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Abstract

In order to explore the hydrogeochemical characteristics and causes of groundwater and surface water in
the mining area under the influence of coal mining activities. Taking the groundwater and surface water of
the typical hidden coal field (Suxian mining area) in North China as the research object, the hydro-chemical
characteristics and causes of the groundwater and surface water in the research area are explored through
the Piperdiagrams, Gibbs diagrams, and self-organizing map. The results show that: 1) The change of cation
content in shallow groundwater and surface water is Na* > Caz* > Mg?* > K+, and the change of anion content

is HCO; > SOi’ > CI” > F~; the water quality types of shallow groundwater and surface water were
HCO; CarNa type and HCOs-Na type respectively; Gibbs diagram shows that rock weathering was the main
factor affecting the hydro-chemical characteristics of shallow groundwater and surface water; 2) the corre-
lation study shows that there was a positive correlation between Na*, Mg2+, SOﬁ’ , HCO;, which indicates
that these ions may come from the dissolution of carbonate minerals. There was a negative correlation be-

tween F~ and Ca?*, which indicates that F~ may come from F  containing minerals such as fluorite; 3)
The self-organizing map identified that natural action, agricultural non-point source pollution and human
activities are the factors which affect the water chemical characteristics in the study area.
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1. 518

R DRI ot A — R Mk R RV B 25% 20 A7, (ELRAE SRR A AR op 2 06 1K BR8P AR S [ 1] [2] ST
Hh E AR B X A R AR B (T B X)) M &, BRI R R DR R T 36 DU 40 BN BUE 2, TR R SR I8 AR I i
b oA N K AR IR 2[RI SRS B AR AR HE T K . BT A ST TR TS Gl 2 X X K PR 15 o
1GNP IR [3] [4] [5]. SRTMHE R /KA SR KA TR R AR AR =0 H i AR 3 A AN ] Bl ) 31 22 5%
JR[6] [7]o TR ZKAR BRI K SCHUER A A ARFAEREAT B 5T, AR T30 B AR R 3 A 9 R 3 i 7= A sl [8] . Akt
TFFELE KA 2 500 T 2 AR R 7K R 7K SC R A 2% 1 BRDRE A5 R -4 22 b R FH RD A 3K SRR [6]

AT, BRI KR K SCH BRI 22 R Q34T T K EIIE TS flln, T SRS (9 i ) xi i
— W& E KBRS ERAL SRR AT 20T, AFH &N EKZE RGERK AL . & /1% [10]4R4E Gibbs &l 7K
WA SHAE R T AR, 50 AR R SR 2 e R /KK A 22 4 40 i - EE R 3 . Wang et al. [11]50 87 T
VEEAGIE FHOK S 20 A /K R KA 22 B8 240 SRR, R I 28 R A FIRE IR Sh Vs 2 HAL 22 2 7 1) kR . S.M. et al.
[12]8F 5t 1 Patuakhali Hb X #5272 Hh R KK SCHBERAGZEHRRAE, R ILIZ X HL R ACH 3908 . B8 738 3R KN
12 A2 B H KA A AE A B BE K . Chen et al. [13] RSB FE 7 HEIL P SRk 2 1 R 7K 32 B8 105 B Mok,
RIANMY TR oA SRR A s R B T E R R ERIE. TTA,  H AT 7 2 8 4 K SC R
PEEVPAL 572 B rT ARG, E 2 I A 8 (VA 5 R AT AL B AR A7 A5 S0 2 T A R I R e 58 T
WRPERE S SR [14] . 177 E 2300 4R 2% 1] LSRR gk AT 4328, 1 BN B0 )5 a4 S5k, H TR
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2N T AL B T AR R . B R AR Tk [14] [15] [16].

