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Fig.3 A photo showing snow sampling in a snowpit

FRAE (U5 Ak 2 T AR B R ) 45 R KR L
30
2.3 ki

VePE R I AR IR, o TR T 35 A 4 v
HENE B T IR IR 2 R LR, AR I,
PEBEAE M A X HL LBy . B X —
X I pi) B L k1B SR E L ol
RAC TFEESEVEDR , ST B A VKGE AR B AT b 2 e 3R
BeAUREIE R o

EEFLIE S 3 000 mm, 45 HE B K 2 350 mm, %%
PGEEEE K 1750 mm, F4%2 95 mm, F— % TR
K 700 ~ 800 mm AEE | B A UK I o5 Y
AR 1 m K, o3 Rkl — R B s o . 74k
W B PR TR B — B 25 1], ARSI, —
B 10 ~20 cm [QHE S . SREEERATRRIC, FE k4R
FRIC T4, LABT VKR BGE 22, 51 vk i 26 1 4l
M Ahas ) RAEEEHL, SASHLARREIA SR T, 42
PRSI, B 17 B A — B S 14 23 I 3 T L 3 ol
PLBERAER LS , AT DL O . L
WL BILIE % I v 7 A H TS 19 R/ A R 5 R 49
FB, 75 000 7 A g, 3 TR SEL R s B BB Rk 22 A L
MR BRHLIE S VIVKIT, MR RS 1.5 ~
1.8 A, LR W/REE N 100 ~150 V, HAEE ]
PN B SR AE 1.5 ~ 1.8 A Z[His1T,
AR, Ve R e ML 1

BHECS0 m R, I 6 ~8 hy £5H 100 m
vk, FIEF 22 ~24 h, BEBRECRIM, RIFGR
IS P LA MBI . ERT, A LS PR R IR
TR 190 m, BHERHLS LT R HILK)

TEREACGE R BTG 0, VORI, 10 Rk



1078 7K I

7 + 39 %

FARN BIIUER A NG OL T, J5 n] JF Rl HUAGE
(E4) o MU, 1§67 iR iy b i
i, A R T, R T v A R
b BRI S T N o AESMENIGER N 2
UGS B T U AR EF AT, 7500 5y 8 B KR
B, Pl B GEE , A ST R IR pGE
BECIE'S) , FERIARFR AL S EARTERT Sk . KA
JP85, TR0 s N B B0 SR pIGEs i T 1 )
FURFE (A5 A0)Z | vOE R RE FIRE RE S ) o Ag—%l
BB UKGEAR G LA EIR R A AT, PR A I
PGS ] LA — (5 B, ELEIDKGEREIAS A R
PR OSBRI B AT 4%, SRS TAME &4 A9
AN o TR B SR AR HUKGE I (9 KU DL A%,
EREHE.

E Y NG 1

Fig.4 A photo showing extractor of ice core

BES sy E
Fig.5 A photo showing ice core measurements

TRCEVIGE Y SRR R ol A2 | Rk i &
TR AR H AR T 0 S 2 1) P AR AL B, Ak B

BT 5 kR R B b 285 A
3 HmEEMRE

3.1 Fik

T VKR it R AE LUK AR b DK 5 S bR A
1o LK) 25 MTE NI FE R )R, 5 JCHEA
FATEMBRLR, FEiahin Sy ke i B A — 2 1
AR, M HZR IR S 2% . 7Em
VK EE R AR F UKAE L, BRI, P RAE AR
JEHE 5, VKRR i S R e e il i PR AR b, 3%
[vi) Rl AR BT AR AR b o TRz i Y vh et g
WL A R, SRV G R AR B IR A T
8o PRIGUAR P EEA V8 VR I A E VKT LR UE DR R
sl TERLINE ] AR B Ak, R RDIRAS T — AT PR 15
8 ~10 h, PL@AZAE 10 h Pfdi S5 okCRe il i AR
WG o A DA Sy [ S 5 2 i B — o 1 I [
E NGB TR E L ~3 d, Biad fe ka5 A R
R RAMEFT IR, UL, 76 - 18 CAA VKR
HRAR EE S, BB 4 h ORI R Sk iR B2 A Ak
R A7 150 B o A A oA v iR R AR Ak, N R B
ThEr, L R AE K AR Ve R A TollkE, JFOR
WEVKAEIE W i e, B ORAE S IR R R S5 IR0 1] S 3
%, SRIE BRI AR 2 - e
3.2 ki

