Vol. 36(4):319-326
http://dx.doi.org/10.4217/OPR.2014.36.4.319

Ocean and Polar Research

December 2014

ZE]7}-5-E](Coulter Counter)E °] &3 IFx] FAIE F
FEA W9 YRV RE 4

O\I

(o

=l Y
(406-840) AHFIA

—_k =l =
IMS - ES|T -

el
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Abstract : Mineral dust in the polar snow plays an important role both in the climate system of the Earth and
in global biogeochemical cycles. Analysis of the concentration and the particle size distribution of mineral
dust has been carried out in the snow from the Antarctic surface snow and the Greenland snowpit. Among the
various particle size determination techniques, a Multisizer 3 Coulter Counter in a class 100 clean bench
counted all particles between 1.1 and 30.0 um with a 50 um aperture tube. The aperture tube size, the
concentration of electrolytes and the accuracy of the particle size distribution were determined in this study.
The number concentrations from the Antarctic surface snow were 81,843 particles mL™!, but those from the
Greenland snowpit were 10,666 particles mL™". In the volume distribution, the distributions of mineral dust
in both the Antarctic surface snow and the Greenland snowpit showed lognormal distribution in the size
interval 1.1 to 6.0 um with the mode, 3.562 and 3.836 um, respectively. The analysis technique using a
coulter counter for mineral dust could be used for reconstructing paleoclimates from polar ice cores.
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7] Foll Ffatal e A e AA nAdRE
7] ol o] 2 (atmospheric aerosol)©]23L ST}, o 7] o
ﬂi%‘—% x]zh 3| 001: T= §]./\}§l—£34_ 71-0] z],oq o7
A7 | kol S AREe] ARSI o] <QI7He] EEel]
%H WAl EL7| = Sek(Poschl 2005). T7] ool 2ES 3§

< AQehd i B =4 &= B84 nAYA

(msoluble microparticles)® 7/ =] A Th(Fischer et al.
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2007). durE o7 7] do]BE F AT 7| FA|AH
FIFE F= T8 229 B84 vAYAE FEL W
A] (mineral dust)2kaL t—?_h:]—(Steffensen 1997). ti7] 5 F&
4 WA= AAE ol FS Tkl EAdolA He ‘HOVL
SATEA] Bt 53], Foprobe] Aptx|elA]
At FEA HAE A3 (westerly wind)yS Bl Zd#=
A Fo 7 o] 53} (Biscaye et al. 1997; Bory et al. 2003).
=25 (polar vortex)2] =0 W}l 2o FH|Foz
== =4 1A 9 o] HElshA Erh(Kahl et al.
1997). A9 =23t FE4 WA= 73 (wet deposition)

E= th7]- 23Hair-snow exchange)oll 2|3k A4




320 Kang, J.-H. et al.

(dry deposition)oll ]3]l =A| ol 32 F th(Steffensen
1985). th7]oll - W& iwo] @l 7|7k FoF o] A=
WaleA] BAEE FEY A T2 25, A4, JE,
A, %A o2 FAJETH(Svensson et al. 2000).
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1ZHAQ1 Gkl oJaf A& WA= 2345 7
7). FEA UAl= v JdAd s
A7) el s 2/l YAk
ABlRRAE TAAT|EE 7%
7} @32 YebAth(Boyd et al. 2000). th712] ZEA
&= AAH o2 AF2dsts AaA7|= WA g2y
(dust feedback) B3-S 7HK3L Ut} FEA WA o] 44
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55 S A AFE 7FAIEE A7 Fad FARE
ZF=% 51 9ltH(Thompson and Mosley-Thompson 1981;
Shao et al. 2011). 53], FA] WalZol2FE A 7]
o] FEA WA FEE A8 54 = Aok 3A 7]
T3] HEAS ol 7 7] "ol FEAL WA
SE de Wokae] A7) EA F=AE HA vt
(Fischer et al. 2007; Lambert et al. 2008).

