26 8 Vol.26 No. 8
2011 8 ADVANCES IN EARTH SCIENCE Aug. 2011

11001-8166( 2011) 08-0897-08

1 NO; °

1 1 2% 12 2 2 1
(1. 730070;
2. /
730000)
2004 11 2005 10 1
NO; (4~10 ) NO;
(11 3 ).
: . 70
~80 c¢m ; NO;
20% ~60% .
: 1 ; ; NOy ; ;
:P343.6;P512. 4 A
12 ~15 .
12 .
( 14 ~16 .
NO;) . NO;
. 1 1
. (5~6 )
NO; NOy
. /
NO;
* Zhao 17 1
. o NO;
NO; NO;
4~10 11 : Mgh NO;
12011-01-04; 12011-06-6.
* : “ 7 140701035) ;
“ N N ”( : NCET-0-0019) ;
“ ”( 140701034)
(19874 . E-mail: geowang@ 126. com

¥ € {19744 : E4mail; mjzhang2004@-163. com



898 26
. 18
70° 75° 80° 85° 90° 95°E
1 (4~7 ) T 1 T 1 1 T
No:
FE—FERT IR .
° % AR ﬁﬂﬁé‘ﬁ?t‘« %%
NO; N -"",';%,//‘W% N
1 2004 ",=‘_ =)
11 2005 10 NO;
NO; 0 el 43
2 1 1 ! 1
70° 75° 80° 85° 20° 95°F
¥
( 1o
50 km
2 596 km’
2.35x10° m’ 254.6 mm
0.27 kg/m’; .
19 .
3~9 o
(43°06"N 86°50°E 3 539 m)
1959—2000 -5.2
C 7~8 (r ) 1 1
-15.6 C (7 ) 4.9< Fig.1 Map of the sampling site on Glacier No.1 at
441.1 mm; 5~9 the headwaters of Urumgqi River Tianshan Mountains
90% S
9
;10 4 50 cm
0 10%
21 17 23-~25 .
1 ( 1
)
- 2 o
1962 °
1.950 km’ 2000 1.733 km* * .
2.2 ( 18.2 MQ * cm
(43°06°N 86°49°E 4 130 m 1) ) o
1 NO; Dionex — 320
. 2004 11 2005 10 ng/g o
1 o 20 NO; 2%
10 cm AS11 - HC(4 mm x 250 mm)

16

AGLL 1+ HC( 4 mm; x50 mm) ASRS 4 mm



8 1 NO; 899
( 52 mA) 15 mmol/L NaOH o 3
( 1.4 mL/min) * . 3 7 392 ng/g 3 15
175 ng/g-
3
3 o
3.1 NO; NO; (4 5
)
o 1 2004 11 2005 10 o 6~8
NO; ( 2) NO; .
(4~10 ) NO; 2005 6~8
(11 3 ) 8 4.9 C 64%
1 16
-3.6 C ; 0.3 C
500
i
% 400 A .9 NO,
@ 300 4
2 o
g 200 4
B
= 100 - NO; o
SR 1 , : 7 5 NO;
20 : 6~9
|
10 | NO; o 1~8
. 0 '
-
? -10 w | NOy
-20 | | o
30 : - : .
40 1 NO;
- 30 1
E
E
20
g ( ionic
g 10 1 pulse) ** ;
0 A
2
2004-11-01  2005-02-01 2006-05-01 2005-08-01 2005-11-01 °
9 28
NO; o
NO; 3.2 NO;
Fig.2 Variation of NO; concentration in snowpacks
daily air temperature and precipitation at Daxigou o 3 1 NO;
Meteorological Station during the sampling period (0 cm ) o
3
NO; PP, P;. 2005 4
NO; 25.95 215 cm
NO; p,.P, P,
o (3 ~5 ) NO; .

