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Abstract. Karst groundwater system is characterized by properties of openness and vulnerability, which makes the groundwater vul-
nerable to pollution. To investigate the hydrochemical variation of the karst groundwater impacted by a tourism hotel, Shuifang
Spring at the core region of Jinfoshan Karst World Heritage Site, was selected to be the studied site. Hydrochemical data of Shuifang
Spring were automatically monitored. The precipitation, soil water, tap water, and wastewater from hotel in the basin were manually
sampled each month. Dual stable isotopes of nitrogen and oxygen were also employed. Results shows that Shuifang Spring exhibited
three hydrochemical stages along with the tourism accommodation amount during the monitoring period. At the early stage of tourism
peak, the hydrochemical characteristics of Shuifang Spring was significantly influenced by the rainfall. During the tourism peak, the
water quality was sharply deteriorated. After the boom of tourists, the water quality was obviously improved. Discharge from the ho-
tel domestic wastewater therefore became an important factor in the geochemical evolution of Shuifang Spring. Result of the dual sta-
ble isotopes of nitrogen and oxygen shows that nitrate of Shuifang Spring was primarily derived from manure and sewage, in addition
to soil organic N. Acid, such as H,SO,, HCI and organic acids from sewage, probably involved in erosion of carbonate rock,

which resulted in elevated concentrations of Ca**, Mg?* and HCO3 in Shuifang Spring. The peak concentration of major elements in
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Shuifang Spring was four-day delay relative to the peak of tourism accommodation as a result of rapid diffusion of pollutants in the
well-developed karst conduit and highly flow velocity.
Keywords: Hotel sewage; karst groundwater; hydrochemical characteristics; nitrogen and oxygen isotopes; Jinfoshan;

Shuifang Spring
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Fig.1 Location and hydrogeology of the study area
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Fig.2 Vertical profile from the hotel in Jinfoshan to Shuifang Spring (a),

and breakthrough curves of tracers (b) (modified from reference [ 19])
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Tab.1 Hydrochemical data of the sample sites in the basin of Shuifang Spring
RAE SKRERFI]  Ca® Mg K*  Na® HCO; ClI° SOF NO; NHj PO sKif #ft4pH (H 5%
7K 2016-07-09 0.08 MDL 0.18 0.16

2016-08-01 0.51 MDL 0.19 0.28
2016-08-25 0.33 0.04 0.23 0.20

3.55 3.77 1.50 0.40 0.01 254 6.07 534 10.0
425 3.88 2.16 024 0.03 240 3.37 5.54 18.0
2.84 4.88 230 0.82 0.20 22.7 6.88 533 286
2016-09-18 1.34 0.00 0.18 0.25 213 842 140 045 006 155 7.78 5.15 213

FHIME 0.57 0.01 020 0.22 3.19 524 497 048 0.08 219 6.03 534 195

CV1H 83.3 168 11.5 206 0 248 36.0 104 444 947 174 273 259 343

+HKk  2016-07-09 1.85 0.29 3.60 020 122 121 ND 946 ND ND 244 577 5.05 133
2016-08-01 4.55 0.65 3.74 0.19 122 1.42 6.77 4.00 0.47 0.03 19.6 523 572 70.7
2016-08-25 5.85 0.44 4.11 027 183 2.13 109 10.6 0.56 0.25 20.5 4.74 559 71.3
2016-09-18 13.7 1.36 5.69 0.19 122 2.13 20.4 402 0.64 0.03 18.5 4.85 5.63 124

I 6.48 0.69 428 021 13.7 443 127 161 056 0.10 20.8 5.15 5.50 99.8

CV1iH 67.8 59.5 19.4 142 19.2 995 449 88.0 12.6 100 10.7 7.82 4.79 29.0

WIE EokK 2016-07-09  38.1 130 0.33 0.44 854 3.55 282 420 0.15 0.01 253 852 622 211
2016-08-01 429 1.56 0.37 0.45 97.6 3.55 38.0 4.00 0.15 0.09 17.3 9.40 7.19 223
2016-08-25 46.5 0.94 036 045 110 3.55 355 5.11 0.18 0.20 19.1 9.56 7.97 241
2016-09-18 47.9 1.33 0.30 0.39 982 2.84 503 4.92 0.20 0.02 159 8.13 8.11 233

T 438 128 0.34 043 97.8 3.37 38.0 4.56 0.17 0.08 19.4 8.90 7.37 227

V1 8.66 17.4 7.48 5.66 883 9.12 21.0 102 13.1 929 185 6.70 102 4.94

fb3 2016-07-09 322 1.08 2.15 3.73 97.6 851 11.8 12.0 0.29 0.94 189 342 7.22 219
2016-08-01 37.6 1.27 242 4.53 104 922 157 16.1 027 0.77 17.0 571 7.68 231
2016-08-25 41.1 0.75 324 558 110 11.3 162 23.0 0.51 1.08 17.0 6.40 7.92 258
2016-09-18 423 0.99 3.56 5.60 104 19.9 295 26.5 0.55 1.97 156 492 7.36 251

