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The Horizontal Distribution of Air Pollution in Sapporo
Based on the Measurements of Electric Conductivity and
Hydrogen Exponent of Snowfall

By Katsuhiro KIKUCHI

Department of Geophysics, Faculty of Science, Hokkaido University, Sapporo
(Received July 15, 1975)

For the purpose of the investigation of the horizontal distribution of air pollution over
Sapporo City, new snowfalls were collected at 15 sampling positions in Sapporo at every
morning around 0900 JST from January to March 1973 and the electric conductivity and
hydrogen exponent of them were measured with relation to the amount of precipitation.
In general, the values of the electric conductivity and hydrogen exponent developed a
tendency to decrease with the increase of the amount of precipitation. However, the
tendency was divided into two groups, one of them is relatively high values of the conduc-
tivity of 20 -25 4B-cm™! and 5.0 - 5.4 of hydrogen exponent and other relatively low values
of 7-15 u5-cm™! and 4.2 -4.8 at the intensity of 15 mm-day~! of snowfall. The sampling
positions appeared relatively high values were FS, KJ and IT, and their locations were
central part of the city as a matter of course.

As regards the horizontal distributions of the amount of precipitation, electric conduc-
tivity and hydrogen exponent, it was recognized that there was some characteristic differ-
ence especially in electric conductivity in the cases of northwestery monsoon wind and
eastward wind.
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BIUHBRHRRBAEH B TUTON T ENETHY), ERICEDL I LI 2> T
VBRI OWTOBBBZAENK » TOBBZT TREELETEY, BEROKAFHICITHNT
ERBRERZLLCLTEZORRBAR L OMBIR B THER T2 ERT V. TOHFETI
E& L CHEHBELROMEIHEECBbNASIRHTOLMMOBRNESY 2, BAKTH Rain-
out 1=t % &Y &, Washout ic & 8% £ BL TRRPICFEL T2 HRWK E Wiie, LF
23z el aIc %2 & &, Dry falloutic & » TEEICHET L 2RFIRAUC & - TRIE

ENBZI e, FNFEFFTORBTEEAMABL T LicEB L, tLIRHRN15 4T CREK(E
ELTE) #REL, MBSE, TNL0BAREBEBIVKZE/FBEYREL, 20D
BRI & o TRRBRDKFER LIS 2 KBECBIEL L ) &T2LNTH S,

27240 CEIOVWTOBRRGEERKEZA A Y BECETIHEBEI LD TENRIZY
EHL 7z,

m, 8 = X #*

REAHFICEEL T2 ERNTFEIERL LT, TR TRANTIRET 28ETF+NE
ICEDNAENS bW Rainout &, HEBEME L ZBKRTFICL - THETEPTEHZE, HiE
ENdwbWwd Washout iC & » THAKFICILFR G EVAINELDEZFEZ LN T2, %
DEZOBES L DREDEETEHELS L CH22DREZEFICSL V., 40 F TOBL B
#F, #1213 Petrenchuk and Selezneva (1970) (2 & % & Rainout i= & 2 %5 $(3 755 i & oty
2hhb b TERTHEIRIZIZT—%F (6mg-171) <‘: A XN B A, FIUCx L € Washout 7%
REVEDEBREHRMBTEIENEORIE L5 2 L REEN TS, —FH - Em#E(1975)
13 ZF HRainout DE % W EEEL & 25123 THIE T Rainout » Washout 7 1 % 5181,
Washout i Rainout /3 fEL ETHB I L 2R, 2N & HLIRHNICREREZ L
DHEYHRIF N L 12 Washout DZIRICEI VBRFESINDZZ AL THY, FeDHERWE
NIRELEDTME L HEE L TERREE, KEA 4 BE pH) 2RET 22212k, 4L
WRIEANDOAKER L BRI BB TELLDEE 272, WRHETOBREL2L 25 TENE
JE B I3 HE 2 $0100m 2 5 1,000m TH 2 D &, B 0 & 13200~ 300mEETH SN T, Dry
fallout (2 & B EHRAT L, MESNIRTFOMELEZATEHATEEA T ZVLDEER 2,
P> TRIES N BMEITE & L C Washout & Dry fallout miiZilc k23 D& EZ Thw,
Tablel 3 L Fig. IR EN D155 FROBAKIRE S 4 8E L, % HORRCBI24RERIIC IR 35
(Fig2)izy F SNHEMRVBCA - E2EH L (RERCEA TELY, INLORK
PEHLE FRBEY, EREEEBLUOKREA 4 v BELZRKEEOBRICBTRIEL..,
BERREE, pHEZICEFNFNEEEROCM—2A%, HM—7ARZEH W, ZHEZ0OR
ERFIZLLS ccm™! 0.01TH 3,
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Table 1. Collaborators and sampling positions
(#: gathered by author)

