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Sources of Nitrate in Groundwater and Its Environmental Effects in Karst
Trough Valleys: A Case Study of an Underground River System in the Longfeng

Trough Valley, Chongqing

DUAN Shi-hui, JIANG Yong-jun”, ZHANG Yuan-zhu, ZENG Ze, WANG Zheng-xiong, WU Wei,
PENG Xue-yi, LIU Jiu-chan

( Chongqing Key Laboratory of Karst Environment, School of Geographical Sciences, Southwest University, Chongqing 400715, China)

Abstract: Water samples from the two underground rivers ( Fenghuang River and Longju River) and samples of the dry and wet
deposition of atmospheric dissolved inorganic nitrogen were taken from the Longfeng karst trough valley located in the Zhongliang
mountain in the suburbs of Chongging from May 2017 to April 2018. Anions, cations, 8"N(NO; ), 8*0(NO; ), §*0(H,0), and
8”C(DIC) isotope data were used to investigate the NO, source and its environmental effects. The results showed; (D The
hydrochemistry of the two underground rivers is of the type HCO,-Ca. The NO; concentration varied from 17. 58 to 32.58 mg-L™",
with an average of 24. 02 mg-L ™", and was slightly higher in rainy season than the dry season, revealing that the underground rivers
were polluted. @ The 8N ( NO; ) value ranged from —3. 14%o to 12. 67%o, with an average value of 7. 45%o. The 8"0(NO; ) value
ranged from —0. 77%o to 12. 05%0 with an average value of 2. 90%o, and was higher in the dry season than the rainy season, indicating
that animal excreta and domestic sewage were main NO; sources throughout the year. In addition, rainfall, fertilizer, and soil nitrogen
were the NO; sources during the rainy season. There are no significant differences between the NO; sources of the two underground
rivers, and nitrification is the main nitrogen conversion process. @) The molar ratio of (Ca’* + Mg’* )/HCO; varied from 0. 65 to
0.82. That of the Fenghuang River was 0. 75 and that of the Longju River was 0. 70. The 8”C(DIC) value ranged from — 12. 46%o to
—-9.20%0, with a mean of —11.10%0 in the Longju River and —10.72%0 in the Fenghuang River. These values indicated that the
HNO, derived from the nitrification of NH," was involved in the weathering of carbonate rocks. @ HNO, dissolved carbonate rocks and
aggravated the chemical weathering of carbonate rock in the basin, contributing 8% of the DIC in groundwater, and 9% and 7% in
Fenghuang River and Longju River, respectively.

Key words; Karst trough valley; groundwater; NO; source; §"N(NO; )-8"0(NO; ) ; environmental effects
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i (LA N 3F) o 24,43 x 10° kg (£ 2), BAf7
TR K 19. 96 kg-hm ™2, {BUTFE 5 89% , Tt
Fdi 11%. 2 Ut B H NH,-N Ut B & 4 9.73
kg+hm ™, NO; -NULFE#H 8.08 kg-hm ™, 7351 &
DIN {B T () 55% T 45% , FWINH, -NKy T8
JiEIE X, NO; -N AR EUIREIE K. T Ui T
NH, -NJLF# 4 0. 70 kg-hm >, NO; -NULFE R K
1.45 kg-hm >, 23 % 5 DIN T Vi % & 89 33% A
67% .
2.2 HbNTKALZERRE

AHIFFE DXl B ] KAk 2 2 B Y & T HCO,-Ca
R Ca®* 5 PHES T4 88% , HCO, AR 741
JRH 69% . FHESF 4k (TZ =Na® + K" +
2Mg’ " +2Ca” ") ZE AL L FI7E 6. 62 ~ 10. 09 meq-L ™'
2, FH o 7.66 meq-L7", BB 124 &k E
(TZ~ =HCO; +NO; +Cl~ +2S0; ) 7£ 6.38 ~9. 48
meq-L_IZI‘E_IJ, SR 7,29 meq-L_1 s Fir B K K
(TZ*-TZ ) /(TZ" +TZ ) ¥k E< +5% , FIH
BT AR TR BTy

bR R AR AR SE FIAE 16,5 ~23.2°C Z [H],
SEH4{H A 18.80°C, pH {H7E 7.21 ~8.03, DO 7E
7.93 ~ 10.84 mg-L~' Z i), 1 SpC 7E 587 ~ 940
pSeem " EE N AL, R TR E MR K

