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Abstract

In order to reveal the hydrochemical evolution of shallow groundwater around Mengcheng County,
forty shallow groundwater samples were collected in the study area. The analysis methods contain
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descriptive statistical analysis, ion ratio analysis, correlation analysis, principal component analy-
sis, Gibbs diagram and Piper three-line diagram. The conventional ionic composition characteristic
is discussed, the chemical types of groundwater and their formation is clarified, the sources contri-
bution of the hydrochemical properties is also explained. The results showed that the pH of the
study area was between 6.60~7.40, the average value is 7.08, which is weakly alkaline water, the
TDS is between 250~1056 mg-L-1, and the mean value is 426.34 mg-L~-1, which belongs to the fresh-
water type. The EC is 249~1873 uS/cm, and the average value is 782.69 us/cm. The anions and cat-

ions were mainly HCOj; and Ca?*, and the hydrochemical types were dominated by HCOs-Ca.
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1. 518

T K A5 A [E KA TE AN [ RO P A A p 5 ) BEA B (UM 7KL, HB . A 3K
T BN A K HAAE AR IS5 R[] o 8RR K KA 2R R TR LR Gt 78, A AT S48 R /KK AL
SRR SR VR AT AR BE 0, DUERF A ROt S SRR P R KB IR,  3E 0 O3 A G R KK [2]
ARG T R K KA AR 52 08« FO R B/ R R B 35 128 5 W PR 45 /0 AR AR T P, TR 20
JE B A 1t K P A 2R A oy KA AR [3]. i T LG 3h S8 SOL I EERITHRi[4], Aimig KRR
IS S FEME CIEFL NOs A< B AN 31 (1) A b HE R hn b R 7K A 36 409k £ [5]

KA IR, 1N KAE R AT () AR o i AR A . [ A X KA 5 2 R K o
W7 T REAIBEFE TAE . Umar F1 Absar 3@ i BF 78 47 BT 3H 0 H LRI T /K AL 524 AE, Rk
KA R, RBI: & TDS B, AR, A HCOs & 4R, LK HCO; Bk = #[6], Zaki Sameh %5
WEAG AR ML IX KA SARRAE, 15 VR N /KIR sl 77 KA =4 5y & & B Nat > Ca?* > Mg?/Cl™ >
HCO; > SO; MIFE[7]. 2= WFT5E AT 70 32 AR SR 3 X (1 bR 7K A5 2 HK 2228 AL L HCOs-Ca-Mg By
F[8]. Gedbh X FF RIS A T Ao #H 2 e St g bt [X 4 v IR 2 B R KR ZK TR A T 7K A 2
fEWETT, 15 b X K4 528 BL HCOs-Ca Ai-Na 424 (9]

BEAbH X FE DR A~ N E, HEKEEFEE, HEHTADEBEERK, Wi AY 56 &
N2 o BEEIRBUL AW R, AATH S RAHKRFREEABIE . 257 A N S8 X kK
IKBEIRIAR 73 BT BT T A DR B 58 AR [10]. (RN 2 R /K BB e S A il o AR SC DA M T S 2
40 IR JEH R AROKFE NI AN G, @I 0 F o R AR A B T 100 b, HE IR 1 S KR K AL S 2R RN
ACEVER A, HHT KA 3 BIORVR, IR RZ X 3% 2 Hh R /K B 58 5 7K B8 5 1) A 3 A1 /K SO b
A -

2. MRI57%
2.1. WA
SMEALT R A AL, BTN B 1), PRI, PR, R
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Figure 1. Distribution of sampling points in the study area

1. MRERERD

22. BmRESSH

TSR Z 1 T ACOKA 2R, FER L X B JE TR AR 40 ANKFEML, FERCREE SIS, K
FEIRIEAE 10~63 m JE PN, SRAERTEITE 2024 427 H 28 H, REE AL E A 1 Fos. BIgHEH
A5 AR AE A, W E pH. TDS 1 EC 55248, HURERS, FIFLRAFE B3R 2 H R 7K 0 500 ml (1) 58 20
TEDE 3 K, ANERBIWMIFE S, R ANIURE SURKRE . H R OKEE SRR 18 KRS IR
(R KFREE WL ARITE) (HT164-2020).  CKFTARE b AR AE RIS FRE R BTG ) (HI493-2009). FE iz
KSR E G, JoH 0.45 UK IEEER AT 4EJE UL IS, TR BETE 0°C~4°C RS FARAE . DI o L
BT EEAE(Nat . K Ca?*. Mg?. HCO; . CI'. SO ). MR TAEMIE sy HE TR AR F L

