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DU Hao-lin' WANG Ying' ", WANG Jln song , YAO Yu-hi'? , ZHOU, Nue?, LIU| Xido-yun', LU Yé-ling"

(1 Gansu Key Laboratory of Arid Climatic Change and Reducing Disaster, Key Laboratory of Arid Climatic Change and Dlﬁaster
Redu‘(ratlon Lanzhou institute of Arid Meteorology of Ghina Meteorology Admmlstrdtlon Lanzhou 730020, China; 2. College of
Meteorology , Lanzhou Resources & Environment Voeaﬁona-}—Teo_hlrff’al College, Lanzhou 730021, China; 3. Hubei Key Laboratory for
HeaV}.f Rain Monitoring and Warning Research, Institute of Hoévy Rain, China Meteorological Administration, Wuhan 430205, China)
Abstract: The Qinghai-Tibet Plateau is an extremely vulnerable area that is sensitive to human activities. In recent years, more and
more human disturbances have been detected in this area. This study analyzed the spatial distribution and ecological risks of 7 heavy
metals (Cr, Ni, Cu, Zn, As, Cd, and Pb) in two regions, namely the Bailong River and Yellow River and their two tributaries (BY
region) in Gannan and the Yarlung Zangbo River and its two tributaries ( YZ region) in Tibet. In terms of spatial distribution,
concentrations of the seven heavy metals were higher in the east and lower in the west of the BY region. The average concentrations all
exceeded the background value of the Qinghai-Tibet Plateau, especially for Cd (4.50 times) and As (2.83 times). High Pb
concentrations were mainly found in water, urban and rural residential land, and industrial and construction land. In the YZ region,
heavy metal concentrations were lower along the river, while high-altitude areas exhibited higher heavy metal concentrations. The
average concentrations of Ni, Zn, As, and Cd exceeded the background values of the Qinghai-Tibet Plateau, especially that of Cd
(3.13 times) , which mostly exhibited high values in water coverage areas. The geo-accumulation index method and the potential
ecological risk index method show that the degree of As and Cd pollution was relatively high in the BY region in Gannan, with the
greatest potential ecological risk occurring in the water coverage area. In the YZ region in Tibet, the degree of Cd pollution was high,
with the highest potential ecological risk also occurring in the water coverage area. This study provides significant guidance for the
environmental protection, sustainable development, and utilization of soil under different types of land use in the Qinghai-Tibet
Plateau.

Key words : Qinghai-Tibet Plateau; land use; heavy metals; ecological risk assessment; typical watershed

TR IR R FE B RS, R A RS ORI A R R 3R RS Y bR R
PAAEAF I R, AR, HIEER &R 5 Y Oy ik 16. 1%, Hr DITeHLis ek 32, B bn i 5k 4 E i
UL PRI SER AL fh T30 R 72 S BT e A Yris BHA: 2020-12-15; 1&iTHHA: 2021-02-23
PESR TR HORNS FIERE M AR bE Bl 1A memBE. & w7 s 8 4 o B 2 % % BF % W B
Y- AR B KR SRR eama, foin 1%13(3)6??,9-; B, B B E RO Y
N AN YNG4 AR ) Aok Ry N R E 2 T 4 R A X B PR KU BE A, E-mail ; kydu2333

@ 163. com

AOFRGE | g R T A e ) i B R 2014 4F 4 * {EE , E-mail : wangyn924@ 163. com



9 4 FERFRAT ;T8 L

Tt 8, - S T < SR o A R B A S KU DAY

4423

82.8% " ML, Tk H + e T 4 R 5 Y KB R
ARZ . AR [ P 56 T+ T 4 PO F 5 3
BEPRTERRIT = MU AL Tl 3k KT =/
PR AT A5 DX T G S X B 1A Ay
S B P 7 G D5, LG T T 4 O
TR

