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@ Sampling sites of tree foliages,
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@ Main manufacturing plants

K ¥ B Pacific Ocean
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Fig. 1. Area of investigation.

FrekBeEmilhoTkh, EEAORNVBERB L VERILCES TV, B 10 EMOBH
HEY = X5 LEFHEER6C, BESIE35.2°C, BESHE —265°C L, Tk ) ERHET
1350 mm TEHICH v, B HRXEREST LZRFLBEIS BERHFR~OBITHTHIN
SHEERHHECB L, ATLEKEO 800 ha ¥k & ZDORBIRRRADEEBMKTH S,
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BEIHSLYEARE L UDEDOTERD D, 0 U4 SERT CTHREBRLYC OV TITIR
MEEHED 90% Lk, ¥ fRBHc oL TUIEREIEED 80% Ml LA LT\ 5,
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FRIXI500N m%h T, BHEFLK A 7T EOEF 4 R EOL M BAH 1977 FiiTEE
4 BELEOW TR Kb T\, ¥ DXELENS ORERLY OFEEHEH LY
600Nm*}h &7eoTRY, COIBHILALEOHHENTEE U EROHNBTE 2 HDT W
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O, BEEH3m (AECRIOBEOBBOARIMIE,LDS) ODLZAKKREB LLETZRR
A& ABA=SHEET CTIEL, ABcREBEIhRASRTHHCER L, B 1K
RSFHEL LTEH LI,
B. ERtHOER

MERI RO VILRBCFREH GRH-72 8 - GRH-2 B o il @ B E B TfTl -1,
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WEMOIZIEHFRBIZH - T, EPMMILEDHHOLFRYELESBNEE D5 KGEOHH
EeHoT, X YDOREMIKL & XX, HEEENS DS PRAOFEYZTHZ LRk, T
EMELLOFRYELUETE AMBREBRINRT VS,
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ZOWBERT AR ) EREDY R X o, T bEERMK No. 526 # 5x13cm i HIMT L,
30% REEH Vv ABHICREL, ORIV BELLLWM O LTKBERE DL 1nd ¥ THE
L, DUCB0~60°C THME Lic, = DMMEINE LIBERE 15cm, S 25cm OFMES =
& 5% B-1 et I~XVI WA 08 LR Lo mico b T, 17 ARAKC S L, B
U7 B, SH YN LT 200 ml 0 € —Aic AR, KK 60 mé Bk o, BhE AW
B 20 SREIMEBH Lic, A% 3G20 77 A7 4 A 2 THB, L, 14 vZRAEL
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I v TEEYED, HERS~6m OBEFRBMLL, R ARXR-1CRLTHL L,
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60°C &R L, Wiley mill TH#:LU7% 105°C TR Lz, HRABSgx =y rary
Riedr b, W3Z ORAKA0méFMELTIEAELIDD, 105°C THES ¥, BIRFTK
b L7, IKALIZMEY 300°C -C 1 B%Rs, 400°C ¢ 1B%R], 500°C C1B%fE], -2\ T 550°C T 3 K
BB LT otc, £DH, KAEVEOKT7 » REGHRBECBL, ¥ilgoi7 » FL
B Ly 4BF, 30mé DBEERE, X010 ml DEFHEY N TR 140+5°C TKE
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DARATZ7FTAARLI0mMEE BmlDAARATFTARLED, 3B F—FA4 T 7 vV VR
FO3mb L7 b vI0mlE KERMLT25méE L, 620nm THREXREECIDEER
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Fig. 2. Seasonal wind rose in measuring station II shown in Fig. 1.
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Fig. 3. Seasonal wind rose in measuring station VIII shown in Fig. 1.
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Table 1. Seasonal variation of a distribution of wind velocity range

in measuring stations II and VIII shown in Fig. 1 (%)
w % Winter # Spring B Summer # Autumn Aﬁ sea sifns
Range of Station - -
WV m/s n H i w L H I ki | o v
#E Calm 0 74 0 6.9 0 144 0 4.0 0 81
0.3~34 40.3 83.3 28.0 82.6 30.1 83.7 326 83.5 328 83.3
3.5~6.5 55.8 91 61.7 10.1 64.4 1.7 60.5 125 60.6 84
6.6~ 39 0.2 10.3 0.4 5.5 0.2 6.9 0 6.6 0.2
&3t Total 00| 100 100 [ 100 1200( 100| 100| 100| 100 100

