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Fig.1 The map and sampling site in Dajing and Xiaojing underground river systems
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Table 1 Hydrochemical characteristics of Dajing and Xiaojing underground river systems during the tourism period

Temp DO pH EC Na' K' Mg”™ Ca” Cl No/e NO; HCO;

HIXT57K (n=8)

Min 19.70 2.26 7.57  540.00 15.90 7.92 5.35 57.79 16.80  23.22 0.16 199.12
Max  21.30 3.84 7.84  761.00  29.01 12.20 6.00 64.46  40.64  29.56 0.87 267.90
Avg 2058 2.90 7.68  663.50 21.96  10.40 5.60 60.58  29.80  27.19 0.43 231.25
Std 0.56 0.63 0.10 82.39 4.99 1.60 0.24 222 9.07 224 0.28 28.93
Ccv 2.71 21.60 1.29 12.42 22.72 15.36 4.35 3.67 30.43 8.23 66.01 12.51

KIHHTWATT(72)

Min 18.20 7.61 772 256.00 0.89 0.99 3.33 43.63 13.14 1.49 2.79 97.75
Max  22.10 9.23 842  338.00 1.17 1.47 3.87 50.53 14.42 1.84 4.72 119.47
Avg 19.75 8.28 817  281.79 1.02 1.13 3.58 48.14 13.74 1.68 3.36 110.92
Std 0.95 0.30 0.13 19.14 0.06 0.08 0.15 1.48 0.32 0.09 0.25 4.76
Ccv 4.83 3.66 1.59 6.79 6.07 6.98 4.15 3.07 5.41 2.30 7.55 4.29

KI-H ] 171(90)

Min 19.90 7.74 736  297.00 0.87 0.93 4.98 49.71 12.34 1.84 3.46 132.71
Max  23.30 8.43 839  413.00 1.60 2.50 9.31 54.32 18.27 3.49 6.24 157.29

i Avg 2034 804 793 31359  1.06 116 672 5124 1386  2.11 4.90 145.44
Std 047 0.4 020 17.01 015 032 1.8 092 095 032 0.64 6.38
cvV 231 170 257 543 1412 2733 2800 180 1494 686  13.06 438

ANHEHL R A E (15)
Min 1910 688 748 28800 108 070  3.88 5241 1079 159 2.38 123.09
Max 2120 1012 7.89 31300 113 079 419 5521 1151 181 3.73 159.29
Avg  20.13 848 766 29567 1.0 076  4.06 5357 1108  1.71 3.45 135.40
Std 069 094 012 622 002 002 010 08 020  0.06 0.35 10.04
CV 341 1108 1.62 210 143 323 255 1.61 336 180  10.05 7.41
NI TR (32)
Min 1970 834 775 331.00 089  0.82 553 5519 7.1 1.14 4.84  147.46
Max 2140  9.04 828 39000 214 1.0 1031 6345 1273  2.85 8.99 172.04
Avg 2021 870 802 34297 1.10 092  7.08  59.12 1094  2.14 6.87  158.06
Std 038 018 013 1128 022 0.8 1.69  2.05 1.08 028 0.92 4.69
CV 189 208 1.63 329 1974 895 2388 346  13.05  9.83 13.38 2.97
FIX 57K (55)
Min 2000 178  7.66 488.00 1614 750 409 4943 1156 027 0.04 93.84
Max 2670  7.03  7.95 93400 3897 1668 546  67.86 5295 49.00  94.83  206.46
Avg 2349 345 778 66644 2462 1074 507 5826 3135 1615 1862  150.01
Std 1.51 122 006 11085 604 232 029 353 933 1248  33.02 2329
+ CV 643 3544 073 1663 2454 2156 563 605 2974 7727 20535 1552

KIH TRATT(99)

Min 19.20 5.55 7.74  229.00 0.96 0.90 3.22 37.59 4.02 1.07 0.04 97.60
Max  27.40 11.84  8.68  342.00 3.96 12.44 4.02 53.35  25.80 9.71 8.14 157.66
Avg  23.14 8.63 827  265.11 1.54 1.53 3.74 44.08 13.69 2.49 1.47 132.25
Std 1.75 1.20 0.19 21.73 0.54 1.32 0.10 3.59 2.68 1.15 1.51 11.64
(O\% 7.57 1393 228 8.20 3476 86.06 2.55 8.14 46.38 19.55 102.92 8.80
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Temp DO pH Na' K’ Mg” Ca™ S0 NO; HCO;
FHH T T (117)
Min 17.70 822  7.82 29500 0.7 0.07 040  50.65  6.04 1.04 004  97.60
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Fig. 2 Spatial and temporal distribution of hydrochemistry in Dajing and Xiaojing underground river systems
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Fig. 3 Durov diagram of Dajing and Xiaojing karst underground rivers
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Effects of tourism activities on hydrochemical fingerprints in the karst
underground river system

YANG Rui'?, HAN Zhijie"?, HAN Zhiwei'*’, WU Qixin'*’, WU Pan'*’, HE Shouyang'*’
(1. Key Laboratory of Karst Geological Resources and Environment of Ministry of Education, Guizhou University, Guiyang, Guizhou 550025, China;
2. College of Resources and Environmental Engineering, Guizhou University, Guiyang, Guizhou 550025, China; 3. Guizhou Karst Environmental

Ecosystems Observation and Research Station, Ministry of Education, Guiyang, Guizhou 550025, China )