1M L H TR 7L 2 56 TR TG S50 N o N KU ACE 1 NI ARSI AR [2] [3] [5]. SRTRA G
BNAML 20N 7K = AL g, 1T LG 26 K i B AR T o R AR SO SRV B T (R SOk A T
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fiEe RURBFAME A : 1) BIEFFHBER KA T KRR ARRE SRR s 2) R G0 22 I 26 i 71X Hh
KRR K IHEAT 7325
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Figure 1. Geographical location and sampling point map of the study area
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Table 1. Statistical analysis of hydro-chemical parameters of shallow groundwater and surface water in Sunan mining area

# 1. BET XRETKFRKKUESHETS S

55 B HEHT K K -
RAME BKE ¥IfE cv RME BRKME L [E cv
Na* mg-L’l 17.83 290.44 75.57 0.80 80.21 231.31 142.82 0.40 200
K* mg-Lf1 0.23 0.81 0.47 0.26 1.85 1441 5.56 0.68
Mg2+ mg-L_1 17.31 82.20 34.79 0.46 16.33 44.40 35.05 0.31
Cca* mg-L_1 22.87 167.95 55.27 0.59 25.92 71.03 47.36 0.35
F mg-L71 0.29 1.86 111 0.38 1.02 1.69 1.30 0.19 1.0
(o{ mg-L’l 3.59 195.55 36.58 1.30 26.12 147.56 78.42 0.51 250
SO% mg-L’l 3.80 339.87 37.98 1.67 31.73 292.86 154.68 0.63 250
HCO, mg- L? 246.02 854.92 470.39 0.31 274.55 399.99 329.20 0.13
TDS mg-L_1 109 485 212.72 0.43 170.00 437.00 283.80 0.34 1000
EC pS'cm_1 500 1965 878.34 0.42 685.00 1805.00  1185.60 0.36
pH - 7.66 8.68 8.18 0.03 8.84 9.49 9.20 0.02 6.5~8.5

MZE L ATLAE Y, HREH T K CI 55 TDS ik 254K F  3.60~195.55 mg-L ™! Al 109~485 mg-L ™, “F35{H
4350 36.58 mg-L Al 212.72 mg-L Y, HIREAT (M RKBREARE) (GB/T14848-2017)FHLE 11 Z/K K FR
HlkrUEZ N, HiE Kb CI'g TDS W EEARAL TSl 26.12~147.56 mg-L ™ F1 170~437 mg-L ™, 3518 75y 78.42
mg-L ' A1283.8 mg-Lt, HREFRIFELL T (KRBT EhrvE) (GB/3838-2002) A il iE IR E 2 N

FAAE N NAR L T (R T3, A SR IR i i K 2 7 FE S M) A AR B - 5 5008 1 e B[ 17 HdE
iR, HREHL T K F KTy 0.29~1.86 mg-L™Y, “F¥IME A 1.11 mg-L 1, FELEEE4N /K FER F Ik EEE
TR ERRE) (GB/T14848-2017) L EBRE (1.0 mg-L ™). #iF/KF IKEJEEA 1.02~1.69 mg-L %, “FHHEN
1.30 mg-L ™t AEBKEEMF IREEREH T (M FRAR BB EArdE) (GB/3838-2002) 15 BRAE (1.0 mg-L ™).

R T K SO K /04 3.79~339.87 mg-L Y, “FHME N 37.98 mg-L " MK SO HIK A
31.73~292.86 mg-L ™!, V¥l A 154.68 mg-L "o ARIEHAE AT, HRIZH R K S HLFKISAAE R 50K BE SOF kP
R AR IR BE (250 mg-L™Y) . SO% Mk BEFB UL AT RE S5 A0 AE P L ¥5 /K HECE %

W 7T X 3% 2 R /K B HCO; (B 7E 246.02~854.92 mg-L ™ 2 (M54, P& 8N 470.39 mg-L . HigR/Kh
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HCO; i E 274.55~399.99 mg-L™* Z [AAE4k, P&y 329.20 mg-L ™. Wik ZBEECR, ARG T4 K
HCO; Wi 52 Z5A A KA FE AR, T /K 1) HC O, K JE 52 KT 5N

3.2. Ik{LEF A

VRIA = 2R R BENE 2 BT /K AR /K AL 2245 A S Heys AL il R [18], FJH Origion 2022b #4422 #ll IR FA =28 B (141 2) . A
2HMIHE T AR LLE R, REHTAKEZ RIRER, 70y Ca AT Na B, XRIHF X REH T K
I K FEAUA 52 BRI 75 s fi (1) s i, i L R B 52 ek R SR W0 i S B8 - A A R 2 i [19] 5 B3R KK A 32
o Na . ME 2 BHE T AikE, WX EE T RMMERK, FEESMIEL A, BHCO; & S,
N HCO; M. TRER LI WV fft vl RE R 4% R JZ M R /K A R /KA SEASME O B B L R, BRIR ER RN 28 R b
VDS ARAFAE — ERCM[11]. TE1E BN X VR EH T AKOKFE, K28y HCOs-Ca-Na Y, 1R /K /K i 2R A1 34
HCO4-Na %,