BoHhitl s, —BENEFEREL A LYMALLIFALLSERB LTV SHRES
25, VII{HTEOBRENNI W LIBECERC L > THWTESL, ThiiBEo 7
2N bbb,

2. MEB{D

BRI BILHEDOREORE R, 2¥0EITHD, M4FRT X5, 1B
fEOBKMEL 31~96 ppb, 1 AFHEDBRKEL 8~31 ppb, AFE#HfEi 4~16 ppb OFFHIC
Y, ThEhOERBERT Aciabhls, £RHHEIL 1L ppb Thotk, KRFROFEHK
CRTHHBIRERORFCLREVWEBbh 30T, EFronTha5 L, TRAAMBALRC

-
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Fig. 4. Monthly concentrations of sulfur
dioxide in measuring station II.
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Pig. 5. Monthly concentrations of sulfur
dioxide in measuring station VIIL
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c
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B—6 115 oE% (1978. 6~8) ks 2RABAET
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Fig. 6. Relation between SO; concentration and wind direction
for various wind velocities in summer (Jun.-Aug., 1978)

in measuring station II.
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DR DOFEE DTk E LTOFS X . a
IECRGERRHLET B, % i we o v
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EFORANTHBEORKELRT R e A
M oWCRE N PR EY RS L, 35~ 5
65m/s DEEORLEVWRELXRTZ L
%\, BEATNRE OFFHEIL K-8 1Rt
X5, 486 BERTE D AR M LTE 1
MILEHgcRACEL, DRRxeRd 164
LTw5b, BE#HNcASD L, T 8~12
B) L4 (13~18K%) DR ORENFAEE
B, RE (19~78) BRETH-To, T
iz, ZENCAE DL, EELESAREER
= ﬂé#ﬁﬁfﬁot(ﬂﬂ

¥ VIIL %umz,_wmﬁoﬂ
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Sulfur dioxide

X 5w, 1ERIfE o & K (i 34~217 ppb, 2] : | ]
1 B¥ B EOR K Ei%9~81ppb, 3LV R NE; E s:i: ¥ sw ﬁg\.v o
EHEE5~30ppb 0 HFE TH b, 19784 Wind direction

- E—7 VIR 5E% (1978, 6~8)
11 AP R VRED AL R, P H(E Was i B LR BGE B SO, BB

1117ppb Thote, b, BEHHEIZ2 B Fig. 7. Relation between SO, concentration

and wind direction for various wind

E3REEBECAER N ABRT, * velocities in summer (Jun—~Aug.,
= s 1 i i i .
to, B-TeR+ X 5, BE A SSW 978) in measuring station VIII

~SW & SE~NE 0RO R ENE RAERANS -7, NECLNRVEBRENDBH
BEEAVN SO TH SN S, VIR /NI O L K 8 i A tsidb o J mic B L,
BEFIAZRBLTHWEDT, SRILZAR I HMEE~OHECOWTHRHTHLENRD
%, EEORANFHEREORKEY R TRECOWTEENEHBEL LD L, 03~34m/s
DPREDRHIEBVEBELRTI L2% ., RANBEOELHELK-9CRT X 5, 6B
BHOBBICHN LT, 15 RKRICRACEL, DB#SHMCHES LTw5b, BHENCRS
&, & 13~18K) DRE —FEL, ®E (19~7 H%?) BRIETH -, ELBHHIHD
&%i&ﬁémnﬁgma< HERLRFDMED o I,
ZODMEEH&Vﬂuiﬂlkk%hblﬁmﬁmwm&hf,iﬁ#%ﬁ%mﬁa
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Fig. 8. Diurnal variations of SO; concentration (Dec. 1977-Nov. 1978)