Abstract  The underground river system is the main carrier of water resources and an important source of urban and
rural water supply in karst areas, and is also an essential element of karst geological wonders. Nowadays, people are
showing the increasing preference for the cultural tourism integrated with science and technology. Meanwhile, the Five-
hundred-meter Aperture Spherical Radio Telescope (FAST), a significant national science and technology
infrastructure built at the special topography of karst, has become an aspiring destination for astronomy and tourism
enthusiasts. However, pollutants from tourism activities will easily affect the water quality of underground river
through the surface runoff via sinkholes, shafts and cracks. Using hydrochemical facies diagram (HFE-D), Gibbs
models and coefficients of ion ratio, we have analyzed the characteristics and changes in water chemistry of
wastewater from the tourist attraction and from the Dajing and Xiaojing underground river systems during different
tourism periods in order to understand the periodic, concentrated and sudden effects of tourism activities on the water
chemistry of underground river systems.

The results show that: (1) The pH and conductivity values of the sewage from the tourist attraction varied little
during the May Day holiday, ranging from 7.57 to 7.84 and 540.00 to 761.00 mS-cm ', respectively. The sewage pH
values during the National Day holiday ranged from 7.66 to 7.95 with an average value of 7.78; however, the
conductivity varied greatly from 488.00 to 934.50 mS-cm '. The water chemistry type of sewage is Ca—HCO,, and the
values of K', Na’, Cl" and NO; subject to tourism activities fluctuated greatly. Their maximum values appeared on
May 2 to May 3 and October 2 to October 4, which is consistent with the increasing number of tourists in the peak
period of tourism. Compared with Dajing and Xiaojing underground river systems, increases of Na', K" and Cl in the
Durov diagram are responsible for domestic discharge and input from disinfection of Cl, or NaCIO in water treatment
plants. (2) During the May Day holiday, the pH values of water from the inlet and outlet of the Dajing and Xiaojing
underground river systems varied from 7.72 to 8.42 and 7.36 to 8.39, respectively. The water conductivity in the inlet
ranged from 256.00 to 338.00 mS-cm ' with an average of 281.79 mS-cm '. The water conductivity in the outlet
increased slightly, changing from 297.00 to 413.00 mS-cm ' with an average of 313.59 mS-cm '. Compared with the
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May Day holiday, the pH values of water from inlet to outlet of the Dajing underground river system increased slightly
from 8.03 to 8.27 during the National Day holiday, while its conductivity values decreased slightly due to the dilution
of rainfall, averaging between 317.51 mS-cm ' and 265.11 mS-cm . Differently, the Xiaojing underground river
system showed an increase in pH and conductivity vaules during both May Day holiday and National Day holiday,
with the average of pH increasing from 7.66 to 8.02 and from 8.03 to 8.17, respectively. Average values of
conductivity increased from 295.67 mS-cm ' to 342.97 mS-cm ' during the May Day holiday and from 307.63
mS-cm ' to 359.72 mS-cm ' during the National Day holiday, both of which were influenced by the urban or rural
domestic discharges and the input from agricultural activities. (3) The water chemistry type of Dajing and Xiaojing
underground river systems is Ca—HCO;, which is mainly controlled by karstification. The TDS increased from the inlet
to the outlet as a result of sufficient water-rock interaction and effects of human activities. There are some differences
in spatial variation of water chemistry between Dajing and Xiaojing underground river systems. Ca’", Mg’" and HCO;
produced by water-rock interaction in the Dajing underground river system gradually increased from inlet to outlet,
while K, Na', CI', NO; and SO;™ caused by human activities declined along groundwater. K', Na', CI" and NO; in
Xiaojing underground river system increased from inlet to outlet. The value of NO; fluctuated the most with a
variation coefficient of 747.97. More fluctuations in water chemistry showed in Xiaojing underground river system due
to the effect of urban or rural domestic discharges and input from agricultural activities. (4) Influenced by tourism
activities, the HFE-D showed that continuous 5-day responses happened after the 24-days effect of tourism activities
on the water chemistry in outlet of the Dajing underground river system. The response time lengthened 2 days
compared with 3-day peak tourism in the May Day holiday. But the response duration prolonged more than 13 days
during the National Day holiday. It can be contributed to a concentrated and explosive effect of tourism activities and
needs an extended recovery time for the water chemistry values of the underground river system. The water chemistry
at the inlet of Xiaojing underground river system had been affected before the peak of tourism no matter whether in the
May Day holiday or National Day holiday, indicating that the water chemistry of the underground river is influenced
not only by the sewage from tourist attraction, but also by the urban or rural domestics discharge and input from
agricultural activities. The HFE-D indicates a 2-day response in water chemistry at the outlet of the Xiaojing
underground river system 27 days after the May Day holiday. The poor continuity and regularity of the water
chemistry response observed at the outlet of the Xiaojing underground river system during the National Day holiday
may be related to multiple effects along the underground river. Both Gibbs model and analysis of ion ratio showed that
the underground river system was influenced by the input of human activities such as urban domestic discharge,
tourism and agriculture activities. Therefore, the human effect on water chemistry of the underground river system

should be given adequate attention.

Key words karst underground river system, groundwater, hydrochemical fingerprints, tourism activities, Guizhou

(Z%# K %)



	0 引　言
	1 研究区概况
	2 材料和方法
	3 结果与分析
	3.1 水化学特征
	3.2 水化学相演化
	3.3 影响因素
	3.3.1 Gibbs模型解析
	3.3.2 离子比例系数分析


	4 结　论
	参考文献

