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W5 XA F 5N 45 52 i Ko B e s [ 1A 1
(a) ], M3 AL AR YL R 7R 28 105°307007~ 105°45’
00", 4645 26°50"00"~ 27°00'00" 2 [d] , 7 B K J@ T
K8 BB WHEE WA S HEETRMAREK
TRy 8148400 5 FgigE B2 M,

XN SRR E X, & T WA R I 2
WA, ZEFESIRL 13.2°C AR F LR &
1120.8~1 188.9 mm 425 % & 1 189 mm,
VTR SR 7S vl 58 X, A 24 b S G HE
Ll 2T

5T XA 5 M — 2 5 S 1T (T BB — )
[ia] T 2 e i T (38 S BBt ) aek I R AR
7, AP R AR, IR 1450 m, B AR
N FIFFE X ACTE M, V4 1 820 m, He KA. T 46
TS ISP K K 1100 m, A
HEHb NS H Ry DX R B SR 5 25 A R AR
TR JRIHB A o A — 1R kg

XN Z 22 AR SR,
HR=BR KT ZMPAERFIR, REREL A H
JA R 2 R Y ATFSE R R 84% , EHE RN
VRV SN E P /S = & Pae = b A1 & e =8
HRAJE Hb 22 25 1 | 1 A AR 4% 8 VAR S AR AiF (1]
1b) ,AFFE X I T K S kTR 1 28 A K Fh 2
BRIK FER DU R FLBROK =28 R R 5 s K o A
JE HEKAHU =& R IKA A A A s i

BREA R, Bk B LA 2B A8 A =, R
SRR B R 0. 02 ~ 287. 00 L/s ; Fem 2L
KAV, FEAE TR T ARE AE I,
EMEALVG AR, K AH T E RN =& R
R EKA B LLZ AR XA LB A i
2400 R SRR B E A 0.01 ~3.55 L/s, 55
PO ZFLBRAK R B A, BEAR TR

IR = IR B =, IR A T b £ F 7
W, WEEYEEAR EK NE KE KE S8
ERESR, 2T EY £ A A SRR, X
WA 3% B K, B SR, (H R A e B + 2
W R B, B RS BR T, E S
W, AR FI AR,

2 HUIERIE

RWFTE AT R KK R R R 2| T 4E I
FT X R AL 5 T K AKEE 56 41, SR A s A7 UL 1A
1(b) o SRAEJE I A . 36 B & 55K | nT R Bk 4
PRI %2 4K K U5 5 A oo 90T i 1 A R e
TR AT IORE . BORE R 2 350 mL
fJ3E A7 SRR, TS F 28 08K i Ve 1, SRR R
JUAKRETPEIBCRE I 3 38, P SBORE I A SR K v
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Fig. 1 Location Map of the study area (a) and sampling points (b)
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THUSARIKA HCO,™ . Ca® . SO,” Mg™ \NO,™ .CI™,
3 #R54MH Na' K'%(#£ 1), Hri HEFLL Ca® (81. 13 mg/

3.1 JKAL~FHFAE

TR T AT A H T KoK B i
RWTFTH B, AL T /K88 1 A 23 ) 22 5 1
ARSI S LT et 105 Xk
A R R AL SRR, 4R 7R P DX T 7K R B8

L) ME, K Mg (26.32 mg/L) , i Na* K* ik
FERAR, 22 3 A 2. 03 mg/L.1.96 mg/L; & 1 LI
HCO,7(270.92 mg/L) K&, H¥K A SO,> (61.98
mg/L),NO,™, CI” T & ¥k B 8 A%, 43 5l -y 25.71
mg/L.7.50 mg/L, BFFEXHL T KAk ap 2 T 4= B
4 HCO,—Ca HCO,—Ca - Mg#! | W53 (5 FE & %L
i) 80% , ¥k HCO, + SO,—Ca - Mg,

Fz1 MTKKRETER
Table 1 Statistical results of groundwater quality
Y E| Ca® Mg Na* K* cr S0, HCO;” NO,~ TDS pH
FHE S 81.13 26.32 2.03 1.96 7.5 61.98  270.92  25.71  349.76 7.39
f/ME 29.31 4.18 0 0 0.95 11 94. 45 1 106. 95 6.9
mARME  223.29 67.44 13.9 18 34.05 530 507. 05 68 981. 15 8.1
FrfiZs  27.92 15. 63 2.8 3.18 7.78 75 88.76 15.69  138.09 0.25
CV(%)  34.41 59.39  138.06 162.06 103.81  121.01  32.76 61.03 39.48 3.41

