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Sources and Fate of Nitrate in Groundwater in a Typlcal Karst Basm Insnghts

from Carbon, Nitrogen, and Oxygen Jsotopes [ .tV
REN Kun'? PAN Xiao-dong' , LIANG Jia/péng, PENG Cong', ZENG/ iy | 9 € P G o
(1. Institute of K‘arst Geéology, Chinese Ac: ademy of Geologl( al*Sciences, Guilin 54 1004}., Chinay Zn Key Laboratory of Karst Dyna.mlcs
Ministry of Natural Resources & Guangxi, |Guilin 54100?! Chlna) ’ o

Abstract; Multiple igotopes (C, N, and O) ‘and’ hydrochemical data were used to ftrace the sources and fate of nitrate in ground and
surfaée waters of the Babu subterranean stream Wdtershed in_Guizhou Province. The origin of nitrate in the water samples was also
quantltatlvely anafyzed by the SIAR model. Approx1mately 38%‘ of the groundwater samples were not drinkable because the nitrate
exceeded the drinkingiwater standard, thereby indicating ‘that the groundwater was seriously polluted by nitrate. The ranges of §"N-
NO,, 6¥0-NO,, and §'0-H,0 in groundwater were 2. 30%0-30. 33%o0 (mean of 9. 68%o) , 2. 65%c-13. 73%0 (mean of 6. 64%0) , and
~8.83%0- —7.37%c (mean of —8.18%o) , respectively. Based on the stable isotopic compositions (8"”°N-NO,, 8§"0-NO,, and §"0-
H,0), nitrification was the dominant process in the basin. The nitric acid produced by nitrification promoted the dissolution of
carbonate rocks, thereby leading to a significantly negative correlation (P <0.001) between the carbon isotope of dissolved inorganic
carbon (8"Cp,.) and 8”N-NO, and indicating that §'C ., combined with §°N-NO, , is effective in exploring the fate of nitrate in karst
groundwater. The nitrate in the ground and surface waters mainly originated from soil N, manure and sewage, and ammonium nitrogen
fertilizer. The results of the SIAR model showed that the contributions of soil N, manure and sewage, and ammonium nitrogen fertilizer
were 36.19%, 33.71%, and 30.10% in groundwater, respectively, and 39.15%, 36.08%, and 24.77% in surface water,
respectively. Therefore, it would be more effective to reduce the nitrate recharge flux in groundwater by simultaneously removing nitrate
and ammonium nitrogen during wastewater treatment and by adopting scientific fertilization technology in agricultural areas.

Key words: nitrate ; nitrogen and oxygen isotopes; carbon isotope; SIAR model; sources identification; karst groundwater
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Fig. 1 Hydrogeological map of the Babu underground river basin
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KA pH, & f# & (DO) IR E (T) H
WTW3430 3 37 Ml ik, K5 B2 43 9 24 0.01, 0.01
mg-L'F10.01°C. BIEF M 500 mL % 20 ¥R
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S 50 mL A7 €8 3R 20 SRR 4R Horh 67°C ) A
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Table 1 Hydrochemical and isotopic compositions of groundwater, surface water, sewage, and rainwater samples from Babusi# ' |

