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Tomakomai Experi
Forest of Hokkaido
University

@ S0;Monitoring station:
Sta.ll, Sta.lll and
@ NOMonitoring station:
Ste.lll and Sta.lV
® SO3and NOymeasuring sites :
1,2,6,9,10,11,13,16, 21,24,
45,36,37,38,39,40(-: 0z only)
@ Main plants

ERIans K

Litoral industrial grea

——— Pacific Ocean 0 1 2 3Km

B—1 S0s; NO: HE#t S ER

Fig. 1. Area of investigation of SOy and NO; measurement.
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H-PHEEWEL, BB EC2REMEMBL, HERENo.5CEHVTERFIMEBL, MK
CHBHE10mL DA RT7 F AR ANEHKTIONS & L, ZOKI0mé % 25mé D »
275 AakAh, FAY<vRE) CLR2Bmlr L, LERE FET20HKEL
ABERE Lic, ARBKIL545nm TREELEEL, 25mé o NO, DR (¢#g/25 mé) %
BREBX O RDI, ThERFTLTT S v27R8BRETR oo, BHHRERSOEDRAND NO, ng/
100 cm?/day D Bz TRD I,

(NO, pg/25 m¥4) x 10 x —1%0— x —;—

T, a: FAPVv—-vav-FUr—- DOEEE (cmd)
b: ELERXK (B)

ek, WBBARFRAZBCHAED 6AEXRT, <05 L 8MARFTREIREOE
HER R, EicfBo 88X mEEMK D ORI TH 5 HKROILIE L HE O FHMTc R
Ebhoitfv—b%wﬁ—umtﬁ2m®%§K$§Lko%Eﬂ@@wmﬁﬂ~nﬁ,
1980 42 4~10 A% X VN 1981 4 5~10 B TH 5,

F. #EPO7v% )

BRI/ 2 Yr=5F, 25/%, #5=V03EEYEY, BEIs5/ F3EE 1~
2m T, foO2/BUIS~6m THRIM LA, FIM XA X ¥ A =FROWTIX 23 A %=
W, 205 THARFEROBERBIE, o 16 EAXERROLEHCRE L (B-2), 27
I FEDOWTRBEERLSIBHRORE—EFEC I HMAELEY, 20> b 3Rz TH
TEVWH S, o 8MARFERNCHEE L, IR OVLTIR L AR EY, 2o
5% 2HARFEROERTIC, Lo I RIFERRCRE L, BEEZA 2 vy 2=F LA
FTRIRDWCIIAESRM DIV 1979F6 A20 B L HEE UMD IB22THT, 257 FKC
DWTIX 1980 FED 10 A2 A Th B, ABBEIIMAKRKILL, 7 »yROEEY2620nm ¥
WTREXREE TR 7,



B RFE MG FERO KZFR (RE-)I1¥E- 18- 37 H) 495

N

A5
21 ’

® Sampling sites of leaves of Acer mono'
2,3,4,5,6,7,8,9,10,11,12,
14,15,16,17,18,19, 20, 21,
22,23,24,25

A Sampling sites of leaves of Aralig elatg
9,10,17,18, 28,29,41,42,43, 44,45

O Sampling sites of leaves of Larix leptolepis :
16,26, 27, 28, 29,30,31,32,33,
34,35

H—2 #SEORIMAMNER

Fig. 2. Sampling sites of tree leaves.

G. N¥ESPDOAFD
Bfz7 v BOSHCHWIA 2V 2 =T RBAE. PHRIRBYV P 2BEEEI X

2 7‘:0

II. BREER

. B @ B &

B E-3~5 it Lo, ILIOL IV, VIO 4FE3 7 Beix@ X h 0B, Fi
10 Bt 198l FOHAFRVWTIL L Y DREBEB LT, 1981 4 10 iz T X TR
ORNDIBIFABRE LA, ZO3HEOCTHEI0 Ak sHEREBIHEOFR IR
BLTHRNE - BRI Abh sk o T,
2. 1F98{Hh

TR A VO EHEIIR6 S IV E-LIRTRT Lo, FEBETHRS L IFE VII
BesvTit, 1978 Fi2xhFh 11 & 17 ppb ¢, 1979~1981 £ 3 Fh Fh 8~9 & 11~12
ppb TH o Tehnh, BEIETLTWAZ &bhb, ¥, ILIIL VII B0 3 F%HERT
AbE, AENEEBCLCREVIIRNRS - & 3 BENEL, 2wl Ul BoKiRt-T
W5, VIIFIZHERLSEAH12km ATV Bicd kbbb (K-1), BVWEBERRL
TWHDE, FRTAENCI SR CKERNTHS, Afe, L, ILFE VI BZRED



496 B EAFRLMATKRITRRE H40B H3F

B—8 1979407/ (k) 107 (TH) 0RAER
Fig. 3. Wind roses in July (upper) and October (lower), 1979.

B—4 19804078 (kM) £ 108 (TK) 0nEEX
. Fig. 4. Wind roses in July (upper) and October (lower), 1980.
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Fig. 5. Wind roses in July (upper) and October (lower), 1981,
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Fig. 6.

Yearly variations of monthly average concentrations of sulfur dioxide
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) Table 1. Yearly variations of
\\\_ o % .} Year and Month . 1979
5 H - RER Monitoring
O ncentration caregory ——— Station 1]2]3]4]s5|6|7|8]|9]|10|1]|12]av
]Mﬁﬁfﬁ?ﬁﬁfﬁﬁh ) Sta. I 50] 45| 49| 54| 73| 65 52| 36| 24| 34) 42! 53
concentration o oge Sta. 1L 43 50 67| 69 55 42| 43 43 46
Sta. Wi 52| 44| 59| 72| 70| 97| 80| 95 55| 60| 68/ 61
B ¥ B & Sta. I 8 11| 10 11
Monthly average concentration Sta. 1L 8|
Sta. W 9 10{ 9| 11} 11| 13! 14| 13| 10| 8 9 9 11
1 APHEOR KE Sta. IT 190 21| 22| 20¢ 18 17 12| 10 13 13| 16
Max. value of daily average
concentration Sta. T@ 10; 13| 14| 15| 15 14 12! 12
Sta. Wl 23! 16/ 14 23| 24| 23| 32| 23] 15| 16| 17| 18
/
A/ .
\ -=-0---- 1979
—e— 1580

ppb

LA
10 12

—eetye-—= 1981

T 1
16

14

Time

I 1 1 | L
2 4 6 8
—7
Fig. 7.
station II.

