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SEHLURIK TDS $ME AR RIS T A P R T 5 SO S B pa sy, ¥ H 1983 4 305.0 mg/L A2 1999 4
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HEHHAA BN A S, THUMTRA . o
W, haieb. #h o8 E, BPEIR ARR AR A
BB TR RN AR, OB RN, SR i B2z,
FrERURL AR, SUE NPT PEILE L AT AR IR
B R RUE SR IRE AL T 33K EEoK- M2 2
AR KR _E3RK- N 2 2 AR B K EK)Z, H R /K
V5.0 m A4 A AR E R DU PR A, H IR
K, WZEROK, Htgai, ~FEKE 50.7~79.9 mm,
AN RE 50%~60%, 7&K TN 2 000.5~2449.7 mm, J&
TR AL EE I (1 R R e A
1.2 #HERRESHARE

AT (M KIS G AP MR g — Bk
SR, FESE MR EAT 1125 J7RE R R ORI 4
o 1R ACKEE SRR 6 072.4 km?,  JEAF {1 S
TR BT RIER AR, B TRE AT 2014 4FA1EES
BLLL ML, A AR LA AT 104 64 12 K 14
ASKAER, St 42 AR, W1 s,
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Fig.1 Types and distribution of water sampling sites in study area

1983 —1996 4 ELIHFREE IR P X 5 B K E i 4
MR KEEA TR (MR pH . TDS. TH. SO,”. CI'\
K'+Na"s Mg*'. Ca™ 54545, Waill i H (02 BN R
FERHTVEAND » LU AR VS F K HUE R W, K
FERREAIK, A AU O A0 o B 1999 45 s
BNV R AR ST FRAT DTSRI H « FF AR 7KK
RIS, CREEST IR R KKEE 178 41, WA TDS.
TH. SO,~. CI'. K'+Na'. Mg*". Ca®>"%§3Ek5, THENE
B 7 b K SR W K K 35 1l 2 B0 I R 7K A5 v AR A AT
IUs BEEAMER2E T 2011 4F 10—2012 4F 1 HRESE
T R KRR 14 4, T 2014 4F 6—7 HREBERM
R /KRR 42 41 HhRKFES, 8 41, IS pH {H. TDS.
TH. SO/ CI'v K'+Na'. Mg®"'. Ca’'%ikbr; K.

R IKCRFE . ORAEFIE RS P b AR AR (Hb S K5 Qe A o7
PrREEY o 1983—1996 - RARKE i B B MNP ISE I st S
W5 1999 F1 2011 AF P RAL IR b BB sl =) 28 — 7K 3
b TR M TR AR EG Z AT 2014 47 B R AR AR il
H ] b TR 22 58 /K ST b T R 5 b ST S ITAT S5 KA T
Y0R8
1.3 HiEaiE
ASCAEHTaReS B AP IR AT HY Ry Qe iy, R
FELAI AT SR L, TN B SEHAE SPSS X6
JEXH K TDS BASAHICRH BH 518 i A pH {E 2 57
PEFIAHSEPERAT 40T, I15 GIS AHEE S0 FFE X H R 7K TDS
A T 08T, 0 R B2 T T

2 HR59H

2.1 HTKTDS RESIAMAEFHIXR
2.1.1 HWTFARMFEAR

H R KA AT T3 7 7K SR 2 il 2 R A
FHEERIEH", F AquamChem 4312 2011 4EF1 2014
SEHL N /KA Piper — 2RI, BV IRES & A TR
DHE R K ARAAARRAE . 6] 2 3R 2011 4F°F J X N /KB 5
T HCO5 - SO CIUFURI /35l ol 62.26~234.71.38.60~
974.97. 15.05~1035.06 mg/L; BHE T K'+Na'. Ca*'. Mg**
SRR A 15.29~853.35. 19.65~278.79. 1043~
32.01 mg/L. 2014 PR X F/KPIEF HCOs . SO,
ClJR IR E /> 5k 88.03~643.60. 31.53~901.70, 10.50~
884.10 mg/L; PHES T K'+Na'. Ca®. Mg FrEikIE 75N
10.44~408.31. 15.24~439.80. 4.16~114.90 mg/L. 7] K.,
2011—2014 FERBRH P X H R K 462425 28 ) HCO5-Ca
TES) SO4Cl-Na &Y. 2011 A1 2014 45 5 X b R 7K
KA 27 TR 35 52 I D oL T b AR ) T U HC O, —~
SO4—CLIFA2 4k s L iR J5 ) HCOs-Ca-Mg 217K
REYEF A 75 SO HCO5-Na-Ca-Mg UK, He 28476 A i
4%y SO4-C1-Na-Ca-Mg 4K .
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Fig.2 Piper diagrams of groundwater in 2011 and 2014

