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Fig. 1 Geographical map of Changzhou City, Jiangsu
Province,and the sampling points for hydrochemistry of the

groundwater

] L2 EEE, RN T, MR T EAKME T |
I TARHK, HRJIZ S K2 TR TE 40 m LAV,
JEREFE 0~35 m, WRAFTE /K RIS | 7KK (2T
K, B K2 2 1 ST T Gt i BUR |V I A
FURGZ N F1i B AR 2 BN e , 2 2 9e 2Rk
BEORARELL A, T KRR 0.5~5.0 m, T
KATHL RN T 2 m; 3R )2 H R 7K 5 80ROk I8k
RV, WAEZ RAEK KK ABHE , RZE
IKJZTARRAE 150 m PAVR, JEFE 20~ 100 m, AT
B MAEK(RZHTK) , FKZZE PEH
TH DX vy Yol 3 R K TOUFE 42 ], 7657 AR L
N % VAR, & K2R & K
T 2 0 T T 10 R 2 () — AT TR b A AR
FEMZEL L JRTe RS 2. H R OKIEERAE 10~ 50
m, P RATHB X I/ N T 15 m,
2 Wk

AU FEARFE P Il T b BT 9] A T R R
ARG X 235 MR A" 0, JF R M T 1
05 3K SCH TR A FRE SR AL TAE . Hi R OK
FE R SN B X NPT R I AL T8 M R K
WS, F 2018 4F 12 A 43R0 REET 67 4U/KH:,
AT TRKRE S 26 41 5 T RS AKEES, 22 4,55 1T,
TR ZKAE 19 41, A% 85 H o A TR IX
(E 1), KFEERSERD,FHITT 0.5~2 h WK ZEI:
TAE, SRR 3 A5 0L BRBU T K, SREE
I 0. 45 wm FlfL I BT KB EAT 5L 08, 2B
i AR . R CHRIR AR 500 mL J5oK 1,
D3RS 1R 100 mL KAEES N HNO, fif pH fH/N T
2, MR FE bR A F 4 40 A7 R T HIL B B 22 38 b 45 T,
R IRRE RS IS S BV PR IR AR (4°C) TR AR, IF
FE 48 h PNIA AR [ 4 0 IR R U B R AR R
HUCINR, I T 9 2 IR DZ/T 0064-2021 #i R 7K
F o3 i) o

TEEARAL TR M HS , 26 AquaChem | Origin 4K
PR A G B, I JF 85 LU A RRAE 23 97 5 R
SPSS HAFxt b T oK 2B T E R TS, I
JEE R o0 B, 28 6 TR 98 R K Ak 25 PR R 5 i)

3 ZERFTIS

3.1 M TKEFEHE
WHFE X 7K pH {H 7 7.22 ~ 8.23, TDS ( Total
dissolved solids, ¥ fi# M [& & B ) B Bt Wk JE
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[p(TDS) ]7E 224 ~718 mg/L Z[], ¥l Hy 494 mg/
LKA 8 2 H L, DL HCO,™—Ca™ - Mg™
(30.8%) \HCO, —Ca®* (19.2%) #l HCO,™ - CI"—
Na* » Ca™ (19.2%) 4}y 3, 2 1 7R JE /K pH {HTE
7.36~8.59 ZIf],p(TDS) 7 282 ~ 677 mg/L Z [d],
BIE R 433 mg/L, /KAEFZEAILL HCO,™—Na™ - Ca™
(40.9% ) fl HCO, —Ca™ %1 (22.7%) A E ;55 10 1
FRJEIK pH {HTE 7.34~8.87 ZI],p( TDS) 7E 220 ~
524 mg/L Z ] ¥I{H A 411 mg/L, K220 -5
H HCO,”—Na* - Ca™ #(68.4%) (% 1), MK
Z7RHEIK HCO, B BT W BE B (E T iy, Ca™ Mg™ |
S0,* .ClI" . NO,” #1 COD,,, ( COD, Chemical Oxygen
Demand , fb27 75 5 8, FH e 4 1R 1 A Ak 2% AL Ak 70
FE COD ic 2}y CODy,, ) YRR, T 7K B i 2
W5 p ('TDS ) YEFEAR , /K Ak 2% 257y 250 ] 2
—AR R B ETT, SOKEE AR T
IKIE WA G KA 2E R AE  3X 55 22 ] 4245 (2008) i
FRIRI 205 100755 9345 o Hi DX R K R A7 2 1415 2
E5E—3
3.2 HTKKEERE
3.2.1 HTKEERFIEE