in station II.
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BRORRER L OMBREFROMEEREEZLAED L, NBERHLIOLERVRETEZ L
BHRGTELY, R ABREMHEOREEOFACEET SR ERFNREBEROILBH L
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FF2REHBLTCNEEEAD L, O ZBUREOBEXEFIOR D & XA,
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EHBEARBHSC I AHERREOLANEOHNL X IR IHE, GHICHIERED
ZEAHRC LT, NERCETIRECEREDOELL ZLAREA TR RVWAEIE LD
ha®,

—FHERERLL, OFFHRENIIFTE 11 ppb TVIIFHD 17ppb X H K\,
@ AFHEERIIR T3 AL 7TANEL, VIIFHTX2 AL 3 ANE-, ORANEBE
DE— 73BT 108, VIIBTR15KReHbbh, € —70hbbh 2% 5D
Thidid s,

2T, REFOZRLHEBOEY T HRBC oL TRARRCB TR ThZEHEL
TWRERWDT, 2 TRABNKERTAZ LR TERVY, REOREYEBC LR bLEE
LTAh%, MEEROBEIFELHESL LTILBIC17ppb TH- T, ZDREDEREI S
KRR LTEDE S KFELREZLTHBENEL, ZOFHRCRT HBEEDOTIERE Ciarl s
v innmemn - U h LR b A BFARECEA® X b L, KEhoZBL
BEOBRENETFEETLTppb DL X, At v — 7=V DEREN06% WA T HERANLE
h, TORBEECAEEROBRD 3B BC LTHNT5E, MLRACHTsEE
HOBWA L r -T2 Y RFEELXZTTCWAZERBECE LIS, Ate—F =V 34EE
IR L, MEOBEDHHHRTIDDT, EMUHHEBERO X S5, Wigmdks LTo
BRELHGEIh LA TIE, EELERBEETHY, SEBRIBEOXREBEL(HEHKD
BB L AFERRR Y S B o Lic SMITH ORED I FEvSB e Lkss, BR
CRTHEBENBEL MR L THRLEDDLERD S,

2. ZBILERTREOAT

TEBLEROREF T TR LS, KT RTORERRBREETHLY, L
P TEMUOTOTEMRIIENLRBERTHHH, AHROZ T i feoid, BE
RoOEREERAT HEEER FORBEORBETAIHRETH - DT, BEAOREL *
hEEEL TR TWw5, Thhbd,
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Table 2. Monthly variation of NO; value in 1978

(NO. #g/100 cm?/day)

ME}%\\\\\ l)éfonth 1978 pjf :]ngl

Measuring  “ - 1] 2 |34 |5 |67 |8 ]9 |w0|n]w average
T

WEEMED | I | 069 205 057 041 041 035 213 135 098 173 229 269 130

Afl‘i’;ﬂ;iva;he IL | 066 2.74 068 0.47 059 0.89 365 147 092 1.35 229 303 156

W | 016/ 120 042 036 059 125 421 146 100 185 360 211 152

W | 009 098 029 0.17 036 —| 3.30 0.87 0.64 021| 166 1.16 088

w | 067 1.00[ 029 0| 041 051| 116/ 0.65 058 053 260 130 081

X | 059 155 052 —| 033 106 382 050 043 164 265 246 141

3 ¥ (Av) 0.48 159 0.46| 0.28 0.5/ 0.81] 3.05 105 0.76| 1.22| 252 213 125

HHEMEB»D | X | 010 084 0200 0| 0.21 0.11) 094 036 017 016 118 065 041
Sf:;?f’f;om xi 048 0.16 004 0.0 023 1.00( 0.45 0.18 0.27| 0.74) 061 0.36
highway xm | 0 061 013 0| 002 009 054 039 —| 0.29| 092 042 0.39
@ | —| — — —| - 031] 097 039 0.26/ 0.50 0.59 0.58 051

w | —| — —| —| —| 012 054 036 008 029 087 045 0.39

F B (Av) 0.03; 0.64/ 0.16| 0.01| 0.11} 0.17| 0.80; 0.39 0.17| 0.30| 0.86; 0.54| 0.41

