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Comparison on the Hydrogeochemical Characteristics of Typical Karst
Groundwater System in Southwest China, a Case of Qingmuguan and

Laolongdong in Chongqing

ZHAN Zhao-jun'*, CHEN Feng'?, YANG Ping-heng'”>*, REN Juan'’, ZHANG Hai-yue'?, LIU Dai-wei'?,
LAN Jia-cheng'*, ZHANG Yu'”

(1. Key Laboratory of Eco-Environments in Three Gorges Reservoir, Ministry of Education, School of Geographical Sciences,
Southwest University, Chongqing 400715, China; 2. Field Scientific Observation & Research Base of Karst Eco-environments at
Nanchuan in Chongqing, Ministry of Land and Resources, Chongqing 408435, China)

Abstract: To study the hydrogeochemical characteristics of southwestern typical karst underground river influenced by different land-
use types and human activities, underground rivers of Qingmuguan and Laolongdong, which have similar geological background in
Chongqing, were contrastively analyzed from the scale of monthly and rainfall event variation. By the means of independent ¢-test and
principal component analysis (PCA ), the results showed that ions of Ca®*, HCO; , Mg’*, K*, NO;, Na*, SO;”, Cl~ and
conductivity were distinctly different at the outlet of the two observed underground rivers, Jiangjia spring and Laolongdong. Compared
with Laolongdong, Jiangjia spring showed larger monthly variation range and mean concentrations of K*, NO,; , but ions of Na® ,
SO, Cl™ showed an opposite trend. Water-rock interaction played an important role in the hydrogeochemical characteristics and
variations of two observed karst underground rivers. Qingmuguan underground river was mainly affected by agricultural activities, while
Laolongdong underground river was dominantly influenced by urban and industrial activities. Owing to the difference in manner and
intensity of human activities, the two observed karst underground river systems responded differently during a single rainfall event. The
variation of water chemical indicators that highly corresponded to discharge at Jiangjia spring were relatively disordered at Laolongdong.
It was shown that the hydrogeochemical characteristic of Qingmuguan was primarily influenced by soil erosion and agricultural activities,
followed by water-rock interaction, while the hydrochemical characteristic of Laolongdong was dominantly influenced by water-rock
interaction, followed by urban activities, industrial activities and soil erosion.

Key words : underground river; hydrogeochemistry; independent ¢-test; principal component analysis; Qingmuguan; Laolongdong
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Fig. 1 Sketched map of hydrogeology at the study sites of Qingmuguan and Laolongdong
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Fig. 2 Hydrogeochemical monthly variation of the groundwater at Jiangjia spring and Laolongdong
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14.3% BRI ZETTHRE N 76. 7% (£ 2). HEECE
TR AR > 1 89 4 41 F A4 (PC1, PC2, PC3,
PC4), H Jy 22 STk R 4> 5 K 28.4% . 19.9% |
15.6% . 10% , BRI ZTTHRRN 73.9% (£ 2).

A HTEs A, 2258 PCL 1, HCO; | Ca’
(AT e, 20 R 0.765 ., 0.572 (£ 2), u@ﬁﬁ;}(
FVER F BB KR K SO BRI 22 R AE . B

SRIT IR PR BE B R B pH (A /M
55 WV f s DI ARG, R 38 ) 48ms B 8, 4300
$90.96,0.884(%2). Na* 5 PCl By R ME Nw
I, Hk il 0. 829 (£ 2) , X HARIL T HF 5% X £l
TRLRE I Bl | 7 58 Ml 7 25058 HE 5 4 % b T 7K B8 5% 1
NO; | C17, SO;™ . K" EZE58 IR PC2 i A 3 e 2K
faf 438 0.725 . 0.619, 0.535, —0.834(F£ 2),
AI UL PC2 B T A b A AR 35 Y5 7K 6 5 b Tl 7k
ILFESZ M. Ca®* | HCO, 5 PC3 % V)t 6, H
AT -0.692, —0.600( % 2), M T FHK
VR R A5
52 PC1 B YIFHCH A Na* | Cl