TEAMEHET B b, o T KA #2210
TR 2 AR ST W M TR A AN 1 2 4
ZEF RIS, E8H K Gibbs K]S WLk T /K £5
BT RIE R R 5 A KRR Rk
RIF 28 &% W 45 /% 3 2% ( Gibbs, 1970; F i °F %,
2010), X 34 T /K Gibbs & % (& 4), KFE
p(TDS) FEATE 100 ~ 1000 mg/L, H A/ FE 5 1Y
p(Na")/[p(Na")+p(Ca”) | Ml p(ClI")/[p(Cl")+
p(HCO, ) JHAHAE 0~0.5, 57" F /K R B2 HA
WAL fE 4 i, & T I & K 7K B p(Na®)/
[p(Na")+p(Ca") J{HTE 0.5~0.9 Zi],{H p( TDS)
FXFANAS | R IR 2 R R K Rt R is 2 3 T
PH B - 28 4 W B A i 5 g (5238, 2021) . #F
p(TDS)-p (CI")/[p(CI") +p (HCO,") J I, 7K
FIZE T AR EIKI p(C17) /[p(ClT) +p(HCO, ) 1%
RER T I MR RK , $8m ZF FEZ 8 T RS
WK RN 2 A R 4 R 52
3.2.2 AIERIEH

BT LB AT 1 — 20 T B Hl T K A2 i
WLl (Zhou Yu et al. ,2012) ., HF Cl fb2= 1 AH
XTRGE  TEHL P K RARAMEHEIL R, AR S 5 KCE TR
AT AN G WA, R A2 78 ke s FR A VR



1042

i

5t

it

2023 4F

x 1 BN TRKUFESH ST

Table 1 Statistical parameters of the dissolved chemical compoments of groundwater in Changzhou City, Jiangsu

1Rk . FTiE % p(mg/L) "
% Na'+K'| Ca® | Mg | SO, |HCO;” | ¢ | NH,” | NO,” | NOy~ | CODy, | TDS

B/ME | 20.80 | 25.40 | 2.92 | 2.92 | 97.60 | 23.00 | 0.054 | 0.004 | 0.089 | 0.51 224 7.22

Bk AR | 103.70 | 156.00 | 41.70 | 150.00 | 649.00 | 134.00 | 13.700 | 22.400 | 52.500 | 47.70 | 718 8.23

SEME | 52.18 | 89.48 | 23.81 | 63.74 |330.33 | 61.82 | 1.053 | 0.998 | 13.954 | 3.55 494 7.74

SR 0.39 | 0.36 | 0.47 | 0.69 | 0.43 | 0.49 | 2.90 | 4.38 1.30 | 2.59 | 0.30 | 0.04

F/ME | 24.75 | 34.70 | 11.90 | 2.00 |206.00 | 11.50 | 0.020 | 0.004 | 0.048 | 0.64 282 7.36

£ R | 83.02 | 142.00 | 46.90 | 86.20 | 610.00 | 142.00 | 0.226 | 1.480 | 13.000 | 2.77 677 8.59

KIEK | EXME | 47.07 | 80.59 | 21.97 | 23.86 | 364.05 | 45.50 | 0.104 | 0.176 | 2.702 | 1.17 433 7.97

BREF | 0.35 0.34 | 0.46 | 0.98 | 0.31 0.70 | 0.62 1.77 1.36 | 0.44 | 0.25 0.04

/ME | 30.60 | 8.23 | 12.80 | 2.00 | 159.00 | 6.64 | 0.020 | 0.004 | 0.062 | 0.50 220 7.34

S M | HKfE | 111.84 | 110.00 | 29.70 | 58.20 | 488.00 | 39.80 | 0.666 | 0.074 | 2.200 | 1.93 524 8.87

REK | FHME | 71.89 | 57.20 | 18.42 | 12.03 |395.16 | 23.56 | 0.220 | 0.027 | 0.419 | 0.72 411 8.22

SRR | 0.31 0.42 | 0.25 1.46 | 0.19 | 0.50 | 0.77 | 0.75 1.16 | 0.47 | 0.18 | 0.05

T :pH EILH Y,

100 80 60 40 20
Ga?*
EAVEIN

confined groundwater(I)

K

phreatic water
P 3 ML R K Piper =2k &1 (18] Hh 2% 8 7 A B 007
ZAE R ER N YR T b EFRRIDE 1 VS S e
TR
Fig. 3 Piper diagram of groundwater in Changzhou City ( the

o I, KK
~ confined groundwater(II/I1I)

unit of the ions in figures is milligram equivalent percent;lon

milliequivalents = Ion milligram molexTon electrovalence )

S STy (Na®) /y (C1) S B T 7K o Na* Fll
CL™FRRVR (135,2019) . &l 5a 2B, K AES T &
JEAKH , y(Na®) /y(CI)#E 12 1 2 LR 010,
T T K Py Na* Cl” EE SRR T 28 &k A%
it , 2 2 TANFOKIEABIRA W, 551 1
HEIKAY y(Na®) /y(CI) JLAFIIET 100 1 28 B3,

T T 7K R 78 kA 2R W v R AE R #0/1N, Na®
2R T A SRR R R ER A ) b i i o BH 5
FAHAE R (BB, 2016) , AT F XS AL ER I VL
—a AR I AR K Ao E 12 1 2D, Al
RETE— BRI A2 3] T Ky /K el A A B JR (1) 5%
M), 5 e 7K ClIf ik,

iR 7K Ca™ 1 Mg™ SR 8% R [y (Ca™)
y(Mg) 1/[(80,7) +y(HCO,™) T HLfiTHsEE, 24
FOAB T 1 B, 3 B Al i 5 ANk R 6 40 Wy ¥ fip o2 L
FERIE (W WHPFAF,2020) , & Sb R, K FNER
I ARTEAKE [y (Ca®) +y (Mg™) /[y (S0,%) +
y(HCO, ™) JIEAAE 1 = 1 LRI 5046, 35 /8 12
TIKH Ca®™ Mg™ 2 ZR U Tk IR 18 AL R £ 0™
Y iE, I MAEKBy(Ca®™) +y(Mg™) 1/
[y(SO,”)+y(HCO, ) ] FZ4- M T 1+ 1 & T #E,
FRR)Z AR T [y (HCO,™ ) +y (S0, ) I KT
[y(Ca’™)+y(Mg™) ], BT & —F & Na" B A
SPIE X S ETA A2

