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Hydrochemical characteristics of groundwater and its influencing factors in Dawu karst water source
GUO Yongli'® , QUAN Xigiang'*® , WANG Qigang"? , ZHANG Cheng'* , WU Qing'*?
(1. Institute of Karst Geology ,CAGS /Key Laboratory of Karst Dynamics ,MNR and GZAR ,Guilin 541004,
China; 2. School of Geographical Sciences ,Southwest University ,Chongqing 400715, China;
3. International Research Center on Karst UNESCO ,Guilin 541004 ,China)
Abstract ; Karst aquifer medium is usually inhomogeneous,and hydrogeological parameters are hard to obtain. Using a multivari-
ate statistical method, graphic method, ions ratio method combined with karst hydrogeological conditions is an important tool to
study hydrogeochemical evolution and its influencing factors. A typical karst water source in north China was selected to exam-
ine it s hydrochemical characteristics and its influencing factors using hydrogeochemical technologies and statistical methods The
results showed that:along the groundwater flow path,the types of hydrochemistry were increasing year by year,in addition to
the role of water and rock,Ca*" ,Cl™ ,Na" and SO,?” multi-source domestic sewage, industrial wastewater and domestic gar-
bage affect the hydrochemistry types.,the detection of volatile organic compounds (VOCs) and the different recharging features
of NO; ™~ , VOCs spatiotemporal indicated that the groundwater hydrochemistry is continuously affected by anthropogenic activi-
ties; the main processes influencing groundwater environment in the study area were water-rock interaction, cation exchange and
adsorption, lixiviation, and human activities, which can be interpreted by ion ratio, correlation analysis, factor analysis and

wastewater sources of groundwater sampling points,dynamic variation processes of groundwater chemistries and their influen-
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cing factors.
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Fig. 1 The hydrogeology map and sampling points of the study area
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H5 3 & 0 2. 2016 4F D11 /K 4k 2 27
HCO;-Ca %, VOCs Jit & ¥ & hy 424.39 pg/L,
NO;  JREHREE N 2. 27 mg/L; 2017 4F D21 /KA
K1k HCO,-Ca K1, VOCs Ji i A 117. 29 pg/L,
NO, ™ ik} 173. 44 mg/L; 2018 4F D13 7k 4k
Ry HCO,-Ca-Mg B, VOCs Jit i #e B
12. 68 pg/L,NO, ™ Fiat ik N 32. 37 mg/L S5 W4

Lo HFEL M 45 SR 57 Rl — 26 W o3 iy 7K A2
RIVGHFRNET A (A5 BA B R R RAE TS
Py o vk AL - AR W] B — i K AL A 2R T o B AN g
T PRI BOIR DL SOK BT RAAE . )2 K30 24
1 Ko NS 2l 5 DR R RS2 M0 4 DX N 1 T 7K R 458
ROUTF L2 I — 7 1Y B A (1 3) 5 X 7K A2 28 Y
& PN T A

&1 2016—2018 F UM SR U FEEE NO;~ 1 VOCs FTERES it

2016—2018 4F, DW & /K Bt st T KK AL 2f 25 Rl
HCO,-Ca—>HCO;-Cl-Ca—>HCO,-Ca, XD & 7K Bt b
T 7k 7k 4k 2% 26 1 HCO,-Cl-Ca-Mg, HCO;-Cl-
SO,-Ca, HCO,-Cl-Ca—HCO,-Cl-Ca-Mg, HCO,-Cl-
Ca—>HCO;-Ca-Mg, HCO,-Cl-Ca, HCO;-Ca, HCO;-
Cl-Ca-Mg, NQ & 7K Bt # F 7K /K b 2% 2 7 HCO;-

