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Abstract

The article takes the shallow groundwater in the Luling mining area of Suzhou as the research ob-
ject, and analyses the hydrochemical characteristics and causes of the shallow groundwater in the
study area by combining statistical analysis, Piper’s trilinear diagram, Gibbs’ diagram and ionic
scale coefficient, and carries out the evaluation of the quality of the shallow groundwater. The re-
sults show that the pH of the shallow groundwater in the area is 7.52, which is a weakly alkaline
environment overall. The water cations are mainly Na* and Mg2*, while the anions are mainly

HCOj . There are four types of water chemistry, namely Mg-Na-Ca-HCOs3 type, Na-Mg-Ca-HCO3 type,

Na-Mg-HCO3 type and Na-Mg-HCO3-Cl type. The water chemistry of shallow groundwater is mainly
influenced by rock weathering, with Na* and Cl- mainly derived from rock salt dissolution, and
Caz+* and Mg?* mainly from carbonate dissolution. The assessment of the water quality has deter-
mined that the study area is generally suitable for drinking and that the shallow groundwater in
the area poses a moderate risk of alkali damage to soil or crops if used as irrigation water.
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Figure 1. Location distribution of shallow groundwater sampling points around the
Luling mining area in Suzhou
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TR N TS X E R E R KRR RR G i, RIS R 1 R 1) X E
HbRK pH ¥9ME N 7.52, Btk LR TR ISIRIEIAST, A8 5 RECH 3%, R pH (A 197518 2 4N 2) TDS
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Table 1. Statistical results of each index content of the sample

F 1. EREERSERITER

=g R/ME BAE HE ZHEAH
pH 7.28 8.02 7.52 0.30
TDS 397 933 613 0.26
Na* 73.7 223 180 0.28
Mg* 39.9 90.1 55.4 0.33
Ca** 22.4 96.4 4.5 0.61
Cl- 17.5 227 70.9 1.10
SO;” 19.7 187 72.3 0.78
HCO; 481 740 640 0.14
F 0.41 1.73 1.30 0.35
NO; - 80.0 11.5 2.64

W pH LEHN, HABAA N mge L',

4.1.2. Piper =& B 947

T HE NI FLIX PR JE R KK A EE R AR BH B T IR o0 &R, TR IR 2 UM s e H 7K A 27 28 20 (1)
fiE S BT AN & 8 S 8504, 43 Piper = £ IR X A (W3 /K BEAT Ge vt 20 #2855 ] 2 o
TERHE =M d, KFESOR A E T =MENA T 77, KA ZH KBS 5Ll Na*
NE, HUCh Mg™s BT 3B AR ST HCO; i FLIRFE Ll m i X3, e B o B B8 7 B R BE 1)
EU 55 18 o X 3B 4 FlAS [H] B /K Ak 242878, 43 531) /2 Mg-Na-Ca-HCO; 4 \Na-Mg-Ca-HCO; %4 \Na-Mg-HCO;
TUFI Na-Mg-HCO,-Cl 8. 5[RIMIX 45 L, RIKA A F A —FL,

Figure 2. Piper three-line diagram of main ions in shallow groundwater in the study area
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4.2.1. #F7K Gibbs
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Figure 3. Gibbs diagram of shallow groundwater in the study area
& 3. 5XERE#TIK Gibbs
4.2.2. BFHLBIHRY
W T U R B0 AT SRR M T 7K (0 B A RIRE 5 2648, JF BT BLRI SRR Fe S rh Rl 2 n Rk
JR[6]o Na"Fil CIE ZLE R T4 EEAGE AR, Na'/ClBE S P A 7 IR RUEL, A5 5 3t T A B K]l — A
HEAEAR(7]. B 4@ PR R K Na™ 5 CURISR R, WTBLE Y, BIFFEIXORKRE fU4E R A 1:1 2 EJ7
R Na'Z 5 M EIRERAYET ClUEFCIRIREE, XUUIERE BRIEMAL, BIE T 38 Hth T BE A2 S %
OB A B R IR (L))o W FERFE i AT A BZ L, L04 AT LOS SRAE A CIRYEEMGREESE K, WA
KA EB AT RERZIT CL AR
Ca”™ +2NaX — 2Na" +CaX, (1)

y(Na"+ K" = Cl/y (Ca®" + Mg — HCO; — SO YAl LUFISRFIWTFHES 7 #/E /. B 4(b)H BoR,
DT X R AOKBERI IR -1, EIAHEER, BRETT X% T KRS A — & LR R
BT AZ A E 8] [9] [10]6

(Ca® + Mg™)/(HCO; + SO ) ELEAEfs s /K b 2 5 & A R £ . RERR R A28 R A T il
11 HIEE < 1B, BRI KA Ca® Rl Mg™ SRS Tk B TRERR RN Z& R A AR, MR, el
KETHERE AN . K AR THRZEM K Ca® + Mg 5 HCO; + SO [MI5ER, A KAt st
VEAE 11 RO, iff FARZE R, XU Ca™ F1 Mg™ £ B2 B R BRIV R 12]

