The NOZ2 values around Kenroku-en in Kanazawa
and the characterization of air pollution
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characterization of air pollution

ABSTRACT : Kanazawa city, a nonindustrial city, has been believed to be less
polluted than industrialized cities. But, “how much is Kanazawa city unpolluted”
was unknown In order to know it, NO, concentration in Kanazawa city was
measured during a two years’ period.

The average NO, concentration was 0.020 ppm in 1996 and 0.006 ppm in 1997. NO,
concentration in the central area of the city tend to be high because of heavy traffic.
Additionally, high NO, concentration can be also obtained from an underground
parking lot where air is unflowed. On the other hand, it has been confirmed that NO,
concentration is low after long-dated rain. Measurement at a high-rise building
showed that NO, concentration decreased as the floor goes up. Such results suggest
that air in Kanazawa city is partly polluted.

In this study, it was revealed that NO, concentration was varied by weather,
height and traffic conditions. Air pollution occurrs frequently not only in industrial
areas but also in countryside such as Kanazawa city. Accordingly air pollution
should be considered as an important regional environmental issue even in local
area, so as not to increase the effect to global environment.

‘ Key words : Air pollution, NO, concentration.
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B FET0.029 ppm, HEKMEIZ2ENREL L ThHE2IZUH & T 5144 77 C0.000 ppm T
H-oiz,
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Table 1. NO, value around Kenr(_)ku—en measured during November 22-23, 1996 and July 12-13, 1997

