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Methods for in situ Chemical Analyses of Snow and Ice Samples

Kokichi Kamivama', Takeshi KiMoro®, Shuichi Ezumr’,
Eiichiro Nakayama®* and Okitsugu WATANABE'

Abstract:  Chemical analytical methods for snow and ice samples are discussed for
the procedure in situ, taking field environments into consideration. To obtain
information in situ on the chemical features of snow and ice samples will contribute
greatly to field activities, because we can use the information to determine the
sampling duration to match the natural environment. The utility of the ion exchange
filter, for decreasing the sample volume to be carried back to the laboratory and for
simplifying the pre-treatment for gross-8 measurement, is discussed. Smali systems
for chemical determinations are also discussed. Small ion chromatography systems for
measuring anions (F~, CH;COO~, HCOO™, CH3SO5 , S0427, G045, NO;3;™)
with small amount of sample have been developed. A simple system, suitable for in
situ measurement of NO; ™, is discussed although there is a little limit on the
determination.

Simple analytical systems for snow and ice samples, taking the field procedure into
consideration, will be established in the near future with the development of these
methods.
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1. 1T C &I

REAB L LTOBRSHABOEERIE Y. 0 EOo0BHIZBRESAREEY KB L T\
HoTHAE. BEIRZSEBEBOKRTAREL ML, BEIHEL-ESBIIRRBRED
P AB 2 5Cik L TV D, LS - T, BHOEERBEZHE TRANL I LIZL - THERH
NHORABRIBEOZEMY) - RREMEBI 2 HET AT EDHREL 2 5. T4bh, BHEREOE
Be—wmEtilo TV RAREOBBIIAD L2 FREREL TV A,

372, BARKOBMEIANRITTYWHAZEILCHONATWES, BARAKERZ LI ZOWHEDY
WEO—MHEHTH 575, RKAREOREDEH IR KOLEMHE 2 E(LELLIIE ST
5. ZDOBEKOMERHANDCAMTEBEIRE CEDL-TEZ. BKOBEELZ &I
FOREBTHSB. L7z ->T, BEOMENOZEYEMAEOAITE T 53 LFR
M E CRHii s AL ESE L T 5.

WINDOGETHEEOLFME T A E XA L HETH AL, T/, HAEZRIES
L72Eka 7HEIEM L, SHETOREDEKAHIT /LA TARRE52TwA, &
DEHICBREAE L L TOFSKABOEEROMKIZNE S T, HBOILEMBITHRS 2 FE
SELIENBHLEL>TWVA., ZITHESHEAFRKINESNLBRTR LTI 2 T, A
DHILE FEE HEO T, B RILFHFTFEOVWTERTS.

2. B TOLERMBIT A EORRE

BREAROBTAIELIION, RAREL S LTEELY v 7)) v FOBEEWEIFEH S
NT &7 (KamiyaMa et al., 1989, 1990). F 7-BSMIEE 2 & %2 5B H» S, F—#aT
DS - EEEOY 7)) v V2 LERTERT 5 L2 M (Kamiyama et al., 1992) i3
FTETWMLTNAE., LA THRAMBORF(\LOBMBE NS DA L 5F, BITICLE R
B E IRECT B EHE % BUS BRI I U CRKICTET 2 E2 5 b mlED— i 2 35T
EMT L HENEEHINS.

R AAEE 2 & KEIBESR A L EE TR, B2 OB bR - R 2 EBRETHNT
5. B THBONLENERO—HPIETCENE, H 7)Y FHBORE 2 SR IRE
WIS U2kt > 7)) o FEBEIA TR TE S, B TREICT— B2 E/T 5 &3,
EHEER IR OET LOWBHY > 7 Y V2 HREATHDOTH L. S5IIEBLRAEMR
W% EBRETLEELTAHEITE, K72 BB X - GRE OB BIER % e L#
LRI ARI OMAA R E 2 5 .

7o, —RBIIBUEE ORI - Bk I SEOREHES . R e LTRLE )%
BRENBHADETLTHA). HLRIVHAXB2HBUNEERILEEL, TOREERED
SHBEILLUHETHA).
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3. PG TOBNT HEOWRE

RERBOILENBT OB TERT A2 HERIIE2EEHH L. D EDIIRAMIZIE
EBRZTOWWELRIRE T L 0OORUBEOH S BB IFHLALHETH L. FhEFn
DPEBMIZIE U TERARRIC—EOHETHR L CEARLERTIEELO—-FETH
%9 (HEHS, 1989). M BRIERE - pH 7 L3R & B TRl 51T 68 2o (L0 4F
MWTHY, EBAIEI TN TWA (KaMIYAMA et al., 1988 ; [FEF 5, 1991). § 7 H HEij
EVRE ORI, BEIBBNELELONS, I TREMEFEE L QdAERES
NIz A & ok, IABGREREE L TISHEA 4 2 90 - BEEA 4 o e 3t %
EL/7. bBDAZDL ) L HBERBREOALZLTERZICBVWTHLAMNTHA.