2.1.2 HTF/KTDS

I JT] SPSS # A %F 1999 1 2014 4F-F 5t X 1 K /K TDS
HEATHERYEG 0T (3R 1), FEXF 1999 4E K 2014 4E b
FUK TDS BT 22 54k ¢ R 6. &5 5K, 1999 4:R1 2014
AL R K TDS ZE i3 (P<0.0D) .
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F 1 1999 #0 2014 T 7k TDS Stk

Table 1  Statistical description of total dissolved solid of
groundwater in 1999 and 2014

A AR b BOK Bfl LA NI
Year Sample Mlmmt-llm/ Max1m1_11m/ Mean_/l Medla_lll/ Star}dgrd
numbers (mg'L”) (mgL’) (mgL’) (mgL)) deviation
1999 4F 178 200.0 213170.0 1773.1 1340.0 19940
2014 4 42 205.7 2831.0 604.4 427.7 500

WA (KRB FUEARAE)  (GB/T1484-93) [
H1 TDS FaFR A TbRHE N S, B3 2 W4, 1999 4FF J5t
XALCRAERMKAE 178 4, HrphbT 1T KK (<
300mg/L) 5 7 A, AT 1 2K/KF (300 mg/L<I K<<
500mg/L) A5 28 4, AbT T 287K°F (500 mg/L<IIT 2§
<1000 mg/LOIA 41 A, 4T TV Z7KF-(1 000 mg/L<IV
=<2 000 mg/LOHIA 324, &b TV 2K/KH-(>2000 mg/L)
(4 70 A, TDS 4T 1V 28, V KbrHEAKTIEE] 57.3%:
2014 AP SR IX SLERAERMIKAE 42 4>, o TDS 4T 1
FACTAT 10 4, AT 12K 1A 16 4, AT T 2K
A 8 A, AT IV BAKTIIA 74, ATV KT
H 1A, TDS 4T 1V 2. V bR TEE] 19.1%.

F2 1999 12014 F£ETF TDS Ky TKKFEH R
Table 2 Based on groundwater quality grading of total dissolved
solid in 1999 and 2014

KR FRREREL B GREAS T & L 451
I [ A Sample numbers in Percentage of samples in
Grade ‘Total each grade total of each grade/%
Soﬁﬁ/s(‘r’rllvg?ﬁ,l) 1999 4 20144 19994F 2014 4F
I <300 7 10 4.0 23.8
11 >300~500 28 16 15.7 38.1
1T >500~1 000 41 8 23.0 19.0
v >1000~2 000 32 7 18.0 16.7
v >2 000 70 1 393 2.4
2.1.3 ¥ TF/KTDS 5 A Fa & F48 K M 5H

X 2014 45~ 7K TDS 5B FH &5 7 & 31T Pearson
MM, Wk 3.

£ 3 &A% Pearson HHEREGFITER

Table 3 Pearson correlation coefficients between major ions

WH tps Heoy sof  cr
Item

TDS  1.000

HCO; 0.004 1.000

SO~ 0.963 -0.161  1.000

CI' 0964 -0.166 0.919 1.000
K'+Na" 0.919” -0.158 0.912" 0.913" 1.000

Mg* 07177 0.499™ 0.644” 0.607" 0.527** 1.000

Ca® 0.8717 0.015 0.8017 0.855™ 0.653** 0.564" 1.000

pH  -0.186 -0.707" -0.039 -0.057 -0.016 -0.316" -0.317" 1.000
e A e KSR 0.05 F110.01,
Note:* and ** indicate significant correlation at 0.05 and 0.01 level, respectively.

K'+Na® Mg®  Cca* pH

H# 3 041, TDS 5 HCO, A, XEHTEER
HiCP BRI R K pH B K 23 A o o R 5 Bk 2 i
(pH 1H M 7.0~8.5) , R4 O. A5 G IR AT A4 35 Fl
AR L] 57K pH {EII5E R LK AR R T 75
(43 AT PN, AEIX— pH R Y FE N OB R AT A4 3 B LA
HCOy & 7N . (EERH pH EITH R, BRIERFTAD
23 HCOy B Wi AS il CO5, BHIL, HCO5TH& s
B pH EIGTH R TG, P AP ERR S 3 1 AR R

