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Abstract

In order to understand the hydrochemical processes and water environment quality of shallow
groundwater in Huaibei City, Northern Anhui Province, forty-three groundwater samples were col-
lected in the suburban area of Huaibei City. Based on the methods of Piper plot, Gibbs plot, ion ratio,
and WQI, the hydrochemical characteristics and drinking water quality were evaluated and ana-
lyzed. The results indicate that the pH value ranges from 6.97 to 8.19, with an average of 7.37, indi-
cating the samples are weak alkaline. The TDS value ranges from 222.00 to 842.00 mg/L, with an
average 0f421.30 mg/L, indicating these samples belong to the fresh water. The hydrochemical type
of shallow groundwater is mainly HCOs-Ca-Mg type. The main chemical components of shallow
groundwater are related to the weathering and dissolution of salt rock minerals, sulfate rock min-
erals, and silicate rock minerals, as well as the cation alternating adsorption. The variation range of
WQI is from 20.00 to 71.13, with an average value of 36.53, indicating that the shallow groundwater
quality is good and suitable for residents to drink.
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1. 5|15

R KGR T 5 HE KGR, R B R AW Pl ATHRRSUR I A AR, R OK S
P2t R AL [1] & BT A S ORI T K BRIRAR B R PR M A5 A 2 —, B4R AR 25T
TRBE N AT BRI R PTE[2]. BEE LTS IORREEEM, NGB R K B A W INR . &Ff
AP AT B AW AR T K BRI, O R 7K R AT RS AN ORGP T 7™ IR R k3]

HEIET AL THEILF IR, G T8 R BUR, AP B R A B R, HEILT A5
PR AR, I SES T AOTRE BTt BRI, AER0 T XA 32 ZARCRIE, R 7RO T 2 e R
AERUK TR BEREE ., FHNIE D2 AE AT KA R R IT I KRB AR, s rh R A e LT
JE 2 R KA TIEAL, KAL) HCOs-SOs-Na-Mg BN T [4]. V4 B X VEAL - I dth 7K A 2R AE
BEATWEIE, ERETRENRIRS . A HERREXAL[5]. HRAESEIL T I DX R KT AR ST
FLAE, WHFCRCREWI HIRIK TDS SR m, J&mEmEIKEM, Hrh SO & Eim6]. Fid
WFFCSER T 5T IX 2 ARt FE VAL P SR S Ty DX 32, TR S0 DX 352 J 1 T R K SCHBBR A 272 S K 3R 5 Jo 2 )
WHE TARR D . Bt BT, ARSOT e 1AL T XA E 3 R /KA AR IR S i 2 5 1A
TAE, BEFCRCRA BT 1 R TEIX b LR JE T 7K B K BUIR LA AR A A A A, R R I A R
FRNIE A X 3t T 7K I EAT 4R F1EH

2. MRIE A%
2.1. AREXER
WA AL T 22 B WAL T R R B X 4, LR B B AR s S N T S, 2R 305 2218048 1 M Tl e
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XEeE ., B o0 XA ek B VA A AR mE i, KR X O PR, RAE X A B e . b
7B TR REAE, K54 T, B EIRZ W M5 X FARARE B N R4 116°46'34"~116°51123",
Jb4h 33°37'54"~33°33'36", FF HIE IR BIFNEIL T RECRE T EE, BN ) £ B L5 s e
Mo ek, MEJCHBIX EEREVEIENE . KEMEKE.
2.2. HFmRESNR

ARKETAET 2024 45 11 AFFE, HORE 43 HHR)ZH R /AKEE . REETIES I G R /KBS 7
1EIKFERERERLRAT) (DZ/T 0064.2-1993) [ AH IS ER, XTRINE . H S T AR B M ARSI 1T I
S, FERE TS S KRE. EERT, FFFBUKEES 28 8831 T 2 & 3 IRIKMPYE, FfRaesTi15)a,
BEKFER R B, BEJG, KKEEIE R K SRR 2 B0t 38 e 1 25 55 S2 08 S AT R S TAR B . il
J&, FIFH 1CS600-900 Mk Na*. K*. Ca?. Mg?. CI LK SOZ %55 T & . MB35 i iy BBk
FIREA, Pk COs2 Fl HCOs MK .
2.3. B AE