31, 1FXMURBERAVEEN—FHFERERNEDILESE (7 105 — R
&) OE

REROEN— FHEAIL, RIERREOMRN T4 ) ¥ rhgd LTIER» HFIA
ENTwa, 7, S0HMK, 60 FROBERDOBIZAM L -2 L2 o REDOEEHEERE
DHEFEE LTHAH SN TS, BEOKIHEFE L T 5K - KK TIRIRBERGTRE D1
KUZEDOHEERWHNTELZOTHD (HIH5H, 1989).

EERIZEINDN— Y BELHFE - FEFET SO TUET A7-0121F, Hizomit
BRE:LL b 30K % iz [EIREEIC U CHIER SR ISR 2 LB D 5. i b HAl 2 5 32 R IEAR
THb. EHIEREICL - TEHB LML, REIZEFRNET » 7 CHlE L IR
B9 % (Picciorro and WILGAIN, 1963). L2L, AREEMEICIIS K NEEEM 2 LE &
5. ALFEMREEEAFHT L, BILERRZRD S5 2 LT ETH S (Piccorto
etal.,1971). L» L, LML FETIIRELEHET X 5 KH, ZARBHICIE L TEER
BHEMET AEEREITKRE V.

IEIEEF R & RIBIFE & S RIYTRE R 1 F 3BT RE S, SFKHKE
DEFICFIH SN TS (KiF 5, 1983 K, 1987). T DL LB TOME 2B
FiZ, R VEHEORM, SAFBEOMEILIZKE CHBT A, TAab LI THEF
DAA 2R EIZRHETE20T, HHEVABOEELRE (HIRSES. F7, EK
DA F ¥ SRR D PN T HAUSEAFRE - FFEFREL GO TN — & 158 b FERIC I8 LI
ETE L7720, EX—5HERREORLEEXDR I - WEREOHIBICEHTH 5.
SOIZEM I ug DA — ¥ — TR L 723 BHI DWW T, #EXEOTERE 2 05
Mg v AT, ERZETOSHTEEDE L LHIFTE 5.

PITFICA A A8 2 FE L7z, BERBOEN— ¥ BETHesa s 8l E ~ O i f i
WZOWTEERT . —#RICEN— & RETRE SR A e |3 E SR O R 3 & B3R O BUE 0SB
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ThHhb. BEBBREARBOERICH A+ RBRERELFIA LT, sHlloME(L L EES %
m k&7,
3.1.1. %@ - EHAEOBRE
BICRLEICEAF BRI AN — % TANVT KRN —IEETH. BBk
ERETRLZEBRR Y 7¥HVWT 74V —TCEAL, NX—2KgHE* 71 V% — LIZ}
Ty T7Th. 74N — R LA REHARE S LTRERSFICH]T S, kBT
¥ — R ERIERTHICN 5T, 7407 —DPkiE - R EAEREDORE L LIZOVT
ETOEBEXVLELTA. LELTIRE - 7407 =IO TRERIIWCE L. EBOM
BiZH72 - T, BHEEO7 + Vo — % FRIGER L CLESFY LR EXELI LN TE S,
3.1.2. AR ORE

TANY =3 25cm FBEHHLAERBIO NNy 77T 0 FiiFrmLE e, T&572
ALV TR R 2 ERT A LICEDL. 74007 — EB%EE T 2.0 m/min
DTICERETAS. REB20Om/ 2MABL 74 VY —DBEYITH. FOKHC ¥BRET S
72OEBKRKI0m/ BETHEL, BEOPH A3 U EIZZoTWAEI L *HEALT T4
Y- DB AYET T4, ABHI1S0m! 2L LORIRB L 74 V7 —TIAT 5. EK
(g AL 31 A o
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Fig. 1. Pretreatment system of gross- B measurements for snow samples.

1 REOLT - IRBEUNED-ODRIREBIZLELZRAE - 7405 —

Table 1. Reagents and filters for the pretreatment of gross- B measurements for snow samples.

