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] Sk, A HRR T (ERRAESE, 2014),
LR T SRR AT N, M AR AR R .
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T 15 A Hu T AL R A E DA, ST DX R
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Fig. 1 The locations of the lakes in the region of Inner Mongolia plateau
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3 #REHE
3.1 HiAKMEERRS T

SRR (TDS) oKk s i B EAR
bR, —RELAEG T KPR EEE FRRIR, 20
K, &R I SR R,

3 MNHENKIE AR R R (R 1) &
B, PRAEHIE TDS S/, S 1520 mgL”, i5HM
RN 5990 mg L', BRI EH N 2250 mgL',
SRR, AR N S AR R A, TR
AT IR, ZAEEAEREKE R 319
mm, 4EZEREH 1400~1900 mm, RIZIHZELR S
HOFAS KRR TDS B T X, ok
1 AR BH SRR 2 35 , . TDS {43510 345.86.99.04
H1165.48 mg' L' (Zik A%, 2013 ), HIFFEH] TDS
HEMET TR XA R XAk B 2R,
XA T SE AT L SRR PR TN AR, A b
Pk 11.94x10°% m?, IR IHITA K AR B9 TDS 1B (i
IR BB N 52 T T S XA A SR, Ik
B HEME S T, A K A S AR S T S Y 2R
Ko WA BN R ANREHE S, Ehar e s
Wr B, FEGHK TDS (iR . SRFHAA NS
PG, HE TR ) A B, K R
YNGR S BRI K RIS AR R K, S
DX ) HE RS Tt 2 VIR , WK R, iAok
7R A2 BT BT K R FEOK o iz ]
A2 TR I FIRE I N AZETE B, Ak, T 1975
SRR, WITAZKARA TDS (BRI R

F1 SANWBEEETFREREX LS
Table 1  Analysis the content of main ions is of their discrepancy in each
of lakes mgL”!
Na K' Mg™ Ca Cl SO,~ HCOs
MRS 640.83 27.50 89.35 7.34 347.17 277.02 253.02 1520.00

FEEI 2204.02159.24 20.04 5.09 2 022.29457.352 210.59 5 990.00
LRRM 671.48 14.93 132.7366.06 640.29 375.441010.642 250.00

TDS

3 ANAE R NS R R ARE TR,
ZRMEFRA R, KIS NZE & I KT KR,
VAWK FIHEAR K — o de 2 &, Ak, 3 Kb
TAFRA T s K AR AT e 1k o
3.2 AR FISE
321 #iARKAKRMFER

MRS TDS “FH{E M 1520 mg L', J& T
KA . BHES T2 R/ MR Na™>Mg™™>
K™>Ca®", WKL BHES T4 Na*, (5 FHES T BB R
K 76.6%; 1B 2Y B R/ IMEIR R CI>S0,7>
HCO;, /KA EHBAE T CI'. SO, 40 i 98
TR JRETHY 49.6% . 29.3%. WWIVAK By /KA 2FZE

4 CI"SO4*-Na',

K TDS SFEHME N 5990 mgL™, J& TRk
WA BHES T YRR R/ MR Na™>Mg”™ >K ">
Ca™, WIKMHBHE TR Na™, 5 FHE 7 BB R %
[ 97.5%; BHESF 24k & K/ MK R CI>HCO5™>
SO.%, KHEHIES T CI'. HCOy, 435 5B
T EEE JREH 55.5% . 35.3%. WIVAK B K Ak
4-CI"HCO5-Na',

B2 TDS M J9 2250 mg L', JB T
S . FHBS T 24 i B /MK Na™>Mg?™>
Ca™>K", WIKIEHPHE 78 Na*, 5B T M EE/R
B 66.0%; BB T4 89k B RK/MRIK S CI>
HCO,>S0,”, KHE#IE T4 CI', HCOy, 4%
1) o IO B T A RE R BRI 45.2% . 37.5% ITHZK BYK
fb2F2N CIPHCOy-Na',

