CRXECIE L ki PR Vol. 43 No.2
2024 4F 4 H CARSOLOGICA SINICA Apr. 2024

X, B, BRFRHE. K SCHL AR i i T Bl s G sz [T]. i [EAE, 2024, 43(2): 314-325.
DOI: 10.11932/karst2023y040

7K 3T b B SR 1 X = s it TS R RS SR B R i

5‘(’] )‘ﬁ‘l;‘ 1,2’ W}JTZ ‘13 1,2’ F;i]:\‘ﬁ‘i% 1,2
(1. P B K& ] 48 A 57 ra ] 3%t A 50 e 28 £ TARA TR E], 70 St FE 550081
2. B w2 E A S Fa -yl s AT s e A PR 8], ST ST e 550081 )

o OE ET IR SR RORE . A K SCH TR A | K AR TS P AR AR A BT SE 2 BT B, BT T K SCHE BT A%
A X5k Bt M TG T S S VS YRS MR K TS S s o A R (1) YRS M O TR A B S A SR R PAR
ST 3 AR AL B AR R A8 KBTS G G A S, RSB TR IR A M R A B K R GE, WA U bl T K
RGEWAE A, FHIEEEW O DA [BF L2 2 B, & R R IR R A0 8, 32 A7 Hh 0 AH AR A B O
¥4 38 B A A B S AR ] . (2) 8 2 IX 3207 1) 1 42 3 1Y 3 Z0 4R T R TRT G D T U) B R, B T
BIXWHLT F I K RGEMA BN R G, A7 2 W 55 AR 0 4L B 1 7K SCH B B os A, &0 Dk s
WG YAl T 4. (3 BE TS Je Yok I5 R B K MUA W FE M N RS2 0 B 32 K, BOR 4R =, )
Wi A 3 o K TR R T A A o I A R VAT AR 4 DX 2 4 ) R R R R 3R A Y B R v AL 4
B, V5 A K ONE 224 5 TR0 AR R s 2 A0 HE, n A X PN K U R S AR TR

KGR« K SCH TR S5 A T I T R TR R R R AV R AR

BT A TR iS00 L A 6 B T AR S W A3 BT T S G VR R SR R, 25 S R W de bR L A
FROSC b BT R A R TR M ER Y BRI G 2 R T B AT R A A

i E %S X523; P641.134 X HERARIRED: A

X EHS:1001—4810 (2024 ) 02—0314—12 Fr g R (R IR AR ) #R 1245 (OSID ):

45, W I LT3 5 7K K o 28 B v i £ 28 7K
ALY B K 04 A 2 T4 T, A ) s L BAL PR 2k R i

T0 [ U R M X SRR b R ORI A X, TRERTS o E ML Bl ok, B TGS B
HIBIZY 5x10° km® . HIERAEAA X R EE RS RO, RIRRIE 5 I R GEAH KoK T A4k, R i
VSR WL 2 —, S T P R e N AR AR T KIGQEEAR GO =PI IS NS R B A |
KR . R, BEAE TR0l & e AN 263 3l [RGB AL, B LT LUURE 25 655 29 1) 43 5
AR, I b A 5 K2 R GE A B T I R 55 MESHAEDR, 2047 H RS LS A i R R 4, B
P, fAS A A R OK B G K BUTS Yy, KB IAG S m I R I R SRR R B T SR B T g, HL
Z )7 m R FeM 5 g T 2Ok A T ANIEFE 1 B A NI IH

UTAFR, S5 VA DX TR 5 G R) Rl 52 31 OR B 22~ RN IS o WY R T B B
HOCTE o I A X 3R A K R GEK ERHOR (FOLR M P B BIFR 7R B257]) M TR
JRARFE 15 R BAR | 5 B IR K is Jeam AR AT 1A FERISE S IR TE T REARER B A 1R s ik R 7K

0 35l

il

HAIA: P R BB K RS I L X R [ A F ARG (ZL2018-19)
SRR X (1987 —), 5, M TREIH, EENFHR TR, 25+ TRHER S A 7= M 9E T4, E-mail: 493671873@qq.com,
IR H D 2023—06—11


mailto:493671873@qq.com
https://doi.org/10.11932/karst2023y040

Fa3E HoM

X AR KO B AR T 3 e A R 315

TSP WIE B B AR ATS Yl . Brif JLAEY SR ISR
FFi (FC) 5 265EBKIA (FS) WAL, 0 Mrd IR 12
JETR KA o KA S FE bR AN = i 2 Y d
PR IR ENZH XA s AR S Tk, akiE
AU A S YRR A BT AT BRI BRI |
15 QW RE G AT BT K SCHb BT A . IR 3T
EEE 1 EE N RS R INL ESINS A i g /TN 182 S 7B
BOR L K BRI | 3% 1 K9S Y RIS . AR
DAt P 78 R B e v I R UK R G AR 4l
A HERI BT | A TR OK SCHE TOR £ K o p L KR
15 BB AR o 2 2 T T Bratb A 735 Qe R £, JF & 2
A Ao WA B A Sy > L A A R A T e
T F) A RN A B R AR 2 AR