18, Heak AT 20 —0. 781, 0.843 . —0.772(%2),
Tyl PC1 4878 T RAE A Tl 3 sf 6 s K (14 52 1.
Ca’*, Mg’ |, HCO, 7E# el PC2 Hakfar & i, 40
W24 0.509 0. 665, 0.633(F2), BLHAK-AVERIXS
IR R KA EER . KT 1E PC2 h A
AT (0. 637) , ARILT 2 I iR b Ui /N B AR 3 3
Xt R K BRI, SO; ™ 7EE el PC3 Hr iz far
—0. 645 ARIL T RRZKX R B & HEHLZ | AT TS K
SO2™ IR, 2R PC4 B 7 22 STk R &/,
ANEFRENE, FEILZ AT



370 5B
®2 ERR. BRFADSKIHBRUZERERFFTERD
Table 2 Principal component analysis results of monthly hydrogeochemical indicators at Jiangjia spring and Laolongdong
- ZEFRHR(n=13) EH (n=13)
PCl1 pPC2 PC3 PC1 pPC2 PC3 PC4

K -0.726 0. 296 -0.252 0.734 0. 205 0.274 0.292
pH {H 0. 884 -0.050 0.225 -0.772 -0.188 0.307 -0.028
AR 0. 960 0.071 0. 102 0.279 0.248 0. 111 0. 760
Ca®* 0.572 0.317 -0.692 -0.530 0. 509 -0.291 0.270
Mg?* 0.372 0.421 0. 544 0. 125 0. 665 -0.487 -0.375
HCO; 0. 765 -0.013 -0. 600 0. 100 0. 633 0. 597 -0. 164
K* -0.039 -0.834 0.278 0.247 0. 637 0.257 -0.298
Na* 0. 829 -0.234 0. 287 -0.781 0.462 0.193 -0.018
NO; * -0.526 0.725 0.231 0.338 -0.327 -0.456 -0.204
Cl- 0.528 0.619 0. 037 0. 843 -0.093 0. 360 -0.197
S03- 0. 149 0.535 0.317 0.326 0. 465 -0.645 0. 162
FRIE(E 3.883 2.326 2.228 3. 121 2.192 1.716 1.1
T7ZE DT % 41.3 21.1 14.3 28.4 19.9 15.6 10.0
FBUs Z TR % 41.3 62.4 76.7 28.4 48.3 63.9 73.9

1) = FoRPINFE SR EEAR R n = 12

P LR, TR T HL T W KAk H A
FRIESZ AT B0 52 i 5K, 28 1] b T Tl 7K D) 3= %L
IR Tl IE Shi2 e , 7K -4 FH R BRI 5% 55 7K SC
HuBRAL A0 S A RE AR AR
3.2 FERNAETS MR ] i oK SC IR Ab 22 AR 22
ST
3.2.1  IKSCHBBRALZERFAEXS LLAFSY

FHARKLE2011 4E5 H 1 ~3 HAYEP AR
27 18 h, WM RN 25.5 mm; Z B 2011 4F 8 H
4 H ~6 HIEPRERAHFEE 8 h, FEM B 24. 8
mm. SMETF , IS 16 FhoK Ak 2= 38 Ar i o
AR AT 3k 4 BB (3, K 4).

(D) Zg kBB FARKmMEE T T 5 H 1
H22:00 ~5 H 2 H 08:00( & 3), & i 5 h
T8 H4 H14.00~8 H4 H22.000F4). LHE
P ST s 28 B K R it (181 3 BT 4) |, KR4k
fE2E AR bR R AL PR, LR R pH [HEKE T
Wea 3. % i 4 Fe. 4 Mn, AP, pH fH.
HCO, . NO; ¥WRETFIR LT, K L3 R AEH B 3.