3 AN RIK AR AR, KAk 2 A
XP—, BHETF MR, BB RS, Ak
FHZHRERE T L TR RE A, A%
IREE R RIEART, AR AR B 2z
BCRIK A 22 28 BUA A — 2 AR . SR MK A b A%
BT R U 205K, B2 K SR AN T R
BERIEENE o AR 7302 5 B vp Ak 2 e |
BER, BNURMZ, SRR RDA . JeE. Bk
AIIERMZ AR A, B LS
IR X TSR ke, Talkis R KR
EHEL, JeAE KLY IE ARSI, M
MWK SO JE bR CIoNT & F R B 25
F (EHRE, 1995), KBRS H ISR -7
PR ZR TG R I, 2 2 A TR W A A )
HEZEW), WAHEM O SRR R A S KR
WA A, B BRI )42 A A
$70.44x10° m®, ZEE K 2.48x10° m®, HTHIK
AR T KRN, AKX 5 2 R UE A T3
A 7K AR v e T 5 1 vk 3 22 L IR 2 B P T
AR THIEL i, 517K b HCOS B T B e UK F CIF
BT CIRRBHTEE, 2012), DRI GETE
BCATRIIRI , 7K 325 TR R RN A TR AR b
95, MREEEMK KRN, ARKIRASS A3
IR BRI LIGARJE M R 3, B ik i
HCO; i FE AR e (A Rn4E, 2013 ), 3
AV ARAC AL S0 A R 45 ASHHTRD, 740150 B
S R N R R R RO A AR 25 5%,
TR A A KA RAE A TN 53T o
322 REHIAKAKEEFHERENR

SR AR E RO, B2 e EH
BRT 25%E 75 5Kk b8R8 4325 FIH
Gw-chart 2 ( USGS JF%& )4 H FHE T Ca®'-Mg™'-
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( Na™K" ) 4 = | F A B 7 SO -Cl-
(CO>+HCO;™ ) 4L = £ Ik R WA Rl KA 1k
S RFAE o WATA T AL — Bt H 2 TR KB 1) a7k
W R, HEPWMAE, Hokfe2E2emih
TEAG— 8 AIERAC R B — B A R R 5 70 - B R Ak 72
-RREE RIS AR (FEAESE, 2010),

BF BH B 7 = # T AT 38 7R AR R v i o 28k for 32
BB T IR E BRI RRE, NIMHE R AR FA A
A 7K B R A B AR STk R . FE B
HCO5-SO > -CI4H i) = fadi I v, TERRIRER 45 Hh
XAYK L HCOs M5, S I57E HCOy —3i s
TEZE R AHIXIIK SO~ Crirhes, H4y
JTETE SOS-CI4k |, 28 HCOy —3i ., 7EME
T Ca*-Mg*"- (Na'+K") 4 aii =K i 254
(R, FEZERIREL S KA, H o 4
VETE Ca® M™%k I, i Ca¥'ihot; REZHEL
R AR B AR, HZH A3 AR 1) (Na™+K) SRt ( F
Fit /A, 1983 ),

3 MIPARI . 1k BLISIRD 2 SR 200 1Y) 2 22 B
BTSRRI, AT LI ISR R R i
(IR AR 7E = fA &l SO -CIk I, PHES T4 4
TE= AN Na™+K'4 I 38 BT B & 7 A 7
=M HCOy-CI'Zk I, BHE FofifE =K
Na'+K'4k I il i s s iR R, #2145
Al PEASTEIRD 2 R 2K R b FEEBABHE T Na™ Ml
SO~ CIHYE S ZE XN, ik BBk Ao 5
FHBHES F Na'fil ClUAAS S 2 BTN, dE—2
AT TR ZK AR Fp B B Rk BE AR AR E o P AR T
e L R B2 28 Rt a sl ik B2
FREh Fr ZE R R A L RIVE T, AR TSR
MBS FNIEIA M A AN T 43 (255, 2010 ),