NH,” F1 NO, WAL, NO; B FERAMALE,
WS T 17.58 ~32.58 mg-L™' Z[A], “FHMH N
24.02 mg- L™, @ FRAREZEK LR 19.50 mg- L~
(4.40 mg-L™", AN 1) 7, 3 H B S A0 75 ek
%, MW E H 24.74 mg- L7 B & T 525 22,91
mg-L~". Ca’®* | Mg>* Ml HCO; ¥RJE /AL T 110
~172 . 2.85 ~8.56 Fi1244 ~409 mg-L ™' Z[f], F1y
54 135, 5. 60 1305 mg-L~", 2 M B 5
M, MR

Mz a2k, Ca®t . Mg®* . HCO; #i1 NO;
g 5 PRUBLT] e R, e A5 ARTE S R
Na® | SO;™ . CI™ ¥ B th 2 BURUEWR] 5 08 4230 (]
2), S RUBLRT 52 A0S sha i 5K, X 5 AR Al
TR & R T VOA , TEAE T8 22 A KR 2E A
VAT AR A DX b A R A 1 7 A TS YA K

B2 2017 £5 A ~2018 £ 4 ARRR M TK
kU EREEL
Fig. 2 Variations in the partial hydrochemistry of the groundwater

in the study area from May 2017 to April 2018

2.3 [AfRFHE
2.3.1 TRk, R KSN(NO; )-8"0(NO; ) [F]
LR R

M K 8"N(NO; ) 7E - 3.79%0 ~ 3.94%o,
8"0(NO; ) 7E 58. 68%0 ~ 98. 73%0 U Il N, ¥I{EH K
0. 37%0F1 76. 08%0, 6"N(NO; ) F16"0(NO; ) iz
55394 - 0. 66%0 F 74. 73%0, 575 ¥9{E 43 % K
2.96%c 1 79. 45%0, = BN Z= I 1, 52 1E
FiAL

Hi R KS"N(NO; ) #E - 3. 14%0 ~12. 67 %o,
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Table 2 Fluxes of the dry and wet atmospheric deposition of dissolved inorganic nitrogen in the study area from May 2017 to April 2018

H it T/ kg - hm W T it VT Kk ML/ kg hm ~2 iR DIN JEATLE
CEA) 7 NH; N NOs N DIN /mm % NH;-N  NOj -N DIN B x10°/k
2017-05 0.01 0. 04 0. 06 169 9 1.75 1.13 2.88 3.43
2017-06 0. 00 0. 10 0.10 160 11 1.78 0.92 2.70 3.28
2017-07 0.01 0.12 0.12 80 5 0.51 0.24 0.74 1.01
2017-08 0.01 0.09 0.10 163 5 1. 15 0. 82 1.97 2.42
2017-09 0.06 0.08 0.14 186 5 0.93 0.25 1.19 1.56
2017-10 0.04 0.09 0.13 118 5 0.48 0.37 0. 84 1. 14
2017-11 0.08 0.16 0.23 21 2 0.27 0.42 0. 68 1.07
2017-12 0.09 0.18 0. 26 12 1 0. 26 0.35 0. 62 1.03
2018-01 0.15 0.22 0.37 17 2 0.24 0.52 0.76 1.32
2018-02 0.12 0.13 0.24 17 2 0.33 0.45 0.78 1.20
2018-03 0.12 0.15 0.27 42 2 0.49 0.85 1.34 1. 88
2018-04 0.02 0.10 0.13 153 4 1.55 1.76 3.30 4.01