(2) BELAB B HFAKREE T TS5 H 2
H8.00~5H2 H18:00( 1 3) , &Rk LE T
8 H4 H22:00~8 A5 H06:00(K4). tbFrEm
TR T A R T AL AR R R AR L 3 A
LT B R b T A e AR M R S . AR
HARA A FE bR AR AL 5 i = 3, Ca® | HCO; |
4 Fe, 4 Mn, A" B K, Na'., NO; .
SO; ™ AEFR I f 3G A b IR BEAE TS
BTN (KL 3) . IR S 7K AR 2= F8 s 14 A8 A AR X

JoI¥,Ca’" | HCO; | Mg Ve i B 5 /K (o F 82 e
B NO; | SO;™ MR ek AL L ki i, Z )5
B R R4S TR AIG ;. L K™ | Na " R 58
2 ek TR BEAE T B AR, it % R 457 1k PR BT 1y
(Kl 4).

) ez eprBe HAKMEE DTS5 H 2
H18:00 ~5 A3 H 12:00( & 3) , & Jp i ikl 4
T8 HS5HO06:00~8 A5 H?22:00(K4). LHE
PR HIL R RN 6 AR 452 1, R A F A B R AR AL AR 22
FOOKR . pHAH , Wl 33 K* |, Na” 58K
fetatrtia Tha e (& 3) , nl UL RN X & AR G
TR R IR AR R, IR A R A . pH {E .
K" | Na* SFS4 2 B2 M HF 2200 T R (K 4) 36
IK-EAE T L 7K AT ARAE R X b T 4 532 0 9 553

(4) PR AL B Bt SRR EF TS5 A 3
H12:00 ~5 A 4 H 00:00( & 3), % i 4 d
T8 H5H?22:00~8 A6 H12:00(K4). kB
R TR N7 P AR B B BBE , AT 9 A R N 9 A A
K*. Na*, Mg** ., HCO; . SO.™ . NO; . pH {H%35
PR R IR R AR (B3, K 4).

3.2.2  FLF PCA 43HT 7K SCHER fL 22 R 32 45 1A
ERORA

PEHUZE AR FFAEAE > 1 /9 3 41 F W4y (PCL,
PC2, PC3) , HJy 22 5THRF 500 45. 1% | 29. 8% |
10. 5% , B 22 DTl RIE 85.4% (F£ 3). HEELE
JETRFEEAE > 1 19 3 L E R4 (PCL, PC2, PC3) , H
T2 BT RS 5K 32.8% . 26.4% . 21.5% , B
T TR R 80. 7% (£ 3).
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Fig. 3 Hydrogeochemical characteristics of Jiangjia spring during rainfall event in 2011

Wit 4 Fe, 4> Mn, AP 7EZ R R PCL H#fr
B A9 0.948 L 0.939, 0.936, 0.953 (£ 3),
Ja = R UE TR R AR Bk R Bk Ok
G317 HAE PCL AP B A e A8 e S B T I R B 7K
FHARAE. NO; | SO 1E PC1 a4, 43
A 0. 848, 0. 751 (3 3) , ARBL T [ TR 19 18] A Ml 7%
Bl A TE KO T ) 7K SCHb ER AL 2 R AE 5 52 .
pH {5 2 & % PCl 2% ) I A 56, Ho 3k i
=0.709 (% 3) , YA /K -V HIFNER R X R T pH
HIFZ M. Mg 7E 2R R PC2 H iy 8 a4 0. 921
(F3), 0] WL PC2 e T B WY 0 [0) 14 == Jo 0K 5 5 fit
FIXEsE. K* | Na® 5 PC2 @ YIAH G, 2 r 4 3k
0.823, 0.640( % 3) , B 5% X K7 Bl 1) ARl 17 2l J2:
HEZZmMAEER., BSF, KR, WHAIELERR

PC2 Y 2 T WA . PC3 P o s e
Ca’* . HCO; ,4391°4 0. 684, 0.876 (% 3) , Al hL/K-
VR R 22 GRS K SCH R AL 2= FRAE RN Bl AR A 2
BLEZ .