FEK o
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2.3. BURALTETS %

A SPSS27 Xk 7T X e JZ bR A KA 22 73 BEAT R T GE v 734 (e KA e/ IMEL S 9MELS it
A 5 RAEE) AHRNE S B A 32 g3 23 M [11]: AR Origin2024 £:4i1| Piper = £k I H1 Gibbs K, 73 #Tik
TR ERIKA 2 RN 3 B 7R A I SR BT e 2 4t T 7K e 1 S R R PR A (1 2 2 B R
FZ: SRATE 7 HOAEEE— 5 b R /KA 2 40 R oRUE [ 12]

3. /R5WiL
3.1 HITKLFE R S

T FCIX 3R 2 bR 7K ) RS IR FE R S P B AR bR AR 45 S, e 1 fos, i FE X IRk 2 Hh
NK pH EIE A 7.40~6.60, “F¥{E N 7.08, BT H K. TDS & &5 HI{E 250~1056 mg/L, “FIMEA
426.31 mg/L, k#E TDS XI5 Fritk )& 797K . EC JulH7E 249~1873 uS/cm, ~F¥J{H 782.69 uS/cm. 7Ei%
BIF 9 DX 3 )2 b R 7K 32 B BH B8 1 S R B P H4{E : Ca?* (75.56 mg/L) > Na* (70.01 mg/L) > Mg?* (35.66
mg/L) > K* (0.99 mg/L), F RIS TR E TFHE N: HCO,; (483.24 mg/L)>Cl~ (58.62mg/L) > SO
(35.77 mg/L), CaZ*Hl HCO; Mt 7t X i F/K AR A FH . BIE . MR aT %1, pH (AR R RECH
0.04%, i W% 7T X ik Z HUK A B fa e Ab T 950 ;. HCO, = [A] 48 S48k (CV < 30%); Na*. Ca?*. K*.
Mg?*. SO; Z[AAE 5 %5 (CV 2y 30%~100%), PHII%ES T & & 52— & M A NG SIRem .

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

1 REMTOKEZNFE R M ST

I H N B/MA FIME Pt 2 A5 R %
Na* (mg/L) 173.79 19.54 70.01 41.99 0.60
K* (mg/L) 3.16 0.42 0.99 0.65 0.66
Mg?* (mg/L) 118.40 14.77 35.66 18.21 0.51
Ca?* (mg/L) 235.99 28.49 75.56 43.95 0.58
CI~ (mg/L) 337.07 1.79 58.62 75.36 1.29
SO (mg/L) 125.58 2.30 35.77 34.50 0.96
HCO, (mg/L) 842.04 347.80 483.24 114.04 0.24
TDS (mg/L) 1056.00 250.00 426.31 190.64 0.45
EC (uS/cm) 1873.00 249.00 782.69 345.08 0.44
pH 7.40 6.60 7.08 0.27 0.04

3.2. HIT7kK{LF R

Piper = £ 0] LI SR 73 B i T 7K Ak 22 By FROTRAXRARE , Z 7 VR IR s AN ORI Z e, 7 =28
B H AT DA H AR s - AR 2 [ 13]-[15] . ARAEHFFLIX. Piper =R IEI(1E 2) K& 43 KB S0 A 7E Ca B,
HCOs #Y L Jz HCOs-Ca B XI5k, /DB 73 = b T /K BE fi /A 7 HCOs-Ca-Na A1 Na 24 X I, Hy it ] 0
FLX IR Z H T EZLL Ca? R HCO, iX BRI ES 1o 3, /KRB DL HCOs-Ca BN . &5 A HF 78 X i
AV, IKWFRBE RS A B AN PIRRER SR VR DARERR 507 W 1) R AV A K
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Figure 2. Piper diagram of shallow groundwater hydrochemistry
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Figure 3. Correlation coefficient between hydrochemical components of shallow groundwater
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Pearson AH G 7342 FISRWT S AN AR B 2 (W] R SGIBEPE, BRG0PI A8 ] AH 5 R4 0B AE
0.7~1.0 yu N AL, Fom BA SR OGHE, ARC RBEXETE 0.5~0.7 YA N ARML, WA Ao 2
HIXK R B G /N T 0.5, WEA I5AHSHE[16].

