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Fig. 1 Location, geology, land use and samples distribution in critical zone observatory of Xueyudong
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£1 SERKEAER. HWMLIE CO, ¥ 6°CHE
Table 1

The 8°C values of the carbonate, vegetation

and soil CO, in Xueyudong watershed

B2 2R 8"C/ %o
KAl SR A 1 3.1
w4 Al 2 IR 2 1.7
By 2.4

Fp -29.9

- X -27.3

ik - 965

Ty -27.9

A 15 (20cm) =257

3 (40cm) -22.6

1.4 co, b 438 (20em) -24.6

Mt 3 (40cm) -23.8

Ty -24.2

0.01mg/L, e SO {ff FI & B2 9L HL B %, NO, SR
SOt EE M, CIT R AT AgNO, i E 75 FHE
+ K", Na*, Mg™ #| ] ICP-OES( 2 [# Perkin-Elmer
2] M, MR <0. 0lmg/Lo K dh i 75 &
VA BRI T R T N SR 5 A

AR 87°C FE S AT 5 40 : A R
PO LB TR B (50°C, 48 /M) Ji5, WHEE
WA ST, B1~2g I F8°Corbr: & A FigpsC
oy H I OC 2 73 # 4 45 & A7 3R I {X (EA-IRMS)
SERL; T4 CO, (98°C 1 8°C,, FIFH Gas Bench Il %
32 Delta V Plus S £ 52 %€ [6] v £ & 3% /¢ ( Gasbench-
IRMS) 58 i, K5 HE A +0. 2%, M3 73 #1645 7 31 45
R T A S #E e

8"N=-NO; FiI 8"0-NO; ik 5 #r: §°N-NO; Fi
8"0-NO; SRAE i vk AT IR A3 BT, 52 56 i 1
T4 0 R B M B ( Pseudomonas aureofaciens ATCC,
13985) 1% NO: 2 ififk  NO, 5 N, 10, , S5 Fl
i Trace Gas &5 & [F o7 % ik 5 B, >k USGS32,
USGS 34, USGS 35 Ntptt, Hl 2 s A/ J7 i %0 B
T 5E B SR EATRAE , K5 B 5300 S 0. 4%0 Fl1 £ 1%,
IR B A v AO B 272 B P05 5 i) p 2 K e AUE
ST SRS E [ 07 3R 5 06 38 58 i o

I € B [ 28 {8 T 23 LU B (%) , LA 6 55
KR, I [ B AR A X

(%)= (Ryy /Ry ) —11x1000

Hr, RA449K5%C/"C. "N/'N #1010, §'°C
9B ARIE Y VPDB, 6 N-NO, 9 S BRARIE
N,(Air N,) ; §"0-NO; [ty = BRbR il VSMOW

2.4 Tk 5 R A M FAIE £ ( calcite saturation

index) 1 CO, £ JE (pCO,)it&

R oK 7 f# A7 4 RS B (SIe) I CO, 43 JE
(pCO,) " FIJH WATSPEC #3515 5,

[, R4 W E 93 R K Ca™ 5 HCO; i
JEF SpC WL PE X RIB B EL T K Ca™ 5
HCO; e

[Ca®™]=0.1872xSpC+13.452, R*=0.92 (4)

[HCO; ] =0.4904xSpC+43. 036, R*=0.91 (5)

A (4)F (5)Hh Ca® 5 HCO; #e B 1) {3 Ny
mg/L, H PRI HAN ps/cm,

3 #XR

3.1 FBEA. MEfLE CO, 16 "CHIITE

M X A MR 13 CO, i 8TCHH.
BIF 55 X T R b 5 19 87C S P 2. 4%o5 H Bk 87C A%
fbF=26. 5%0 ~ —29. 9%0, I{H K -27.9%0, N T
C, Ml w55 19 R A5 (C, M Bk i 8°C — i A8k T
~30%0 ~ —24%0, PIMEH N -27%""7"); + 4 CO, 1y
S C AL F—22. 6%0 ~—25. T%0, ¥I{H H—-24. 2%,