FIF SPSS BEATHERES 11 FIFH Origin £ Piper 1 Gibbs &, 43Kk 2B FACEVER . )
F Excel 2587 ELBI B, 30 21k U5 Kok SCHbIRAG 22 4F 268, I Origin #EAT A et 04, i —
SBAEIEH I TRV, R WQI KN 732, PP Z R K al o i
3. R5iT1ie
3.1. RS a4

Table 1. Statistics of the samples’ hydrochemical components

1 HRKUERSFITER

AT H T/ MA 1 ONIEl A RSN
Na* 24.57 340.19 101.87 0.68
K* 0.38 6.91 0.67 1.50

Mg?* 19.33 110.64 36.42 0.46
Ca?* 18.48 179.46 42.11 0.67
cr 2.68 213.05 39.60 1.70
Sleliy 0.13 257.37 37.70 1.44
HCOs~ 336.81 887.80 482.04 0.26
pH 6.97 8.19 7.37 0.04
TDS 222.00 842.00 421.30 0.38
EC 442.00 1739.00 862.28 0.40

E: pHELEN, HihSHAL my/L.

MFE LA E H, TDS (AR B R) M B AT 222.00 & 842.00 mo/L 2 8], “FH{EIAZ] 421.30 mg/L,
KA X IREH T KN K. B FHREC)RETE 442 £ 1739 ps/em JuFE 2 [A]. pH {H7E 6.97 £ 8.19 2
6], “FIMEN 7.37, RURZEH T KMWIS0NE. PHE TR E B K E/MK KA Na* (101.87 mg-L™) > Ca?*
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(42.11 mg-L™") > Mg?" (36.42 mg-L™") > K* (0.67 mg-L™), [ & ¥ H KE|/MEIKCH HCOs™ (482.04
mg-L™) > SO, (37.70 mg-L™) > CI" (39.60 mg-L™), FHJ HCOs Al Na*4 A A 7T X )2 H R /K Al 34
B, FHEST. CI'y K*. SO A RIS 0.9, FRHAER FIX N & RAE S B2 R BON[7], W3
NANIEBNEM. Nat. Ca?*. Mg, K*. HCOz . TDS fll EC &R REFARE, HT 0.1~0.9 Z[i], F£H
HAEW X NSRS B2 5 — W, NOEEIm /N T pH E28 7 RE0C8 0.04, KRB X N & RKIF
R pH B85, AR, RUREH T KBRS, 24 mEb .

3.2. IKHEABRIKEIER

Piper £k ElE—FhE M AR F 00 TR, W THERKERAE. B 1 n A, 38 -5
FEHE TR AT B XA D X, R EZEHE 1N Nat; ERHEFEG, 40 T E X, &
FEE T8 HCOs - REH F/KII/KAF I8 T AL HE HCOs-Ca-Mg B!, 7 54.76%; & 45 HCOs-Na
(15 40.48%) A1 SO4-Cl-Na (15 4.76%).

1.S0, C1-Ca-Mgh!
1180, CI-Na%i¥
ILHCO,-Na%!
IV.HCO,-CaMgZl¥
ASSE G
BEEFH
CHERR
DANE A

E. SR+ 3
FHRR 3 53
GRHATEFMY

Figure 1. Piper diagram of shallow groundwater
1. RXZERTIK Piper =2k [E

Gibbs AT ELAL M 2 Bkl R K ZLH S FIEBUR N, AR R AKCE VE 2R Y L AHE = Fh, RPFEW
B, RRWRAGTIRAKCEER AL, 4 TDS & &/EH&EE H CIH/(CI + HCO3)Ek Na*/(Na* + Ca2*)ff EbE /)
T 05 I, MR KBRS T8 5 m KA E A G [8]. H &l 2(a)F11E] 2(b) AT %1, CI/(CI- + HCOq')
FLAE7E 0.004~0.322 2 [a], ~F#4{E} 0.064, TDS £iT 100.00 mg 1 1000.00 mg < [A]; Na*/(Na*+Ca?") LtfH
£ 0.300~0.930 Z [8], “FIME Ny 0.660. HF i [X 2 KK FEER H e b 2 1) X 48, 6B 5 40 AR DR
JEH R KB BUK A 22 o 5 R o[RBT,  AMAFAE S 73 K e A TE 28 R4 X3, R WA 28 R Mk 4 1
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Figure 2. Gibbs diagram of shallow groundwater
2. HRXEZEHTIK Gibbs
3.3. BFLESELH
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Figure 3. lon ratio diagram of shallow groundwater