W 3 poR, @idxf HCO; . CIv SO . Ca**. Na*. Mg?. K*. TDS /\Iifghridt 4T ¥dls 2, g
AR BT Herp Natfl Ca?* DI (A2 R 5%, H R H0N-0.18, BEMIFTREAZE 1 BHES 7 5C# A E T -
Na*55 HCO, Z [al &5 AH e, HRECH 0.87, KB Na*fl HCOs &5 7 KIEAH A, HEWrt Na ki nl e 5
AR A SRR AR K KA E A 56, Ca?* M SO; Z IR 4 R IMIBRMI O R 0.88, BEW] HIARWANE
FATRER B TARER b W) WAL TR

3.4. ERST T

F G AT T — R R B B T, B AT DA B IRAT I 2 5 A HE R B A
G/ T AN -8 STV =7 20 WA 4 e P B 0 7 A A =R RV & R DS NP S =y e
BUSEIL BRI 2 0T T TR [LT] o AE Mt R, SR EAE AT T bRt e e, BAR Mk 2 A Ae
R 2 A5 B DU bR HEZE (B Zi = (Xi — mean)/s), PAfR AR EAE R L RA ALk BEJA, R T
5 2 B R IE AT e i iR e R U 1 2 TR T AT e i A B, DA IR A B A 3= TR 7 BT AR 3R 11 S B 7 L [18]

Wz 2 fw, $RBUH NP3 AR R PR AR R T 1 AN FLL F2, 45 RINEB R . EHT FL K
LTIk 60.114%, Hrf K*. Mg?*. Ca%*. CI~. SO M T#HME AT 0.7 Hi¥5 F1 RIEM X
R, UHATERF L X HPZ3Ror B F E 2 BIRER SR ERE T I RIS A IS B e e . R
F2 i) Rt oTEk 34 82.509%, Na*. HCO; MK F#mi{E KT 0.7 B F2 2IEMG, W ATRERE T
PR A SRR Y ALV BBV E T

Table 2. Conventional ionic principal component analysis in shallow groundwater
2 KBHTKERSFERD T

fetr GRS
F1 F2

Na* 0.35 0.87
K* 0.75 0.00
Mg?* 0.86 0.11
Ca?* 0.73 -0.59
HCO, 0.65 0.72
clr 0.89 -0.24
SO* 0.87 -0.27
TDS 0.91 0.01
Eit 6.04 0.61
TTHR /% 60.11 22.39
BT TTERE% 60.11 82.50

3.5. #EHIERFIR

Gibbs EIffk: 3 BE F KRB R bR K FLHL R /K AL 2220 43 kY8, {4 TDS 5 Na*/(Na* + Ca?*). CI/(CI
+ HCO;)MKFR, A ESREIENLHIG AR 3 B AR SEH R 5r 8 3 28, BB FEHIAY . A m XA i 2

DOI: 10.12677/0jns.2025.133044 425 SR/ A=A


https://doi.org/10.12677/ojns.2025.133044

KM 55

MIZE R4 R [19].

FH 4 a5, KB KEE £ p(Na*)/(Na*t + CaZ*) Al p(CI)/(CI-+ HCO; )#7E 0.5 U 2 . iX—45
FIEMTHIER B, fEZBE X P, CaZ AT Nat (G #E A Ar, 1 HCO; AE T Cl-th [FFEAL TR %, H
T B R TE A A DI 25, AT A5 0 DX ) 1 R 7K IR B3 HR R KA 2 4 00 5 28 0 0 R I A %
[ B A 20 B KR 5 I 28 R R A s ) DX 3R A3, 3 0 BH 7R 1) 28 R i A 2 5 i o5 T 7K BRI R 1 7K
PR o B4 KFE S (Na*)/(Na* + CaZ*)F CI/(ClI+  HCO; )BT 0.5 (473, WMl ki& s+
EHIES %) A5 FH DA B AR 3 K R T 8 R R B B O I O DX 3R R K Ak S 2R G e A T R [19] . B
(Na)/(Na* + Ca?)Fl CI'/(CI + HCO; LU EMIE R, RIHERIZH T /K o] BEAELER FH B 122 e FH[20]
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Figure 4. Gibbs plot of water chemistry
[ 4. kL= Gibbs &
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H 13 c B T LU H (13 5), A XIS BIORE ROK B8 70 AR V8 T RERR SR W F L, U B R KR 85
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R, 25 Nat/CIm g 1 4 Rk FE LB 1, MK b Nats CIEok B a0 Mis i [2X(2)]: 4 Na*/Cl-
BT AEIREILE>L, W NabREEETEMSL, &SRR ED DA WAL E R[N (2)]: T2 Na*/Cl 2
REIREHE <L, WP Nat & iR BRI 5 N RiEah 4 9% [22]. H1 6(a) s, Hi p(Na®)/y(CI)LLE
AR, WFFCIX A RER A K RE ARV AE 1:1 B BT7, AT Nats CI & 1 R ZERIE T #ha SaKa X
VB N KRE LT 11 SEELRI T T, R AKIESI IR .