RHE- 71405 — B B
HEA KCl i 572 mg/l ~— & BEER
RAEB 2N-HCI i# T4ANY —%EHR

TANY — I A8 — ) NF-1 (EE{bFETE) At DT 9T
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3.1.3. HBBIFRAREOFE

Ty HBRETERARE QMEXEHCE U TRET S, AIREBLZTA VS —%T 5
YIERMETE—F, REASMI FH150ml OEZKISHEML7 4+ VY — AT H. D
HHEH3 4.4dpm FRTOTEEBRERRE LT 5.
3.1.4. HAEHHLWER

HBEEABRICRD LR O, ERARY T THRBRBEORELITT 7205, 74
W —EEINTHEERBRY TTIIEBTELRY., FRHLTVWARBEDO NNy 7 75T~
Fid# 0.3 £V 03cpm THAHDT, MEDHMEIIH 0.6cpm LB, L7zd > TEEH
200 ml BREDRE M L TV B A1.5 cpmkg (B2 E Y EET 5 L # 3dpm/kg) LT
OPEBEHFIE L ERICIBEL TIERTHILEND H. KREEONEMEDOFEME
»WINI 501013, MBEXHEYHEMSELIENFTET LY. —Fh, K71405 -0
A OKBEEIZ, NaT43mg MY THAH. ERBEHREARARFO KA X 4mg BE
3 T100% WET 5558, 14mg TIIFNEFN95, 76% & ZDORINEIMKT L. BT %E
BEICEUCRE, ZELXBORBEE/RT LHEIIZEFEENLETHS.

ek, FLIMMEFRICELEBICHA L TE 2D, SBAFEFFIRAT LIS 5 TE
BORH CTHBEORE2To7 (M2). EBKEKERIA-VE-FI v FHF#RRA
(74°01' S, 43°00'E) T OHN7:, KBHSH ImEE T TCOETRAALFAALL. HEHEL

Gross - f activity (cpm/kg)
-0.5 0 0.5 1 1.5 2

Toa
HED-H

20 |

40 |

60 |

Depth from snow surface (cm)

O chemical precipitation

O filter concentration

2 R o7CHAELE (LFERLE - 74 V7 —BEBE) L 8N—-9K
HAEDHE (FHBKKE S {1 — Y E—FT7 ¥ FRA#SRETORBEH Im
FEI TOBRERAEZFAH)

Fig. 2. Gross-B counts obtained with different pre-treatments (chemical pre-
cipitation and ion exchange filter methods). Surface snow samples to I m
depth at the relay point in East Queen Maud Land, Antarctica, were
used as the examples.
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BLA-ABRITRETHDH, MEOHEL LFBEOHEZRLTVA. 40-80 cm iEED
2EBHIDVTIR T ANV —BBHETIR TS Y2 UTOERR LA, EICR~X-BHT
H5H. REBSEOBKELZERTIHEDL I IIHVREEDOA 238 L+ 5541212
v, AFEZFRT T, LB AROBEN K ICHET 5.

32. BPTOA A MERES EDHR
RFBTOREPOMEA 4 VIREORE X, BIF - WEZEB 2 EHHERITKE V. Ly
L&A 605, BERO/NE - BEERLIC X > THETOREIRED 0D, B TOREHT
FEE R o7z, BRBRILKFEDNRBE S AT L EBRBPADOEAICONTIE, TTIHERREE
HOTHE L7 (Kamivama and NAKAYAMA, 1992).
3.21. PMEIT = F B OB

BERKFO—fEA A $FIZT7=FY) OERICE, /1A 27u<b 7574 —FHSL
LGENE. A X027 4 —OBRFRBIEAF VWA 5 LORTF, 54~
ENDOMFLZETR)ELELE TS, HIUKETOEATRIEY AT 23 B L THEEH
HEELROVEDEEILETH .

I TRBEOBRLEFHLAA T ER L/AREHRILEED, BEORENRLEEITR
FTOVLIER L. F8MEEA A VIOV THEEDKRET 21T 572,

1) REOBME A7 0~v MECE > THEEAA 208, 78LA+ VBEY

I‘———-—- 35 cm —_—
i BREAERES T
Ao9x2%— ¥ . Conductivity detector
Injector Sample
L
Column
(HAMII?;‘ON)
PRP- 100X
BaE [ o U ViR
M7 o UV detector
Conductivity HeE
sensor T | gy O
e .| HPLC -
pump
H2S04 '—
A *