A EEmTK
HZEK

Figure 2. Piper diagram of ion content in shallow groundwater and surface water
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W AT 1 (Gibbs) B BT BRI R FERY A8 AU A0 WAL AR AR SRR RO, TR Gibbs B3 2
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{9 S F T F U R 7K SR I 1 AR T U FE[20] -

ARSI MR Gibbs 25t K AKKR T A 70 X T 2 H R 7K R 2K (7K1 24 0 A A (1] 3), HhAsAR A TDS
(HURT D) BEABR Na' /(Na* +Ca® ) 5 CI/(CI + HCO; ) -

MRAE I 3 BoR, ¥EH /K E#IZR/K TDS {E4bT 100~1000 mg/L 2 [f], KEFB/HEAANLT Gibbs B 1A £ K
I, RIS A RAAE R R R /KA 22 oy M R R R [19] - B 3(a) BSR4 B Th ZE A A 0 {1
By, R HCO, difls 3= SHbhz. & 3(b)Hh, #ah Na*/(Na* +Ca’ ) HLAH AT 0.5 [yt FKFESL & 50%EL 1, 3
ULHIAEAE FH 8 T 23 P S IR [21] o YA KR R TR R X R A8 R IX., RTHTIT 90 X R 2 4t R KR 2R KK Ak 2
RFAIE SR R 52 28 R AR PR B R PRI/ o | T0F 0 X KR BB 0 A AR, i WX Sk R m 52 2R B
VA DL SRR B SN R FE AN [F) o ARAE B 7 R LU B, Na™ & & & T ClI, UiWlE Bhid A2 Na'fimE—
SKYE[22], Na“iBA HARIE, WA ST YRS RIERSE[23]; HCO, &1 Ca® + Mg®, Ui BIRRER #h %
fifit ca®'s MgP M EZRIE, WAKE. ARH. RRAE[18].
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Figure 3. Gibbs map of shallow groundwater and surface water in Sunan mining area
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3.3.2. XM

S FE A5G R B SR A AT i 2 b T /K S5 b 3K i B AR A LG R K] 4 ITUE Y, Nat K Mg\ CI
Ca™. SO; . HCO;. EC 5 TDS iREMK AT, REZH MK, Xufgeh T /KB A58 EC 5
TDS. SO: . CI'. Na"®£RFIEMK, [ EC thE K. Mg*™. Ca®*. HCO,; EIEHIE, Xl G 5ixe
FIMAFE—EMRKR: Na's Mg®. SOF . HCO, ZIRIFFEIEANDE, BLHIIXLLE 7 R RERIFAMIA, AT AERIF T
AH WETRA WKATEE, HPHCO, KA EAIIEMR24]: F 5 Ca®'. CIT fFEFAHRMS

3.3.3. BELAMEME IR

R T 20 Z A AL IX R KA K K SCHERAL 22 AE , R T B A4 N 4% K-~FII{E(SOM F2K)
BRE(E 6)RHFITIX H R KA K E4T 702 . SOM RENS B IR 47 KW IR A= 2 B, WP BHm b AT B . R
FE AL FATNIC L [25]. 5 EE 3] SOM A5 Bh T AbHE & J (43 . FIHIAI > 5000 8, [RIAR 22 FRORIFF N ok R -
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Figure 4. Correlation coefficients between various hydrogeochemical indexes of groundwater samples in the study area

4. MR TKE KR FIEIRHIE X R

IKIC S PRSI 1) 4 X WF 72 [23]. SOM 5 5 K i R /KA 22 38 F7 45 K* Na*s Ca®*. Mg*. F . CI.
HCO; . SOi . Eh. pH. TDS. X&BH AR T SOM K4 X it E R g, Zidsed. &fE. HENM
K-means ®28)5, A7 51 5 Rl 6. [ 5 Ak S5 K. Na's Ca®*. Mg®. F . CI". HCO;. SO; .
EC. pH 1 TDS & SOM [#4E 2 J5 #1432 .