3.2 mEmkMMTKUFEERAMRSFE

K AR KK AL 2 5 IR LR 4% H SRR 12
ASHE AT RS A LR 2 DU R i I 2,

MK pHHAF5.7~6.1, JETERW , /K NH;
F1NOS (FI{E S 510 1. Img/L #1 4. Omg/L, SO -
Pk BE R 6.3mg/L, Ca™ ¥k B 3 (4 1. 4mg/L, T
HCO; I CI” ¥k BE ML K (F2). WK 8"N-NO; FI
8"0-NO; 43514 0. 01%0Fi1 83. 3%o,

mE2, %5 E i H R oK R E AE AL F 16.3 ~
16.5°C 2 [d], pH /T 6.9~8.3 Z ], FHI{EH N
7.7; SpC 75 4k ¥6 Bl & 330 ~ 490us/cm, ¥ (H K
396ps/cm; DO ZA54L T 7. 6~10. Tmg/L; HCO; Ve As
LT 195~278mg/L 2 |i], -3k 237mg/L; Ca™ ¥
AT 72 ~103mg/L Z i), F-3% 88mg/L; NO; 45
fbF 6.6 ~13. 5mg/L, F3H 10. 6mg/L; SO> 7454
F 14.2~23.3mg/L, ¥ K 18.8mg/L; Sle 25 fk T
-0.3~0.8 Z i), Kk 0.38; pCO, 754k F 660 ~
14740ppmv , F- 32 7300ppmv, Hy T ¥ Kt Ca™ il
HCO, AFEEE 7, HE T Ca hE, FEHET
1 94% , ¥ L HCO; £, HHE A=W
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Table 2 Chemical compositions and isotopes of rainwater and groundwater of 12 months in Xueyudong watershed
R - 5 AL IR R
ke T SpC DO K* Na® Ca®* Mg* HCO; NO; NH; SO ClI” sz 51, 8" N- 8%0- B ﬁf}“zﬂﬁﬁ'lz“i.
afil ¢ P e 8"Cpic fyEie NO3 NO3  FH/EY ‘iiﬂﬁh
/gL /Y% AH/ % /% /% DIC A (Ca +Mg )
i /% Lo i1/ %
2015-07 16.3 7.6 382 9.1 0.6 0.8 90 2.0 2379 80 O 21.0 3.5 -109 -14.6 32 140 3.3 5.3
2015-08 16.4 7.7 440 9.1 0.8 1.2 92 22 2562 90 0 21.3 50 -13.6 -14.6 3.1 156 3.5 5.8
2015-09 16.3 7.3 443 9.0 0.8 1.2 95 2.0 2623 85 0 225 5.0 -13.6 -146 5.0 8.1 3.2 5.4
2015-10 16.5 7.3 445 9.0 0.3 0.3 99 2.1 2684 8.1 0 17.6 2.1 -13.2 -14.7 2.6 6.0 3.0 4.9
s 2015-11 16.5 7.3 440 9.0 0.5 1.0 96 2.1 2562 84 O 142 22 -13.5 -14.6 3.3 5.2 3.2 5.3
2015-12 16.4 8.0 357 9.9 04 0.8 78 1.8 2135 82 0 145 2.6 -11.2 -14.5 2.5 7.6 3.8 6.3
2016-01 16.4 8.0 326 99 05 1.0 74 1.9 2013 86 0 14.5 2.7 -10.4 -14.5 50 7.8 4.2 6.9
b 2016-02 16.4 8.1 335 10005 1.0 75 1.9 2013 85 O 14.1 2.7 -10.6 -14.5 3.1 7.1 4.2 6.7
2016-03 16.4 8.3 386 9.8 05 09 8 19 2196 90 O 19.0 2.6 -11.5 -14.5 54 5.7 4.0 6.5
S 2016-04 16.3 7.7 425 94 0.5 0.8 97 1.2 25.2 82 0 224 2.8 -12.2 -14.6 5.4 3.3 3.1 5.2
2016-05 16.3 7.4 430 9.5 04 0.8 9 1.2 2562 80 0 203 2.8 -12.8 -14.7 56 4.6 3.1 5.2
2016-06 16.3 7.4 433 95 06 23 97 1.4 2623 83 0 23.0 2.8 -13.7 -14.7 3.7 134 3.1 5.3
w/ME 163 7.3 326 9.0 0.3 03 74 1.2 2013 80 O 14.1 2.1 -13.7 -14.7 2.5 3.3 3.0 4.9
KM 16.5 8.3 445 10.0 0.8 2.3 99 2.2 2684 9.0 0 23.0 5.0 -10.4 -14.5 56 15.6 4.2 6.9
I 164 7.7 403 9.4 05 1.0 8 1.8 241.0 84 O 18.7 3.1 -12.3 -14.6 4.0 8.2 3.5 5.7
2015-07 27.1 5.9 22 — 04 12 20 1.1 0 24 06 48 07 — — — —
2015-08 24.5 6.1 28 — 04 12 08 0.3 0 3.1 0.6 38 06 — — — —
2015-09 20.5 5.9 45 — 04 0.7 0.7 0.6 0 1.2 05 48 05 — — — —
2015-10 18.1 5.8 65 — 1.6 25 0.8 1.0 0 43 03 58 04 — 0.01 83.3 —
2015-11 12.1 5.7 73 — 0.8 1.2 56 1.2 0 98 32 115 0.2 — — — —
2015-12 5.1 5.7 61 — 04 02 04 04 0 6.7 0.5 10.6 0.1 — — — —
i 2016-01 8.1 5.8 51 — 04 09 20 04 0 55 24 67 01 — — — —
e 2016-02 11.2 5.9 43 — 0.8 0.7 1.2 0.5 0 49 1.6 58 02 — — — —
2016-03 17.1 5.9 45 — 0.8 0.7 1.6 0.5 0 49 1.0 7.7 03 — — — —
2016-04 22.1 6.1 41 — 0.8 0.5 04 0.2 0 1.8 1.0 48 05 — — — —
2016-05 23.3 5.9 23 — 04 0.5 04 0.1 0 1.8 0.6 45 07 — — — —
2016-06 24.8 5.9 27 — 0.4 0.2 0.4 0.1 0 1.8 1.0 48 0.6 — — — —
w/ME 5.1 5.7 22 — 04 0.2 04 0.1 0 1.2 03 3.8 0.1
R 27.1 6.1 73 — 1.6 25 56 1.2 0 9.8 3.2 11.5 0.7
S 17.8 59 43.7 — 06 09 14 05 0 40 1.1 63 0.4

