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Abstract: Based on snow pit samples taken from Qiyi Glacier and Shiyi Glacier in 2011 and surface snow samples taken from Bayi Glacier
in 2014 combined with samples collected from Laohugou Glacier No. 12 in Qilian Mountains analysis was undertaken to determine the
chemical characteristics and environmental significance of ions with correlation analysis principal component analysis and backward
trajectory of air mass. The concentration of ions followed the order: Qiyi Glacier (31 014.2 wg/L) > Shiyi Glacier (17 157.1 pg/L) >
Laohugou Glacier No. 12 (7 729. 6 ug/L) > Bayi Glacier
(2 248.1 pg/L) which revealed the spatial characteristic that
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the concentration of ions in snow and ice of middle Qilian
Mountains was higher than that of the western region in Qilian

Mountains. Ca’* accounted for 68.5% of all cations and SO,>~

2016
( nwnuex20160133) for 52.7% of all anions and the relative trend of ion percentage
(1994 wmm863@ 163. com. changed little apart from Bayi Glacier. Compared with various
& (19874 glaciers in other regions of High Asia and Polar Regions dramatic

geowang@ 126. com regional differences existed in characteristics of ions that
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concentrations were higher than most of other regions. However it was similar to the glaciers in the northeastern Tibetan Plateau which
had plenty of cations such as Mg’ and Ca’*. Further study showed the desert nearby was the most important source and the quantity of
Ca** and Mg’" could reflect the dust transport level into snow. Besides Cl™ and Na® were heavily affected by the lake salinity
evaporating at Qaidam Basin in summer but the contribution was not very prominent for other seasons with little evaporation of lake water.
Therefore the value of p( C17) /p( Na™) was an index in a way which reflected the effect of lake salinity in summer. NH, * and part of
NO, ™ were influenced by human activities. HYSPLIT backward trajectory of air mass demonstrated that air mass originating from the
western area and passing through a lot of desert was the primary power to transmit ions into glaciers. In addition some air mass
originating in the Indian Ocean brought about plentiful rain.
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Fig. 1 Locations of sampling sites on typical glaciers and surrounding environment in Qilian Mountains
1
Table 1 Basic information of typical glaciers in Qilian Mountains
/km? /m
12 39°26°N.96°33°E 20.42 4300 ~5 300
39°15°N.97°45°E 2.53 4300 ~5 100
39°01"N.98°53°E 4.08 4520 ~4 828
38°12°N.99°52°E 0.33 4300 ~4 700
(K"« Na" NH,".Mg’".Ca’"\ 2
F~.Cl.S0,>" \NO, ) Dionex—300 (31 014.2 pg/l) >
( ) ng/L (17 157.1 pg/L) > 12
5%: Accusizer780 A (7 729.6 p.,g/L) > (2 248. 1 p,g/L)
(PSS )
5%
( http: //www. gsemc. cn/
100 Web/Default. asp)

IBM SPSS Statistics 21

Pearson

HYSPLIT4( Hybrid Single Practical Lagrangian
Integrated Trajectory)
74d (

. (133.5.
127.8 /L) (80.0 pe/L) .
(90.3 pe/L)



1462 29

. 2
4 . 12 .
. . 12 Ca’* >Na® >Mg’* >K*
N (Na* >Ca’" >Mg’" >K")

13 778.7+1 325.9.991. 4.4 141.9 pg/L ; S0,>” >Cl~ >NO,” >

N F- (Cl” >80,7")

317 4
CO,>” HCO,~ .
Ca’* >Mg’" >K* >Na*
Ca’ " Mg** . o1 SO, >NO,” >Cl~ >F~ 3
Ca’ " Mg** p(Na*) p(Cl7) Na*
. Cl-
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Table 2 Concentrations of major ions in snow and iceon typical glaciers in Qilian Mountains

p/Cue/l) (p" =p ) (p™ +p7)/ p(CI7)/
F- - NO;~ S0, Na*  NH,Y O K* Mgt Ca®* (/L) (/L) p(Na*)
12 22.7 1292.8 553.2 1500.4 870.3 355.5 86.9 169.9 2877.9 991. 4 7729.6 1.49
19.3  4298.4 1240.0 6929.23658.7 260.9 291.5 1077.6 13243.1 13778.7  31014.2 1.17
14.0 59.2 164.2 237.8 33.3 329.1 69.8 674.7 680. 1 1325.9 2248.1 1.80
21.0 2474.7 662.1 3369.42119.6 274.7 290.9 555.4 7410.4  4141.9 17157.1 1.17
tpt (Ca®* \Mg** \Na* .K*.NH, *) v p (80,27 \NO; ~.Cl~.F~)
( NH,
2 50
B ZIRE125 0K
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N [= WA 91|
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, 2 ) 2 = 0r I
- + i
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Table 3 Concentrations of major ions in snow and ice on typical glaciers in Qilian
Mountains and other areas of High Asia and Polar Region
p/( peq/l)

Cl- NO,~ S80,°~  Na* NH,* K* Mg?*  Ca’*

2014—2015 121.0 20.3 144.4  159.1 15.3 4.7 89.8 662.2

2014—2015 69.7 10.9 70.2 92.2 16.2 2.4 46.3 370.5

2014—2015 1.7 2.7 5.0 1.4 19.4 3.0 56.2 34.0
12 2012—2013 36.4 8.9 32.3 3.1 19.7 2.2 14.2 143.9 9

