR
(T) SR (EC), H HCl e Bt K EEmE, A
BEPRET 4 IR Rt U8 IS 4 2K #E P T PR 7
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BIZKRE RN A SE HCL BRIL = pH <2, M E B ¥
BIRE S AYEAL 38, & % £1HER A7, 4r 51 1CP-OES 1
IC (Dionex 1CS-90) M E, XFF & 8 C-DIC AI/K
BE, A HgCl, # 1L/ F 3t 0 i (Parafilm X ) % &) 35
B ESLK AR HE Atekwana and Krishnamurthy #J04
2:(1998) , /KB A B i B2 O HRBEER /1N
AR B KB I ER E SR FAE, 8
A BB UL CO, 5K, B MAT-252 &
PO E 8 C {H, W EEAEXT T EFrir v PDB,
37 C iR ZE/NF 0. 1%,

2 HRGWHE

2.1 WK DIC FEEKE

W XK & pH KRERFE 7 ~ 8, 55 KALEE
F M3 Clark and Fritz(1997) #2420 KR AT LIS
TRV XK H 48 R ZHUKAEH HCO; & DIC
#195% LA &, %8 HCO; & DIC M FEHME 7,
£V T 8, 5 2L HCO, o xt ST 48,
HCO; YREA 1.0 ~5.3 mmol-L™", JL & VT30 i #
HCO; ¥EIE R 2.3 mmol- L™, i /5 &I 1Y
{4 3.7 mmol - L™, /KA HEAE FAHM L HCO;
M S0, NE,FERELEUKEFEE LA FEY
B 90% , —MUAATRS I HCO, FZERET
CO, WML A e ME A w1k
( Amiotte-Suchet et al, 1999 ; Gaillardet et al, 1999) ,
B KR, CO, Fi 38 CO, B KIKG , Saf BN A

% HCO; .

1)CO, #f# .
(CH,0)n + n0,+nCO, +nH,0 (1)
CO, + H,0 <H,CO, (2)

2) BRI ER A (LUAORAE ) FEERR b (LIS
KR k.
CaCO, + CO, + H,0—Ca’" +2HCO; (3)
2NaAlSi, 0, +2C0, +11H,0—AL S, 0,(OH), +
2HCO, +2Na” +4H,Si0, (4)
KA CO, MTFFESHAK o By BE A, P-4 f 7K
i DIC #5 10 wmol - L™ ( Karim and Veizer,
2000) , T W& 30455 i (X P T B PR 5 2 O PR T i, YT
TR BB T L R TR CO, RYVE AR, T LITE T8
H A DIC EEREHAE E AR CO, HTTHR, X
5K 2 BRI B 5T 35 ( Aucour et al, 1999;
Galy and France-Lanord, 1999; Telmer and Veizer,
1999; Karim and Veizer, 2000; Barth et al, 2003;

Wachniew, 2006) , AR F , 5 FEAE T4
MR, RS R EHBOKEES (Ca™ + Mg ) HFIEF
HI 90% , R HI KAk 2 F EARE i A PE 1 6 = (L
et al, 2008, 2010) , [F]HTHEHTRrHEIX T RERREL 25
SRR/, O YRS TEARBI B £ B % B
FRER A B RALAPE AT,
2.2 EREREERUFIMER

AR 2= & TE P B M TR VLR B 5T A
TLER W] B8 2 B B Ak R £ %5 K4k B F ( Han and
Liu, 2004) , % T2 TR0 L 697 3 H e A 24
#9 % B ( Galy and France-Lanord, 1999; Karim and
Veizer, 2000; %%, 2010), M FTHiLY7E b
FUURER T ZFE, R ESERE e s
PUAR, 3k 7 BR W0 L & SO, 5§ ( Berner and Berner,
1996 ; Han and Liu, 2006; Lerman and Wu, 2006),
IXEEERA] GRS TE B 2 A XA B SR IR .
FeS, +15/40, +7/2H,0 — Fe(OH), +2S02" +4H* (5)
SO, +20H ™~ — H,80,—S0%" +2H* (6)
CaCO, +2H*—Ca’* +2HCO; (7)

Spence and Telmer(2005 ) ZE & KEFRIME T
KR EBARREAEE, KRR RESRAAE
RERER AL S A KR TTRR T R E HCO; |, Rl [F]
M RIEE 0 R — IR SR, LMV HEK
[SO,]1/[HCO, )0 ~1, FELEPEO0. 1 ~0.4,T
EEBE[SO,]/[HCO, | BT LA /K MAE B IEH
3" C-DIC {H, [HBt 8 C-DIC {HHLFE[ SO, ]/ [ Ca +Mg]
FE TR IE, B[ HCO, 1/[ Ca + Mg ] F+ =5 i 51 (
1), ¥ E%% (2007) FI B E AL R IEH =N
LSO, FERIFEFHAT WAL, F it
22 B B b B R N R B R 2 XUAK
¥ U iBREE S [ S0, ]/ HCO, I MR
1,H 8"°C-DIC fHTE 0% /2 . W FALMILH I POC
BRIFL R HTE - 24%. 2% , WA L3 Cco, X Abmx
FRERE, (SO, /[ HCO, ] i A #E3E 0,8" C-DIC {6 1]
- 12%c/5 0, i FACERITK B E R AR &I
T B ANUTRE, KA B ER, KR 3 e FlBE AR
AR L TTRR B &4 T, R 1 AT DL S PR I T
RETERMERRS S5IETHRRER IS XA
R R .