(r=-0.707, P<<0.01) , IZEM/KMAH HCO, &, 7
# TDS 4 HCO; A#iZ; HCO;-Mg™ . SO, -CI .
SO/ -K'+Na" . SO -Mg* . SO,/ -Ca*" il CI-K'+Na'.
CI-Mg*". CI-Ca® E B FE MK AAHK R E>039 (P<
0.01) ; TDS ZMI& 1 Clsgmii i, ST %R
WP H CI'>S0#>HCO5"; TDS 2P 7 K'+Na' 51 f%
B3, H5HETHUEREKICS K4+Na"™>Ca® >Mg™'.

i 3 WLAE W, Rk TDS 52 RBIE 1 SO . I
AHDCHE I PSS 1, IR T 2 A A 2 A2
SiOy. ALO; FIHS M Bt AT IRIRRI AL, LU S W B
KA IE HATIRH 7, S -SRIt A2k B A4,
2.2 M7k TDS BZS T {L4SAE

FRAE 1983 —2014 4E4h R /KK BRI KL, TDS 43
WL 4. HE 4 v LLEH, BERMFIRIX 31 a [T
7K TDS A AR A A4 52 I 5% T iy 75 P AR ) ST+
RIS, BORE IR 1999 ik F] 1773.1
mg/L HAE 1999 £ LAFY Al B M A0 TDS ¥oRiE 2|
R /K T 28K i haitE (1000 mg/L) , {HAE 1999—2014
ATV RS () TDS 348 43 B Ik T 7K T 27K B bR
He, HEIER VIR TR,

x4 1983—2014 &£ T7k TDS ¥#4{E

Table4 Mean of total dissolved solid of groundwater from 1983 to 2014

G W 0 W

Year Mean/(mg-L™") Year Mean/(mg-L™")
1983 4 277.3 1992 4F 413.3
1985 4F 3213 1993 4F 395
1986 4F 3213 1994 4F 401.3
1987 4 283.4 1995 4F 3793
1988 4 306.8 1999 4F 1773.1
1989 4 332.8 2003 4 630.7
1990 4 446.8 2014 4F 604.4
1991 4f 4433

ficHE 1999 4ERT 2014 AEHH A L5 L, I MAPGIS %
PRI T /K TDS 43X K (K 3) , BB PRI T
IKESMAARIRTT 0] 55 MR IKUE 1) BRI, 579 1)1 i X 3
ARG TS . & 3 ATLAE H, M F/K TDS ELH
L 2T J X K B AT AR I A, H R UK TDS
H B3 ) NN TE R, SE R R K S TR S K S,
FH R AR LA A W ik I A B AR 28 AR A VE ]
B, PEXHLRIK TDS & DA K Ja i v B X h v
L, HPYJE I R T S, TDS <1 g/L 1k
AKEER =1~3 /L USIK, 2780 =10 g/L 1)K

AFIHF/K TDS 2 XRG4 Rk 5. WK 5
ALLEH, BEBMATIRIX TDS<1 g/L (1T AL B 1%
Ko M 1999 4E11) 33.1%38 N2 2014 511 36.7%; =1~3
F=3~10 g/L 5 X IAEHIRDN, 435I 1999 4E 1)
26.3%F1 23.0%k/N 2 2014 411 24.9 %F1 20.8%; =10~
50 g/L 43 IX TR IF R I W i) 4k . 4k B F,
1999 — 2014 4F 555 Frth - i X Hu T 7K 75 TDS X3 #H &
L R BRI S, 5 1999—2014 £ R /K TDS H4H &
BT Y .
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5 Legend
il X Mountainous area E= b Desert [ 17K Bosten lake

(O & frfECounty =375 [X F-£kPlain line F=1£ 2% County line
= TDS%3 X 52k Boundary line of total dissolved solids

R [ 45 Total dissolved solids/(g'L')
<1 C=1~3 EE=3~10 El=10~50

B 3 1999 #» 2014 3 F KR Bl ko R B
Fig.3 Distribution of total dissolved solids of groundwater in
1999 and 2014

F 5 AREMTKTDS 5 REMRSit%

Table 5 Areas of different zones based on total dissolved solids of

groundwater
L e 1999 4 2014 4F N
A s i i
Salinity/ i l:I:fﬁIJ_ Hi l:l:fﬁIJ_ Change
(gL Area/km? Proportion/ Area/km? Proportion/  range/km®
% %
<1 2011.7 33.1 22293 36.7 217.6
=1~3 1596.3 26.3 1511.8 24.9 —84.5
=3~10 1395.3 23.0 1262.2 20.8 -133.1
=10~50 1069.1 17.6 1069.1 17.6 0
11 Total 6072.4 100.0 6072.4 100.0 0
3 W it

