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Measurements of Atmospheric Small Ion Concentration at the Summit

of Mt. Fuji, Japan
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Abstract. In order to observe atmospheric ions in the free troposphere, measurements of atmospheric
positive ions in the critical mobility range 5.0 and 0.63 cm®/Vs were conducted at the summit of Mt. Fuji
(35.36N, 138.73E, 3776 m a.s.l.) from Aug. 8 to 23, 2011. Positive atmospheric ions were found to have a
clear diurnal variation, with minimum concentrations during nighttime and with maximum daytime,
which is possibly linked to ions transportation by valley breeze. This variation is clearer when the
observation station is out of clouds in planetary boundary layer. A strong anti-correlation was found
between air ion concentrations and coagulation sink. Enhanced ion concentrations were found when air

mass had been transported over the sea and coagulation sink value is low.
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1. IZL®IZ

KEF ’X?T@%%ﬁwrx\ INA F Y (RifE: < 1.6 nm), A AL (B 1.6-7.4 nm), KA 7
¥ (RIES:7.4-79 nm) 2450 S5 (Horrak et al, 2003), ZHETICREKTDA Fv (BE LIS
7 7x§7—%°1u%) BRSO LU, MBEE, Bl 7 & Okk 2 A IS CHEEI ST D (Mochizuki
and Tanji, 1981; Tanji et al., 1993; Horrak et al., 2003; Kulmala and Tammet, 2007; Venzac et al., 2008;
Kalivitis et al., 2012),

FRAFVDOFREPRITITENO DT R ORESFEGOEBIENZT b1 (Israél, 1970), # E
fHETIEZ RoniEbied, A FVREZED G2 FERERE L CUE, A 4V RILEOFEKEE
X, REFOBEFRL T ~DOMERET OND, A A VOMEFE LT SIE, A A7 ay Lo
YA REREICHE KT T D, =7 0 YV VBENEWVEFT TIEREA A 3D LR < Wi
DEIIRBEHRELZL Y DBECFRINTZREDIEI DA A VBEZRNMERARA LD
(Reiter, 1986), F72. /N A% L TENROVREERAZFOZ LB 5TV 5 (Boulon et
al, 2010), A ED XD, BEOA AV REZCOBERRSHITONDIEN, RKPTOA 4 RE
NEDLIITKEEINTWDH, BREICR LIZFRIZ D v,

T NVRLTIEIA G DOEKRFETH D —F T/ F b T a VR RERIND 7
— AL B b, ZHUIA A UBREBEERLEEEN AT n v ATHY | BRWETNZT T AX—E k%
LT 7 a Y AN ENSBELIET, =7 1 VLB ELRIRCE LS & LT, Hisko
W CEE R FE 2 NS> TN D, 27 7573 v RICBW A A VB REA R A RI
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B2 25513 223% & ESN572E (Lee et al., 2003), A A FEEAR L KGTOTT 0/ L
BREARODLEBERTAEAD—2LNZ 5, FHZ, EHxREIZE O TE, FHR S XD
A TSR A RO RSO0 < TR B GER . BURIAFZEIZ L » TR STV S (Eichkom
et al., 2002; Lee et al., 2003; Venzac et al., 2008), Venzac et al. (2008) (Xt~ 7 ¥ TA A4 BE LT
T a Y VRECBMEITV, A A UERERE RO ANy P EEBECEI L, O
XA A UFERAERS A RRE O T 2 Y VREER I br— L LTWA I L AR L
TW5B, ZOX I 78T, BRENHE TOA AU BECEHERB L, =7 oyt offs
HEIZT 208N H 5,

AMFETITEZEIC, BEECMETHE LILUTE 3776 m) O/ FUREZRIE L. TOEH
IZDOWT DI 21T > 72, B HILTEIZAER 28 U COEE A BxhRBIciIE T 570, v—h L7
TEYL3 D7 < HEIREED & DB YRR RPURLED & DIFH R RGN v 7 75 RREABHIET -
DR EPHFEND, 2, IMAVRBEOHICZ T a Y OVRE, T RVRERE, A4V
HEELEZDEINTNDENRT A= =4 R L, 2O/ N A RBEIZE X B F5IZD
WT BT LT,

