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Characters of hydrochemistry and their influenced factors of different waters in the
Linhuan coal mining subsidence area of Huaibei City

KONG Lingjian, JIANG Chunlu ™ , ZHENG Liugen, CHENG Hua, REN Mengxi, MIN Feihu & FANG Liubing
( Collaborative Innovation Center for Mines Environmental Remediation and Wetland Ecological Security, School of Resource

and Environment Engineering , Anhui University, Hefei 230601, P.R.China)

Abstract: In order to research the interaction of water sources and dissolved solids in surface water and groundwater in the Linhuan
coal mining subsidence area, 81 water samples were collected from surface water and groundwater during the periods of wet period ,
median water period, and dry period. The concentrations, compositions and types of major ions were analyzed. The influence factors
were discussed by Piper graph, Gibbs graph and the method of factor analysis. The results indicate that: Total dissolved solids
(TDS) are in the order of dry season > wet season > median water period in surface water, and in the order of dry period > median
water period > wet period in groundwater. The TDS of surface water are obviously higher than those of groundwater. Na*, Cl~ and
S032™ are major ions in surface water, and mainly belong to the water chemistry type of SO3-Cl™-Na*. HCO3 , Ca*" and Mg** are
major ions in groundwater, and belong to the water chemistry type of HCO3-Ca®*-Mg?*. The Gibbs graph and factor analysis show
that intense evaporation process, surface runoff and mining activities occurred in the surface water. To a certain extent, shallow
groundwater reflects the characteristics of atmospheric precipitation and recharges of surface water, which is mainly influenced by
rock weathering degrees.
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e A SR TR IX 37 T T S, R VAT R S 2 K A B AT 3, 1 P b I AR e A R, 2
7—9 HByMIKZE IR 1k, &2 11 H 34 3 HARBERT R/ , K ALREAR. TR X bR BUK 2 e
e e Toall el LAY 00T LARE , AT AV (&1 1) . DERA X BRK TR R TRA AR 0 i n. B mr, Difs X BUK &£
IS AL FHETE , 5 PG 2 1.5 km, FFAL T2 20 1.0 km, FARZY 1.5 km® , FUK KU 9.6 m. JIFE X A
SRR S RO L, TR X PG a7 A e Tl el AR/ N TG LU AR ARG 75 07 S5 el A . K X
BV AT R, IX AT H AR Ry 26.5~28.5 m.

TR X o I T 2 JR 0 2 A X AR 93 15.2°C AR B K B 842.7 mm, AR -1y 26 & & N
1045.2 mm. X ZEDIARp R 3 FROKFE R, JIAE- IR K & 473.5 mm, i SAEREK ) —2 DL 1 4 2
PAPGAE RN 3, THRIES | iR T- 3Bk il 50.7 mm''7

TR R b SE U T B R A EUZR N EE R I 4 SRR 3 ANRRKZR. ARG R
FLRBH T KM TR 1 K2, L EKZ2— A MEER 3.0~5.0 m &, JEFIRE R 27.9~42.8 m, FEHAI
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TEMEAL T I el R METCREA XA A B T 27 ASSRAE S (CRLAG 10 D HLROK AN 17 DR K) (B 1) RIKCREE
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BT KRR AR A RE S URE S8R F 500 ml 15 % BE 3R C AR BRI, 191 5% F UK R AR sh VR B, 7+ F 0~ 4°C 4
TEIKEE.

