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Fig. 1 Hydrogeological sketch map of the study area

SR 6—HIFROKUM TR AKEE 8-SRy 9 YA

[

BN HFT IR RS X E TFE T M R 7R B S
PAFR T 8 8 KA B (B R 2% 1R 6 8 R 3k S
HuER A2 R A W 3 280 2R IR AL R (87N
&S FITSr/% Sr) 7 R b T 7K HRH R £ FARL IR £h 1Y 75
VRS 2 PRSI

2 WARAE

2.1 HBRRESHW

AW HEFE 43 AW T H RE (2010 4F 8 H —
2011 4F 8 A) AR#BHPI (2011 4E 5 A 15 H —2011 4 6
He6 H) WML 4ES5 H 2 H 8:00—2011 4E 5
A 7 H 10:00. 48— 2R FAF) 3 A [a] I ] B Y 7K
e dlh . RO B 01 RN 2 W 0 4 0l 4 B ) LB
KRG 2 h Bl—ROKEE

KPR A 1 mm BO6 KA (WGZ—1



136 R

2016 4E

R PR IE K SCACER A R 28 A AR ) I b 7K S
BF KA 3 I i — K e Rt ot B i . RS
B E1.0% % HOBO /N Bl R % 3 (3£ B ON-
SET 2wl Az =), Wa I T ¥l 37 30 0% i 7N o, 182 R
LRI PRI E] 15 min,

MG FAEE WTW 264771 2 2 80K 545 B
A Multid430, I % Hu T 7K 9 B 5% pH (BRI K I
FEEEAT A 1 pS e em™',0.01 pH. 0.1 C; 8 [
Merck 72 w) A 7= 04 B BE S A0 B2 3, B35 0 5 7K v i
HCO; 1 Ca*" e, HAFEE 43504 0.1 mol « L™" .2
mg « L' BB T RES FH 500 mL 5 24 U 5 5 B
B 50 mL ROEME IR 1+ 1%
LAY RIS 3 WL M pH E<<2. B FHE TR MEE
TEE 4 CH . BB 7 5 75 2 % (b R oK AR
WERE I )0 HEAT . CU R AgNO, T8 5 15 R B
J50.1 mg+ L " ;POY F SO \NO; 7%
Bt Metrohm 23 @ A2 7= A9 761 9B F €2 3% 40 K
KRR 0.01 mg « L7'. FHE Rk H 3 B Perkin—
Elmer AR 77 ICP— OES Ml 5,1 h P, RSD<C
1%, DA b S0 2 I T A 3 76 V4 e R 2 25 Vs A 355 5
2.2 ERHoME

2 B3 3 BT R R A A A SRR BB RO A
BA—EAMCHER P AER, B A G M — A
AHXE A0 ST B 25 G VA8 B R B A K B 48 B L i B 4
P AT B 22 Ml R e JEOR AR Y 48 50 43 A B i R
AT, & T KMO (Kaiser — Meyer — Olkin) >
0. 5F1 Bartlett BRIE K 58 H sig<C0. 05 YA R M3 K
M8 o, A AT AR S — R R U 2 BE T oA
B RO ¥ AR K SO R 2R S B AR R T2
RSO AR SCE B4 4 AT AE SPSS19. 0 s AT,
PEBUCRFAE AR =1 (4 143 1E S F2 4

3 HERE59W

3.1 AREKUEFEZTHIFE
2010 4F 8 H —2011 4F 8 H KK & T 9
A=A K 2 Foos, N AT E it BRAE 7—10 H M
TR R AR S TAE 12— RAE 3 A RAR. BV R 2= .
RN HAT I B 0 2 AR Ak 2 AR e LA B
HL 5% pH E AR fb s R BOM [ L Al 7K 3 O =5
6 H 0y AR, T BE & i b Tl 32 2 43 37 & T b

25,6 F Oy BT A U b A T £y KRR K R 1
FHBT &, 380 S50 pH (A,

Ca”" \HCO, FI Mg*" 28 {b—F, ¥ 3= 3 Jy #li K
Wi 0w . FEK IR A, L, 11 A A K B, R
2 B H R BOK AN S, K — AR R B, S B
Ca”" \HCO; ;6 Ao FREMEER, WKY
T A it o R 3 3R L e A1

