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Abstract: Based on the hydrogeological investigation and sample collection and combined with the groundwater
flow system, statistical analysis, Gibbs analysis, Piper diagram and correlation analysis, the authors investigated
the hydrogeochemical characteristics of groundwater in the Tumochuan plain. The results show that the
groundwater in this area is of weak alkalinity, and the groundwater chemistry is mainly of HCO3-Ca and CI-Na
type. The chemical composition of the unconfined water is mainly influenced by the water-rock interaction and
the evaporation concentration. The chemical composition of the confined water is mainly controlled by the
water-rock interaction. In 79 unconfined water samples, the saturation index of calcite and that of dolomite less
than 0 are 1 and 5, respectively. In 56 confined water samples, the saturation index of calcite and that of dolomite
less than 0 are both 20. The weakly alkaline environment of regional groundwater, high Na* and low Ca®" provide
the conditions for the formation of high-fluorine water. Influenced by the evaporation and concentration, the
high-fluorine unconfined water is mainly distributed in discharge area of groundwater in the east of Tuoketuo
County. Influenced by the aquifer media, the high-fluorine confined water is mainly distributed in the lacustrine

platform. The strongly reducing environment of local groundwater together with Fe, Mn oxides and hydroxides of
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the reductive dissolution as well as competitive adsorption of HCO; is an important reason for the enrichment of

arsenic in this area. Influenced by sediments in Hasu Lake, the high-arsenic unconfined water is mainly

distributed in Hasu Lake and Gaoquanying. Under the control of Fe oxides and hydroxides of the reductive

dissolution and groundwater flow conditions, the high-arsenic confined water is mainly distributed along the bank

of Dahei River in the middle of the plain.
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R K2R TR B AR SRR A U L,
TR SCHL BRI A 5T A2 0 N2 o MR /K R 3 A
HLERCE G HTEE, 2006; £ #4945, 2014; Bouzourra et
al., 2015) . Hb'F 7K i5 4% 5 i ia (K8 £E 5%, 2011,
Brindha et al., 2015)PL B FRBR S T & FlK fb 2% B
ZHKACEVE (D —TH5, 2013; SPAEMI4E, 2013;
Morales et al., 2015)WF5Y, J& 24T E A I K SCHE
BRAL 2 FE R . FAR A P b N OKAE I B 7
HOR T 5 T LA A T ) B R RE A He, L&A
A3 RIS T BN 2 R K BT I 28 Fi e A e R
GBS, 2007; LS, 2016), 857K 3CHL
BRIEZAAE R B 52 (22 ) 4246, 2009; X Hi%, 2015;
TG4, 2015), MOk, R FFRHL T K NKED)
SR FP ) T AN AR B AS 0, DT R i 2 H T K A
HUERE 2 i B (R B4, 2016), 154 KAk 27
R 5 AR T PR H 3023 [a] R [a]
Z 5 (RIS, 2016), WEFJEI NHTE TR (18K
JIE 50 F S B R (B2 SR — 1), SR gy
21 000 km®, H HTXFA[ 2S5 J5 T K A B 5 B 24
TR J5 BT (T 574, 2010; X SCIEZE, 2010; E51F
SRAE, 2014), XF BRI JRK SCHLERfb 27 8 L 3 2
IR AR

TERPPEAL TS E BiG X RSk, 754
X IR G Sy o i A A . SR, X R
] o G R K AR At R OK A A X, b
VA o R [ A 20 77 0 1) 224 e i R ) i SR T
(hEZ 5, 1995; MHFEBLE, 2008; LR, 2015;
Dong et al., 2015). [Hit, FFJE 281 F i T Kb
SRR B L3 ) oA AN AL B OE 5, X2 X HL R
AR A HL LR DL T RS TF R HoAT E R X

+ BN EAL T AL 110°00—112°007, b4k
40°10—41°00", MFLZYH 8 000 km®, % X J& 2 T 5
KSR, 24N 7.5°C; 24K
9 408 mm, — N 300~450 mm; ZAEEIZER
4 1800 mm, —f&H 1700 ~ 2 000 mm, ¥ K
AN IR, E G 0 AR P R e ;. K
PR AR Ay T 7R 2 B 1 S g b 1 e O R R
B, THE AT B OV DA T A BT, R R
J& TN, PR KR 132 m/s,

BRI S K E 1L, ARABAE T 5 FARAS
IR Hb, R T, R AR b ) P R A, M

AL EEIRIE D) PR X N E A K2 4 15 4,
Horb F14 BH/KIBZ . F13 NJRFEBEHK, HAH N
SKWTE . 2RSS KT ERZ I, MR K
KR GEAE R WL ATURPE 5 X Ry B2 254, 43
A7 25 7K A L AT FLBR T K K 2 O D
T VU R TR0 43 AT 04w AT SRR S 1 e AR
B, H R K&K RGERUZ S, FE AL
BREK K2, )2 A LR AL B -S4 B AR R 5 K
JZ(E 2).

