7148 14 AN
202541 H W B 3

Vol. 71 No. 1
Jan. ;2025

GEOLOGICAL REVIEW

ETHBUKRERT ENERKERE
W e R L

&

REE"D AgH"? FELD 225" BBV
1) JEHCT MBI EE W T, A6 5T, 1001955 2) 3k 3th T /K 22 B ¥ B AR BB 3, L 5T, 100195

geojournals.cn/georev

MBRE WL T KK B I 58, 8 5E b 5 OT-A 1 K R G A AR B 2k e 4n , Podi 8 b T
KK TR AL, BT 2022 ARV 5K R G0 49 AV KRE G, 25638 FHGE 1T 3BT Piper = 4k B A AT K Joit 6 %
(entropy weight water quality index, EWQI) 53 HriFFEIX /KA~ FIK BTRHAE , IEH8-G38 20 2 S04 I 438, BRI REAR
FWIFE X AT AR T AR . 455 SR - OIOF-5 75 7K 2 58 4 7 K B tomdibe IR B2 I R AIE , K fb 2 2 52
B HCO,—Ca™ - Mg™ M(73.47%) . #BFRIEFRHA N,,(NH, 53 NH, i N, ISR AT pH B Fe Mn il F~ i
PRI 10, 20% 4. 08% 4. 08% 4. 08% 1 2. 04% , QWFFEIX. EWQI SE-Y{E N 26. 33 /K “ Wt | Herh A g 1 R
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KR AR RG BUK AR (EWQI) 53848 Z2 JUE R I A SCH b s LA 77 0
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2019) , Horb, TR Ak 27 B T K BT bR o DR AL %
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B EAE R R (X ,2017) . A KRS
AR TEATE R AIEKAL AOHEB RS 0 R
R L DR ATV 2 A T A 25 45, EAR L IX
R OK AT B AR U, AR LRI A T 7K FR 2R 3 )
PUR (ERIASE,2023) o A K- A A AR th iz
i, HE AL FE 5K TAEAR A 55 0 R AN TR (dE
T Hb TSR I T, 2022)

2 BPRH

2.1 HRRE

2022 4% 5~6 H TERFST X P FF R T 1R 40 A B 4
PHAE SRR AR AR AR R AR R /K AR i 49 14 (K
1), Wl (R K BT AREY (GB/T14848-2017) K&
PEAE WS | S R i | oA S B DA AR TR
HBR A FE AR, L pH {E | SR RE (TH ) | 775 A 1 G
R(TDS) i (Na®) GHAEHI (C1) (BiERRER (SOT ) |
NH, = NH, iy N(ZA LA, N,,) i N
(N,,) Ak (Fe) S (F) F%E (Mn) 35 11 5
T 1 MR K K BT 43 A R R A4S (Ca®t) | BE
(Mg™) B (K*) FIEBR AR (HCO, ) % 4 iR, B
AR5 Wi bR, ARAEAEMATIE (ZHFE 2019,
B A5 ,2020) , AU 5% T 058 FH 19 7K Ak 2 48 b 58 42
AT LA AR IOV-578 7K R GE VT K B e PPN S48
N AR TS

HURERT , — e R AL 3 A5 A IR B K i
ZIJE YR DZB-712 {8 #5 2 2 2 oK Bl & 1L
MsE pH AR (¢) %4845, BURERS R A 1000 mL
R OIERDIE, FK AR UE 3 Uk, FF SR R0, %
EIOCAGER AT, 1T UG HCO, ' TH DS (C1” |
SO2" N, .F™ N, il pH; R 50 mL — ¥t 2 RHIR,
FH0.45 wm BEARE BEACHE DG A A 121
AR 1 mL, ARSI KT Na® Ca® Mg™ Mn; %] 100
mL R 2RI, B 0. 45 wm 38R I8 A K BE N
THERES A 11 B BR—BR AR % 1 mL, LAKG
Fe , 26 AE b 5t i b 5T P45 W BT 7K J5i 43 o
MRAFE bR B 2 1,

