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Abstract

In order to further understand and grasp the hydrological geochemical characteristics and water
quality of shallow groundwater in rural areas of Suzhou City, 32 groups of households in rural
areas took shallow groundwater drinking as the research object, and used Piper diagram, Gibbs
diagram and multivariate statistical analysis to comprehensively analyze the hydrological geo-
chemical characteristics and water rock action of shallow groundwater in the research area; Using
the USSL and Wilcox diagrams, combined with the Sanitary Standard for Drinking Water (GB5749-
2006), the sanitary status of shallow groundwater was evaluated. The results show that the chem-
ical type of shallow groundwater in the research area is mainly HCO3-Ca type, the pH range is
6.83~7.76, the average value is 7.25, only a tiny minority belong to neutral weak acidic water,
most of them belong to neutral weak alkaline water, and the TDS value ranges from 285.00 to
943.00 mg-L-1, the average is 531.16 mg-L-1, which belongs to the high hardness of water quality.

The anion and plasma concentrations, from largest to smallest, were HCO; >Cl-> SO > NO; >

F- and Na* > CaZz+ > Mg?* > K*. The ion source is related to the dissolution of sulfate rocks, the dis-
solution of rock salts, the dissolution of carbonate rocks, and the weathering of silicate rocks. The
water quality in the research area is not suitable for drinking, but it basically meets the require-
ments of farmland irrigation, and reasonable irrigation will not cause salt and alkali damage.
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1. 5|8

Bt AL 2 R A AT 0, A BOK SRR Sk DSOS AR LR (1] LRI AR
o AN FRAREAS R RS PRI R rh 5 A A B (U 7K B e AR 85 KA 4
AIEE R[2]. XN AR KA SR AE MK BUIR L R G 7T, A AT SR R 7K KA S AIE 55 7K B3 57T 7
PEREST, DAMERLSA A RO BEAR I R /K B, BET R4 A S 3 R AR (3] P IR gt 5 (6 —
gy, BT R R R 4], Hedbit X 2 S SR IR A S A 1 4%, AR BRI ROy 4 F P2 7K7
(5 1/7 [5]. 5 LRI, e duts XN 1 BBk 20 53 o5 4245 1) 45.4%- 50.3%, T /K BRI A0S 4248 19 13.68%
[6]o KBERGR . KBRS AKIAEG R H 2s R, Bk, XK SRR A B A5 T
NEE, WHRTRE, XTSRRI 78 5 20 KR K 2 ANT5H[7] (8] FREXS T4 R 7K B
MR )z, (B T3 T KA A B R S . BT 500 Mt R /KA 22 28 R DL R o M FL s mi DR 2 i
T K BEIEK T VAT PR L P, T K BRIR T BN Y DA B A8 ORp 45 7 T R AT B3R

i M i o R A AR ML AN DAV S S 3 2 —, NEFRECR, KBRS, T T KB
PSRN 1 4R X s RS B A ARSI 3 EOKIE . PRIt 3t X K BRI A A )iz v dk
MBSO e de it 1 3 R /K AORIT TR, LR SR BA BOR s R Bt SEI0 26 ISR, RN 93k
IR TEse it 7 RAaF (it e d At . B R Pr AR . NRAEEACT I3, R /K Btk il 2
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BN SGEMEN . TR AHRFAE . R K AR B IR ACE 1R I RAL R RE I DA 57K 2K A
FRRIE R R 5 XK SCHU A . NG ARARIE SRR & ARG . T T2 1 T /K 3
WAAER DT LA A, Blhni SR )R & T R ORI, SRS T ER SR, HTKE
AT E ARSI K AR HESE . S0k, B TT LA M AR X3 32 R B A /2 1 7K it
TEXRR, ERLIRE T K E I TR IR S 00, ERTTR T ACAEER . KB K R R 1
SN, TR DX R R AOKBCIRBL, B SEM K B 0 B A R, A B T2 1R E RO
JRHR K %4, RN O AR XK SR ORI KoK B B SR IR A KR -