NO. BT Al (ppm)
H5E 5K
96,11,22~23 | 97, 7.12~13

1| R LTES 0.026 0.002| 50| 73> FrRTN 0.031

2 | EITRT 3 0.038 0.003] 51| 7 T=FWEH 0.021 0.003

3| BT ES 0.032 0.009| 52 | &EHILLZED 0.018 0.000

4 | JR BRI {=Err 0.034 0.003 | 53 | #ERTs 2= 0.028 0.005

5 BT ES 0.030 0.004 | 54 |derEESH 0.024 0.004

6 | &IRPREHMAEHT 0.027 0.004 | 55 | IEIRAERT 0.019 0.002

7| TRETZES 0.032 0.004 | 56 | FwAEEBELEPE 0.018 0.004

8 | EILE[/e— % 7 0.021 0.005 | 57 | MMM 0.016 0.001

9 | LEEEE BRI =& 0.011 58 | BHERY 0.019 0.002
10 | NHK BiaZZ s 0.021 0.003| 59 | FARERESE 0.022 0.013
11 | BsET—TH 0.015 0.003 | 60 | A= 0.015 0.007
12 | FRETEREES 0.030 0.019 | 61 | FAIREFEL 0.018 0.009
13 | Blarhtt 0.001 0.006 | 62| ¥rfE L 0.018 0.004
14 | &IRBREMT 0.017 0.004 | 63 FAWKEA 0.023 0.007
15 | & FRBAREYL Y I — 0.020 0.004 | 64 | FAETIREFT 0.027 0.003
16 | KFHTHBE 0.023 0.006 | 65| 0 BMBMEREFT 0.025 0.003
17 | RFHTREES 0.012 0.004| 66 | A BEEH{EREFrO L 0.014 0.002
18 | BAREMERENLE 0.023 0.002| 67 | HNBAOT 0.017 0.000
19 | BRI E A 0.030 0.016 | 68 | ANEAD 0.015 0.001
20 | Bl 0.010 0.004 | 69 | ANM 0.015 0.000
21 | BIRPRENT > 7 TER 0.012 0.004| 70| BEfE3E®EY At 0.018 0.006
22 | BILazZEss 0.016 0.001] 71 | #EmFEED L 0.014
23 | lABED TES 0.017 0.007] 72 | EREED B 0.015 0.003
24 | AET AR ES 0.012 0.005| 73 |EmMENE 0.013 0.004
25 | HRAER 0.017 0.001| 74 | ESRENR(FEASEW) 0.012 0.001
26 | AR 0.004 | 75 | #EHk (GENEMN) 0.010 0.000
27 | HMNENAKEEE 0.015 0.004 | 76 | MK (FEAEN) 0.011 0.001
28| IniR2TH 0.014 0.002 | 77| Bkl (FAEN) 0.012 0.000
29 | EARILES 0.023 0.012| 78| Km@ia GESEMN) 0.011 0.001
30 | BRYMTEESAD 0.014 0.006 | 79 | EHTZTE S 0.025 0.004
31 | HIRFrRI R E A 0.017 0.010 | 80 | &WLHHERE 0.017 0.002
32 | B EA 0.018 0.013| 81 | AZH]3-5 0.013 0.003
33| FRETF=Aa3— & 0.017 0.003| 82| BEBRES 0.016 0.004
34| BEFAD 0.017 0.003| 83 | By T¥SEEKE 0.016 0.000
35 | IHBEERE R TRRE 0.016 0.002 | 84 | &%ZHT2 0.014 0.001
36| W ITFTT R 0.017 0.001! 85 |HN_THLEHE 0.018 0.005
37 | IHEE IR 0.014 0.004| 86| SE=THWEN 0.018 0.007
38 | KFM 0.014 0.002 | 87 | A%HT1-10 0.014 0.001
39 | IHEEES 0.015 0.003 | 88 |A%HT1-15 0.016 0.002
40 | FR=+HEEER 0.014 89 | 4 f3-7 0.015 0.002
| gT7F=F =7 FFILF 0.037 0.005| 90| &#&3-14 0.014 0.000
42 | I ONHER 0.020 0.002 | 91 | HEdeshHER -0.014 0.003
43 | HiRFr A EREES 0.014 0.001.| 92 | A5|&4-10 0.015 0.000
44 | 2T 4 F 0.023 93 | NTT X4t 0.014 0.000
45 | BIFEaE 0.016 0.001 | 94 | BEAFE&LEE 0.020
46 |HIR1ITE 0.014 0.004 | 95 | B TEESIEiEE 0.014 0.001
47 | Bt 0.024 0.002 | 96 | B 7 EATEEEEELE 0.017 0.000
48 | ET3E 2 0.049 0.014 | 97 | e 0.017 0.000
49 | KIHT3Z &S 0.029 0.002 | 98 | EimbERTREES 0.019 0.001




