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Abstract: In order to clarify the transformation and source of nitrate in karst underground rivers under the
influence of different natural conditions and human activities, taking two karst areas with similar natural
conditions but different ways of human activities - the Fangquan karst underground river basin in Jinfos-
han, Chongqing and the Qingmuguan karst underground river basin as examples, the main hydrochemical
indexes and dual nitrate isotopes (8" N e and 8% i) of the Shuifangspring and Qingmuguan under-
ground river basins in Chongqing were systematically employed to clarify the temporal and spatial distribu-
tion of nitrate pollution sources and the characteristics of nitrate transformation in karst underground riv-
ers under the influence of different natural conditions and human activities. The nitrate transformation
process, distribution proportion, and contribution probability of different nitrate sources were analyzed by
the dual nitrate isotopes and Bayesian MixSIAR model. Results show that: During the study period, the
chemical characteristics of Shuifangspring and Qingmuguan underground river basins were similar, both
were HCO; -Ca®" type. Nitrification was the main process in both underground river basins, but denitrifi-
cation also occurred, such as sewage of Yaochiba, Huafengchi in Shuifangspring watershed and sewage of
Guoyuan in Qingmuguan watershed. 8" N_es 00 O e values and MixSIAR model calculation showed
that the proportion of soil organic nitrogen, manure and sewage, and atmospheric precipitation in Shuifan-
gspring underground river basin were 60. 8%, 31.3%, and 7. 9%, respectively. The proportion of chemi-
cal fertilizer, soil organic nitrogen, manure and sewage, and atmospheric precipitation in Qingmuguan un-
derground river basin were 41. 9%, 29.4%, 24.9%, 3.8%, respectively. The uncertainty indexes of at-
mospheric precipitation, soil organic nitrogen, and manure sewage in Shuifangspring underground river
basin were 0. 064, 0. 384, 0.427 respectively, while the uncertainty indexes of atmospheric precipitation,
manure sewage, chemical fertilizer, and soil organic nitrogen in Qingmuguan underground river basin were
0.175, 0.698, 0.847 and 0. 864, respectively. We conclude that the basin of Qingmuguan underground
river is with a larger scale and complex human activities than those of Shuifangspring basin, leading to the
uncertainty of the contribution rate of nitrate sources far higher than that of the Shuifangspring under-
ground river basin. The manure, sewage, chemical fertilizer, and soil organic nitrogen in the region of
Qingmuguan underground river basin were mostly discharged in a large range of non-point source pollu-
tion, resulting in high uncertainty of the nitrate contribution rate.

Key words: dual nitrate isotopes; MixSIAR model; karst underground river; source analysis; Chongqing
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1 R

K 5 S 5V b T T O M B A B R . 29°01'547—29°02'06"N, 107°10'24"—107°11"47"E, f TH KT
NIXEEHE la.1b) s i W A-FZ &M b, mEEHR AR 2 100 m. i3 H A IR 8 0 S 0
MBS ARSI ORAR T 8. 3 °C dem i EUA 26 °C L A FEKIE 1 395.5 mm, FEEPRAES—10 ., 4
d HAR KRG 83 %61 TR PN M . PRI S A A S R A R R TR OK R B, MR i
Ve B AT . R RMUBMMWTZE LT . MAWE LSRR, 2 s B, e T =8
GRS RWIZZ 0 IR R R REKZSY . AR THEZ T KT B, &0l 285 3l U izl
NE, WA TARNIES; 6 —9 A &40 10 e H i 2wk, 24l iRgEE 22— HaE%SREER,
2021 A, K SR R IR A MR 28 B MM, REHE . RSB K . RR ML FI KA, 400 b 83.1%6,10. 4%,
3.5% . L7 1. 200 (GR D). AL I B &, LR, HRK N B R, KRRV 1
HEA WA T fig 2 3 E AR AR R [ SRR IR,