Suppressor &M HE Eluent

(40mM-Na2B407 + 20% Acetonitrile )
Waste

3 BRGRLALERR/NE A+ ¥ AT E BRSO E
Fig. 3. Schematic diagram of ion analysis system, reducing in size for in situ
measurements.
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BLAIGHEE - ORI D 2 ODOBHEBICL > THIET 5. HBOMEXR3IIRT. ®77
OHEERY 7CTRE 58N S LB LA V2 DHLK, Y7L oY —5 4 TOE
SAREEET L EARTIPUR A TR T A, MG E T — YBITICIZA V7L — ¥ %5
L7, BSHERIIER 2R ZZCRE-ORBTEEDS 4+ v ORI B &

LTHMmEMr®RE L. SMEMFERIEL A4 OBRBBR* % 3a, 3b IR £
EEERE L TEERERTORBESM4 1R L. HFICEA 4+~ OREEKE % R
WER & R ICRENTR L7, BRIGEEERIE TIIEREIK &2 5 T b GO, NOs ™ 25,
FENRRIBR IS CIIRE R RN TE 72,

2) THRHFELTORN 7 b= bV EREHBE L THRALA A O BEYED
7. THbbAREBTCRMAEORE (100ul) TEHEDOT =4 > OB HEE & 7.
FEZ7 2 b= b, 74 ORIRFELY R ESETWA, F-RFICHEE S WL HEEE
A4 OMBEITICR 2200 BELELT L. ABOBEISIEI Y A7 LOBRBERFLUT

®2 HBFHLAATRRL/NEA 4 VTR ER SRR

Table2. Small ion analyses system possible for in situ measurements.

F R BAE

Wtkro<w AR H A4 ( UP-980 )
BRIRERER I ¥4 A5y 2 Z(QIC-2)
FERIIR 27 B A5 (UV-970)

08k - T — YR Bi#E(yu~<k/ty 7, CR6A)

E3a T4 oS M

Table 3a. Conditions for the anion analyses.

&5 A%

BT A NIk PRP-X100

Fr)Y— 40mM-4 1258 F MY LA4+20%-TE =YL
Fr)vr—ikz 1.5 ml/min

IESw) #159 kg/cm?

RENE R 50 mM — i g

TNV —F 100 ul

F£3b WEA I ORBEFREFOREBRR

Table 3b. Detectors and their limits for the anion analyses.

WEA A~ [| =5y BMBRR (ug) iR
7 v #EAL (F?) 1 E
BEBE A A ~ (CH,COO™) 10 E
FEEA 4~ (HCOO™) 2 E
AT ANKEA L (CH,S0;57) 1 E
WEAA (C1N) 1 E
WiEEA oA~ (80,7 1 E
PR T (C044) 1 uv
EEEA A (NO3 ™) 1 uv

E; BAEEMRL, UV ; SEORIVER T
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] 083 F- = 137
e raem - . = "'{b 1,582
i SRS
dmin - o . e N 22— 4 . T
T —£ " 2037 HCOO® o
' 3.783 - -
[} H
. 1
fmin =y -y gmin f— o
[}
- R 2. I L L
12min (— ., - , 12 min T
I 1243 C,0,.%
16 min =8 -7\ 16 min — ‘&~
) -—‘..-7 Vs ,11;/:75
/ -
. 1 -~ ~
Wmin = - 20minf—~ *° // 17.57 NO3
Record of conductivity Record of UV absorbancy '

K4 HEHH (F, HCOO™, CH,80;7, CI7, SO, C,0.27, NO; ™ : 1 uM,
CH,COO™: 10uM) TOERIGEAE K OES BRI
Fig. 4. Records of electrical conductivity and UV absorbancy in a standard solu-
tion (F~, HCOO™, CH;SO;", CI", SO/, C,077, NO; : 1 uM,
CH;COO ™ : 10 uM).

ThhHIENFFHRINDFEEIIIA 4 ZHRBFETHIILTE D (Waters sep-pak cartridge;
Waters, millipore DF|HARETH ).

3) BESH  EBOBRBHFAACY 5T, BRI - RBSSESNLELZ. LALE
WEBERY T - 38D 5 250 - BRI T REER*VLEL TS, BRIZEEFTO
BRETIE, N—2ADREMD/-DIZEELN RN LA 7 7L — 5 THIBSE. £
DIzOBRHBFISED L, REERUEBEHBEDO TS Y NVENRROLE % /A XL LT
HoTLEITLENHEDTEEILETDH A,

3.2.2. HWHEEA A VIREORBGREE O

MERF - BRI LR X7 L LT, HIIAHYOLBHL 2 W EFSRETIImMsA 4~
DEHPEDRRE 2% SN TV % (PARKER et al., 1981). = Z T34 ICHH - L% L0
GERTEE L, FEEFETHERA A OERHEICODVTRE L.