XTI 20 fHag 80~90 4EAHORL (£ 3), PRAEH

LA EBW R

100 0

B3 3/NEAEETFAERM Piper B

Fig. 3 The Piper triangle chart for main ions of three lakes

#3 3NWEEBFIREHEERRILLSHT

Table 3 The status quo icons concentration percent compare with history

in the three lakes %

i I ZF  Na+K" Mg* Ca®* CI' SO HCO;y

MRS 771 149 8.0 151 117 732

20 tH40 80~90 4FAY" KM 974 23 03 401 64 535

LR 744 158 9.8 378 332 29.0

MWl 874 117 1.0 39.6 31.6 28.8

2012 4F PAHEW 99.0 08 02 431 98 471

LgEEN 776 150 7.5 31.6 185 499
SRR A

F R BRI RIZL L AR, TR
WEFR AR, AR AN g, WA /K 452
ZR A KA CURSE I 5™ TV R T3 A
XHNAPR I G T — € BUREI , WIS BOK
SO MINZ . K HLE TR SRIEW), KRB A4
HEH, WAK AR B T BRI RN R, 32

®2 L. SRMEREEHEKL TR

Table 2 The water chemical characteristics values in Hulun Lake, Dali Lake and Ulansuhai Lake mgL’

I NEE 7] TiH Na' K Mg** Ca*" Cr S0~ HCO;"
5N 736.83 3227 103.87 11.17 446.19 356.95 637.30
/i 503.16 20.91 69.04 4.16 269.33 217.28 32.93
-4 FHIE 640.83 27.50 89.35 7.34 347.17 277.02 253.02
FrifE2E 90.03 441 13.88 2.83 67.34 54.04 247.88
EREHCV 14.05 16.02 15.54 38.63 19.40 19.51 97.97

SN 2763.94 207.91 26.36 7.41 222520 584.80 3 638.67
/i 1656.21 102.62 12.16 3.26 1842.18 409.09 895.86

K HLH SERE 2204.02 159.24 20.04 5.09 2022.29 457.35 2210.59
brifi2E 358.22 3471 5.45 1.44 126.19 53.62 762.02
EREHCV 16.25 21.80 27.19 28.28 6.24 11.72 34.47

TN E] 951.76 16.59 193.87 84.87 885.71 544.50 1 838.64
e/ IME 391.21 13.27 71.58 47.25 394.87 206.39 182.64

IERLE 911 SEHIE 671.48 14.93 132.73 66.06 640.29 375.44 1010.64
FrifE2E 163.80 1.00 36.26 12.73 168.82 103.47 563.55
BRFEH CV 24.39 6.72 27.32 19.27 26.37 27.56 55.76

TRERRIUS R | VAT L KIS, PR 3k LIRS A S AR A n=36, 36, 44
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KGR WK Na™, KT, 1 CUJS vk s s
Ko BOJek BUIA K SCHERRE AR, MR AR K
AWK, A B R A B E B R T2 &R
Fro BRERMGESRUG K RNG , (ARREZ 78
RERFFOA, TIR N AR R A 10 5 A4,
KM Na®™ . K.

Piper &l T LI Y, 4565194 0B 1 vk
TEas 8] FAAFEAEZE S . Wi HIPEE . 35 BB
B as 0] A B R B AR (&1 4), IF
SEAASIIAZE MRS IR (B 2) 407, PR
T DI 1) T O K P 4% TR R U R LR K
W R . AEWIE R R P AR A T RN, K
BN A, KRS EL, 458 F R A
ANy WA R R, uk gNIEA  RMATE LT
BB TR ESPR R, RS L, B
TRIERE RSN, B PR ek BB sk o, i)
IR A F BRI K RS 2% 2 e . L4l
ek it m R IR R A 3
ST, KRS BE ARG R, YT IR K
BT A R 3 T R . SRR R
(AN T BHET, BIARSER HA ME— KR 5
EiFo WA AL [ e 45 15 Jo i vk Ak 34
K, BFREHKEN &R mES, WA KR
A, I ERREIZE K, IR B R
TR B, i R B I K A o e
K Rl HE— 2 28 A AR AR 15 B BN K
Rpy FE BRI Z—.