R K SO, F— MR IR T fR 5k Py sl A
KW B A R HE R, R [y (Ca™) +
y(Mg™) =y (HCO;” ) J/[ ¥ (SO,” ) —y (Na") +
y(CI7) Tk — 25 43 Mt b T 7K o S0, SR IR, Hop
[y(Ca™)+y(Mg™) -y (HCO, ) 43R Tk A
B AR Ca W, [y (S0,7) —y(Na") +
y(CI) MCERA B M= A0 SO, W (B4 5,
2019) , & Sc R, & & K)IZH KA y(Ca™ ) +
y(Mg®™) =y (HCO, ) 1/[y (SO, ) =y (Na") +
y(CI7) TRESIAE 1 2 1 JR R, AU T K R A5 A /N
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HH T°7% K 8 R IR TR ER A7) Y20 52 Ml DX P 1l R 7K
e 1 5 TE W, R [y (C17) +y (S0,7) 1/
y(HCO,") | RAEPFN A IEVE B 52 ma B2,y (CL7)
5y (80,7 ) Z FAR R 28 & A+ 09 i il 1
y(HCO,™) A 3R 7R ik R 35 i I ff 16 0 (22 R,
2020) . GnE 5d fron, = A EKIZM [y (C1) +
y(S0,%7) 1/y(HCO, ) JELE R AT 1+ 1 LD
T ARSE A 225, WK T &K S A A 2>
WAE 12 14k b, RS X R K SZ IR R0 1)
PR NZE R A SR VR R AL RS2 e i 26 11 TR
IKEEALARXT R T A A e 1 2 1 N5 8 IR
JEHO R IK 32 25 At BV A 5 e B | B 22 52 45 Tk
FREED I fRAE . AIRZ B WRZH T K, IR R
W VR FORE T 7K Ak 27 2H 53 B iR 52 i) 328 ¥
HI
3.2.3 MHBFXEBERMMER

TE LR Hrh BHES 8 B MIHE 2 5 T 1
TARAFH TR L, 2R AT £ ( CAL-
1 CAI-2) e BFFEFLBR /K 5 DR 22 6] % A 1) BH 5 1
AN (BLIE 2, 2011 ; Thakur et al. ,2016) , Hit

=R/ Wy T
1 +y(K*
cap1=Y () —Ly(Na®) +y(K") ]
y(CI™)
5
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Hrf oy T2 5 Y E W E (meq/L) , CAI-L,
CAI2 {H/NF 0, W Fe B & A8 T 1E ) BH B 7 28 # 4
FH, HLAE B4 X0 (R B 1R B )=z &4 T
J 1v) B S - SE A H

TE CALEITR ([ 6) , 12 Hu T K 1 55 A AH X 4R
HH AR AE X =0 ZR BT, 34028 T 7R R 7K W i
CAI-1 {HAE-6~1, CAI-2 {H7E-0.5~0.5 ZJa], % 1]
R AKBR T 22 21A L AERE: ﬁb“z@aﬂffﬁ%/ﬁ%’%
M Ab 352 3 1 PH S 2 B W B VE R A 52 e, HL 56
R K AW BV FHBE A B 8, oh T BH 5 T f
KN ZEST & KA Joe R T WA Na® B4 1 T
Ky C32+ CFEUKT Nat SR Z ) B RIE
IKIY CAI-1 . CAI2 {E LT3/ T 0, 343 FE S50 CAL-
L {EH/NF-10,CAI-2 fH/NF-0.5, 8 R IR 2 b T 7K
27 78K 3853 1 BH 25 1 A8 B WL R, HLAE 38
s FL AT Na® K8 R B T K,
3.2.4 AZEFEIHFM

TR HERE NS ST M K R e A
KWE ., R KFR NO,T FEE R A T4 AL IR 1 fd
FRANSR T A 355 75 K B, SO, R I T Tolk 1% 3h A
KAV (R IS4 2010) , 454 CLAb2# 1k Y
RN 2Ry (NO,™) /7y (C17) 5 y (CI7) IR F K
K NO, ™ B3R I8 ( Widory et al. ,2005) , Hi[&l 7a A]
AV KA S A AR A XS, y (NO, ™) /7y (CL7) Al
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Fig. 6 Relationship diagram between chlor alkali index and TDS of groundwater in Changzhou City
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y (CI) fEZS AR IR BE B, S B A s I 1ol 55
y(NO, ) /y(CU ) EFIE y (CL) A B, 45
SO HE— 2200 Br &y (NO, ™) /7y (G ) {EHFE R
FEALT EIIX A 5 2 BB X, X8k PSR
SR A AR R 32, 5 R St N 2 AT HLIE R,
NO, ™ FEZORIRTF A G SN 5 =y (CU) EIX RSN T
FI X R IR AR R X J IR A 9 FH /K HE T8O RT B ok
T—ER O,