80% , JKfb2E AN HCO,—Ca Y, HL R /KB pH I
STe {HAET Z= R I MALMESL , HAR KGR TE N R
Wi, FERIRE

LR 7K 8°C B AE—13. 7%0 ~ 10. 4%0 2 8] , -
B R =12.3%, H M7, £FMmMITE; §"N-NO;
F1 80 = NOS 43 A7 T 2.5%0 ~5. 6% Fl 3. 3% ~
15. 6%o2 ], F-HIME K 4. 0%0Fl 8. 2%0, T ZH T 7K
8'"N-NO; ik T2 Z 4 F /K 6°N-NO; {4, i 1l Z=H
Tk 8°0-NO; & T 221 F K 6°N-NO; {4,

3.3 REBINENEES N, CHAHE

2015 4F 7 A 3] 2016 4 6 1, JdR N 0K &
i

4 20.9x10 kg N/a, H NH; -N {8 Ui & adth

10.9x 10°kg N/a, (5 &I U0 FE 5 19 52% 72 44,
NO;-N B IR K 10.0x10°kg N/a, i B30T
B 48% 72 A7 (F£3). W F kK N B b A
NO;=N Jy 3=, NH;-N FI NO, -N f{y4i th LT K%,
J Bt K NO, -N 4t iy 11.4x10°kg N/a,
TR N MR S Y 54.5% ; Wk DIC-C %
oM 287. 1x10°kg C/a,

4 it

4.1 FEHTK NO; RiBESH L TR

KR NOT 2R A 45 . 1) {6 AT /9 T 5
2) NZEHN 3l Wy 26 A8 00 HE G 3) KA R TURE;
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shi, PR AR RE DL B N2 i 2l iy 28 i %k 3 4R
TK NO; AW A STk, # KK §°N-NO; Hil
§"0-NO; IR A NO, A U5 F 40k AL IE A K& A
KR FEAE (E3), W~k 8"N-NO; Al
0 8"0-NO; A5 AL F 2. 5%0 ~ 5. 6%0 Fl 3. 3%0 ~ 15. 6%02

T e T iy (3% 2), ST K STUTHE N R L N Ok
TS R % P (E3 ) T MR K 8°N - NOS i A%
ol 80— NO; it 125 (0 45 4 5 W 2 K AR UT R N A%

0 ]
/ng-L—l 10 < »... W 1 ) s } .
7_' ‘ 8"N-NO;(0.01%0) Fl & 6°0-NO;(83.3%0) A X, i