2.2 EWQI 7%

WRTETAR , EWQI J5 0216 WQI J5 2k i Jfilt
OISR, B SR T AR PR AL EE 43 Be ol U B
CHCRE 2 3 3o A RV (e ) W S KA 27 98 B B AL
(w;) , FERE AL 4 7K 5T B a0 4 £k 52 WK B IR 190 £
AREFMEUE , AR E P PR AR ( Zhang Xiao et al. |
2021) :
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Table 1 Index parameter test method

izt UREWIRES
pH Y 18 A b
TDS R
K* Na® Ca® Mg® Mn | HLEGEE B IR GG
Fe( B8%) TR R L ik
TH EDTA J§ 58 s
Nua TN — K IR A C R
HCO,~ GRS
Cl,80,% N, .F~ N FEA
(1) LRI AT
X1 X Xy
X = X1 Xy T Xy, ( 1)

i X VIR B m N R K EEAR S S n
IKAZERE AR RR o, S5 @ AIKFERIER j KL= 4
NG ER

(2) PrifEfb B

s S U C)
2 max(x;) M min(x;) 43 BIARIERRE AR A
KA SR AR B KA A i /IME . — O U, 00 8 K
SRR TP KA T AR TR E R AE 2 RIR K,
RN ERERAESR, WL, H0ENLH
K AR AT AR ELL

(3) HhERE,

1+ .
Py = e (0,1) (3)
2(1 +y;j)
i=1
3 1 m
6= ;PijlnPij (4)
1—ej
w =" (0,1) (5)
z(l _ej)
i=1

S o, H A AR5 B 0, %8 K
flE A R,
(4) B AR R ALERE.

C..
-~ x 100
S.

q; = ! (6)
‘CipH - 7‘ % 100
8.5-7

X e, BEE i DA RSE j SRR, s, (L
T KB EFRAE) (GB/T14848-2017) Hr I /K A i
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Table 2 Water quality classification
standard based on EWQI

EWOQI & KR
<50 Wt
50~100 it
100~ 150 &g
150~200 %
>200 W2

(FPAE N B G R R 50 o o B A 00 A R B R
2018) 55 j AN 46 b5 (pH BRAL) 14 FR HE fo i 18,
mg/L, pH MIBRIE R 6.5~8. 5, ZF AR TE pH

=7 g, 40,
(5) WMBOK T8 Eo T4
EWQI = Zw q; (7)
(6>EWQI iﬂfFJJOk I RARIE BT EWQI it

A, DI KK 43 Ry < A 2 B < AR 22 1) 5
ARG, SR 2 FTA
2.3 ZEHLMEEIT

FEFE ST 325 [ D7 RE s, R 225 [1E D5 AR
Pt A —> A AR S PR AR 5 1 STRR RIS, R E] /N b
BAGIARIE R (B 5 55,2012) , — LA 25 51
HRAE A A e 1 728 o Xof PR 25 i B A HE A, AN R
T H X PR AR i B2 ) A i 2 A R (R T
J%,2012) , SULIEAT, SeRrsi ol A R
HASEIED | AKTIY H AR = JE T ek L%

24. 0 P17 2 T8 A M 43 BT, 357 P-4 7K
RGN EWQIL, BR335SR R .

(2) LA 2021 4 6 J 45 W D0 et i) W 00 4804k (R
A [\ 2022 4F) F EWQI {EAE R “ W 36 508~ %
FUERE(RY) FUE 4 iR 22 (PE) W EWQL,
AEETEY ) FUORS B

3 R

3.1 KUZEGITHHE

SRR (3R 3)  IXBE pH (E 31N 7. 78, 2
TR, #FR %N 4.08%, p (TDS) 4v T 78 ~ 435
mg/L, I N 246. 39 me/L, Y& TIR/K [ p(TDS)
<1000 mg/L] . p(TH) /T 18 ~374 meg/L, FH1H
h216.73 mg/L, K [ p(TH) <150 mg/L] I /K
[ 150<p( TH) <450 mg/L] FF 5 He 4351 4 10. 20%
H189. 80% ., DX Il PN BH B+ Jox & Wk B2 P-4 {E K/ Ky
p(Ca™ )>p(Mg*™)>p(Na*)>p(K") ,HE Fim K
BESF I 5 5 p(HCO, ) >p(S0; ) >p(Cl)

p(N, )T 0.02~2.68 mg/L, A% N 0.03
mg/ L, BBARR A 10. 20% , AR 5 Z A ERF 5% X
S AR A L DX T A SR B I 2 B sk S 67 4
AR K E 22 8 T ANZIE shigm, n] §g 5 X sk
ANV A I 15 K SE TG 8 K sp (N, ) AT