K % W& * A
i Bl (KK) AR X Ab28% K 4 T H
BERBREE (HT) n o FERFRLO360104
KN B | (08) no deXAb274 76 3 T B (ZRILA)
¥ %% | (UF) b OREA224 K 7T TH
WA HWE | (SY) n o PR AL124P23T H
JtiEEkE* | (HD) n o JERAE10%&E 8 T H
BB FAT | (SM) 1 R EOHS0 GEEBHE Y —)
BH E— (FS) n AL 2 47147 B
ek EF J(KT) n X1 &rE2lT B
sw Rt | (IT) N EBERKHEM12
mEskEEx* | (KM) 0 AAREARTARED 2,688
A M (M1) 1 KR4 413TH
N EE | (IK) o BER BEE 24 1T HGREH)
HRE M= | (AY) n FREIN 34107 B (EES)
r®m  # | (UH) n FEERILoiR1,819

Fig.1. Locations of sampling positions.
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BIEIZBBR48E 1 Ao b 3 Blo i T %
S72hY, P 1H22HA 6 2 HI2HICAITTC
1 7138 O RERsr 0 AR L 72 726> Z oo [ 13 R )
Eodz, 1B FIDRERIC DV THEKE &
HAREE B LUKEA T v BEOMEICB
WCIRMT 24T > 725, FLIRFT A HRGES, 3K,
W, W, LMORESLALSNAFSA(R ” -
REELABUTE)IMA (mEETH TS Dl e e
A8 1) 2,688), SMui (MR E D #B00), the snow surface.
AY s(BEEN 34107 H), KKA (R
28HATH) Eans &iFFNciE L 448
ErHbEEZLNLZANMRELEL T,
UH 5 (B XA IR, 819) D6 » AT 438 A 77,

0ok, KM (EAST)

M—1. EXEEELEKE

Fig 3 1T HIME D6 iz 81T 5 BB (46
cm) kfEKE (mm-day™!) & DR ETRL
72, EOMEIZ BT BokE 5 mm-day !
PIT TESREEIZ10~100u8cm™ &[5
HHIC O THAE L T b5, BAKEOR
e HIAREEDD L T2 2 EHEE L
BHLNE, RPEMRIISEOT—5—%
Lol THEATHEENLBARICHT 2
BAGEENREELZR LD THS, it

100k~ AY(SOUTH)

ELECTRIC CONDUCTIVITY (pU- M)

nnu

> TRNDUH 8500 & 5 1281 5 512 £z D) o N . " L . . N
EMEIE D7 0 (D = DEE O CE AMOUNT OF PRECIPITATION ( MM-DAY")
NP — 5% : o
SIREE DR S L BKEOBRZ RS+ Fig. 3. The relation between electric
> - S - SN - Conductivity (,uf_s-cm“l) and
bynEL7, 2oL LTEZRI5AR amount. of precipitation (mm-
DIRERECe2R/H L 0HFig 4 THDB, = day™) at typical 6 sampling

positions.

DT LD % DIZ B WEKE TRICEWE

SEELRTHT & (AXFRILD) &, 2 2B CHAR 5 mm-day bl EA & LR
WEEE ZRYT 7 v—7 (UK, KJ, ML, IT, FS, AY) *{kw{Zi#EE %R 7 1—7 (KK, SM
SY, UH, KM, HD, OS, IK) 4 2 = r #ib» b, HT B&BITIE, 2007 L —7 OIREE
TableZ2 L Hic %5,
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Fig. 4. The relation between the estima-
ted maximum electric conductivi-

ty («B-cm~1) and amount of pre-
cipitation (mm-day!) at all sampl-
ing positions.
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Table 2. The estimated maximum electric conductivity (% -cm™!) and
amount of precipitation (mm-day~!).

Precip. (mm-day ')
Obs. Point 5 10 15
UF’ K ’ y
(High) IT F; ig 60~78 35~42 20~25
. FS, : }88-130
KK, SM, SY, UH (u5-cm™)
L ’ - - -
(Low) KM, HD, 0S IK, 4254 17~30 7~15

FS({CENTRAL)

§ 8 KM(EAST)
? 7
6 oo e ° " TT
5 . ¢ st ° .
.
4| &
3 3
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Fig. 5. The relation between hydrogen expo-
nent and amount of precipitationy
(mm-day "at typical 6 sampling po-
sitions.