KPR (29°01'42"N, 107°10"56"E) J& /K i S Mo ¥l i £ 22 /K (& 1b) . Z4E &N 1. 26 X 10° ~
1.58X 10" m®/a"** . &b 3 5 KR IR T3 R ] B3 p SR L R Bk RE A E A 1 km™, J5K&
i 2 YA I TTE . KR BARE . A T KRG RIS ACHE B I IR A . AR 16. 9 hy F3k /K B IR H
S5 2 90. 3 WM iR /K AR BR JE AR St A0 1) J2 it i . 25 300 i) 95 e ) T L 6 7™ o

g5 b, HEIIK B SR it 0 i R E BRI T IE R A HLAL . WL V5K DR R R TTRE AR 4

TR 6 5 v H R W] R B AR AR R . 29°46'17"—29°40'58"N, 106°19'38"—106°17'30"E, fii T 5 X
WAL EE X, 70 R 5 BE ) X = X 32 A Al (B To) . s o SR A 2 iR R 458 IX L MR 310~705 m™™,
I T G 2 R, AR R 18.5 °C L AERFEK LY 1 250 mm, £ ES5—10 A, ki
Z)13.4 km®, BE— 4RI VURE MM TR RS, KEL 7.4 km . FE A YR S EB S, 25 %
W T WO — 1l s — A S SR A A SO T RS RS, R B
VLR IR R A 2, A PE RZ N K OYOR IS A = RS SE. AR ER, 2017 4F, H AL+
WA SR AT . A, BEsb . RNaB K. B, B, AR, s, 05k 78.15%.7.5%.5. 4%,
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- 1 ) i 26
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- i, o e 0 bl i K i Wb KK
2021  KEBRFEE  83.10% 0 10. 40% 0 3.50% 1.70% 1.20%
2017 HARXFI  78.15% 7.50% 1.00% 4.70% 5.40% 1.70% 1.60%
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b G TS KRR K B 5 T (& 1h). 7E 2021 4E 5 A ZE 2021 4F 10 A WAL, 4 H R 5 DRES.
3. @D 330 mL KRR T IR FEEH E 7 (NO, .SOT Al CI ) FREHE: @ 330 mL #E & Tl it
NH, FE%E; @ 50 mL KBETHIZGIMA 3~53 1+ 1 HNO, , fi/kKFERRALE pH{E<<2, Tk g
F (K" ,Na' ,Mg* HFif i ; @ 50 mL £ 5 F IR 0 N e 10" O e TH. © 2 mL FE 5 F KK
14 SR A 3R (87 HORT ™ O fBD. BR7K &SR] o 22 B it 41 1 T 25 3 B O Ac B AR B i BB 0 1 2R 2 3 i ik
%, WM 0.22 pm WIRA AR BEE. BRAH TR 07N e A1 80O e THEIEE ST AE—20 CIKFH A
URORATE . FEARFE S 4 °C VKA V2 6L
2.2 XWAHZE
fdi ]l Multi3630 #5202 2 BUK Bt (WTW, Germany) M 5E K. pH 8. B S, WA 4 TS5,
TR B 43 530 R 0.1 °C L0, 01,1 ppS/em,0. 01 mg/Ls Ca® Ml HCO, Jo &5k vk B (ff A% J3F | 32 3077 &5 (Mer-
ck. Germany) . SR JEALTH E BEMGE o W 5K5 243900 1 mg/L 10, 1 mg/L. B ¥ B i B2 6 8 76
WAL (AQUION, Thermo Fisher Scientific, USA) #4713, FH & 5T 5t vk B2 FH of 8RR & 45 5 71k & 5
%A (ICP-OES, Perkin Elmer Optima2100, USA) #EA7i3K , Il BRE BE ¥R 0. 01 mg/L. NH, Jih &
i HQ40d £ ZHUK Fi{X (Hach, USA)MIE , WIHKE B R 0. 01 mg/L. A KAk 2% 48 bk 0 24 7 75 R K
FHERA 2E RN, RS0 2. 0" Noae THAN 8 O e THAEFE T RS AL E B, i AR &SRR B R
3% X (Isoprime, UKO#EATI &, N [FAL R DARHER A N, S 288, Al 9508 GE J7 88 %l 7 ) <
PRI IE s A IUAS B2 Ry 0. 0190, A AE Hh 1 Al Bk 23 g Al B 58 s [l 2 R 92 3 & 58 . /Ky 8" H A 8™ O
{ELfef FH [ 457 2 43 B 4% (1.2130-i, Picarro, USA) I, H, O [Al {7 £ L 4E-t 4945 i - 27 K (V-SMOW) b 2
W, RS BE 43 3 20 100 R 420 0259, A8 I 7E 75 bR AR 27 808 b T 7K 98 U5 5 PR B B a0 90 30 8 5 K
2.3 HESH
2.3.1 MMEFIFHELE
B BH 2 - A 90 B0 24/ T a5 T 500, AR
E—‘ >INo — D> Ne |
| >7No+ > Ne |
XA E BARMMIRZER s Ne fil No 43340 B BHE F 2 v 4 B R E (meq/L).
2.3.2 MixSIAR ##
MixSIAR #5512 1 Parnell 257 JF & AR F 9 SIAR BB MoK . 8400 T iR 2 45 AL 802 Wy, #2585 T
N Toi) SR P50 TR A 0 TR S A VAR M BB T MixSATR KL IE 3 i R £h o U5 2 R F 9T, 1% B i
NAETR R R E BT MR T HZ —. AROFEE G IO 757 AR CH TR sk i 7 5 W AE i R
R, Sl R LA HLA. (LI (NO, fLAES NH, AN 2R 57K 5 AN 7] ok 5 il /R £k 114
0" N yiorure THAN 8" N0 [H X ANEE 2 TR,
F2 REERERR 5k IR B0 X R i %