5@ Y

] s N Tt i
T i
/mm © C :

/m3.s-l

HCO; 2704 ~ L N L
s = TN A LR K 8 N-NO; R g5, 5 - HE N g5
R o TRy 8N A%, M £ N 1 8N BT 0~ 8%, K%
o ! K 2%0 ~5%0 07
SpC e
Juseem 4007 w

Tl 1R 7K DO L F 7.6~ 10. Tmg/L, g 8 )
P e I VAT W N GUCTREE ., R HL R KA R U i NH T NOS
e I FAC S B A R I 1 NHE(0.3~3. 2mg/L) , 1173
o5t VUM (LR 2R3 ) 2K DL E, B N i

| YR H 20. 9x10°ke N/a, Hort NHI -N 35 7 e 5t

T T T
2015/07/20  2015/10/20  2016/01/20  2016/04/20 2016/07/20

H710.9%x 10 kg N/a, [ 8030 B & 19 52% A4,

Hiy
B2 201548 7 H ~2016 4 7 A %5 i 50 NO,-N B FLFF & 10.0x10°kg N/a, 5 BRI
3T K ST ER AL AR 1 [ 48% Zidy s AN, Tk 8°0-NO; (HAR &, RG]

Fig. 2 Variations of hydrogeochemistry of groundwater
from July, 2015 to June, 2016 in Xueyudong watershed

4) £ N F5 it e R 28 R B AR
JEA 18.3% KA F L, {5y JL-F A it AE A9 5
Mo, FIRRSA N BRRD, RANEAZ (D
T 100 ) R R AR, WA IR Z D8 B 5%

MITBEA 43 KR 870-0, FIKK) 8°0-H,0, RNAEH
B e R R 870 -NO; fH, {Hith T K
8°0-NO; 5 H H # KA ME (3. 3%0 ~15.6%0) , Ny it
T B Ak ot R e (R Ak 2 #E 72 2R 1 87°0-NO; i F
=5%0~+15%0) "1 H1 T DLMEE, AL AR R R
BN F TR

®£3 RAAEERRE NBIEERMBTKNO, f1 DIC HHE

Table 3  Fluxes of atmospheric nitrogen wet deposition, and NO; and DIC of groundwater of 12 months in Xueyudong watershed

i - 7K Hi7K NH}-N NO;-N N UipE R K H1 R 7k NO; 1R 7K DIC
s RN N e WL it NOj bt it
o /mg N-L™" /mg N-L™' /x10°kg N-4™"  /x10°kg N-A~" /x10°kg N-H™" /mg N-L™' /x10°kg N- §~' /x10°kg C- 7
20157 144 683898 0.55 0.60 1.19 1.30 2.49 1.82 1.24 320
20158 76 522103 0.60 0.75 0.68 0.86 1.55 2.03 1.06 263
20159 178 493060 0.42 0.31 112 0.83 1.95 1.92 0.95 25.4
201510 89 242786 0.30 0.84 0.35 0.99 1.34 1.82 0.44 12.8
201511 14 166733 275 221 0.52 0.42 0.94 1.93 0.32 8.4
201512 33 250852 0.45 1.54 0.20 0.68 0.87 1.80 0.45 10.5
2016.1 28 336175 2.10 1.20 0.77 0.4 1.21 1.96 0.66 133
20162 39 402746 1.40 1.06 0.72 0.55 1.27 1.87 0.75 159
20163 75 520983 0.82 1.15 0.81 1.16 1.96 2.08 1.08 25
20164 118 709161 0.80 0.47 1.24 0.76 2.01 1.85 1.31 357
2016.5 132 784646 0.52 0.42 0.90 0.76 1.66 1.84 145 39.5
2016.6 204 863313 0.90 0.45 2.40 1.26 3.67 1.92 1.66 4.5

A1 1130 5976456 — — 10.9 10.0 209 — 114 287.1
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-15 -10 -5 0 5 10 15 20 25 30
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5 NO; 5 (4% Kendall 2" & 3)
Fig. 3  Scatter diagram of §"N-NO; versus 8 0-NO; of ground-
water and rainwater in the Xueyudong watershed, and potential
nitrate sources. The ranges of §°"N-NO; and 8°0-NO; values of

potential nitrate sources are modified after Kendall et al.'"

