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Abstract In the process of ggoundwater environmental momtormg, while ’fnsurmg the representativeness o grou dwater quality evaluatlon the number of momtonng mdngatms
shouldhe optimized as much s possible, which is of grejﬂ %1gmf1(’ance o' groundyater environmental ‘management. Based on monitoring data of shallow groundwaler n
Nanchang in 2014 and 2019, “the chemical characteristics of water dnd the changea in water quality were analyzed via statistical analysis, a Piper three-line diagram, and the
entropy+ welghted Wdter,qudhty index (EWQI). Furthermore, a key<idicator Opl_lfml‘lﬁtl(m method based on water quality evaluation was constructed by coupling stepwise
multiple lineaf*Tegression analysis. The feasibility of this method was alsoévaltiated. The results showed that the water chemisiry type of groundwater in 2014 and 2019 was
mainly HCQ5-Ca, and the five abnormal indicators pH value, NO;, 1™, Fe, and Mn were the main influencing factors of water quality change. The water quality in 2019
was genetally higher than that in 2014, which was considered as overall “moderate,” and the average EWQI values of the two years were 53. 72 and 82. 34, respectively. The
optimal model EWQL ;. , constructed based on the key indicator optimization method could better represent the actual EWQI; the key indicators included Mn, NO; | TH,
Fe, pH value, and 1™ ; and the determination coefficient (R*) and percentage error ( PE) values were 0. 865 and 10. 61%, respectively. Therefore, the optimization method
of groundwater monitoring indicators based on entropy-weighted water quality evaluation could be used as an important reference for optimizing monitoring indicators and provide
a method for regional groundwater environmental management.

Key words: groundwater quality; entropy-water quality index(EWQI) ; stepwise multiple linear regression; key indicators; optimization method
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TH 00757266 [2 093,68 6442 7236 068611 40 620 31811 9586 6160 V86.00  64.59 0450
D3 18.0036“5(;:001* 188.66 123.08 '1“57.00“#”_65“.24 05 18.00 524.15 17&.? 97.88 52.00, 5668 Ops 1900 1
Ca® —768.82. .64 1712 18.46 4 73.32 /¢ 110 80.15 | 22555 16.78 18.301 74.39 / pr
Nat H262 1272 208 1864 IS 81 189.42 0 | 247 60.60 1545 410.33 1230 | 66.89 0 200
o ‘.-““o. 15 0.8 820 635 68 7.4 4 077 32.20 0.0 640 8207 67.94 / /
Ki  ondlon “sa 1sse 38 188,69 _T._,A--""_‘ 0.19 79.00 672 10.16 2.85 151.22 / /
HCO; J24.83 288762 94.25 63.98 7138  67.80 /551 360.00 7615 S.78  59.60  75.87 / /
NOy A — 13958 2519 26.46 16.69 10506  1.89  — 14456 27.07 29.57 16.30 109.21  4.40 20
S03- 159 201.55 22.33 30.38 10.61 136.06 0 0.04 147.95 2497 2335 19.00  93.53 0 250
cl- 150 89.56 2245 19.39 1515  86.35 0 0.41 80.50 19.77 1546 16.50  78.20 0 250
F- 0.0 071 0.18 011 017 59.83 0 — 066 010 0.13 0.045 123.52 0 1
- 0.003 0.63 0.040 0.089 0.010 222.80  6.29  0.0006 0.17  0.019 0.023 0.012 118.99  3.14 0.08
Fe — 1870  0.66 246 0.070 37238 1132  — 30.1 022 238 0.02 1075.08  0.63 0.3
Mn — 312 030 0.65 0.0 2145 1698 0.0002 834 0.38 0.97 0.011 255.40  33.9 0.1

1) pH T 40, HARTRFR A g L~ 8 S B R A A% 5 SRUERREZS IR T K Bt biifie) (GB/T 14848-2017) MZEIRA,; “—"FaR ARty , “/" Fm

15 S R (MR 7K B BT (GB/T 14848-2017) Hi A FRABZE R

2.2 BFFE XML R KK BORE

ZIEF| KT, Ca’" |, Mg™* Fll HCO; A Xt N iy
H T K B AR R, SO ER 11 A1 T /K F8 bR H
TAROK JEHE B0 B B T R AR RS, DL
P2 R AR ARG B0 Sl H LR, S8R A AL
H(w,) KT 0.1, RUNZIER Ry T KK 5 Y 32 22
SR 2 2 2 AT, 2014 4E NO, . C1 fil TH
X 3 MEFRMERT 0. 1; 2019 4F NO; | €17, TH,
F ™1 TDS iX 5 MEPRAE KR T 0. 1,NO; AYALH i
I, A il 25 T A5 X 38 P 7 2 M T AROK B 2
RN R —E 25, AR (1) ~ (1) iHE

o

1535 EWQL{E ( ULE 4) ,2014 4FF1 2019 4ERFFEIX b
/K EWQI B3 [l 43 BITE 7. 97 ~507. 41 fi18.57 ~
462. 09, SEA4{H 43 9 Jy 82. 34 F1 53,72, MK K B4R
Ry HEE” FE 2014 4E 28, 95% HIKEE A, 34. 21%
H R, 15.79% J A5 5. 26% K22 ,15. 79% FHk
225 2019 4EJKFEF R 37.11%, K 30.82%, 1 4%
20. 13%,72 5. 03% , .74 6. 92% . 2014 ~2019 4F  Hh
AR RAF . 22 M 25 09 5 s b R AR Y
7 FE3E I, ZR BRI E X PN b R KK R A A5 5] —
LG

J T AT R K FR 3T EWQT B2, XX 11
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Fig. 3 T;smary didgrams for ions in shallow groundwq{er in Nanthahg } - ‘, .;_,h'f.
. P ,r". | - -
. - NPT m,@mu i | 0 . v,