Tab. 1 The statistical table of groundwater hydrochemistry types, mass concentrations of NO3;  and VOCs of sampling points from 2016 to 2018
. TKALZEE R NO;~/(mg+ L) VOCs/(pg« LD
2016 4F 2017 4F 2018 4F 2016 4F 2017 4 2018 4 2016 4 2017 4 2018 4F
D1 HCO;-Cl-Ca-Mg 47,37 1. 96
D2 HCO;-Cl-S0,;-Ca HCO;-Cl-Ca-Mg ~ HCO;-Ca-Mg 15.33 78.20  47.69 0.41 2.24 0
D3 HCO;-Cl-Ca 49. 11 8. 80
D4 HCO;-Cl-SO,-Ca HCO;-Cl-Ca HCO;3-SO,-Ca 115. 57 159. 01 58. 74 1.91 1.70 0. 74
D5 HCO;-Cl-SO4-Ca HCO;-Cl-Ca Cl-Ca 62.08  328.65 51. 64 11.72 17. 85 16. 40
D6 HCO;-Ca — — 35. 60 — — 4. 91 — —
D7 HCO;-Ca HCO;-Cl-Ca HCO;-Ca 36.19  191.19 30. 62 6.71 7.89 4.70
D8 HCO;-Ca — — 32. 28 L — 3. 00 — —
D9 HCO;-Cl-Ca HCO;-Cl-Ca-Mg 51. 75 58.42 3.68 4. 65
D10 HCO;-Cl-Ca HCO;-Cl-Ca HCO;-Cl-Ca 54.67 84.72 68. 52 3.25 3. 67 1. 89
D11 HCO;-Ca 2.27 424. 39
D12 HCO;-Cl-Ca HCO;-Cl-Ca-Mg HCO;-Cl-Ca-Mg 51. 44 152. 94 68. 80 1. 63 1. 40 0
D13 HCO;-Cl-Ca HCO3-Ca-Mg 20. 22 32.37 36. 29 12. 68
D14 HCO;-Ca HCO3-Ca-Na HCO;-Cl-Ca 21. 83 96. 09 61. 09 53.43 44, 98 20. 42
D15 HCO;-Ca HCO;-Cl-Ca-Mg HCO;-80,-Ca-Mg 35.24  255.76 40. 96 1. 56 1. 43 1. 30
D16 HCO;5-SO,-Ca HCO;-Cl-Ca HCO;3-SO,-Ca 46. 55 111. 42 59.71 0. 49 0. 21 0
D17 HCO;-SO,-Ca ¢ 67.19 0. 45
D18 — HCO;-Cl-Ca-Mg HCO;-Cl-Ca-Mg — 137. 46 70. 90 — 7.35 0. 47
D19 HCO;-Cl-Ca-Mg 85. 42 1. 56
D20 — HCO;-Cl-Ca-Mg HCO;-Cl-Ca-Mg — 356. 15 49. 36 — 12. 16 8. 22
D21 7 HCO;-Ca SO,-Cl-Ca 117. 29 43. 69 173. 44 65.17
D22 — HCO;-Cl-Ca HCO;-Ca — 89. 80 35. 31 — 60. 99 3. 50
D23 HCO;-Cl-Ca HCO;-Ca 89. 62 45. 33 74.50 5.16
D24 — HCO;-Cl-Ca HCO;-Cl-Ca — 121. 03 90. 96 — 0. 29 0. 34
D25 HCO;-Cl-Ca HCO;-Cl-Ca 59. 23 59. 24 1452.17 1 026. 05
D26 — HCO;-Cl-Ca HCO;-Ca-Mg — 55. 15 30. 67 — 10. 32 7.66
D27 HCO;-SO,-Ca 76. 48 1.03
T FOR AR
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Fig. 3 The spatial distribution of groundwater hydrochemistry types from 2016 to 2018
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Fig. 4 Relationship between the ratio of the selected ions
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Tab. 2 Correlation coefficients of hydrochemical compositions of groundwater

T H VOCs K+t Nat CaZt Mg?* Cl SO,2~ DIC NO; Eh EC
VOCs 1. 00 —0.05 0. 05 —0.01 0 0.05  —0.02 0. 08 —0.09  —0.10 0.01
K™ 1. 00 0.17 0.12 0 —0.13 0.21 0. 08 —0.22 0.18 0.08
Na™t 1. 00 0. 88 0. 90 0.75 0. 49 0. 58 0.22  —0.16 0.95
CaZt 1. 00 0. 94 0.75 0. 59 0.73 0.16  —0.18 0.95
Mg?" 1. 00 0.83 0. 49 0. 67 0.21  —0.23 0. 96
ol 1. 00 0. 35 0. 35 0.3  —0.17 0. 83
SO 2 1. 00 0.45 —0. 34 0. 04 0. 47
DIC 1.00 0.13  —0.34 0. 65
NO; ~ .00 —0.33 0. 27
Eh .00 —0.24
EC 1.00