B¥ %151 SO SEHmEOBEMA (IIR, 7A)

Diurnal variations of SO, concentrations in July at monitoring
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sulfur dioxide concentrations (ppb)

1980 1981

123(456789101112Av.123456789101112Av.

40| 55| 45| 46| 79| 64| 54| 61} 70| 79| 48| 47| 82) 97| 65| 99) 84| 57| 57| 40| 33;140|140| 98
34| 47| 38| Al 67| 63| 72| 65 59| 73| 40| 38 68| 62| 48/130| 67| 52| 61| 65 42/127/139) 78

55 54 56/ 79| 76/116| 73| 96/ 91| 61) 49 61 68 68 79/120| 87| 56| 81 80| 24| 55 80/180

81013119877'879912913101110668699
6 7 6 8 10 8 8 8 7 6 5 5 7| 7 9 710 71 9 9 7 6 6 5 6

1011121215[1417101110 9 9 12| 11 13 11| 15/ 13{ 13 13 7| 4 8 7 11|11

13| 15 15| 19 24 16| 15| 15| 14| 14| 14| 12 16| 20| 17| 26{ 28 22| 18| 14| 11} 29| 19| 19
121 12| 13| 16} 19| 15/ 14| 15 150 13| 11| 10 13} 16| 13| 20 22/ 17| 17| 15 11{ 19| 17, 16|

19| 19 1924263525'242623 15/ 16 21| 24) 19| 26/ 28 22| 27| 31 7) 11| 15/ 36

A ;
I\, o
a - / b-'-A\ /ﬁ aean@=ee 1079
Q. . ; \
i W \" —py-— {0981

-

0I"lllll1l—ﬁljrlll_frlllwrlll

2 4 6 8 10 12 14 16 18 20 22 24
Time

B8 B9 SO, PiREs Bl IR, 7A)

Pig. 8 Diurnal variations of SOz concentrations in July at monitoring
station II1.
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Time
Bl—9 #5181 SO, PHmEORE( (VIILR, 7H)

Fig. 9. Diurnal variations of SO; concentrations in July at monitoring
station VIIL
B#%bE, 197194 TR 7~11 AT, 19804 & 19814128 HE 9 ATH %, ik X
S, ~BPHEAE LCRIRBOFNIUIFTI I IRERE T Eb, 20 LIXFRENT
BB, TOBHRELTI2ZEDZLEHAELZDRD, Thbd, O RMMNEIREHOEET
I BoOBEN I BICESNTZ ORI ERHCEL th, ¥, @ UERDOREOBAOR
EHHVIHBECR Y FOBENIRE LB TRBRCREE>TWAHZ LR DFRKRLED
SHOBARKBRILVBEOHENRZ S, FLQPEVRAOEE, HAxE7vE=7F
ARHEEC <A+ ADOEEY 5259, © 0OBHIBERO 7 ADAER (H-3~5) 2AUIER
CTHAHZELEMLLABRTHDLEEELDOID, @ T2 TIL, 1979 FCHEERFDO 10 AR X
TN ATLZDOZERLLRBDTHTLLIFZY TRV, @213, LROBEAOHTH
BT EME TH SO TBATHRKPICHE ¥ ANHAE LT 5 IS 52, HEH
CREERRLh B OB EOKICRON TV SO CHRBRFOBEND B, LihsT,
COMBEOWTRSRORYRETHS >, REEROHHMBNELZERL TR L, B
BEO R PHEDREELRB1E D TR, BoErERIZLALRE, ¥, BAL DBK
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==0---- 1979
a 14— —e— 1980
g - k ——tr-— 1981

1 1T 1717 11

N NE E SE S SW W Nw
- Wind direction

BE—10 R@3SO, FEme (IR, 7AH)

Fig. 10. Average concentrations of sulfur dioxide for wind directions in July
at monitoring station III.

BHEDLEF-IOBIVRZMRFRLILI IR, HEEROMBC LB E/OHEL B\
RREER ELOBBEOH YA X5 LBbhsHEzL L c@dbhitw, LI, 19814
O%E, B E~ESE ORROBERMMOFEDOHE LERTELDTEVELXRLTWS, Th
211 % &5 &, 2iIERA LA O NEN~E OB b Th» TEWERTR LTV 5 O T—
BoBEREHr X500 ERbh3s, ¥, VILRTY B-121k7T X5k, OoROB4E &
FALXO5CEL Y ORORCEVWBREYRLTWAS, LEioT, BEORERILCRAOhS
FEHOHEEIRT R SDEB L LTOBROBOFEC IDBVWERIE L DO EEL
bha, BEORANENEZSE R-T~I9CTRTIS5E, FECLVEPOHENLILRS
2, 3REDL OHHBELOABMTHMLT, ILR/E UL BTk 11 Bk s 15 #2200
¥—-7%ARL, VIMFTRURRE-22RLTw5, ik HURBEULFCRREDO Y —
IR2OBDOLNDN, TOIBFE2DOE— 7 X198 ERITAB Ao, Lizl, VII
ROBEZIBELFA CEAZTRLTW3,

1A VB OBREOHERZEEY K-13 8LV X5 TT, FHRARKTAHELRED
DAk BB IcHE, HHMICHETHHE KT, FROLBR XOH EOPRIED 3 ik
AT TRATR, BEELLIERORBREVEEFRERBEWVEREZR LT WS, 3R
DFHHER A D L, HRAOILEE LCFMBOBREZEC L ZEITNIVE, BEHROKkE
RT3 1980 S D 5~10 A D FE#HfEiL. 136 #g/100 cm?/day T, 1981 43 178 g TH % 5 b &