1 MR

1.1 KITHRIAK

StV R R A A ST (LR R PR AR B ) & AR
KA TG Y I R BOR i R KR Z B85 . R
I PRSI B O K Rl — AR X, AR
NBZy 3TN, NEOK S HEBE Y BCA % i, Bt
TR 5 e X} JE N A TG e s i K (&1 1) o

1 KERHAKESHERER
Fig. 1 Photo of water pollution at the outlet of Muer cave
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Fig. 3 Distribution of the river system in the study area
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Fig. 5 NaCl connection test of the K2 sinkhole
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Table 1 Results of connectivity tests in the study area
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1 INPPREATEKI K2 1067 7.9 8.0 19.4 19.5 410 — e
. IR PRAE AT -
2 Bus Kgﬁg Jggﬁ K7 1057 8.0 8.0 19.2 19.3 485 —_ —_
3 TR AHOKT K19 990 7.9 79 19.5 20.5 464  —  —
4 Ql 754 8.5 8.8 18.4 18.5 1810 1825 0.1
5 Q2 7543 8.6 8.8 18.0 18.1 1795 1805 0.05
6 Q3 754 7.9 8.0 18.1 18.2 650 665 2.3
7 W AR R Q4 750 7.8 7.9 18.2 183 424 15 500 3556
WEI A TRIAT SR A
8 5 Q5 7505 75 7.6 18.1 18.3 501 22 400 4371
9 Q6 750 7.5 7.7 183 18.4 458 18 600 3961
10 K35 770 9.0 9.1 17.5 17.6 2050 2080 1.5
11 K36 754 8.4 8.9 17.8 17.9 650 680 4.6
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Table 2 Classification of karst water-bearing rock groups
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Table 3  Statistics of karst depressions
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Table 4 Statistics of sinkholes and karst caves
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Fig. 6 Photo of skylight cave K36
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Table 5 Statistics of monitoring data on groundwater at the monitoring point in Muer cave of the Qingping river

MR feEmE 2R

SR OERRRER AHRLEE PR

5 W3 ; e f ; _ ! S , G
¥ WRH EBUmg L H/mg-L"' /mg-L” /mg'L”" /mgL" /CUF-mL" #/1-L" ik

1 K H PR 0.5 4 025  0.01 20
2 FriE FRAE 6 20 1 0.2 0.013 1000 2000
3 — 2019.1 1.1 4 020  0.01 70

TR
4 2019.4 0.8 ND 0.16 0.01 ND 110

e
5 2019.7 1.5 ND 0.1  0.06 ND 100
6 | 2019.11  14.88 51 435 0206 0026  1.2x10° 5500
7 Q 2019.12 529 16 405 0292 1500
8 ) 2019.11  15.65 57 6.45 1.192  0.013 L1x10° 4900 ZSMOBFAKHR
9 Q 201912 5.65 23 6.60 047 1800  TEBUEPRE)
(GB3838-2002)

10 3 2019.11 1.18 5 ND ND ND 650 60 e s e

Q 25 3ol i
11 Q4 2019.11 1.17 7 ND ND ND 590 50 S8 1T Khr R
12 Q5 2019.11 1.23 6 ND ND ND 420 60 {HITTIEM
13 Q6 2019.11 0.72 1 ND 0012 ND 460 80
14 I DI 2019.12 1.21 2 0.03 0.011 1700

AV
15 : D2 2019.12  4.11 13 0.17 ND 170
KEG
16 D3 2019.12 1.4 2 ND  0.016 1100
17 _T1 2019.12 1.42 2 0.18 ND 800
IR KRS

18 T2 2019.12 1.58 3 0.09 0.012 2200
19 BFRUEHEKRLE Y1 2019.12 5.71 10 560  0.63 26 000
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Influence of hydrogeological conditions on the pollution of
karst underground rivers