MM A& | V| — — — — —| 054 182 072 040 090 148 110 099
Intermediate | v | | | _ | _| 063 138 043 036 060 169 082 084
w | 059 —| 031 010 0.33 083 0.77] 050 0.43 076 1.43 141 068
W | — — —| — —| o042 097 045 053 046 0.89 065 062
w | — — —| —| —| —| 136 043 025 050 119 0.65 0.73
¥ # (Av) | 059 —| 031 010 0.33 061 126 051 0.39 064 134 093 0.77

& F ¥ Mean 0.36| 1.27| 0.36] 0.17| 0.34| 0.52| 1.79| 0.67| 0.48 0.75| 1.62] 1.26| 0.84

1. EwEEm LI IO, IV, VI IX

2. BEHISOZERM: X, XI, XII, XIII, XV

3. 1&2ofs @V, VI, VI, XIV, XVI
ThbH, D5 BLXIViLERIBE DEXBR5H, EE 276 SRRV H-T, BBEDHE
SEHADOEEYZ T Ao ThE A AN, 1978 EDRIEHEREY 22K IVR-10
Ft. ZOREIREEERS 198 FcE LEAIhD 0T, EHNRAEORNTHDLII
B, 1978 Fix R TENRIMARTIbN, TEHERTOERNRELD TIT L olei
%, BEAEE LT LT LI BEYRRRE ik -, ETHEBSEZREER»L D
BER X - TC3BHRATCEOFEALY RSB L, EHTHERE LB R ELDOF HH 1.25 pg/
100 cm?/day & —BE <, BERLOFHEH 041 pg/cm?/day & BIET, SRl &H 0.77 g/
100 cm?/day * HEOHHOMEER LI, HFREOR EIEARD L, 2A, 7TA, LAY -
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Fig. 10. Monthly variation of NQO; value in 1978.
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Table 3. Fluorine content of foliages of seven wood species collected
(N plant in Fig. 1)
BEMA {NITHE»LOHALE B ) o <y s
R . A S -~ F U ES e B A AR
Sar;li[:‘lemg Dlre(ﬁl(;); ?\Elil‘i;sttance Kalopanax pictus Prunus sargentii
. . Distance Jun. Jul Aug. Sep. Jun. Sep.
Direction 24 30 31 30 24 30
(km)
L NwW 2.8 21.0 75.3 90.5 70.5 — 41.6
I N 29 16.5 25.6 494 47.2 21.9 48.8
it NW 3.0 — — 29.4 33.3 3.9 62.3
Vi WNW 3.6 6.4 — 10.3 17.2 3.6 7.8
A\ NNW 4.3 — — 374 36.5 — 24.1
i NW 45 — — 115 23.8 — —
X NW 6.4 82 13.9 104 18.4 6.2 155
X1 NwW 8.3 _ — 6.1 18.3 7.1 —
RERO LT
Location very far from the emission source
WEBHFEIEK
Uryu Experiment Forest 61 Jul. 5, 1978
B R
Nakagawa Exp. For. 9.2 Jul. 7, 1978
Skl 6.0 Jul. 12, 1978

Shiraoi town
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Fh152 L 088 Thote, ek, SHRIMEYEECHTIEBL O T HFhohEEo T
BR3D0 BB LIshi B RT3,