F—2 AR - RENZBA A+ v OFHRE
Table 2. Average concentrations of sulfur dioxide for wind directions and wind velocities (1979) (ppb)
B[ Wind
H o hER direc- N | y|E E| g | S S| g | W Wyl N
M Mok g tionl N | N | § | N siS|s|s|sS|w|S|W|N|g| N Can| Av
Station| Wind E E|E | E E w w w w
velocity m/s )
Calm
0.3~34 4 4 4 3 5 5 6 7 6 7 6 6 7 4 3 3 5
Sta. T| 35~65 4| 5| 6 5|10 | 8| 7| 6| 9| 3| 3| 4 3 6
6.6~ 4 8 | 10| 7
Av. 4 5 4 3 5 5 8 8 7 6 81 5 6. 4 3 3 6
Calm 5 5
0.3~34 5 4 4 5 7 7 8 9 11 9 9 8 4 4 4 3 8
July |Sta m| 38~65 4] 4 3 10, 9|10 |11| 4| 6] 9 3 5 6
Av. 4 T4 4 5 7 7 8 9 11 '8 7 9 4 4 4 3 7
Calm » 8 8
0.3~34 9 9 14 5 17 13 16 15 14 2 12 11 7 5 6 6 10
Sta. W g.g~6.5 15 13 6 15 22 15 14
Av. 12 11 14 5 17 13 11 15 18 9 12 11 7 5 6 6 12
Calm
0.3~34 3 3 3 4 3 5 10 11 8 10 7 4 5 5 5 2 5
Sta. 10 3.5~6.5 3 4 3 3 3 7 8 13 9 ‘8 11 6 4 4 4 3 6
6.6~ 2 4 7 11 7 8 9 2 7
Av. 3 4 3 3 3 6 8 12 8 - 8 10 5 4 4 4 2 5
Calm 3 3
0.3~34 2 3 3 3 5 5 14 15 11 8 7 12 4 3 2 3 5
3.5~6.5 3 4 4 3 8 8 13 15 7 9 11 3 4 3 2 6
Oct. |Sta. I 6.6~ 2 4 z 9 1 3
Av. 3 3 3 3 5 6 11 13 12 7 8 11 4 3 3 2 5
Calm 8 8
0.3~34 5 7 6 9 6 20 11 16 12 10 11 6 19 6 5 4 10
Sta. W| 35~65 6| 6 1| 9|1 |u 6| 6| 5 4
6.6~ 4 . 3 4
Av. 5 7 6 9 6 20 11 14 11 11 11 6 19 6 6 4 6

(4]
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Table 3. Average concentrations of sulfur dioxide for wind directions and wind velocities (1980) (ppb)
B Wind :
nNER direc- N | y | E E|g | S S| g | W W x| N
Month | toring P& tio N | N | g | N | E S B S S S |wi|! S |W|N|w| N Cam Av.
stationy| Wind E E E E W w W, w
a velocity m/s
Calm
0.3~34 4 5 5 2 5 4 8 12 7 5 7 8 8 4 3 3 6
Sta. IC 35~6.5 3 6 10 11 9 8 14 6 5 10
: 6.6~ 6 9 17 16 7 11
Av. 4 6 5 2 5 4 9 11 9 8 12 7 8 4 3 3 9
Calm 6 6
0.3~34 2 4 4 3 4 3 10 11 10 7 6 8 7 3 2 5 7
July |Sta m| 35~65 2 | 3 7| 10|12 7|10 |14]| 5 10
: 6.6~
Av. 2 3 4 3 4 3 9 11 10 7 8 12 6 3 2 5 8
Calm . ; 5 5
0.3~34 7 12 7 16 6 13 20 9 14 20 14 8 8 4 4 11
Sta. W 3.g~6.5 15 27 12 18
6.6~ .
Av. 7 12 7 16 6 13 20 12 14 24 13 8 8 4 4 15
Calm
0.3~34 5 7 5 7 4 7 9 8 6 9 7 6 3 6 4 5 6
Sta. | 35~65 5| 4| 4| 4| 4| 8|12 13|14 |12| 9| 4| 3| 4| 4| 4 8
6.6~ 4 7 13 10 14 8 4 8
Av. 5 6 5 6 4 8 9 11 12 11 8 5 3 5 4 4 7
Calm 5 5
0.3~34 3 4 4 3 4 5 5 7 11 15 9 5 4 3 4 3 6
3.5~6.5 4 4 3 5 10 10 14 9 15 7 3 3 4 2 6
Oct. |Sta. IO 6.6~ 4 6 4 5
Av. 4 4 4 3 4 5 6 8 12 13 11 6 3 3 4 3 6
Calm 5 5
0.3~34 7 7 9 4 8 8 18 14 14 14 8 5 7 11 6 6 9
Swa | 33~65 | 14 | 5 19 |27 | 14| 18| 7| 6| 6 5 12
Av. 1| 6| 9| 4| 8| 8|19 |20 | 14|16 8| 6| 7|1 6/ 6 1

(G- BRI EHY) RREY OHEMY RGN F LR
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Table 4. Average concentrations of sulfur dioxide for wind directions and wind velocities (1981) (ppb)
E\ Wind
A [Moni o N [ N NI R e | 5|8 s|S|8|¥ w|¥|[x|¥|ua
. EGR tion : N (Calm| Av.
Month | _toring™ying E|E|E E| E|E w V| w wi V| w
sta velocity m/s
Calm
0.3~34 4 6 4 12 12 7 9 13 7 11 5 8 4 3 5 5 8
Sta. | 35~65 6 | 8 7 |11 | 11| 18|11 | 12|12 11
6.6~ 3 3 3 3
Av. 5 6 4 12 12 7 9 10 12 11 11 9 4 3 5 5 10
Calm 5 5
03~34 5 4 7 4 10 13 9 13 12 10 7 8 8 3 4 5 10
July |Sta m| 35~65 8| 6| 9 3| 7|14 |11 |13|138]| 4 10
6.6~
Ayv. 6 5 7 4 10 13 7 11 12 10 10 11 7 3 4 5 9
Calm 8 8
0.3~34 6 7 9 4 13 7 19 14 15 14 17 8 9 6 8 10
3.5~6.5 7 23 23
Sta. Wl 6.6~
Av. 6 7 9 4 13 7 19 14 15 19 17 8 9 6 8 17
Calm
0.3~34 5 5 4 4 7 16 11 21 16 10 6 7 6 5 3 7 7
Sta. IT 3.5~6.5 3 4 4 6 5 4 39 17 16 11 8 5 4 4 4 4 7
: 6.6~ 8 3 9 13 10 8 3 4 6 4 9
Av. 4 5 4 4 6 13 15 15 14 10 6 5 4 4 4 5 8
Calm 3 3
0.3~34 3 3 2 3 2 7 8 20 18 13 9 4 3 3 3 3 6
3.5~6.5 4 5 6 5 12 8 10 6 7 5 3 4 4 4 6
Oct. | Sta. W) ge~ 3| 2 6 | 14 2 4| 3 4
Av. 3 3 3 3 2 7 8 11 13 10 8 4 3 3 4 3 6
Calm 7 7
0.3~34 5 6 6 5 7 30 12 15 13 13 9 5 6 5 5 6 9
Sta. W | . 35~65 7| 7| 7 . 21 | 15 | 14| 7| 7| 7| 6| 6 8 | 7 9
) 6.6~ 5 6 6
Av. 6 6 7 5 7 26 14 15 10 10 8 6 6 5 7 7 8
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14— —e—— 1980
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N NE E SE S SW W Nw