X 100% < 5%

[vi) fi7 2% 45 RAREK THEAPLA NO, ftie NH; fLit FEAE K
8\: N,.m,m - 10%(1"’13%[1 0%0“’8%0 *’1%::’\‘7%11 *6%(1"’6%0 6%0“‘25%0
Slmemm 25%0’\“75%0 *5%0’\“15%0 15%0’\’25%0 75%0N15%C *5%:”15000

3 BRSIE
3.1 EBKUFIERFESS L
Pl 2 WK A2 Piper (&1L TP 30 38088 (A K A0 22 R AR REAL BR K B3 2R U0 S8R A 26 3t — > iy B S
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TARA B E A Na ™ B, KAL2E 288 o HCO, -Na ™ -Ca®" L& 2) . HEAYRE 5 i BA BH B 7 AH %) i &
WEEHI KT 50%, 4351k HCO, B Ca®" #, Wikl HCO, -Ca®" % Bk fh2e 2 M (& 2). Wik
SR AT R b 1 R P Rt 5090, XS AT AR IR A R A (EARYEE 2 19 Ca®t 5 Mg® T AR X R R B 4
AL, 7K By 558 iR 7 K B AR T 7 R e R
3.2 FHEREL A B TILAFMEXTLE

e 2 TR 1 25 348 75 B B ORI, DDk ShRR . 3% 3 B T4 A NO, 5 NH, 91 35 J5t 2 e
FARUERE. 7K P S0 U Sk 1 U0 Ak 288 0t A 7 AR G Tk b Ui SR B V5 K (9 NO,y 5 NH, 5 b vk B 40 31 o AR i 3ok e
(35 MK BRI NO, 5 NH, i vk B 302 UK 57 R (B8 3D, 75 ARG T 4331 o v e
MK T2 5 5 (R 3. HHETAMRE NO, 5 NH, FHRERERZE, KHRER NO, FE
WeEM 2 9.16, NH, Btk W M 22 2. 71; & KRCH NO, B Wk K 25 10,17, NH, i ik B AR 2
421, WTHUK BRI NO, 5 NH, ik B Ok 2 B B S48 F 75 A O i k.

m A3 LHCO, -Ca?* !

® i K 2.CI-Nat

A K 3.HCO, -Na*-Ca? AR
v REAFA / 4.0 -Mg2-Ca? R4
@ 11 K 5.CI-Ca? %!

< EHR o 6.HCO, -Na™ %!