VKSR bt R e L K| B b oK 5 55 b R 52
o TEBHRUKGEI, KRR AR B BT, Bl
IR #R T B, I DR R AR IR R 2 B i B 2 2
(A=

IGAEAE VKT, TR BB T LR L2 —=
ST, AR 2 1 ) SR OO AT Y S A 3, S
T 5 s S I R DR AT o IR ISP A7 VGRS b s 23
T O BRSRE L XU I 45 AT i 25 75 Gl RGeS 3R 18 09 Hh
J7 o BRPREE MR UF VG FE S AR5 4y, DAORIIE
Sy BT A R AT SR

T PIGEAE: At A A e Lz 1 X R4, DUIEF
SNBSS EE A RO EE RS, T ARIEVRGEE i 1 i
I, TEz i Y h R A7 IGES 1Y 25 18] i B2 1Y
Rk, —MORRHIRIRAE — 18 Tty H KR L
MIVKGOSEE S B AE — 18 C A4 KA, 1Rk
FEM IR R GRS 18 B 5L 00 %, ARG A TR R I
SR EI(EG) .



54 EWEERE A I b S VIR il SR A A A B T Y )

1079

K6 OB Ar iz

Fig.6 A photo showing ice cores’ storage and transportation
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Fig.7 A living example of blank test during ice core segmentation process

R, UAHEETICETE R TRA, & w5
A
4.2.1 fRARS

HATAH —MEa I GE i R 58, 458 THE45%
FY B FICR A 1) 5908 124 ) 13 0 30 ) R o 6
BRH 7 1k PR Oy i S il ik 7 BICR A (CMDS) ¢
A, o R AR R B R L R BER (<L
em PO/ AR R ) | RS | TCHE R KRR b i K/ AR
TR . XL AR b T AT 8 K 111
B ik (IC) . >32 o ICP-SMS | S M &[]
73R 14 7K [R) 7 3R L (B3 (IRMS ), i H 3 i
CMDS J34fr (N [1] 3 51 48 1€ B0 225¢

ZAGE 1) Rl gk Sk RRE RlK 20 B RNGE TE . K B
T UKGESMUER 3P AE T Y r Rk, B ShRaE 8 il
KHATRERA R KA TIRBITIN . i
B A PIGE IR, R P E Rl K T R T
R TT R

4.2.2  WREHOREE

4%~ UMaine CMDS RS 4 & —A% FIY
E RS IR (HEPA ) i 38 25 S i v s o 1 it
UKEEMER SRR, Z0gE Bl i, e, il
T 1 S T K — SO i R N (PP)
£ BRSBTS 250 W1 3mSR i 45
PRI, WA 15 ~25 C (B Tk B g 4%
), iR R 1.5 ~3.0 cm - min ',

oK B TN HR3E T Y #l K FE P A Gilson 4348 1
LEN Z W 43 B IS4 (FE 100 9088 v TAE & ik
1), — DR 7R 28 0 12 W3 e %) PP AE Ry
ICP-SMS B, 55—~k o3 1 SO 1 AR 4l K i
PERLHY 20 ~30 ml NG/ HAER IC A5 15
FEAZ 15 YL R AR 18 A FlK g S B 7E 20 ~ 50 ml 1Y
RPN 8 o B T 2R £ 47 (HDPE) /i, HER =75 /KR
B as e, AT RERM R AP, didit
B B ) O AR IC AR, 4k E)