K" \Na" 224k & 3L, Al K 018 T 32k 0, (1
K™ A AR T o 0 a3, 208 I AW 38 st e, it
LR Z . CIT R NO; Bah K, B iEH—3%,
1 AB CL MNO; w122 Am. FEEHET 1 A6
Fof T i i /0 o TR KOG b R I CL D NOS 1 # B 1
s 4 A R EBR S, E2EH T4 AGH
BRI AR £,

HRE 13 gk kE i KMO J & ) Bartlett Bk
RYFER IS 38 T E ik, R 1 AAL, AR
EFREAZ 5 A F R, BB 2 sT ek R R
90.75% . FESS 1 ERLAT B, Ui H R B T A 4 s A0 N
—0.93, 5% 1 F i % Y)AH G, & W] B R FHI 4t
Bl s, HCO, IRZ, 4 0.82, Na .pH {H.HF
M Ca™ SRk AT W B, 40 9 0. 78.,0. 79,0, 77,
0. 64, BFIE XML SR A 76 M T 38 B o & v & AR
fife Ml HCO, (Ca®" B M AE K — 5 7E - 414 & (1A
2). P51 000 S Wit T Vi) 76 38 A% 2o A b 5
MR 0K — B AE L O 2 0Tk R 43, T4 % . 1
B2 B L KT ONO;S L CU g 8, 430l ok
0.83.0.68.0. 52, T B¢ X 52 4= 1k 15 G4 19 52 M 42
AN TR B 2 S By B i Ml R T 32 A7 AR I
R, 7 2 TR N 181, B TH 3~5
F U T 22 T BRI B BRI

R DN RUBE B0 43 B 45 1, Hl T To) A 33 Ak ik
oK —AVE & S AL, J7 25 STk 43, T4 00
RV E SR 2, 5 25 5Tk 18, 1%,

3.2 RHHKUEZTHIFMES

201145 H15 HE 6 H 6 HABANSEHEAXLRK
B AR B S AR I By Sk A R {5 i R
W R I TR0 T 22 5 AR I Vi A R i A s
Wi, 5 H 18 & 23 H ¥ AU B K B A A [H]
FEEEMRET .5 H 23 HE 6 H 6 H. & AXH T k
Ui FNR Uit R M XY it IR B 22 o AR B I P e
JE 41



ERBE - ] A BEAE R [R I ) BE TS K 6 A VR M R K Ak AR AL 5 R by 137
. o 200 "
\ .\ .//l .j
Sgearts, e 100 18
120 H .\l// L] 0 ‘»\ﬁ\é
= i .
£ —
?g 60 \/\ o
T . . 21
.\\_\.\ ] ./ O
~—_, s 18 iy
sy o ui
- 15
= 810
5 [ " -\-
aml N \-\ -
5 630 , - / 80
o P e \\ \
iy P \ 75 =
—— T \ . a.
150 . —— . 7.0
ﬁ'q_ s / \.\ .
%D -/'/. .\'/.\-\ / \.
120 -
S .
. 18 _
//. A\ i
N \ . = . SD:I)
— S E 15 =
-—rd SN // e &
v . = 3
12
420 /\
oS .
g e .\
=360 . . )
o — N /
O —
T 300
A——n —n 72 _
A / &3
P o SO 54 %@
Bt o g™ 36 M
26 " .
__:_] /-/l ./ \. ./
s 13 / o \ —
+§ o . . ) /,/' N 36 —_]
// \ // \\ / \ ///l 24 ED
-/ T 12 @)
T, 36 /‘\ / \
éﬁ 24 . \ / \ — \ /
S n
A 60 —:_]
e "\ —a \ .
//./ \ /-/ \\\ ra 50 g
a7 \ 7 . <
\./ ~ o7
. - - . 40 ~
WA \’f> \'L" N N g0 0 \o \\" b\\" s
QR QO 0 \\ AT AT AT AP B \\ \\®
AT N Q\Q\ O 2O ) O M AN N ST A SIS AP\

B2 BFAXMTRAKEEALTK
Fig.2 Hydrogeochemical monthly variation of the underground

river at Qingmuguan



138 R

2016 4E

F1 BREMKULFHNERSDIER
Table 1  Principal component analysis of geochemistry

during month events

W1k HoE H3E H4FE 5 E
[ N % D7 % D 1 % S 1 %)

pH {8 0.78 0.09 0.03 —0.51 0.14
RS 0.77 0.21  —0.30 —0.37 —0.06
KR —0.70 0.20 —0.27 0.38 —0.35
Ca?" 0. 64 0.25 —0.46  0.48 0.17
Mg?+ 0.14 0.68 0.09 —0.45 —0.37
Na 0.78 —0.19  0.49 0.15 0. 04
K* 0. 06 0.83 0. 46 0.10  —0.14
HCO3 0.82 —0.04 —0.42 0.31 0.07
Cl™ 0. 60 0.52 0.32 0.26  —0.23
SO%~ 0.07 0.52 0.38 0.14 0.70
NO7 —0.47  0.68 0.42 0.26  —0.17
it i —0.93 0.08 —0.14 —0.14 0.23
% T A —0.93 0.08 —0.09 —0.16 0.23
FEAEAR 5.69 2.35 1.45 1. 30 1. 00