PR, AR AR LI 2007, W R K NO, Bk
VA5 KT NOS L DI B3 = 0 il AL 1 I H
YT NH; A -E 3 HLAR L TR 11 NOS

R B W U T R P R B X KT B U
N EA A 2 1 ORE W P ROk RN R
BR% N 41, 8x10°kg N/a, T W 35 P 7 ok bt F 7K
NO; =N fyf B AL 1. 4x10°kg N/a ({3 (5 VTR B it
(1) 27.3% ), T T /K4 H B9 NOS-N & 3 %A i+
A HLR ST R B9 NOS-N( BRI H), H
AT DA T 3 SR A UT R N K 3 A W A K
A RS HE B T L

4.2 Tk DIC SRS LT

HVE LR K DIC R AL HE . 1) B K A
2) K= BT RS CO, A 3) BRI E 2 R
b, WEGHTIR, WK HCO, JeA K 0, [l
R K pCO, A4k F 660~ 14740 ppmv, 3 G & F K
S0 400 ppmy >, BCRE L T K RIS B A K T
/K DIC By ma ] DL Z mE . Bk, i /K DIC &=
TR R R 10 AL

YRR R AR/ T CO, VMR, Rk
(Ca™+Mg™ )/HCO; MY BE /R & B % o 0.5 (7 A2
1), WE4 iR, s T KE (Ca™ +Mg™ ) /HCO,
[ FE /R L% AR 85 0.5, 84k T 0.59~0. 62 2 [i], -2
g 0. 60, 2R T Rk R VA Al 0k TR 5k 9 11 8K KAk 3t
FEAN, AT HA R VA M BRI b i B A AE

TR R C B A W 222 R 8°C H, M
K8 Co BERE A C g A 1 3 BR A 2 1o AL 42t 7

3.5
@
S

Ca?*+Mg?*/mmol-L-!
N w
(%, (=1

o
)
@

12 ’}3’@(‘)

1.5 T T
3.0 35 4.0 4.5
HCO;/mmol-L™*

Pl 4 25 FR M T K (Mg +Ca™ ) 55 HCO; K&
JifE (1)= (Ca,_ Mg, ) CO3+H,0+CO,— ( 1-x) Ca2* +xMg2* +2HCO;
FH#E (2)=(Ca,_ Mg, )CO,+HNO,— (1-x) Ca® +xMg** +NO; +HCO;

Fig. 4 Cross plot of(Ca* +Mg’*)vs. HCO; in groundwater

of Xueyudong watershed

MfE R BN, BT K8 Cp EEZ LT ILA
FEAgPE . 1) 13 CO, W ImBR IR R 45 2) BRIRAS 1Y
YUBL; 3) K= FLIH CO, HYAHe; 4) BklR LA AN oA
R (TR MR IR 45 ) W i B IR 4 4. K< €O, 9 8'C
{l— M k=8 0%, i F K< €O, 5 #1F /K DIC
(HCO3) Z [ C [A {37 2 Y F 5 43 18 J9 +9. 0% | [H
B R K CO, 43 5 KR CO, 43 F ik 51
i, 1R 7K 87, 450 0%, {H & T4 R 7k CO, 43 JE
PTG TR CO, 43I, K CO, i AR T /K DIC
G TTRR AT DL S o SRV C RS, T A
A 0 T R R A LR i 7 2 1 38 €O, 1 87C R
PR —24. 2%0, Tk IR £ A 19 8°C S 1 oy + 2. 4% (I
1), Y44 CO, 5 H,0 B H,CO, ¥ ik iR 41
A, MR K 6°C . B T R LIS P
B, PR G b R K 8°C,, B RN 4 B CO, 1
8°C T i B A 2 e bt Tk 87°C,,, % 13 €O, f98C
Tk Eh 4 6°C Ay SL Rk o BF9E Xk f DO
fEA R (MR 9. 4mg/L, WE2) , KW — Tk R
G IXAEDFFEIX 18 CO, WM BRI £k 4T B 3t R 7k
8°C AH I 29 —15%0 2 47 ( 13 CO, 51K /K DIC
Z 188 C I 4B 2l +9%o 2 45 77 ) o T S BRI A b
TIK 8o {7 F =13, 7% ~ —10.4%0 2 [A] (- 1
—12.3%, WLA2), FEME TP R G T K 8°C,,
FOEEIEE . PRI, 0 R K DIC BRI T 4
CO, JE AL 9 H,CO, X168 IR £k 4 19 7 ¥, R K
8°Cye EEZ8C yeon T, HBE T WA HoAth
i A4 8 R 7K DIC SRR 5 87C,,, BT AL