RIRFH , 7K SO, A #4r rTRESR IR T A
BTG, #F—2 R y (S0, )/y(Ca™) 5
y(NO, ™) /y(Ca™ ) M7 R I LA (£ R B 5
2017) , P 7b H WK RIER T K oK AL A %
B ATy (S0,7) /y (Ca™ ) fH £y H (1 1L
(ERE AR /IS, 3578 Tl I Sl % X P )2 3T 7K 52 el
FRA R . PR 5 T TR K A s L 4 R
£ R TR T 2% DX P TR J2 b T 7K 11 5% 1)
L
3.3 KEFANFMEER
T o BT — R LR G O vk s
T A S RN RRL PR T 2 | %o 2 H8 ARk Ak 2 21 7y R AT
B P, AR B 32 B E B LA E R (F,
Fy (Fyeeeeee) N3 28 73BT HH S WK AL 2446 Bn 1) 32
ZHZE (Carrolls et al. ,2005; Yang Pingheng et al. ,
2010) ,

F,=a, X, +aX, +aX; + - +a,X,

F,=bX, +b,X, +b,X5 + - +b,X,
Fy=c Xy + 06Xy + X5 4 eeee teX,
F, =i, X, +,X, +,X; + ----e +i,X

TR BB, W e 2R R A B R 8 B ok R AE
B K AL F E (OOK ST IR 2R AN ZE
HENEE) o

K FHZ DT AR K B T AR KRS 1T TR
FEAK E T XK AT B 5% e PR 3% — 20
WI(F£2),

WAKTA 3 ANERSFIEERT 1(£2), 4
—F Wy F, FEH ca®™ Mg™ HCO, . TDS 4 i¥,
DUHR (5 L 36.43% , WK FOK R Ak EE R LUK
BOEMOMIEE N, A RETEA KA
WRIREL RERRERD 4, W KRR vk, K2 Bl RR
FEK A BN B3R B A K s J1 38 e it 1 7 3K
AT, O F, EER T B IREL Rk
FRERH Wi i X K A 2 A B 5, 5 —
F, % i Na*.S0,” . Cl" 4L, 5tk 5 kb 20. 80%,
AR T Ho /37 2608 Na® . S0, | Cl 278 & A
B RRER Y (AE ) W, W F, R
BT 28R EE BRI W RE R . 5 =
43 NH,* \NO,” Fl1 COD,,, 41, 5Tk o5 kb 18.96%
NH, "1 NO,” FZERIE T AAEW AL, &M 1y
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Table 2 Principal component analysis of phreatic water, the first, the second and the third confined groundwater

of the groundwater in Changzhou City

Wk &5 T Rk 0 MR EK
B FE R B EN %Y B EN %4
b foh foh
Fl FZ F3 Fl F2 F3 F] F2 F3 F4
Ca¥ | 0.964 | 0.169 TDS | 0.966 | -0.137 | 0.173 | HCO,~ | 0.932 | 0.174 0.116
Mgt | 0.955 Ca¥ | 0.928 ~0.142 || DS | 0.833 0.517
HCO,™ | 0.907 |-0.165 | 0.201 || Mg | 0.813 0.248 | copy. |-0.749 |-0.247 0.353
TDS | 0.899 | 0.429 c | 0.803 | 0.184 | 0.137 || ca>* | 0.696 |-0.682 | 0.108
Na* | 0.147 | 0.791 HCO,™ | 0.783 | -0.534 Mg | 0.592 0.5 | 0.314
S0, | 0.381 | 0.633 |-0.223 | s0,> 0.855 | 0.252 | Na* 0.877 | 0.284
- | 0.379 | 0.560 |-0.113 || Na* | 0.116 | 0.718 | 0.437 | No,” | 0.226 | 0.660 |-0.197
NO,” |-0.261 | 0.425 NO,” |-0.170 | 0.557 | 0.115 || SO, | 0.264 | 0.146 | 0.884
NH,* | 0.176 |-0.279 | 0.927 || No,” |-0.388 | ~0.469 | 0.374 | 1 |-0.149 |-0.564 | 0.709
NO,” |-0.220 | 0.371 | 0.750 || NH,* | 0.283 | 0.454 |-0.193 | NH,* 0.212 | 0.795
CODy, | 0.272 |-0.466 | 0.742 || CODy, | 0.313 0.830 || N0, 0.112 |-0.775
TR 0 la0s0 1896 |72 0y L anm |1so PRI ge s L0 |1ses | 13,37
E(%) (%) E(%)
FRIM) s (573 7610 | P00 0 | se3s 6087 | PP e as 4756 |e6.24 | 7960
(%) (%) (%)