20

P N P I S S S T

10

15
AMOUNT OF PRECIPITATION (MM-DAV“)

Fig. 6. The relation between the estimated
maximum hydrogen exponent and
amount of precipitation (mm-day ')
at all sampling positions.
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52215 5 FTORE RIS L D72 L on Figh IKRLTh b, BARNSW4EE (~1
mm-day™') CizHT & (AEXFMmLD) ¢ UH& (BERENR) 2HR-72M0138 Tk 7.0~
7.5 TR TH 5%, Smm-day ! Ll L Ci ks pHEDE W 70— 7 (KM, FS, IT, KJ)
&7 —7 (KK, SM, OS, UF, AY, ML, HD, SY, IK) &% 2 Z thbhb, 2022007
N—7npH Iz Table 3:v L Hick b,

Table 3. The estimated maximum hydrogen exponent and amount of
precipitation (mm-day™!).

Precip. (mm-day™?)
Obs. Point 1 5 10 15
. KM, FS

(High) Y 66~68 | 59~61 | 50~54
KJ, IT,
KK, SM, 0S, UF, AY 70=75

(Low) T T .3~6. 5.3~5. 2~4.
ML, HD, SY, IK, 6.3~6.5 5.7 4.2~4.8

INEBEIN—TIBT S 4 AW, FS, IT, K]J?3 SIS HENISHRESONTIEL - & b
OB EALNBHBATH ), KMEICHL TRTESZAAREERDEL THD I Ldf, @
LTpHENEWELZRLZLDTH A, —HILEN KW pHELZRL 72 9 SiIEEICKRD 3 7
N—TieHt s kHiicsaz b, #n—12KK, SM, UF, OST& b2 2 HHILER & B
BRESTHY, AY, ML, IKIzEHICEERTICH D, HD, SYIHL.OLISE B TH S Z L r'b
»E, INLDITN—73TrR ETENENE L E -5 T 5 2 LIZEKRRY, EE Vv pH
xR L724 50N, FS, K], IT? 3 i3 EREEEICBYTHRELELR LI Z 23R
NOERGERD—D DM L 27 L T L v B b s, 1T (BFXKER) #0030 & F U Y
2L 722 I AMEGAROEZREM» A TH D), 2T T S8R0 0E CETE T &
B2ZLEEZNISHBTES, $HF CHREMICEDPH 2 Bl L 72612 H £ 9 % <, Comissot
(1951)>Lebanon ) L THEES.8, FH4.6iIC L ThL N EWELRRL 72, £72:=5(1939)
DERTHEIZHL CIBMEEZRLZZ L RFECRF*ETLTH A9,
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KEAFNSOXCNOXZJIET 5 2 LIZfiBL Z & Tld% v, L LBKOESIREE D HIER
AREEHTESICTRTH S, £2T—20RAE & L THRKKRFIRI P DEER TR 2 %
WiE, BAETLI e bBERORNATNSOXE BRENELZEENMEE & » T4, Fig 7
(KT 213 & R R O REAT (N)(@ ED) & B T o AL R AT (C)( O FN) AL B BT%
ERELRBIELERGEECNT 2REND - LHOKRAFD, TbbBREIC L) MHiE,
BAESNE) OSOxDBREEOLL T3, RPEKIIEA Mo (@)EIcx§ 548%, 5
oA TRO(O)ENINT 2 HBEZ RO L TWwa, —#&ICAENSOXNBEIZZ DEAT D& T
DBEENEICHEELS —D2NBELRELNBEIL2RLTw5, gL H% Fig8iomLr, &
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FLIZ AL o AR R (C) (OFN) & 2D AT OIT ez &b L T a Fig? TRLNTE
MNESBEOHEANITFE L TH 5 2 LI HBEEY,
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SOx IN ATMOSPHERE (FPHM'HR-')
SOx IN ATMOSPHERE ( PPHM-HH')
. e e .