At 0.70 1.45 2.15 1138 53 9.73 8.08 17.81 24.43

8"0(NO; ) TE = 0. 77%0 ~12. 05%0 2 If] | 4-4EI{E ) *3 WREAS, H#, T, RERC
%Uﬂy 7. 45%0Fi1 2. 90%o, /E\:E'ngwﬂﬁlsl\l( NO; )iéj{E Table 3 The 8"C values of the atmospheric CO, ,
N . NN T vegetation, soil CO,, and rock in the study area
K 7. T4%0, THTTH 7. 17%0. T2, R, Je 4 1 oy n K
T 8"N(NOS ) 15 43 3 N 4.93%0 F1 4. 57%0, oo
8"0(NO; ) 4 1. 59%0 K1 3. 05%0, T2, KA., o4 KA . ~11.48
H T IR[8N (NO ) {43 5114 11. 11%0H1 10. 98%o, i I
8"0(NO; ) A 3.79%0 I 3.49%0, W 2& Hi T [ WA Z31.13
8"N(NO; )-6"0(NO; ) [Alf3 T B4 - F i 7. Hiw Eﬁj’fﬁ -30.26
. e . -31.80
2- 3- 2 th:{A\ *E%Bi\ i%%ﬂﬁaﬁgﬁm(]&iﬂ_l\_‘{ﬂﬂ( yﬂ]ﬁ ~31.01
8"C(DIC) B 20 cm ~24.99
F£3 AR X KA, M, L8R A RYSC %#ﬂﬁl;o em -24.25
o . s FERH 20 em ~25.40
. WP X KA CO, S"CIHTE - 11.48%0 ~ 14 co, S 40 om .89
—10. 05%0Z 8], SEYJ{E K - 10. 72%0; HE #5868 CTE Pibdts 20 em -23.31
~31.80%0 ~ —30. 26%c2 0], F-H{EH - 31. 01%0, IF’{L*E“O om —zigg
VN W Ay 13 - .
ATABEFERW], C, MBS CTE - 35%0 ~ —20%0, C, AR o
TS CTE - 19%0 ~ — 9% [IFL RN, A WL 3¢ H AR 2 211
WG B T3 PE 1Y C, Abe; L3 CO, s CTE Thi L8
05.40% ~ - 22.89% Nl 7B fk, Ty gy DIURE
-24.05%c, H 40 cm 320 em FIRARIE, XATRERE 3 it

T AP RAE S8 A A8CA T -2, 11%0 ~
—1.67%cZ 18], Y{E J — 1. 89%0, J Wit H1 6 HH R R
A VTR R R

i R 9 K 8°C (DIC) fE - 12.46%0 ~
-9.20%Z A (£ 1), FHEHN -10.90%0, K
JAR6C ( DIC) ¥I{H A - 10. 72%0, G-I ¥I{E K
= 11. 10%0, RUEIA] 55 T 25 0] W Aol fi 1E . B[] A8
Rk, W2 RUEL, JB 4 R 6 C (DIC) YA
R —10.90%0 1 — 11. 24%0; F-Z=RUE . o4
Hb ] 8YC (DIC) 4 fH 4 S R - 10. 46%0 il
-10. 86%0, W27 Z 1R 1.

3.1 M RWUK NO; RIESH: kit 72

AW, b FRK DO 4F 7.93 ~ 10. 84
mg-L™'2Z[E], HS"N(NO; ):8"0(NO; ) K& 2: 1k
3G, A A7 AR RS Ak AR A 8PN(NO; ) -
8"0(NO; ) AN Z & 5 NO; RiFsER. WiE 3
fiR, iR K8 "N (NOS ) 7 - 3. 14%o0 ~ 12. 67%o,
8"0(NO; ) TE = 0. 77%0 ~ 12. 05%0l8] 254k, 137 T %
FI/ALIEREAG . A Sh HEI Y 0 A 15 TS K
RA X, o] WAFSE X M 7K NO, SR e 2%,
FERAREW, LI, mAIASEN TE X8

R H
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FEE DL SRSk, ELW 2RI NOy SRR G i
H25. W T KS"N(NO; ) F18"0(NO; ) [l i
R 5, F878 NO, SRUE TFEmi/ 1k
B, TR FEIEMEUL LA IETEK, BB
FEORIE TR E I AATE ISR, HFFE X Ry S5 )
b X, JE R AL R A HUR A, B R SR
Y, (ARG W, BIL L HEG 0, HE
M) 22 58 FHE R, Az 375 7K 1 7% 7K B REHE A
TN, A 3O A A M AV KR B, PR
FE AT 5K R 2 4E T W NO, FfesE ok
U5, TR R, HHEREIRK, A& %
FLBRH 1 3K 7 BRI g HEA L T, BCA R 24t
TARNO; SRIEZ—, AMZEFAMEDAERK T, I
AR AR, A Wl AR E (2 2 A LR
FO)FZEAE, Pt 3R, BERT , ARAE O 2R
WK NO; BRI Z —.

B3 HRRMARM TR NSY0XFH
Fig. 3 Relationship between the §'"N-6'30 of rain

and groundwater in the study area

WEROLT, W RN PR P A K NH,
R, ARSI R REN:, R K NH
FEMAK, 7E0 ~0.35 mg-L ™' 2], HIINHATE
ENH, R, M /eSS N(NO; )
IMBARIN, AL £ 1%0, W ZWE AT w2
NH," 7EREACRPE N 88 fb ik NO, (it A%, J&#E
AR, PRITAE TR B B A AR AR RRAE. mTA
WS R, HAaSIIEIE S NOy 19 3 AR,
2/3 K AKSF, 173 RARKEHRE T, ik
AR RS AR DR B 980 (NO, ) il KRR
80K 23. 5%, WF5E X M1 F 7K6"0 (H,0) S i{iE
ATF = 9.35%0 ~ —3.70%0, 5 HigAE H I WAy
8"0(NO; ) A T 1.60%0 ~ 5.37%0 2 [6), % 1E
Kendall 25" " HE 5 o 33028 9 il AR A BT T B %)