5 TR SR T F; 07 2200 A7 22 P LU, SERRAREOR , R 0 F, 58 X, oo X, AKALS R B AR S BE ) i
58 3 EARTUIRR R AT § A EWS FIHEHCT XX, ZRE R, SRR, R T F oo F, SR R RE I R 3

AT

PSR, H AT R R T K R TT Yl Y T
[A 2 ( Bouwer, 2000 ) ; COD,, M 3= R AL KK Z T
A iE gk, BT Fy R TN TR T 2 % ik
KR

55 1 REAKA 3 D FOMHEER T 1(£2) .,
PB—EWA F, B TDS, Ca™ Mg™  Cl”fl HCO, 4
B, TR & EE 37.14% , ST IXEE T R IEK &K )2
AP EEE LUK - KB RS R o E
SERRIRER RERRERT ), M T K AR S B A IEVE
i1 Ca> \HCO,” S5 B F ik AR K Jm F, 3
BT BRIRER RERR RO YU X5 T AR K ik
SR, F, B SO, Na® \NO,” F NH," 41
B, BBk 5 e 21.22%, SO, FIl Na* Ry A7 8 B9 R AE
P NO, ™A1 NH, " B LM RRE TS YL B+, R AE
T AR T K B, B F, RAE T B R
R4 R A R A 35 B 6 R K R, F,
COD,,, 0%, TTEkRALHR 11.50%,, i it 7K S b i
S EE T 7R K 5 5N A AE 3 R 25 DI 7K
TIBRZ AP FOKIRGE I K ] e 2 5 1 &R
K BRI b 3% Bl AT 75— g R E EXxF o 1 7R K
FEAE RGN (AR A,

S MREKA 4 A ERMFEE KT 1R

2), HB—FEM5T F, B HCO,™ TDS Ca®™ Mg™ 1AL,
Tk HE 28.35% , Hod cOD,,, B TUAOEE & D
ZAERR S ik 4 MERREH P KR SRR ER
(F88 % ,2004) . 55 11 MAREKEKZE S MUK -
JRE KRS AR PR RIS B S 3, 7E R IR
BRI T A2 PRk IRE: RERRER D P iR IE =
MK HCO, ™ Ca®  Mg™ B A 52 i R 7K B A
() EZ AR bR, M F, BB T IR RERR R
P 5 11 TR R /K A2 4 4 152 e, 5
By F, B Na® H1 NO,” 4 B, s ik (5 L 19. 21%, [F]
B, Ca® ARSI T HAHICOC R (0. 682) , /Rl Na*
(RGN, Ca® Xof MU/, ] fige e hy BH B8 - 58 B W B 1R
FAX MR KL A3 M2, Fy iSO, Fit 1ML, 51
BRELG) 18. 68% , & & IRAE KA MRELT Y
WEZA S, ERBKAERT, S8 Aaghm
Cl” SO, #E s uE = M Nk, F, B NH," 1 NO,~
LA, BTHK A EE 79. 61% , FH el FAEFRE A -,
E45 G FrR K SCHE BT 55 4 A S - LU ARV 430 A, TR )2
AR KA S0m LI, H5 2 1T KECR
W AN SOHE LA 37 B ST Bl B sk R ) 52
I, 20 Friz A NH, " AT 8 3 ZOR IR IR Z DT A 5
TEE Y R A B9 A (Jiang Yuehua et al. ,2008)
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FER IR HIIASE T, W R T 286 0 9 3% v o
KA =B B NH, 38 g KA VR TE AR K
(P AR, 2007) .

4 258

(1) F M AKOK AL 2= 2R L HCO,” —Ca™ -
Mg \HCO, —Ca’* fl HCO,™ - CI'—Na* - Ca™ &I}
F,5% 1 &K E KL HCO,”—Na® - Ca™ Fll HCO,” —
Ca™ RIS 265 AR KK L HCO,”—Na* - Ca™ AN
F, ZMRAEAAEE I DIEK 2B AR RK 1R K
(B 120 T HE i, TDS 5 s A(E AR, K AL 2= 2 AL
ESE R T

(2) A KAGAE TR 5E XA T 7K Ak 27 21 4y
Ry A A R BH B 7 5 W B A N S 0 s
—ER, R KH Ca®™ Mg™ (HCO,” FEHRIET
BRIRER ERR R MR % Na® (S0,” | Cl7 F 2R K
TR R AT BURRER Wi i, RN Na™ 852 3 FH 5
T WS E TR — R 2R IR T AT 8, D
ORI TIRZ S B s

(3) H MK IR AR 22 20 53 TF 1 DTk - Bl R 56 |
TERRERT W) > 78 4 B IR R WA e > A
AP Bl 5 1 AR K A2 20 508 DTk - e iR 2k L fik
PR ERAT WIS it S TR RREL AT W1 e AT 3> Tk 3%
3156 1 MR KA =20 03 T8 IS ok « Bk IR £ Ak 2
AT W > PH S 5 S W M > 28 R 3 IR
YRS S A W

£ % X #W / References

(The literature whose publishing year followed by a “&” is in Chinese
with English abstract; The literature whose publishing year followed by a
“#” is in Chinese without English abstract)
HAER. 2020 UM T SRK SCHEBRALZERRAE S K BN . S0
TR, AR KAE. HMRORER LB 1~ 124,
AL, ke, X, BHE, K, I, dkiE 2012. REHT
K5 BRI TS Y 5 e O BB T —— LN T 3 X S ). BR
HRHY, 25(2) : 4~8.