T JHC 5 S A IS 26 , THRULT I, b 9% i 7, -
WEH4 000 mk I, A BV J5% 25 ) 2k 4 b ko
I WA T PR e SR T LN Tl AL B 2 | 1 R Y05
(TR RIS = =7 i % R A b, 5 37
MR LA GO Z R~ ERENE SRS
YelT S ILA-4E K, BTN 5 R 22 b o X 7 7
IR A B HEAT T AW 15, BT IR 2 R
RIFIBIFSY X d P T 4 T 2% 119 ke A7 7 52K 1 2%
S, E ARG A A T AL A 2
RO FH " AR R T Y 5 09 i DA PR
IRASR AR IR (LR A
BT VR SO B R RS AL B, X R T
Nl RIS X B B D B TR 78
iDL 2 B A 2 R R T
ﬁﬁ%%m@g¢%ﬁ%&§w$@ﬁ%§gﬁp
I DX - T T o Y R DX T A X
A R 2 2 T U S R P 1 K
TR s , RSB VRS i Pl

PR g . 5350, o il UL

VI L SOV 27 S5 B T (1 G L
AL, 7 SR A, B2 7 I i 25 V5
K B BRI T 7 - e 2L R AR T
A T 4 A LA T A S (A )
R, B R R0 74 LS S — LA S A TS
B R S B RT3 HE, 71 e R SR
B, RRE A2 LR A RATE . 44775 R S5
HAERWEIA T, A7 R % R T H Ay
MO R B A AR R IR R A
S N o SRR T i
GBI B 75 e W T 4 E
F 53 FIAE S O T RERE D PRt 5 R IR - A
PR TR - 7 4 B 4346 O 5 XL
FUAT RS S B, TR M RO L A
[ SRV DA 13 S /b, LA G JE e 6/
SO, XA P AN ] ) P2
[ 95 YA 5 XU PP i B 2

T 9 Y 7 B AL i
2o 3805 — 0 B 1) 55 I 3
BB I TH G I P S K IR B
SO 7 2 T3 A KRN X

IR URARALTE Y H i A B 1 7 25 2 A R 3
A S BT o MK 0
W 5 00 2 — | AR A LA K 2 T 930
AAfk H TR R = VTR CH X T G AR
A T T L SR 1 7 R AR 4 X
S T A B — YT 9 A B R 2 2
B T S LM 43 PR — VLTI R A 7 8
5 JEUME b, P 1 368 DX BT L 20 V5 R SCAE L.
PN RS TR R A I S
R 3 25 ST T 22, P e 3 137575
HE R S % B 285 1 86 2 SR I 1 %
TRV 35— B A I H AR T, o P38
VA DS TTI 30% LI b 4R8I0 25 i 55301 45 i
FROTT VL L R A MR R PR« =IO, 77
S 8 AR M Al ) 7B B 4 B ik
A 21 T L 0 RO KA T s i S AR
25, 5 JE R )R A5 e 7 25 R 5 1 M 4
PN 22 77 2 S5 2 5 T . T O,
B T = A R S — VL SRR R
s kg R S 0 S AT R T
SR AL A, A O R U L
PSS A BB R )
S LR B AU IR Mk A2 1) 2 12 e
TR PRAE T K .

PR 3t A% S % - R AR 3l 1 2%
S L= S AR — VL 3
HEATHESE, 2381 Cr, Cd, Cu. Pb., Zn, Ni Fll As iX 7
2 AR ] - M A P 10 A 45 4, 3T
AT AT 2 A i PR 5 2R, 0 PO A 2 XL A ik
L SRR A8 % T DX T 4 i DU, A A
AT T AT S SR MR 1 b IX - SRR e ) T
S TRIREEAT g, LU DR M o 4 M 2 25 R
LR IR I %

1 BRI

1.1 B X

R VL =R R i AT S kA R
ERTIESEA PR R/ A = B AR LE - s AW M M
SR A T S H: S i 19 Y AR A YT, L
ARHEBLANEE 1 FiR.
1.2 FESCRER ST

2020 45 AEEHBE“ —IT =" R4 T 34
A EHERE S, 2020 4F 8 H AE U — VLW I 4
SRAET 20 A HIERESL (B 1) SRAEM) R 3ERES A SR
A5 R BRI R AR N8R A1 45 24 ), 426 DU 37 B £
WE S o 200 H 0P, R T K HE B R



4424 % om B 0%
x1 HARREHR
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Table 2 Classification of heavy metal pollution levels
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o e
) L (B 2 R (HE) 3G(HEE) 4 g (gl T
E! <40 40 ~80 80 ~ 160 160 ~320 >320
RI <150 150 ~300 300 ~ 600 600 ~ 1200 =1 200 §
s . As fl Cd Eﬁﬁ%ﬁkﬁﬁﬁﬁi%%ﬁﬁm
2 HR5ITR % o
{E,Aﬁhu CA (3.3 ) B 8.3 7 M &R &
2.1 hHEH G E A ] AR AR L BRRE LS SAAMLE, NiL Zn, Ay %ﬂ_@“d i