3. M¥EFDT v ERE

BERREY F3 B IV H-1I~1TRT, ZhiCXsEBEDT » L DRAKIZ Y
¥V, 2VVYFIT, AZX¥A=FDIIR, LVRBRRTVEDET =TI, v+,
**/#,iXT?@I5K&Dﬁ&@&kh%@&mziﬂ?écaﬁﬁgéo%:T?w
ROLYRBBOZ~) ) P LTRE L TR S, BERREOE KEED 7 » {4
BRIl W NERSREN, FIBFRER, AGEZI#METT AR R LEED
7 vy REARNBERLH 61, 92, 60ppm ThHote, —HENMREZRTREESS 3km L)
LEERIC2 5006 A 24 HEERLEDOEEFRNFNEN 64ppm, 82ppm THotoZ &
Mo, BRECHELILLEZOAN YV FYVOER, BRRETE 0ppm U TO7 v EREE LT
6:aﬁﬁbhéoL#L%&ﬁ#&smnuWDZﬁ?u?fmeﬁ24Emum,mowm
EWS BRI WER TR L TR ), HEMERMO I A0 HIiZA72, 705ppm & THHTH
mﬁttorméoﬁﬁoﬁﬂk%m,bfh@ﬂﬁm%mi%%ﬁ%ﬁ%<k6ﬁﬁ%ﬁb
TH#D, IADER6 HOED2~3 D EHRE IoT\ b, FAEEHN D OEREE OBF,
GEMHﬂﬁbtﬁmovfﬂ%%tﬁﬁﬁ&&htvﬁ{9H%Bﬁmoﬁmomfab

HEFD 7 » RIBE

in the forest at various distances from the fluoride source
' (ppm, dry weight)

. Y v Y . . I X r o3
lcer mang | Acer patmatam | ioionica | Magnotia obovata 2467 mongolica
Jun. Sep. Jun. Sep. Jun. Sep. Jun. Sep. Jun. Sep.
24 30 24 30 24 30 24 30 24 30
9.7 718 9.0 233 12.8 843 64 | '353 9.8 132
280 703 17.8 103 %9 | — 174 | 145 207 279
13.7 92.0 6.7 9.0 9.1 23.1 86 45 | 162 258
5.9 102 55 18 5.7 — 3.9 47 | 69 6.0
— | 241 . — 49 — — — | 23| = 77
— — — 59 — — - - — —
70 | 142 85 25 9.2 91 161 | 23 74 | 31
85 — 38 | 49 9.4 — 7.1 94 6.2 5.6
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Fig. 11. Fluorine content of foliage of Kalo-
panax pictus collected at various dis-
tances from the fluoride source (N
plant in Fig. 1).
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Fig. 12. Fluorine content of foliage of Pranus
sargentii collected at various distances
from the fluoride source (N plant in

Fig. 1),
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Fig. 13. Fluorine content of foliage of Acer
mono collected at various distances
from the fluoride source (N plant in
Fig. 1).
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palmatum var. matsumurae collected
at various distances from the fluoride
source (N plant in Fig. 1),
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Fig. 15. Fluorine content of foliage of Tilia

Japonica collected at various distances
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Fig. 16. Fluorine content of foliage of Magnolia
obovata collected at various distances
from the fluoride source (N plant in

Fig. 1).
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Fig. 17. Fluorine content of foliage of Quercus

mongolica var. .grosseserrata collected
at various distances from the fluoride
source (N plant in Fig. 1).
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foo BREHTHHEERXLHLhOFEHEORESCREERN L EXHEANCIERHTSL, ¥
EERRTEML S & —BEEL 50T, BBRTRBEEFORREZHNT5 2 L XBETH
5, T CHRMEL T XD HE L OBRIL, BEOXRMESBC LN ED O
T, SHRWRELHEETHI Y ST, FORAROWTERETALE DS, LS HITHEE
FO7 y REFRLEDBEE L OBEC OV TRE LTV ARESD S 22 Z LIsiLFA
EDLLBERDAS D,