2. ik

2.1 JE

BANX 2011 £8 A 9 BMG 8 A 23 HOHIM, B LIWTEOE LILFIKGERET (IBE L
ILIBEAR © 3776 m, 35.36N, 138.73E) TIT-> 7= (Fig. 1)y AHFFETILA VT ¢ =2 (Gerdien) = >/
Fo—LIENn S —EREAEEZ B WA F B T Z— (COM-3400) 12X Y IED/INA A
BEZ 2 SOBEFRBEE (5.0,0.63 cm™/Vs) T2 DS MELﬁmﬁﬁ%ﬁf500@cﬁNs%
BB P OE L ILTAD FHKIE (645 hPa) & FHXIE (283 K) &%mf&ﬁtt . B
BEEIXENEH 3.1,038 em¥/Vs L7225, BEABEE 0.63 cm™/Vs IIRKKFOIF _T@d4
FUOBEERRE L, BABEIE 5.0 cm¥/Vs 13/ A D7 T b kA~ wﬁ@@d%%V
BEZHET D, Uk, BABEE 063 LEABEHE 50 cm¥Vs OIEA AV BEZENLEN
Nogs, Nspo &EFTART D, EAF Y ERIRRIZ, =7 8/ L RE% SMPS (Scanning Mobility Particle
Sizer) THEA 11.5-365.2nm %, HEEL2RFHIE S (OPC:KRI2A) THEA 03 um 2L E% 5ch
T3 NITLCMELRE, £, EA A VBEREROBNOTAIRANVEOY Yy ST E2HL
THEBEIISNEE 50 L /4 Tﬂmr@mbtowws&omz1%%@%:~7m%ﬁ%%wt%
REFA4Ta—Var s R ¥—
ﬁbrﬁ%ﬁgﬂ%uT@%@ﬁ% }
WL THIE LT, o il sk
S EOBRTIILTEO I LTEO 8 i :
W28 % ARG T KBS YikEdE /N2 R D 22
H R 1290 m(LLUTFRERES) TIEA
FUREAIITE & R U HE TR
EERNCRRERE L, UTE & FTRRKD .
EA A BREOKEEIT T, £z, Fig. 1 Sites of measurements at Mt. Fuji.
BIERR OB E I L TR LT,

lter {1280 masl)

22 HEME (Coagulation sink) DHFH
R E (CoagS) 138 HDRIBRORLFRBEFRL T ~EET L LItk o THRESNDZHSTH
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2, EHEEEOFEIL Kulmala et al. (2001) OFEEZHAWTHEE L, M A ORERT T 5 B
ZE Lz,
CoagS IZLL FDOX TR FE 5,

Coags = ) KN,
j

I, BEMSAEK, 1T Ry, =R +Ry, Dy=D,+D, LTBE,

K¢
Ry, + _4'D12
Riz + 012 Ci2Ry

Kip =

KE = 4m(R, + R,)(Dy + D,)
kTC,
= 6muUR;
THREIND, NijEBOREOKR THIRE. Ry KT, D R T ORI, w HAD
BRI, ke ALY <V ERTHD, o, =2 T LMERFIT

Q=1+m@ﬁ4ﬁm@§»‘%=LMZ%=Q%&%=a%9%mwtommmd

Raabe, 1985), K, & 7 X—E 8 ThH D,
_ — - _ 8kT
C12:\[CE+C22, C;i = 7'[_7nL
70, Gt R TRIOEYAAIBCEREE, ¢ BEm O FOEEEETH D,
013 =02 + @I ZODT T v 7 AN—E LI HEEET,
_ (Riz +v)® — (RE, + Vi2)3/2 R 8D;

3R12Y: Ry = 77_51

T,
AT, =7 B/ NVOF A XEREITEIFT 5 CoagS & SMPS & OPC ORIERNEER
FEERWT, B 14nm OA F K LTEH L,

2.3 JEBMR D 5348

TT = ZADEBERK S L OEBEEENNA T RIS 2 D BELTRD7-DIC, NOAA D
HYSPLIT €7 /L (http:/www.arl.noaa.gov/ready/hysplitd. html) Z A\ T, 3 HATE TOHK 5 IRHT
ME B S ICHE L, FhICL 0 =7~ A% Kbehsk, BARMRE, \BEN DMK, Bt
BskED 4 SOBREINCSTT-, 512, BHILUESHALCERMRBICMNE Lt ETn
DS T A 72012, R 2000m BL EZ@iE L CEX 2= 7 < A% A BAxHEEBER (FT #H3k).,
2000m UUTFZEBLCERT AT NLANOBEKE TEE L (Fig 2).

24 EOFE
EOFEIL DITEDTATHATERNTHI L, BREIIZEORELHERN T 20
7, BOH D BEOREHE CEA A VRE L EOFRIZ OV THEREZ{To 2,

3. MREBE
3.1 RERVIOEAL
Figure 3 1%, % HIMBMHRONIERER (2). EOFE (b), BABHEZLOEA A VRE (o) 7
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Fig. 2 (a) Horizontal(top) and vertical (bottom) backward trajectories for three days in the free
troposphere and (b) the non-free troposphere.