(e 5, BASERMEICUAEER, MEGREMMHETEGRR. RIEARBEELEL, §
s ELALIE HK R S5 E N AERE R . €5 7 Na*s Mg?*. SO? . TDS. EC iX 5 ANMH 7 (i A8 (b B FE 2401,
WXL B BE R IEA S F A Ca Bt bbb e M, F E@Ehﬁﬁ?’j@éﬁﬁ Ca Mt - N (o,
VOB AR B3 GUHSEHE. CIP F1SOY B AU FEAIA], WIRENIF —RiE. X — i HgE R 5E 4 M
TS R—5.

SOMK-FHME R KL LA 6 Fior, 1935 4 /K SCHEERIL 2R AR 2038 RPAFZE P A 35 IR KBS T L
B EA KA LRI . 45415 6 Al %0, 434 1 (Group 1)Z 43 fifE(Na. K. Mg. Cl. SO. HCO. TDS.
EC Fl pH) s (B X 3k, FHIAL 1 XL/KFEF(Na. Ko Mg, Cl. SO. HCO. TDS. EC 1 pH)I& AN K,
SR 1 B X3k F A Ca® B, e N, R 1 BG S EMXEREINF o Il 1
IKERAE F F 25 0 A S BRI R HIsea o 20 2 R EURE RSB A T i g SR TR R P 0™, oA AR
857N HCO, « Ca® RIF, RUIZIX it T /K B2 BRER LRI . 4 3 AW FCIX YemT s IRl A0 15 s 3
IKEE, AREMERIK R S50 pH. CIm . SO MIF, i H41 3 Fra/KFEF F & &4k T 1.0 mg/L. Jiang Yagi [26]
LW FOZH XK AL BRI 2R, YO F SRS G 5. BRI 3 F B2 AR . 45 5
R sy 4, NEJLFFTA KZESBIGESA TG, mHAH 5 = KEER B i (LR & B o A
W45 4, FHFHMEB KAL), FIH s 5 SH 5 4 8 LN NSRG4 5 .

DOI: 10.12677/jwrr.2022.115051 474 TRV


https://doi.org/10.12677/jwrr.2022.115051

i P T SRR DX 7K AT R K KA A R B e B BRI WF 7

U-matrix 051 Na*

51 194
™ !
V 0.297 % 112
e I 0.074}”“ . |3o.3

g

I
|33.1 % |0.626

I 1.47
1.05

HCO; 77 TDS _— EC
502 264 &
X |, e |, wa |

Figure 5. Component surface diagram of self-organizing neural network
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Figure 6. K-means (SOM clustering) clustering
graph based on self-organizing neural network
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4. #hig

1) WH X EH T KRR K BB T-& 8486 Na© > Ca?* > Mg > K*, &2 R /K A=K o [ 5 1
HEAM N HCO; > SO > CIT > F . WX RZEH T UK KA N B8 HCOs-Ca « Na Y, MR K/KFERT
SRR A HCO3-Na Y. Gibbs B 538745 A AL FH 2 BE M A 5 X 3 2 4 R /K AT R K KA 22
R EEHR K.

2) M S HEAHrat LW Na*. K'. Mg*. CI™. Ca?*. SOZ . HCO; . EC &5 TDS 2 [i] & — & IEAH M
Na*. Mg*. SO . HCO; X [M7FEfEIEARE, Ui HHIX LS 1 A GERIE T BRIR S0 IV IR F 55 Ca® 7718 fiutH]
Kk, RF ATRERIETEAES FH ).

3) SOM [Hit5 & %M. Na*. Mg®. SO2 . TDS. ECiX 5 M/ BAT BEMIEM KM, F Al Ca® AT
BEGMI; CITRISO; WRENH—RIH, SOMK-TIMERERNHrEE BRI : 4 1 KSR EEZ 5 A K
S AR R IR 20 2 EEZ IR LA 21 3 EEZRHIRIF ;4 4. 41 5 Z NFKIGshE
i Ay =

E&WmE

AW FAT NG N B 56 75 Jm K2R LI (G5 : KYLXYBXM22-033). 15 M 2= B 58 175 i K224
BT H ST (5 : KYLXYBXM22-022) 22 #7422 TREHE R ORI 6 HBOR B (Jh 5 - 2022ykf11).
EXEHAREREETH (5. 42107280)F178 M 2% e RIS 224 (Gn 5. 2019jb26) 11 52 KF .
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