I::oncnvnv of meteD suowu: s CMY) e CONDUCTIVITY orw MELTED SNOW‘O(;AU- eM'} ® “
Fig. 7. The relation between SOx in the Fig. 8. The relation between SOx n the
atmosphere (pphm-hr™')during atmosphere (pphm-hr~!) during
snowfall at the positions of N snowfall at the position C and
and C and electric conductivi- electric conductivity of melted
ty of melted snow (4G -cm )at snow {u%+cm™1) at position IT.

position KJ.
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Mok, BEREEES L UKEA T BENKEGHIZENOROBERIC L > THEIZIE-EY
L2 D2 DRI GEINE I &b o 72 (Figs.9~13), Eh, AfEENT—F—I3KH
TOEERIZ PN TEDLL, KROBSOBEHEIC O > THESE»H-22 Lt 2BbL T3,
() JAAZEENR (19734 2 A24H~25H)(Fig.9) Mk, EXEEE, pHOMEA1313 —¥
THA, RMr»Es L, BAkELL(, BEREER, pHE: L&V

(i) WAZEEHEE (197343 A1 H~ 2 H)(Fig.10) 3 EOMEHITTESE Lo & 508, B
TR D T, BABDIZWIC L2 2b b6 TERGEENE (, pHIEL RRE V. BHiC
BEICHRLECHT ST Zofr L HbTw 3,

(i) BOEEHBE (197343 A7 H~ 8 H)(Figll) 3HEOMEIIITER IS LOHE]
HE R, BAESC, BEREZEE, pHEHLITK,

(iv) 55 HAA (19734 3 H13H~140)(Figl2) MBkE%(, ELAMGEEE, pHEHXKIZEY

(v) smWEBAR (19734 3 A12H ~13H)(Figl3) BAE»dwvicirrbb$, BRAGEE
K, pHEEIZE V. Z USROG ERIC & 0 HLR T RO BB L ZRORAICE B30 TH
A9,

INEDZ L L BRGEEDG A B HAT LM TEb> T bp (Fig9), JlEN
ZHASTRVEA (Figl0) Th D, FET % b bANFFEH IO HERE L L 0 AR OB
BAKED SV bo T RICERGEE MR Z EVBELDIC L -7, ERHCEHENGE
BB KRBN B L - TEAEEE, pHEVEKS L7221, Bk T 5L vk
Tl A RT I Edbhh oz,
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2409~2509 |-
. FEB. 1973 |

g7t 5 - , ™ |

Fig. 9. The horizontal distributions of the amount of precipitation (mm-day!),
electric conductivity (¢ -cm') and hydrogen exponent on February 24th
to 25th, 1973. The figures at each sampling positions are the amount of
precipitation, electric conductivity and hydrogen exponent from top to
bottom. Time change of wind direction and velocity .at position K is
inserted in corner.

1.09~2,09

"4 % | MARCH 1973 |

S (T I
2077 W & B R

Fig. 10. Same as Fig.9 except the date, 1st to 2nd March, 1973
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7.09~8,09 |
MARCH 1973 |

13.09~14.09
MARCH 1973

Fig. 12. Same as Fig.9 except the date, 13th to 14th March, 1973.
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12,09~1309 &
MARCH 1973

Fig. 13. Same as Fig.9 except the date, 12th to 13th March, 1973.
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LA O B TS kA%, Rainoutic k3 L0 § Washout i L 2 H A7 a0 k& WEW
IRERITT T, MKEEBAMGEE, KFEA AV BEEOBRLHBITL 2R, BKEORN
T L LWL T A2 s avhe ), BEicBokESmmeday Ll ETIRME S L 0N TN —
FIHToNb 2l bbb o, WEELERE L 2R BROBSEEE E C, PHEL S
WO FSH (AL 2 W4T H), KId (PrXeg 1 &m21TH), ITREFROKEET2)
T, FRCECOFKME (HERERITAEY 2,688) Th o7z, £/ FHENE MO KK &
(HREIL28%E 4 TH), 0S4 (dbX4b274# 3 TH), UF&A (ERL224% 7 TH), SM si(#
CRREOHS00)DIIITF L & O B A RL, SYA(PRKIL124F23TH) & HD & (LR
W0&FES8TH) 7ML L) RWELRLL, MTHOIKS (BEXAER251TH), Ml
A O(HRTE4&I13TH), AYS (HREEN3410TH) ke bicmbc, HT A (FEFRL
H3600104) (3IEE - B WELAILEE » 10mm-day " LI T ok ikt L CikvwpHE 2R L 72,
BAGBEEOE CEERLERICEV 20 e E2 b1 s, RBFS e L) i UHA (XA
DIFR1,81) I —RICEAEEE LK, 155 FORESONTHRLHENDDIWETH LI LN
b oz, L LpH L T HT M En138 L oo 2R L, ART&RTHE
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