BT J5 X TDS B{H 1 1999 4F 7 170.0 mg/L )
PG4 2014 4F 589.44 mg/L, HLSR 2014 EAMILL 1999 4
TDS W] F RS, EEAE 1999 4F LUFTHT A i Ml
KW TDS ¥ K& B b R K I 2 /K T Ax e
(1000 mg/L) , 1999—2014 443 ¢ I FFAL 1) TDS
g3 CLR I R K T 8K btk B2k 3] V 28K TbrifE,
TDS TV T J5 D b T 7K K5 1) = 25 R - — e
o, N T K TDS B0 R 3 = 2R BRI (b
FAOKTT AN ETE MR RO IREE) R IR %
COME S ARG D 2 KK,

1) BT IR IX R K 2 ER T 1L, ) Zth
SARAL TSIV, FP IR DR R K 32 BK S R K

AN o ARAE 2014 45158 70 1T JRU X Hb R KRN 45 2
8 M KKK TDS ¥MEH N 214.13mg/L (175.40 ~
294.90 mg/L) , HuFIK H il DXk AT T X BLJS TR 7K
Wb FEREIE R WERFEBUR RS, RIS E X 1
KN AR EHEAKAR A, FEOPIRIX 3R A TDS
WREARW T &, i B34 195.50 mg/L T &5 Rl &b
20620 mg/L ; °F J X Hb N K TDS £E 209.10 ~
1811.00 mg/L 2 [f], ~“V-¥J{EN 598.44 mg/L, i /K TDS
SPRERE K TR K, U0 RS B S T J5U X 43 b R K
W TDS i i J AN H T Hb R K RS T 88

2) PR DR R AR KK TS T8 7KK I I i R B
BtV IR IXCH R K IR — IR S TR, B2 2
FRs bR A, itk E S EORIR S K2 R
FETHE, T A 2 45 0 T 200K, VAl T K RAS
A 7K E, X B85 5275 Ge v /K Bk 2 R R K 2
AL AR BEAT 1K B A 5E 41k, 3 2R A UK,
K TCAN I P 785 7K B3 2 7 s 7K AN W 1) 3 2 7 s 5 7K 2 A
o4, SEH TKGEMINEZIEE; BEAHT R H
F7K TDS ks i it 8 AN FUKES A e < a i
WA CRFFA 1S AN, HbRs 4 4, K2 26.7%) X
B, TR BRI ALBRER, 5 TG Y1) 13 1E
FITH .

3) BB ZAEFFKE 47.3~75.0 mm, Z4F
SR FE K 1 887~2 777 mm!'®. 2000 EH T K TR
1.25%x10° m®, 2011 4EHL R/KIF R 6.92x10° m®, HTIF
KA RN, S 20 R KK 1 2000 4F 4.98 m R [#
£ 2014 4 7.34 m, Hu F/KPEIEES] 2.36 m!'%, Hh N KIE
W5 TDS 2R A — e R Lo RBm NS, iy
T TR KA SRR BN 5 K 3 35 FK SCHER
PE2E IR AR, AL R KRR T 6 5 IR B 1 &
GRS, R KA B AT 5 K 2 AR, A H £
Sy TRRRE Re WS, AT 3 /K Hh s A 1
BT AR, il K TDS 40, {ESR AR T
VEI R /K TR BRIRET « iR EE I A R 3 I, A58 22 (R4 5%
BITEEAM R KA, ffH R K TDS 3, IXSeE ] =24y
TRV IENE ] . B0 R dhys >0 [l it R /K
B 2 AINHRIRAS, FEUK IR GG B TDS 350

4) B P K RAEA A EEM R, EE T
JAE R A, dEim AR R OKTEIR R 4P, IR
B WAL I R e, oMb R 7K K s B AR 35 v 7Kl s i
SERE A T RSN S KR et R ORI MR Y CpraR e
TP S G NS R (2006—2010) )
£ 2010 “F 55 5 75 Hh P I X v K HE RO R IR 2
1251.0x10* m®, o TV R K HEBUS 5l 751.0x10% m?,
FEEEAN A AT KA B AL, AR R TR S 5 AN
AEFREATHE, UK SO HEAML Rk ZEREY5 K HE
TS 500.0x10* m®, AR HE A BLis K A HEAT Ak
B, AHE TR A e, T EGR v K T HE
IRV HE I B i NS PR AR TR 9.345%10% ¢,
TR EE i DL B AR O T, BRI 2 R AR 5
P A YUIERE EIE R, i3 I M R A U TR A )2 51
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W2, WIS ER I T ANBIRA 575 K,
Tl ARE CIRIR Sy Ca®'y Mg itk TDS THat® .
K, BB EX M NK TDS THE M L8 H N —
SR AT R TGS, X5 TDS 1 CIRI SO% (Fik
RB R 0.964 F10.963) 5 SHU YIS .