FEA WAL YRETE ke Wl o8 S
T At YAA7E S W ol= electrical-sensing
zone(ESZ)S. 2 FRAE = A7 o] 73, Abe
3d T 548L ol8F 35 Wao] Ath(Royer et
al. 1983). #33H4 W elli= FX}# 9 (light obscuration,
LO), &34t (dynamic light scattering, DLS), @]
3] d ¥ (laser diffraction, LD) 5¢] Y& o] &3t=
12971717F gtE o] Ath(Driscoll et al. 2001). Wal=
oAt 237 FEA WA dAAIE B4 S
7] 913 714 & & o83 ZE7HE](Coulter Counter)
o} o] ihehs o]&st Az} UEZnE(right angle
nephelometer, 90° light scattering)E A8-3}3 tH(Royer et
al. 1983). FABH LS YAREE EA4T 5 jle v,
ZE7LEHE QA8 YAREEE Ao A4S
W71 Wl FEA WA YRAE SH sk 71EF
ol EARoz Q4= JtHRuth et al. 2008). 3
FoAME FHZol| MR G G YA TEA

(single-particle optical sensing) W2]-S #-8-3}] A|F.]

Em[

A el Dagla AARZ7HA] SAH Y 7 oA
AL EEE4 (continuous flow analysis) A|2=Elol] A5}

—

o] FA] Wl E FadER EMsk= o AREEa 9
T (Ruth et al. 2002).

2 A7 BAL ZETIRHE ol&ste] FH oA A
g wAIFAAN FEAY WA YAAT]EE(particle
size distribution)& =4]317] 918 HA ] AFxAS v}
Astar, AFE AP0 AR EA4% SA4] AR
% FE WA YRR EAS wetete Ao
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Aok g S2] AR

HIRFA| 5.9} Al F ol AFg-3l= =2 Milli-Q Advantage
9} Q-POD Element(Merck Millipore, USA)E &3l L
%2 29 Milli-Q water(18.2 MQ-cm@25°C)S A&
sttt A8 &7]= Ee&Etoldl(polystyrene) A& <
25 mL o748l Z(Accuvette cup)y= A3 TH(Beckman
Coulter, USA). o8l 2 Milli-Q water= 33] At
T Class 10 E#4lx](Clean bench)ollA] 7AZ3sle] AlL8-3}
Atk FE7HeE] AME-Shs A E &1 ISOTON® 11
£ AHE-3ItHBeckman Coulter, USA). Al &0l H7Fsh=
A A 8N 20% NaCl T84S 25 Azt A&
33tk 20% NaCl =898 20 g NaCl(Aldrich, USA)9)
Milli-Q waterE go &A1l & mB=2] BES A
3171 918 1 mL formaldehyde(Aldrich, USAYS 37}t
Az 2, 0.22 um MCE(mixed cellulose ester) #1E.2]21
¥ (Merck Millipore, USA)Z H|Al YAE A A3l A}
ottt

FA wAIEE 20139 1299 FEHE Y EZ o=
(70°41'S, 158°51'E, 2019 m a.s.l.)ollA 4F 3 172 %
Z TAIES 20093 6¥o] ZRT=(77°26'N, 51°03'W,
2461 m as.l)olA AFHE 32m Lol 4 TAEE A}
3t AR AF = AR LES B s Bx
53 AzhE 2Rg-star shalkg WRellA AjF ki £
TAEE v AlFEE 1L AdE=Zg]o|gdl(Low density
polyethylene, LDPE) ol &ttt 4 T=AIE= £39
AFE dEHoR TR AEE AFH st g AlFE
1L LDPE ol gotth Al§5 ¥ LDPE B2 vl2] A
25k AHWO Z o]FEY g § ofo|2upio) Hste
AT EAEE A s] A7EA] —200CA WEd
B2 2ass

AN

24717 3 A9
AE AR AR EAe 9% Qe o oS
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Fig. 1. Multisizer 3 (MS3) Coulter Counter installed on
Class 100 Clean Booth in Class 1000 Clean
Room in KOPRI