Wind direction
11 HE@y SO, Byl (LR, 7AH)

Fig. 11. Average concentrations of sulfur dioxide for wind directions in July
at monitoring stotion II.

247 --eO-am 1979

—e— 1980
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N NE E SE S SW W NW
Wind direction

E—12 B3 SO, PHgeE (VIILR, 7 1)

Fig. 12. Average concentrations of sulfur dioxide for wind directions in July
at monitoring station VIII.
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S Southern part in the forest
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Fig. 13. Yearly variations of relative SO; values (PbO, method).
F¥5 AAUvBLHELRE CRAHE ORERE
Table 5. . Yearly variations of relative SOz values (PbO; method)
‘ (SO; £g/100 cm?/day)
R
\\Year and Month 1980 1981
W e A o
Beerin ites —— |4 |5[6|7]8|9|w0|av|5[6]7|8]9|10]av
1 | 166 229| 177| 170, 80| 134| 101| 151| 182| 205/ 246 151{ 198|196
2 | 166| 254 288 269| 70| 143| 109| 186| 302| 266| 285| 220 137| 208| 236
9 | 264 232| 159) 209) 131 106) 184| 180| 197} 281) 155 118] 173| 184
BROMME 10 | 102| 161} 143 96| 51| 92| 73| 103 141 141 152| 143 91| 117131
Southern part in 11 60| 147/ 63| 57| 11| 75/ 58] 67| 109 93 101
the forest 13 | 245/ 218| 163| 144 68| 170] 114] 160 217| 192 256/ 218 218 220
Av. | 167 207| 166) 158 69| 123| 94| 142 189| 200| 219 184] 124] 183/ 178
21 36| 58 39| 38 2 30 tr| 29| 47| 25 620 21| 29/ 27 35
ﬁﬁ@i‘i’ﬂ"ﬁ . 36 | 57/ 130| 58] tr| 18| 54 6 46 57| 41| 67] 28 27| 34 42
orthern part in
the forest Av. | 47| o4 49| 19 10| 42 3| 38/ 52 33 65 25 28 31 39
g 56| 106 52 71| tr| 62 45 56 90, 78 109 50| 50 48 g1
1 74 52 74 41| 42| 27| 52| 75 63| 73| 23| 39| 48 54
ﬁ#@“’gﬁﬁfm 24 | 49 95{ 192 87| 10 69 78| 83 65 77| 97| 66| 60 67 72
Intermediate part 39 32| 123 84] 93 38 31| 67] 74 93| 78 87| 60| 78
in the forest
Av. | 46/ 100| 88| 81| 22| 58 45/ 63 76 73 93 54 59 56| 69
# ¢ ¥ Mean | 112 152 123 109 43| 87| 62| 99| 128 129] 151 100, 79| 109|118