FHME 383 1.02 2.84 486 104 122 183 194 040 1.19 17.1 5.11 7.55 240

CV1H 102 18.1 203 16.1 4.16 37.0 36.5 29.3 31.0 389 6.85 21.7 3.64 6.48

1"k 2016-07-09  39.6 1.70 2.96 7.18 140 142 27.3 049 7.62 0.82 149 3.28 7.17 328
2016-08-01 43.3 228 6.37 19.5 220 31.9 204 211 220 446 16.1 261 7.32 483
2016-08-25 51.5 1.55 7.16 227 207 5.67 356 4.17 221 6.09 19.5 1.88 7.13 507
2016-09-18 47.3 1.81 6.74 21.6 177 18.4 44.1 1.18 123 0.70 150 3.08 7.30 412

SEHME 454 1.83 5.81 17.7 186 17.5 31.9 1.99 16.0 3.02 164 271 7.23 433

CV1iH 9.83 149 287 350 165 540 279 698 39.2 772 114 199 1.11 16.1

S O o o o

# BB S/ em, KL °C, pH BLIG BA0L, B SAAE 0 me/L; CV (B0 48 53 50, R A& A8 vn AR X TP BB B
TR RE , B0 % s MDL SRR AR TAGEAS I BR , ND Fo- PRI il A A2, ARAS .

2 IR P UK SCH BRI =R R e BE (G
Tab.2 Value of hydrogeochemical indicators in Shuifang Spring

Ca? Mg K' Na* HCO; ClI© SO NO; NH; POY sKiH s pH (H 55

AR E 4] (2016-06)  42.2 1.62 0.47 1.86 122.0 13.20 6.85 7.40 0.09 0.06 10.1 8.66 7.80 221.0
Jite i I (2016-07—08) 45.3 1.72 0.76 2.57 141.0 6.99 7.19 8.21 0.66 0.19 10.2 8.64 7.62 253.0
il CV A 9.01 13.2 432 352 10.3 334 437 137 958 713 0.64 444 085 117

# HLGR AN pS/em, AR AALC, pH BTG AL, AL AT A mg/ L CV (BN E 5 28, /R & B b X P (LAY 25
IORREE , B % 5 (AR i W4 30) BRI ey DA 30 O RE A n 43590 A 30,76

TR R HT (2016 4F 7 H 1 H—7 A 21 H) iZBr B R 441 AL JK B SRKAL 43R
EEZ KB B FHRE 0, KR pH (0538 K Ca™ Mg™ HCO, ik 3 8 25 B, 0 2t ot 32 A W B J K By
Belrlm B (B 4). 7 A 1 H KPR KA E R R bR A TR BERES , ELRAZ B[ T S5 5 ) , nl AR
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Fig.3 Piper diagram of sampling sites within the Shuifang Spring Basin

FIRAS AL
MR BRI (2016 4E.7 H 22 H—8 H 27 )« T DR bR 0h 550/, W DD S 1 2 28 1 1 0k
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BRI (B Ca™ Mg (HCOS Ak J6 4) kIR 5 % LU T 0, M F /K R 2B AL. BLAT, 7K i 5 4% FE b
Vi i 5 0 A 2 R R O 7 LA — 2 MG 1 B T 2 MR TS O B, LW S 024 4 d (11 4)
S EABIHTIEIA R 5 75 7K 2 35 7K B SR B S 2 ) 2 3 BT K RAE SISN,\O bl Smow i
] 90.3 h 3%k —&k RIEA 5" ‘ ’
TRGFEE F (2016 48 H 28 HE 9 A 17
H) R SRR ARG O, LU TR R, T e %
SRUEBIRE 230 AL ERER IR, EE  meenm paen O N/ PR 870w/ A
P THe R 2 BRI (P 4) K 3 5K 6 o MR o 2

Tab.3 Results of nitrogen and oxygen
isotopes of the water samples

3.3 FHEREE WAL 3= £ Fo ¥ 1iE 2017-04-29  KBHR 170 037 3.8 0.20
73 RHFE X RAE A 8Ny I 80y {8, H: U'ggokid - 211 037 112 0.20

2017-05-25 KR 84 037 73 020
197K 144 037 3.5 021
2017-06-19  /KEiR 73 037 34 021

HB K [ R K 8" Ny, Fil 8" Oy, 18 43 51
3.7%0~5. 8%0 Fl 1. 6%0 ~ 2. T%0, 1* T /K I 15 /K B9

8" Nyo, i1 8" O fH 5351 14.4%0~21.1%011 3.5%0~ WKk 41 037 21 021
11.2%o0, 7K Ji SR (4 8" Nyo F1 8" O (53514 5.3%0~ 2017-07-12 KRR 7.6 037 2.6 021
17%0F1-3.1~7.3%0. 5 [ KK FI7K B 5 4th T 7K A WWEAKRA 58 037 24 021
He L U5 KIRTE K1 81Ny (80 W LA b 5 42 2017-08-7  JKSIR 53 037 -31 021

WAk 3.8 037 27 021
4 Tt 2017-08-28  KB& 103 037 2.7 0.21

WEEdRK 37 037 2 0.21
41 kBERKEFTHEMEE 2017-10-20 Kl 71 037 1.6 021

AR KK AL Z AR H 32 B AS 6] Ak 24 S i WIEEKK 37 037 1.6 021
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Tab.4 Percentage variation of the extreme concentrations of Shuifang Spring indicators
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52016 4F 8 J1 25 HIK B3 R4 F R AKE AL 0 1L

Tab.5 Percentage variation of indicators in Shuifang Spring compared with tap water on August 25", 2016
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