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Fig.1 Gedogical map o the Nandong underground river sysem
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Table 1 Chemical compostions o groundwater in 33 %,
Nandong underground river sysem
oV (%) ca’ , 60 158mglL ,
pH 7.8 7.1 9.3 0.5 5.9 2.7%, cEt
EC S/cm) 420.0 2150 869.0 138.3 33.0
ca* (mglL) %25 6.0 1580 2.0 27 (6,13 15 18] '
Mg?* (mg/L) 17.9 2.2 59.5 11.0 61.5 ..
Na* (mglL) 16.0 12 @0 187 119.8 Mg 2.2 59.5mg/lL,
K* (mglL) 1.5 0.1 66. 4 15.1 131.0 (61.5%) , Mg2+
HOO; (mg/L) 303.8 140.0 439.1 744 24.5 ,
a- (mgl) 27.5 1.0 13L9 315 114.8 [6,13,15]
NO; (mglL) 26.0 12 1041 271 104.1 .
D7 (mgl) 46.2 1.8 1740 418 90.5 Na 12 s2mgl
(119.8 %) , Na"
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Fig.2 Didribution o monitoring points of groundwater
and land use types in the Nandong underground river sysem
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Table2 Factor loadings and communality o the variables Na®™ K ( 3
after varimax rotation
1 2 3
pH 0.53 -0.56 -0.01 0.59 3
EC 0.44 0.66 -0.12 0.64 Table 3 Chemical itions o surf t
o2 0.29 0.87 0.10 0.85 able emical compositions o surface water
Mg * 0.11 0.44 0.81 0.86
HQO3 -0.13 0.40 0.85 0.90 pH 8.4 8.0 9.0 0.3
a- 0.95 013 -011 0.92 EC (1 S'cm) 568.0 273.0 975.0 197.5
NO; 0.87 -0.017 -0.10 0.77 ca?* (mglL) 50.8 3.8 121.0 22.2
Sord 0.88 0.19 0.09 0.81 Mg?* (mglL) 17.8 14.2 29.9 4.1
Na* 0.93 011 -0.01 0.87 Na* (mglL) 25.5 0.4 95.6 22.6
K* 0.82 0.21 0.10 0.72 K* (mglL) 20.2 1.0 63.5 17.8
4.71 179 143 HOD; (mglL) 179.2 52.1 366.0 74.3
(%) 47.12 17.92 14.33 a- (mglL) 55.8 1.3 138.6 39.0
(%) 47.12 6504  79.37 NO; (mglL) 43.4 17 106.6 28.7
5" (mgl) 88.9 2.2 185.6 48.6
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Fig.3 Didribution maps of factor scores o the 3 factors in Nandong underground river sysem
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Table4 Chemigry o groundwater under different land usesand drata in the Nandong underground river sysem