2. RS

W FE DX AL T 22 B0 T P T 30 DX oy BN iR R X (an ] 1 B, 2R AR AR A T AR M 717,
FARMEIRTT, PO, PUARARVEALTT . WA R ARG mET . B ARARA 117°3'8"~117°7'38"E,
33°36'58"~33°45'14"N, JRIEALIN 67 km®, J&TIBERAE, XFTA, EELH, HERE, NUFE
ST PETE M T AR BERNE R, AKX 29SS 14.3°C, o s <R 40.3°C, 24 FRK
HIA 820 mm, ZKKEN 1124 mm, “FHTREEN 1.37, BiRmRTE.
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Figure 1. Distribution map of sampling points in the research area
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3. iR GE
3.1. HEERESNR

A TOKBERIREET 2022 - 4 AFFfE, JORAEH T /KRER 32 4. BRI R R 2.5 L R AT
RAE S RAEHT AR AR AR BRIV RAE L 2~3 VR0 « 3 I I Fn s o BORE D738 Kl e I8 % pHL
LT R (EC) MU AR L[ fA(TDS) S 4, RN XRAEH STEAT GPS fEhr. /KFEIF T 2 RIBAE Rk sk
=, S R A IELE E(0.45 pm )X KFE AT I BEAC B o 3 IS R ZKRE R A o R R 1 RV L S V2
& CO;” MTHCO; , FIHI 1CS-900 &5 T kAl /KFEH 1) K'y Na's Ca’'s Mg™'. SO; Fl Cl & & .
RZEESIHTR A BB IR B PR AT R, W58 1R 22 AE£0.1 LA
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3.2. YIERSRTE

KA EEG R (R o T Ab 3, ddIE Excel HEATKAGZEEER IR G, FIH KA EAE, 2ibi8 R
Gitt. MM HT LR AL G K R (Pipper . Gibbbs 8. USSL BRI Wilcox B4k, AT /KILAE
HE53 BT K AKBLVFAN[9]. Pipper Bl Origin.2018 158 /%, Gibbs K. USSL 1 Wilcox Kl Origin.2018
FH Coredraw.2018 5E 1%, il Pipper FIA Gibbs B R] LG M 19F HIAE 7T X M T KA 22 (2R B DL R 52 31 1)
B RS MRS Excel 58, J@XTHL KRS SEE T RS KNE. &ME. P
B FREZE AR EORNAS R LA AT, AT M 7 DX R 7K R PR AR 35 8 55 o A DG4 i el SPSS
SERG R IMEXCE S HTidk, W RE & b 1 85 e A EA T AH 2 2T

4. BRE545Hh
4.1. RS

R KK AR AR IA P GE T 45 22 1 s . pH TEHEN 6.83~7.76, “F¥IfE N 7.25, Httals,
ASHOKIE T ImFIER K, 48Kk 2 BOK IS T 8508 7K . TDS {84 285~943 mg L' . P #5154y 531.16mg L™,
J& T KRR B 5 i - EC N 576~1930 psem ' o BH B8 7B R B P 34948 Bi K B/ME KON : Ca®* > Na' > Mg™" >
K, RS FLLCa™\ Na's Mg hE, KHFEREMXEAR, 108 0.26~1.60 mgL™'s [ 7 &
WP IME R B MECN: HCO; > ClI > SO, M R/KFES BB F LA HCO; N4 38 B 7. AL
X P9 B HOHEROR, CU (5 R4 1.87) 8 5 REGE T 0.9, ViR 2 [HIAR MM AR Na™s K Mg™s
Ca**. SO} . HCO; . TDS fl EC ZEF R¥HN 0.1~0.9, RIS AR F%5; pH R REU/NT
0.1, TRBAF (A AR BN, B AR R E .

Table 1. Statistical results of the water chemical composition of the sample

=1 HRKUERDGITER

WHATHE B/ME BAE FE PrRifEE SUE¢ ZREH
Na* 23.48 178.49 62.42 38.03 46.62 0.82
K* 0.26 1.60 0.95 0.26 0.92 0.28

Mg** 18.12 172.93 54.79 35.02 46.52 0.75
Ca™ 30.88 164.74 80.10 34.56 71.54 0.48
ClI 13.02 591.96 130.11 140.69 75.33 1.87
SO; 12.59 162.14 55.22 30.98 51.78 0.60
HCO; 124.66 840.35 465.28 124.66 450.62 0.28
pH 6.83 7.76 7.25 0.20 7.25 0.03
TDS 285 943 531.16 160.46 513.50 0.31
EC 576 1930 1075.31 340.00 1047 0.32

