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Abstracts: To determine ionic species in snowpit samples using ion chromatography system, we described
the performance of ion chromatography(IC) system, cleaning method of bottle, and interference by filtering
procedure. The limit of detection, reproducibilities, and accuracies determined with BCR®-408 were 0.01-
0.26 pg/L, 0.4-17.4%, 4.5-12.0% for cations and 0.02-0.26 pg/L, 0.1-27.6%, 1.3-5.6% for anions,
respectively. Lab blank test for sample bottle indicated that CH;CO,”, HCO,™, and NH," can be easily
contaminated in the lab environment. The positive interferences of NO;~ were partly attributed to the
cleaning method of bottle. The filtering of melted snow sample should be carefully applied because it
can positively affect the concentration levels of some ionic species. Finally, this method was applied to
measure ionic species in snowpit samples from the upward area near NEEM camp and the uncertainties
of measurement data of F~ were also estimated.
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Table 1. Concentrations of ionic species in ice and firn core samples in various polar regions (unit of concentration: pg/L)
References
Species Rothlisberger Tvask Cole-Dai., Jauhiainen Osterberg Oliver Eichler, Kreutz
et al., 2000° et al., 2001° et al., 2006’ et al., 1999® et al., 2006° et al., 2003  2000' et al., 2001"
Na* 0%-100° 51-891(207°)  1-50 9-489(115) 1-144(214) 23.0¢ 23.0¢ 250.7¢
NH,* 0-5 15-297(93) 1-5 <DL-117(21) 205.2 102.6 174.6
K* 13-343(72) 0-10 <DL-22.5(3.1) 0.030-31.1(2.8) 15.6 11.7 352
Mg 29-408(137)  0-20 <DL-71(9.6) 0.43-323(9.3) 19.4 14.6 57.1
Ca** 0-20 61-608(411)  1-50 <DL-299(21.6) 1.3-1465(81.4) 1884 182.4 1326.6
CH;CO,~
HCO,™ <DL-51.1(7.9) 207.0 58.5
MSA <DL-51.1(5.6) 1.7-7.6(4.1)
ClI- 32-452(307)  1-50 18-1145(204)  1.04-252(39.7) 31.9 425 3439
SO~ 0-800 61-451(242)  1-200 8-855(193) 12.1-985(97.4) 5283 533.1 648.4
NO;~ 0-60 38-82(72) 10-300  4-394(71) 332-211(77.2)  266.6 204.6 341.0
C,0.” 17.6 8.8
. . Svalbard, Altai, Swiss  Tien Shan,
Site Dome C Dome B Antarctica Lomonosovfonna Greenland Belukha Alps Inilcheck
Altitude 3233 m 3809 m 1255 m 3233 m 4062 m 4200 m 5100 m
latitude, 75.06°S, 79.00°S, 78°51'N, 73°58'N, 49°28'N,  45°55'N, 43°N,
longitude ~ 123.23°E 93.60°E 17°25'E 38°40'W 86°34'E  07°52'E 79°E
Minimum, "Maximum, “Mean, ‘Median
Table 2. Concentrations of ionic species in snow samples of various polar regions (unit of concentration: pg/L)
References
Species Mayweski and Whitlow et al., ITASE'* Whitlow et al., National Climatic Kang ef al.,
Whitlow'? 1992" 1992" Data Center'’ 2004'¢
Na* 12.6° 7.2 9.5 4.8 23 15.8 11.1 10.6 12.4-17.3
NH,* 7.4 10.0 15.2 9.1 12 1.4-254
K* 2.1 1.9 2.4 1.1 3.1 1.1 9.4-18.0
Mg** 2.4 1.3 1.4 14 22 2.0 2.8 1.6 2.6-6.0
Ca™ 7.4 12.6 12.2 9.9 3.5 42 0.9 55.9-165.5
MSA 6.8
Crr 329 19.9 25.1 16.9 43.7 36.1 34.1 33.6 19.5-45.7
SO+ 983 114.6 124.3 103.0 41.0 110.3 98.8 62.4 11.2-84.9
NO;~ 88.7 86.3 83.6 1243 36.1 80.2 62.2 57.1 33.1-38.4
Greenland Antarctica Alpine
Site -
SPl  SPS  SP7  Summit  00-1  99-1  Southpole  Dromning  EastRongbuk
maud land Glacier
Depth (m) 6 m 4 m 42 m 6 m 3m 3m 6 m 3m 0.55-3.6 m
latitude, 77°11'N, 66°57'N, 64°46'N, 72°34'N,  79°22'S, 80°37'S, 90°S 75°00'S, 28°06'N,
longitude 60°43'W 44°29'W 44°07'W  38°27'W  111°13'W122°36'W 00°E 00°04'E 86°51'E
3 e ARE ARAAT 44 Rom AR b SNE olsh 2 AR 54 wEd ZPue A
S7hwe 5ol wake Aol FRATH AR w3 Walel ol
52 2487 9 BEe 23 oeamvEay A2W10% A
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Table 3. Instrumental conditions for the analysis of ionic species

