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Fig. 1 The location of the study area and sampling sites of the mountain glaciers in the Qinghai-Tibet Plateau

The seven mountain glaciers include Qiyi Glacier (QY), Bayi Glacier (BY) and Gangshka Snow Peak (GSK) in the northeastern region;
Meikuang Glacier (MK) and Yuzhufeng Glacier (YZF) in the central region (please note the inserted figure for the specific glacier
in the upper and right corner) ; and Gurenhekou Glacier (GRHK) in the southern region and Baishuihe Glacier No.1 of
Yulong Snow Mountain (YL) in the southeastern region. The gray part is no data area in the DEM base map
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Table 2 Element detection limit, standard value and measured value of SLRS-5
P Y (ngeg™) SLRS -
2%/ (ng-g™") M/ (ng-g™") AR 22/%
Al 0. 0663 49.5+5.0 48.792+0. 893 1.83
As 0. 0023 0.413+0. 039 0.435+0.012 2.83
Ba 0. 0022 14.0+0. 5 14. 091+0. 385 2.73
Co 0.0018 0.05 0. 062+0. 001 1.85
Cr 0. 1485 0.208 0. 227+0. 005 2.30
Cu 0. 0092 17.4+1.3 17. 108+0. 292 1.71
Fe 2. 6869 91.2+5.8 115.38+2. 093 1.81
Li 0.0015 — — —
Mn 0. 0085 4.33+0. 18 4. 089+0. 077 1. 88
Mo 0.0013 0.5 0. 236+0. 007 3.13
Pb 0.0014 0. 081+0. 006 0. 111+0. 003 2.52
Sr 0. 0005 53.6x1.3 51.268+1.238 2.42
Tl 0. 0000 — — —
Zn 0. 0697 0. 845+0. 095 0.986+0. 316 3.21
Cd 0. 0006 0. 0060+0. 0014 0. 0092+0. 0008 8. 60
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Fig.2 Trace element concentrations and standard deviations in seven glaciers
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Table 3  Statistical data of trace elements both in the surface snow and snow pit samples of the five studied glaciers

il
IR A J-THREGSH  J-TARdESE T T-TdmilEgeit  I-T S
e BIE b A aw ke wCw e et il S e
T T il il il il Huki Fil

Al* 2047.824 1 758.858 410.856 3 370. 741 2 864. 005 200. 386 384.256 -2.77;0.006 -1.60;0.110 -1.55;0.122 -4.74; <0.001

As 1. 345 1.028 0.324 3.400 2.201 0.175 0.866 -3.05;0.002 -1.73;0.085 -2.97;0.003 -3.46; 0.001
Ba 23.022  87.587 16.055 43.443  40.696 1.629 4.531 -0.737;0.461 -1.47;0.142 -1.78;0.075 -6.41; <0.001
Co 1. 893 1.437 0.336 3.199 2.490 0.134  0.349 -2.77;0.006 -1.73;0.085 -1.86;0.063 -5.09;<0.001
Cr 4.026 3.781 0.910 6. 687 5.770  0.515 0.933 -2.63;0.009 -1.60;0.110 -1.47;0.143 -4.83;<0.001
Cu 4.767 4.780 1.337 7.321 6.053 0.562 1.163 -2.63;0.009 -1.73;0.085 -1.70;0.088 -4.74;<0.001

Fe* 3339.000 2 722.490 599. 941 6 039.311 5094. 016 288.475 595.523 -2.70;0.007 -1.60;0.110 -1.70; 0.088 -4.82; <0.001

Li 3.554 3.017 0.768 7.539 6.118 0.356  0.455 -2.77;0.006 -1.73;0.085 -1.15;0.251 -5.61;<0.001

Mn  105.195  77.705 19.117 273.247 138.019 7.288 23.829 -2.70;0.007 -2.11;0.035 -1.94;0.052 -5.26;<0.001

Mo 0. 020 0.031 0.018 0. 050 0.028 0.010 0.010 -0.59;0.551 -2.36;0.018 -0.119;0.905 —6. 11;<0. 001

Pb 6.729 6.224 1.409 11.782 8.322 0.561 15.801 -3.40;0.001 -1.85;0.064 -3.61;<0.001 —-1.85; 0.066

Sr 6. 067 7.335 607 19.191  14.058 0.598 4.511 -1.79;0.074 -1.98;0.048 -3.05;0.002 -5.56;<0.001

Tl 0. 040 0. 040 011 0. 066 0.058 0.005 0.016 -2.91;0.004 -1.60;0.110 -2.02;0.043 -4.09;<0.001
6

Zn 16.380  30. 741
Cd 0.122 0. 081

TE: f#1 ] Jonckheere-Terpstra JE 25U Bk WA AR LB 8% (P>0. 05, SABILS 225 P<0.05 CHUE), &d4IZmA W&
el S J-TRRESE TR T 2 22 A ST, J-T IR ER R, 2258k, PEBUN. a: BB AR ILIR LA IR
LR B R 3 AN AR - — )2 A=) 5 b ARBEUFFE R AR 5 At TR & k23 ] 50 A 3 B i1 > T BRI vk
N5 cx ARBEHEFE X R AR RE R LR & 23 )20 A 3Ok e 35 1 K 1S N> E k)i de RS X SRR DR %
RS AR R CRET DN ERIEDKII) 2 ARAE (bR, E—ok IR =K1 >Ba8 (B 1 F K 1501
AT 5 B BRI A pge g, HAL A A ng-g '