3 EEWIRFE

Table 3 Statistical description of physical and chemical indexes of

Bk R T KB U SRR ST MR R

groundwater in the Beijing Shunping karst water system

PR HENTT R AR, B A—1H

e | oo | e || e | BTk | KR TR
AR ak ARG — A [ AT B B A ] R | BUME | BORME | PR | R G | W) | BIE(%)
Hi—2, B — LA B AT F A, LR 5 [ 7210 | 1058 | 7.78 | 7.72 | 0.50 | 4.08 6.5~8.5
WEESIABI AZER AR e 7@5(]“. TDS 78 435 | 246.4 | 249 | 69.28 0 1000
S B e B A it TH 18 374 | 216.7 | 212 | 65.95 0 450
RSP B AR, A1 B2 K* | 0.31 | 10.6 | 1.50 | 1.23 | 1.46 / /
AR (£, 2021) Na* | 1.49 | 25.7 | 7.28 | 6.04 | 5.07 0 200
2.4 FitHWMRERET Ca+ | 6.69 | 88.6 | 46.27 | 47.7 | 16.49 / /
\ s, Mg+ | 0.29 | 37.1 | 2457 | 25.0 | 7.39 / /
L SPSS/24 0 XTFE%#ZIXE/UJ(%% | 3.51 | 37.6 | 10.52 | 9.40 | 5.74 0 250
APRHEATSETT 3 HT. L Origin 2019 % SOT | 2,91 | 63.1 | 20.58 | 15.20 | 12.46 | 0.0 250
il Piper =& HEAT/R AL MUK 43T TL HCO, | 0.0 | 347.0 | 215.9 | 227.0 | 68.70 / /
H Excel 2016 X FARVEAT EWQI PP N, | 0.02 | 2068 | 0.20 | 0.03 | 0.47 | 10.20 0.5
RIS R AreGIS 10. 8 K EWQI VEANZE N | o110 | 18.10 | 5.81 | 4.69 | 4.52 0 20
RGEPRK SCH R RS S, kiR F 0.16 | 2.85 | 0.38 | 0.30 | 0.39 2.04 1
; Ry ’ Fe | <0.04 | 0.50 - 0.09 - 4.08 0.3
PR AE, BHERMLTL 10 | 00 000 00 00

BRI IO-H3 K R0 EWQIL, 158
(1) LA 2022 4F 25 Wl o5 iy W ) 45 4l
FEWQI {EAFE S “ N 2548, FI A SPSS

T pH NI 408K Hé‘}]fﬁmmr(p) BN R mg/ Lo TDS S [ 1A iR 40
H; TH b BV EE

=" RIR TR E ; /7 RN FE S IRARE (bR K B S

HEY (GB/T 14848-2017) H JGAH v R 25K .
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Fig. 2 Hydrochemical type of Shunping karst water system in Beijing : (a) spatial distribution map

of hydrochemical types;

0.11~ 18.1 mg/L, *F-¥{H K 5.81 mg/L, JIt KK
[p(N,,) >10 ~ 15 mg/L) | i (5 b il 20.41%;
p(Fe) Ml p(Mn) H 53514 0. 09 meg/L F1<0. 01
mg/L AR FLEI N 4.08% ;p(F)0. 16 ~2. 85 mg/L,
FHIEN 0. 38 me/L, BRI HEN 2.04%,
3.2 k{EEE

FLEF R AN KA WG IX AR A2 2R 9 Ff
KA ([E 2a) , Lh HCO,—Ca™ « Mg™ B (73.47%) N
T, HAk b2 2R /NT 10. 20%, Piper =28
R, B T KR 2 B AR I K P IR VE i — 25
B PERE S0 B B R R K Mg® Na® f
I, KA R XA HCO,—Ca™ - Mg™
RIS I XA X 5K 81 HCO, —Mg? - Na™ Bl |

(b) Piper trilinear diagram

e LY HCO, -Mg™ - Ca™ B (& 2b) ,
3.3  EWQI XRiEM

FIEF| K" Ca™ Mg™ Fl HCO, JCAHN 5Tt b v
FRA, BB 3 F A4y 11 AR S bRt 8 EWOI,
FHE SRR W AR K EWQI 15 I 11. 49 ~77. 82,
IR 26. 33, EVAIK BTG H AR A R4
JIT o HE 51009004 91, 84% F1 8. 16% (1] 3)