4.3 C-N#BARASHmEBEENL
RUE 14 CO, 5 H,0 B H,CO, RALIRIR £
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HORHE R W AR, HIE AR R —
(), KUK N(NO;-N Il NH;—N) E X} i ik 26 4+
9 AL 3 7 7 A B T A R BT AR
WEFE X 3 T 7K (9 (Ca™ +Mg™ ) /HCO; (1 BE /R H 5
87C e FE W IR T 06 R 45 A0 0 TR R 1) 11 SR XA o R
B, A HoAt i T B R B R R o 1 KAk, T I R
AKOHBRT , KN VIR RO, Hftk N #4510 &
NS AR, X Rk [ R UTRE 9 HNO, DL Rk
SUCKE B NH H b 58 N R Y L 5 7R 6 2k
H'(HNO, ), P65 B2 £ % 19 XUAK 7T RE 7 A= 52 i
(F7R(2)) . 76 HNO, ¥ i ik e 3h A i, # Rk
fy (Ca™ + Mg ) /HCO; K EE /R HL R B i% A 1 (I
K4), L1 DIC [ 8"C 5 R £ 4 9 87°C {5 AH )
(+2.4%0) , TS BT Kk (Ca® +Mg™ ) /HCO; [
IR HE 5 87Cpe B TH 5o X RE, LI F] A9 R K
(Ca™ +Mg™" ) /HCO; [ HE IR L 15 87C . M B B PR VA
kR IR £k o B B O (U T LA A5 R

MR C-N AR AR (L 3) , W e R
RERLL Ls 1 B0 B JK LL U ph B IR kA i, 3R UK 1Y
(Ca*™+Mg™ ) /HCO; (K /R LI K 2/3(0.67), i
WFFE X T K A (Ca™ +Mg™ ) /HCO; IR Hy A5 4k
F0.59~0.62 ZJa], ¥ K 0.60 (K4), XFEH
VI B B R XA 52 C-N B A 1 PR A9 B o, (HLRR 1R
R BR AN FE 4% 12 1 A9BSR H LB BR 36 2

T N R AR A R o 2, T AE
R K H NOS A3k B R VIKE ) HNO, DL &K
SULRE G NH, 3 N RS A # R R 19 HNO, HE
M AL B B R 2 0 72 . AR, MR R (2), W]
DAFH R K DIC Sk [ HNO, KUk B ik 4k 4 P
K DIC A ( Ca® +Mg™ ) Y, M2 F 5, HNO,
AL B 2 £k % B B9 DIC 5 31 F k DIC i 9
3.0% ~4.2% , F14 0 3.5% ; HNO, XAk ik iR 1k &
IR (Ca™ +Mg™ ) i 1 R K (Ca™ +Mg™ ) MY
4.9% ~6.9% , K 5. 7% .

IS, AR IR CO, FIBRMRER &9 8 CH (4
R =24, 2%0F1+2. 4%0) (£ 1) DL K + 4 CO, F1 HCO;
Z I C R AR (+9%0) >, C-N HE & 1R 3 I
SRR 7K 8°C AT 52 (6) 5 Hi ke -

5°C,,. = [ % (mCi) (8"Ci) ]/[ %mcn ] (6)

o mC, KA AN DIC I EEIR L%, 8°C, K5
i > DIC UiiHY 8°C AT, THAT 94 Tk 8°C, W AR2. M
F2FH, HF K 87°C,, i B H A L T -14. 5% ~

=14 7%0 (P-4 - 14. 6%0) , B&AIK T 52 Bl 22 1) 3 T 7K
8°C e (=10. 4%0~ —13. 7%, F-31-12.3%0) . 3% —J5 fi
HEORA S ViR &, IR2 FE B MK 5 R K
TS S BB 1 SO, TRZK SOT ok [ KK S0,
fETE B H,S0,, T H,S0, AT LA iz sh 4, M
T EHL T K1 87, b SOT WepE s By i
D55 4T K B AR A G, AN IET2 v 3 3 Sl
7K pCO, L T KK pCO,, T 7K Sle — >0 (i 2
H# Sle<0), HEZFH T /KA Sle 55 pH it & F
= T 7K Sle 5 pH, TBH 524 R /K A7 B i i
SR, AR BT R H R K 87°C,, 5 pH BT
TR, RE T L i R R R A5 A M T UK 87°C 0 ML R T
HFIZ=E,