%ﬁ%ﬁﬂﬁﬁfrtiﬂwﬂ P4 EcR Y
g4 o AR — g
Em$ﬁﬁﬁ&ﬁﬁkl%i%ﬂﬁﬁ il
. Cd ﬂ%u Ph {5 ik 2 LA B ,\ii%%ﬂ
ﬁ%‘f%{a, Bk Cd (4. 50 ) Fn As(2.,8§ 1) W
H IR TR A I, Zn . AY ¢, Cd FTPb ity
aé‘ﬁé;ﬁj EA As(4 7345 ) F Cd(3 71 Fﬂ)ﬁi
*; %ﬂiﬁﬁiﬁ%’%ﬁﬁ*ﬁ ., Zn. AR Ph MR
B ,lgl As(8. 82 Y EE. HE— 7L ="
AR EERE SR R/ IMRIK K Cd > Zn > As

>Pb > Ni > Cr > Cu,,\EF‘ Cd J& F W B 48
(>100% ), Cr, As%nPb}%'?mr“ﬁa
(>50%). méf“ /Iwm" WL N 7 FhE 48
RO YA A I 5 AR T bR Ni
*4 BEREERRE

it

SR A R

R, o Zne2, 16 1) A1 Cd (2. S A )
E *ﬂﬁﬁiﬁ%’dbﬁ'ﬂﬁ*ﬁ li[ﬁ Zn 1 ASTHY & 3
&L Ll As(8. 70 F)iﬁc_’a% E*“ﬂlﬂﬁn”ﬁiﬂz
Vﬂ%%j:ﬁ/i‘}%' %éﬂtj(/ Rty CdSNi > 2z
> Cr > A¢> G > Ph 4K Cu . As %u Ph'3 i i
E?¢J§”’£E(l§%~50%) i Cr. Ni. Zn 1 Cd
X 4 FhEE 4 8 4R T e BRI R ( >50%) By R
ri&j( P TRIB N ARAELE Zn . Ni Ml Cd & EZ H
1 O, 25 18] S5 M o, U B AT BEAFAE Zn . Ni Al
Cd 14 555 G
P2 JEH g« — T = i 7 PR A R RS
1] 43 . 4 S 43 AT 4 A S B 2 3 1 D AR A
B, H A PR L I A ORI AR R
UL G SN R E L NN S35 L N 29 s (90 W4

wE T IEES B HERES T

Table 4  Descriptive statistical characteristics of soil heavy metals in different watersheds of the Qinghai-Tibet Plateau

T T i I Ly, RRRC DR LR ke
/mg-kg /mg-kg™! /mg-kg /% ik HEEECY pEbB iR

Cr 9.78 ~114.23 46.97  44.30  23.90  50.82 250 77.40 61 70

Ni 4.08 ~62.63 19.04 16.63  11.03 57.95 190 32.10 26.90 50

Hma Cu 5.97 ~36.53 14.80 14.42  5.53 37.39 100 21.90 22.60 30

j‘(;}{]’; Zn 34.00 ~574.38 129.94 90. 81 127.22 97.91 300 73.70 74.20 90

ok As 2.24 ~172.69 52.94 19.40  48.62  91.84 25 18.70 11.2 6
cd 0.11~2.04 0.36 0.19  0.45  124.76 0.6 0.08 0.097  0.35
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T Cu 13.49 ~36.22 20.67 17.47  6.48  31.35 100 21.90 22.60 30

W;‘}I Zn 64.32 ~405.52 160.91 110.35 96.32 59.82 300 73.70 74.20 90

. As 10.19 ~41.60 2.21 18.02  9.54  42.96 25 18.70 11.2 6
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Fig. 2 Spatial distribution of heavy metals in the “Bailong River and Yellow River and their two tributaries” region in Gannan
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Fig. 3 Spatial distribution of heavy metals in the “Yarlung Zangbo River and its two tributaries” region in Tibet
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Table 5 Correlation between heavy metal concentrations under different types of land use