T pH (4 R TR, HE T H 200 me/ L TDS W PR ST A OV A R, R 28 I 2 5k, I,

3.2 KAk or s8] AE Sk

WFFEIX M T KK R Ge it 45 50 (36 1) £, bR
pH HCO,™ .Ca™ TDS =5 [a] £ FME 8 /N, Ho v dl
Sy B Y 2 ) 25 5 K R KT Na™,S0,%
P14 5 e G R AR TR s T A8 1) 235 i) 2R S ARRAE

pH AR ZhTEE N 6.9 ~ 8.1, 7 RZH N
3.41%;TDS £ [ 24 106. 95 ~ 981. 15 mg/L,
5 R KN 39.48% ., pH {5 TDS =5 [H] 2 51
I FEA AV H R K S IREIR K AP B,

HCO,™, Ca™ Jit & ¥k J& 48 5 R 205y 5l b
32.76% 34.41% , =5 [A] 26 S ME B/, HB T K
HCO, 1 F ZR P CO, 25 145 Rl 1R 3k 4
(KA A B35 ) iR, Ca® 1ok IR 32 B & ik
PRER T B U %, AT 32 40k 15 YL I 520 ( Aduppa et
al. ,2003 ; Negrel ,2003 ; Negrel ,2005 ; Brenot et al. ,
2008) .

Mg™ i i ¥ B A8 S5 R B 59.39%, Mg™ 1Y)
R RR ik R R A I R TR B A2 ARl s gL DA
K KA i A B 52 W ( Aiuppa et al. , 2003;
Negrel ,2005 ; Brenot et al. ,2008) ,

NO, itk BE AR 5+ R ECH 61.03%, HLF K
H NO, ™ EEORIE T A A Sh A e AR AR
b AR AR A A K Bl A AR HE A Y
HEk 5 2 I 32 B2 i R 2R ((Aiuppa et al. ,2003;
Edmunds et al. ,2003; Valdes et al. ,2007)

CI BT A 57 R BOK (103, 81%) , R BLH
s ZU A 25 [ A2 St CUSRIR AT 20 =5, — S
RABEK, EZ WK IEEE & HCL TAE <Y
i s R ACEVERT, B 25 PR AN Ath S Ak it
TR s =0 NSETR S RS2 m A 4& 40l 1% 3l
HARRE B4 A AR T K HE T, angh B AN
ZEHE M 9 HE iS5 ( Negrel et al. , 2003 ; Valdes et
al. ,2007 ;¥ H % 4,2009) ,

SO, Wi fe Ve AR S RECH 121, 01% , 45 )48
SMEsREL, SO, — K IRE T ACHEAE (& B iR
AR ) | O3 — I b2 N BTG S i S2 1
5 5 i TR 1k AT Ay fd T Tl 2 RORY HE T AE
(Negrel ,2005 ; Valdes et al. ,2007) ,

H R K H Na®™ (K* T8 ik AR 5 250 51 o
138.06% ,162. 06% , %5 6] 22 5 ¥E K . Na® (K™ HY
SRR FEAACEVE (% Na* K 0 Y% ) | 4
IR A2 2 B NG 3l (A2 TR K HE I S A e
) PA R RS K B 52 0 ( Aiuppa et al. ,2003;
Valdes et al. ,2007 ; Brenot et al. ,2008)

3.3 HHEaHr

3.3. 1 Ari )RR KTk

FEA By 38 A DG A3 AT AR AR DG KN
W& SEAT AL, R NS B R A S P
ENGEESE B S 6 X NI 1Bz POE S ] 24 Y I
TR A R R — A FEARLE M (W F F1LF2 . F3,
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F4------Fn) , T 35 2] 5 B 7K Ak 2 20 43 v i 57 A
BRI AN, HItE —AKHF (FIF2,
F3 F4------Fn) fRFH K PRI A 5 Z ) —
FhIEAL A 7 3, 0T LU SR 38 7 7K Ak SRR AE 11 5
Tl PR, R T 20 BT 7K A 2 2 2 1) 1 At 5 A 2%
KFR(EdE %,2014)

BTk oy 8 32 o o BT 7 AR A B
F(F1.F2 F3 F4 Fn) , fe R J7 223550 W43
REDEAT e , NI B R (K1 F2 F3 F4eeeeee
Fn ) FT 68 19 5 fof 2048 e i B 2L, LR A
TEDR 7 o 2 A T e A PR 1) s 2R3N
AT S HR T R i 288 6 8 A P — o i e R efE

IBENFIH AT (F1 . F2 F3 F4------Fn) X} A % Hb
AR BT R i R 2 s e A T TR A T R B A AT Y
HIY( Ehs 25 2014 5T0 %5,2015)
3.3.2 AT