Anion analysis

Cation analysis

System ICS 2000 ICS 2100

Software Chromelon 6.80 Chromelon 6.80

Column lonPac AS 15 (2x250 mm) lonPac CS 12A (4x250 mm)
TonPac AG 15 (2x50 mm) TonPac CG 12A (4x50 mm)

Eluent 6-55 mM KOH (gradient elution) 20 mM MSA (isocratic elution)

Suppressor ASRS-300 CSRS-300

Flow Rate 0.5 mL min™' 1.0 mL min™'

Injection Volume 200 pL 200 puL

Background Conductivity ~0.640 puS ~ 0.065 puS

Background Pressure 2209 psi 2069 psi
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Fig. 1. Chromatograms of cations and anions in standard solutions (F~ (12.1); CH;CO, (7.7); HCO,™ (7.7); MSA (7.7); CI”
(22.4); NO,™ (22.4); SO> (22.4); Br (22.4); NO;™ (22.4); PO,> (44.8); Li* (3.3); Na* (13.3); NH," (16.7); K* (33.4);

Mg (16.7); Ca**

(33.4), unit of concentration: pg/L).
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Fig. 2. Uncertainty tree for determination of uncertainties of ionic species in snowpit sample.
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Table 4. Calibration parameters (Concentration Range, Regression, r, S.E.)

Species Con. Range Regression r? S.E?
(ug/L) Slope Intercept

Na* 0.40-200.0 0.0039 -0.0011 0.9997 0.0071
NH,* 0.50-250.0 Y =-0.000004X>+0.004172X+0.02048 0.9997 0.0058
K* 1.00-500.0 0.0025 -0.0061 0.9997 0.0095
Mg** 0.50-250.0 0.0075 -0.0001 1.000 0.0045
Ca* 1.00-500.0 0.005 0.0172 0.9999 0.0153
F 0.10-50.5 0.0078 -0.0066 0.9987 0.0062
CH;CO,” 0.49-247.4 0.0016 0.0016 0.9996 0.0067
HCO,” 0.49-245.5 0.0031 -0.0025 0.9995 0.0086
MSA 0.50-249.2 0.0020 -0.0101 0.9975 0.0107
ClI 0.51-252.5 0.0043 -0.0198 0.9981 0.0201
NO,~ 0.51-252.5 0.003 -0.0153 0.9974 0.0165
SO 0.50-249.3 0.0027 -0.0124 0.9964 0.0173
Br- 0.50-250.0 0.0014 -0.0055 0.9981 0.0066
NO;~ 0.51-252.5 0.0019 -0.0071 0.9976 0.0107

2S.E. indicates standard error of the estimate
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Table 5. Reproducibilities of ion chromatography system (unit of concentration: pg/L)

