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Abstract GmndWéter is a v1tal resource for local human’ f’fe and produgtion= the oasis zone of the Cherchen River Basin of Xinjiang. Understanding the controlling factors of
groundwate‘r salinization and pollution is of great significance for the sustainable utilization of groundwater resources and protection of the ecological environment in desert oasis areas.
In light-6f this, a total of 36 single structure unconfined groundwater samples and 54 multi-layered structure unconfined and confined groundwater samples were collected from the
oasis zone of the Cherchen River Basin and evaluated for the distribution characteristics and pollution status of major ions. Hydrogeochemical methods (e. g., Piper diagram,
multivariate statistics, Gibbs model, and relationships among ions) were used to determine the main controlling factors of groundwater salinization and pollution. Differences in
hydrogeochemical zonation were found from the single structure unconfined aquifers in sloping plains of piedmont areas to the multi-layered structure unconfined and confined aquifers
in alluvial-proluvial plain areas, and C1-Na (87.8%) was the main hydrochemical type in the groundwater of the study area. The quality of single structure unconfined groundwater
was starkly better than that of the multi-layered unconfined and confined groundwater, which was mainly caused by Na* (mean value of 9 969 mg L"), CI" (13 687 mg*L"), and
0,7 (5 840 mg*L"). Moreover, the natural hydrogeochemical process was the main reason for the deterioration of groundwater quality. The hydrochemistry was mainly controlled by
the water-rock interaction and evaporation processes. The mineral dissolution of silicates and evaporites was an important source of chemical ions in the groundwater. Furthermore,
the chemical weathering of evaporites combined with the processes of evaporation and cation exchange had a significant influence on the salinization of multi-layered unconfined and
confined groundwater in alluvial-proluvial plain areas. In addition, synthetic fertilizers were the main pollution sources of NO7 in groundwater in the intensive agricultural zones.

Key words: Cherchen River Basin; groundwater; salinization; pollution; controlling factors

Hb T 7K 2 A BROK SCHE I 1 — A~ 5 B R L KO L i K B G A [ DN A A HGE L R A
FCOK T i B 3R B RS R G W RGBS L e Hb 27K G YR AR X B 2 0 T Rl T R X, R K
A AN B AL . SR, P K IRBE AR 2 FUE MBI 595 Y i S 28 Xk 6l X A N SRR L A
T R M B NS B TR R K AR B 2 R R PR SRS AR TR R e — R T A
AN A AR fE BBk T R b ER AL SRR
BE—ERES T E b2y R Bk T W B : 2023-03-21; 83T H A : 2023-04-08

E€WAB: X ARE=E4TH (42067035)

KN HEAS GRS - RELSEHL LB EEEN: FE0990 ), B LB BT R BB
1] R b R K FREE |, E-mail : lipshydro@163. com

7K ﬁ % Ij] Hlﬁ 5 i& ﬁzﬁ IETJ ﬁé 7@5 //l\ T ﬁf iFIJ };ﬁ f@T 7j( VBZ‘S % * E{EEH , E-mail: zjzhoujl@163. com



208 E78 5

B 455

1 B 5 KOG IR B 22 0] B P JE . R A 8 LT K
AL 5 T5 G i ML, SR 2 BT HL R K IR B
HEH T BB R R R Rk T R XA
K-Ft - AT Rra &R A TG i S & X .
T KA 2 21 4y 32 5 A7 R TR RN AT RS i b o R R
iR W =3 B 3 N T = =X N BB S = BNy
SR AR5 B HEGX 2 K 2SN R B8 43 ok U %
HARHZE M ARG S W E LW, MREE S5
(7K A AE FH AT FE 5 2K A2 21 53 3 B8 e b 3l R AH X ke
JEH R 2 W T KAE T B UK Fie Bl i,
W SR — RN K SCHEER IR 2B, ok A AE
H L 78 Rk - i Ve L SRR AR R EE 85 2 Bk
FHEED IR Rl SR T i — 25 A5 . A R
KA 2 52 2= T8 AL |, [ P A A 38 7 Bl R 7K A2
FRAEJEAE I B R R 1 — R N8y v] 0 B 5 Ak
AL, X NIRRT R T 21 X T KA 575 G hl
PRI BL R $ AL T 5 ik 2 S i
zﬁfﬁﬁ‘iﬁl‘?ﬁiﬁ%a"iiﬁiﬂiﬁiﬂ@%&ﬂﬁm
i VAT 3 38, SR PN AT 2 5 T A 4R ﬁ%ﬁ*%dﬂﬁﬁﬁ
Bt o 7% R RN 55 R K ) T R R AR 1%_1%&[1&%'
ET?%T%?‘;Z?’FUFH%F%’%J? T}Eaﬁﬁn FIRE
i K TE 4 mmwﬂ%wnmﬂﬁm%'
@wm ﬁﬂ%mm%%f@f%ﬁ@%’m
MWJﬁymﬂoﬁwOHoﬁﬁagmﬁﬂ?yf
%%iﬂ%nmf@%mﬂkmwm%% ¥R
-%¢T&¢&¢W5em@a%w%%ﬁ EN