Tk Ca®' Al Mg®" 5 DIC BYAE R %00
R0, T3F00. 67 (F2) » HATH B F WX N ML
FkH HCO, | Ca?' \Mg”" T BRI T8I Eh
MK EMEAER] HCO, | Ca™" FZORIE T Ir i1
(TR - 55 BT L T4 SR — 2K

Rk Ca®™ 5 SO (HCO; (Cl 5%
FBIIKTF 0. 50, HAHSEPEMR R IER (K 2) , T
oK Ca® BRI F IR ER A 0 W T i A1 18K
T 55 ClU s AB NG, 58 F il
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Tab. 3 Rotated factor pattern of five extracted

factors after varimax rotation

e I I F3 Fy Fs
EC 0. 97 0 0.17 0 0
Mg?* 0. 96 0 0.17 0 0
Ca?™ 0. 94 0.15 0. 20 0 0
Na* 0. 94 0 0 0.16 0
Ccl- 0. 89 —0.16 0 —0.20 0
NO; 0. 26 —0.85 0.21  —0.11 —o0.11
SO, 0.52 0.73 0 0 0
Eh 0 0.22 —0.88 0.13 0
DIC 0.58 0. 23 0. 60 0.12 0
K* 0 0.12 0 0.98 0
VOCs 0 0 0 0 0. 99
TR/ Y0 48. 99 15.67  9.88 8. 20 7.35

TR/ % 48.99 64.66  74.54 82.74 90. 09
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Tab. 4 Average mass concentration of hydrochemical parameters in different categories of clusters in 2016—2018

i pes VOCs/ Kt/ Na'/ Ca’t/ Mg? "/ Cl=/ SO,/ DIC/ NO;~ / Eh EC/
(pg+ LY (mg'L'"H) (mg'L'") (mg'L') (mg'L') (mg'L'")) (mg-L!") (mg-L') (mg:L?) mv (psecm™)
Cluster 1 11.13 2.04 26. 38 140. 71 28.48 67. 81 75. 68 250. 10 38. 87 248.73 852. 82
Cluster 2 1. 83 2.85 24. 66 108. 39 19. 21 63. 14 51. 65 155. 55 35.00 329. 00 521. 50
2016 Cluster 3 424. 39 2. 30 27.47 178. 36 33. 38 77.22 61. 13 347.70 2.27 73.00 900. 00
Cluster 4 1.18 2. 89 55. 87 287. 44 36. 17 114. 84 209. 82 436. 15 91. 38 128.00 1 585.00
Cluster 5 11.72 1. 22 117. 65 394. 48 73. 38 266. 81 306. 16 488. 00 62.08 105.00 2 380. 00
Cluster 1 17. 46 1. 46 27.49 121. 94 27.90 110. 86 4. 40 275.53 130. 67 128. 50 918. 77
Cluster 2 2. 80 2.02 58. 85 172.02 35.22 184. 16 3.50 213. 57 141. 21 135.43 1 364.67
2017 Cluster 3 1452, 17 1.48 19. 37 108. 99 24. 88 112. 11 0 292. 90 59. 23 136. 60 778. 00
Cluster 4 17. 85 0. 77 119. 30 358. 07 74.12 496. 67 0 390. 53 328. 65 123.90 2 870. 00
Cluster 5 173. 44 4. 80 97.76 281. 74 54.12 68.92 0 439. 34 117. 29 141.90 2 176. 00
Cluster 1 5.01 1.53 21.19 114. 24 25.75 65. 60 84. 31 255. 31 42. 31 153. 55 796. 18
Cluster 2 3.29 1.93 42. 34 164. 26 36. 16 138. 90 141. 88 291.12 69. 53 150.81 1 231.00
2018 Cluster 3 1 026.05 0.98 78.76 201. 10 40. 70 245. 39 188. 54 283.31 59. 24 170.00 1 544.00
Cluster 4 65. 17 4. 99 98. 00 283.93 55. 30 374. 05 350. 60 336. 06 43. 69 183.70 2 067.00
Cluster 5 16. 40 0. 86 151. 80 471. 20 96. 64 898. 35 252. 84 402. 50 51. 64 155.20 3 540. 00