WAL (w;) Fom £ KA S48 b B R B, 7K Ak
SEPEPRANEE (5 LR 0. 1 BTNk,
4 THL N, Na® SOT HIN,, % 4 MEFRE K
T 0.1, EWQI 2— L5 46 , 2 A 5 @ PEbR i
AL, B EWQI v i 438 b5 1 AR 5 448
B S PRk BE X 25 U ALK . w.q, Rm & AR HRTE

o

N N - 2+ 2+ + Y, \ —
AR DA L HCO, —Mg™ -+ Ca™ - Na' BRI g B T EWQITY 52 T4, 503145 B R N,
* 4 15 BB FNIEER T I
Table 4 Information entropy and entropy weight of parameters
271 Na* Fe N., cr- S0,%" F Now Mn TH TDS pH
5B (e) 0.9967 | 0.9971 | 0.9971 | 0.9977 | 0.9969 | 0.9981 | 0.9956 | 0.9974 | 0.9981 | 0.9978 | 0.9982
AL W) 0.1124 | 0.0998 | 0.1001 | 0.0774 | 0.1048 | 0.0647 | 0.1504 | 0.0904 | 0.0635 | 0.0762 | 0.0601
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Table 5 Steowise multiple linear regression results
Py LR PR R P |PE(%)
p(N,,)
1 | EWOQI,, ,=21.968+22.293 o 0.657 |<0.001| 23.06
m;
(Naw) F
2 EW()’...;.._2=15.148+24.954p7+54.888p( °) 0. 804 |<0.001| 15.61
mg/L mg/L
(Naw) F M
3| Bwor,. =14.120+20. 7747 155 6342 76 (a2 M) 0.892 |<0.001| 13.42
’ mg/L mg/L mg/L
p(N,,) F M p(N,)
4 | EWQI, _,=9.599+22.605 450820215 gg g1 PN 76,21 0.953 |<0.001| 5.96
mg/L mg/L mg/L mg/L
p(N,,) F M p(N,,) F
5 | Ewor,, =7.755+22.225 +32.082205%) g7 07320 L g9 P ) g ypp P ) 0.986 |<0.001| 3.88
mg/L mg/L mg/L mg/L mg/L

B EKEA
fractured water rock group

B R ARSI KEE

Ordovician karst water

[ e |EWQI<50
[ ® ]s0<EWQI<100

N RBUR B3t

[ ]

() | people 's government rock group
seats L R EVE KA A
b/ Luoji County karst water
river rock group
L X i 5 R Kk R BB EKEH
mountain plain - Great Wall karst water
boundary rock group
B BT ERAREHGKEA

IE‘ provincial and Cambrian karst water

municipal boundaries rock group

P 3 LU A K R GE EWQI 23 8] 53 A A ]
Fig. 3 Spatial distribution characteristics of EWQI

in Beijing Shunping karst water system

Fe TH F1 pH 4§ 4 W BTk B e K, Ht 60. 74% , LA
H 7 EHERUE B R s AU F8 X EWQI T 45
WRITTERE (K 4) , & 1.3 .9 11 Fl 46 45 5 N FE
MPON, F Mn 5Tk B B K, 3 il Rk 77.34%
68.98% 77.21% .69. 41%F1 57. 70% .,

3.4 REEAKGENERLL

b RE M- 5 1 7K 2R G K o Y B AR AR
XA K PEN AL EWQI 8R4 T 4k, EWQI,
B — B HL 3 ~ 5 AN BR A MR R HB /K A2 1k,
B AN FE R XT EWQI B 5% 0 1) 5 2%
FERE B A5 AN, Fe Mn N, Hl F % 5 MR,
Iy WS EWQI,,,  EWQI, , . EWQI . o EWQI .,
Al EWQI s &5 MR (% 5), — it R
Fl PE S LU AR (9 480600 B R0 T 68 7, DA T 1)
Wk B (g a4 3 S AT, Bl K R R AR R
AEI AR WA R FERE, H PE &4 F B,
EWQI . FAURE [ e 5 ( PE = 3. 88% ) , Tl 11k fiE £
T (R*=0.986) , il AR E M I X H T /KB EWQI
i, P, % N Fe Mn N il F- %5 5 N8 RAE
S PPAR IS DX M K K T 8 A B gl o7 A s
2 EWOQL . .