A.CaZtR
B.Mg2* %
C.Nat%
D.SO4> A
E.CI'%!
F.HCO3 8

2 KBER. BEARXFEE KN E Piper B
HIZR 3 Al 1, JK B R s DA 36 NO, 5 NH, bril2E 435000 5. 37,2, 985 i 2 w3005 7K 4351 A
2.08,2.58; FUEKB AR 1.9,0.27. HF AR FI A5 K NO, 5 NH, #5245 510 6. 03,
2.52; A DVE K 4050k 4.96,2. 345 FUFZEF R0 5. 33,2, 52, W I SR 2 £k 4% [A) 35 )RR AE 4331
e KB SR E NO, 5 NH, Bsh BRI, Pl &8 Uil sh B2 7 i A 75 A SQI B R iE NO
5 NH, Wi E ok, Hhir e sh LT Fiie, Xt &, KB RN . . FiiF NO, B sh v/
TG, . iz NH JEah g RT3 Liig, Tl NH, s/ F 75 AR S6 T i

®3 bmEEBE BN EX mg/L
K B3 3R Wit 48k T K S i 4k
FIE bR AR
AR B e wate k. w MEARK EXR BOEKH  RETA
NO; A 2.02 2.58 11.18 2.97 3.21 2.09 12. 80
PR 22 1. 90 2.08 5.37 5. 89 5.33 4.96 6.03
NH; S {E 0.17 2.71 2.85 0. 06 0.08 0.19 4.29

brifE 22 0. 27 2.58 2.98 2.74 2.52 2.34 2.52
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3.3 FHERHSRFEIRANSTHELITEILL

3.3.1

A5 BR 3h Bl A% & 4 AR 3T b
A RPRIN "N e 5 00 e TH.

I RAE L d/IMEFTF B E I T35 AR SR .

K5 SR IR 01 N e BORAEN 11, 03%0, He/MEH —7. 34%0 s
BIE A 3. 93%035 8O e T KRME R 27. 81%0» He/MEHN — 9. 35%0, HMEN 2. 97%. F AR LTI 8N e
RN 13, 11%,. F/MEHN 1.51%, HWMEN 7. 34%0; 8O FKMEH N 7. 52%0, F/IMHE A —17.66%,, 1
i h—0.07%,.

XA, KPR TR 87 N e BCRAE . e/ IME AP BE IR T35 AR ST SR, HK B SRR 8 O e

x4 KBERREMSAXTEBRERTARCELHE
K B 5% b ] 9 38 TR S HL T ]k

H FE 3" N isace 3" 0 irace A A PR3 8" N piosace 3" O e
2021-5-22 K5 R 8. 65 2.19 2021-5-23 ERR 7. 64 —7.37
2021-6-19 K B3 R 6.88 2.57 2021-6-20 LRR 6. 88 2.81
2021-7-21 K P AR 7.33 3.06 2021-7-21 BRR 4.61 3.5
2021-8-24 K B R 0. 47 2.63 2021-8-18 LR 6. 94 2.86
2021-9-23 K 3 R 6.5 2.43 2021-9-23 LRIR 5.41 0.72
2021-10-24 K5 R 6.98 1. 96 2021-10-20 ERR 5. 67 1.57
2021-5-22 2t 30135 7K 4. 16 —2.19 2021-5-23 0 7% KR 8. 66 4.18
2021-6-19 20 375 UK 4. 34 —2.25 2021-6-20 A I KR 13.11 3.21
2021-7-21 23t 3175 7K 4. 04 —1.55 2021-7-21 A I KR 12.09 4. 88
2021-8-24 243t 30135 K 11.03 27. 81 2021-8-18 KR 10. 11 7.52
2021-9-23 23t 3175 7K 5.76 —5.5 2021-9-23 5 F 5 KR 6.68 5. 04
2021-10-24 23t 3175 7K 3.95 —0.17 2021-10-20 A0 & KR 10. 35 5.87
2021-5-22 1k 2 5.22 —10. 16 2021-5-23 S5 K 3.61 4. 57
2021-6-19 il 0.2 1.19 2021-6-20 EGREIN 10. 05 0.35
2021-7-21 1k 2 —5.18 1.57 2021-7-21 LT RED 1.51 —0.06
2021-8-24 b2 7.73 0.31 2021-8-18 SB35 K 2. 67 —17.66
2021-9-23 (il 5.22 —9.35 2021-9-23 ETREDIN 8.43 —11.18
2021-10-24 1k 2 —7.34 11. 44 2021-10-20 S5 K 5.67 —10.58
2021-5-22 s kK 4.15 3.38
2021-6-19 W5 H K 5.18 4.18
2021-7-21 W5 A A K 5.35 4.24
2021-8-24 s 3 kK 1.9 6.6
2021-9-23 s B Ak 4.33 9.11
2021-10-24 HLYREE S 1. 08 —0.71

