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Fig.1 Study area and the locations of the sampling sites
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Fig.2 Hydrogeological map of the Dunhuang Basin (the location of the profile A-B shows in Fig.1)
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Table 1 Physical and chemical parameters and trace element statistics of groundwater and surface water

- HiF K (n=19) HF2IK (n=4) WHO  PEIK
Rl R Ty AR RE% Fefik s Ty AR RE% B IKBRAA
(4 Be 1.51 6.85 3.95 44.04 2.00 3.10 2.53 22.93 0.2 <2
L Sc 1.56 6.71 3.79 107.70 1.70 2.55 2.06 19.57
; A% 2.03 92.60 23.87 86.57 4.49 15.00 9.79 44.82
: Cr 9.73 80.00 40.19 43.11 18.40 23.40 21.02 11.47 50 <50
Co 0.09 0.62 0.23 56.73 0.06 0.26 0.16 56.19 <50
Ni 4.53 21.50 8.07 49.64 2.67 5.03 3.70 27.39 20 <20
Cu 16.90 70.60 32.64 43.48 13.30 22.10 17.12 24.97 2 000 <1 000
Zn 10.80 47.90 28.50 37.16 13.10 19.10 15.67 17.51 3000 <1 000
Rb 0.89 5.62 2.64 51.89 1.31 1.96 1.62 17.61
Sr 542 4586 2217 54.05 571 1388 889 42.15
Ba 12.10 74.30 31.53 44.40 31.30 65.30 49.53 29.87 700 <700
Mo 1.80 37.20 8.77 95.55 3.56 5.59 4.51 21.34 70 <70
18] 6.09 40.80 22.29 46.16 4.99 19.40 10.59 61.47 10
Pb 0.07 0.36 0.16 46.87 0.07 0.26 0.14 63.34 <10
pH 6.82 8.30 7.66 5.00 7.95 8.60 8.35 3.56 6.5—8.5
EC 733 4330 1834 50.91 614 1419 930 39.14
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Fig.3 Dendrogram of cluster analysis
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Fig.4 Trend of the average values of trace elements in three groups
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Table 2 The trace element statistics of shallow groundwa-

ter and deep groundwater (unit:pg-L™)

HIZKWIN=11) RIZK(N=8)

R T T SO T TS
Be 2.36 7.04 450 1.51 6.35 3.41
Sc 2.87  20.90 5.51 1.56 6.71 3.49
v 820  92.60  24.82 2.03 3930  20.24

Cr 23.60 80.00 44.11 9.73 56.00 32.27
Co 0.13 0.44 0.23 0.09 0.62 0.23
Ni 3.99 21.50 7.30 5.88 12.70 8.30
Cu 16.90 70.60 28.64 21.10 49.60 34.85
Zn 17.90 47.90 26.72 10.80 45.10 28.45
Rb 0.89 5.45 245 1.32 5.62 3.03
Sr 940 4586 2114 542 3825 2067
Ba 12.10 74.30 32.04 12.40 54.40 3141
Mo 2.18 37.20 11.73 1.80 8.29 4.46
U 10.40 40.80 21.18 6.09 40.30 22.46

Pb 0.07 0.21 0.12 0.10 0.36 0.20

YR, A3 e DA - 8RN S o SR IR (3R 3) L LA
LR U Z 8] AR OC R BOERE (R 4) , 25 G K
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Fig.5 Trend of the trace elements of Be .Sc.Mo.Cr.V and Co with the depth of the well

SCHBBR AL AT, JEEBF Y X KB T R v M EAEH . ZAEHZESBURE T KA E
PIRCEE o ARG 7 22 50 U R IR AT A0 e Ry B R L FUR SN AL o T R IX, 2K R TR
EER T 1 ERSA 44, HorZomkR2 a5y 20, ariAmiss TAE B N, 28 R4 2 S 80U T K F
41.92%.15.74%.10.65% F18.92%, BRI Z5Tik R & & FIREW KA E LR, 15 1Tk Kb 2228
KRN 77.24%, & TR HOES R AE A AR R R AR BT I AR v ) CURLKRFE AR . CU7E AR A

AR, rPi R TR K CLE AL S B3 i 78 ik
331 EARGBRAKEHEIEHR Ve, 258, V.Sr.Cr.Cu.Zn Nifll Cl' B F

W D] for 28R B m] LA B — By RIS fE R 3, B3 CIrRy g R R (. 6) , i
(PCXF V. Cu Ni . Sr.Zn M Cr[Al i BA BN E XL AR LI . DRI, P A AR 5 B
A IE 1] frf 2 42k, % Co U Fl Mo BT — M I IE ) BFE/R T e mmE— R R ——2 R .
iy o HEWTIZ AL R R ST DX RO seE RSRTSCRIBT A R — 2, Bl — L8R LR (Cr vV
AEJE R A p P RILR] , B2 2R i fE I RIK S Mo) VR BEBE G JHERHS I A% . R 2808 71 i