54 EBRASE A I Hr P DIORE i SR R TTAE BN T 58174 ) At 1081

FiE AUSCAR B i), fih & (%) ICP-SMS F AR € [ ir
RO AR AR R B T — M

WAL 1R 45 - VRRE ot R 5t R T VS A 1 = R vk
SRS L AT B T R SR FE 4 BER . 1C
W — e EE /> 4 ml, 1 2 ml & T ICP-SMS
30T M—ANPIFRIE IE AR R 30 mm )L R AR
PR, % IC A1 ICP-SMS ¥4t 218 Y, X
EFORFE 1 em pRAE R (2 em O REFRE ) B R
REE . WHEAEOLT , BURB RIS TIAR LL4E
FRIGE i, B n R PR, AT RS T[]
(VS A A Sk ROST BB PN AR i IC 3 ICP-SMS 43
Bro BRI, VK AR AR S PERTRE S IR <1 cm
SYHERIG AL, IC F1 ICP-SMS [ L 5 Al Lk i 42
e/ AT 8, BRI TR G, iRk
AR AR AT DL 1 g R ok SR AE L IR ZEA IR R
/N, PTARS % BRI M BT
4.2.3  FERALE

I Rl A 22 0PI HE R e 22 ) B AL A O A
{H 2B — RS B K I P s A AL 3, AE
AALET, 75 100 g0 TAEG N, FHTTHE VI M &
JIH B — e Wit 7 B VK s B e P2 3 ~ 6 mm
WAL, IF HBEA—DTSETH Ve iR B 3 55 72
H, mlbIE, 7E 100 208 TAE & Wz BN E BT A
ICP-SMS F 5 FIRGE IR IR L 2 1% , I HAEBE R
455 20 CZ AT, AR MIER N K224 hy XFFk
B T IREEE A5 X0 U0 & A >4 ok 5 Ry 2 (an
OO BRI T ), IR RESE I R
RIRERRER UKL . WURTE S0, BATAI LAAT HE
= (OIS Wiy 25 (9 U SR VAm 8
4.3 Fik#EH

TESTHTZHT, FEALTE 100 200G TAE G N =R
T#VR 24 ~48 h, sERRLIt RS, B, RA AT
AE MBI P B SRR, AR T 25 R AN R AR
TR ZE R i WA, AT CE 2
TG S ZIMR, PR A A I 3 & R
CAFFE— W 25 o TIAE 28 IR A8 B[R] R4
FEANIT & A3 22 R A8 Ak, 52 I 45 SR 1 v
Witk YR AR URAE a5 ORISR Y o R e
WA W B AR A i R AR S A T E AR D

5 &#5iF

MRIE LA HT, AR
(1) BEMCREERT, REERRE . FEAHL ST
AR, B BIAE R . SRR R

ZBE NSk S AT 2 PR UE T v R RS, A — U 1
B SRAEMS, SRAERIMERE . TERFMARDL . R
AL R B AU, SRAE IS A X, Tl AR
DURTEASEANIC SR o RSB ALTE , B a8 23 B
B A, BAREAE, Ak, b0
B SRR RIS R

(2) fEiski VKot K = vkRE i I BT — 5 1Y
LA PRI, U DIGE AR e e AR o ) [
W, B IR ERE A, R IR IRR s f 1) 2 2
Bo MWMET KR, BT BRI, 12 A
K, mHa&d 2R, Irl RN — e 22
AT V& VR I A DK L PRI DK 5 AR i R P T P AN B
b, IR s PURIEPA T o B S B SR (] 52
5t B T[], dz i A R P ZBICAGIR
JEBRSR , RPN ER K TR ARk, PRUEVKARIE 7 ig
e, HORAE S IRIFREIR S 02 [0 230 2 A7 AR 12 I
H ORI o

(3) TERE R AP R HLR SR BOACE R PR B, B HL
(14 4 FEBIL 22 T30t s 7 AE B A PR T X5 1] 30 mo
Sb, BRI 0 o BN BTN Sk S AT
MEGEHHIROR, AR M DG PRI ¥ e 4%
ERLAYRE IR, LR R HOFAH L BUR R L 0K
NEESHARRIRERE | VKO TBEE 7% i 2L P58 1Y b s
Wookots o RIS, f5 A BEORE —E RY S ], — ik
10 ~20 cm, BEEEERAUMEARIC, HFHEARIC T 8,
B b VG ERBGE 2 . Rl BIUR SRR, AR
EHAE 1.5 ~1.8 A Z[Alia4T. PRGE A 3 2 Bj 1l
UGB . I, ARIERT S RIEMFSS, K&
PR TAT R ) PARE AL, 3 57 B BOORS I A R AR DL 45
BGEAFKGERT , B AL LKA 2 —F g
A ARIELIR AT o 25058 T BH DG IR XU E 45
VIGEAE: Az IR « AR PRAIE VR A5 RS2 [] 52
Lo