Species Con. RSD? (%) Con. RSD (%) Con. RSD (%)
Na* 0.40 2.1 4.00 2.0 20.0 1.7
NH,* 0.50 1.7 5.00 1.3 25.0 1.8
K* 1.00 7.6 10.00 0.5 50.0 1.9
Mg* 0.50 17.4 5.00 2.1 25.0 1.2
Ca** 1.00 12.1 10.00 9.0 50.0 0.5
F 0.10 26.8 1.01 1.5 5.05 0.3
CH;CO,” 0.49 27.6 4.95 0.5 24.74 0.7
HCO, 0.49 10.7 491 1.3 24.55 0.7
MSA 0.50 20.8 4.98 0.5 24.92 0.2
ClI 0.51 24.7 5.05 0.4 2525 0.3
NO,~ 0.51 19.4 5.05 1.0 25.25 0.2
S0> 0.50 6.4 4.99 1.4 24.93 0.5
Br~ 0.50 8.6 5.00 59 25.00 3.1
NO;~ 0.51 234 5.05 7.2 25.25 1.0
Con. RSD (%) Con. RSD (%) Con. RSD (%)
Na* 40.0 1.9 100.0 0.9 200.0 1.5
NH,* 50.0 1.0 125.0 0.6 250.0 3.4
K* 100.0 1.3 250.0 0.8 500.0 1.5
Mg 50.0 0.5 125.0 0.8 250.0 1.4
Ca** 100.0 0.4 250.0 0.9 500.0 1.3
F- 10.1 0.3 20.2 0.5 50.5 0.1
CH;CO,~ 49.5 0.4 99.0 0.4 247.4 0.1
HCO, 49.1 0.6 98.2 0.4 2455 0.1
MSA 49.8 0.6 99.7 0.4 249.2 0.2
Cr 50.0 0.2 101.0 0.3 252.5 0.2
NO,™ 50.5 0.4 101.0 0.4 252.5 1.7
S0* 49.9 0.3 99.7 0.3 2493 0.3
Br- 50.0 0.2 100.0 2.7 250.0 1.2
NO;~ 50.5 0.9 101.0 0.8 252.5 0.3

Standard deviation/Meanx100 (%) of 3 replicates of multi-level working standards. R.S.D. indicates variability of measurement result at
the same replicated measurement condition over a short time period.

Table 6. Results for the accuracy test of anions and cations in diluted reference solutions (BCR®-408) (unit of concentration: pg/L)

This study® Jauhianinen et al., 19993 Osterberg et al., 2006°
Species

C.V. M.V. RE C.V. R.E C.V. M.V. R.E
Na* 96.6+ 1.4 101.3+2.2 -4.9 10.05 10.0 19.3 20.2 -4.7
NH,* 37.9+3.6 333+0.8 12.0 20 7.8
K* 9.0+1.2 9.5+ 1.1 -5.4 10.1 2.5 0.9 1.1 =222
Mg** 149103 15.6+0.8 -4.5 10.1 5.0 9.6 10.7 -11.5
Ca** 30.8+04 28.8+1.8 6.3 50.3 1.7 42.8 44.4 -3.7
Crr 238.6£2.5 233.412.7 22 30.5 -5.2 105.5 106 -0.5
S0 100.9£2.9 106.61+2.5 -5.6 151 3.0 37 37.8 2.2
NO;5~ 124.6+1.7 1229+1.7 1.3 101 -1.3

3CRM was tested after diluting BCR®-408 (1:1000)

S(2006)°] A7~ Ao} FARGE FEo|th & o]gatdrh. ZE] L student t XS AHEE 95%
ZA)2=H o] 7 ZE3HA(Limit of Detection)= A& AF 2o F7h A AA A 2H ] AETH
4 717 ZAY ARG FED 4 A2403) & welnA sstkTable 7). FolE A A5
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Table 7. Intercomparison of performances of IC system (unit of concentration: pg/L)

Curran et al.,

Species This study

Huber ef al., Osterberg et al., Cole-Dai et al., Morganti et al.,

20017 2001'3 2006° 2006’ 20073

IDL*  95% confidence limit IDL? IDL IDL¢ IDL IDL®
Na* 0.01 0.00-0.01 0.23 0.8 03 0.04 0.09
NH,* 0.04 0.02-0.06 14 0.06 0.15
K* 0.13 0.05-0.17 039 1.8 0.1 0.7 0.13
Mg 0.08 0.05-0.11 0.49 1.1 0.06 0.004 0.11
Ca?* 0.26 0.23-0.40 0.40 2.6 03 0.004 0.11
F 0.02 0.01-0.14
CH;CO,~ 0.13 0.01-0.27 04
HCO,™ 0.22 0.02-0.28 0.3
MSA 0.11 0.00-0.23 0.10 12 0.07 0.1
Ccr 0.08 0.02-0.12 0.21 0.1 0.3 0.4 0.15
NO,~ 0.26 0.07-0.35
SO 0.08 0.01-0.18 038 1.0 0.1 0.07 0.08
Br 0.02 0.01-0.04
NO;~ 0.02 0.00-0.03 031 0.5 02 0.02 0.02

‘IDL was calculated by 3 s of 10 DI water samples and 95% confidence limit was calculated by student t distribution
°IDL was defined as the amount of solute producing a signal-to-noise ratio of 3 (Errors given correspond to 1s)
‘IDL was defined as the amount of solute producing a signal-to-noise ratio of 3 (Errors given correspond to 1s)

IDL was calculated by 3 s of 10 DI water samples

°IDI. was calculated as three times the standard deviation of 10 replicate of a 1 pg L' (Na*, NH,", K*, Mg®*, Ca*", MSA), 2 pg ™!