WIES B, R KA (Ca™ +Mg™ ) /HCO, 5
8°C e 2 ) I B W B TEAH DG (R =0.5) , W
Tk C-N HE A IGER S M R K (Ca™ +Mg™ ) /HCO;
OB A= A TS ) N R O <053 = 5 s
AT 0.59~0. 62 fHE T 7K (Ca™ +Mg™ ) /HCO; JE
JREL 5 =10. 4%0 ~ = 13. 7% 1 T /K 19 6°C.c 26 B I
B IR 3 5 1 XAk 52 C—N A G 08 31 i 4 1

4.4 C-NBEBEAMNIFERRL

HABLL_ BT RTE, A A C-N FB AT
R LA R 6, ATLAE S, BEE R UIE N, &
AABIE N DS AR S Py HE b Nk S i G i
W a , TEMCEMIRLIE R R, o NH; %6745 4 HINO, , JE
& C-N MG RS R, PEMm AILIRER R A . — 7 i X
I 7V S B O A2 B A SR, SRR N A
AL A C-N A6 S EUA W #UT /K NOS /75
e, FEABESE P N B TRl 20.9%10°kg N/a,
H1 R 7K NOS=N [y i 11, 4x10°kg N/a(£3) 5 B
FENERIE N 1 ATE S TR C-N # 4
TEE, Posh T H 1 A ORGSR 1 /L, 7814 HNO,
el LA R VR R, 8 O RS 1) B 2 XA oy
WHE L/ KR CO, MM ML DIC, DIC il i 4 A i
P, b 172 /) DIC B ORI BRIE OK R 172
DIC 3 [ 48/ K5 €O, ), 1iiil C-N HEA TR 554
o K H (Ca™ +Mg™ ) 1 DIC 9 F+ 75, (A T+ g DIC
IR A 3/ KR CO,, T AR B BRI
I BBRIC, AT B T 25 8 S B A B0 36 5t
Fo AHFSE o T 7K DIC-C i 4 s Oy 287, 1%
10°kg C/a( £ 3), T C-N HE& I3 0, I
H1 3. 5% fY) C Ok [ AR o A Bk R R A o B, A
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Carbonate dissolution by HNO, .
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-15.04 . Carbonate dissolution by soil CO, (from C, vegetation)
0.5 0.6 0.7 038 0.9 10
(Ca?*+Mg?")/HCO;

B 5 M T KsC, 5 (Ca™ +Mg™ ) /HCO,
Fig. 5 Plot of 8°C,. vs. (Ca® +Mg®")/HCO; in groundwater of Xueyudong watershed

o
.4
5 0 5 O

N(NH}, NO;)deposition

K6 AT C-N AR
Fig. 6 The C—N coupling cycle in karst critical zone

FACTFIE T, HNO, XUALBRER £h 6 o LA R 1o 72
(Ca, Mg )CO,+2HNO,—(1-x)Ca™ +
xMg> +2NO0;+C0, N+H,0 (7)
XHE, I QB TR Bk R R e 1Y Ak o B i e
BRI B, AW O C-N HEA 6 2R A
AP T fE i fE, =R TRk R R A Kk at

(1) W30 39 P 37 ek R A< N IR T A i iy 20. 9%
10°kg N/a, Hirr NH; -N #l NO; -N ¥ & 4> 5 5 1%
TR 219 52% F1 48% |

(2)#F 7k 8"°N-NO; 1 6"0-NO; 2 Bl T
2. 5%0~5. 6% Fl 3.3%0 ~15. 6% Z i, KUK N
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C-N COUPLING CYCLE AND CARBONATE WEATHERING IN KARST CRITICAL
ZONE: A CASE STUDY FROM CHONGQING XUEYUDONG OBSERVATORY

Hu Liuchan  Jiang Yongjun  Zeng Sibo  Lei Jiaqi
( Chongqing Key Laboratory of Karst Environment & School of Geographical Sciences, Southwest University, Chongqing 400715)