SRR, 2004, M AR g AR R DX K Ao T T R R
a3 HEERE, (9): 6~9.
BAEET. 2011, F38H X b R /K A5 5R 5 1 i TR SOM B 5. =
Ui . BEEL. RERUORSEELOIR A LIS S 1~101.
WA, ZHE, A, KA. 2016, K IL=APHHLIX b F 7K
AR IR T A BVE A T R AT, BT, 90 (10) 2948 ~
2961.

BIAIT, B, WA RAE. 2015, FREFMEE R P K £
JeRUR B BA L. E M BT 2 2015 24 ARAE 218 SUR 2T
G () 12~ 14

LA, SFIL, VEIIBL, EHUR, . 2008. JRB R HLX LT
KRR 20 MUR AR B T8 L. I RL 2 (D d: HEREL )
(4): 493~500.

FZHAE, TRSC, SRAs, EIEME, TOUW, B, MR, R,
kAL, . 2015, KIL=MMATTXEBT. L. b
iR M 1~654.

LR, I, ST, FRCE, R, . 2011 LIRS HE
R JE B KB LIS R S LG . UL v E A A bk
2EZ 13 R EARAE IR AR, 418.

e, FRIK, MEE. 2013, FET 46 J5 i i XU 2 3 R Kk iE
SSPEPP —— LR N T . SR8k, 32(11) : 2099 ~2108.

k. 2011, SR8 HbIXOK b b PR BE R AR K B 4B, 0. T
HE, WE2. duat. hEMEARSE () M E AR 3, 1~
95.

SERL. 2021, 7 IR TR VR 2 M T K K Ak 25 R AE B L AL
TR PS5, 35(3) : 80~87.

MR, RIS, WHEE, wily K, BEZE. 2010, & REVAHL R
IKSCHBER AL 27 AR S PR3 7 L. KBRSk, 21(5) : 628 ~
636.

RAE. 2018, JRra BLACAL A B B Be PEARAE 5 5 R . 2
(4).87~91.

EWF, EX, TES, HEIF, BRIE, B, TR, 2/
2010. YLK R SCHBIR AL ARAE e 2 7 4k 2 AL
FUE R, 29(Z1) : 446~456.

BEZE. 2011, BUARH 22 A A0 HL T /K VA R Bty I b 25 7K
W9, S0 BRORIE. M. 2 R4S 1~ 151,

X, J4 e, Jalae, WGYHIE, S0k, A5, 2019. B A=A
Db KA 24 R AE S AL AL, B RL 2, 40(9) . 4042 ~
4051.

RBE, AR, WER, 8%, 2006, 2 HA AR REARA
S P b DXCH T K TS Y IR, K SCHL B TR MR, (3): 11~
15.

WA, 2019. FiE— T AR IE N S AR AE. 0. E ok
M. WER. LR T RS 2083, 1~79.

WEAL, IRE. 2007, & (R) TEA AR Y IR AT R RS
. MBI, (1) 1~8.

AR, R, 2200 FhEilE, XInkEE, Z=M5. 2022. WL
FeTTRZ T KA AR BB UL HL BT IT, 68(1) @ 245
~252.

Wi, ToiL, 8, 2k, Bk 2013, FINTERZH T K E
xBTS BRI DX SRR e B A XU PRAN. BRBEAR2Y, 32(2) .
202~211.

TP, MG, IRGINE. 2018, T BT KU A U R KK AL A
23 AL KGR R R B HUBTETE, 64(4) : 1030~ 1043,

T2, THMy, SER, WES:. 2006, F58) 5 X Hb I R R &
HPPREW. SRR, (2): 179~184.

TRARL, A, Widst, ), THTF. 20110 JKSCH TS AL (58
SRR . AL MR R 2~6.

VR, R4 e, ToRAE, 2B, NS . 2020, e AR 2R
HHL T KOG K SCbER b2 R FRXAESE, 37(3): 541
~550.

XL 2016, UL T HFH -7 S5 T K AMEHE S 1 5 7K 2408 b
FUWFSYE. U0, AREE. KB, FMORER L2083 1~96.

LERE, Yy, R, JEAMA, PO, i, B, BRI,
W, 2017, SN ML UK AL RAEDT ST, o E 5
R, 37(7) : 2684~2690.

Bouwer H. 2000. Integrated water management; emerging issues and
challenges. Agricultural Water Management, 45(3) . 217~228.

Carroll S, Goonetilleke A. 2005. Assessment of high density of onsite

wastewater treatment systems on a shallow groundwater coastal
aquifer using PCA. Environmetrics, 16(3) ; 257~274.
Dong Xueliang. 2020&. Hydrogeochemical characteristics of xilinji

mineral water and evaluation of water resources. Jilin University; 1



1048 Mo R

it I 2023 4F

~124.

Gibbs R J. 1970. Mechanisms controlling world water chemistry.
American Association for the Advancement of Science, 170 1088 ~
1090.