2016 4, Cluster 1 Kfb24#2A FEPIHCO;-Ca
A 3Ca) F 5 (a)) , A F X N AR 3t 6 A2 11 Hh Ui
(] 3Ca)) » EK MRS, &K 2 HORRBAE F S E g
Jib A s KA 2E2R R DL HCO;-Cl-Ca(#] 3(a))
FER T K I 28 LR DX A B SR K
Cluster 2 1 Ca** Mg*" .CI™ .80,% . DIC(2. 55 mmol/L)
1 EC {EE AR (B 5 ) Fg 4, i KoK 242 RN
HCO,-Cl-Ca F1 HCO,-Cl-SO,-Ca([&] 3(a)) , 2] Clus-
ter 2 HPEIH R Z AR AA VA K - T IR K S
K U B b 25 R AR R B 85 1 2 . Cluster 3
D11 i —25 (& 5(a)), H VOCs & (F 4. i
TA VLA PR T I FE F S AR BRI 1Y
AT Eh (E A AR IR (3R 4) 51 D11 KAk
Ty HCO-Cal 8 3(a))  ASHEBAMN R T4 7k
RIREDIRI . Cluster 4.5 A8 75 B F1 EC (i
Y45 e, Cluster 5 1 HH VOCs {E % Cluster 4
1 (] 5 () FlER 4) L kb3 A HCO,-CESO,-Ca
(& 3(a)) W] Cluster 4.5 Mgk, H Cluster
5 Z RSN TR AR B

2017 4F, Cluster 1 KAk 2728 13 35 4 HCO,-
Cl-Ca i1 HCO,-Cl-Ca-Mg([& 3(b) 1 5(b)) , ] X
NI K AT 32 B 5 FUE K AU, Cluster 2 7K 4k
225703 HCO,-Cl-Ca(J& 3(b) #1 5(b)) , 5 Cluster
1 A7, Cluster 2 Wil 34 1) VOCs 3K EC {E5 5
Cl f1 NO, 5 (3£ 4), Cluster 3 i D25 A ) —
2, KAk 2R T R HCO,-CHCa (& 3(b) 1 5(b)),

+ 138 ¢+ KxX#FETARMA

VOCs {Efp - 1 Ca" \Mg*™ (NO;~ fil EC {H A%
(£ 4, Cluster 4.5 B W5 & 43504 D5 1 D21 (K]
5(b)) KAk ZEH 4331 2 HCO;,-Cl-Ca FTHCO,-Ca
([ 3(h)), — & Wi 20 43 vh 22 518 KA VOCs,
Cl" \NO; M ECIH(FE 4, XHEW . —FHRBWAR
B35 YK U 520 25 7K SCHBR A7 SR » 32 1 el AR 7K
PR B R SR Ab 25 AL 2 RS 8 — 38 W s 23 ) A
BEAR I , AN [R5 G oK IR 28100 38 A TR
IKAKACE RN AR 7R T T 4B & K R GL R 2L
e, 2017 47, Cluster 1~5 320 [R) 1 75 YL
AU TERI KA R LT, HoK Ak 24 4 S 30
A 2ESPE. UL, 8 Kb 2= R AR b
A V5 7KK A2 21 0 S HOR IR R G A 7K SCHE
BRAb 22 BN A5

2018 4, Cluster 1 ZKfb222E R Z 5 HCO,-Ca
1 HCOy-Ca-Mg, i 4 HCO,-Cl-Ca-Mg, HCO,;-SO), -
Ca-Mg.HCO,-Cl-Ca([®] 3(c) #11 5(c)) ; Cluster 115
F 3 53 A7 T B AR ) DX, A R L ik
BT FIAG P B 1 5k o G B FH B8 - Fn EC (B 3
F/NE 5Ce) f138 4), Cluster 2 7K fb 22 2 7 )y
HCO,-SO,-Ca, HCO,-Cl-Ca-Mg, HCO,-Cl-Ca,
Cluster 2 Wil a3 8] A2 5(c)) ;5 Cluster 1
AHEE B4 I Cluster 2 WiIlFHFH FH 25 FF1 EC HRK
(& 5Cc)Fi1FE 4), Cluster 3 [FkFEH D25 B —2 (K
5(0)) s KA S HCO,-Cl-Ca(J] 3(0)) , H VOCs
B e K (32 4); 254 2016—2018 4F, Cluster 3 [
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