H EC cat HCO3 a- NO3 o/ Mg?* Na* K*
( ) P Gsem  (mgl)  (mgt)  (mgA)  (mgt)  (mgk)  (mgh)  (mgh)  (moL)
7.9 266.5 78.1 356.7 1.5 3.5 23.0 24.1 8.4 7.1
@ 7.5 215.0 74.7 301. 2 1.4 1.3 2.6 13.7 5.4 1.3
8.3 318.0 81.5 412.2 1= 5 5.6 43. 4 34.5 11.3 12.9
©) 0.4 51.5 3.4 55.5 0.1 2.1 20. 4 10.4 2.9 5.7
7.7 316.5 93.0 349.5 2.1 3.0 9.7 14.2 2.6 1.4
@ 7.3 245.0 80.0 189. 1 1.3 1.2 2.3 6.7 1.2 0.1
8.4 382.0 102.3 4390.1 3.5 5.6 26.6 26.7 5.6 1.9
0.5 52.5 9.2 95.5 0.8 1.6 9.9 7.7 1.7 0.7
7.7 349.7 80.6 303.9 3.1 3.0 12.7 21.1 2.2 1.8
@ 7.3 245.0 60.0 168. 3 1.0 1.2 1.8 4.4 1.5 1.2
8.0 498.0 98.2 386. 6 5.3 6.3 19.0 38.8 3.2 2.8
0.2 82.9 10.6 73.6 1.2 1.7 5.2 12.3 0.6 0.5
a9 7.4 421.9 93.4 313.7 2.9 6.9 17.4 15.4 2.1 1.8
@ 7.2 264.0 66.3 274.0 1.5 1.6 2.4 5.7 1.6 1.1
7.5 520.0 116.0 383.4 5.6 26.3 25.6 30.2 2.3 2.5
0.1 91.1 15.7 42.4 1.4 8.0 8.0 7.8 0.2 0.4
8.4 357.2 72.9 198.3 64.0 57.2 53.5 16.0 30.5 13.8
@ 7.8 311.0 63.6 140.0 27.9 32.5 14.2 4.4 3.4 1.8
9.3 425.0 90.0 295.0 78.2 75.3 69.5 28.3 40.8 31.6
0.6 44. 4 10.7 58.6 21.0 18.4 22.8 8.5 15.7 10.9
© 7.9 578.2 111.1 296. 2 64.2 62.4 115.5 17.7 34.3 24.3
®) 7.4 418.0 74.9 216. 3 23.4 30.0 56.3 10.6 16.3 7.5
8.6 789.0 156.0 373.5 131.9 104.1 174.0 24.0 92.0 58.9
0.4 129.7 30.3 62.6 36. 8 27.2 42.8 5.0 29.0 17.8
8.1 446. 3 90.5 273.3 3.5 39.8 80.3 17.3 20.1 6.9
3 7.9 369.0 85.6 268.7 11.7 27.6 58.0 14.9 9.6 3.4
8.3 495.0 100.0 281.8 50.0 63.6 108.8 19.0 33.8 11.8
0.2 55.3 6.7 6.0 16.1 16. 8 21.2 1.7 10.0 3.6
7.8 575.8 115.8 323.5 30.7 30.2 62.3 12.7 14.9 14.1
(13) ©) 7.2 337.0 92.0 249.0 15.9 14.4 16.3 2.2 11.8 11.1
8.2 869.0 158.0 427.0 45.7 59.4 94.0 21.3 23.0 18.9
0.4 180. 2 23.4 64.3 11.4 15.3 28.9 7.3 4.2 3.1
7.8 376.6 88.0 322. 4 54.0 38.9 60. 4 24.3 34.0 34.0
7.1 296.0 78.1 268. 4 24.3 15.3 22.7 6.1 20.7 13.3
) 8.4 482.0 9.3 439.0 103.5 64.6 104.5 50.5 16.0 66. 4
0.4 61.2 7.1 61.7 27.1 19.1 31.2 19.2 16. 4 20. 4
ca’ EC
) 2 , 2 ;
4 ,
cat ca’ EC ,
: ca’
, ca’ pH F2
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Abdract : An attenpt was made to diginguish the natural and anthropogenic processes and factors regponsble for
groundwater quaity. R-node factor andyss was gpplied for the sets of chemicd data, i.e. pH, EC, HQO;
Ca2+ ’ Mgz+ ' Na+
and surface water sanples were collected at 42 and 15 locations in 2008 , respectively. Andytica results of these
groundwater samples show that the Nandong underground river sysem has very variable chemica conmpostions and
atid variability. By applying the R-node factor andyds, three factors were obtained , which explained the
characterization of groundwater qudity and identified the sources for the presence of ions and their geochemica
processes. It was found that the anthropogenic contribution is responsble for @~ , NO; , 0; , Na® and K" in

, K", % ,NO; and A inthe Nandong underground river sygem. Qoundwater sanples

groundwater. The natural disolution of exiging rocks of carbonate is the common irfluencing ource for cd” in
groundwater. However , the anthropogenic contribution is a < regongble for L in groundwater. The natural and
humanri rfl uenced processes are regponsible for pH, EC of groundwater. Mg * , HOO; are irfluenced by the factors
of il and water-rock interactions, regectively. The concentrations of GO, in il and the water-rock interactions
are reponsble for Mg™* , HOO; in the goundwater. The anthropogenic proceses are the nog inrportant
influencing factors for groundwater quality in the Nandong underground river sysem.

Key wor ds: groundwater quality ; underground river ; anthropogenic processes; natura processes; factor andyds