FLBRIE K B KRR A LB 354 4 A
25 p 2R DU FR D A R - 4R FLBR -S4 BRE K K
BEEFEAMEMINEERX, HE=RAMAERK
WO RR A ALAL, 7K R FLBR - 24 B K DR 1B 2
Helt  ZEBR K E K2 R B AL AT 11X,
F ATl A B R AR = R X R A A

FL B R B K2 43 A1 AE T T e 3 A op I8 AR
JECRM A AR &5 b X3, A7 2R AR 7K 32 P 34 [ 23
b B T s ], B 7K e DA S o 0 AR
MR 10 m/d 26 An 8 R A K F
5000 m*/d, FLER-ZLBRARE 5 K2 S = R
R BRA UL, A A7E A E HhIX . R R
FAKZE R E LR, A3 A IR H R
SRR R 6 Hi A PU AL, HURAE 30~200 m Z[f],
JEFE 2y H 13~60 m,

BACRE, WS XL ER AR B 0 1L DX X,
AR IR AN R WK R T 8232 1L X il 1)
HAHN, KBRS RIEZ —.

1 REERE RS

TERFIE XA b T ACRFE S 135 4, Hdhi
IKEE 79 A, EJEIKEE 56 4>, KAk S IELEME
Kk H, WK FIFTE N 540 m, K IE K HHE
110~210 m, SREEKFFIEAIL )04 T AT X
(B 1), RAEERFEA 2014 4 4 A F120154E 4 A, K
FERRAE RN HT I 24 B (P N R A [ PR 5% £
AT b v —— b R K R BT W B R B )
(HY/T 164—2004) ) E R AT, M GPS X HE4~%
PESCHEATE AL, JEIE S WK T R
JKFERY pH A1 Eh 435138 1 855X pH TR AL IR 5
HLOL A B 5, Zead R IRk B 5045 S 5000 13
ke Ja A Tid sk,



SN XS A ST 1 BRI SO R KK SO R 22 R AE S R A 921
110°45' 111°30°
[UEMES
ghe sy e g N 0 20km

BYE2

40°50'

40°10'

FIBRAE /K B

[:l IR LI AR J5 5 2R 2K X

low mountain metamorphic rock fissure water area

Jerk FEAK 434 X HRITIRRAE
non confined water distribution area confined water sampling point - fault

ARG H A A ALK X LI AT J5 LB K X HUT K 15 A ik
[:] D piedmont sloping plain pore water area El ground\:\;;lerﬂow ‘s’ectlonlme

lacustrine platform loose rock pore water area

|:| AR e AL PR K X I:l BT SR ALK (X El HACRFE AL
low mountain and hill pore and fissure water area alluvial lacustrme plain pore water area unconfined water sampling point