(4) VIGEHE Al N BIFR AR PR ZORAIGR |
Heo oI BANSN B G T AF AT ORI A IR, B0
PR . AWM B, H iRt BfE A5
TR LR T ARYEAE S & 20 ) A B R
ai, WANZHIT R R R A, S A T al
EPEICHLE T #ir

(5) HELL R B R A (CMDS) J&— R i vk
SRR RGE, A58 TSR B HORAE 19 R T PRI =
IIHERIRAR IR SRR . B, FHOMBUEE iR
AU R B (<1 em BORLL/REGL) | ISR |
P KRR ol B K/ RS A B, T8 8 K



1082 7K I

+ 39 &

BB AL (IC), >32 itk ICP-SMS, 4
FVR AL K /K R A7 2 A 3 (IRMS) . 1 H,
ik CMDS 3 At i s [i] 3 4 46 e e 25 5%

Bigt: RABRFBERELERZRES. AL
. FZhe FrEFERFEMAFAILRET
ERHBERENL, TEARTFEEELAGT OF R
B P AT TR B, fb—IF AT A,

S 2% 31k ( References) :

(1]

Wang Xiaoxiang, Xiao Cunde, Cui Xiaoqing, et al. The selec-
tion and pretreatment of bottle as a container for snow and ice
specimen for ion chromatography analysis[ J]. Journal of Glaci-
ology and Geocryology, 2010, 32(5) : 948 —953. [ EIEH, %L
AR, BRI, S5 35 VKRR i 7 (3% 20 7 X R o R 328 9 %
LR ZSR[T]. vk)IZR L, 2010, 32(5) : 948 —953. ]
Osterberg E C, Handley M J, Sneed S B, et al. Continuous ice
core melter system with discrete sampling for major ion, trace el-
ement, and stable isotope analyses[ J]. Environmental Science &
Technology, 2006, 40(10) ; 3355 —3361.

Zhang Xiaowei, Kang Jiancheng, Zhou Shangzhe. Environmen-
tal geochemical index in polar snow and ice and its significance
[J]. Chinese Journal of Polar Research, 2002, 14(3) . 213 -
225. [5R/ME, FEAEAL, M. bk S SRk 25 bR
RHAGREEXLT]. Weifss, 2002, 14(3) : 213 -225. ]

Liu Leibao, Kang Jiancheng, Wen Jiahong, et al. Chemical
composition analysis of Antarctic ice and snow: a comparision
between capillary ion analysis and ion chromatography[ J]. Ant-
arctic Research, 1996, 8(1): 65 =72. [ XUE%, RENK, HFE
Hh, S KSR Ar: BME R TSR T6
RE LR T]. EtRBFSE, 1996, 8(1): 65 -72. ]

Zhang Yulan, Kang Shichang, Zhang Qianggong, et al. Snow
ice records on Mt. Geladandong in the central Tibetan Plateau
[J]. Journal of Glaciology and Geocryology, 2007, 29 (5):
686 -693. [iKE =, FEHE, KD, 5. 58 s
PPHIETVGTFRAFAE[T]. W PR L, 2007, 29(5) - 686 -
693. |

Wang Pengling, Yao Tandong, Tian Lide, et al. Recent high-
resolution glaciochemical record from a Dasuopu firn core of
middle Himalayas[ J]. Chinese Science Bulletin, 2008, 53(3) .
418 —425. [ UG, Wik, W18, 55 B Dokl B
KRR G PR A e S [T]. Bl i, 2007,
52(21) ;2549 -2555. ]

Qin Xiang, Qin Dahe, Huang Cuilan, et al. Chemical character-
istics of waters in Rongbu Glacier on Mount Everest[ J]. Envi-
ronmental Sciences, 1999, 20(1);: 1 -6. [ &M, FKn], &
AL, AE. BRAE E M E S A KO XK AR AL AR [T ]
WERLA, 1999, 20(1): 1 -6. ]