4% 7

1) 1999 1 2014 45 J XM /K TDS 22 5 ¢ ki

SiRFRT, 1999 41 2014 I F/K TDS 22 54 it 2
(P<<0.01); 5 FIFH B AR 7 M 45 R W] TDS %

FRPIEF I Cr A RIE 7 K'+Na 505 h
W, SPETEDREZKICN CI> S0, >HCOy, S
BT E YR K'+Na™> Ca® > Mg

2) 1999—2014 EEE DI TIE X F/KE TDS X
AR S EL R P RRAES, 5 1999—2014 ALK
TDS HE 5 TR N o

3) EE AT BRI R AR N RN RIGE) (fk
M T 5 AT Bl DL S R KA G BETFRD S 5
H R 7K TDS 2L 322 2 MR 3=

(& % X W]
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Spatial-temporal evolution of total dissolved solids of groundwater in plain
area of Yanqi Basin, Xinjiang

Zhao Jiangtao’?, Zhou Jinlong'***, Gao Yexin?, Zeng Yanyan'?, Li Qiao'?, Du Mingliang'~?

(1. College of Water Conservancy and Civil Engineering, Xinjiang Agricultural University, Urumgqi 830052, China;

2. Xinjiang Hydrology and Water Resources Engineering Research Center, Urumqi, 830052, China;
3. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang 050061, China)

Abstract: Yanqi Basin is one of the most important oasis agricultural areas of Xinjiang. But the ecological environment of
Yanqi Basin is fragile, which depends on groundwater resources greatly. To study the spatial-temporal evolution of total
dissolved solids (TDS) of groundwater is of great significance to groundwater exploitation in arid areas with fragile ecological
system seriously affected by human. In order to identify the groundwater pollution status in the plain area of Yanqi Basin, 42
groundwater samples was collected in 2014. TDS and concentration of anion and cationic of the 42 groundwater samples were
tested. T test was used based on the observed data of groundwater in the different periods of the plain area to determine the
variability of TDS. The relationships between TDS and macro anion, macro cation, pH were analyzed with SPSS software. The
results showed that TDS of groundwater was mainly affected by SO,>, CI', K'+Na*, Mg*" and Ca**. And the TDS were highly
correlated with Cl" and K'+Na". The correlation between the TDS and macro anion was highest, followed by CI, SO,*and
HCO;’; the correlation between the TDS and macro cation was also high, followed by K'+Na', Ca*" and Mg**. Zone map of
TDS was drewn by the MAPGIS software. In the temporal scale, the average of TDS of groundwater was increased then
decreased and increased again from 1983 to 2014, and the average value was 305.0, 1773.1 and 589.44 mg/L in 1983, 1999
and 2014, respectively. In the spatial scale, the TDS of groundwater evolved horizontally from piedmont to the plain area. The
TDS of groundwater increased from upstream to downstream. Influenced by topography and hydrogeology conditions, the
main hydrogeochemistry action changed from strong runoff to slow evaporation gradually. Area of groundwater with TDS<1
g/L showed an increasing trend but a decreasing trend from 1999 to 2014, which was consistent with downtrend of the mean
value of TDS from 1999 to 2014 increased from 2011.7 to 2229.3 km®. There were 2 main reasons causing that change of
groundwater TDS: 1) The groundwater table dropped from 4.98 to 7.34 m from 2000 to 2014, which prompted the solid phase
calcium and magnesium soluble salts, insoluble salts and exchangeable calcium and magnesium in the soil and the lower layer
sediments transferred to the groundwater; Meanwhile the increase of the groundwater table in the plain area led to high solutes
concentration; 2) Urbanization had the great influence on the groundwater system. It changed the original land use patterns,
and then the groundwater circulation system. And with the development of urbanization, industrial and domestic waste water
increased year by year and could infiltrate into aquifer. The discharge of living and industrial waste water led to groundwater
pollution, which was consistent with the dominant role of CI" and SO,* in TDS. The study provide valuable information for
understanding the condition of underground in Xinjiang.

Keywords: groundwater; pollution; chemical properties; total dissolved solids; plain area of Yanqi Basin; spatial-temporal
variability
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