3. MRX&BETKEFAS IR RE

CAI-1

AN [ KA (1 RS - LA 5 P T HE BT 55 7K 2 B A 3 R 53 9 5 7 SRR LA B KA 2 FH 2R B 45 Nat
CIrEZERE AWM, Wy (Na)/y(Cl)=1. W& 3@)fr, KrEETEENALE y (Na)ly (CH) =1 0 7k
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T, URBH Nati B f . AHOCH AR, Nat kUi R Eh 2 S AR 1E FH LS, RERR b0 W) AL ATRH S A8 B
W A F 28 2 R A K AR Nat & T IS . o, RERR LA W) XA IA AV F b Nat B T S 305K 2
W Nat & s T = Ak 2% 7 #2209
NazAl,SisO16 + 2C0; + 3H,0 = 2HCO;~ + 2Na* + H4AlLSiOy + 4Si0; (1)

#5451 3(a). K 3(0) S5 RERQ)LEE DT, FRIEH /KA Natfil HCOs ¥R FE fi =i A1 Ca® Al Mg?+ik
FEMARR I, BREVET Y RAIERRIER AL, FERRERT M) A IS AR VE X NatRl HCOs SIS A — & 1)
DURk. BAL, SHRARE(CANYH T4 W1 P 55 28 B W B R R s AN 7 1] [10] 0 224 SUBH R 450110 266 0] {1
K, FWIBH B38BT FH RS 2 R A o A Ssda HCh Ui, WHIE B R /K Ca?* Mg 51 # Na*s
K RAERH, 2 MEEHL R K Nats KESH 4 Ca?ts Mg?t R AZ8#k . anfs 3(d)frzr, CAI-1 F1 CAI-
2 (MMEYI/NT 0, R F/AKHIEAE Ca2. Mg 58 7/K)2F Naty KHRZAE B Ta2 He i il, & S8uK
A Nat& B THE Al Ca . M2 & B /b il 4t .

W 3(c) iR, B /KEERIEETAE 1.1 A2 1:1 M1 2:1 S22 8], #TEiiH] Ca2 il Mg+ & 1
o RIET A BRI ERIER, JE3 U Ca® Fl Mo 88 120 20 SR T4 2K 5 O R AR s A T [11]
[12].

3.4. XMIH

Table 2. Correlation analysis of shallow groundwaters’ hydrochemical parameters
2. MRXEXBEMTRKUFESHAEX DR

pH EC TDS Na* K* Mg?* Ca?* ClI- SO~ HCOs
pH 1
EC —0.496* 1
TDS —0.459* 0.994* 1
Na* 0.249 0.034 0.041 1
K* 0.296 -0.119  -0.113  0.204 1
Mg?* 0.200 0.221 0.220  -0.065  0.065 1
Ca?* 0.227 -0.007 0 -0.050 0.336* 0.671* 1
Cl- 0.368* —0.037 -0.018  0.346* 0.377* 0.508* 0.623* 1
SO4% 0.353* 0.081 0.092 0.689*  0.601* 0.436* 0.547* 0.620* 1
HCOs3 —0.301 0.608* 0.593* 0.271 —0.045 0.262 0.064 0.174 0.271 1

T * R EFEMKT 4 0.05.

Xf pH. EC %5 10 e bnidb AT A b, S5 R 2 fion. Hdr, Nath5 Ca?t. Mg? 2ILF7AHK,
A 2809 51 —0.050 A11-0.065, F W] Nat5 Ca**. Mg KA E FAHAEA .. S0 5 Ca?t EHUAH
PE, FOCMEREON 0547, ATRE S A8 AL IRA 2. S04 5 Nat K EHLSRAHICME, AR5 51N
0.689. 0.601, T At SHFFTIX PR WAL B A % . CIr 5 Nat. KBS HUA I, #H2eik 2507 51 0.346.
0.377, W RESWFITIX A 2hE WAV O5[13]

4. K
K WQI K PN T3 A Mk FE X I R AOK BUIRBL, At R B D00, BRSO RE a0 T [14]:
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(1) BATFEIX A FTHUKEER) 10 BUKAL 23R bR0 Halb AT WQI THEEAI T, MO 22 B 2 [l i
F PAEHGUKFARE, W17 3 FR.