7] $J8 FA AT Class 1000 FHE(Clean room)
9] Class 100 S=H=] ol F=aY 3}t —20°CA A
s E¥E 1L LDPE B2 SHHAZ §A 42004 A
o] 5ok 52 wA5EE & 5 5, vg "ﬂ"q‘} okt
3 ol 10mLE &7 ol Lwsiith Al5E a2
SHom wHE7] S8 vE AxF 20% NaCl Ry
0.22 um Millex-GS A|HA]ZE](Merck Millipore, USA)S
T2 FAP|E g e HUlste] AlRE dsd &
o= WS YAA7IEES] S-S Multisizer 3
(MS3) ZE|7IHE A3t (Beckman Coulter, USA)
(Fig. 1). 9&=7] 242 NIST QEFFE2 SRM 1960
o] A (traceabilityyS 7HAE gheElx H|E FZgoHel
Coulter CC Size Standard L2, L5, L10 ¥5=8(Beckman
Coulter, USA)S ARE-3Fd 2+ 2 um, 5 um, 10 ume] ¢
272715 B 578517 A, ofdl A o=
Rk & FETRE SHE Yol 500 uLe] A EE F
st YAV EEE SA ST AEH R 33] SA%
5 ks ARESHTH

3. 23 gl a3

FEPFREES ¢ B2

Wallace H. Coulter= 19403t & sz gfof &
2k Qze] A71¢F FEE S5k s utste]
7ol T2 €Y F Axe] JirE S5kt 87}
EE ARSI THCoulter 1959). ZEI7FEHE 7|48
Hel AP E ol&ate] YAV REEE At ofsk A
3l ool 4HE AA7E o H A (aperture) FEO] AR
THS AT v AT ARV s23 A= F AFA
ole] A3o] FTlet] MFTFe Wzt Y= As S
Aate] YRbe] A7)ef EEE Wsshs Hdglolth. A&

W7 sk B A FE v FHS U electrical-

Ho e i

sensing zone(ESZ)°|g}tx it} EH7IEEH+ YR E
XI5 AT o gRte] SHE e AR A2 g3
= = AHE 7RI

z
)
r’OJ

FET7H-E ] Bz A

ZEHIFSHE 04~1200 ume] JA=7 S 24
Aom, SHML= HHX FH 27| o AAHr)
FETISEE olHx BB 37)9] 2.0~60.0%9 @8
AAZ/E ZHT = Ak YPHH LR 50 um 2719] o
Wz FHE ARREE 1.0~30.0 umdl] dl3shs PR
BEy=s =43 & 9t} dukdel A A= ZE I}

2B A9 o)zt M AR PO B o]z

Jgo 7 AAZE 2. 0% BT} oF7) =O W HE] =4 o]
7¥ssith £ & e YAAVE 2F7] 918 20 um
-0

= 30 um 37]4 °H4121 FHE AREshH mo]=e] o
ol 7 T Soler. E3F FHIIRHE 29
& Qb AAeE w ¥ AR1Ee) dEFel ST st
0|27} 2.6%2 A WAste] =7} Eoi‘:‘— o
2317} UeRt} o] 2E Zo]7] sir SHE ool A%
H ZE7IEE F9A| to g olF o]—OZ] /gz] s A
FUEE F29 AAGAE AHgEte] ol 23 2.0%71
;q 17%‘7!:‘01 %Xé@_— T J= ?:}X]':—:Lﬂ 1.1 Mmi _,—Oi
o}, & AFA] 50 um Z719) o HH FEE ALEEAS
) JAr=71e] SA”AE 11~ 3()()um7]— =t
ZE7LLE Y] B FE A7) w2 94T EE F
AN g2 JAZ7|EEE Fig. 20 Bl ste] LYehH AT}
20 um oA FEE ARSIIE W, =o]=7} 3.3%7HA
RS0 0.6~12.0 ume] SAM S BAE 5 9l
ok 50 pm oA FEE AT g wo] 27t 2.0%2

U= 1.1~30.0 um7FA] 4 0] 73T 100 um
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Fig. 2. Particle Size Distribution (Number) of Polar
Snow by the different Aperture Tube Size
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wo]=7t 2.0%E Z7gH
J3I3A Tt 20 um
BE AbgshA 2k A719 fJAE 34T &+
UATE A A 7o) 5uf o] AR AT wf ofj 3
EH 7} A wha)| 7] u ol EAdo] Y8slR] k). =4
AR B% 50 um 2719] of 3 FRE ALEEAL
o A FARSe 4 2A4S JPT 5 AT
FEA WAl JAE AR AF AGFH A7 o
2t Jz=7)e] 27 2] wiel] AT i H4 o
sle oA FEe| ArE A¥E Hart o
‘%Eﬁ}—v—at oFgh Hafjd goo] AtE YAke] =71
EXE % dsid §99] w57t YA R
= 371] WERA] 2ottt A &4 9
o] A A= FFE Ielstr]
flal 20% NaCl 78S wA 50 H7bstd A58 A
2 g0 2 =St Delmonte et al. 2002). A3+ =
fd G F=E Gt fl8] Hdafd & s=E
0.5, 1.0, 1.5, 2.0%= WAA QAT HTE 5151