K A o DO_] NO;  NO; NH, TN | cr._1 8""N-NO; 8"0-NO, 5180;1#1‘2.‘@" 36,
/mg-L /mg-L™" /mgdl"' /mg-L-' /mg-L™" /mgtl /%o /%o /%¢ £Jo
WoME O 6.86  1.26 1.8 2,59  Null Null  3.42 353 28 265 -8.83 -13.63
Bk 7.88 8.37 16.8 /79.72 /536 22.67 106.57 [ 3215 .~B0.33% 13.73  -7.3] 6.76
WK FHE 708 549 15 53878 | 0.6 2.02 4048/ 0.8 7.52 664 88 [ -10.62
o REE 0230 200 115 2279 a5 651 2512 F9.68.0 534 g 246 0.34 138
"L W6 8905 /50 S5 o5 JEEAE R 4 , —
B/MES7.25 514 147 27617 #TNall s Null 4.59 f 474 | 583 1.26 47.03 NTg
Wk E‘%jcl{ﬁ'\ 781 10.21 1675|8257 1120 1203 1464 @19 Taolas | 919 -3 N
: P 798 829 155 | 5.5 0,39 2.7 8.04 “10.37  7.62 5.89 -6.04  NT
) miEE 0721 1.82 0. 2023 J o052 [5%3 3.56 7.13 1.84 3.27 1.32
?%';'k /ol g 7451, pei3.58 12,9 :3.“65 4 Nl d2e62 1627 1898 20.9477 6134 -5.44  NT
. 0247 6119 3.67 141 J2.84 Null=" 2112 214.04 11246 24.64  40.55  -6.77  NT
K “_,“RW01 5:61 NT NT  6.49 Null Null 6.49 2.98 NT NT NT NT
| RW02  5.62 NT NT 8.9 0. 003 Null  8.903 3.6l NT NT NT NT

1)TN =NO; +NO,; +NH," 5 M F 7K BRI A WK 7KK B4 4> (98/83/EC) 5 Null R/ TALAS AR 5 NT R A i

PR, MR K AL K B9 DO 43 G 1E 1,26 ~ 8.37
mg-L ™' F5. 14 ~10. 21 mg- L~ Z[f], SE- {8 43510 K
5.49 mg-L 7' H18.29 mg-L~", UL HIWFST X ML K 7K I
MR ACREAR AT AR, & AR L ZROK > Hh
K. 75K DO 4y Bk 3.58 mg-L”' A1 3.67
mg- L~ [T HE R /KR K. KRR K ¢l
SERE SN A 9. 68 mg-L " F110.37 mg-L~" Hi T
K < HFRK. 1B5KH C17 Eik 112,46 mg-L7'.
2.2 FIGYRIE

W X M 7K L F 7K Th NO;  NO, T NH,/
A nE 2 iR, # R K NO; B R 100%,
WETE 2.59 ~79.72 mg-L~"' Z ], F-I{E Ky 38. 78
mg-L™'.NO; &HEA N TN B 95% LU I+, it 38%
(11 4Y) BRESR  NO, MR BE I T A 3 T /K BRAE
(FR{H 50 mg-L~"',98/83/EC). #i F /Kb NO, f#:
WK 72% (21 A4S)  Hid 3 N T BRME, fe ik
5.36 mg-L~". M F/KH NH, BOR I 5H 419%, Hd

2 T BRAE (0.5 mg-L™"), fi% 5 5 22.67
mg-Lfl. WFFE X HL TR 7K “ =807 15 G ™5, 3B 93 157
NO, #H BRAE 10 £, NH, #H BRIE T 45 £%. X
SRAEI 29 AN IR IK AT AR KR AR AR i
B AR R A A E I 5

L NOKAI B, bRk NO, B s BAIL, Ve
FE2.61 ~8.25 mg- L~ Z[A]. #u/Kh NO, 1 NH,
(R R 200 A 66% F1 83 %, SF-H41{E 43 5 A 0. 39
mg- L™ f12.7 mg-L~". HiZ/KH NO, I NH, fe Rk
H 0% 1. 12 mg-L~"F112. 03 mg-L ™", ZFRAEAY 2
0 24 15

15K H NO, Ak NO, FHXTANAIE, NH, & &
Fen NH, 43504 12,62 mg+L ™" H1211.2 mg-L~".
MK H NH, A5 NO, AT NO,; K.
2.3 [AiZRFHIE

MR 7K 1 HE 220K 19 8 N-NO, ¥ 2418 43 53 N
7. 52%0F1 7. 62%0, 8"0-NO, F-YHE5351H 6. 64%0F
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