8"0(NO; ) ML N ( - 10%0 ~ 10%0) , BLIAfiH1L
YEREFFE X T WK R R B A #. R,
R DL B4 8, W T 7K NOy SRR F KA
NO, -NVLFE 575K NO; HE L %5 B8 ok U5 K<
NH, -NUTFE | AL . 38 & LA M R & HE W Fn A %
1K NH, iARIE B NO, S5 [ 5.
3.2 HNO, Z 5L KAk b2z 48 7R

M AR 2 R A AR ) B A
IZEE S, MR R T K SCHL R 5 [N &R
ARG S ARG, MR KR FEE T Ca™ |
Mg** I HCO, , JZRRFRER S VAR 0 74, IRBRH
AR EZ M ERfE 2 R, B SO;™, €17, NOy
I Na™ Sitm (El2), RUIAKTESC 2T
K. BFSE XA R 7K pH 7E 7. 21 ~ 8. 03 Z 8], #iH]
K DIC BA HCO; K3, €Oy 1 CO,,,, AT Z WA
T, R R K DIC & ATE R HCO, &
H.OHIE b, Y Co, B H,CO, FIhARAR LR
HEE, MR KRR (Ca®t + Mg® ) /7HCO; Y N
0.5 [F#(2) ], 44MEMR (H,S0, . HNO; ) ¥ il ik
FRERIT, H Rk (Ca®t + Mg®* ) /7HCO; HIH: R
L) M(3) ], ESH K (Ca* +
Mg’*)/HCO; Yt AT 0.65 ~0.82 Z[H], “F3
fER0.72, IE5 0.5, B Ca** | Mg** #HX} HCO; A
P, R H,CO, W imBiRER A 1Y H AR AL 72
Hb, IBAETEAT SR R Vs Ttk 12 6 2 Y e R (AR SCqY
THE HNO, iR EL 4 #2) .

(Ca, Mg, )CO, + CO, + H,0—
(1 —x)Ca’ +xMg’" + 2HCO; (2)
2(Ca, Mg, )CO, + H,SO0, —

2(1 —x)Ca’ +2xMg’" + SO;” +2HCO; (3)

FiHL T K H,CO, T HNO, DL 1: 19 Hhiaih
BRERER AT (E 4), T (Ca®* + Mg™* ) /HCO; Ry
R 0.67(2/3) , (HSZIEAE LT 0. 65 ~0. 82 3
I, ¥R 0.72, BRI A 0.75, o %0 H
0.70, A ULASE X H T Al 3Z H,CO, F1 HNO, At 3E[F]
], H 3 AR 1 LF DR IR ER

WA HFE(L) ~ (3) AT LSRR H,CO, . HNO, &
PhERIRER 5 77 A2 19 (Ca* + Mg®* ) #l DIC HL i (3
1), &4 H,CO, BMmRiREL A =AM (Ca® +
Mg**) LBl TE 40% ~ 62% 35 Bl N % o, “F¥ R
52% , H,CO, %™ 1 DIC HLBITE 60% ~79% i
RN B8, 8(E N 69% , 1 HNO, W ilBkEREh A
A (Ca®t + Mg ) FLBITE 8% ~16% ZIa], 34K
12% , HNO, % =414 DIC FLBI7E 5% ~12% Z
], Y{E K 8% , AT W H,CO, iRk A5 5 3=



1722 woom ® % 40 %
50 Sk H 1 DIC I AT R, W0 25 40 7 4 F K
o ARN DIC HEAAIE T +HE CO, KBk A MU fk.
oY A, TFHCA G LR k8 C (DIC) B bt
% .l 5 CO, W96°C. AHIFIX T B MBS CIR T M
& C, R, A5 AL AR IR I RN A LR 4 1
5 35 HESUCIEAE AL T — 25. 40%0 ~ - 22. 89%0 2 ], -3
© M - 24.05%0, WE AR R £5 A 6 CIE M - 1. 89%o
¥r (%3). M+H CO, [ FEREMT T K PIE R
)5 , , , , , DIC i}, 275 9% 4318, Bk + 15 co, &
35 4.0 4.5 5.0 55 6.0 6.5