NO;



900 26

N NO; o 4
. 70 ~80 cm NO;
500 ng/g o 70 ~
NO; 80 cm o
o NOS_ o
P, o NO; o
(5 )
o o 8
NO; NO;

NO; ( 4 -9

2005-01-11 2005-03-14 2005-04-18 2005-05-30 2005-06-28 2005-08-03  2005-09-06  2005-10-28
250

200

150

BEFEE /cm

100

50

0 500 0 500 0 1000 0 500 0 500 0 300 0 500 0 1000
NO, HRE /(ng/g)

B3 REHAZTES NO; REHEARL

Fig.3 Evolution of vertical NO; concentration profiles in snowpacks during the sampling period

250

NO; H#EE / (ng/g)

200
. 0
I 200
5 150 - 100
8l 600
% I 800
il I 1 000
100 -1 200
I 1 400
I | 600
50 | 500
I 2 000
0
2004—11-01 2005-02-01 2005-05-01 2005-08-01 2005-11-01

Hi

E4 REHHZSES NO;, REEESERENNZSH
Fig.4 The spatiotemporal distribution of NO; concentration in snowpack with interpolation

calculation during the sampling period

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



8 NO; 901
160 o m = ZCihi m
~190 cm . 10 N B
(g/m”) ¢ NO;
. (g/m’) h, (m) o
3.3 NO; NO;
NO; ( 6)s 6
o 2005 °
(5 30 ~8 23 )
i o5
30 ~8 23 P, P,.P, P,
.5 0.017  0.073 g/m’
. P, P, P, P, , (P, P, ) (P, Py
P, P, . ) 23% . 5
P, , 5 6 0.104 g/m’ 0.014 g/m” 8
7 N 0. 042
. 0.011 g/m’,
. P, 41% 8% o
2 ( PI 72)
5 3 -~8 9 10 em. ° NOy
20% ~60% o
[J_ll T ——— - - —
° 0.12
6 8% 8 E 10|
6 ° < 0.08
m Ry e 1
NO; 4r
tg 0.06 4
NO; A
M0 —m - O 0.04 i
| . - 0.02
120 1 N > ; _
E i N—“‘—J\\ —p 0.00 L — e ]
‘_": 100 ' H““x 2005-06-01  2005-07-01  2005-08-01  2005-09-01
*% su—% H\“‘m\ | B¥
s ¥ TFUfTA L 6 NO;
r [ |

LT

2005-06-01  2005-07-01  2005-08-01 2005-09-01

H#

40 1

5 NO;
Fig.5 Temporal variation of NO, concentration-peak

spacings in snowpacks for May 30-August 23 2005

Fig. 6 Temporal variation of NO, solute contents in
snowpacks for May 30 — August 23 2005

3.4 NO;
NO;



902

26

45 .

NO;

NO; 7% * .

1 NO;

Table 1 Loss ratio of NO; concentration of snow in

post — depositional process in Polar Regions

( ) -90% 45
Dome C( ) -72% 8
Dome C( ) -97% 7
( ) (=30 +15) % 31
-7% 30
11
NO;
» Johannessen 2
58% ~68% NOj 30%
51% ~ 52% . Davis
"2 NO;  81%
~86% 20% °
2 NO; 5
5
NO;
NO; 20%
~60% s
4
1 2004 11
2005 10 NO;
(1) NO;
NO;
NO; o NO;
(
) o
(2) NO;
o NO; 70 ~80 cm

NO; 20% ~60%

(References) :

Kreutz K J. Ice core methods: Glaciochemistry M // Elias S A
ed. Encyclopedia of Quaternary Science. Amsterdam: Elsevier
2007: 1 1924 199.
Tang Xueyuan Sun Bo Li Yuansheng et al. Some recent pro—
gress of Antarctic ice sheet research ] . Advances in Earth Sci-
ence 2009 24(11): 12104 218.

I 2009 24
(11): 12104 218.
Wang Shengjie Zhang Mingjun Wang Feiteng et al. A review of

the concentration records of nitrate in snow and ice J . Journal of

Glaciology and Geocryology 2010 32(6): 1 1624 169.
NO;
I 2010 32(6): 11624 169.