Ry T 4 b A AT TR 9 DX T KK B A 52
MR 2, 45 A 0F 5T XA 2 A A AR R
o X SAERE (TH) JJiF B8 CO, F 5454 2 AT iR
MR oKAE 2= S AT 25 B 40, AR OC R
FERE (3% 2) AT AL RER Ay Z AP ER R R R,
Hr Ca™ =80, Mg™ -HCO,™ \Na'-K*"#&6 &
B E, WA g2 BIAEGSES, Wb
IR AZ 5 ) B R 2 T AT R A R A A B

R2 KUFHEZBXREER

Table 2 Correlation coefficient matrix of water chemical components

PH TH COD CO, TDS Ca* Mg* Na' K cI- S0, HCO,” NO,” F~
PH 1
TH -0.038 1
COD  .227* .494*" 1
CO, -.496"".633*" 0.09 1
TDS -0.026 .986"".558"" .582*" 1
Ca™ 0.012 .894"" .499"* 478" .935"* 1
Mg -0.083 .875"" .371"" .648"".804"" .565"" 1
Na® -0.136 .236° 0.22 .363"° .300° 0.215 0.203 1
K*  -0.189 .270" .285" .421"".332"" .232" .245" .711°" 1
CI™ -0.143 .405"" 0.16 .455"" 398" " .344"" 373" " 495" 380" " 1
SO, 0.079 .754"".626"" 0.217 .825"" .866" " .451"" 0.105 0.145 0.044 1
HCO,™ -0.148 .760* " 0.119 .767°" . 664" " . 472" .888" " .281" .299" .451"" 0.171 1
NO,” 0.017 0.166 0.153 0.049 0.202 0.163 0.128 0.193 0.216 .372"* -0.05 0.124 1
F~ 2247 61177 .4647% 2327 .5897" .483"" .603" " 0.014 0.023 -0.046.493"" .468" " 0.053 1

it KMO Ik Bartlew 1] #E47 P F 4007 i)
im SRR, KMO Giit &8 0. 564, KT 0.5, 1
457 i 0] {5 B B SR L BRIE ARG I 4
2 A AR TN ST B AR, PR A BT B 3 MR 56
Wi, EBUSER KT 189 4 NAWT(F1L.F2,
F3 F4) R E R T A A8 i, 4 AT BT 53
HRAKF] 80. 153% (5% 3) , I IR KU O Fe A 15 .
PUREN,

TR o DR P R (4 4) 855 45 KRR
FH AR5 23 W] o3 A B (B 2) | RHIE 58 XK BT 52
i PRl B AT 5

F1 BTk Rk 27. 819% , H:/p TH ,COD . TDS .
Ca® S0, F P T# Mk, TH TDS .Ca** SO,
ZIE A SR Ry i3, 53 2 B 45 A — 3,
F, 850 E X AL FHF5E X AL PR (1 2a) , AKEEH
Ca®™ .SO,” F ¥k, H TXEXI N =&

REBILHM)Z B B2 K S Ha A ME:
FATRHA = A SERRE A (B 1b) HAAW RE, ik
FRAhE BCE S W T AL T AR,
Ak, K1 T COD MY 2k K, vl B b R 7K 32 75 gL
MR, R FL AR IRIRER & SCE i Y)
B FE 43R %o 7K SR B B2