VE: pH EHTCEN, HABHAN mgL s

4.2, IKLERBEIKBIER ST

Pipper — 25 & # # B FH 2 i [X Sk A6 2 i BRAG 22 R AE[10], BIFSTIX Pipper —£R U1K 2 Fiow, k2
HUR 7KK Ak 2288 N HCO5-Ca #(75%) . C1-Mg-Ca #4(%) 19%). HCO;-Na-Ca (2] 6%). 4
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TEHHEF=ME, wH Ca™. Ml HCO; 7 HIAWE 7t X Py Z b /K ) 3 B2 PH B TR 25 .

Gibbs P 1] DL E MRS LU 35 KA R 7K Ak 2 2H 1l T BRIR DR B 0% b 2 TB) PR R B DG 2R, 3 i FH TIRT 7K
5 3 g0 DR 2 TR I OO A RA DL B 28 R R4 [ 1] BRFEIX ¥ Gibbs W% 3 s, 9hAk
Fr TDS &, H TDS &&H7E 100~1000 Z [A], #EALFRS 518 Na'/(Na™ + Ca®")fl CI/(Cl” + HCO; ),
M AbATTR 5 AT BLAIBE . Na™/(Na™ + Ca*")f1 CI/(CI” + HCO; /¥ /el i 2 7484k, (HafdE
TEF A RAGIX o X R BB T X 3R 7K KA 22 20 0y 52 55 0 AL S5 K s A PR R R s, 2 28k
VEVE RS B LA Z KRB KEERI[12].
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Figure 2. Pipper three-line diagram
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Figure 3. Research area Gibbs chart
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4.3. XM

—RELL R, Na il BERIET 2o et . el i AR (1)), BAB B S 52 B W B A
HOLRQ2)): Ca®'s Mg® 1 ZEAUE T BRIR Eh 41 WV AR B FH 25 7 22 B AR s HCO; SRR IE T-BRIR £
W R AN RERR SR DR AL, A 23 T RESR IR T 3N R CO, BV AR AN B A WLV R HY
FEMs U EZRVE T EA R, SO FZRIE T-A B BB AWt AL 13] [14] [15].

Table 2. Correlation analysis of hydrochemical parameters

= 2. KUESEAXMESR

Na* K* Ca*™* Mg**  HCO; cr Sor pH EC TDS
Na* 1 — — — — — — — —
K* 0.234 1 — — — — — — — —
Ca™ 0.095  —0.020 1 — — — — — —
Mg 0.438 0.320 0.611 1 — — — — —
HCO; 0479  0.167  -0.031  —0.045 1 — — — — —
cr 0.194 0.089 0.796 0.845  —0.247 1 — — — —
SO 0.627 0202  0.447™  0.450 0.488 0.223 1 — — —
pH 0324 0013  -0.513  —0.175 —0.643 —0255 —0.430 1 — —
EC 0.410 0.537 0.146 0.178 0.597  —0.069  0.568  —0.409 1 —
TDS 0.464 0.577 0.243 0.369 0.489 0.125 0.589  —0.392  0.957 1

Vs TRONBEVEAKT R 0.05: TRREEMAKT N 0.01.

Na,ALSi O, (§K£7) +2CO, + 3H,0 — 2HCO; +2Na* + H,ALSiO, +4Si0, (1)
Ca’ +2NaX — 2Na* + CaX, )
WFARRH Z gt ik, WS Na's K Ca*'s Mg®. HCO; . CI'. SO . pH. EC 1 TDS
e TRHEAR AT AR CME AT (WL 2). Na ™R Ca” Z [ 1M 9E RECH 0.095, Na Rl HCO; 2 [8] (1% R %K
N 0.479, FEEBLHE 0.05 ACFRIEE N, L Na™f HCO; 2 [MA % B EMIEM IR R, 1M Na thilf nf
BESKIE T RERR S0 M RALAEF . Ca® F1 SO; ZIRIRUARC RECH 0.477, FEEIH 0.01 KFIHEEE,
YW Ca® F1 SO Z I #H BB M IEMIEHK R W BERIE T 7 (CaSO, 2H,0) [f KA TE i »
CaSO, -2H,0 — Ca* +SO. +2H,0 3)
SRR AR A S BRI &R KA EREERR BT Y, UABERER
BRIR ERAT W AIF 5 X 34 J2 T 7K 8 71 3 R