72k % 43.74 18.11  11.18 10.02  7.70
BT LETERE/%  43.74  61.85 73.03  83.05  90.75
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A3 SR R TR RO, H T 25 BTERR R 15. 7%

TR, A B30, T 90 78 7K Ak 2 10 A8 Ak ad 7 vh 2
K — A FH AN 2 it 1 355 3 3 [m] 52 )
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W, FEEPRLE 2011 4FE5 1 H220—5H 2 H 16
N I NS SR I DG i R/ T D AN o A B 1"
(F 4,
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H 2 H6:00), %8 T WkEZAFR IR, B
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min N KERE AT 2.3 mm., HF R E7EF
M2y 30 min J5 46 RN (H Z )5 i m F iR s ok . f#
Bifi 5 o RN e R L KR R T B, R R O e o B R
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Table 2 Principal component analysis of geochemistry

in farming period

%1 ERT 2 B 3 EWr

pH {4 —0.4 —0.46 0.63

CERS e 0.85 0.07 0. 37
7K 0.23 —0. 24 —0. 84
Ca’* 0.54 —0.69 0.39

Mg? " 0.95 0.06 0.12
Na*t 0.73 0.63 0.12

Kt 0. 86 0.35 0.12
HCO3 0.81 —0.55 0.14
cl- 0.9 0.25 0.26
S05~ —0.49 0.79 0.25
NO7 0. 81 0.05 —0.24
it —0.81 0.08 0.5

I AR 6. 40 2.25 1.88
i Y 53.36 18.75 15.7
FRT7 Z TR/ % 53.36 72.11 87. 81
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Fig. 4 Hydrogeochemical characteristics of the underground river at Qingmuguan during the storm event
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PO 530 i W B0 S BOL R B A R4,
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2 H 1400 [AFE B m WA, 2300 0.5 mg « L'
0.4 mg-+ L', 3 Fe A1 Al J& W #GHT + 398 8 ak
BRI s R A R T Rl TR S A [ R A% A
TREWK, FH Fe Ml Al HE Y558 T+
Herpd o ARG DR A A B R AR, 2 IR, S K
T EOIE TA RS, KA WIE], Fe 1 Al 25
2 A AR R Y UR L T R R KO A R
W CEIHEAN D, F3 Fe Al T

S B (2011 4E 5 A 2 H 18:00—2011 4E 5
H 4 H0:00), TREW &4, &8 7l E B TRk
BN REN, EEZADK AR, 0HE SR,
HCO; .Ca’" \Mg*" W&l T [, n] BB 2 RN 7K 1 76 B 4%
Jof W RO S5 | AR T

BINHBE(2011 455 A 4 H 2:00—2011 45 A
7 H 10:00) .45 B U 2 B RO, AR R I, MR
R E,Cl . Na™ f Al 4k 2235, 1 PO
K" Na" \HCO; .Ca*" \Mg"" FlHg 3R U] i 2 3 5
8 LI A2 TR, Hoh, PO AL
A5 R R B T AT v B W A DG L A o Rl B
Wiz #% 21 F K, S5 POT AW BT Bl & 1 e
RN, POT SORWT N . B B9 . NO,
Hi 30.3 mg « L' RELE T R 2 Wa Wl 400 1] 9 e IR A 3. 1