Blunier T Floch G L Jacobi H W et al. Isotopic view on nitrate
loss in Antarctic surface snow J . Geophysical Research Letters
2005 32 L13501 doi: 10.1029/2005G1L023011.
Rothlisherger R Hutterli M A Wolff E W et al. Nitrate in
Greenland and Antarctic ice cores: A detailed description of post—
depositional processes J . Annals of Glaciology 2002 35(1):
209-216.
Mulvaney R Wagenbach D Wolff E. Postdepositional change in
snowpack nitrate from observation of yearsound near-surface snow
in coastal Antarctica J . Journal of Geophysical Research 1998
103(D9) : 11 02141 031.
Rothlisberger R Hutterli M A Sommer S et al. Factors control—
ling nitrate in ice cores: Evidence from the Dome C deep ice core
J . Journal of Geophysical Research 2000 105( D16) : 20 565-
20 572.
Mayewski P Legrand M. Recent increase in nitrate concentration
of Antarctic snow J . Nature 1990 346: 258-260.
De Angelis M Legrand M. Preliminary investigations of postdepo—
sitional effects on HCI HNO; and organic acids in polar firn lay—
ers C //Delmas R J ed. Ice Core Studies of Global Biogeochemi—
cal Cycles NATO ASI Series vol. 130. New York: Springer-Ver—

lal] (1995: 351281



NO; 903

13

14

17

18

20

21

Wagnon P Delmas R J Legrand M. Loss of volatile acid species
from upper firn layers at Vostok Antarctica J . Journal of Geo—
physical Research 1999 104( D3) : 3 4233 431.
Lin Weili Wang Junxia Zhu Tong. NOx release from snow and
ice covered surface in polar regions and Tibetan Plateau J . Ad-
vances in Climate Change Research 2011 7(1): 14.
NO, ]
2011 7(1): 149.

Davis R E  Petersen C E  Bales R C. lon flux through a shallow
snowpack: Effects of initial conditions and melt sequences M //
Tonnessen K A Williams M W Tranter M eds. Biogeochemistry
of Seasonally Snow-Covered Catchments. Boulder: International
Association of Aydrdogical Sciences 1995.
Eichler A Schwikowski M Gaggeler H W. Meltwater-induced
relocation of chemical species in Alpine fim J . Tellus 2001
53B(2): 192-203.
Hou Shugui Qin Dahe. The ion elution effect on the main ion
profiles of the glacier snowpacks
ca 1999 19(6): 536-542.

N J .
1999 19(6) : 536-542.

J . Scientia Geographica Sini—

Huang Cuilan Li Zhongqin Hou Shugui et al. The ion elution
effects on the glacier chemical record J . Chinese Science Bulle—

tin 1996 41(23): 21712 173.

1996 41(23): 21712 173.
Li Zhongqin Edwards R Mosley-Thompson E et al. Seasonal
variability of ionic concentrations in surface snow and elution
processes in snow-fimm packs at the PGPI site on Urumqi glacier
China ]

No. 1 eastern Tien Shan

2006 43(1): 250-256.

. Annals of Glaciology

Zhao Zhongping Li Zhongqin Edwards R et al. Atmosphere-to—
snow-to-firn transfer of NO3 on Urumqi glacier No. 1 eastern Tien
Shan China ] . Annals of Glaciology 2006 43(1): 239-
244.

Zhang Ningning He Yuanqing Pang Hongxi et al. Preliminary
study of transformation of snow to ice and ion elution during abla—
J . Journal of
Glaciology and Geocryology 2010 32(3): 505-513.

tion period at a typical temperate glacier region

I 2010 32(3):
505-513.

Zhu Daoqing. China Water System Dictionary ( Revised Edition)
M . Qingdao: Qingdao Press 2007: 652-660.
( ) M. 2007: 652-

660.
Zhang Yinsheng Kang Ersi Liu Chaohai. The climatic features
of Tianshan Urumgqi River valley J . Journal of Glaciology and

Geocryology 1994 16(4) : 333-341.

1994 16(4): 333-341.

Jige) Kegin | Jivg Zhefan/\ Had Tianding) eirad] Nariation) of the:

22

23

24

25

26

27

28

29

30

31

Glacier No. 1 at the headwaters of the Urumgqi River in the Tians—
han Mountains during the past 42 years and its trend prediction
J . Journal of Glaciology and Geocryology 2004 26(3): 253—
260. .42a
1 J.
253-260.

2004 26(3):

Li Zhonggin Han Tianding Jing Zhefan et al. A summary of

40-year observed variation facts of climate and glacier No. 1 at

headwater of Urumqi River Tianshan China J . Journal of
Glaciology and Geocryology 2003 25(2): 117423.

1
40 a J. 2003 25(2): 117423.