5. KBRVEM
5.1. IRAKIDEFEN

S (IR K DA ARHE) (GB5749-2006), X AF 7t X # T 7K %5 95 TAE br v Aot b R 7K — ek 2245
FREBEAT VRN (L& 4). BIFE X A T BE T BRI 2 A0 pH 2454 B X T /K (kR v, (H TDS & & MEALA
7 [ 5 bR HEVE BBl A (pH E bR 5 FE 7E 6.5~8.5 22 8], TDS < 1000 mg- L™, &AL ABR IR 2535/ T 250 mgL ™).
R, B ALK PAEATF & B E AR, R TR K.
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Figure 4. Drinking water sanitation standard index limit chart
4. IRAKBEFRERIREE
100 =T =T
: ©n
90 - 4 eIy BEl e
T \2(»\\
80 - S 2] 7] [an) 1t
N — A K L |
70 Y 'D:Dj T \\ a 20k
oF & e 4 o] \§“r2\\° .
o Il 16
% 50 | 1"% "H’;[) 1 £ A d Ut .
Z M= L i z .
40 ) ¢ | & — Xk .
X B gl e rfe
% o ]E’ 4
30 - sl ° bt T I EIN
o {3 G o | W — sk @
20 F o . K 1l 2| =
L ° = }é 4+
10 - ] 2k
0 1 1
0 1 1 1 1 10250 750 2250 EC/ (uS«em™) 100p0
0 500 1000 1500 2000 2500 3000 3500 T -
EC/(uS-cm™) | w | g
(@) (b)

Figure 5. Classification of irrigation water quality and evaluation of irrigation water quality in the research area (a) research
area USSL chart (b) research area Wilcox chart
5. MR XEBKK B KB RERKKEIFN () M5EX USSL B (b) #ARX Wilcox
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5.2. MEBEAKIK BRVEMN

ZEE % 8 SAR(IEE) S EC(ERFE) RIS, Xt 7t X EBE K B AL A2 BE AT VRN . sl 5 Fro, W
XA K ER AT AE S1-C2. S1-C3 l S2-C2 X3k, 87.5%FMIkE AL T B EhERLMIX, 12.5%IFE AL TE
ren AR R X, T 78.5% HIAE b A TR B EE 52 X, 21.5% HIRE b AT 0 « ey R R s s R s e X
LA 7T DX 2 1 R 7K T4 B EBE T e 2 S B0Z X SR Ab i XU . A 5 ARk B4 8B L AT & 1
WX HIRE S LA va EEAR A 5 RIF X3, H - # ¥R TIERERXE, Z6 U Eaihfsd, MAax
FEMBEARRE S REM K A, AT EHEAE AR RIK, & B EBEAS 22 %0 458 DL R RAE i A 5

6. &it

AHIEFE LA P T ARAS [X 45 32 AR JE TR /KRR it OB F B, SRAHECR G KA 22288 O i A% St
BIRSE T, XTI FE X IR JE H R KK A SR AE B LA AT 2 Ar, A3 BB =/ a6k

1) BFFLIX R Z N K4 K 2 BOK)E TSk, 1 H0KE T mySmREK, DUmISmtE KA E,
KALZEIEAILL HCO;-Ca BN, DEN Cl-Mg-Ca G,

2) ¥ Gibbs K MKk S HO I M o] BT A Y, WF9E X IR 2 R KK A 24 7 = 52 5
FARACERT I m, DL KA A EAE S AR R4zl A IE X R 2 R /K ) E R 1 oRIE T LKA N
FHIREERIR SR, LA E N R BRER SR .

3) WHAK DA G R TR, XIBRNH T AR & B X ARE, BT AR BB KK
P AR R, W ORI AR S REME /K S5, T B N RO E R K, & BRI AN 2206 1458 DL

BRI R f
oM

T S B TR R ARSI e
E&ME

E R R ZFEACF NN G RITE MR AR RS IRA T 8 RKEEH D12
THRINIEDTH (S202110379188)s B K 2EAAE G I ZRitRIAE D H (ZCXM22-308. ZCXM22-309.
ZCXM22-310).
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