Zhang Dongqi, Qin Dahe, Hou Shugui, et al. Chemical charac-
teristic study of snow and snow pit in Mount Qomolangma region
[J]. Journal of Lanzhou University ( Natural Sciences) , 2002,
38(4): 119 -124. [5KAJ, FRI, B455%, % BB
WA DX A BT 5 R0 S5 SRR o I AL 2 R IE R T [ 0] 22 R4
2 ARFIEMD) , 2002, 38(4) : 119 —124. ]

Kang Shichang, Qin Dahe, Mayewski P, et al. The ice core
C, 03 records in recent 200 years and its environmental signifi-
cance in Mount Qomolangma region[ J]. China Environmental
Science, 2000, 20 (3): 203 - 206. [ JEikE, Z& k], May-

[

ewski P, 4. ZRAE G0 M X T 200 4R pIGE FERRAR IC R B
IR LT]. hEIFEREE, 2000, 20(3) : 203 -206. ]

[10] Cui Xiaoging, Ren Jiawen, Liu Weigang. Organic acid in snow-

and ice determined with gradient elution[ J]. Journal of Glaciolo-
gy and Geocryology, 2006, 28(3) : 360 —363. [ e, {T5F
3C, XUFRRN. A B R R AE 35 KRR A HLIR I 3K 43 A o 1) 1o
JALT]. vk)% ., 2006, 28(3) : 360 —363. ]

[11] Long Jiangping, Qin Dahe. Progresses in the researches of envi-

ronmental and climatic records from trace organic compounds in
snow and ice [ J]. Journal of Glaciology and Geocryology,
1997, 19(2) : 186 —192. [ Je{L -, ZIH. HokhiREA
15 MBI R A IE R st R [T . ok R £, 1997,
19(2) . 186 -192. ]

[12] Li Xinging, Qin Dahe, Ren Jiawen. Biogeochemistry of organic

acids in snow and ice; a review[J]. Journal of Glaciology and
Geocryology, 2001, 23(4) : 442 —450. [ Z=03, ZRW, 1T
B0 Fokh A PRI s SBORT]. N+,
2001, 23(4) : 442 -450. ]

[13] Sun Junying, Qin Dahe, Yao Tandong, et al. Preliminary analy-

ses of biogenic organic acids in Guliya ice core[J]. Journal of
Glaciology and Geocryology, 1998, 20(2); 163 - 166. [ p&
Yo, BRI, YRR, 5. by B KGS TR A BLRR M0 5
BriT]. vk)ig -+, 1998, 20(2) : 163 - 166. ]

[14] Li Xinging, Qin Dahe, Ren Jiawen, et al. Contamination of ace-

tic and formic acids in water and its implications for the study of
carboxylic acids in snow and ice[J]. Journal of Glaciology and
Geocryology, 2000, 22(1): 36 —42. [ZR0E, R, {£5
3, A BAK PR . ZERTS Y SRR BT SR B ok
HLRRINE B ST wkJI¥R 1, 2000, 22(1) : 36 -42. ]

[15] Li Xinqing, Qin Dahe, Ren Jiawen, et al. Organic acids: a re-

view for their sources and measurements| J |. Journal of Glaciol-
ogy and Geocryology, 2000, 22(3) ; 270 - 277. [ &0, &
KT, AEBESC, 45 AW BILIRR 1) ot I B 0 3 4 9 U ¥
[J]. ¥R+, 2000, 22(3) : 270 -277. ]

[16] Li Xinging, Qin Dahe, Zhou Hui. Determination of organic acids

in snow and ice from mountain glaciers[ J]. Journal of Glaciolo-
gy and Geocryology, 2001, 23(1) . 85 -91. [ &[0, B KR
W, g FUkh YA PRI kg L], vl
Y1, 2001, 23(1): 85 -91. ]

Ren Jiawen, Qin Dahe, Liu Chen. Crystal fabrics of firn ice
cores from shallow boreholes on Nelson ice cap, AntarcticalJ].
Antarctic Research, 1994, 6(3): 20 —24. [{E%{ 3¢, 2K,
XUBE. TR AN IR b UK IR R JZRL T/ DK i A AR FRAE [T ]
MIMRBEE, 1994, 6(3): 20 -24. ]