AKFEE L 0.45 wm PALIEBEEFTIEUE. BIRT(SOY .CI7 \F) SR AT 7~ (3 (1CS-1500, 4% , 2 ) )
B FHEF (K (Ca®™ \Na" Mg™ ) R 4L (speed wave™ MES-3", Berghof /A ], #2E ) 14 fi# 5 , i i HL
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1160 J. Lake Sci. (#78#4),2017,29(5)

SR FRUHR 7R 7R 22 12 5 7K A B A 11 R ( TDS ) JB i Wik B2 SR FH A L BH B o i kB 22 R 2% 172 HCO; Ji i vk
FETF A S B R M eG4l , K B4k, SeIb#R A H 1: 10 HNOIF IR 24 h J5 , HH
EEFRIEWE BT g RUEDAERR B W L F 20 B T rE e T 58, FE i v i LU (A E 1.00 =
0.25 I ARy i =PI, 785 ) J i e
1.3 HiEEFE

e B K L T /KR W] 2579 45 B T4 Am 9 di/ ME e RAE R 3546, 3l T /K TR K Piper =4 |
Gibbs 437K F AquaChem 3.7 F1 Origin 8.5 21l , B F A IR AR TR SPSS 19.0 e Bl 74347 " ek AT.

— 7

33°41'1
ki
. PR X

A HFIACREER

0 M TFUCREEA
—
2%

33°38'4

33°35'1

0 1000 m
[

116234 116°38" 116°42
P 1 Il e SR AT DX 3 K R 7K R A s 53 A1

Fig.1 Distribution of surface water and groundwater sampling sites in the Linhuan coal mining subsidence area
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AN s S 3 7K B - 38 8 R R BT BT (35 2) , B SR K AR LR IR 8 BH B T LA Ca™ \Na™ \Mg™
h B BENT N . Ca®™ >Na' >Mg™ >K* 5 BB F LA HCO; N =, ¥l W T4 . HCO; >S075 >



A A S R BRI RS KR B AR AR KA AR R I vl B 1161

Cl™. TDS [t v B S8 725 A K A 7K1 (440.0 mg/L) > /K (412.4 mg/L) >F 7KW1 (404.7 mg/L).
F 1 RIEDURE AR 9 R AOK A2 G T HRFIE (mg/ L)

Tab.1 Hydrochemistry statistical characteristics in different periods of surface water

in the coal mining subsidence area

Hif 483 K* Ca®* Na* Mg?* F- S03” cl- HCO; TDS
FKE mMAE 12.3 76.5 180.8 70.2 1.0 388.7 146.8 330.6 1041.6
SN 15.0 90.4 239.9 79.5 1.6 525.8 166.6 361.4 1299.5
S 13.5 84.5 205.0 71.8 1.2 4427 156.4 344.7 1170.6
kW mMA 12.9 87.5 233.4 66.4 1.2 508.0 150.3 334.4 1226.9
INE] 15.5 96.6 266.7 75.9 1.8 560.8 172.6 372.4 1376.1
S 13.8 92.4 248.3 70.7 1.5 528.4 161.3 352.2 1301.5
K w/ME 13.5 93.6 277.6 70.3 1.8 597.3 172.8 362.2 1408.0
ISoN ] 16.2 118.4 317.4 81.2 2.3 776.1 199.5 413.5 1717.8
FHE 14.5 104.6 292.5 75.1 1.9 682.8 183.0 395.0 1562.9

I A SRR DX K B | BH B 71 249 JB i o 2 149 85 T 3 R UK, JEP Rk B K Na™  SO% CI™ il
TDS - ST W 0 5 THB 7K B HCO H3. WMok TDS BTtk BERF i X R K R T A7 1k
JEK A A R v R BT, G BT T g B A (H S TR , QAR YT TR ] 4
FHAE R IR R A 7 A SR B R Ve M, B0 K AR TDS i e J8 T w5, SOY T it ¥k
JE AR AR SRIGE DX im0, o 52 M0 2% PR RE i 22 81, FTRE IR Ok B 0T IR HEK P LB A B SR R
AR