L] E

el RO EERIE M OFRIEMH O T CHEL, TIhrbElE
hAKREFRMBEC L HHEROBEENBEB I T3, LI TEZEZFIHEBRAO 2AER
BUWTHEROMERC X 5 -BLREBEOMERTV, ILKEFEKNOLK Kb, 7o
7 ) WK XA _BLER EERO 7 » RBERXRE L (8-1),

1. TEMLREERE OEFHEL IR T 11 ppb, VIII BT 17 ppb THh oo, ERF@H &
LREFOFAMTHABEIORIKLEERETH -1 (K6, 7, il HOKRHEF
BERBRe - 2728%bhic (M-8, 9), thboZ ihb, HREFHEHLTCHHEH~D
PENERINE,

2. TARYEEEC X > ToRBROBEELYHE LL LA, H-leRTHEED
HEROBRIMEFBEB R ( 1L, 111, 1V, VIL, IX) OFR O35 YE 5F %) 1.25 pg/100 cm?/
day & —F&E <, mRH (X, X1, XII, XIII, XV) 73 0.41 ¢£g/100 cm?/day & BIET, FRRSH A
(V, VI, VIII, XIV, XVI) %3 0.77 p#g/100 cm?/day & SpE§ELR Uiz, £ A FHEE LS
L2/, T8, NARE—-7HRALRI (M-10), T OFEMEIZ-EMLEEOELOMEN & —K
LTz,

3. BEPDOY yHREERAVFY, =VVYTHFITF, £ X2V D=FRN7 o LWL EH
LOERLEORIMMC X » CTEERCHERD -, ThE~)FIRDWTRDE, %
AFEHD OBEREIGEVIZER L (E-8, M-11, 12, 13, 14) ¥7-9 AREEER 6 ARBEDEH
B 2~3fThote,
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Summary

Tomakomai Experiment Forest of Hokkaido University has been concerned about forest
damage by air pollutants emmitted from the new industrial area of Tomakomai city which
is located adjacently to the southern end of the forest.

Therefore, the field studies described in this paper, measurement of SO, concentration by
a continuous automatic conductivity analyser in both measuring stations of II and VIII in the
forest (Fig. 1), measurement of relative NO, value by the filter paper treated with potasium
carbonate all over the forest, and also analysis of the fluorine content of foliage at varying
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distances from the fluoride emission source (N plant in Fig.1) were undertaken in order to
confirm the existing circumstances of an air environment and an air pollution injury to trees
within the forest and then in order to develop a better perspective of the extent and severity
of this problem around the forest.

1. The ambient levels of SO, concentrations of both measuring stations of II and VIII
were 11 and 17 ppb as an annual average, respectively. Also, the relatively high level of
SO; concentration at both those stations was observed, when prevailing winds were from
southward direction in summer (Figs. 6, 7). And SO, concentration peaks at both those
stations also occured during daylight hours (Figs. 8, 9). These observations may suggest
that some adverse effects on trees in the forest will occur.

2. The highest ambient level of relative NO, value, 1.25 pg/100 cm?/day as an annual
average, was observed at the measuring sites of I, II, III, IV, VII and IX (Fig. 1) around the
construction sites of the expressway, the lowest one, 0.41 pg/100 cm?/day at the remote measr-
ing sites of X, XI, XII, XIII and IX, and the medium one, VIII, XIV and XVI. Its monthly
average variations showed occurrences of its high values in February, July and November.
Also this same occurrence was observed on SO; monthly average variations.

3. Of the seven species of wood foliage collected within the forest, the fluorine contents
of Kalopanax pictus, Prunus sargentii, and Acer mono were affected by the distance from
the emission source of the fluoride and collecting time of wood foliage. For instance, very
high fluorine content of Kalopanax pictus was observed at the collecting site nearest from
the source (Table 3 and Figs. 11, 12 and 13), and also the fluorine contents ok its folldge
collected in September were 2 to 3 times higher compared with those of its foliage collected
in June.