H5E R PCl HYIIEM I8 IR A Ca® |
Mg>* . HCO; . HL 52, 2k fif K I 0.940
0.931,0.766, 0.882( £ 3) , i T B MRl K -4
YEHIRE B M. SO; - W5 PCL = BEAH G, Hak Ay
40.665(FR3) I T S HEHZ A R, R
15K . BRFXTHL T K SO2™ BYSEMR.  Hy T IR B AR
1R R ZKOKT H R KA BOAYE L, K R 5 PCL 2
A, 3y -0.770(F 3). K*, Na*, 4 Fe,
4= Mn 7£ & Je i PC2 w38 far 5 5, 4390 0 0. 894
0.692 ., 0.699 ., 0.589( % 3), UtHH T HF 57 X Il 4
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Fig. 4 Hydrogeochemical characteristics of Laolongdong during rainfall event in 2011
— ST S 2 2 - 2 -
g, TG sh AW G IR A K LA Rk HZE SRV, H Ca® | HCO; | Mg™* | K| NO;

(IR, 5 2% ki PC3 B U0 A OG0 2 15 il 4L
AP* | NOy | KA, Ho#k far 43 51 R 0.803 ., 0.807,
0.612, 0.653(F 3), X/ W H B w19 1] /K £ 3 2%
LKz /INYE LA D 3 Sl % i T 7K A5 .

AL UL RN AR T 22 5 R K SO R b A R A 2
BZIK TR ARG B BRI, K- VR FH R
W2, IR N 32252 B KA FH RS AR T
Bl Tk 3 3 A K 3 RV R 52 5
ik

4 i

(D) A RIE B, 2R R ME TR, pH

Na®,SO;", Cl™, MR REFREE . LFR C"
HCO,; FYMREE M E K T IR, Mg® ™ (¥R B (/1N
T2, 2FE K NO; HZET A5 (L Fivk i 1y
HRTEZWRN Na* | SO~ . Cl™ (Z15 A8 L Ak i
PEM/NT- 200, 28 PCA Z08T , K- AE FH TG
Vs b T K AR 2R RRAE S AR AL B BEAE T (A
S H AT 2E R AE 37 A0 15 S gk, TR
b AT 70 = A R Tl 3 B R .