2 2 SRIEDUFE DA RINHY MR AOK A2 SR E (mg/ L)
Tab.2 Hydrochemistry statistical characteristics in different periods of groundwater

in the coal mining subsidence area

s 441 K* Ca? Na® Mg?* F S03” cl- HCO; TDS
Fok  BME 2.0 40.5 38.6 30.2 0.6 24.9 13.6 355.9 328.4
I5oN( 2.8 57.5 53.9 48.4 1.8 48.0 43.2 450.9 481.0
SEH 2.4 47.6 46.4 38.2 1.1 29.2 21.2 387.3 404.7
ok m/ME 3.0 41.6 43.6 32.5 0.6 27.2 13.5 367.2 345.6
iGN 4.0 61.4 56.5 48.2 1.8 40.3 445 4452 479.3
FHME 3.5 51.8 47.8 38.7 1.1 33.7 22.1 392.9 412.4
Wik® mMA 3.6 40.5 44.3 32.6 1.6 28.5 15.0 363.9 348.0
R 5.0 64.2 60.0 52.2 2.7 58.3 47.5 483.9 531.8
SEHE 4.4 50.9 49.6 40.2 2.0 37.0 23.0 405.3 440.0

2.1.2 KM RALEME  Piper =K AL 00H 72, FIHRAE Piper —£ZIEI AT IR BIK A
EER T LB AR R R A GRS, 3 B A o o . A Piper = 2R PE (18] 2) thT LA
FEAE T ABHEF = ME R, R K45 G560 Ca™ -Mg™ 2k | X B 2K B 1 220k [ BRIR AR A i KUIE . i
FORA 5y R (K™ Na®) ST, AR R A T2 3R v A ELRR AL JE R T AR A 0, 4 3= 22
DR R EIE DX AT F R B TS ST E 5 A b BRI 26 B A T 5 286 0 0k 47 8 - s el 2 e
K KR Na™ BT3B e A7 T F B = A P rh oA 2 U e, b R /K 2043 s P AE S HCO S —Jii,
WK A 3 JIEESEL SOL -Cl 2k I, L B HCO; — i, H B SO MR BE AL w8 iy BLAR, HE I Ay R 05 2y fin 5
Bkt B A SR IR KT P/ A0 B4 st 2K R T 7K 47 2 B H AR T3 4 88 7 LA,
TR b M RIKK A2 2R R IR SOT -CL -Na™ B IR 23l R /K KA 28 R IR HCO,-Ca® -Mg™ B