gNH = BEHE AL39L b=
91 20~60.0 ume] YA/ LTS =
oA R

3

A

)

th s Golel FEsE 2] wet Qiapel FEs)
PRI S} v Folmi APl teho
Rt YA ARTEBA L S ZAE 08%0] 2

FIREEANME 1.6%= w5 dAe #e YRSt
(Wegner 2008). =3, A2 9] F=7} 1.0%Y
FyE oA Yx=719] 3 F4k(mean), F7Hk(median)
I # W Zk(mode)°] 22t 3.724 um, 3.259 um, 4.733 um
2 7P 2AH deivdes 2284 E 2 E YR AT
meba FHE dad &9 FEE 1.0%=E AA s
Age] HE AE &9 e FEHIFLE ] AMS-3
= 3@ {9 [SOTON I19] FE9 FUslart.
ZHIIEE o83 FEA WA EHRAL 7E
°ﬂ UrE‘r‘& A Wstaole] #AxAF FA wAR
A< vlaLste] Table 19] YERAAT. o 17-9)
< ZE7HHl 50 pm ¥ FEE AHE-s}
A g o= | %2 ARSHE B AL
ATH(Table 1). o] 2ACR FH| EAIE FBA
4 W AR b 1.1~10.0 pm
AN FEES} B FEE JHEEART 242 3.6%,
1.8%3At. 3] YAF719] Bk 1.68 um(FThsE
THAE 0.6%)°]1aL, FIHIEEY YA HAFES
336 um(CHNEFHA} 1.8%)2 F2 AW iﬁit}. =
H7IHE o] &gk A 4] Aol =& AH
< 7, 4Rk B obEt YRREEE SACll %@6&
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Table 1. Comparisons of parameters of Coulter Counter in various studies

Steffensen JP (1997) Delmonte B (2002)  Wegner A (2008) This study
Instrument MS2 MS2 MS3 MS3
Aperture diameter (m) 20 50 30 50
Channels (size of bins) 256 256 300 300
Detection range (Wm) 0.25~6.0 0.7~20.0 0.6~18.0 1.1~30.0
Electrolyte concentration (%) 2.0 1.0 1.0 1.0
Analytic volume (uL) 500 500 500 500
Analysis cleanliness Class 100 Class 100 Ambient Class 100
Table 2. Characteristics of particle size distribution from polar snow and ice cores
Antarctic surface Greenland EPICA Dome C GRIP
Snow snowpit (Delmonte et al. 2002) (Steffensen 1997)
Number concentration (particles mL™") 81,843 10,666 2893 ~216,022 -
Mean (um) 1.877 2.124 - -
Median (um) 1.623 1.852 - -
Mode (um) 1.278 1.294 - -
dgg 2.739 3.126 - -
Volume concentration (um> mL™) 484,400 106,900 4,320 ~ 344,960 13,200~ 3,040,000
Mean (um) 3.929 5.484 - -
Median (um) 3.049 3.871 - -
Mode (um) 3.562" 3.836" 1.91~2.08" 0.75~1.01%
doo 6.945 12.50 - -
Mass concentration (ng mL™) 1,211 268 10.8~862.4 33~7,600

*Size interval range 1.1~6.0 pm, Size interval range 0.7~5.0 pm, *Size interval range 0.4~2.0 pm
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T 7] wjZe A st YAATE
2] 7HA W FollA g 712 A Q1 e
2ATHRuth et al. 2008).
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g YA EZE HERNATHEA A4 2014). 3

A iAo " B89N Ha U=l 25g em™

=3 A28 Th(Steffensen 1997).