6 EXRBILHREOBREEL

(Do MRI-EY) RLRYOWRML M RE YRR

Table 6. Yearly vairations of nitrogen oxides concentrations (ppb)
%+ A Year and
- , H\\Momh 1979 1980 1981
Concentration By HWER
category Nitrogen \Monitoring\ |4(5|6|7|8|9[10(11{12/Av.|1|2({3{4]5|6|7{8]9(10| 1112(/Av.{1]/2|3!4|5|6|7(8(9|10(11{12|Av.
oxides Station
NO Sta. T |37/71/60/62!62/63/94/95(92 54155(78/64/46/42/51|38|51|45(104/76, 66/55144/57(35|51/59/31/49/54/99(89|
* Sta. IV [34}4953/51|55|51/77185/79| 51(51/69|55/40(41/46(32(3833| 83(67| 58(45!30|53(33|524426/51146(75(53]
1 BRI 1 O B KAfE Sta. I (27/52/39/3932|27|45/40/41 33(30(37|42/35|33|30/23|33(29} 4141 31(39{32{4729(33/37|21/25/30{39(49|
Max. value of hourly NO, j
average concentration Sta. IV |26/38]3534/29125/38137(37]  32120/34/39/28!35126121(25(21] 35138  [31/3623(43(27/29|33]21/2328131(32
NO Sta. T {1219|21:34/30/36/49/56/51 1/31141/22119(17/21(16(28]21| 63|39 3512520121 112622162836040
Sta. IV |13(14]19:28|27|2939(4844 19(29(35/18|15{1320/13(2413| 48,29 3419141910‘212214|48 44125/
sta. m  [16pe2opidielizizises|  [1shifiaizhielidisislielil 24o0|  [17l2sli6lzliz]eslzi14lishs 1916
NO- Sta. W 13(13|16/15/15;11(13/15/21 11} 9111/14(13(12/13110/11{10| 18|16 13(18(10/19/15(20117|12112{12/14|20
1 A PHEORKE Sta. TL {1214(17|116/10| 8/13/14(16 10} 9/1113[1311/12(10(13/11] 15/14 13/1612(18(13|15/16(10 9/12/1110
Max. value of daily NO, )
average concentration Sta. IV |10{10|14|11/112| 8(10/12(14 8! 8 9(11/11j11]11| 8|10/ 8| 12/12| 11{14| 9161214(14{10; 8]10; 9|16
NO Sta. TL 6 3 4 4 4| 3 4 4(14] 5| 6| 7
Sta. IV 3 3 41 4 3 5 7 3| 2 3 323 2 2|2 6 2 4 31 21 3| 3/ 7 4 2| 4 2| 5 5
NO Sta. I 9 8(12 87 888 9 7110, 9| & 8 7011 7] 7 | 7)10| 810 7(12i13} 8] 7| 7| 6 8 9
’ Sta. IV 7110/ 8 7| 5/ 5( 6| 6] 7|3t 4 4 5 7 7 7 5 5 5 6555757581065547
ﬁ:‘ﬁlﬁfﬁ NO Sta. T 710865666744568776#6 85 5|67 6 86910 6 5 545 6
t
cogxclenga?i‘::age ? Sta. IV 6/ 6 8 6| 5 4 5 5 5| 6 | 31 3 3| 4] 6{ 6 6| 4] 4 5 4] 4| 4] 6/ 4 6 5 7| 8 5| 4] 4 3 5
NO Sta. I 2| 2| 3 2| 2 211 11 2| 21 2 2, 2
Sta. IV 210 1 1 11111 1 1 1131111201 1 1§ 1 1
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13fgymL T3, L, IRKIVCIULRFET 31 4+ v By ikE O EHEIIHEE
OEITIRE L A LENTRVD D, BRORBTC BT 2HRECE X 2HBICOWTIE, R
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Fig. 14. Yearly variations of monthly average concentrations of nitrogen dioxide.
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Fig. 15. Average concentrations of nitrogen dioxide for wind directions in-July
at monitoring station III.
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Table 7. Average concentrations of nitrogen dioxide for wind directions and wind velocities (1979) (ppb)
Gl
A Mosic m;n (Y{;;% N NIg| s |s|8|S|s|{S|s|S8|w N | N |Calm| A
Month | _toring™yy;,q 2" EVE E|E|E w |V w Wolw [
velocity m/s
Calm 8 8
0.3~34 4 5 8 11 11 9 9 12 9 10 8 5 6 6 s 9
Sta. | 35~65 | 2 3| s ‘u w0 7| 7| 5] 7| 9 1 5
6.6~ 2 2 v
Av. 3 5| 7|1 || of 8|} 8| 8| 9| s 6| 5 7
July
Calm _ 7 7
0.3~34 3 5 5 14 11 10 7 10 8 7 8 4 "3 5 7
Sta. IV 3.5~6.5 2 3 6 6 5 6 5 4
6.6~
Av. 2 4 5 14 11 10 7 9 7 7 7 4 3 5 6
Calm 6 6
0.3~34 4 5 3 6 8 13 15- 12 16 13 10 3 2 3 7
Sta. L 3.5~65 5 2 7 9 7 7 7 12 9 10 1 1 3 6
6.6~ 4 5 4 1 4
Av. 5 5 4 6 8 10 10 10 14 10 10 2 1 3 6
Oct. "
Calm 4 4
0.3~3.4 3 4 2 5 5 8 9 11 10 9 7 2 1 2 ' 5
Sta. IV 3.5~6.5 3 3 4 4 5 6 8 7 6 1 0 4
6.6~ 3 2 3 2 5 5 3
Av. 3 4 2 5 5 6 7 9 9 8 7 2 0 1 5
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Table 8. Average concentrations of nitorgen dioxide for wind directions and wind velocities (1980) (ppb)
TR el Tel<lsl. sy e
Month | _toring \i%’ind tion| N E I]::I E ]% E ISE VSV W VSV w W ‘IRJ’ Calm| Av.
Station velocity m/s
Calm 6
0.3~3.4 2 3 4 2 3 7 9 7 6 8 6 3 3
Sta. T 3.5~6.5 1 9 8 6 6 6 4
6.6~
Av. 2 3 4 2 3 8 9 7 6 7 6 3 3 7
July
Calm 5 5
0.3~34 3 1 3 1 2 8 8 6 6 8 4 3 5 6
Sta. W 3.5~6.5 7 4 5 6 5 2 5
6.6~
Av. 3 1 3 1 2 7 6 6 6 7 3 3 5 6
Calm 6 6
0.3~34 3 4 8 7 6 4 9 12 9 6 6 2 4 6
Sta. T 3.5~6.5 4 2 14 12 6 7 10 7 3 1 5
6.6~ 3 6 2 2 5
Av. 4 4 8 7 7 7 8 10 9 6 4 2 3 6
Oct.
Calm 4 4
0.3~34 3 3 6 5 4 3 8 6 3 4 4
Sta. IV 3.5~6.5 3 1 6 6 5 4 3
6.6~ 2 5 1 3
Av. 3 2 6 5 4 5 5 7 6 3 2 1 2 4
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Table 9. Average concentrations of nitrogen dioxide for wind directions and wind velocities (1981) (ppb)
A Mesi .mﬂ ‘ngg Nin|E Els |3 S s | Y win|X
Month | _toring %ind tion| N II::I E I;:I E % E I?, S VSV W VSV w VI\KII W Vl\\II Calm| Av.
Station velocity m/s
Calm 9 9
0.3~34 6 12 8 12 13 13 13 12 12 12 10 7 9 6 11 11
Sta. .M 35~6.5 7 4 5 6 9 7 9 8 4 7
6.6~
Av. 6 6 10 8 12 13 10 11 12 11 11 9 7 9 6 11 10
July
Calm 7 7
0.3~34 4 6 10 5 10 9 10 11 10 10 9 5 13 7 6 3 9
Sta. Iv 3.5~6.5 6 5 2 6 11 9 9 6 8 7
6.6~ -
Av. 5 6 9 5 10 9 9 11 10 10 8 6 13 7 6 3 8
Calm 5 5
0.3~34 2 5 4 4 5 7 10 12 11 14 12 10 6 3 3 7
Sta. 1O 3.5~6.5 3 3 4 3 6 6 6 7 6 3 2 2 4
6.6~ 1 1 2 5 3 2 2
Av. 3 4 4 4 4 7 7 7 8 11 10 6 4 3 2 2 5
Oct.
Calm ) 3 3
03~3.4 2 3 3 3 3 3 5 10 10 11 7 6 4 2 2 2 5
Sta. IV 35~6.5 2 2 4 5 4 7 6 2 2 1 1 3
6.6~ 1 R N 2 1
Av. 2 | 2 3 3 3 3 4| 6 6 9 | 6 3 3 1| 2 4
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Fig. 17. Diurnal variations of NO, concentrations in July at monitoring
station III.
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Fig. 18. Diurnal variations of NO; concentrations in July at monitoring
station IV.
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Fig. 19. Diurnal variations of NO concentrations in July at monitoring
station III,
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Fig. 20. Diurnal variations of NO concentrations in July at monitoring
station IV,
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Fig. 21. Diurnal variations of traffic volume (1981).
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Fig. 22. Diurnal variations of ratios of NOo/NO; in July at monitoring
station III.
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Fig. 24. Yearly variations of relative NO; values (N. P. method).
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Table 10. Yearly variations of relative NO; values (Nitration plate method) (NO; pg/100 cm?/day)
E. R
Year and Month 1979 1980 1981
B E A
Meararing sites 7 ] 8|9 |10 ' ufav)4|s|6|7]8]9|w]avs|6|7]s]9]1w0]an
30 |21 |21 34 | 27| 28 55|33 | 28|28 34 [ 39 | 44 | 51 373 | 4
36 25|18 |29 |36 |20 |27 50 {39 (33|26 |21 |33 |37 |4 54 43 | 39 | 43
32 (28 |22 (323630 |20 |39 |49|36|39|34|27|36{31|40|58 39263739
10 26 | 28114 | 24 | 23 | 23|28 | 38|43 |27 |29 |21 |27 | 30 {27 |36 |48 |32 | 34| 25| 34
bk o PR
Southern par: in the 11 22 |17 |13 (22|26 |20 |22 | 26|38 |23 |21 |20 2625|2731 |43|28|26]25]30
forest 13 37 |3 | 25|30 [ 31|31 |28 |49|55|35]|28]|37 30 [ 29 | 44 | 69 37 | 45
25 1911715 |13 |27 18
40 20 | 28 |44 {29 | 27 | 32| 18 | 28 | 32 {37 |57 | 38|26 | 34| 37
Av. 20 |24 {18 | 25 | 30 | 25| 26 | 36 | 48 | 32 | 20 | 28 | 24 {32 | 32 | 39 [ 54 | 34 | 32| 33 | 38
21 8| 9! 8| 415|110 l17|21|11 12 | tr. | 12 | 14| 15|26 |16 |15 | 14 | 17
B O E 36 171810 |14 |18 | 14 |13 |22 |28 | 15| 9| 14| 6| 15|15 | 21 |30 | 21 | 13 20
ggfegltlem part in the 38 10 8| 3|16 9 17 | 24 | 17 11116 |17 |15 | 16 | 20 | 16 | 12 | 12 | 17
Av. 12|11 9| 716|110 |12 |19 |24 |14] 9|12| 7|14 |15 17|28 |18 |13 |13 18
6 17|15 | 1319 |23 |17 |16 |27 | 35|23 | 18| 19| 2|20 20|23 |36 |2 |17 |19 |23
16 16|13 |10 | 15| 16 | 14 19 | 261815 |15| 4|16 | 17|18 | 31 15| 14 | 19
Bk o e 24 161211 |19/ 22 |16 |17 |24 29|15 ] 7 18| 6|17 |24 | 22|29 |20 |15 |18 | 21
: fﬁ;eigiﬁate part in 37 23 |18 |16 | 21 | 20 | 20 |12 |19 |31 |23 | 24 |14 {20 | 20 |19 | 23 |34 | 22|17 | 19 | 22
39 14 |21 [ 35|23 |18 |21 | 4|19 |18 |28 (39|28 |17 |20 | 25
Av. 1815|1319 |2 |17 |15 |22 |31 |20 |16 |17 | 7|18 |20 |23 |34 |23 |16 |18 | 22
73 £ EC Mean 22119 | 15|19 | 25 |20 ] 18 | 26 | 34 {22118 |19 | 13 | 21 | 24 | 29 42 | 25 | 22 | 25 | 28