;ﬂWjLﬁme%%Tﬁrmw%nwﬁﬁ@pf

ﬁmkmﬁﬂﬁﬁi%wﬂ?ﬁ&%ﬁm [iEEL]
LA S A X7 B 3T 0, A% SR 46 A B T
90 ZH T 7K A 27 A it (36 2L B — 25 4 V5 K R it D 54
2 2GR Z WK R KRR it ), 7E 3 A R 7K Ak
2257 A R AR B A B, Rl A PIG (pollution index of
groundwater) XJ % DX i T /K #4715 G PE A, F HI K SC
H R A 27 7 1 R0 Z2 o0 G it O v G i E L K A
1 A5 AR DL Oy 42 R BT el i b K R
575 Ge it e Rk 24 il

1 MR5FE

1.1 B X HEDL

HF 5% X 5 AV e 1 S A% 58l IR N 2
SR H AR BB, M A O AR 42 83.75° ~ 89. 677,
645 36. 197 ~ 39. 81° (& 1). A X g i 47 KBk vk 1 5
S AEHORZ N 10.1°C, H IR 255 15.9°C. 4F
PIRE KA 18, 6 mm, o i /MERE KR E 1.9
mm, T 235500 77, }Emlﬁr‘éﬂF:’%E 5 RN S A
M, FEUEYZE R R L 2 506. 9 mm. [F = H K

HAE KRMZE R, INZ 2 RATARILN, BT
HWFR X B2 | TR R KA, X
P 7 vb 1) VY g b DX A B R, — o R R AL T
e B A H R B GAl ARE . EREEIE
ARBEWARMEBE KRB R, ZHFEFHRHEN S
2w AN R TR L R K A K R R K
KOV R R D N N g =i [ o o e = R [
AR I X e R L e T SRR IR A L X
PN I AT PR ) A A, 22 S O AR A HIOME AR ) 7
L oa MEFEE S BT AR £ IR A R 2
A VR A TR A (1), 35 K ZE 2R A K]
31 43 Ay 1L B AR B P B — 235 A s K R e AR
1) 2 2 45 T K - 7R R K o R KR 24 F 0.8
~ 165 m"™ b T KRR < 5 m (R IX 3R A X P R T AR
[ 64. 6%. 7K 43 A T LT ABUR-F I, A XA T

Bt AR B RV B IX ﬂﬁ?mi%%%ﬂéiﬁi@ﬂ
K TE . RAKHEBKA L AW ﬂﬁﬁ/iﬁ

ﬁ%ﬂﬂmm’iﬁﬁﬂi ﬁ,xmfﬁmﬁ:ﬁﬂifiﬂﬁ/?’
%U&FmFﬁikﬁ nLEEEm%ﬁ%t
A ﬁﬁgﬁimﬁﬂﬁzﬁwﬁx f
1.2 #mx%ﬁ?(ﬁ“l h £
mﬁﬂﬁﬁ@ﬂﬁﬁﬁhﬂ?@@im%%
/\K#{ﬁﬂ]m{: fli/]\@ff/}lui"ﬁazf(% ﬁ‘mlﬂ?,ﬁz‘
ﬁm?mmﬁﬁﬁ%%Tmﬁmmmﬁﬁxﬁ¢m
S 7D 391 5 K 42 RT3 A
L SCHB R OB 1A 2 R AT AT 3 A B L T
2014 ~ 2021 4E R A5 B K AL 2F R 90 4, Hovh e
— G VK RE B 36 2L CLL R4 P ), 35038 43 K
A I M A KT B 59 X T K AL R A s 2 R 4
WK - 7R R K TRE i 54 21 (ot P BT ) 336 985 43 B
TR I A R A T B X K Ak 2 R
(PR 1). 2 5 o T 10 o 3 S B 7 S 55—k
S TR A A b B 2 58 . SR i £ B0k Rk
AL (HANNA , HI9828) J5 o7 & I pH 48 b , R I K I
T T WA 43 96 V6 BE B K T K Na™, SR FH 2 — e 2,
A R Cat R Mg, SR A AR A A
W CI, SR FF B i 400 ot 3 6 0 SO, , SR F T Bk 7 o
K HCO, ™, 2R 58 4143 e Y BE VAR I NO S, SR 5 1
B FEL AT T R SR T 08 e TR 0 0 A
BV (TDS) . K A2 R 5T 25 FURE L 25 I AR A
FOVATRE B o S50 B T K I 245 S 1 7T 5 . Kk Ak
B R H A SF A5 1R 22 [ % CBE, 20 (1) 146 36 46 I 4%
S B A
S HET - DT
SHET +> HET