719 24.686  27.294
. 021 0.232 0.160 0.005 0.209 -3.68;<0.001 -1.73;0.085 -3.61;<0.001 -2.66; 0.008

0296 18.435 -1.72;0.086 —0.575;0.565 -2.42; 0.016 -2.00; 0. 046

° v o w

K4 HHABHIFRIX LT As Cu Pb . Zn Cd V- B 1 4L

Table 4 Comparison the averaged concentrations of As, Cu, Mo, Pb, and Sb in this study with data reported for other regions

I 4 fy WAL oo W/ ng g i
/(ma.s. 1) As Cu Pb Zn Cd Sk

£k 20194F 4 623~4 668 RKET 1.028 4.78 6.224 30. 741 0.081  A3C
AC V] 20194 4592~4 818 KET 0.324 1.337 1. 409 9.713 0.021 AL

B AR 5 20194F 4 548~4 649 ey 1.345 4.767 6.729 16.380  0.122 A
x| 20194F 5 067~5 085 FKZET 3,400 7.321 11.782  24.686  0.232 A

F BRI 2019 4F 5345~5 442 xKEE  2.201 6.053 8.322  27.294  0.160 A
e k] 20194E 5617~5707 xKZET 0175 0.562 0.561 6.300  0.005 A
EleEi 2019 4F 4628~4 787 REE 0. 866 1.163 15. 801 18. 435 0.209 AL
B 12501 2018 4F 4 260~5 483 EKEH 0.390 0.350 0.018 0. 940 0.005  [17]
JHRIE VN (KAL) 2018 4F 3840~4 512 XKEE  2.250 1. 400 0. 004 0.087  0.015  [17]
SR ER LK) 2013 4F 5228~5423 REH 1.873 12. 145 6. 088 — — (18]
AN TEH R KN 2013 4E 5714 FKEH 0.317 0. 682 0.034 — — [18]
TEARFLIKN] 20154F 5002~5 111 ey — 0.290 0. 066 7.433  0.002  [41]
=B ek 20154F 4 818~4 847 KETH — 0. 060 0. 092 0.160  0.002  [41]
R K| 2015 4F 4 570~4 650 FEE — 0. 100 0.221 6.705  0.004  [41]
B kI 2008—2009 4F: 6100 £ — 1. 604 1.502 4.576 0.002  [24]
7Rt sl 2005 4 6 500~8 844 RKEE 0.183 0.343 0. 005 2.032 — [42]

B VK A I K )1 A6 B8 vk I DA R B B2 7 35 0 b heere-Terspstra £ 55 A TFAl X 3 FE ki 2 18] A #a 35
¥ o BNV EGE I AR K, W55 475K FH Jonck- Jonckheere-Terspstra K 36 25 42 & , As (J-T=—4. 354,
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Spatial distribution and source analysis of trace elements in typical
mountain glaciers on the Qinghai-Tibet Plateau

LI Ruochen'?, SHEN Baoshou'?, WU Xiaobo’, YANG Fangshe'?, GUO Zhongming'*
(1. Shaanxi Key Laboratory of Earth Surface System and Environmental Carrying Capacity, Xi’an 710127, China; 2. College of

Urban and Environmental Sciences/Institute of Earth Surface System and Hazards , Northwest University, Xi’an 710127, China;

3. Northwest Institute of Eco—Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: In order to explore the spatial distribution and main sources of trace elements in the snow and ice of
the Qinghai-Tibet Plateau, the surface snow samples at a depth of 0~5 cm collected from the Qiyi Glacier, Bayi
Glacier, Gangshika Glacier, Meikuang Glacier, Yuzhufeng Glacier, Gurenhekou Glacier, and Baishuihe Gla-
cier No. 1 of Yulong Snow Mountain on the Qinghai-Tibet Plateau from July to September 2019 were analyzed
to determine the concentrations of fifteen elements (Al, As, Ba, Co, Cr, Cu, Fe, Li, Mn, Mo, Pb, Sr, TI,
Zn, Cd). The spatial distribution trend of these trace elements was presented by Jonckheere-Terpstra non-para-
metric test. The results showed that the Meikuang Glacier and the Yuzhufeng Glacier in the central region had
the highest concentration of trace elements, while the lowest concentrations were identified in the Gurenhekou
Glacier and the Baishuihe Glacier No. 1 of Yulong Snow Mountain in the southern region. We compared the con-
centrations of As, Cu, Pb, Zn and Cd with other glaciers in the study area, and the elemental distribution gener-
ally showed the decrease trend of Central>Northern>Southern regions on Qinghai-Tibet Plateau. Enrichment fac-
tor analysis showed that Co, Cr, Cu, TI, Fe, Li, Mn, Mo and Sr were mainly affected by dust input, while
Pb, Cd and Zn were more affected by anthropogenic sources (i. e. non-ferrous metal smelting, traffic emissions
and fossil fuel combustion). The backward trajectory indicated that the three glaciers in the northeastern region
were mainly affected by the air mass originated from northeastern and northwestern regions. The air mass source
of the central glaciers was mainly from the dust input from the western and northern Qinghai-Tibet Plateau,
which was influenced by the nearby coal mines. The two southern glaciers were mainly influenced by South Asia
and the southwestern part of the Qinghai-Tibet Plateau. This research could expand the trace element database of
snow and ice on the Qinghai-Tibet Plateau, providing scientific understanding for assessing the pollution of the
Qinghai-Tibet Plateau’ s atmospheric environment derived from human activities and the potential environmental
risks of water source areas.

Key words: Qinghai-Tibet Plateau; trace elements; spatial distribution; atmospheric transport
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