(Ca> + SO )(HCO; WK R AT LA T HIE T BA . 1A SRR #5525 % X R 2 Hh
7K Ca® FTHCO; IIFMIFERE[13]. H4(Ca’ + SO )(HCO; ) > 0.5 I, JiffArl ¥ L E I AR 24
(Ca® + SO )/(HCO;) <025, AnAW YR FEEREMRIE; 2(Ca® + SO )/(HCO; )TE 0.25~0.5
Z IR, 7R A A R R IR . ] 4(d) TR, BERXERER T K Ca¥ 5 M HLE R T
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Figure 4. Main ion relationships in shallow groundwater in the study area
E 4. AIRXEZEMTKEESFXR
4.3. IKBRIEM
4.3.1. {RAKIDETFMN
Table 2. General indicators and limits of water quality
= 2. KEREMIEIR R IRE
Hibn A/ (mg/L) Btk /(mg/L) pH VAR B B/ (mg/L)
Lol 23.7 393 8.02 575
L02 17.5 45.0 7.58 581
L03 62.9 60.8 7.45 615
L04 227 187 7.28 933
LO05 117 103 7.34 641
L06 19.4 52.9 7.52 546
L07 27.5 19.6 7.44 397
PRAE 250 250 6.5~8.5 1000
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WFFE X 3 = 1R 7K H RIS  RAHROK 24 TR BEACRIR . A XS % (R K AARE) (GB
5749-2006), XTI FTIX P IIROK BAEAT T VRS, ZARHERUE 78 KA TS O K I 8- 30 A SR FR(15]. 4R
P2 2 AR, FRATRBLZIX K pHy TDS. SALYIAIGRRR 3h 1R B2 #0142 T B KA SR (pH E AR
JEEAE 6.5~8.5 2 [f], TDS < 1000 mg-L™', EALMABRER LY/ T 250 mg-L™"), RIHFFCIX K AR IR I
KB E K E AR, AT K.

4.3.2. EBRIKIKFRIEM

WEH R AGEE &6 FEE PR, o RS S IR, 2 B TR . A
SCHE AN BT EE(SAR) A 43 EE(%Na) . BB TREL(PY). FR A TRER BI(RSC) VU AT A5 X HF 78 X HE B /K 7K
BEAT T VRN . H122 3 WTRAE Y, SRR SN EL(SAR)Y/N T 10, HEME /K BFURE BLEWE . B9 4 HE(%Na)
B 4 AKAE ST 30%~60% N, FEARGEEFER, A 3 MRS KT 60%, ANEHER: BERHEPHHE 3
AN REES KT 75%, RIEEHE, A 4 N RFESLE 25%~75%W, BEAETER; RAWRMRSCOA 1
ANREES/NT 1.25, REEHEBL, A 2 NRFESAE 12525 W, BEAETER, A 4 RS KT 25,
ANEEE. SRS, SAR 5 PI IR IIVEAN 45 FITR M, BFFLIX IR 7 T /K H#R 2 1R B R
17, %Na 5 RSC BiIFaAR VPN 25 SRR B, B 7E XUk 2 T /K @E SRR E S B T 42.9%. B,
Fe X 2 H T K G SR SRR, K e BRI AR 7 A — S RORR R XU [ 16] -

Table 3. Single-index irrigation water quality evaluation

3. BARIREBKOK BTN

KEEE SAR  FMER %Na WFMER PI(%) ISR RSC WP R

LO01 2.78 RIEH 51.4 FEAREH 75.6 RIEH 5.13 NEE
L02 4.37 RIEH 67.2 ANEHE 91.8 RIEH 7.27 NEE
L03 4.50 IRIEH 67.8 ANEH 91.1 RIEHE 6.53 ANEH
L04 2.57 IRIEH 42.5 FEAREH 57.7 FEAREH -1.83 IRIEE
L05 2.70 RIEH 49.5 BEAEH 69.9 BEAEH 1.91 FEARIEH
L06 3.71 IR 62.2 AT H 87.2 IR 6.40 AT H
LO07 1.36 REHE 36.7 BEAEH 68.8 BEAEH 2.34 FEAREH
5. &g

1) BT X ERE T /KR T 95908t K, pH {E-F3{E N 7.52; TDS 4b7E 350~950 mg/L 2 [f], &EHAEN
TR K: PHES T LA Na™ w3, I FLAHCO; ~HE.

2) BRI, XK R 4 B, 73572 Mg-Na-Ca-HCO; A2, Na-Mg-Ca-HCO; A,
Na-Mg-HCO; 4l Na-Mg-HCO5-C1 . HAf, F. HCO; . Na'. Mg™ W= [MAE RN, A Aifikase,
CI's NO;. SO; . Ca”'HIAESH REIIKT 50%, 15250 53 Aii A7 A0 BRI 88 B RN s RS AE

3) X KA AL B A A R E I 45 5. Na Fl CI £ B 5 sh IR A= AR 1, Bhabh, BATTE
K TR A M 10 Ca™ & Mg™ 5 B2 32 TR R £k HOVE AR -

4) WPZH X R BACRGUHAT 128G T, AZ X i Nk 336 3] 1 E R KA, &
TR K. R LE(SAR) B4 43 Ei(%Na) BB REEU(PI). FE RMRIREN(RSC)PUAFR BRI B 7T
XPEWE KK BT, BIF 9 DX S 1 R 7K T 2> 45 L 3 Bl VR 4t ok v S5 R B2 (R 5 XU
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