J T IS IR TR B MER P | LA 2021 4R K
BB R 50 UE O SR AT IR, S TR SRR
££ EWQI,, A5 2021 4E EWQI BA W% H#Y)
FIAHEPE, Hidh R? 1 PE (H 4 %10 0. 964 F1 7.
06% , W R REBLUF 1 S v, 2021 4F ELSXHY EWQI
R, f05% N, Fe Mn N, £l F7iX 5 4~ KCHEK 48
FREY EWQI,, BB A 0 58 X e A1) EWQI,, B A
HRB B K B EA P RE, DL ARk F8 b5 ] 1
ST DX Al KK B W B B SRR

4 g

MR A 22 Je LR P [ U 43 Br 5 51, AP 52 4
B SRk RS EWQI . Ry 5 A4S g oK T
SFREE, BI N Fe Mn N, 1 F 7E 7K B PEAR

ntr
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Fig. 4 Contribution degree of EW(QI index weight in Shunping Karst water system

T AR F AR RE , BEAS I R BR B Hh RAF % R G
TR ) SRR F AR Ak, | B ARAS U RS AS | 45 35 7K BT
MR, A A [l D= AR 78 e 5 0 5 — A P b, N, X
EWQI ZF AL B il B sk i K (R® = 0. 657,P<0.001) ,
N, SN, BEAMEL(p<0.05,r=-0.33),H
EWQI AL RN 4 NERAE, AR J2 T2 %
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Fig. 5 Linear fitting of EWQI and EWQI

in Shunping Karst water system in 2021
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Fig. 6 Correlations between different groundwater quality

indicators and the EWQI in the Shunping karst water system
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Quality evaluation and index optimization of karst water
based on EWQI method

——A case study of Shunping karst water system in Beijing

DAI Yindong"?, GUO Gaoxuan"* , XU Liang"* , XIN Baodong"*, QI Qi"?
1) Beijing Institute of Geo-Environment Monitoring , Beijing, 100195
2) Urban Groundwater Safety Prevention and Control Technology Innovation Base, Beijing, 100195

Objectives: The construction of groundwater monitoring network often has the problems of large investment
and high maintenance cost. How to use limited funds to set up a comprehensive, scientific and reasonable
monitoring network , select key characteristic indicators to maximize the information of groundwater environment and
improve the efficiency of water quality evaluation has become a hot topic in this field. In this paper, Shunping karst
groundwater system is taken as the study area. Through the selection of evaluation methods and the optimization of
the number of monitoring indicators, the main control factors of water quality in the study area are identified, and
the groundwater-monitoring network is optimized.

Methods: Based on 49 karst groundwater samples in Shunping karst water system in 2022, the water
chemistry and water quality characteristics of the study area were analyzed by statistical analysis, Piper diagram and
entropy weight water quality index (EWQI) , and the key indicators that can represent the karst groundwater quality
in the study area were discussed by coupling stepwise multiple linear regression analysis.

Results; (D The karst groundwater of Shunping karst water system has the characteristics of slightly alkaline
and low salinity. The hydrochemical type is mainly HCO;—Ca2+ - Mg™ type (73.47%). The over-standard
indicators were N, ( Nitrogen in NH; or NHZ) , pH, Fe, Mn and F~, and the over-standard rates were 10.20% ,
4.08%, 4.08% , 4.08% and 2. 04% , respectively. @ The average EWQI in the study area was 26. 33, and the
water quality was “excellent”, of which the proportions of excellent and good were 91.84% and 8.16%,
respectively. ) The EWQI .
EWQI, and the key indicators include N

an %

model constructed based on groundwater quality data can well represent the actual
Fe, Mn, N, (Nitrogen in NO,) and F~, and the determination
coefficient (R*) and percentage error (PE) values are 0. 986 and 3. 88%, respectively.

Conclusions: The optimization method of groundwater monitoring index based on EWQI and stepwise multiple
linear regression can be used as an important reference for optimization index and provide technical methods for
regional groundwater environment management.

Keywords: Shunping karst water system; entropy weight water quality index ( EWQI) ; stepwise multiple
linear regression; key indicators; optimization method
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