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Temporal Response of Subterranean Karst Stream Hydrochenustry to UrbamZatlon

YANG Ying-zeng'”, HE Shou-yang' ¥, WU/ Pan'?, WU Qi-xin'?*, HAN Zhl-“WCl A, LUO Wei®
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Abstract: The hydrochemlcal responses of underground riyérs to urbanization wete sfudled usmg-a 25-year groundwatér=observation
dataset and remote sensing. We found that as {irbanization progresses, the minefblizatibn degree of underground rivers grad’ually
increases ; time-seriegdata for dominant hydrO( heml( al indicators changed from HCO, - SO,~Ca+Mg during the dry season and HCO,-Ca
-Mg ﬁurln‘g flood _season to=HCO, - Cl-Ca, HCO - 304:Cd, HCOa_,,Ca and HCO, -SO,-Ca-Mg. Influenced by surface precipitation
input; the groundwater chemistry of underground rivers varies: sreatly during the dry season and the flood season. Prior to urbanization,
[Mg’" 14 Ca** ] and [ HCO; ]/[SO;™ ] molar ratios are affected by water-rock interactions, agricultural activities, and acid rain
infiltratio‘.‘n, the average values of which were 0.86 and 29.34, respectively. After urbanization, agricultural activities and the
contribution from acid rain decreased gradually. During the periods 1990- 1995, 1996-2010, and 2011-2015, the main sensitive
geochemical cations were Ca’*, Mg’*, Na®, and NH, , and the main anions were HCO; , HCO; , and SO.™, and Cl~. The
hydrochemical response of underground rivers to urbanization was characterized by clear temporal phases.

Key words :subterranean stream; urbanization; hydrochemical responses; geochemical sensitivity; Guiyang
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Table 1  Area and ratio of different land use types in the study region during 1990-2015

e 1990 4 1995 4 2000 4= 2005 4 2010 4F 2015 4F
WA/km? WE/% E/km? WHE/% WE/km? WE/% @F/km? WE/% ®E/km? WE/% @/kn?  LHE/ %

i 0.75 15.93 0.71 15. 05 0. 67 14.30 0.49 10. 50 0.54 11.44 0.54 9.97
W 2.43 51.87 2.42 51.61 2.32 49. 60 2.33 49.78 2.21 47.09 2.15 39. 04
WA M 1. 14 24.32 1.18 25.21 1.34 28. 54 1.60 34.09 1.68 35. 84 1.74 44.95
it 0.29 6.19 0.33 7.00 0.32 6. 69 0.23 4.84 0.22 4.78 0.22 5.67
7KK 0.08 1. 69 0.05 1.13 0. 04 0. 86 0. 04 0.79 0. 04 0. 85 0. 04 0.38
At 4.69  100.00 4.69  100.00 4.69  100.00 4.69  100.00 4.69  100.00 4.69  100.00
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Table 3  Geochemical susceptivity index for major elements in the subterranean stream system

Ca®* Mg?* K* Na* NH,’

FHE F (3918) 0~0.81(0.30) 0~0.65(0.28) 0~0.13(0.04) 0~1.17(0.39) 0 ~0.52(0.08)
S cl- HCO; NO;

BIEF (¥918) 0~3.80(0.78) 0~1.63(0.34) 0~2.72(1.23) 0~0.20(0.06)

F it LR MR A U

HCO; >S02” >Na* >Cl~ >Ca®* >Mg** >NH; >NO; >K*

F4 TR TR ESTRMIKEFEREHF

Table 4  Sequencing of the geochemical susceptivity index for major elements in the subterranean stream system

Ay FH B TAL A U Y H 5 Al 2 R HE )
1990 Mg?* >Na* >Ca®* >K* >NH,/ HCO; >S0%” >Cl- >NO;
1991 Mg?* >Ca’* >Na* >K* >NH/ HCO; >S0%~ >Cl~ >NO;
1992 Ca®* >Na* >Mg?* >K* >NH, S0~ >HCO; >Cl~ >NO;
1993 Mg?* >Na* >Ca>* >K* >NH/ HCO; >S0;~ >NO; >Cl~
1994 Ca’* >Na* >Mg** >K* >NH; HCO; >S0%” >Cl~ >NO;
1995 Na* >Mg?* >Ca’* >K* >NH,/ HCO; >S0%~ >Cl~ >NO;
1996 Na* >NH, >Ca’* >Mg** >K* S0~ >HCO; >Cl~ >NOy
1997 Na* >Mg** >Ca>* >NH; >K* HCO; >S0%™ >Cl- >,NQ§.-~"'-
1998 Na* >Mg?* >Ca®* >K* >NH/ HCO; >80~ >cl~'> NO;.-,_-'f":;" /
1999 Na* >Mg* »€a* >K* >NH; . HCO; >S037 >cl- >N0;
2000 Mg > Ca®* 3 Na* >K* > NH 3 HCO; > 803~ >NOy >c1ﬂ_:-"“ P
2001 Na* >Mg** >Ca®* >K* >NH/ HCOy 3803 >Cl™ >NO; 47
2005 Nd* B Ca* SNH; >Mg2* >K* ~Cl- 3HEO; >S02- >NO; 7
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— 2007 Caf Mgt SKF SNH > Na* L 2t HCO; >803 >clt >NOy
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2010 | Nat'> € > M f'> NHy >K* & CIF % HQO; >80~ >NO; J
011 gatf> e SNd* > NH, >K* 02~ >Cl- > HCO; >NO; 5
2 2012 & NH4 > Ca? >Mg2+ >K" >Na* 03~ >Cl~ >HCO; >NOy
" 2013 NH," > Mg? 4> Na*. >Ca K S0~ >HCO; >Cl~ >NO;
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