(2) Bl [ WA 1A, G F 5% 15 45 KA 22 3R bR
BB AT LAY Ry G2 0% 2 Ak — B 25 AR A — AR e AR
E—FER AR T X 4 AN B B, (A 45 B B AR fh ka3
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Table 3 Principal component analysis of hydrogeochemical indicators at Jiangjia spring and Laolongdong during rainfall event
- FEF IR (n =26) EHei (n=24)
PCl1 PC2 PC3 PCI1 PC2 PC3
Tt/ KA 0.948 -0.013 0.236 0.385 0. 463 0. 653
pH {H -0.709 0.551 0.173 0. 269 -0. 806 -0. 090
KR -0.027 0.776 0. 028 -0.770 -0. 140 -0.382
4 0.235 -0.907 -0.079 0.398 -0.173 0. 803
GRS 0. 637 0. 678 0.251 0. 882 0. 384 0. 051
Ca®* 0.514 -0.256 0. 684 0. 940 -0.010 0. 049
Mg** -0.121 0.921 0. 035 0. 931 -0. 181 -0.112
HCO; 0. 147 0.290 0. 876 0. 766 0.559 0. 004
K* 0. 456 0.823 -0.046 0.245 0. 894 0. 121
Na* 0. 668 0. 640 0. 206 0.539 0. 692 -0.420
4 Fe 0.939 -0.202 0. 104 -0.014 0. 699 0. 662
4 Mn 0.936 -0. 199 0. 121 0. 195 0.589 0.453
AR+ 0.953 0.092 0.074 -0.059 0.415 0. 807
NO; 0. 848 0.217 0.239 -0. 080 -0.035 0.612
SO; - 0.751 0. 246 0.225 0. 665 -0.518 0. 353
BN 6. 766 4. 468 1.575 4.927 3.961 3.228
Tr ZETTHRER/ % 45.1 29.8 10.5 32.8 26.4 21.5
HIRT7 22 5T % 45. 1 74.9 85.4 32.8 59.2 80.7
1) * RoRFBGILA TR, LI R K L8 bR
/ﬂﬁ%ﬁ—ﬁ[ , %ﬁﬂﬁ] %.*E‘figﬁfft E@j&m@ll‘i*ﬁx\j‘ﬁﬁ and ground water in Guiyang, China: Water/rock interaction and
"LREU% F%Z:ﬂ_j%ﬁlﬁj , ﬂﬁ%‘{ﬁl{ﬁ??ﬁ%%XiK Iﬂ%ﬁ%ﬁ}\j@ pollulion' in a karst hydrological system [ J ]. Applied
o . R . . Geochemistry, 2006, 21(6) : 887-903.
WS TIAIMI N A, FASCHL PRACOKSCHIERE [ 61 qumise, Groves ¢, 2itide, 4. K- S R K
SARAE R BT K R | RLTE SR, KA 2 S AT —— LU AR I 5 R B[ ], 7K SCHE
PR MK 2. & T i Ik 9 52 B KA BCRIBIE, 2003, 30(4). 13-15
- o o o [7] Hess] W, White W B. Storm response of the karstic carbonate
FHB/‘J o ﬂﬁ s iﬁ!ﬁ!ﬁﬁ {ﬁzjl N Iﬂk{ﬁzj] N 7K:t /}lLﬁi’ﬁz}Eﬁ E/(J aquifer of southcentral Kentucky [ J]. Journal of Hydrology,
S ) Ha 458 Ry HE 1988, 99(3-4) ; 235-252.
(3)Kﬁﬁ@iﬂﬁﬂﬁﬁﬁiﬁ%ﬂ]\%’@ﬁ@ﬁ#ﬁYféﬂﬂ [8] YangdP H, hYl:;m D hX, Yuan W :I, et al. F(l)rmations of
N “ »~ " . N N groundwater hydrogeochemistry in a karst system during storm
‘F7J( I?I"J7J(Iﬂﬁf2k%?ﬁ %{E%} uﬂx IE] ’ Xﬁ%‘/ﬁ"ﬂﬁ?‘/ﬂ‘ events as revealed by PCA[ J]. Chinese Science Bulletin, 2010,
IKFEATICISTR] 22 RUBE | R B A UL, 2 412 A [+ 55(14) ; 1412-1422.
R A K IE Sh BT R v T (9] RN B, TTRERL, S BRI B T K
A A A g St VI fe ) A
(7K SCHLBR A48 .22 53, K28 T K Ve R 0 37 DR I ORTRR LA ). FTRERE, 2005, 3604
fiti L IFRA 53 BEA EE R L [10] WP, P, BORKSF, 45, PRI ML Tk Rk
SR K M RS B A E | TN SRS [1]. SRS, 2014, 35 (4). 1290
S M R ¢ == 13 1296.
E;f; PR RE I ). (1] BT, i, TP, . FERTIELE T K 2R
= : SRR B R AR [J]. BHESEIR, 2013, 58(18) ; 1755-
[1] Rk, *@%(E%[M] Jbxt. ﬂﬁﬂitﬂﬁﬁfi, 1993. 149- 1763.
150. [12] Ling G, El-Kadi A I. A lumped parameter model for nitrogen
(2] SEan. o VR H XA N K 5% U5 i & R 5 Ok transformation in the unsaturated zone [ J ]. Water Resources
[A]. WL. 2004 44 FEKSCERTHE S CE[C]. B Research, 1998, 34(2) : 203-212.
PRKRIF, 2004, 541-546. [13] fEd, VA, REAS, 5. TBC R I i K 4
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