[ 18] Huang Cuilan, Li Zhonggin. Determination of major captions in

snow and ice samples by atomic absorption spectrophotometer
[J]. Journal of Glaciology and Geocryology, 1994, 16 (4) .
346 -350. [, AR JEFIRUBOEIE SO S vk B AR
FHESF e [J]. vkIZR L, 1994, 16(4) : 346 -350. ]

[19] Qin Dahe. Outline of the workshop on the study of global bio-

geospheric chemical cycling record in Arctic and Antarctic ice
cores[ J]. Journal of Glaciology and Geocryology, 1993, 15
(3): 431 434, [ZRM. FILRAGE N A BR AP Bk AL
FAEFICFITA DR [T]. IR, 1993, 15(3) : 431 -
434. ]

[20] Pu Jianchen, Wang Ping, Huang Cuilan. Chemical characteristics

of glacier ice, snow and water in the headwaters of the Yangtze
River[ J]. Chinese Journal of Environmental Science, 1988, 9
(4): 14 -19. [Wifd/=, ¥, 22 RICILHEM XK
UKL E KR SARRAE[T]. BREERL 2, 1988, 9(4): 14 -



51

EBRASE A I Hr P DIORE i SR R TTAE BN T 58174 ) At

1083

19. ]

[21] Li Yuefang, Yao Tandong, Huang Cuilan. Spatial variations of

chemical species in Guliya ice cap[ J]. Journal of Glaciology and
Geocryology, 1993, 15(3): 467 —473. [Z= /3%, Wk, 2
2 W HURE KR AL o B S AR AR DT T KR £
1993, 15(3) : 467 -473. ]

[22] Huang Cuilan, Pu Jianchen. The features of captions within glac-

ier ice, snow and river water in the district of Xidatan Meikuang
Glacier[ J]. Journal of Glaciology and Geocryology, 1995, 17
(3):283-288. [H#}>2 FHEMIRE. FHARMEMES X k)N
ok TRRK B RS T ARAELT . vk L, 1995, 17(3)
283 -288. ]

[23] Li Zongxing, He Yuanqing, Pang Hongxi, et al. Source of ma-

jor anions and captions of snowpacks in the typical monsoonal
temperate glacial region of China[J]. Acta Geographica Sinica,
2007, 62(9): 992 —1001. [Z=5%4, f[oopR, PEute, & &
] 0 2 UM VE PR KON X e 2B L PR Rk IR [T ].
HFE2E4R , 2007, 62(9) : 992 - 1001. ]

Gao Xinsheng, Zhu Guocai, Ren Jiawen, et al. Development
and application of light-weight core drills for ice coring of glac-
iers in high mountains in China[J]. Journal of Glaciology and
Geocryology, 2012, 34(6): 1364 —1370. [ &4, KREA,
FEBTsC, & RERAE ILHUBESHLI & R AR LT]. vk
%+, 2012, 34(6) : 1364 —1370. |

Matters needing attention in collection and pretreatment of snow and ice

samples in chemical analysis

WANG Xiaoxiang,
CUI Xiaoqing,

XIAO Cunde,

GAO Xinsheng,
ZHAO Xueru,

GUO Zhilong,
WANG Xiaobo

( State Key Laboratory of Cryospheric Science, Cold and Arid Regions Environmental and Engineering Research Institute ,

Chinese Academy of Sciences, Lanzhou 730000, China )

Abstract; Snow and ice can be served as an important indicator to retrieve the past climate and environment con-

ditions,, which even covers hundreds of thousands of years. Its environmental record has become an important ba-

sis for studying climate and climate change. The chemical analysis of snow and ice samples is an important

means to achieve this goal. Snow and ice chemical analysis, including snow and ice samples collection, trans-

portation, ice core sample extraction and segmentation processes, are the key links. In this paper, the above key

links are pointed out. In addition, due to a big issue of the current conventional ice-melting system (ICP-SMS) ,

a new method continuous melting of discrete samples (CMDS) is presented, which can be used to analyze the

incomplete particle dissolution and trace elements accurately.

Key words: snow and ice samples; chemical analysis; pretreatment
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