ZE b, AFEIIA KR B 2 BB BH B T4l Bk

——Na —8—K —&— Mg
800 —x—Ca —x— Cl —e— S04
600 ’\/\’——0\‘\‘

pl(mg-L )
I3 P
(=3 (=3
(=] (=]

P

A————

& —A

o LB ==
A10 B9 D11 F9 G2 G8 H3
AR RAE 27
—— Na
1000 f ——Ca

900
800
700
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300

p/(mg-L)

~ 2000 f

= - S—

—8—K
—*—CL

fE2F A BB 200, BT S K22 R
WER X . 507 S SR E T, BUIR T I
TA KA () 5 7 AR A 728 A =8 2 32 S AR F R
TESNZEA M, R — WA KA 2R P s 4
RS KA 2R ZS 0] B 255, ZAA Bk
B A AR A HE R 25 B 52
3.3 AEIEATAKEE F kIR E &

i L 7K 375 i 1 AT R R YR 38 R A 114
i (IEAER ) B rIEEA A (ZERE . RERRER
TRIRER . WAk ) WAL AN 2835 Bl A 1T e
¥ (Berner etal., 1987 )., Gibbs il i X F R K |
WK WA K25 8T, FIFH p(TDS)
5 p(Na")/[p(Na yp(Ca® )] B Fl p(TDS) 5 p(Cl)/
[p(CD)+p(HCO5) ]I, LM ke H 7K A = 2 43
HHY ., FRKAERIRIY | A KRN ZE - i 2
A (Gibbs, 1970; ARMFHE, 2013 ), ZEHHER
KAEZEA SR h 3 AT, A A s
JG, KRR ERSRICHIZE K 25 5 450 T

¥ 3 ARk E RS T Gibbs KM, M
K5 3NN KAk 2E BT IE R 2% & 45 i
37, TDS KT 1000 mgL™, p(Na")/[p(Na")+p(Ca™)]
438 T 1, p(CLY[p(Cl)+p(HCO5)] L 18 7F
0.2~0.9 Z[8], Ui BAIEAIAZKAAR 53 A1 7E 28 2 AR AR5 Y
TR, fF6NZEdREANEHE, 2 T35
AR o [FIEE A . ik EL
AR 2R CI/Na {8, 73910 0.54, 0.94 F1 1.11,
I#R/ N T S0 K HUE ( CI/Na=1.15 ) (-2
&, 2010), FFANREEITARS, ZRHHE

——Na —8—K
3000 Ca Cl

—a— Mg
—e— 504

2500
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i=N] 3
& 1500
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S0 e—e—0— o o o o— "o
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Fig. 4 The space changes of content of main ions for three lakes
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0 A S T i Y S B R S B o BRE R (732 A E
FEARTR, 5 F S0 FAEFEAART . & 5 a8 n] %,
3 AR X SR 457 BAS R R BE 1) A A i sl )
T, FBOTRIESIETET Gibbs fRAIS),

e AR S, a8 3 YA TER
Gibbs BERISN 7 HRAE S, WX AR, FPAETH
D11 I G2 Wi, il Bk il sy Sl
KPR ARG, WA N\ R iG Sh7E A i) i sk
R, SHTAAR AR g A X 28 1 5 Gk EL
AR A7 F1 D6 WA AT, A5k B A AR DR X
Fkskit R iy . ak BLIBIEE RO, A hTE sl
72 A B HE T R K ORI IA AR B 8 - 2 s i T
—ERI; R RIEIELE Gibbs FAME 5 EE 5
AAESHEF AW DAL 713, K12, L11 S A AR
TR R RIMEHI M P11, Q10 A, iUiHHEIX N
(A A 15 75 B KR A ol T PR K GE o s HE T A HETS
CHEA B3, —ERE LU TAK AR K

e 415y
4 #ig

AT R R IX A N S A, BT
PRSI, 2R AL, BRI, 28R ERE
P 10~20 135, S350% XA dg K i i) sk
I A T IS N2 A G e e~ B L O (71 B
CI'SO. -Na*, IAHHIN CI"HCOy-Na™, R%Eif
4 CI"HCO;-Na',,

SATEIAAK S TR R B, YA K A
T B B R X2 5 R LA BT
Jo iR B 3 i TSI S R R, S UTAE
(BRI MUK SCARAF R UIAHE . KR —WIX, 28
[B]_FWAK AR TRk A 25, FES5ENA
IRIRIRIZK B 1 5 FA A R G R B R B %

