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Abstract

In order to reveal the hydrochemical evolution characteristics and conventional ion sources of
shallow groundwater around Zhuxianzhuang mine, 20 groups of shallow groundwater samples
were collected in this study. The characteristics of conventional ion composition, groundwater
hydrochemical types and their causes in the study area were discussed by means of descriptive
statistical analysis, Piper three-line diagram, correlation analysis and factor analysis. The results
show that the pH value of the study area is between 7.80 and 8.90, which is weakly alkaline; the
mean value of TDS was 516.95 mg/L, belonging to freshwater type. EC was 272.00~1500.00 uS/cm,

with an average of 1051.40 uS/cm. HCO, and Ca?* are the relative dominant anions and cations

of groundwater in the study area. The groundwater type is dominated by HCOs-Ca and HCO3-Ca-Na.
The water-rock interaction of shallow groundwater around Zhuxianzhuang Town Mine mainly in-
cludes sulfate rock minerals, silicate rock minerals, carbonate rock minerals, weathering and dis-
solution of rock salt minerals and cation alternating adsorption.
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1. 5|15

R KGR R R IR IR USRI RS . FTiB AL A7 AT SR Fa A BRI i B 28
T(EAE R &1 KNGSV (SR TR ISR L] T B & K2 A T2 AR & KR T
FH, AR EGEIR N T 50 m TR S KR UK S KR S — AR R S KR [2]. MR K BRI B
MR BRK IR DAL QA 3 R K AR T B[], Rl + RS 82 i N2 AR 22 TR 23 B
BETRAE T I B . R T KR A FI, JEAE RN R TR K K5, Lo s R K i fh
FHIEZ I SR [4]. T SR BOMUBUR SR A, MU TR L 2218, 7532 3 TARIE Sh 52 N 5 etk
ELFEZENE . A KB LA EL[S]. RIZH T KRN E Z oK RIRHIE) 2, EADOEMTE R
FHZK B E B, R RN AR TS FK I EHRUE6].  EAT, 0T M T3 X R K KA S 58 R
FE[7][8] [9] [10], ZEAZE[710F Tt M FLBRACKAL R AL, 73 A5 H I X R 7K 2 KRB /K F 7%
PR AEAE A o SEEE[8TF Fig M T 3P KIS AR B, AR [ 5K 10 SRR oK S AT Y A2 1 2 o)
B B4 22 BURRERT S B, D HORE M T KB RIS e #/ DIR[0 14 JH T 3 X 2 A e
RIZH T KA S KR KO R 2 A R, 8 RN B E S TR EI A O, KL R
B B RR EL A AR IR Eh o A ALV A o IS T SCIL0T AR M T S P /K it R A B FE X &, il
SRR E AL R 0 T A5 R K 32K BE R AN S S0 52 B 28 A A P L BE /N TR K . el T4 MU T
I ST AN AE ™ B3 TR /KK BORBURS GE X 2 M2 5 A e deftt 1 B AR B H H A% T M ™ X
AR JZ R AR LR SR TUR D o BT BL, ASSCRUSHAR R T KO FEx B, B X2 X T
IR RGTTT, T HARA SRR B P R KRR S ROIR DL o BIF T4 RO 7T X e FL A3 7K
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BRI VPN FIK SR B SR 7 A5 e SR Rk HE , RIS AV BB VAN BB BRI R SAE R [11].
2. M5 A%
2.1. RERENR

IRA FE L 223808 i N T S [X B VI 20 5 B ) S 842, A2 1 N T DX AR 500, B T X s A
KRG KIGEAE, T95WMADPFAME, JCIEHTRR, e yem, XA, @R . o7 X
MAFRTE RN R4 117°5'~117°6", b4 33°36'~33°37', M N 128 5 A H ., Hih#EIH, ik 24~27
K, JBERIEATZE XA, SR, FRET, BAGEREDRIRK, FEEPE 7 H. ZXRIETF
oK, Bk .