%CBE = x 100 (1)



1 4] AL IR A IR BT AR R YA R KR S s e R R 209

145
O HWTKEMEA —— REKEKRL
© RiifiE — gl X
300 | BATHLR P s T X

5 T

— ey [ . r e -
'SNvs V. mi/ I$ﬂ< st T R R 8 15 B xmﬁT 2 & et
= "'F P‘ i 1 Distribution map of »g‘i?flhdwﬁér sg.mp_lmg sites and hydr(vUt‘()l()glLd.Ldldgldlil of (‘;her(’hen River Basin | :;""‘ﬁ

l' 'I I'

JC-';F' zﬁﬁ %%%Fﬂﬁ??ﬁ*l( ,N? \,Ca WMngi?
'w%mﬁ %%mmﬁmm /,
HGO# | fi"o %u F./f&
(-6. 4% ~ 4. 2%) A SHEBE T 109%™
1.3 MR K55 Em

PIG PEA 12 5t L 1 Subba Rao T° 2012 4E 42 111
27k EE R TR 2 Rk S Bk 1k 2R 5 800
R AR AR AR Bk R R4y o 5 4 1 e e
& IKAL 48 K75 B9 RW (relative weight) , 35 £ 7K 162 45
FRXT AR T TR, T 1~ 5 Z ) RAE , AUFFE Y
RW fH £ % ik [15] 5 Wk, B & WP (weight

parameter) , % /K AL 2EFE AR 0 WP THSE A0 T -
RW

WP = (2)
S RW
%5 3 47 i£ SC(status of concentration ) :
C.
SC =— 3
DS, (3)

o, C R A PP M 46 A Y S BRI VR B2, DS, 7R Tk
FH K b5 o BRAE L 45 VEA 48 45 19 DS, 1 2 2% (Hb T K i
B AR ME) (GB/T 14848-2017) T 2 7K B AE A1 AE 16 A H
K TAE FRE) (GB 5749-2022) FRAE ™, 3% [ /K B A

S o KR B m%cﬁ/

.ﬂ' i

] i T
AR A DS 0K F 015, I
55 49 4 K AL 520 bR B0 WP A SC I
fifi .8 OW (overall groundwater quality ) {H :
OW = WP x SC (4)

5 K BTN 1 B R K AR 2 R AR Y OW (E HE AT
S0, AR T KRR A e X PIG (H -
PIG = > OW (5)

AR BB 2 BB W #E 1. 35 Subba Rao %5
() 1R 7K TG G A8 G R o AR EST SRS K AR 2 4R bR
(OW) i #b T 7K B AR BF e 25 4L (PIG) W] &l 43 24 -
OW/PIG < 1.OBI A LM B I5 5 ;1.0 < OW/PIG < 1.5
MRS 5 1.5 < OW/PIG < 2. O iG55 ;2.0 <
OW/PIG < 2.5 Bf J & 75 44 ;2.5 < OW/PIG B 2 &
5 Y

2 HZREHGH

2.1 MR KA 2ERRAE

F 53 X 4 K A 2F RRAE S8 31 WL 36 2. bR K pH
SRS T 6.30 ~ 8. 43, ¥{EH 7. 85, Z & M % 55
PEAK , B — 25 Mg WK pH (8. 05) W 1w T 22 )2 45 K -
R K (7.72). p (TDS) & 4K 4 F 423 ~ 359 376



210 % om0 B 45 %
®1 PIGHHEBRIEXSHIE"
Table 1~ Values of parameters related to PIG
&b pH TDS K* Na* Ca™ Mg™ cr S0, HCO,” NO~, k- Gt
RW 5 5 1 4 2 2 4 5 3 5 5 41
wp 0.122 0.122 0.024 0.098 0.049 0.049 0.098 0.122 0.073 0.122 0.122 1.000
DS 7.5 1000 10 200 75 30 250 250 300 45 1.0 /
IDNAE VNLEEE I PS &/
mg L7 S {H D 31 407 mg- L7, Forp A — S5 OKAE O MISO, (2. 15, 28 5% R B0 32 78 1) JUZFE iR, X
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F/ME/mg- L7 7.14 4.96 39.2 16.7 9.57 35.4 105 455 036 034 423
LSS 1 hEVIN K /meg- L7 8.05 40.2 483 111 102 711 667 221 9.08 1.69 2345
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R AR T A (T2E) 6.5~ 8.5 / 200 / / 250 250 / 88.57 1.00 1000
A TR R R K A R o 6.5~8.5 / 200 / / 250 250 / 4429  1.00 1000
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