819
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Fig. 25. Fluorine contents of leaves of Acer mono collected at various distances
from the fluoride source (N plant in Fig. 1).
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Fig. 26, Fluorine contents of leaves of Larix’ leptolepis collected at various

distances from the fluoride source.
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Fig. 27. Fluorine contents of leaves of Aralia

elata collected at various distances
from the fluoride source.



JLEEAEE/ MG HBRO AR E R OKE I ¥ E - A HE) 521

x—-11 HMEPO7yRLIFVORE
Table 11. Contents of fluorine and total sulfur of tree leaves

NTHE» LD HA & R 7 v BB 4+ v B
- sg | KK [Direction and distance F content (ppm) __S content (%)
Wood species Sampling {from N plant‘ ¥ H - H Sampling date (1979)
SIS | Direction D‘(Sl:g?)ce June 29 | Sep: 2780) June 29 | Sep. 27
2 NNW 26 19 46 0.163 0.193
3 ” 3.2 11 20 0.198 0.231
4 ” 36 7 21 0.227 0.256
5 ” 39 5 24 0.195
6 ” 42 2 20 0.154 0.302
7 v - 27 24 107 0.190 0.232
8 P 3.0 8 20 0.116 0.103
9 ” 27 6 70 0.199 0.188
10 NW 30 12 42 0.175 0.222
11 ” 31 6 26 0.201 0.257
B 12 » 3.2 5 21
W - 14 NNW 3.6 7 11 0.156 0.238
15 ” 40 9 17 0.206
16 NW 46 3 12 0.224 0.179
17 ” 5.6 3 10
18 ” 6.3 3 '
19 ” 6.8 1 tr. 0.169 0,197
20 p 8.4 2 6 0.165 0.173
21 » 8.8 tr. 4 0.103 0.193
22 ” 73 tr. 13 0.128 0.154
23 P 5.4 tr. 3 0.180 0.175
24 WNW 46 2 8 0.211 0.222
25 » 35 7 2 0.159 0.167
41 ESE 2.1 (67)
42 NW 07 (137)
43 ” 15 (131)
9 ” 2.7 (34
_ 10 P 2.9 (47)
A’;‘aZia /eljta 28 ” 35 ( 36)
29 ” 42 ( 15)
17 ” 56 ( 15)
18 ” 6.3 ("
44 ” 7.8 (3
45 ” 87 - ( 21)
26 NW 30 5 10
27 ” 32 7 16
28 ” 35 3 10
29 ” 42 5 8
55wy 16 ” 46 3 9
Lariz 30 WNW 43 tr. 2
leptolepis 31 P 48 2 2
32 NW 5.6 tr. 2
33 ” 57 3 3
34 » 6.7 1 8
35 P 85 tr. 1
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Fig. 28. Distribution of total sulfur contents of leaves of Acer mono.