HCO HCO
13 3 PSE hul,y
87C,, ( Ca+ Mg) i =0 C ety ( Ca+ Mg) wlf T
HCO,

13
o Ccarbacarb ( Ca + Mg) carb (8)

asulf + acarb =1 (9)
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Fig.2  The relationships between carbon isotopes and major
elemental ratios at the Beipan river in Guizhou province

He3%C,, 37 C 87 C,,, A IR K
KB ER XAL BRER ER 2 LA B B AR XU AL B BR £4 5 7 2k
i) 8" C-DIC B, o, T ot 5351 38 75 T80 R B3t R IR
feE A 74 DIC S K H DIC § e, b+
MAEH K&K 8% C-DIC K - 8. %0, 254 KAk
FET LA BRI R TL RIS A 63%
BB R VR TR EREL 7,37 % FOBRE IR T 14 Co,,
REHOKFEPERER AL BR L A W E & 1/5 ~
173, AR H O H AR IE L & B Y
25% . RUE TR — M S R g B 2
O HEAEEA -2 RE,HEENERR AL ATTR
BEZEMNNRLET,

R A NS Z R EN R, B T8
JRESRILHZEA, HEASBERE B A,
TE W B RR L X SR R FR B2 VA R .
RCHNH,COOH + 0,—RCOOH +CO, +NH, (10)
2NH, +40, + H,0—2NO; +2H"* +3H,0 (11)

Perrin et al (2008 ) 7E 1= E R E LR FH AR AY
WHRER KSR EE T B S HIRE T 2,
P L HETBRBR 8 5 1 X Al 1 B A BB 24 b
HAEBERMRALEA, I A EHERS 5 R R
BAXMMBER H2RE G XNILBREEREK

1.3% ~3.1% , M5 Brunet et al(2011) Ff )5 F DIC
W 3P C SRR EE A RE M MIEY] TR
W BRAREA LB, S 555 A WAk m R 5T
BT REWE., & /A EREAIE 20% /@
Hh, Bk AR [ NO, /[ HCO, ] lL 17 0 ~ 0. 34
(E2), I E AR, ZR BRSNS
[NO,]/[HCO, ] tWE , {HER RN R IE A - 1% AL,
WIF R A EE BB A KEH RS SHIREEA R
b, (B Z=F 5] 47, 18] At 2 o ol it A A 38, 3849
IKEERR R E L R (EHEE [ NO, ]/ [ HCO, ] HL (B fin T
BEH AWRIEREE, DI PRAEBR A ES I TR
SRR ER A AL,

-4.0f

& Kk
] 3 O E7k ]
3 80l ¢ B AR
= SR
o ¢ 0_° |
%-12.0 ® o ¢
~16.0 - . .
0.00 0.10 0.20 0.30 0.40

[NO,J/[HCO,] (mol/mol )

F2 FEEFFER 87 C-DIC 5(NO,]/[HCO, ] RER
Fig.2 8"C-DIC value against [ NO, ]/[ HCO, ]

ratio at Houzhai catchment, Puding

2.3 /RIS 8°C-DIC EVTMBINEE

H5E J5 FE R MR B v B /N SR, M 3 A
TR A E B AIE A, AR H O Ab (No. 13) &
TREREIT Y F I (No. 12) FIHLFEIT (No. 14) , 5
KREpFMAMTHAESE OACEE—ERY ., %
Bk K DIC WEVEE N 2.4 ~5.8 mmol-L™', 1y
{5 4.2 mmol-L™" , T EKBHE K3, 8 mmol-L " ,
AR TAGZKHA . SRR o O A SR 5 — 7k SCAE
B HREWRIITWEABRILH DIC &8, ME 3R,
DIC Ak [E B4 B B e 184k, Bl E Z4 81K
9 3" C-DIC #1 DIC & &, #1 T ( No. 12) FIH1 3=
(No. 14) W % (5—10 H ) 3“C-DIC ¥ {& 4y 5] K
-10.2%0 Fl - 9. 1%0, T Z 4 51 R ~ 7. 6%0 Fl
~7.2%0, X B3 DIC N2 75 BeAE i, 1 5
WZEELEIPR A H Co, MBEREAGHTES
R R VA A% 3 CO, RGRZM

3"C 1 DIC ZEW LM FE A E R SH
B 57 2548 ( Cane and Clark, 1999; Doctor et al,
2000) MATA AR ERBA ALY TE SN A EE LW,
Ouawa W /KFERKEAX FHEFEELC, EH TR
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Fig.3 Monthly variation of carbon isotopic composition and
contents of DIC at the outlets of Houzhai catchment