HiP 6(b) AT LA, 8L p(Ca?*)/y(Mg?) I LA /34T, R T K03 AR s S B 0 A e 101 S5 fE 2K
M. U] Mo A1 Ca®* ) ERIEE B = MR g . RIS, ADEUKRE ST 11 SeEZke A 2:1
L P RIXIR, XRWIEIX KR R T AR AR E /T Kb, ATREFEBEAE 77 W KA. X
PUNTEHZ 31 TR AR b & A7 (b CO Ui, B RENS 535 7K A U5 A R A A o S S A L A - SR T
TifAa e A s e BB EIALIRZSIE A E DT, AT BR A AL 2 [23] o
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Figure 6. Diagram of ionic proportional coefficient of shallow groundwater

6. REMTKEFELHIREE

NaCl — Na* +CI~ 1)
2NaAlSi,0, +2C0, +11H,0 — Al,Si,0; (OH), +4H,SiO, + 2Na* + 2HCO; )
W 6(c)fx, FIFH(Ca2+Mg?*)/(HCO; +SO% )BT 4 B yf i LU AE T LA i dth /K o 89 -7 4L 2 75
1 28 R b FURIR £h o 4% [24] . IRl DA HE S ZKRE SRR ARVE T L1 LUEZR R 5, RUNZREH
NRAFAERI R LR B HCO; , XA Ol 5 12 R ER T XA A 55 [25] -
SFUBAE Z(CAI-1 A1 CAI-2) W] L 7R /K A BH B8 758 i S 2 1) 2R AN EE[26], 40 R S :

CAl-1=y(CI -Na'K")/y(CI")
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CAI-2=y(CI"-Na"-K") /7 (SO} +HCO; +CO%")

A 7K Ca Al Mg?* B4 5 /K B (1 Nat Al K, HAsBON e, R NIEME, 534h, CAI-1 #1 CAl-
2 ZEXHEOR,  FH S 7SS BRI AT 2 K A2 (5] A 6(d) T BAFS 2, #873/KEERT CAI-1 A1 CAI-2 fE#R
ANT 0, XUCHIHL TR Ca?ty Mo i 41 i i) Nat R AR A8 4 R B R /K b Na i BEANT IS N, 145185
HSIE 7 Hrh Nats Ca?* 2 JUi ok — .

4, Z5ig

AL LA T SR EL 12 40 IR EH R ACHRF RN B, R T KRB b fid Gt G
YEGI AN g i, A3 ISR

1) SR ZH N KIREE pH EWFFL X3 pH 7E 6.60~7.40 Z[8], ¥ME N 7.08, NEGHHIEK,
TDS 4T 250~1056 mg-L 2, 341K 426.34 mg-L %, J& Tk /KA. EC 7F 249~1873 uS/cm, “F4{E N 782.69
us/cms,

2) HCO; 1 Ca?* Jyift 7t X Hb N /K I AHXT AR A B . FHES 1o /K422 2K 7Y Pl HCOs-Ca A E T

3) WX IRIEH NAKA B Iy F BRI #h o . TERRER S . TRIR RS W ALV R

E&WmE

T M 2B e B 2024 E8 R AN I Zhit- R H, BiH%5: S202410379179; R K2A4
B ANV ZT R H, WH%S: ZCXM24-234. ZCXM24-243.
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