— 57.2 10.7 63.0 64.0 17.7 3.1 51.6 302.7
1 2004—2007 7.25 5.8 11.4 3.2 9.6 1.1 11.1 74.4 3
2004—2005 3.7 6.5 9.5 17.5 6.5 0.5 8.1 41.4 19
51 2004—2007 1.4 1.5 3.7 0.8 6.1 0.5 1.4 6.8 19
72 2007—2008 9.7 5.3 6.4 9.8 1.9 2.4 74.7 71.8 20
2007—2008 1.4 3.5 4.0 1.6 4.7 0.9 0.7 3.9 21
Belukha 1815—2001 0.5 2.7 4.0 0.6 8.2 0.3 0.8 4.4 22
2005—2006 19.2 10.4 15.5 15.4 18.1 14.5 7.4 65.6 23
2007—2008 3.2 11.8 8.6 19.3 14.9 7.0 23.1 135.5 24
2007—2008 6.2 8.6 10.7 33.6 18.3 4.3 96.1 704.4 25
2007—2008 40.2 5.5 16.4 114.0 79.3 3.6 100.1  707.2 25
1 2005—2006 3.7 11.9 28.9 — 1.14 1.6 7.1 163.7 26
2002 0.82 0.31 0.79 0.45 0.48 0.10 0.18 0.57 27

© peq/L pe/L peq/L = ( pg/L) x /
( 3) 3
N 3
Cal* Mgz + :

50,2
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Fig. 3 Relative proportions ofmajor anionic and cationic concentrations in snow and ice on typical glaciers
in Qilian Mountains and other areas of High Asia and Polar Region
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4 p( ) p(Na*) p(Mg’").p(Ca’*) Pearson
Table 4 Pearson correlation coefficients between concentrationsof insoluble particle and ions ( Na® Mg** and Ca’*)
in snow and ice on typical glaciers in Qilian Mountains
p(Na®) P Mg ) pl Ca®")
0.371 0.960" 0.993"
0.411 0.913" 0.700™
-0.483 0.430 0.929 ™
x 0.05 () ek 0.0l ()
5 p( ) Pearson
Table 5 Pearson correlation coefficient matrixof concentrationsof insoluble particle and major ions in surface snow on Bayi Glacier
p(Cl7) p(NO; ) p(80,%7)  p(Na*)  p(NH,") p(K™) p(Mg?")  p(Ca")  pl )
p(Cl7) 1
p(NO; 7) -0.937* 1
p(80,%7) -0.780 0.930™ 1
p(Na™) 0.798 ™ -0.612 -0.283 1
p( NH, *) -0.631 0.732 0.551 -0.655 1
p(K™) 0.042 0.177 0.116 -0.093 0.744 1
o( Mgz*) -0.750 0.560 0.219 -0.997" 0.653 0.126 1
p( Ca’*) -0.671 0.867 0.987" -0.137 0.505 0.163 0.074 1
o( ) -0.862 0.985" 0.966" —-0.483 0.73 0.262 0.430 0.929* 1
3.2 p(NO; ")
0.85 . Williams 7™
( 6) 3 Ca’*  S0,*” S0,%"
99.9% 1 ; #
59.2% JCa’t Mgt NO, - (
SO,>” \NH, " \NO, 4 Ca( NO,) ,)
p( ) .p(Ca") .p(SO.27) . S0,>”  NO, -~ Ca’* \Mg**
6
Table 6 Result of principle component analysis of major ions and insoluble particle concentrations and electrical
conductivity in snow and ice on typical glaciers in Qilian Mountains
1 2 1 2 3 1 2
p(F7) 0.970 —-0.245 -0.524 0.800 0.293 0.450 -0.893
p(Cl7) 0.921 0.389 -0.932 -0.036 0.360 0.448 0.89%4
p(NO; ™) 0.959 -0.284 0.963 0.255 -0.081 -0.964 0.266
o( S0,27) 0.943 0.333 0.809 0.588 -0.014 0.636 0.772
p(Na™) 0.919 0.395 -0.762 0.574 0.301 0.435 0.900
p(NH, *) 0.572 0.820 0. 860 -0.236 0.452 -0.890 0.456
p(K™) 0.966 -0.259 0.320 -0.221 0.921 -0.892 0.453
o( Mg®*) 0.949 -0.316 0.726 -0.633 -0.267 0.977 0.212
p( Ca®*) 0.999 0.053 0.727 0.681 0.087 0.999 0.048
o( ) 0.737 -0.676 0.929 0.366 0.050 0.998 0.070
— — 0.928 0.368 0.049 — —
1% 84.8 15.1 59.2 27.4 13.3 60.8 39.2
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Fig. 4 Results of 7 d backward trajectory of air mass at sampling site on Bayi Glacier

in Qilian Mountains during May to July 2014
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a)
(31 014.2 pg/L) >

(17 157.1 pg/L) > 12 (7729.6 pg/L) >
(2248.1 pg/L) 1
3
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