KA 2 2 RS T 2 DX SO B A 55 A AR PR BT R OGRFAE. MK A2 32 28 1 i W A Piper
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Fig.2 Piper diagrams in different periods of surface water and groundwater
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R (1) MR IR R MR J5 A )2 = M 2R, R T B AR XIS A 6+ BD BBk 2 Ak 5 i yar ]
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X9 A~HL T KL R FE R 22.6~25.8 m, 3T /KK FI BRI T-28 AR 348055 s 73 A1, UL B DX UK AE S e e 2Kk T BROK
U KA R AR AR AL 24.2 m, W T I 6 BE 32 e e DR 2 16, 7K OS2 — JBEAE 24.6 m 2845, 220K 55 4 R 7KK Air
ZRUN, R B Z AR R, (3) &HE, TR X BUK S E KRN 4.2x10° m®, I K ) XL
R AUKAERUK I 1.2x107 ~ 1.5x 107 m* " YTRE R BUK 32 18 AR K FIRAS MK R 45 T 0T B, IR 1k 55
KK IR R B AR
2.2 KU FRFAERRIER
2.2.1 Gibbs B b T 5 0 X 50 7K A B -0 A A R 3 AT A0, o A TR T — b o A Ak AR
HYARSRLASTHOE X T TDS FRE vk B, AL AR LA R (R ARHE F p(Na' ) /p (Na' +Ca™ ) g f B F
p(CI7)/p(ClI +HCO; ) A ELIE . Gibbs & AEHE M7 S e H /K R 32 B 2 # T R BRI AL < H A K
PR B 2% S — TR 7 — g Ry, TDS J5 hb e BE H1B ( 10 me/L) HEAG B K p(Na™)/p(Na®+
Ca™ )3 p(Cl)/p(CI"+HCO;) KB (#38E 1) 7KK, BT Gibbs BIRA T 7, B R I RS
[ K S0 ; TDS JR Bk FE 45 (70 ~300 mg/L) H p(Na®)/p(Na*+Ca® ) 8, p( C1")/p( C1" +HCO; ) HLAEAE 0.5
EEATHIARAAR , oA R A ZE M v ok | I Bt 32 A R RS2 )5 TDS i e B s A R p(Na'™ )/
p(Na™+Ca™ ) B p(C17)/p( CI"+HCO;) FLfE (B4R T 1) M7k 4d , HoK A2 26 70 5538 K AL, 32322045 T &1 10
F LT, i 32 R X 28 KA F AU RE . Gibbs EIRILBR TR K A B F 2 IRAT , ] LAt K >
H B SR SREDTRA DX bR AR R /K K A2 8 48 2 T Gibbs i (&1 3) , & BRI e i SR T R X
T [R] Bst 30 22 K SR AR 509 TDS B ik B %8, B p(Na® ) /p(Na® +Ca® ) HUAE# K (0.68~0.75) ,p(Cl7 )/
p(CI"+HCO; ) LA 4/1N0.29~0.35) AR T ULFE X /K B FHRAF F 52 78 KA FAS m , HL26 & AEF 3K
B AR K 2B R S AR F AL R KR AE S AR ROR B B, TDS Fisvk & 4% ,p(Na™ ) /p(Na™+Ca™)
HAE 9 0.45~0.54, p(C17)/p(Cl"+HCO; ) LA M 0.04~0.11, YEBIZTRE X 3 7K 52 547 WAL F 2% & A Y
LS, 5 Ry .
222 KA EF b FAFAK PRI A KPR o B R BB 51T Kaiser-Meyer-Olkin (KMO ) F
Bartlett BRI FERGE 3 4~ 0 2K Fth T 7K 9 KMO S35 5514 0.85 £ 0.79, ¥ K F 0.50, Bartlett Bk
TE RS B AR5 0, FRILE 99% 1 B AR DX (B P9 0 25 A0 G, TRL , B304 E & A B 740 b, R 2 B vl O
AR R Varimax (R IE BRI ) % R 38 fof EA T @G . AR5 00 T 2 288 A 4 o A0 B TR 236 AL,
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Y EH BRI 5 F2 A SCFE AR R Mg™ A HCO; , He ok %l 25.08% , i th Tk R +h o 55 A AL 2 i ; 13 5
ClrRIEAHG, 5 F 2 HAHC, A EFT WA RAAEH B KSR, 2B AL A S, AT
SANA LR K (0 e SRR RS B KU AKX i R KRN B s SR BRI AR K UIAR AL
PRI 2 AT, 200 Ca® Na® Mg® \SO% il K* (HCOZ AH K, 2 1 TRR IR ER 4 &5 4 A0 WAL DL B2 K 5+
AR PR TR AR Y L e SOT i 18 A w8 AT R DR b SRS Sl in s AR A S T B 22k ALK AR
[ it 52 2 e K I B A2 g 2 ARSI ™ R 5 Gibbs FPRERAYI 4.

3 RAMEURE DX M K AR A2 D170 B RO 2 28 A 4 o 1 B R

Tab.3 Rotated component matrix and factor contribution to water solutes in terms of

factor analysis of surface water in the coal mining subsidence area

FKH oK A7k
B
F1 F2 F3 F1 F2 Fl F2
K* -0.79 * * * 0.86 * 0.92
Ca®* 0.88 s s 0.95 & 0.93 *
Na* 0.85 * * 0.96 * 0.93 *
Mg?* * 0.77 * 0.70 ¢ 0.97 *
S0y 0.92 * * 0.88 * 0.92 *
cl- i * 0.89 0.98 # * -0.82
HCO; * 0.95 * 0.57 0.52 * 0.80
F- * * -0.78 * 0.84 0.65 *
KMO 0.88 0.83 0.84
FTHRE /% 39.98 25.08 23.45 59.27 23.98 52.31 31.31
Rt otk % 39.98 65.06 88.51 59.27 83.25 52.31 83.62