H L=

e .
R X LE Cr Ni Cu Zn As Cd P
Cr 1 0. 502 0.542° 0.535° 0.736 ** 0. 745 ** 0. 684 **
Ni 1 0.322 0. 426 0. 392 0. 381 0. 892 **
Cu 1 0.410 0.277 0.382 0.397
HHl Zn 1 0.737** 0.689 0. 672
As 1 0.756 ** 0.705 **
Cd 1 0. 683 **
Ph 1
Cr 1 0. 455 ~0.261 -0.214 0.779 ** 0.318 -0.013
Ni 1 0. 606 * 0. 169 0. 491 -0.059 0.307
Cu 1 0. 188 -0.214 -0.124 0. 385
Hi b Zn 1 -0.124 -0.267 0. 386
As 1 -0.239 0.215
Cd 1 -0.491
Ph 1
Cr 1 0. 140 0. 428 0. 306 ~0. 104 0.562* -0.179
Ni 1 0.521" 0. 477 0.595 ¢ 0. 008 -0.125
Cu 1 0.547" 0.498* 0.256 0.120
Kk Zn 1 0.422 0. 149 0. 368
As 1 -0.217 0. 097
Cd 1 0.239
Pb - s, T -
Cr 1 0.525* 0. 677 -0.062 | 0.5247 0.208 ° 0600
Ni I 0.629 " 0. 368 0. 388 0.4427 “ 07409
Cu LR 1 0. 280 0. 770 ** 0.445* /0.531°
SRR B AR A T B P b In L 1 f } 0.1l 0.663™ /0,066 *
As ¥ 11 R 0.285  ~ @480*) |
Cd f 5 -l 1 0. 172+ &
Ph J v | Falll
A jcCr N 0,094 -0.395 . 7 0.431 | -0.272 0.582*
— /Ni . 580 * 0.016/" . =/0.503* & 0.243 0.034" L
s | iy & Cu 0.461 /1 -0.002 & 0.076 -0.104 .~
TACAE R ¥ Zn J 1 f -0, 326 0. 069 £IOT366
) ' As i 7 fn & 0. 057 20.314,
"od . 4 i 1 0392 4
‘ ~ pb £ i “ 0| 1
JN = Yy J ¥ PGB —VLF” Pl
'.n"if@,-E P 7':?* Cr | N S Gl Zn As Cd Ph
f F] Cr 1 0. 780 =29 032 0.527" 0.517" 0.923 * 0. 495
I e Ni 1 S 0.622¢ 0.701 ** 0.620" 0. 665 ** 0.122
“ Cu 1 -0.084 0.329 0. 047 -0.281
By Zn 1 0. 143 0.533 0.268
As 1 0. 385 0.278
Cd 1 0.611°
Ph 1
Cr 1 0. 831 ** 0. 153 0.463* -0. 151 0.255 0.377
Ni 1 -0.114 0. 355 -0.128 0.627* 0.217
Cu 1 0.028 0. 625 ** 0.541 " -0.036
Bt Zn 1 -0.350 0.312 0.235
As 1 0.552°* -0.127
Cd 1 0.469*
Ph 1
Cr 1 0.820 0.274 0.292 -0.276 0.399 0. 472
Ni 1 0. 503 0. 557 -0.031 0.593* 0.304
Cu 1 0.176 -0. 169 0.342 0. 665"
ey Zn 1 0. 451 0.375 0.197
As 1 0.289* 0. 281
Cd 1 0.424
Ph 1
Cr 1 0.586 0.918 0.786 -0.294 0.755 —0.647"
Ni 1 0.363 0.354 -0.632" 0.303 -0.197
Cu 1 0.753* -0.250 0.631°" -0.641"
IR AR 8 BT Zn 1 -0.132 0.414 -0.486
As 1 0. 088 0. 004
Cd 1 -0.59 *
Pb 1
Cr 1 0.343 0. 568 0.606 " ~0. 080 0.236 0.099
Ni 1 0.275 0.676* -0.116 0.115 -0.473
Cu 1 0.554 -0.126 0.511 -0.199
TAZ B Zn 1 -0.220 0. 062 -0.348
As 1 -0.432 -0.483
Cd 1 -0. 006
Ph 1