(CI', NO5~, SO4%) standard solution

0.01~0.26 ng/LE ZAME =4 Ca’*o] 0.26 pg/LE
M = Ao g velyth Yol AR Jted o
A 7FeAel My ¥ Na'9l NH, ' LODE 7+
7} 0.01, 0.04 pg/LEA A4 8733 AP Aol ¢
gk o FEo] wmg FEOE ZALFAT ol
AEEL 0.02~0.26 ng/LE A3AF A} A
v 53] A4 A 77e CH;CO,, HCO,
0.13, 0.22 pug/LE YEFTH

32 AlE Eo| MUY
A8 W AEAFH =759 A Z(Cleanliness)

£ AR oledR 235Ed 9% F 5 9
th B AP E AR B e 4 HEA Y

(Lab blank test)S E3 A& Hol Az 2 FHS
AEFATE. ¢4 o] 2&A-8 A F B (Wheaton, No.

986706)l ¢t 2 HFEFES =AMt 8] A= H
(n=5)° EHF(~5 mL)E 9ol ~1 hr B¢ &£&471

T o RAES SAAY. S A Fol &
74&H NH o] 0.9+0.1(BF+EFAAD) pg/L, &0l
AE 7F$H CH,CO,”, HCO, , CI, NO,", NO;°]
Z}z}F 0.4£0.2, 0.3£0.1, 0.6+0.1, 0.4+0.2, 1.2+0.6 pg/L

Z eyt & A1E A3 AlE W (Nalgene, 1L,
LDPE)e] A4 ulgAd-2 2 HFE= NEEM A=
oA AREsE AlE W FUs HoE AAg AR
W o] &3t A4 £ AE &FA F3(~300
mL)¢] SFFE Wol 23 e A% ALelA &&EA120
T ol2AHES FAATE AP ZAF CH,COy,
HCO,, NO,, NO57, NH," 50 27+ 179.8+21.7,
166.5+22.8, 10.14£2.2, 120.2+10.6, 9.0+7.8 pg/L= =
BERAL YA AZSH ol3tE
EFSLTE

AEES BT
g ANEANFE NE el
AR ol2Re] 34
= A B

>
o
>,
=
ot
>
m oo
2, i,
)
= o
N,
>

Siggaard-Andersen 5(2002)°] A3 A7 o] &4
2 7FeH FE Na', NH,*, CI', HCO,, CH;CO,” A
AR A AR o) HA o

g 7Fs4o]l 9&e BelF T Yok wWekd ol e

(¢}
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Fig. 3. The concentration variations of ionic species from filtrate according to the washing DW volume.
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oAlA] AAEE A G &= AR o] 2AARES] FE X & & Ath Table 8 $FF 5(2005)0] A|AE 3}
£ 23 717] B4 Aol A5 &5l digk 3 A 8 B 908 EUYE o3t 3709
B A& A EAF Al wt AFaof gt % Fo Agagel A HAT = Qe st B3 o
8] F=3 2UTE X F A8 o]2A%Y] ¥ JNES A gk Aotk o] 7o AExF 74 ¢
FEE s dF o] 2(NH,Y, K, Mg™, Ca2+) 23E QA58 -, w2, u-3, u-4 T2 FEE
AEEF} 0] 2(CH;CO,, HCO,) AEES 2 AUTH A E AAE FA oA HAstE EFE 8E
HA oA 09 7Fs g0l o FETh AR o]l EE 2 w58} w-6, PP R 7] 7R A0 B E o
o] w=o B84 dAY] s vad 12 FH% A5 w7, w8, w9 5ol 9
IR G AF T T AlFe] ASE A Mo 2 Table 8 AAE 818 Efmi— E3gx gt s
HE o]&ste B84 YAES AAs= #A8ol B AESH AgAF oA 2T + = =
83ltH(Table 2). LHATE A 59| o] wl$- Al 8281 7FeHl w2 8212 A& AFAH Fol 54
A= e FFoA AE dF7E 4RjE F o 2 wiEe] flaL AEAF XLl o] HAo] H]
EAE ARE Fo|7] faiME gF H8S At A FAsHA o]HA W FAIE S ZeRE #
= Zlo] vl st cEn 283 A8 AFHe &5 G olA EA S
= u-l, u-3, u-4, u-5, u-62] Q2915 7123 3
34.NEEM 2= & A|E O|2ME SXX B9 = R A E(blank test) 4 A E o] &3l AF
ST Albt ESE WHo R Hrtes & Q) F o AS HlEA