12 BEAKBDEERBC KT DM 2Y 2 =TEFOS + v BE (%)

Table 12. Sulfur contents of leaves of Acer mono at around the express
way and sites far from the express-way (%)

® & B B R L T 5 &R B R
Around the express way Northern sites far from the way
# ® L &~ B ®# B L - A
RE MR Sampling month RIH A Sampling month
Sampling Sampling
sites 6 Jun. 9 Sept. sites 6 Jun. 9 Sept.
2 0.163 0.193 19 0.169 0.197
7 0.190 0.232 20 - 0.165 0.173
8 0.116 0.103 21 0.103 0.193
9 0.199 0.188 22 0.128 0.154
10 0.175 0.222 SE B Av. 0,141 0.179
% % Av. 0.168 0.188

BEA XY H=TFEAOAF v EREIZLIESVCTEI, ISREFDOA 4 v iERBT
6 ABENK, T Tr0103~0.169%, ¥ 0141% EEIhTEH, HREORVEEHEREE
AD 0.116~0.199%, F340.168% L D£I%0.027% L&, HEEH O A) OSEROE
BHICh F0EI20009% L XD TPHE, Lo T, 127 h=FEROL+ v RERT
Yo THRELHETHAZ LR IOBEOHR VALV TR ELDTRETH S,
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" ]

AMHORE,LL EMESEOREC\ D ET, Tinbb 1978 550 1981 46 ¥ THE
LTAFRRbI2BERRC L - T, EPEHHFREROBHRRKLOBL L BERME OBE
ADE D RBDORABZ—BWAS L ote, ZHEFRTLTHRI Z L2 EL TWREOCE
FTHERAEITR S 2N TEEN o128, Smith DWW S EBRCRETEROS T ©
X% &, BROEATVWAEHRBOFMRIL, HOV5 Class I BT LTV BDTidighd
Bbhs,

EHNBRBARERTIZ, T2 20 bWOlk, BRREHELT, KKOBEMRET -
TEDT, BOEEILLKRIABFROEBRRBEOFIIULDIA + VBB O A E % 1A%,
1974 £ LIIEHERC L 51 A v BHORIELHE L, 1976 515613 6 £l b,
AAERAH»LEREKC il 5 HBHE & FRREOR ST 5 BERE” 2
FEILDT, BRIBECEDY Lic, Tibd, ENKHcRT3EBEXEAHFAE L%
%bh 5 80, NO,, HF C X 2EER D L0 BRI BT 5B ROERBOBE % 85 & 2
CFTHENTER, LrL, HFHRH LTIIREFEREN DT, KB 138 ks
LED, WALWARLIONERCHELLRLEEY S B0T, SEREHOBEER LU
», FEAEFRLBEBECHRE LD, (eHFRPEORERCH LTLBLYED T
FETH 5,

] E

19804 10 A BH OB ML BB T 5 EE K O ANBMA I h, Thc X 5HKKRE
OHERRBEDOENDLEL ShicD T, 1978 4E£DHED | ZH\ T 1979~1981 4£0D 3 H4E1T
bleoT, EHLRFMCHERRAEOBELXT o, Thbd, BEKNOIHUERTCOAS
BB LD RLA A Y DAE, 2HUERNTOABHHEBRC L 2EERIHOHE, Ib
BHERANOL Bl THF A4 b Lo a v T U— bR X B MLE R L PO, BiC I 5
A+ YR OBREOREL TR e (B-1), ¥, WS ICETRLK CIRE L
EhD7 y FB IO A+ v OWELHE L (K-2),

L A o8t |

O I, I s X VI HO @b £ + 7 EBE OFEFHEIL 7T~12 ppb O T, 1978 4
RERBEZD2, 3FRFI LTS, VIIROBREXIRORITC—BHERORCRE X
RTWBRLrbL T BREVCEBEYR LT B C L RERNTD 5,

@) 3IROMEDOEFEID & —ViXRIFEFA LT, BEMENDD IHENCE VR
ExRLi,

3) BEOCRMIAITHMOHENRT ATRIL I BCF6 11 Baik & 5% 3E®BD
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29o0€—-75, VILBTFE2EBrE— 7Rt bdbhis,

@) BELRAMBEORMRII, SRELEFEDCT ATCREBETHIE I ORDRK,
i, BE34~65m/s ORFCEHVBRENRLL R,

(6) HEEREOABEHIAOKBIBEORERTEZRLLEY L CBDOIT,
BEOCEEOHEIFHTROBFEREOBLLIZbDEELLIS,

6) 4+ YBIHOFRERHFEROERCEZERBVERYLR L, ¥, HREDE
BD 2 —viITBLA A VREDBS L X {LIfRERLL,
2. EXB{ty

1) ZFBMLERBEOCEPRHEIXIL L LIIVRCcEhFh, 5~7ppb, 4~6ppb OE
BTthotc, BEOREE(LCEHNELR ALK, 5~7T AORFCHEBEHEVCBENRLD
h, ZOEAIFHBOBELERL > T,

2 BELRFNEEOCBMRE, 2RLIEFEOCTATIHEBATHIE LY DRDH,
F7-, BE0.3~34m/s DEFCEWBENAL T,

(3) BEORAZTHEDS BT/, FEELIAFLIFAR, BCBELZRTURALD
hic, ThOOBREDINIZARDIILE 2~3KHO X VRD h AT LRGN X o ie,

(4) NO/NO. i LBZIOBFL, WThofEd HPRBEEFRCEVC I Ho@ERIVE X
D AH/INE, IR CREER O HBRED 1981 FO@NBRELXRLTWAZ &ik, BAN
Bt Ehicied i Bbh s,