F1.F2 F3 J353R 45 1.2 .3 B« FoR A8 it IRERE A T T 3 {E<0.5, T TRl
B 4 SRIEDURE DX T AR A2 DR 70 M (9 5 4 28 1 R D i ik 3R

Tab.4 Rotated component matrix and factor contribution to water solutes in terms of

factor analysis of groundwater in the coal mining subsidence area

FKkH oK ik
B
F1 F2 F3 Fl F2 F3 F1 F2 F3
K* * 0.82 * * 0.86 * 0.92 * *
Ca®* 0.71 * # 0.87 * * 0.64 0.57 *
Na* * 0.73 * 0.81 * # # 0.62 #
Mg 0.94 * * * * 0.86 * 0.60 0.65
S03" 0.50 * E * 0.87 s 0.84 * *
cl- 0.54 0.73 # * 0.71 0.54 # * 0.86
HCOj3 0.88 ® * 0.80 ® * * 0.98 *
F- * * 0.95 0.59 * * * * 0.69
KMO 0.79 0.82 0.76
BLHRR/ % 34.01 26.35 19.01 32.37 28.94 20.91 27.80 25.67 22.89
2Tk % 34.01 60.36 79.37 32.37 61.31 82.22 27.80 53.47 76.36

F 4 R I8 RIETTRE DX HD T KK A2 52 i B, SFK BRI 3 AN 7, F1 STkl 34.01% ,
FHICHEHTR ] Ca®™ Mg™ SOT \CL AT HCOS , WA B HH Rl iR 6 25 45 A UAKS% T 14 4 5505 F2 AH G H8 45 K™ Na®
T CL™, B W B I P 4 o1 DL B NS0 sl e 1 R /K AR 24T B 5200 5 13 BTk % 19.01% , 1% 75 F A 1R 5%
PARSCE I X Py A, BBk [ & U0 ( CaF, ) MO AR s F K B 1 MISGHE AR R Ca™ (Na® |
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HCO, Fl F™, Stk ) F2 RBISEA , SZ uR AR MR, 3 BT /K A2 P ) DX 32 D BRI 2 AR R 45
K] F2 ARCHERR A K™ SO FI CL, S54RI 3l K /K A2 565 F3 BTk A 20.91% , AHOCHE bl Mg™
ACL ez A1 A PRI ML Sl i 2 22 07 TN 32 5 S ARG K SBIRG F3 SR BEURTRL s Ak 38 F1 4 il 4%
PR K" Ca™ il SO KRB 2 Fh i £h L B NJEH sl M 5 253

25 TR KR 2 MR 7K 2 BT e 2 DI S5 A% 1 R A R, AR O AN
IR, M FIK B T2 R IR 32 R AT AL R R AR T, 3 R 52 28 A T B R M 2l 5 il ) RRAIE 5 ¥
JEHR K T AR EEOR A T RIRER & A5 A 0 AT, B 32K A 5 i LR NI S B2 M ) A A

3 &it

1) I ¥ SR AR DX b 2K AR A BE 45 v, ML 3Rk 2K P oK 3 A 7K B TDS 7349 o 2t vk B2 4 3y
1170.6 ,1301.5 Fl 1562.9 mg/L, JZH /K 3 5445, B U228 AR R LA ST Rl FH K R 52 .

2) Piper =k Bl Gibbs EI L[] F0H % X M 3K K AU 24 2R AR M SOT -CL -Na* 8, EEZ 8 R VERR
i) 5 2 R AK R AL 2R B R R HCOS-Ca™ -Mg™ B, 2 WAL 28 K M I B R R0, 2 AL ol 2
YEM.

3) NP Mr s SR R, M 2K A 24 T KA T ANA RS, =8 50 8 TR WA KA A 1R = 2R Y
WEIVE R YR 32 KA RKAMNG B . b3k B A N2 78 RAE L i 3RAR TR LA BCR 1 201 55 TR 35
W), 822 b 7K 2B AZ KA G AR S ).
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