F2 BTk A 26. 308% , FHed il Es €O, Mg™ |
HCO,” T3y e K, = #F H ek 4r, i co, {2
WETRRIRER S T I AT i, B —A
BRI , 2Bk - JERR 45 B SR AR AR 2 ~ 3 1%,
T4t co, HEMETRAM 10 5 (£ %,
2014) , A TK, 250 = a0 WINE R, P
HCO,™, i R 7K i HCO, ™ Fll Mg™ By 3= Bk R
F2 187 A s 0 W55, W90, W89, W86 (
2b) XA REZMN T =8R8 LA H =S
W SR b 22 i A HE B0 AR SR, A
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Table 3 Total variance interpretation
o gt IR g gap BRRITER wpg g JERRETT  ema
F1 6. 288 44.912 44.912 6. 288 44.912 44.912 3.895 27.819 27.819
F2 2.311 16. 509 61.421 2.311 16. 509 61.421 3.683 26. 308 54.127
F3 1.529 10. 923 72.344 1.529 10. 923 72.344 2. 408 17.201 71.328
F4 1. 093 7.81 80. 153 1.093 7.81 80. 153 1.236 8. 826 80. 153
F5 0.871 6.223 86. 376
F6 0.639 4.567 90. 943
F7 0. 444 3.173 94.116
F8 0.328 2.345 96. 461
F9 0.224 1. 602 98. 063
F10  0.196 1.398 99. 46
F11  0.075 0.538 99. 998
F12 0 0.001 99. 999
F13  0.000 0.001 100
F14  0.000 0. 000 100
FEWTT I E R,
R4 ERHERE
Table 4 Principal component matrix
RSy 4ERE R G R B 5 S RE
gy e oy
F1 F2 F3 F4 F1 F2 F3 F4
PH -0.089  -0.569 0.39 0. 442 PH 0. 268 -0.291 -0.321  0.648"
TH 0.972 -0. 146 -0.12 0. 026 TH 0.694" 0.693 0. 131 0. 029
COD 0.559 -0.372 0. 495 -0.1 COoD 0.776" -0. 054 0.209 0.238
CO, 0. 699 0. 467 -0.383  -0.131 Co, 0. 108 0.778" 0.376 -0.335
TDS 0.971 -0. 164 0.017 -0.05 TDS 0.768" 0.58 0.211 0.035
Ca™ 0. 858 -0.252 0.082 -0. 155 Ca™ 0.798" 0. 406 0.171 -0.016
Mg** 0. 861 0. 004 -0.309 0.215 Mg™ 0.415 0.839" 0. 056 0.072
Na* 0.411 0.563 0. 481 -0.178 Na* 0.124 0.081 0.852" 0.024
K* 0. 443 0.533 0. 447 -0.247 K* 0.175 0.091 0.837" -0. 046
CclI 0. 496 0. 545 0.215 0.258 CclI- -0.02 0. 444 0.620" 0.272
S0,* 0.701 -0.517 0. 165 -0.385 S0,* 0.951" 0.098 0.025 -0. 142
HCO,~ 0.77 0.264 -0.412 0. 286 HCO,~ 0.142 0.934" 0. 143 0.04
NO,~ 0.223 0.242 0.425 0. 605 NO;~ -0. 061 0.175 0. 354 0.703"
F- 0. 607 -0.474 -0.12 0.209 F~ 0.595" 0. 424 -0. 265 0.216
BT U TS FEHOT I ST TR
RIT 4 RS T TT % BURIE SR K7 28,

X SRR B2 R K Akl R B i
FEHE (W89 . W90) , N = A W W Y i 4 At T 4%
1o Bt F2 AR IR ER 75 A = A 0 ) B 5
XoF i T KK BT SR

F3 TTERFE N 17.201% ,Na* K* ClI" AT 2 faf
RR,5 F3 2IEME, —FHm, MRXNER
W93 & W110 —if7 th 88 A7 — & R PR L% |

Wb (K 1b) X G AT Z 5 H a8, X
SRR WTERS IE M AR I AR Na® K" Cl7 5 55
—J7 1, F3 450 (E i = {E H 0 (W55, W80) (
2e) N Z A LA 1 EE, Z Wi 252, A A T
HBER, NEWRAR S8R0 WnE st 1
RIFW T, HI P3RS ET Y K<
R KO LR KK B R 5
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(GB/T 14848-2017) M Z5 /KL BN, A NO,” =&
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Fig. 2 Spatial distribution of water sample factor scores in the study area
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Study on Influencing Factors of Karst Groundwater
Quality Based on Factor Analysis

Take the Southern Part of Dafang County, Bijie City as an Example
LI Xue-lian, ZHU Yu-hua, HUA Xing, WU Xiao—-fang, JIANG Fu

(Guizhou Geological Survey, Guiyang 550081, Guizhouw, China)

[ Abstract |

variation of ion mass concentration in the study area, the southern part of Dafang County in Bijie city is taken

In order to understand the influencing factors of karst groundwater quality formation and spatial

as the research area, 56 groups of water samples were analyzed by factor analysis method, and four groups of
factors (F1, F2, ¥3 and F4) were obtained based on karst groundwater quality formation and its influence in
the study area: F1 is dominated by TH, TDS, COD, Ca®, SO,” and F~, representing the influence of co-
dissolution of carbonate rock and gypsolyte on water quality. F2 is dominated by free CO,, Mg** and HCO,",
reflecting the influence of dolomite dissolution on water quality in carbonate rocks. F3 is dominated by Na™, K*
and Cl™, representing the influence of salt rock dissolution and atmospheric precipitation on water quality. F4 is
dominated by pH and NO,™, revealing the impact of human domestic sewage and agricultural irrigation sewage
on karst groundwater quality. The above four factors can explain more than 80% of the influencing factors of
karst groundwater quality in the study area.
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