22. EmRESSH

RS BT RAN B FE R A PR3 2 R KR A SRR, 0o ARl AR LA AR R M 1 M BSR4 20 AN KFE
mi, FEACRERIDS], RAFIRFEAE 8~60 m JuEI N, SREEM A4 2021 4F 11 H 6 H, KA mUALE 15040 W ]
1 FiR. Dzl B INRA, W5E pH. TDS Ml EC 28, 76 RFERT, 4 500 ml [ Z s 0E 3 Ik
PSR . BURERT, FH/KFEISBERE SO, AR BT E . i NKFERIRE ik KRS
HE (b R /KA BE I BOR TS ) (HT164-2020) /K BT i R CRAE AN BEEORFIE ) (HJ 493-2009) . £ i
T2 BB B AR TR AR O AT 5 B A . KR 2% B 8 B B AR TR AR e, TR
B T IR (R TR BH B 7 Nat, K'Y, Mg®, Ca®*, BB 147 CIT, SOZ, HCO;3).
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Figure 1. Distribution of sampling points in the study area
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2.3. BRI %

HIH] SPSS BAF X FTIX P 2 3 T KR b el v 2 B IR BE AT R Ve Se v B (/MBS R AE
BB ArEZE S HUE ) FIAE G /0B FLIR, M8 Origin # - 2:il H Piper =2k &l Gibbs &, MIfi##dl
T TCIX R 2 R KA 52 SR = 8 1 R

3. &R5i1T1ie
3.1. MR TR D HFAE

W58 DX KR St KRR 28 SR AN 22 1 B, 13 X3 2 4 R 7K pH B Gy 7.80~8.90, “F¥{EH K 8.17,
J& T 5388 7K . TDS 5 B VE I 7E 395.00~727 mg/L, “F-¥J{f >y 516.95 mg/L, #4E TDS b8 T 1% K o
EC Ji £ 272.00~1500.00 uS/cm, ~F¥{f A 1051.40 uS/cm. 7E %W 7E X 3 R 7K o 32 B H B 1 Bk 7
¥ K. Ca®* (60.89 mg/L) > Na* (53.53 mg/L) > Mg?" (49.30 mg/L) > K* (0.58 mg/L), %[ &5 Sk i
SFH{EN: HCO, (353.54 mg/L) > CI (89.44 mg/L) > SO (50.66 mg/L), Ca**Fll HCO; Juff 7t [X Hh T 7K
AT A BH BB o WA S RECRE, pH EA 7 REUR /D, RUIHE I XK PR RS € A0 T 5590 K\
Ca** fll HCO; Z A1 ZF R IR (CV < 30%); Na's Mg*. CI'. SO? %[ A5 F /& (CV N 30%~100%), it
ST EEZ BN RIESI .

Table 1. Descriptive statistics of main chemical components of shallow groundwater

1 OREMTOKEZNFE R M ST

T H /ME =N YA Pt 22 A R E%
Na* (mg/L) 36.28 104.50 53.53 17.30 0.32
K* (mg/L) 0.44 0.75 0.58 0.09 0.15

Mg?* (mg/L) 26.55 72.40 49.30 15.35 0.31
ca?* (mg/L) 37.89 90.65 60.89 16.74 0.27
Cl™ (mg/L) 20.08 180.62 89.44 50.21 0.56
SO (mglL) 14.42 121.47 50.66 32.62 0.64
HCO, (mg/L) 298.98 450.31 353.54 49.14 0.14
TDS (mg/L) 395.00 727.00 516.95 110.60 0.21
EC (uS/cm) 272.00 1500.00 1051.40 279.83 0.27
pH 7.80 8.90 8.17 0.22 0.03

3.2. MITRKKILFELKR

Piper —Zk Bl —#B 73 4lpk, Horb 2 R I7 i = AR E T AN BER A 208, A FARN=ATEA
R T HIHER BER A B 1) EJ7 3 TR T A5 B SE s, AFROKAE BB BH 28 A & & [12] . iRIEHTA
X Piper =£kI&, Wl 2 R, KEHOKFERSEST 1. 3. 51X, RPAKZHOKFEN ca®™ + Mg~ &1
WEERT Na™ + K*, PHESTLL Ca®™ Ml Na* + KN, FAESFLLHCO; N, 1 F/k3Ah HCOs-Ca (16
#ll). HCOs-Na (4 41)NF S, HCOs-Na-Mg (3 1), HCOs-Ca-Mg (6 41). HCOs-Ca-Mg-Na (11 £H)%5 % ik
WEERRILLE .
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Figure 2. Hydrochemical Piper diagram of shallow groundwater