6 “EMLEROBREIVThOELHFROBMCI VW EBVERAARL R, £EFL
DEAZZBLEROBREOHERA L RIF—HK LT\,
3. WMEFODOT o ERE

A E¥H=FRDONTIE, BEPRBEENL OEBEIEVHAGEEHFRNIE L, T
7z, RAEEHS 3km LA T2 6 BT 11~24 ppm, 9 § T 20~107 ppm DEEO X HHTEH
WEEL-TWD, #FYYRDWTHRA—HARALRDHN, 1 2Yv =T LHLETEE,
L DRABBERPIN, 2T FEOWTUL, BHTHCBWTHRBEFRGEVCEROMAIE LS
BERAELRBEE TS E DDA TV 5,
4 A9 VPHLTHEROATORE

BEX01~03% OHEHETH - 1o, BAERCEVCEEBWEREALRS, ¥z, KH
OFBL I EEFERVBL RBEARAORD, PbOEC LB 4+ v DBE Gk L DB
Bir, ZOFRKZOBER LV A TRIT- &) LEHREZRIed o i,
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Summary

The express-way passing through the southern part of the forest, was opened for traffic
in October, 1980. The influence of emissions from the vehicles on the express-way on the
forest has been one of major concerns of Tomakomai Experiment Forest, Hokkaido University.

This concern led to the more detailed research on the air environment over the forest
in the three years period of 1979-1981, continued from the study? in 1978.

The following field measurements were conducted :

(1) SO, measurements at the three monitoring stations by the continuous automatic
analyser (Fig. 1).

(2) NO; measurements at the two monitoring stations by the continuous automatic analyser
(Fig. 1).

(3) Measurements of relative NO; values by the nitration plate method and relative SO,
values by the PbO, method all over the forest (Fig. 1).

(4) Measurements of contents of fluorine and sulfur in tree leaves which were sampled
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all over the forest and also in the urban areas (Fig. 2).

The following results were obtained :

1. The concentration of SO; and relative value of SO,

(1) The annual average ambient levels of SO; concentration at the monitoring stations
of II, III, .and VIII were in the range of 7-12 ppb which was lower than those in 1978”. It
is noticeable that the highest level of SO, concentration was observed at the monitoring station
of VIII, despite that it was located in the forest farthest from the southern forest border
among these three stations (Table 1).

(2) The annual variation patterns were almost the same at these three stations and also
the relatively high SO, concentrations were observed at just before the leaf developing period
or in the season in which the leaves were fully grown (Fig. 6).

(8) Two peaks of SO; concentration at both stations of II and III were observed in July
around 11 A. M. and around 3 P. M. (Fig. 7 and 8) and also one peak at the monitoring
station of VIII at 2 P. M. (Fig. 9).

(4) The relatively high SO; concentrations at these three stations were observed in the
southward prevailing winds in July (Fig. 10-12) and also at the wind speed of 3.5~6.5m/s
(Table 2).

(5) Apparent influences of vehicle’s emission from the express-way on annual variations
of SO; month-average concentration were not observed and thus far, it seems that the dif-
ferences among each annual variation of SO, month-average concentration would attribute to
the variations of the air environmental cricumstances in the urban areas. »

(6) The apparent tendency was shown that the nearer the measuring sites of relative
SO, values were to the southern forest border, the higher their values were. Also, the annual
variation patterns of relative SOy values showed the almost similar tendency to those of SO,
concentration (Fig. 13 and Table 5).

2. The concentration and relative value of NO,

(1) The annual average levels of NO, concentrations of both stations of III and IV, were
in the range of 5~7 and 4~6 ppb respectively (Table 6). The annual variations of NO,
month-average concentration showed the seasonal variations and relatively high concentrations
were observed in summer season of May-July (Fig. 14), but this tendency was different from
those"¥ in the urban areas.

(2) The relatively high NO; concentrations were observed in the case of southward pre-
vailing winds in July (Fig. 15, 16 and Table 7~9) and also at the wind speed of 0.3~3.4 m/s
(Table 7).

(3) Two peaks of NO, concentration, one in the daytime and another in the evening,
were observed at both stations of III and IV every year (Fig. 17 and 18). The times at
which such peaks occurred, did not always show good accordance with those of traffic volume
peaks, having time lags of 2 or 3 hours each other.

(4) The ratios of NO,/NO, at the monitoring station of III (Fig. 22) which was nearer
to the emission sources (vehicles) were lower than those at the monitoring station of IV (Fig.
23) every year and also every hour. It seems that the lowest ratios of NOy/NO; in 1981 in
which the express-way was already open to traffic, would attribute to vehicle’s emissions from
the express-way.
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(5) The apparent tendency was showed that the nearer the measuring sites of relative
NO; values (Fig. 24) were to the southern forest border, the higher their NO; values were.

The annual variation patterns of relative NO, values showed the almost similar tendency
to those of NO, concentrations.

3. The fluorine contents of the tree leaves of Acer mono, Larix leptolepis, and Aralia
elata were measured. For Acer mono (Fig. 25), the apparent tendency was showed that the
nearer the sampling sites of the leaves were to the fluoride emission sources, the higher their
fluorine contents were. The very high contents of fluorine of the leaves were observed within
3km from the fluoride emission sources; fluorine contents of 11~24 ppm in June and those
of 20-107 ppm in September. For Larix leptolepis (Fig. 26), the above tendency was also
observed, but compared with those of Acer mono, the fluorine accumulated in the leaves was
less. For Aralia elata (Fig. 27), the apparent tendency was showed that the nearer the
sampling sites of the leaves in the urban areas were to the fluoride emission sources, the higher
their fluorine contents were.

4. Measurements of sulfur contents of tree leaves were made for Acer mono which were
collected for the fluorine content measurements. The sulfur contents were in the range of
0.1~0.3% (Table 11), showing relatively apparent tendency that the nearer the sampling sites
of the leaves were to the urban areas, the higher they were (Fig. 27, Table 12). Also, another
tendency was observed that the sulfur contents became higher with the lapse of time.

The close relation between the sulfur contents and the relative SO; values could not be
observed at the present stage of air pollution of SO, in the forest.