55 2 3] A4S

FURLRN T K B T ER A R SR A

115

R3 ERNEHMESHONERS =
Table 3 Principal component loadings and explained

variance for the components

FAE B BEAE S I 30 2% ) — AN S, 33— 2015 B
ERME T EEEM.
Sr.Cu.Zn SO, HA —FHy s (b HiA, 3 ot

Eas pct  pe2 PG b KBF SO. HH TS (K] 7) , e HE 5 B 7
pH 0259 0863 0140 0025 WIAEHER TR AR TR . Sri AR Cat
Be 0.488 0.716  -0.082 0.247 FISO. HyAS b %3, b % Ca® F1 SO. ™ [l 14 T
Sc 0.124 0719 0362  0.365 WK, AT, Sr 5 Ca W IE LT[R 4, it Sr
v 0927 0118  -0.184  0.033 AT & & Cany™ Wb 4, 455 TE MR L 5
o oa o105 ousa  oosa  FRERLHUKHET K Srity EEHUL. BT R
. i oosl omes s ERHLSTLIB TGS AN T OK B R
Ni 0.881  -0.224  -0.088 0.185 Rrh ST bR TR Ca P RATE DR ™.
N U <-4 ¢y o T ST P R
FH AR T, A8 PR A 1 R At & AR T AR R A
- PRI 00 R T e, B R K g Se AL Cu i Zn MO R
K 0403 00780300 0SS ) 0.78 (5 4) , B A G 2 T RE A ALY
St 0841 0008 -0.068  -0.33] FERIE R, Cufl ZnJd 726 STUR , Wi ALY sl i
Ba 0127 0.031 0851 -0.265 PRI H s S XM AOTER ™, B HEN Cu F Zb 22
Mo 0.514 0213 -0.130  -0.578 WA W) EL R AL TR RS k& T 28 Kk
U 0.677 0224 0563  -0.139 55 . NiFI Cu YA SR &7, A R 565 0.90
Pb 0296  -0.575 0049  0.538 (F4), REXITTREMEMTRAR B2 EANTE
FHE(E 6.289 2.361 1.598 1.338 TN R S AR R TR
rmiae e 15w toeso  som  ARZMVERIRIURLELAT HERATRLE P B L AT S SR
HPUF TR/ % 41924 57.667 68318  77.240 ﬁx@ S PR Y DT A L 1T B LA fRLRY 531 X
P ZE BT B s E AR T AR R
x4 WETRBEXRHIER
Table 4 Pearson correlation coefficient matrix of trace elements
Be Sc \Y% Cr Co Ni Cu Zn Rb Sr Ba Mo u Pb
Be 1.00
Sc 0.54 1.00
\Y 0.49 0.12 1.00
Cr 0.62 0.14 0.75 1.00
Co 0.38 0.35 0.54 049  1.00
Ni 029  -0.01 0.87 056  0.51 1.00
Cu 030  -0.06 0.83 053  0.54 0.90 1.00
Zn 042  -0.02 0.74 0.56  0.62 0.67 0.78 1.00
Rb 0.25 0.31 0.53 032 017 0.51 0.31 0.18  1.00
Sr 036  -0.05 0.72 067 059 0.62 0.73 0.69 0.4 1.00
Ba  -0.09 013  -027 -029 016 -0.15 -029 -0.06 009  -0.08 1.00
Mo 0.19 0.06 0.55 030 041 0.40 0.44 030 0.06 059  -0.02 1.00
U 0.07 0.05 0.51 049 0.0 0.50 0.41 0.55 039 0.58 0.32 021  1.00
Pb  -005 -0.12 0.13 008 029 0.48 0.44 0.10  0.14 010 -0.12 -021 021  1.00
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The characteristics of groundwater trace elements and its
controlling factors in Dunhuang Oasis

He Jianhua, Qin Wenhua, Guo Jiabing, Chen Peiyuan, Ma Jinzhu
(Key Laboratory of Western China’ s Environmental System (MOE) , College of Earth and Environmental Sciences, Lan-
zhou University, Lanzhou 730000, China)

Abstract: Multivariate statistical methods and hydrogeochemical analysis were applied to study the distribution
characteristics and its controlling factors of groundwater trace elements in Dunhuang oasis, Northwest China.
The results showed that most of the trace elements were in low concentrations in groundwater, the groundwater
quality is generally good. From the recharge zone of the top of the alluvial fan, to the runoff and drainage area of
the fine soil plain in the middle and lower reaches, the content of most metal elements increased, and some of
them appeared maximum values in the middle reaches. Sr, V, Cu, Zn, Ni and Cr were mainly derived from
evaporation and weathering effects of the aquifer. While an anthropogenic source including agriculture pollution
and industry were identified for Sc and Be. Meanwhile, the distribution of Pb reflects the input of atmospheric
deposition, and the oxidizing/reducing conditions within the groundwater in some extent controlled the distribu-
tion of Ba.

Key words: Dunhuang Oasis; trace elements; multivariate statistical analysis; groundwater