E1 MREKCHRERESSHE

Fig. 1

Hydrogeology and distribution of sampling sites in the study area
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Table 1 Statistics of chemical data for unconfined and confined water in Tumochuan plain
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Fig. 3 Distribution of Gibbs model for unconfined and confined water in Tumochuan plain
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Fig. 6 The saturation indexes of calcite and dolomite for unconfined and confined water in Tumochuan plain
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Fig. 7 Concentration contour map of main monitoring indicators in Tumochuan plain
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Table 2 Correlation analysis of monitoring indexes for unconfined water in the Tumochuan plain
pH Eh COD TDS Na* Ca** Cl HCO; F As Fe Mn
pH 1.00
Eh -0.26" 1.00
COD -0.32" -0.51"  1.00
TDS 0.18 -0.12 0.49” 1.00
Na* 0.44™ ~0.08 0.49" 0.79" 1.00
Ca?" -0.40" -0.10  -0.16 -0.03 -0.35 1.00
cl 0.19 -0.09 0.49™ 0.92" 067" -0.14 1.00
HCO; -0.03 ~0.30"  0.64" 0.70" 044" 0.17 0.57" 1.00
F 0.48"™ 0.12 0.06 0.21 034" 0.1 0.18 -0.01 1.00
As -0.01 -0.11 0.15 0.12 -0.05 0.15 0.10 0.24° -0.13 1.00
Fe -0.01 -0.11 0.04 —0.11 -0.05 -0.14 -0.07 -0.06 -0.08  -0.03 1.00
Mn -0.08 -0.17 0.15 0.19 -0.13 0.57" 0.09 048"  —0.23 038"  0.03 100
FE:T-7E 0.05 ZKSFORUIN b @ 35 HH G -2 0.01 AKSF-(COU) | i AR G
#=3 BRIINFEAEKENEFRAEXMES TSR
Table 3 Correlation analysis of monitoring indexes for confined water in the Tumochuan plain
pH Eh COD TDS Na* Ca™ cr HCO; F As Fe Mn
pH 1.00
Eh —-0.49" 1.00
COD 037" -0.42" 1.00
TDS 0.09 -0.29" 0.18 1.00
Na' 0.36™ -0.39" 0.39" 0.87" 1.00
Ca** —0.27" —0.03 -0.20 0.16 -0.21 1.00
Cl 0.05 -0.32° 0.03 091" 0.76" 0.13 1.00
HCO; 0.11 —0.24 0.65" 0.40" 0.41" 0.10 0.16 1.00
F 0.42" -0.08 0.005 0.34" 0.54" ~0.25 0.21 0.19 1.00
As 0.29" -0.34 0.68"  0.07 0.27" ~0.19 0.007 037" 003  1.00
Fe 037 —0.46" 0597  0.04 0.24 -0.24 -0.02 034 006 039"  1.00
Mn -0.13 0.08 -0.01 -0.04 -0.14 036"  -0.04 0.11 -0.06  —0.05 -0.09 1.00

T TE 0.05 KSR _E B E AR S, TFE 0.01 K CRUI)_F B E A SE

LR (B 6), T, WIAHUTRU R 22 -0 Y 2R 1w
W RR A Na '3 ik BH S S S E B K R Ca T
R, i Ca® WREEFRAR, M CaF, i —2 1%, Ml
fif Na"Fl F¥ BERG N F 5 pH {52 1 2 IEAHOCKC R,
AR B0 0.48 F 0.42, XFHE FFI pH W
SFHELETUEL, FIRERT 1.5 mg/L #YXEL,
pH fEEALE 8 Db, XEFKY pH {EHT T,
Kb OH W JE#H T, 1 OH 5 F 9B F2RA2 401,
K25 FRATERURE, fff F ik Adh T 7Kg O
A4, 2012) . R E, BRI SF R R K Ay
SO TERAEE . B Na', % Ca®" & i JRUKTE Al ) E1 22
JE A

MHL TR BE T SOk A, %X K A & AR
FEGAMEFAM . M RE SRR SCHL T A A G
HIC R B, BRI F 5w B o T R X, FEK
/DR R ER, IERX—R RN R &M, —J7
T S50 1L T DA A /A R XU A i ™ R
FIF It 5 — RITE WIS H T K 43 B

HEMEDX, SRENAZE KA RS S pH E5 T
A o DI M T R K SCH R S5 R, i
RIBAGE DL X TR EIRNA X, AR = &R P
FELICE, EwBELLD T MK LAk,
TR EFACY AR, FE— 2 1SR R U
FAJZ, BUMIZIX F 2R IR (S 5, 2016),
WFSE XK PR XA i TR MBI LR . =M %
DA IR 5 b R LR B, i s R B 3K S mg/L DA
(&1 7), X AT RERLAZ 62 F13 H1F 14 B AR FH A S0,
FEFCFE E IR AR XY B K Ry S HE X, i
KRB Z I, TEIRELAZE K WA R fd g —
B4, IR AR UK o AR A AR XA — 4
Gy AGTE BT AT, F i e e B A7 1 B AE 91 AR 65t
PR, WeHEIR 5 me/L LA b o i ] A e R s i
W, ERCaEaRb . KFEER T &AL R, b
bR K Sh it AR M, AR T W FE PN % T DA,
2 T KAR N, S50 FWwREZE T &, i
AT
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Fig. 8 Concentration contour map of total arsenic in Tumochuan plain (unit: pg/L)