Table 3. The threshold value of WQIs’ parameters
3. WQI XS HHFIR1E

R LA FriEfE E HHXTALE
pH / 7 1 0.03704
EC ps/cm 1500 2 0.07407
TDS mg/L 1000 5 0.18519
Na* mg/L 200 4 0.14815
K* mg/L 12 2 0.07407
Ca?* mg/L 300 3 0.11111
Mg?* mg/L 100 3 0.11111
HCOs™ mg/L 500 1 0.03704
S04~ mg/L 250 3 0.11111
Cl- mg/L 250 3 0.11111
(2) HEAHXE
Wi = wilYwi T (2)
(3) FHEHIEH Qi
Qi = (Ci/Si) x 100 3)
Horp: CiAFESLSSEINIRE, Si K RARHEE, HA738 mg-L L.
(4) #HE wQl
WQI =Y Wi x Qi (@)

R4 R A K TR G0 AT AN AR R RS KK TR Rl 430 5 2. o, AREE WQI 2035, Al /K BRI
752 WQI <50, FEHI/KFIRE: 50 <WQI <100, FHI/KFLF; 100 <WQI <200, FHI/KFEZ: 200
<WQI <300, FHIKFRZE; WQI>300, FHH/KAEFKH .,

257K
17.00%

= 2K

= [I357K

12K
83.00%

Figure 4. The proportion pie diagram of shallow groundwater samples’ water quality
4. RXEE M TRKRAR SEEHHE
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HEHL R K WOQI /K5 5 BB W 4 Fros, Heid WQI {ETE 50 LA R HIKFER 36 11, b MoKEE L
] 83.00%, FHIHFFT X ikZH N /KZ NIZERK: WOQI AT 50~100 Z I8 (KK EEA 7 248, 5 RoKEE LB (K
17.00%, AIER/K; MIEZKAVEKEFFTX N R BB PP XN EZER T AKR RIF, &8 E
AR K

5. &g

AW LA B AL T HE 2 8 43 R Z U R AKFE OB AU R, SRE B T Rk PG i 7347 . Piper
K. Gibbs . BSF2H 5 LLBIl o BT AT WQI KPP 71k, i 1R JEHE N 7K B A 228 s 1ok
Ui, IRV TR R K AT M. A AN N AR

1) FERIXRZH R K ImameE, HEZEHE 7N Nat. Ca®, FEHE T A HCOs . SO0&, /Kiks
FA F FALFE HCOs-Ca-Mg (5 54.76%); 181045 HCO3-Na %1(40.48%) 1 SO4-Cl-Na %4(4.76%)

2) Gibbs B\ /RiRJEH T K RLKEER N, 2B —E M2 RIER . 456 5145 LA G4y
PrErG i, MR /KEZE M FRIENACE EHRR F QIR ET Y. RV Y. RS
DA 5 A H 88 52 5 M B A P o

3) WQI "R VPN &5 SRR B, #FF X ZH R /K WQI {ETE 50 LA R /KEES 36 14, NIZEK, &
KUKFE GBI 83.00%, WQI {E AT 50~100 Z AR 7 £F, NUZEK, HEKFELLEIT 17.00%. FF
FUXCHE 7KK RAF, 18 H &R

EHEWHE

2023 A EAE M T RMHZ TR E (SZKIXM202309); 2K 40 K5 A B3 8K )11 25350 H (202510379057);
AR A B O I 530 H (5202410379179, S202510379079); 15 M 27 b A [t] RHBF I3 H (2024xhx122,
2025xhx023); i M 2 e Al 44 TR i A AIF 7 o0 (2024PTO4) 5 1 M1 2 B k2 A8 8137 Bk I 25 1 Rl 55 F
(ZCXM24-243, ZCXM24-234).,
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