F6-AVE AN £ SE0T IR A8 A A [ A 18] A 4 i 52 e /E
BT & ( Telmer and Veizer, 1999) , Tl Amiotte-Suche
et al(1999) & ¥k [E Strengbach /N #1 B §" C-DIC
BN -20%0, TNE R - 26%0, AT HFIAN K E S
T8 Co, MIRBY BAAZMEWNER LE 5K E
CO, X #H A5 &E K., Wachniew (2006) 7E i =%
Vistula{®] B 55 F B 7 A AEXT 10 A B8R, WK G 18
T4 Hg + 5 Cco, SiEk, ir LA &K 87 C-DIC
B, FRERNREE T KERZRIBWR, CEE
AAEE RMEETTAFEREELE CO, 1
B4 ik 45 FN AT E R W K OB + B CO, WA KK
L,
2.4 ARIEEX 8°C #0 DIC RN

A A AR B w3 M Rk A R ek AL Wy R fh 2
P, BHEKI R KENEIER A VLR
i fRA TS (Karim and Veizer, 2000; Wang et al,
2007, 2011), 7K CO, R ¥UNAR A7 R4, K
Y + 8%l A1 {37 K 5348 ( Zhang et al, 1995) , Bk
R CO, [P E N ~ 8%o, N /KM 11 5 38 e 1k |
G Z ¥4, Hok ko 8% C-DIC BG4I 0%0, F
A UUTE — 5 | A B/ MY [R5 K 431% ( Zhang et al,
1995; Clark and Fritz, 1997) ,A] LA Z %, Yang et al
(1996) TEMME K St. Lawrence 11 & B T /K<, CO,
&2 B AR UK AN A VEF R 9712378 8" C-DIC
X SZ WA IE , R — B ER A2 C, BBUKER
K DICEERINMNE, WAMKRAFRE ZTLHE

KPERE KRR ZER R IERS C-DICH, TR
T 32 IRV F R M T A L 5 Y 8 C-DIC B ( Yu et
al, 2008; Wang et al, 2011),

FH X R J 2R B K SCER A, SR A E AR K
A ENREHENARFERE, £ pH E,
KAEEABIT R BB BABEMERSIZRT
O, VLB J7 M A UTUEVE I = /A E /Y, T30 ¥ Al
HiF W KRN [ 295 # logPCO, BRI H TR
FHRK BEEZHER TLEHRE, H logPCO,
53PC-DIC B ~ZEM AKX (E 4) , RIIH T
MAEEWHEZ L% Co, Em, R EHaKEER R
F g PCO,, H:3"C-DICHI ik - 14% £/, EER
WRERR iR XL B K 3 C-DIC HEE
TR ¥ 3% CO, S5k DIC & F 45
 ( Clark and Fritz, 1997 ; Amiotte-Suchet et al,
1999) .

HER AL ORER ER A
K=CO, Y-t R
_4 -
_ ot Te(oN ¥4
g8 o j
SE
% FER: {SoR S ]
@ KK H
O EKH
-20 A . . . ;
-40 -35 -30 25 =20 ~-15 -1.0
logPCO,

El4 EZEWREUKASSC-DICH logPCO, 2 [ BYEL £
Fig.4 Plot showing 8" C of dissolved inorganic carbon
against logPCO, at the Houzhai catchment

BT 7K 1 5 o A 4 T 3R K T 1] R SRR
CO, i 2 T I Bk 1 24 B9 22 B 37 95 (Aucour et al,
1999; Wang et al, 2007) , Wang et al(2007) XK VL
BT TR SR RRAE B4 90 ER, BER IR
15.3 BT WigE T CO, BAUREBI RS, 7EAH
L RT/NREKEARZ AR, BTN AR, %
WA 2R G B K E M KRARIE R Co, &, HE
—RWE, FEMKBKEN PCO, BT AKX
PCO, , AR T /K sh JU B &, 40 SR # F K
PCO, TEFLR[E] AR MR HEFRIK K PCO, RS,
SERSBEMRBEREA 1 x10" mol C-a™', WK
G DIC 19 6% 2% B W S I gt 8 v ik ) B
A AR LR,
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LYk R, BRFEEEKR 3° C-DIC 5
LGS B KA | T B A R T 3 S AR A
FERERBEFMKER . ABTFFA 8° C-DIC FikK
PAEUESE TV 1 M A 4 N (U & €O, BRBI T
IR A B RL , MR AR R E RN A E,
REFEAFRI RS T BE, [ R
AiEZEEEmE 3" C-DIC HIBUE , 7E A FIH TS
WO E R EA . HORTE X 7 R BTSEE B g
B, TR A RS LR E R R G R
MR RN AERER NS, ST RETFELS
B, ROV 15 A BE 5 47 HVEAG I EURR
A Yy ER AL AP IR A B LK I S ERBRE IR R X
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