Gu Liming, Zhang Sheng, Jin Yu, Zhai Kang, Peng Xiaolan, Chen
Ling, Zhang Jian. 2012&. Research on exchange relationship of
surface water and ground water pollutants—taking old city zone of
Changzhou as an example. Environmental Science and Technology,
25(2): 4~8.

Guo Nufa. 2004&. Principal component analysis on the ious in the
groundwater intrusion area of Laizhou Bay coast. Marine Sciences,
(9): 6~9.

Hu Jianping. 2011&. A study on the land subsidence effect after
prohibiting extraction of groundwater in Suzhou — Wuxi — Changzhou
area, Nanjing University: 1~101.

Huang Jinyu, Jiang Yuehua, Su Jingwen, Zhang Taili. 2016&. Analysis
of the special distribution of groundwater survey points in the
Yangtze River Delta. Acta Geologica Sinica, 90(10) : 2948 ~2961.

Jia Junyuan, Ge Weiya, Chang Xiaojun, Lei Ting. 2015#. Present
situation and prevention suggestions of water and soil pollution in the
process of urbanization in southern Jiangsu. Abstract compilation of
papers of 2015 academic annual meeting of Chinese Geological
Society ( Volume 1) ; 12~ 14.

Xu Naizhen,

Isotopic

Jiang Yuehua, Jia Junyuan, Wang Jingdong,

2008&.
Changzhou, Wuxi and Suzhou area and their implications. Science
in China( Series D Earth Sciences), (6): 778~787.

Jiang YueHua, Jia JunYuan, Xu Naizhen, Wang Jingdong, Kang

2008 #.

Changzhou, Wuxi and Suzhou area and their implications. Scientia

Sinica( Terrae) , (4): 493~500.

Zhang Taili,

Guangya, Zhao Jiankang, Shi Bin, Wu Jichun, Zhang Lizhong,

Kang

Xiaojun. characteristics of groundwater in

Xiaojun. Isotopic  characteristics of groundwater in

Jiang Yuehua, Su Jingwen, Wang Hanmei, Wang
Zhou Aiguo. 2015#. Environmental geology of the Yangtze River
Delta economic zone. Beijing: Geological Publishing House: 1 ~
654.

Jiang Yuehua, Zhou Xun, Jia Junyuan, Zhou Quanping, Li Yunfeng, Li
Yun. 2011#. Organic pollution characteristics and enlightenment of
shallow groundwater in Liyang, Jiangsu province. Proceedings of the
13th annual meeting of the Chinese society of mineral and rock
geochemistry, 418.

Li Dinglong, Wang Zongqing, Yang Yan. 2013&. Regional shallow

based on

groundwater vulnerability ~assessment comprehensive

approach—take ~Changzhou as an Environmental
Chemistry, 32(11): 2099~2108.

Ma Hao. 2011&. Soil-water geological environment characteristics and

example ,

quality analysis of Su — Xi — Chang region, China University of
Geosciences (Beijing) ; 1~95.

Meng Qi. 2012&. Hydrochemical characteristics and controlling factors
of the shallow groundwater in the midstream and downstream areas of

Shiyang river basin. Journal of Arid Land Resources and
Environment, 35(3) : 80~87.

Pu Junbing, Yuan Daoxian, Jiang Yongjun, Gou Pengfei, Yin Jianjun.
2010&.
Chongqing subterranean karst streams in China. Advances in Water
Science, 21(5) ;: 628 ~636.

2018 #. Phased

development of modernization in southern Jiangsu.

Bimestrie, (4): 87~91.
Thakur T, Rishi M S, Naik P K, Sharma P. 2016. Elucidating

Hydrogeochemistry and  environmental meaning of

Song Linfei. characteristics and high — quality

Academia

hydrochemical properties of groundwater for drinking and agriculture
in parts of Punjab, India. Environmental Earth Sciences, 75(6) ; 1
~15.

Wang Yaping, Wang Lan, Xu Chunxue, Yang Zhongfang, Ji Junfeng,
Xia Xueqi, An Ziyi, Yuan Jian. 2010&. Hydro—geochemistry and
genesis of major ions in the Yangtze River, China.
Bulletin of China, 29(Z1) ; 446 ~456.

Wei Guoxiao. 2011&. Research on groundwater recharge and evolution

Geological

in Jilantai basin and water supply for Jilantai — Hetao Paleo —
Megalake. Lanzhou University: 1~151.

Wei Xing, Zhou Jinlong, Nai Weihua, Zeng Yanyan, Fan Wei, Li Bin.
2019&. Hydrochemical characteristics and evolution of groundwater
in the Kashgar Delta Area in Xinjiang. Environmental Science, 40
(9) : 4042~4051.

Widory D, Petelet—Giraud E, Negrel P, Ladouche B. 2005. Tracking
the sources of nitrate in groundwater using coupled nitrogen and
boron isotopes: a synthesis. Environmental Science & Technology,
39(2): 539.

Wu Dengding, Jiang Yuehua, Jia Yuanjun, Cai Hesheng. 2006&.
Analyses of pollution source of nitrogen in groundwater with 8'°N-
NO, and 8'"0-NO; in Changzhou. Hydrogeology & Engineering
Geology, (3): 11~15.