HCO; /mol-L™!
Ed4 RXHTK(Ca?* +Mg?* )5 HCO; % &
Fig. 4 Cross plot of (Ca®* +Mg?* ) vs. HCO;

in the groundwater of the study area

SHuAE, {H HNO, 25 skt R Tl 280, M
AR R R, RUEL, e 22 b ) DIC SRR T
H,CO, XAk fz kA 1) LB 66% F 73% , KR
T HNO, ¥k ER R 1 HLA91 R 9% F1 7% , X5 7%
TR AR N Y 1 = %) O I 3 (5 T i
Z UL R K HE R KA . MR R 25 L% &, DIC
FIRTF H,CO, W Phfk R £k 75 1 L A9 S 254 68%
B T72% , H,CO, FHVEHW 2 B 55 T 25,
XEW M T KRS N0, RIEZAEEA 5, HlZE
HEERM N 65% , PTG N 4% , 1
DIC KR T HNO, ¥ itfif i 15 7 e 58 2 AH B, TR
ZENY% , N T% , BRI 9% , LZERAK
K 6% , LA KA UTRE | AT 2 A R A 7= A=
[ NO; (HNO,) & W32 W B8 XA ik 7,
RS AR
3.3 HNO, Z 5 EEA KAk s ClRl i Z 46 n
FRIKSCRG T, M IE AL AR bl 5 5k 7]
PR R, LS R 19 8CAA 22 BIAR K,
AT LA B2 il 3R A 2 A7 A R AE ) L BR A 2 0 A Ry
fiE, PR AT DAAR 5 81°C 1A A8 AL SR 7R B 2 1 i T 7K
DIC [ AR E N 21 A Kk DIC Bk IR 32 2
AREmRHA KR CO, W . 148 CO, DLk ER
FIAE ST R A, FZK HCO, WA N
0, FEIEA AR KA DX # T 7K DIC Sk f-F H
. SRR CO, ¥ B RIK hIE L DIC B, 7K
H18"°C ( DIC) M H RS 8VC ¥ 2 5 4 8%0 ~ 9%o 12
A1 BRI IX SE 2s K8 UCHIE - 10. 72%0, #57K
H DIC RIEF KA CO, MR, Ws"C (DIC) fH I
£ = 3%0 ~ — 2%o3 I N, {AHL T /K8 C (DIC) 7E
—12.46%0 ~ -9.20%0 2 [H], &AW i T K< CO, %
f#IE A8 C(DIC) {H, HHb /K pCo, ¥I{E K 7676
x107°, ¥EmE TR pCo,, WL K CO, iR

B H,CO, BRI EL A, iR /ks"C(DIC) 214
—15.05%0 /2 4. i 520 b R 7K 8"°C ( DIC) /T
~13.46%0 ~ —9.20%0 2 18], FH{E N ~ 10. 90%o,
BB E, (B340, BiWIARSY IX R K
H DIC FEORIET -4 CO, HEIpRIRE: 7

4 HNO, M iR #6477 #2 (1) ], HCO;
FRRIETIRIRER S, FHOK T DIC F1Ca®" | Mg™*
W T, [FIESVC(DIC) BA BRIRER A BB E , M
e R 7K R (Ca*t + Mgt ) /7HCO; & R 1
(E5), 8°C(DIC) fERN 3T - 2%o, T S W 4% Hi
YK (Ca’* +Mg®* ) /HCO; B AT 0.5 Fl1 2
], 8°C(DIC) fE (BB N - 10. 90%0) i 1IE T+ H,CO,
T ph R ER S5 9 81C (DIC) {1, MW 1 T HNO, ¥
IR L 7 198°C (DIC) fH, wiHi b T~ /K s HNO, =
5T R A% i, 5 38YC (DIC) fH W 1IE T
H,CO, % 1l ik FR £k 7 19 o oo fH. M (Ca®" +
Mg’ ") /HCO; 58"C(DIC) R (K 5) Al LI A
RS X K 2843 CO, (H,CO,) Al HNO,
LRI Tl R R A YRR A, H XU (Ca’t o+
Mg’ ") /HCO,; 58"C(DIC) S A% J 43, i )
T HNO, Mk R 584 — U, X 510 SOK L
ThEE R — 8. BRI T K (Ca®t + Mg’ )/
HCO; 58"C(DIC) A& FL BT B 8 A A %, HX
JA (Ca®t + Mg " ) /HCO,; M B & T 4, H

u JA U] o
3 o BFW HNOs# it
-6 L
2 -9 .
= .
"
12 =3£!-I_] .I..J " .I "
15 | HoCOsph
* ]
_IS 1 1 1 1 1 1
0.5 0.6 0.7 0.8 0.9 1.0
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