S ORRIXT G, FR45 S Piper b 1A
FE s TR, FIF Gibbs EgE—E00Hr, 3
AR 2E T TR AR 28 R -4 i s, Rl 3

®4 3PHAREERITEM o (Na)/[ o (Na')+ o (Ca*) i o (CI)/[ p (CN)+ p (HCOs)]EL1E
Table 4 The value of p (Na")/ [p(Na+)+p(CaZ+)] and p(CI')/[p(CI)+p(HCO;)] for three lakes

AL ) 35 L) SRR

R p(Na')[p(NaYytp(Ca)]  p(CHYIp(CL+p(HCO] 1% pMNa)pMNa'y+p(Ca™)]  p(CH/p(CH+pHCON]  #%5  p(Na'Y[p(Naytp(Ca)]  p(CH/Ip(CH+p(HCO:)]
Al0 0.98 0.38 A7 1.00 0.48 3 0.87 0.27
B9 0.98 033 B4 1.00 0.51 K12 0.90 0.20
D11 0.99 091 cs 1.00 0.70 L1l 0.87 0.18
F9 0.99 0.87 c7 1.00 0.43 LIS 0.89 0.83
G2 0.99 0.76 D4 1.00 0.51 M14 0.88 0.56
G8 0.99 0.90 D6 1.00 0.41 NI13 0.89 0.51
H3 0.99 0.42 El 1.00 0.51 010 0.89 0.77
E2 1.00 0.50 P9 0.89 0.39
ES 1.00 0.36 PIl 0.89 031
Q1o 091 0.65

T5 0.95 0.42
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Major Ion Chemistry and Influencing Factors of Three Typical Lakes in Inner
Mongolia Plateau

WU Yongl, SHI Xiaohongl, ZHAO Shengnanl, LIN Taotaoz, MA Jun®

1. Water Conservancy and Civil Engineering College, Inner Mongolia Agricultural University, Huhhot 010018, China;
2. Three Gorges Hydrology and Water Resources Survey Bureau, Bureau of Hydrology, Yangtze River Water Conservancy Commission, Yichang, 443000,
China; 3. Honggebo Drainage Station of Hetao Irrigation District Management Bureau of Inner Mongolia, Bayannur 014400, China

Abstract: Inner Mongolia plateau is located in the semi-arid and arid climate zone of northern China. The climate exhibits both
semi-arid and arid characteristics as it spans across longitudes from East to West. Lakes in the region are mostly inland lakes. Their
water chemistry characteristics are greatly influenced by geographical and climate. Three lakes, Hulun Lake, Dali Lake and
Ulansuhai Lake, were analyzed for their main ions and the discrepancies, the chemical characteristics of the water, and their control
factors. The results showed that the water chemical type, cation by Na' leading and anion by CI leading, was single by the
geographical and climate. However, the main ions content was very different in these lakes. The percent of Na* in the total number of
mole of cationic was 76.6%, 97.2% and 66.0%, while the percent of CI  in the total number of mole of anion was 49.6%, 55.5% and
45.2%, respectively for three lakes. The coefficient of variation of Na* and SO,*, CI” was relatively low, it showed the ion content
was stable in the water. Based on the Piper triangle chart analyzed ions consist, the anion distributed in the line of SO,*-CI” and the
cation in the line of Na™+K" in Hulun lake and Ulansuhai Lake. But the anion was in the line of HCO5-Cl™ and the cation in the line
of Na'+K" in Dali Lake. It shows that the water chemistry characteristics are affected by evaporation and crystallization and rock
weathering. The spatial changes of the content of the main ions are also affected by the relationship between runoff and drainage, and
are combined with the Gibbs model to further explain the different degree of human activity for these three typical lakes.
Researching the lakes’ chemistry characteristics has a great significance for protecting lakes’ environment.

Key words: lakes in the Inner Mongolia plateau; arid and semi-arid regions; mainly composed of ions; water chemistry

characteristics