ol2dwe SAAE EEEE AR = 0 B BAAH 4 A=He HEI olstE HEH
’\li ol R F4 =

g St 9RIES AT R Fof o v ufEA R 9% B3

ATl = o] A% 7heu F Aol s Al E = FAIEATH3.24).
zigi AFEATE = AR ol 2AR SHHE 9 F- A% 5529 52209 JEFESE
AR ANF, AR AAMEEF 2 ), IC A=" o] Aske AzALe] JISAHERE EH £EE I
S o83 7171%A HAH 9 I F8 HPoE 7R late] AlLFstlom Table 991 |3ttt olwf #

Table 8. Parameters and sources of measurement uncertainties

Uncertainty parameters Sources
u-1 The cleanliness of sampling bottle and tools The possibility of contamination from sampling bottle and tools
u-2 The heterogeneity of snow samples The heterogeneity of snow samples at the sampling site in the field
u-3  Snow sampling in the field Uncareful use of sampling tools by operator during sampling

. The difference of measurement time using analytical system and sam-

u-4 Snow sample storage and transportation L
pling time in the field

. Th ibility of inati i Iting of les i

45 Melting of snow sample e possibility of contamination during melting of snow samples in
the labaratory

16 Fractionization of melted sample The possibility of contamination during the fractionization of melted
samples

The combination of difference of matrix between standard and sam-

ple, uncertainty of equipments to dilute stock standard solution,

uncertainty of stock standard solution caused by preparation of

maker and stability of stock standard solution

u-7 Preparation of standard solution

Quantification process of analytical result using

u-8 . .
calibration curve

The linearity of calibration curve

u-9 Measurement system during measurement The repeatability and drift of measurement system

Table 9. Uncertainty of purity of F~

Analyte Concentration (mg/L) Standard uncertainty Relative standard uncertainty
F- 20.2+0.202 0.082 0.004082
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Table 10. Relative standard uncertainties of diluted standard solutions and standard preparation

Analyte Conc. U puwiys) Urflask  Ursyringe  Ursdwn) Ursdw2) Ursdws) Ursdowd) Ursdows) Ursdows) Ursdws) Ursdows)y  Ursa
F 202 0.004082
1.01 0.004082 0.00577 0.005774 0.009129
0.101 0.00577 0.005774 0.009129 0.012247
0.0505 0.00577 0.005774 0.012247 0.01472
0.0202 0.00577 0.005774 0.01472 0.016833
0.0101 0.00577 0.005774 0.016833 0.018708
0.00505 0.00577 0.005774 0.018708 0.020412
0.00101 0.00577 0.005774 0.020412 0.021985
0.000101 0.00577 0.005774 0.021985 0.023452
0.009129 0.012247 0.01472 0.016833 0.018708 0.020412 0.021985 0.023452 0.050332
F EFEHY £xd
wxo) het BY Hihw
I3 AT ¥))
Eo] KAl 7191gt
BAIH A4S B2 g - 2 2
< 5 5 = — (Zyy X = v = X
C HUSE 435 HE 849 BGd HAHY S L TN
o] Al8-8}= Z=7-E(syringe, volumetric flask)2] &3+ Z Ty,
= = s - - — - 1
=2 Age] BN 34l A& FA) - -2
(syringe)oll 9]¢t B8 = WA HAAME ZAZ A}

Y ) wet BY BT WL PES olgad

‘}S’iE}(Table 9). A&
A A8 FFAIES SHAE 7H] o)
2 ol J‘H SR F Aols Furd F AUt B
AFdM = & AR E8A7 S/ WA Zolrt
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e FAE T
ARFA] Aol st B A FA
oA ARE 4 A3 FXpe] Fag Edr 8
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m: Slope of regression line, M: Number of mea-
surements, N: Number of standards for the calibration

}TC : Signal of target species
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Fig. 4. The concentration variations of F~ with expanded
uncertainties (k=2, ~95% confidence level) on the depth
of NEEM snowpit samples.
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