You Xiaoni Li Zhongqin Wang Feiteng et al. Seasonal evolu—
tion of insoluble microparticles stratigraphy in glacier No. 1 perco—
lation zone eastern Tianshan China J . Advances in Earth Sci—
ence 2006 21(11): 11644 170.
1 J .

2006 21(11): 1 1644 170.
Wang Feiteng Li Zhongqin  You Xiaoni et al. Seasonal evolu—
tion of aerosol stratigraphy in Urumqi glacier No. 1 percolation
zone eastern Tien Shan China J . Annals of Glaciology
2006 43(1): 245-249.
Li Xiangying Li Zhonggin Ding Yongjian et al. Seasonal varia—
tions of pH and electrical conductivity in a snow-firn pack on glac—

ier No. 1 China J .
and Technology 2007 48(1): 55-63.

eastern Tianshan Cold Regions Science
Zhao Zhongping Li Zhongqin. Determination of soluble ions in
atmospheric aerosol by ion chromatography J . Modern Scientific
Instruments 2004 (5) : 4649.

2004 (5): 4649.

Zhao Zhongping Tian Lide Fischer E et al. Study of chemical
composition of precipitation at an alpine site and a rural site in the
Urumgqi River Valley eastern Tian Shan China J . Atmospheric
Environment 2008 42(39) : 8 9348 942.

Li Cuilin Hou Shugui Qin Dahe. Spatial differences of hydro—
chemical and its control factors of the headwater runoff in the Uru—
mugqi River Tianshan Mountains J . Journal of Glaciology and

Geocryology 2003 25(1): 72496.

] 2003 25(1): 7246.
Liu Fengjing Williams M Cheng Guodong et al. Preliminary
studies on the ionic pulse of snowmelt runoff in the Urumqi River
Xinjiang Northwest China ] . Chinese Science Bulletin 1997
42(19) : 1 6434 646.

Burkhart ] ¥ Hutterli M Bales R C et al. Seasonal accumula—
tion timing and preservation of nitrate in firn at Summit Green—
land J . Journal of Geophysical Research 2004 109 D19302
doi: 10.1029/2004JD004658.

Weller R Traufetter F Fischer H et al. Postdepositional losses

of methane sulfonate nitrate and chloride at the European Pro-

Jjebt foy clee)\ Chring [ins Antaretica (leep-dtilling \site/ vn. Dréaning



904 26

Maud Land Antarctica J . Journal of Geophysical Research Changes in concentration during melting J . Water Resources
2004 109 DO07301 doi: 10.1029/2003JD004189. Research 1978 14(4): 615-619.
32 Johannessen M Henriksen A. Chemistry of snow meltwater:

Evolution Process of Nitrate in Snowpack of Glacier No. 1 at the
Headwaters of Urumgqi River Tianshan Mountains

Wang Shengjie' Zhang Mingjun' > Li Zhongqin' > Wang Feiteng’
Zhang Xiaoyu® Li Yaju'
(1. College of Geography and Environment Sciences Northwest Normal University Lanzhou 730070 China;
2. State Key Laboratory of Cryospheric Sciences/Tianshan Glaciological Station Cold and Arid Regions
Environmental and Engineering Research Institute Chinese Academy of Sciences Lanzhou 730000 China)

Abstract: Based on the snowpit samples collected at the accumulation zone of Glacier No. 1 at the headwaters
of Urumgi River in the Tianshan Mountains from November 2004 to October 2005 nitrate ( NO; ) concentration in
snowpacks is analyzed. Seasonality is displayed for the mean NO; concentrations in snowpacks and the concentra—
tions are higher in the dry season ( from November to March) and lower in the wet season ( from April to October) .
At the upper section of snowpacks the springHformed NO; concentration peaks are diluted significantly in the sum—
mer according to the elution effect; for the whole snowpacks the NO; concentration peaks relocate downward. In
the vertical profile of snowpack a transition layer appears at a distance of 70 ~80 cm to superimposed ice layer;
the elution effect above the transition layer is much stronger than that below and the concentration above the layer
is higher than that below. With 20% ~60% loss of content during the strong elution period in the post-depositional
process the environmental information is recorded in the ice.

Key words: Glacier No. 1 at the headwaters of Urumqi River; Snowpack; NO; concentration; Elution effect;

Post-depositional process.