Abstract

Increase of sewage discharge from urbanization, use of N fertilizers and nitrogen deposition could have influenced
the biogeochemistrical processes of the karst critical zone, but information on the magnitude and consequences of any
change has been lacking. Xueyudong karst critical zone observatory is located in Fengdu County of Chongqing,
Southwest China, and the geographical coordinate is 29°42'~29°47'N, 107°43’ ~107°48'E. The area of watershed is
approximately 13. 1km® and the elevation is between 230 ~460m above average sea level. The climate is subtropical
monsoonal with annual mean precipitation of 1100mm and mean air temperature of about 16.5°C. The underground
river is developed in the Triassic Feixianguan Formation (T,) with a length of 10. 5km, which consists of limestone
with the thickness of about 150 ~250m. The thickness of soil is heterogeneous, varying from about 0 to 50cm. The
types of land use are mainly forest land and dry land, and accounted for 81.7% and 18.3% , respectively. The
vegetation is mainly composed of evergreen and broad-leaf forests, and shrubs. The nitrogen deposition, chemical and
stable isotopic compositions of nitrogen and carbon from groundwater and rainwater, collected from July 2015 to June
2016, are used to discuss the C—N coupling cycle and evaluate its effects on the carbonate weathering in Xueyudong
karst critical zone observatory. The results show that: (1) The concentrations of NH; and NO;in rainwater range from
0.3mg/L to 3. 2mg/L with a mean value of 1. Img/L and 1.2mg/L to 9. 8mg/L with a mean value of 4. Omg/L,
respectively. The total wet N deposition fluxes is 20. 9x10°kg N/a, of which NH; -N and NO;-N accounted for 52%
and 48% , respectively; (2) While, the concentrations of NO; in groundwater vary from 6. 6mg/L to 13. 5mg/L with
a mean value of 10. 6mg/L, and no any NH] is found in groundwater; (3) The dominant dissolved ions and anions
in groundwater are Ca® (88mg/L) and HCO; (237mg/L), respectively. The hydrochemical type of the
groundwater is HCO,—Ca; (4) The 8 "N-NO; and 8°0-NO; range from 2. 5%o to 5. 6%o with a mean value of 4. 0%o,
and 3.3%o to 15.6%o with a mean value of 8.2%o in groundwater, respectively, suggesting that the NO; in
groundwater is derived from the N deposition and soil N, and the nitrification is the dominant nitrate transformation
process; (5) The 8°C values of limestone, plants and soil CO, vary from 1.7%o to 3. 1%o with a mean value of
2. 4%0, —26.5%0 to —29. 9%o with a mean value of —27.9%o indicating the vegetation in watershed is C; dominant,
and =22. 6%o to —25. 7%o with a mean value of —24.2%o, respectively; (6) The carbonate rocks are dissolved by
CO, from C, vegetation under open system conditions which the §"C,,. of groundwater has a value of around —15%o
with a molar ratio between (Ca’*+Mg>") and HCO; of around 0.5 in groundwater, and by HNO, introduced from N
deposition and nitrification of soil N which the §"C . of groundwater approaches a value of 2. 4%o with a molar ratio
between (Ca®+Mg™") and HCO; of around 1 in groundwater. While the §°C . vary from —13.7%o to —10. 4%o with
a mean value of —12.3%o, and the molar ratio between (Ca’ +Mg® ) and HCO; range from 0.59 to 0.62 with a
mean value of 0. 60 in groundwater, indicating that the carbonate rocks are not only attacked by carbonic acid, but
also by the nitric acid introduced from N deposition and nitrification of soil N. The carbonate rocks are dissolved by
HNO, should be responsible for the elevated the §°C,,. and the molar ratio of (Ca®>*+Mg*")/HCO; of groundwater;
(7) The contributions of carbonate dissolution by HNO, to total (Ca* +Mg**)and HCO; in groundwater vary from
4.9% to 6.9% with an average of 5. 7% , and 3. 0% to 4.2% with an average of 3. 5% , respectively; (8) The total
fluxes of NO; -N and DIC-C derived from C—N coupling cycle in Xueyudong karst critical zone observatory are 11. 4x
10’kg N/a and 287. 1x10°kg C/a, respectively. Thus, this study indicates that the C—N coupling cycle not only

impacts the groundwater quality, but also has a significant perturbation to the carbon cycling in karst critical zone.

Key words karst critical zone, C—N coupling cycle, carbonate weathering, Xueyudong observatory
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