We defined air masses that had been in higher altitude 2000m above sea level as the free troposphere
(FT) (left), the other air masses were defined as the non-free troposphere (nFT) (right). The different
colors represent the different types of air masses, Continental (brown), Maritime (blue), Japan (red),
and Sea to land (green). These trajectories are drawn every hour.

RURE (d), SMPS 2 bE bz T 1/ VRE (e). HifR 1.4nm (ZXF 2 CoagS (f) DFFH
Blezrd, 28,8 A19 BD 14 B 5H20 BD 17 BE TOEA A VBEIIMEEDOT-OHITX
B E7Z2oTWNB,

B P, RESEREEOIEA A BEIZRPICHEML, BRIV T2 B L& %2R &
BEhotz, —FH T, MRRHIEA A VBEICAEBIIR OGN, Nog IFEREF & H T HEHY
BVREETH -7z, £, 14 BIERDD 15 AOREIUINT T Nos D EFTHEBRLRRPE
BRRONT, ZORF, I Ao T a S ARERENDA T UFHEREERDE Z > 7-Fl6E
MR BH . BRI FAERICOWTARR T TITER LRV,

32 FEAAVEEORLEH

Figure 4 3B LUTH & KERHID Nos & &L CER L7 B RS %2 R~d, BEIMMT CLED
Nogs 1Z B IS L, TR ICEDT 5 AEBR A LN, —fRICKKF O/ v OERRILF
HBRLT Ko OGN EITONG, 7 RV EFBRICAEEZ T2 Z L BMbn T
T (Kojima, 1996), 7 K> B/IA A ODBEEEEL 52D Z N TFRINEN, WENPT K
VZIERAELWBEIR LN T EBED T2 (Fig 3d), /M A LT Kok OREITR
BTk, RIZ, FHBIZOWTEZGE, FHR Y 7 v 7 A0 BESHILEF ILTFERS
NP ALV EWIA LRV TEETIEEZOND, 2FD, EA AV BEOBEENT
T RURFEH R T 7 v 7 ATERL, oA FVFERFEL ClIER_EhDEEZLLND,
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Fig. 3 Temporal variations of (a) backward trajectory route (b) cloud presence (c) atmospheric positive
ion concentration in the critical mobility range 5.0, 0.63 ¢cm*/Vs (d) radon concentration (e) aerosol

concentration (f) CoagS for atmospheric positive ion in the size range below 1.4 nm.

—FC . EEECBTAUED/IM A VRERZRFICTBOSRMENSERESNS Z L TER
T2IERMOEN TS (Boulonetal,, 2010), B LIUTEICE W T HILOREMSMEA IR D Z &I
LV ZBRIC LD KRRDOSMERENRE SN TV (Fujishiro et al.,, 2009), 2005 & 7 A (2
EL-BERBRREDBEST, KRERBRNEREOT 0 Y VRO IITE~ORENEEL
7=(Kaneyasu et al., 2007), [UTH & KERSIDEA A BEZ BT 5 & B DO KBRS D Nog 251



112

HOHFD Ny &ILVMEERLTWED
(Fig. 4), 7=, WIEDTEA AL HR
e & ORIZBRWIEOFHEN B S/, B
EoZ s, BRAEOAFIZTFEREN
INTEIZ SRR 4L, FAUS & > TN o
U IUTEIC A SN ATREMEDN & 5,

33 JRy-z7us A F U BEOR
%

15 B2 6 19 Bix7 RVBENEVMEL
KU, ZOBOTT < 2O ITHE K
fECholz, OB, 100 nm L EDk 7
RESEVMERICSH D25, Nogs IZHRERZE
LIRS o7 (Fig. 3),

Horrak e al. (2000) 2 & % & Eg i@
0.63 cm’/Vs (MLEBENE 0.38 cm?/Vs) DA
F o ORI 14nm TH D, £, Nsgo
L Nogy DEIIHBHIKR X et XD IED
A F BB (90.1-1.4 nm FRE) 2R,
Fig. 5 T Nsgg & Nogs DZE L KIFE 1.4 nm |
X9 % CoagS DBEENH %KY, N &
Nogy DENRKEL 725 & EIZ CoagS MK
KRDMERADBH DI, EA 4 RE L
CoagS ([ZIFADHENR ALz, Zhit
CoagS 2MEL 220 . A AV DOHLKERTYH
HDHZTT R NA~DRENBELT B Z L
T, EAAVRENER L, AU DBEE
LizéE 2 BN (Fig. 5) 2D LD ks
FiT Kalivitis er al. (2012) 12 & > TH 34k
EhTna,

34 Bk E
BLIIERA—AFEDSHSEIILS A

10H, 128, 4HDFH3EH-T-, =D

BF, HHIZIEA A REDRE < 72 DM
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Fig. 4 Mean diurnal cycles (hourly averages), at summit and
Tarobo in Mt. Fuji of atmospheric ion concentrations in the

critical mobility range 0.63 cm?/Vs.