Xie Da. 2019&. Formation and evolution characteristics of groundwater
in Xinji No. 1 Coal Mine.
Technology: 1~79.

Xie Jiancheng, Yang Xiaoyong. 2007&. Development of the geochemical

AnHui University of Science and

behavior of ammonium ( nitrogen ) in rocks and minerals. Contributions
to Geology and Mineral Resources Research, (1): 1~8.

Xue Dongqing, Xie Mingzhong, Li Shaohu, Du Liyuan, Liu Yongkang,
Li Peng. 2022&. Chemical characteristics and formation mechanism
of shallow groundwater in Renqiu City, Hebei Province. Geological
Review, 68(1): 245~252.

Yang Pingheng, Yuan Daoxian, Yuan Wenhao, Kuang Yinglun, Jia
Peng, He Qiufang. 2010&.
hydrogeochemistry in a karst system during storm events as revealed
by PCA. Chinese Science Bulletin, 55(14) ; 1412~1422.

Yang Yan, Yu Yunjiang, Wei Weiwei, Li Dinglong, Yang Jie. 2013&.

Health risk assessment of heavy metals in shallow groundwater in

Formations of  groundwater

urban and suburban areas of Changzhou. Environmental Chemistry,
32(2):202~211.
Yin Ziyue, Lin Qing, Xu Shaohui. 2018&. Spatial—temporal variations
and controlling factors of groundwater hydrochemical characteristics
in the Dagu River Basin. Geological Review, 64(4): 1030~ 1043.
Yu Jun, Xie Jianbao. 2006&.

Characteristics of land subsidence and its remedial proposal in

Wang Xiaomei, Wu Jianqiang,

Suzhou — Wuxi — Changzhou area. Geological Journal of China
Universities, (2): 179~ 184.

Zeng Yanyan, Zhou Jinlong, Nai Weihua, Li Lin, Tan Pengfei. 2020&.
Hydrogeochemical processes of groundwater formation in the Kashgar
River Basin, Xinjiang. Arid Zone Research, 37(3) : 541~550.

Zhang Renquan, Liang Xing, Jin Menggui, Wan Li, Yu Qingchun.
2011#. Fundamentals of hydrogeology ( The sixth edition). Beijing:
Geological Publishing House: 2~6.

Zhao Qi. 2016&. Groundwater Recharge, Discharge, Runoff Conditions
and Chemical Constituents Formation Mechanism in the Coastal
Plain, Downstream of Yangtze River. Jilin University: 1~96.

Zhou Yu, Wang Yanxin, Li Yilian, Francois Zwahlen, Julie Boillat.
2012&. Hydrogcochemical characteristics of central Jianghan Plain,
China. Environmental Earth Sciences, 68(3): 765~778.

Zuo Yuzheng, An Yanling, Wu Qixin, Qu Kunjie, Fan Guanghui, Ye



%3 TR BN T MR K A2 R RPN 23 A 1049

Zuxin, Qin Ling, Qian Juanting, Tu Chenglong. 2017&. Study on Province. China Environmental Science, 37(7) : 2684 ~2690.

the hydrochemical characteristics of Duliu River basin in Guizhou

Hydrogeochemical characteristics and controlling factors of groundwater
in Changzhou City

SU Dong'”, GONG Xulong'”, YANG Lei"” , HUANG Jingjun'? ,
XU Shugang'® , GONG Yabing"* , CUI Longyu"”
1) Geological Survey of Jiangsu Province, Nanjing, 210049 ;
2) Key Laboratory of Earth Fissure Geological Disaster, Ministry of Natural Resources, Nanjing, 210049

Abstract; Changzhou is a typical industrialized city in the Yangtze River Delta. The rapid development has
had a series of impacts on the groundwater environment over the years. The chemical components of groundwater
are controlled by natural conditions and human activities. It needs a further study of the present situation of
groundwater chemical genesis and influencing factors. Based on the analysis of the occurrence conditions of
hydrogeology, this paper analyzes the chemical characteristics and genesis of groundwater at different aquifer
through statistical analysis, ion ratio and principal component analysis. The results show that the main
hydrochemical types of phreatic water are HCO,"—Ca®" - Mg™", HCO, —Ca’* and HCO,” - CI"—Na* - Ca™
type, the main hydrochemical types of the first confined groundwater are HCO,”™—Na* - Ca® and HCO,”—Ca™"
type, the main hydrochemical types of the second and third confined groundwater is HCO,"—Na® - Ca™" type.
From shallow layer to deep layer, the alkalinity of groundwater increases gradually, the mean value of TDS content
decreased, hydrochemical types have changed from pluralism to singleness. The chemical composition of
groundwater is mainly affected by mineral dissolution, cation alternating adsorption and human activities. The
chemical genesis of phreatic water and the first confined groundwater is mainly controlled by the dissolution of
carbonate, silicate, evaporated rock salt and sulfate minerals, and they are significantly affected by human
activities. The second and third confined groundwater are obviously affected by the dissolution of carbonate and
silicate minerals and cation exchange. Human activities have little impact on deep groundwater.
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