mg * L7 BEIR N 89. 8%, FREMRE R, FLEHM T
55 11 By Bt =398 v A0 R B T BT A AL BRI A ML R
WL R A T K, S8 N K NO,; il
AL

FF AN 57 41K #E 38 2 KMO JE & Fl Bartlett
BROEAG 5 38 T E o i, R 3 Al g, W
Wiz 4 A F o 5w, H B U 25 STk R
80.09% JEH 1 E WA . K™ . PO FINO, #Argw
F A5 0.95.0.93,—0. 71, I, 1 E R
IS L A 45 A A ARk A7 % R 1 v Rl 94K 5 A S X
HRW A, HCO; (ML %M Ca™ 5% 1 £
I3 R AW R B Y] AT 53 518 0. 95.0. 86.0. 75,
FEUIEE 1 J2 o s R 2 T i M T T K
A RB K — A AE, I 2 5T ER# 2 35. 550,
T 2 EMrT . i Na' (Fe 1 Al 5 H % U141
X HAE AT M 0.93.,0. 86,0, 82,0, 72, I, 55 2 F ik
A3 3 B W T R T A ek Y 5 A R 3R 4y
MIFL S Hor 2 o0k o 26.98% . M T4 3.4 B
O3 7 25 DUROR LK - i Z s AN
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Table 3 Principal component analysis of geochemistry

during the storm event

F1FE %2 FE 3 E Fa4E
i —0.19 0.86 —0.21 0.02
pH fH —0.35 —0. 34 0.49 0.49
TR 0. 86 0. 40 0.10 0.18
7K 0. 34 0.17 0.57 0. 40
Ca?! 0.75 0. 20 —0.41 0.16
K™ 0.95 0. 00 0.15 —0.17
Na* 0.29 0. 82 0. 36 0. 14
Mg?* 0.63 —0.05 0.51 —0.37
Fe —0.23 0.72 —0.33 —0.28
Mn 0. 77 0.07 —0.27 0. 00
Al —0.12 0.93 —0.16 —0.09
Si 0.10 0.21 0.61 —0. 66
cl- 0.29 0.79 0.26 0.22
NO7 —0.71 0.35 0.13 0.03
POi~ 0.93 —0.23 —0.13 —0.05
SOi~ 0.10 0. 80 —0.04 0.12
F~ —0. 64 0.45 0.09 —0.02
HCO3 0.95 —0.05 —0.16 0.11
FEAEAR 6. 40 4. 86 1.92 1.24
- Y 35.55 26. 98 10. 68 6. 88

BB ETER/ Y% 35.55 62.53 73.21 80. 09
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Dominant factors controlling hydrochemical variation of karst underground river
in different period, Qingmuguan, Chongqing

YU Qin"?,YANG Ping-heng'?,YU Zheng-liang"? , CHEN Xue-bin'?, WU Hong’

(1. Key Laboratory of the Three Gorges Reservoir Region’s Eco-environments , Ministry of Education/School of
Geographical Sciences s Southwest University » Chongqing 400715, China;
2. Field Scientific Observation & Research Base of Karst Eco-environments at Nanchuan in Chongqing s MLR, Chongqing 408435 ,China;
3. Wushan Land Office in Chongqing »Chongqing 404700 ,China)

Abstract Hydrochemical variation of Qingmuguan karst underground river in the typical karst valley area
was monitored by using multi-parameter water quality analyzer. Dominant factors of the chemical dynamics
were studied by principal component analysis method with monitoring data derived from three different time
intervals, including that of monthly monitoring, storm event and farming period. Results showed that on a
monthly scale, because of the dilution effect due to rainfall, the major underground river constituents such as
pH and the concentrations of Ca*", Mg*", K*, Na® and HCO; were lower at flooding or wet season than
those of dry season. The hydrochemical variation was affected by five main components with an accumulated
variance contribution rate of 90.75% , of which the dominant factor was identified as the rock-water interac-
tion. In farming period, rainwater carried residual manure and nitrogenous, phosphate and potash fertilizers
into the underground river, which resulted in the increase of electrical conductivity (EC) and Cl, NO; , K*
and Na' contents. The hydrochemical variation was affected by three main components, with an accumula-
ted variance contribution rate of 87. 81% . of which the dominant factors were rock-water interaction and fer-
tilization. During the storm event, the change of the ionic concentrations could be divided into four stages,
including stationary, rising, stable and special periods. During the rising period, rainfall obviously effected
on underground river and caused more active rock-water interaction and the increases of EC and the concen-
trations of Ca*" and HCOj; . Significant impact of erosion and leaching due to rainfall on topsoil and fertiliz-
ers resulted in obvious raises in undergroundriver Al,Fe, CI7, K", Na' and NO; contents. The hydro-
chemical variation was affected by four main components with an accumulated variance contribution rate of
80.09% ; and the dominant factors could be rock-water interaction, soil erosion and soil nutrient leaching.

Key words karst underground river, storm event, farming period, hydrochemistry, principal component a-

nalysis, Qingmuguan
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