FRER B T BRI | MR K AR A L R ALE
JRA BTSN A S R K As BAEMEERE
(HH B Ha TSR ARAE, 2010), i 0P 59 3 Al 1 T
B A 5 LA B KA A i 8 114 7K SC Hb 5 R AE )
2 e T KT 5 P 5T B4 S A L g S
1, 738 RNt SR AR A BK Bl A b BT PR B 1 T
1k, BRI FJ5E i J5 AT A A e 2% 4 09 %) b
U R RN 206 0 B30T B, 7 5 U R 4t O
JEIK T REIR £ B g+ XTI Z R
WK . HIR M, AWER L, ORI H
ARG, EERI bW B A L, K ig R G
iR ERTR ARSI NS TIREI Y BT AW S i = O 2 TR Y BT A
PR AT BEJE 14 X S R K P As IO DR IE . BF
DXV K LA R s DX LI 28965 Ay R S A 5 R A
TE W 28 W B T 5 e W 35 150 pg/L DL E( 8); 7K
JE 7K SRR A X 3 2 0 A1 7E vp i B S8 o R R
FE R BV R fe = W A 50 g/ DL E(K 8). =
i1t 7K B T B A2 R o 7K SC Bk 1 2% IR 5% B 45
AR It . W A W S AR PR b K P Y A
B A S, N As F1 Eh ¥ S5 LR
23 (8] 43 A5 6 BRI G e B RO B (B 7, 85
2, %3), LEIPIE As BE LA T K
W IREE R, A DU R 4R R b ok e A
ML A7 AE S b K IR SR BT B 1 2 s . [
W, SER TR YR AR AN, BiEN 2, KR
Mg, K-EMEAERTES, AR TIRY T As
BIRET . MM A BT B, WK As 5 Mn 21
TEAEE R, HERECH 0.38; 7RJIEKH As 5 Fe
SR IEMICRER, HXRECH 039, FHiL5UTH
Pk . BRI R S A ST YA SS A As
FIRERIZ X HE /K As (9 B ZORE . FEK MR R A )5
KUEF, B SRR RS B T v A R
Fe(I)F1 Mn(Il), WZRH7EILRITN As B RD RS ik ik
AHL T A, [ As(V) Xk 5k W AP B 55 1)
As(TIT) M\ T fife W B i 21 s K b o B BF9T £ W

(Smedley et al., 2003), %X As(IID) 7% f& o7 7 1
By 60% LA o HbAh, WK MARKS As 5
HCO; HJ R IEM KR, MHIXREST 5N 0.24 FI
0.37, HCO; 1 AsO: HAT AL ) A2 45 4 K A 15 5
B, Pn] LR AT 1) K 10 (Appelo and Postma,
2004), HIt HCO, 5 AsO; 7ERkE ALY F mish &
ST IS As R 2R K i — A
HEJFH

ZE b, BRI S D e R K BT S R
MRS | bR KAR AR ik . fR e A
A R 1 i LA K. HCO, Y 38 4 W A7 56

3 &

+ BRF S5t R 7KK Ak 22 2800 23 18] 43 A R AE
ZHUF K S B s, R T 2K G 3l 2 B B
F 25 8] 4 e

()AL ITT L 1Ly ik SR 2R 3 28 1L il
RIBURRE R, b RK M, KR, TDS. COD
WK, Eh (HES, #FKGTEAHSEE, h
P g 750 1) e RO D DX K o7 SRRV, b K 3 B
5%, KJEEZE, TDS. COD VR EH s, Eh AR,
R K AL Fif R A

(2) X ek s K Ak 2 i 4% 5 B A2 K -4 HH AR AN
2R AR R AR K AL 22 4y BB Z K-
FEAE A

()5 IX. 785 7K K T 7K 18 725 9 X 3 B2 40 A 1
AT A A, S5 S W A ORR G K
HHELY, TEIIIEIREE | Na™ A Ca” RE T F
R R, 22 T 7K 8h 2818 S i 26 X S B B
e TR ) B LR A

(4)BIF 5 X 78 i 4t 7K 3 B0 A3 7 S D P R AIG
M DX AR T K R, YRR L AR A 3 g
KLRE TR R R K As EERIR, MR KEE
WATE SRR . 46 ALY AR B A8 JEE VA A7 LA R
HCO; 5 4 W 2 12 DXt i 4 A 2 B2 DA
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