1) HEOBE . LidO/hEIA 4 Vo EE CTHER L2 BNAERIGR SRR L TR S
DEDRBEBERER L. SEA V27 a v HRTHREZEAL, BEEY THOERE
ZRAKER LSBT, BEENPRERELTVADTERUEDS JETH 5.

2) GWEEN I ALY AT LIITEEEA A VYENRRPUEEE AT A LD, B OESN
BMBENEYHE LHEAF BRE*HRELLILTELDOTHD. HWEEAA L 1uM O
200-360 nm OENFIN AT PN EH 6 (IR L7z, FEIREDIEFEA A~ - B4 A 2 DX
N7 P VIZOWTHENFIIR L7, WEEA 4 v id, 200 nm fHEICKE 2RIUFEE2E T
L. AMHBOWEEA A BRHRRZ 0.01 ymol/l UL ETaH A, T 7220 umol/l LA LIZE L
FEFP CHEAMICRIBEDAEML CWADTRIEHERITKE V. F70, HBEBHBEIHEL
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Sk
Sample
Injector
U Ve ‘?
L
UV detector
K
Distilled water - 15 cm
(o]
), V
B
Waste

20 cns]

®5 MHERA 4 BB HIEREOBE
Fig. 5. Schematic diagram of NO;  determination system for in situ measure-
ments.

NO,

Cl

SO,
J) | I\

200 nm 300 nm 360 nm

iEROL: L) ;3
Relative absorbancy

IR R
UV wave length

Bd6 THEEA A v - BWEAA L - BEEA A 1 uM D200-360 nm D EFEIFHLIN A
7 v
Fig. 6. Spectrometry of UV absorption (200-360 nm) for 1 uM of NO; , CI~
and SO42_.

DTHBHERAIESHTH 5.

3) BMEHIE D ENGRIGEN 2 BT A4+ V3B A 220 Tid v, Bl IER4I
IRLIZBEDORMEA 4 VIIREEORNERPEN L/ L TV 5. T2, ENICLHBO%
MAERINEEN 2 X BT ABERDSER ONL-DEBYLELT L. ERORE (B piE
g, ATIEEHM: Db A ) oW, A4+ 70= b r 574X HMEEAA
DERBMBEARUEEXIE L (M7). YRTEHD2,, WTFROREITOWTHFAE
ECTOHEMIFBE TH 5. KUEMITERICETRBOENBRBIGEENZLE 2, BER
BHIDOWTIRIBEN ISR O EL 52 5V DRI 4 v THhH VI FHATE LW, &b
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a4 FIRBILEES

Table 4. Capacity of the anions for the absorption of ultra violet ray.

REA L+ >~ bR BRIV 2 8 B (ug/l)
WA A~ (HCOO™) 100
13 (CH5COO0") 100
REEE A 4 (NO;) 10
BFEAL (C1) 100
A At (C,027) 1
HEEA 4~ (NO;7) 1

Eeoo :

8

g 500 =

§ 400 | Aty

.g [

2300 |

E .

= 200 | A

2

€100 R

8 Q. &

o 0 o N B N

2 o 100 200 300 400

Concentration of NO3 (ppb)
O Advance Camp O Mizuho A Site-J S N |

B7 AA>20=b777 42X MBS+ 2 OERME L FRNRBIU L 2
e fl & DI (MR AR, A9TI38E  JL 4 A b T OFEFERE
*fER)

Fig. 7. Determination of NO;~ content by ion chromatography and direct UV
absorption (Snow samples obtained at Advanced Camp and Mizuho Sta-
tion, in Antarctica, as well as at Site-J in Greenland, were used as the ex-
amples).

BEDFENEREFHRET A -BETLOTHNEAHTH Y, XBHIRESF LM THRE
LTWADTHOKBRHA LT THERATAZILEZZ ALY L LMEFELE LTOREMS
B TED., ILENRERY AT v v E3ED I LICE s TDA A L 2 58T X L8
LERZOND., FLBELRETESL 20mm OEEZEDOETHVL L, WEEA 4+ 22
ZCHRKMEARELRETEDTRESEDL K&,

4. BbH |z
FEXRAH DV FZHBIT 2 BER(ARICERT 2LERIIE V. TJEETHNITHIBTED
—WEEBETENTEISICAEMNTH S, ARETRINL ) LBAHLIS, FEORETXIT-
7. Ak, BRKITEELZELEDTEENLAFETCREIIBTPERTENEIENTD
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