1) « FRE AR Z A REEZESR (P <0.05) , w FnHAJRZ FAWNREMEZES(P<0.01)
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“Fable 6 Soil heavy metal @tccufnulatijn indeces! in different watersheds of; thé Qinghai-Tibet Plateau

i

i I gt

5P — VLR

25 7483 ’ A 2R
| ') e [ K yﬁfggﬁf—- lgﬁ& iy it kit m}f&&ﬁf Igﬁ”‘
Cr -0.36 "+ -0.40 -0.16 -1.23 -1.67 -1.39 -1.55 -0.61 -1.31 -1.58
Ni -1.29 -1.08 -1.03 -1.43 -1.43 -0. 81 -1.29 0.26 -0.49 -1.39
Cu -1.10 -0.67 -1.14 -0.72 -1.17 -0.83 -0.66 -0.67 -0.94 -0.77
Zn 0.14 0.09 -0.01 0.26 1. 14 0.32 0.57 0.78 -0.38 0.29
As 2.00 1.28 2.35 -0.03 1.24 -0.92 -0.63 -0.13 0.22 1.47
Cd 0.74 0. 83 0.72 0.72 2.34 0.56 0.71 1.01 0.91 1.57
Pb -0.10 0.39 0.58 1.29 0. 88 -0.95 -0.98 0.70 -0.58 -0.82
2.3.2 AEATS AU 5 B0k 257.81 . 180.27 F1 183.74. P4 3L “ — VT ] 7 i 38

F 7 B[R] L MR AT 8 4R T A
DI EBRBE AT AN, AF H M« — VL =" Jik, 3=
JZA3Ed Cr, Ni, Cu, Zn 7E 5 Fh A ISR 1
b T2 B XU K-, As 7 B v A R XU HE Al
t R AR ER IR B T Hp RS K, Hod T3
AL HH b T 7 A 25 XU 48 B0 K, 18 31 91. 48, Cd
FE I B A0 TR s bk B Hp R KOS K T
FEAK IR, I R AR b e B bk 31 1 o B XU K
Pb FEZK IR 3 ek 2 1 5 B XU KO, Hofth £
R FHZR AR Y5 R 5% B IXURG AP, MR ZE 5 A 25 KU
FEEOTRE , 7 FhE 4R 7E T AL TR B XU K
S B K8 I AR T R b RN T A8 A
AL T B2 KU, FLZR G XU 45 1053 51 o 156. 30

y FNTR A

W, Cr, Ni, Cu, Zn. As F Pb 7£ 5 Fh 1 i F1] 2
T IR TR XU K. Cd 7R B Hb b R0 R K
ATV R Mk 217 B XURS K F FE K S8R T
AU Mk 2 7 B KU K F, e AR K Cd
TETEAE S S 48 B K, 58 110. 86. MZEH AR
S HE B BTG , 7 FhEE 4 8 78 o B i IR
KA B FH AN T3 38 b A 255 XU i
R B AR KT T AR K Sl £ XU 2 B 3k 3] v
JBE KU 7K, 256 AU F8 55k 160. 34.
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Table 7 Assessment of potential ecological risk for soil heavy metals in different watersheds of the Qinghai-Tibet Plateau

WSS EU(ED) GAEES

WFITIX R A HR 2 XU+ %
Cr Ni Cu Zn As Cd Pb (RI)
H 5.69 3.55 4.70 1.60 36.36 79.95 5.71 137.56
Hr B 5.86 3.07 3.49 1.65 59.98 75.26 6.99 156.30
—VL= K, 3.68 2.20 2.68 2.71 44.10 94.31 107.91 257.81
bk, A LA JE R b 2.33 2.79 3.32 1.06 68.15 92.44 10.18 180.27
TSI M 1.24 2.86 4.39 1.83 91.48 70.51 11.43 183.74
H 2.85 4.26 4.21 1.87 7.88 66.55 3.88 91.49
i b 3:u) 2.56 3.05 4.73 2.22 9.69 73.70 3.81 99.78
— VLG kR 4.90 18.98 4.72 2.58 13.71 110. 86 4.59 160. 34
bk IEH R A AT T I FH 3.19 5.55 4.57 1.79 14.69 74.14 4.84 108.77
T AU M 3.02 5.33 2.95 1.14 17.54 84.80 4.05 118.83
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