3.3.2 AR %R R AT

R S )7 3R R A 7 9 U0 NOy VR, 7 B4 Ji o S Al Ak 7 P A7 10U R A Ak 25 2 3R A7
RO, R NO, RFEBUN. G NO, BRES 67 N .. HIXR, BRI R L AL, NO, Bk
VR TERAT, 8 N e MTHE . BIA PR T K NO, FiEWEES 0" N .. KR, ATLFH, KK
SRR R*=0.027, n=24, p<0.05, H KK R*=0.157, n=18, p<C0.05, NO, Jii i i [%
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s 8" N e THIFARTH 5. 16
HEA BB 55 78 4% 5 94 10 T Al 8 £ ok IR 141 . :gii%ﬁ
AL 5N e s 07O e TH X TH] (R 2D, 12 _
e NO. SR 598 I ] P R 4) 5 T BF 5 10f . e .
IX K HE (6 4) 35 5 31 4> iR X ], £ 8r -
R LR EE S R S ]
FEEAR IR 4. KRR = 4F - = . v . .
M, A 1A I iR 5 T SR 35 X 2t " 1-0.156 4,969
6. 5 4.9 AR 10 H L3R G 1E 5 X of B SRR
[l 2 5h . AT A R I 22 40 TR 8 A 23t 2t
I 7K A RSB AOR IR DX TA] 2% i H i 45 e e e e e
%, BRAMAKEMEK; 9 H 2505k MR

%Eiﬁ%ﬁﬂﬁ%ﬂfx’éﬂlﬂﬁmlﬁﬂ?%, Al fig
33X PR e Sf YRR R A K
BRI B FZE R E N5 K. 1k

JEF A PR K Ab). Hrd 5 B R RHFMEE T LA VLA MIENIG K X E N 2, 7] G852 X Wl ok

VSR s 7—9 R 5 KRR i 78 TARAE « 3047 MUAUR S A8 5 7K R U8 X TR] 9 R 5 o 3% st il 1R 6 ok

VRO 2.

K B SR 38005 Y VR AR A - A HL UK IR DX R] IR R OGBS 3 ook IR A A b e X A, O A

T2 56 2k 5K 1T R A AE R IX .

B3 KERRBMEARKLRTSE
NO; RERELS §° N . BEHXE

80 80
or v B o
s voEEs
60f o ik 6ot o ENTHAN
50l KAV B {3t | KAV B Rk
W KK o0
40 |- 40 -
£ 30f Q. £ 30f
o 20T g NOSHIE | SIIRe Mk, o 20F | NOSHLA |
o) 10k -®{.onnt H&T/H ---------------------- s s e 2 0 ke el e e H- 3 A AL R R R 5
© ﬁ; JP LISk A Ekh 1 NH my | €TE BB ~
oF . of =
LI i _ i :
0] ST B ORAMMNSK M ] S w ESHERR H
su T e ,_,/- ;
20k 20} Z o) Rk
_30 1 1 1 1 1 1 1 _30 1 1 1 1 1 1 1
0SS 0 5 10 15 20 25 30 10 -5 0 s 10 15 20 25 30
SUN /%0 SUN /%o
a. KBERRIRHBEREXE b. EARXKFINHERERIEX 8]

B4 mHERESEIRX BT LL

3.3.3 AL BAE AL AR R A

Tl AR PRS2 i A P 2 T K b e o WL B RN R R e ALt e 2 — . AR SO i AL T 2 . W AR
PE RS2 B RE . pH R R AR VA A R VR I ERR Y 2 mg/ LY KT 2 mg/L B,
A R R 2~6 mg/ L BT AT AR SR A0 SR A A R AT A g R A B TR B R 2 2 30 °C
AL X pH fE 2 UK ét pH fE N 8. 0 B, Wb S EK, Ak S5 80 pH (E R R

FEAAE DA R T — A2 2R AR, BT RaA W Rk MrEm™ 4 NO, iy 3 A%
T, Hop A 2 Aok EI7J<%¥ SN 1A A RR AR T B 0" O e THRLTE—10%,~10%,".
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