5 ES wAEE B AR /1A 15'1"\155 500 km
u

3 A o] Hat ?M?—t— 81,843 particles
HEAA YA O] HHEES 1.877 um
o1, T AW 22t 1.623 umd 1.278 um=
90%7t 217 2.7 um ©]3te] =}
% < Bk JF 5 =AIEY
Bt ?Jz}—‘ﬂrf%b 84,400 um® mL~'o1™, Jx}=71¢] 3
T8 0%k ZF2F 3.772 umet 2.906 umE LFEFSETE
I ZoA JZL717F 6.9 pm o] 8kl A 90% ©]72]
PA7F %Efv‘}'* 54< B3 10.0 pm 7] o) 9
A2 A QEhH FEA WA o] BYEEE 3.562 umollA]
HWZS EOlL B2IARFEEE BAT FF wA R
A 3EA mx e A#S 1211 ng mLT'E YERT
4= EPICA Dome ColA A|F3 Walzo] & vpxgt
) 8}7)(Last Glacial Maximum, LGM)JIA Z2A|
(Holocene)oll 3= 40~580 m +7+] 254 HA] 9
AAFE 2,893~216,022 particles mL o] 32, 24 W=
o] AL 10.8~862.4ng mL™'e] X E W tHDelmonte
et al. 2002). 'H= BEFolANEe] HF FAE T FE
A Wx]¢] AES EPICA Dome C ¥3t30] B} =4
et EPICA Dome C *3laio]ef o] d=uiS
slzolo] FEA WA Fo WAL W i SollA
Aste] AAE] di7]olsS Sall A=) vl A
g th7]olE Foll A7 wE E/F7F dojuhar AlA
HtH(Delmonte et al. 2004). 5= HEZjold= 2|9
AEH AxHe] =3H FFHF] A 7ol A LA S
FEA WAV AR &2 AR ti7lolsg ot
o:" = lFoﬂ ;‘dxq_t,] 742& ZFXO%SEL 2= 01\:}

J-FE T SA R e FEY WA s =
A YeEl= 160~175 cm Z 0] %Lﬂoﬂ 3k Jxp=7]
xo] BEAS getsiginh. 2dlHE 4 TAIE T BEA
Wz ] it YAE 10,666 particles mL'0]L P}
A719] Hag2 2,124 pmO| Atk FEEANA HAHIZE
SRS 247 1.294 umet 1.852 ume! ¥ =2 B3tk ¢
Z}EUI 3.1 pm o]l FEA WA 90%7} XA

Y271 6.0 um7HA] YA 99.0%7F EE = 5
H~ Btk FulErelA Ht YA E 106,900 um?
mL'¥ow, A=A 79 HFEH TS 5.484 umet
3.871 umE el FEA W] HH# A7 268 ng
mL7'ge) Z2d@s 24 FAEE YAEI)7F 6.0 ume)
FolA 1.0%2] P47 YA S FA4 8 S7HA

?JZW—-JJ—‘?*:{E dfFet= 2345 B F3
HE 6.0 pm o]t A o EH HWgko]
3.836 pmoll A ‘/]'E]r‘/]"” B2IGFEEES AT+ Sk

%?‘ adEs F4 —v"‘]»—J ol FEA WA
o] HEAS ot o YAREEE 6.0 um ©]3+e] YAPH
AE ARt EAS Botd Aok 2-E T4
A8 F=A HAY JAAIEE 54 }—r &5
= RAT, YA v 2 JAY 3
BT —1?1— GRIP(Greenland Ice Core PrOJect)oﬂ*ﬂ A&
g AFskae] T LGMellA FH2ol| sdshe 304
1,961 m 77+e] 384 wx|e] Fae 33~7,600 ng mL™!
o] BXE R ti(Steffensen 1997). 54 Wtz F 3
=4 AR 9] JARA7EE 5L HRIEe] 0.7~3.0 um
£ 7He 22 E YehiH, A Holyt 715 st
of wel YRR L] 50| tEA YEUEE, J&
3 WA ] JAAIEE EAC wet HA 7]5ste] ]
25 2% 4 ti(Delmonte et al. 2002; Ruth et al.
2003). FAIRF FEAd x| ] YRR 2 whE FEA
Az 9] 71 4R 9} o] FH 2o thgk F7HAQ] AF 8
SHeH(Kahl et al. 1997).
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