600 T
n= 32
500 1
§ 400 | ===u positive ion
g 300 |
8
c 200 | 76
S
100
é
0 2 4 6 8 10

Coags, *10™ /s
Fig.5 Variability of atmospheric cluster concentrations at the

critical mobility range 5.0 cm*/Vs, - 0.63 cm*/Vs depending
on Coag$ for atmospheric positive ion in the size range below
1.4 nm. The boundary of the box closest to zero indicates the
25th percentile, lines within the box represent the median.
The boundary of the box located most distally from zero
indicates the 75th percentile. Whisker above and below the
box indicate 90th and 10th percentiles. Numbers (n = )

represent the number of date used.

AZEBARONTZ, ZO—F T, BELIUEREIZEBDOIL TS & X 3TEA T EENEL 720 B
72 APEBZ RS 25 o7 (Fig 3b) NRFHI A EE 2 R E R oo S IEA A4 BB I3 RS
Tholz, TOFREE LT, BAIZE VPR FRRESND Z 212X 5T CoagS S L.

EAFVRECEELZIEBEZLNS,

ST, EA A VBEICHT B EOEEL M BD 7010, BROBNSZED T A -7k
DIEA F U REOEE Rz, 2O X5 REFIZBRHBPc4BR SN, EHEBOEA A
VIREZEOFIE LT, 2011 8 A 11 HD5:00 ~ 9:00 Zat, 5452 L 2304 Lh A
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FHEEEND 7:30 EIZEICAY 8:15 ]
IZER e LT L (Fig. 6, REH), g %0

2
ZORFME T Nogs WD LTND Z & ; 400 —— 0.63cm/Vs

. . ) 300 5.0 cm?/V:
Wbhb, ZOROEADH L BAY % uj;;h%%%;

200
D Noo OHB DBSFELFEH LI S 10 }
Z547% Toh-olz, 550 @ 3 BEIDOZEf] 811500 811600  8117:00 811800  8119:00
R L CTHRBRDOFHE 21T o 72555, IE  Fig. 6 Variation of positive ion concentration.
A A IREDRD T 36% - 47%Th
Slz, ZOEIX. 277573 v RIZEBT DN U RE DR ZE 44% - 66% (Boulon et al.,
2010) KO L/IS W, Fo, FATHIR TEINN AU BEICR L TERVREEREZE S Z Ln
FHALTW5 (Lihavainen ef al., 2007),

lon conc.,, /cc

3.5 =7 = AT

BIHMPIIFEREN» OO T v A0 8 L (AZIE B AXTREICIE L Tz B bR D,
TT v AOHEPEED D DFAIT, CoagS MEWVEAIMNE < | Ny BEWVIRILTH -T2, 2
A FRT e IR ESHIZSWDRIIZZRZY | N BB ieo b BEZ NS, IR
K TDT T < A ERKDOBRIL CoagS 2EVMEIEIN B SITZ08, Nogs (IR0 22 M 1T R
Lo Tz (Fig 3a), 7o, HEAXTEE KKERE CIEA 4V RBEOEBEZITo BN RE A
ZRITAONehoTz,

4. #&buiz

2011 FEEFIZE LILIEIZT, EA FVREOBEGRIEZ1T o2, KRFOIEA 4V REIC I
RKTETHRIZERR, BRICE/NE R 2WELBEBN RO, 2T RIcaRIC LY TRED
AFUBILTEICEHRE SN2 ERERB L EEZOND, £/-. RETOEA A EBEIC=T o
VNURS BR LT, A A VBT CoagS & ORICHERWADMHENR N, S5I2, &R
HMEBEDOFIZAD Z & TEA TV REIZBORAONENEA A ORERBZESZ L%
R L7,

il

B

BLILBRNCH 72D %< OIFFRECFAEICBMENT 2 572 & 27 < RE L BRI < AL
ALETF2, £, BNV TIHE, NPO BA (B ILEIREIT2EAT 548 RNELIUEORH
BERTis D—EE REFF ) S EREHES L TV ATz, NPO A &L LiBERT
EIERT 22 OBMREOERKIZ, UDHOEHT 2, 728, RO I B AR K2 B
FEBIRR B FERAFSE, R AR R C (22510019), B AUHRLKER A B TR 1L & R K40 58
F92011 4FEVEBNRE - WEEMABNE OBIRRIC L 0 Tz,
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