LIU Hao', TIAN Maozhong'*, CHEN Zaigian"’
( 1. Geotechnical Engineering Corporation Limited, Sinohydro Guiyang Survey and Design Corporation Limited, Guiyang, Guizhou 550081, China;
2. PowerChina Guiyang Engineering Corporation Limited, Guiyang, Guizhou 550081, China )

Abstract With an area of about 5x10° km’, the largest contiguous karst area in the world is distributed in Southwest
China. Karst underground rivers are the most important karst landscapes in karst areas, and also important water
sources for human production and life in karst areas of Southwest China. However, with the development of industry
and agriculture, the intensification of human activities, and the openness and vulnerability of the karst aquifer system,
karst groundwater is facing many threats such as water pollution, depletion of water resources and so on. The water
body of a karst underground river in southwestern Guizhou Province was seriously polluted, which resulted in the
pollution of the water body of Qingping river downstream. Muer cave, one section of the Qingping river, is a first-class
protection area of drinking water source. There are about 30,000 people living in the surrounding towns, in which
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water for drinking and irrigation is taken from the Muerdong underground river; therefore, the pollution of this river
will greatly influence the people's life. This paper studies the influence of hydrogeological conditions of pollution in
the karst underground river by means of basic data collection, analysis of karst hydrogeological conditions, microbial
indicators and water pollution indexes.

The results show as follows: (1) Muer cave is located near the phase transition zone between karst and non-karst
rocks, with highly permeable carbonate rocks in the west and weakly permeable clastic rocks in the east. Groundwater
in this area is discharged to the surface in the form of karst underground river in Muer cave near the lowest discharge
datum. (2) Because of the strong uplift of neotectonic movement and the rapid cut-off of rivers, the underground karst
water system and karst cave system have been developed in this area, and there exist multiple complex hydrogeological
units formed by surface flows and underground flows, which may create conditions for the pollution of underground
river caused by surface pollutants penetrating into underground karst water system. (3) Six spring points and two karst
caves are concentrated at the outlet of the Muerdong underground river, but their water quality is different, which
indicates that they belong to different underground karst water systems. This also indicates that the range of recharge
source of Muerdong underground river is wide, the regional karst groundwater system is very complex, and the
ecological environment of the underground river is vulnerable. (4) The characteristics that pollutants are discharged in
a concentrated way and in a large amount indicate that the discharge channel is relatively unblocked after the
infiltration of pollutants into the underground. It is likely that pollutants are discharged through channels with large
cross-sections such as karst pipelines developed in the soluble rock, instead of small channels like bedrock fractures in
non-soluble rocks. Therefore, sources of pollution may be distributed in the area west of the Muludong river. Few
households are scattered in the upper reaches of the Muerdong underground river, and the sewage such as residents'
excreta is mainly stored in septic tanks and used for irrigation. Besides, given that no large industrial and mining
enterprises or schools, etc. have been established, there exist no conditions that sewage such as human excrement is
discharged in a concentrated way and in a large amount. Therefore, we can exclude the possible pollution caused by
the discharge of human excrement and other sewage into the underground river. According to the field investigation,
water quality monitoring and microbial index analysis, the pollutants may be the excrement of livestock. By tracer
connectivity test and investigation of the surface, we can exclude the pollution sources from the areas of Dajiang
(Ronglai) trough and Tanping trough. The Yangjiaba karst depression is characterized by high elevation and thick
water-rich rock mass. Under the control of topographic height difference and fault structure, groundwater flows from
west to east along the karst cave and karst pipeline system to the outlet of the Muerdong underground river. The
geophysical prospecting results also show that there is a deep karst pipeline system in the lower part of Yangjiaba karst
depression. At the same time, combined with microbial indicators of water samples from this depression and from
Muerdong spring, the source of discharge of livestock was from a piggery in Yangjiaba karst depression. Several
sinkholes located in this piggery become the channels of discharging sewage and pig excrement which are likely the
source of pollutants in the Muerdong underground river.

In this study, some suggestions have been put forward. In the economically underdeveloped karst areas, the
protection and treatment of karst spring water is relatively difficult under the background of economic and social
development. In accordance with the principles of controlling, recycling, and reducing pollutant discharge,
strengthening the protection of water sources and improving the environment, the development of large-scale
aquaculture and the construction of large and medium-sized towns in the recharge area of the Muludong underground
river should be controlled, sewage of livestock and domestic sewage should be recycled to reduce the discharge of
pollutants. At the same time, it is suggested to strengthen the local construction and protection of water sources and

increase new stable and reliable drinking water sources.

Key words Hydrogeological conditions, source of pollution of karst underground river, tracer test, protection of karst

spring
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