B 2. iRE# T k7KL Z Piper B

3.3. FEEFHXMIH

RIEHTTE X L5 5, 0 2 fiar, TDS 5 K. Ca®*. CI £ HLE & IE A%, FHo% & %07 %2 0.580. 0.891.
0.761, ¥t HIX =B T-%F TDS HI BTk S Ak KT Ca®*\ Ca? il CI e ILML 5 1) IE AR Sk, M52 2% 0.768
A1 0.635, BEHIEEH KB ES PR B IEM . Na* RSO3 . Ca®*f1SO? . K'fl SOZ KB HE ) IE
HISEtE, AHSERB BN 0.454. 0.558 H10.451, HiHIREH T AKZRER S &0 W XA I AE A

Table 2. Correlation coefficient between hydrochemical components

2. RBEMTOKKUFE S EIRIHEX R

ZH Na* K* Mg®* ca® cr SO HCO, TDS
Na* 1
K* 0.011 1

Mg?* -0.515" -0.309 1

Ca** 0.024 0.768" -0.236 1
(ol -0.207 0.357 0.318 0.635™ 1

SO 0.454" 0.451" -0.502" 0.558" -0.064 1

HCO; 0.239 -0.071 0.274 -0.152 —0.345 -0.039 1

TDS 0.063 0.580" 0.069 0.891™ 0.761" 0.436 0.026 1

TE: TE 0.05 HAIWE), AHRMEE: TIE 0.0 ZNUR), MRIERE.
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3.4. XS

F G oA T — R R B TR ST LA D I B R R, KA 2 R AR SR 4 D U LA R
A, DASUnA FH DR AR A AT AR I S R (9 22 TR SR AT A7 VR 18], b ik Rkt S AR B AT T A
AL BR[Zi = (Xi — mean)/s], IR 7 2285 K IEAS TR vE S 3 R 04T IR 7 e, DME R i R4 R 1 P
RE M LbrE X [14].

ZleiEfa, PRI T B AT MR BURF R K T 1 I =ANR T FLL F20 F3, Z5 5 3 fim. £
T FL 23Tl E N 40.241%, Hih K*. Ca*'. CI'. SOZ . TDS M T#ffek Hig 5 F1 2 IEARS,
IR FCIX %R 40 2 T2 R h A 0 RERR AT WA P B T AC B R BHE T . =8 F2 1) Bt sk
N 67.832%, Na'Ff1SOZ (AT M K H S F2 RIEMIE, AL FRIE T RESZ 1 Rsh S m R s m i
YR RAL T IEE FH R . £ T F3 I BT 5Tk RN 83.132%, Na'. Mg®. HCO; M T#fi Kk B
F3 RIEMG, UL HILFERIEZ A 2 A5 A T Y AR IEVE T

Table 3. Principal component analysis of conventional ions in shallow groundwater

3. REMTKENSFERS O

FSER
Eizg
F1 F2 F3

Na* -0.022 0.755 0.317
K* 0.754 0.273 -0.094
Mg -0.013 —0.865 0.381
Ca* 0.955 0.181 -0.085
cr 0.775 —0.462 -0.183
SO 0.457 0.736 0.035

HCO;, -0.115 0.042 0.96
TDS 0.956 -0.027 0.172
At 3.219 2.183 1.248
TR (% 40.241 27.290 15.600
R TTR % 40.241 67.832 83.132

4, Z5ig

AR SC LA PN T3S Al FE AR 12 20 ARJZH R ACHIR O B, FERE T KRB o # L Rk 1 Se it
FASHE S HT AN R o o0 i, AR IESiR R .

1) RANFEHE DR EH R KKIRE pH E7E 7.80~8.90 2 [4bTAaE KINgamrt, TDS ¥{E N
516.95 mg/L, #4f TDS il brife & Tk 7K . EC JEHI7E 272.00~1500.00 uS/cm, ~“F-¥J{f A 1051.40 uS/cm.

2) HCO; Rl Ca* Mt 7t [X H N /K (A X R BB BHES T Hb F/KZEALL HCOs-Ca. HCOs-Ca-Na

3) WX R EH KA EEZRMIR LA W HERRIEET . RIREED M. &SR0 WX %
JEAE P FIRH 2528 B R B A
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szxy2021ksjy031; i M Z=Biff i H , 2023xhx061. 16 M 2% BBt i Ll i s 3E 00 H (& B 5 TR 8
LN REREAIE, szxy2023xjzy02); fEMBe ot 2024 448 R A QRE NN ZRit-RImt H (A1
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