N ; " i) Table 2./ lrrf@ngpflon _I_.e'ntropy and entropy weight of parameters i “ . ) -
soh | R | ph Na* A F =V ye;  s0p o ™ 4 TDS Fe | Ma &
5 B 2014 0. 998 6 0.9984 0.998 2 Q,. 998 2 0 997.3  0.9981 0Of 996.g‘ 0/996 4" 10.9975 0.998 5 o 996”4
( ej“) 2019 0.9987 0.9981 0.998 7 0 997 ‘f 10.9973 1 0.9983 0! 997‘8 0.9978 0.9979 0.9995 0.998%9

Ui | 20147 600522 0.0636  0.0684 [0.07107 0.1044 10.0749 0.1316 0.1383 0.0983 0.0589  0.1382
Go) W 201‘9“'_,. 0.0655" 0.0986 0.0654 0.1332 '-071389" 0.0859 0.1147 0.1142 0.1056 0.0241 0.0539

AHEFEE EWQLHEAT T Pearson AHXGAMHT , 46 ]
5 Fr7. 2014 4EF12019 4 pHAE , 7, F~ | Fe 1 Mn
X 5 THE A 5 A 6 A 1 AH SC M R B K AE R i
0.5, 58 FabrM RS, X Uil pH . T- . F ™,
Fe I Mn J2AWFGE BT 11 A8 05 AR X 2 7 (19 5%
i PRI 28, AT AR [7] 7 T 2 Wl b T 7K A 455 o bR 250 ]
k. 2014 4EF1 2019 4F Na* | NO; | SO, ., Cl™
TH 1 TDS Z [AlAH ¢ R BRI 73478 0.5 LA L, Uit
W1 R AR AR PR R, AETEAR B E S, b NOS Al
Cl™ 2P B2 TR A G, 36 WA 1R 6 N 1k ) 1) >k IR AE
— B FAR] TRk [ AR V5 K R B IR
A7) [E Na® . SOZ™ . TH F1 TDS f) i 5 40 ¢
PEFE /R T 150 B R B bR K ) s J3 XU AN 7K SC b sk
b Ak, JF T AE 5 N 2806 3 A L. 2014 4F
Na® .1~ NO; .SO; ,Cl™,TH, TDS, Fe il Mn 5
EWQI 2 1 & A %, XT kb 2014 47,2019 4E/9 17,
NO; ., Cl~ . TH, TDS. Fe Il Mn %5 EWQI &2 i
FASENE. Horp Mn 5 EWQI S50 1EA G, X LB 1
HB5 NETE Bl 0 i A YRR G, 3R BRI 9T IX b
KRR B E 22 BRI X P Tl R K | A 5 7K Al

Al i Bl 5 NG B s .
2.3 WS R K WIS BRI A

W XF 2019 4FH 11 ASKFFEFRE EWQI #E47
B 2 TR PERIA (W2 3) , &3 Mn X EWQI {1
Tolk d R (BEED 1, R =0.433), B 5 A Yk 19 m
NO; . TH #il Fe Eﬁi“ﬁHT ISR A R A, 539
4 0.755, 0.808 F10. 850 (#5742 ~4). b4k, pH Fl
1™ A A LB G i 1A B P B, PRI, 2645 Min |
NO; | TH Fl Fe $8HRAE N PR IZ A5 X Mo T KK BT
(LA b g S LA RS AR EWQImm Ak, 2% R
i pH 1 1™ XF EWQI,, B RE RS20, 4300 137 4
AL BB EWQL,, | EWQI,,M\ EWQL,, ; Al
EWQL,,, , (W3 4) ,JFilid R 1 PE K HLRH ALY
LA PR AT GE 7, DT WA L i T A4k 25
F O, B EWOQI, , F1 EWOQIL,, , AH % T i &l
EWOQL,, . f1 EWQL,, , HA HALW PEH, B & R
i, 5 EWQI & UIRAHCHE (Kl 6 Figk 4). it
R B EWQL,,, B B i (PE = 10.61% )
I vERE AL (R* =0.865) , HiE AL K HF 5T X Hb
T/KEY EWQIAE. Ry 1 B8 4 M 6 i B AR A i 1, [+)
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Fig. 5 Correlations between different groundwater quality indicators and the EWQI in the study area in 2014 and 2019
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Table 3 Stepwise multiple linear regression results

il

LR

R P

= N N S

EWQI =1. 488 +0. 024Mn
EWQI =1.300 +0. 025Mn +0. 135NO;
EWQI =1.190 +0.025Mn +0. 113NO; +0.633TH
EWQI =1. 187 +0. 024Mn +0. 119NO5;™ +0. 587TH +0. 009Fe
EWQI =1.103 +0. 024Mn +0. 108NO;  +0. 701TH +0. 009Fe +0. 158pH
EWQI=1.084 +0.023Mn +0. 111NO; +0. 668TH +0. 009Fe +0. 158pH +0. 1001~

0.433 <0.001
0.755 <0.001
0. 808 <0.001
0. 850 <0.001
0. 866 <0.001
0.871 <0.001

®4 EWQL,, BEUEIREFER

Table 4  Parameter selection results of the EWQI

min Model

Ay EiEEY

R? P PE/%

EWQL,; Mn, NO; . TH fil Fe
EWQI, ., Mn, NO; | TH, Fe fll pH
EWQI Mn, NO; | TH, Fe fil 1~
EWQI Mn, NO; | TH, Fe, pH F11~

min-3

min-4

0.838 <0.001
0. 853 <0.001
0. 847 <0.001
0. 865 <0.001
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Fig. 6 Comparison of EWQI and EWQI
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