12 &RAFHRFHWEBEYEFR F215
99 | deRErEEREA 0.024 0.001|| 151 | MU FEEE HT 21 0.017
100 | BEBEPRIREL 0.024 0.008(152 | e THEES HT 2R 0.020
101 | ASI=ZTERER 0.033 0.003|| 153 | T BEESS T 20 0.017
102| AEIZTHEES 0.025 0.004|| 154 | UTEEES MWT2MH- 0.020
103 | £ AFBERIREN 0.026 0.008{| 155 | W FELES T 258 0.019
104 | HolZEA ) 0.026 0.015|[ 156 | U FEEEES T 2[F 0.019
105 | AGIREZSA 0.011 0.0111/157 | W TEEES HT 2R 0.015
106 | BUBR EXZES 0.027 0.007(] 158 | MU FBERSE HF 208 0.029
107 | RKEBk=EmT 0.025 0.003]| 159 | B TEEEE HIT 108 0.018
108 | QUBIRTEA 0.017 0.002( 160 | B TEEES T 11§ 0.022
109 | SFERTEA 0.019 0.001(/ 161 | MU TEEES T 15 0.015
110 | $E=THREA 0.000|| 162 | M TEEESE HiT 108 0.018
111 | A512-22 0.018 0.001|[ 163 | 8 TEEEE T 108 0.018
112 | A512-17 0.016 0.005|| 164 | HUTFEEES HT 1FE 0.014
113 | A512-7. BREE 0.030 0.000{| 165 | e TEEEE - #T 1R 0.018
114 | HUBK- 0.021 0.002{| 166 | W TEEES HT 1M 0.020
| 115 | EEEE - 0.019 167 | M TBEES HT 1R 0.022
116 | BHRETES 0.017 0.004] 168 | MW TEES HT 1R 0.018
117 | #ILAT{EE A 0.028 0.005|/169 | MU TEEES HT 1M 0.017
118 | FEAEEELES 0.073 0.001(1170 | MU FEEES HT 1 0.018
119 | BERTEE AR 0.016 171 | W FEEHESE MT 1R 0.018
120 | BHT{=EFr 0.018). 0.011||172 | ETEESE MT 1R 0.019
121 | A REA 0.017 0.001|| 173 | U TEEEYS HT 10 0.008
122 | RAGHTEERBEER T 0.019 0.001)/174 | W TEEEES, HT 20 0.016
123 | RAHTEEE TEHY 0.028 0.002]|175 [ M TFEES T 1M 0.016
124 | KR T T5B 0.022 0.008| 176
125 | HERA4E 0.015 0.002j) 177
126 | KR Akt A v 0.018 178 | JbEE AL © L2168 0.008
127 | "R ES—7 0.018 0.005(] 179 | JLBIETRIA £ )V 20PE 0.008
128 | RIRKXEEFHT 77~ I 0.015 180 | JuiBdsETRItt & L1958 0.007
129 | KFREERLB ) H5ES 0.019 0.002|| 181 | JuEI¥FIAL & V180 0.006
130 | RKFAEREAIERAD 0.016 0.005|| 182 | ALERHTBAA: & L1758 0.008
131 | KRR D EN T 8% 0.016 0.004|| 183 | ALEIFTFIHL £ /L1658 ~0.006
132 | RERE 0.015 0.003|| 184 | JLBIHTREIHE £ /L1508 0.010
133 | RERF 0.011 0.002 || 185 | JLEIFTEIAL £ /V14FE 0.009
134 | RERSEH 0.011 0.001§| 186 | JLEIHBA4E & V13RS 0.007
135 | RERT 0.017 0.008| 187 | JuEEHRIH & 120 0.007
136 | FABFE/ —F 7 0.011 0.002 188 | JLBETRIHE £ V11RE 0.009
137 | 244 X2 a VEl 0.013 0.003]| 189 | ALBUETEI4E £ )V10PE 0.007
138 | BRT 0.011 0.001 | 190 | dLBUETRI4E £ L 9 FE 0.011
139 | S HEEE 2 FEN 0.028 0.005 || 191 | JbEIFEIAE v 8 B 0.011
140 | # H¥BA 0.019 0.006|| 192 | JtEIFTFIALE L T FE 0.011
141 JURF 0.016 0.001}| 193 | JLEEHEAL L 6 58 0.012
142 | Erimke 0.017 0.007)} 194 | dLBETRItL E L 5 B8 0.011
143 | SRS PR 0.013 0.004 | 195 | dbEIFHBIALE v 4 FE 0.011
144 | ANHRTEERT 0.014 0.005|| 196 | JEBIBAIAE L 3 PE 0.011
145 | #FAEBEES 1 FEN 0.041 0.000| 197 | dLBBFTRIAL E L2 B 0.015
146 | dLBRSAF—IF L 0.103 0.012(| 198 | LB © VENESS 0.013
147 | B L 0.015 0.002
148 | #IRKFEFIEER 0.017 0.001
149 | SIRARFEFIEES 0.017 0.004
150 | RAATEREERT 0.015 0.001
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Fig. 1-1. Locality map of NO, measurement in Kanazawa.

—7%, BIEHDFEE Table. 2 127K L 72, 19964F, 19974 & & g H —AM I & A #E )
Fvateds, 19964E11H16HM~22H@F THOREKEILIL.5mTH - 72D L T, 199747 H
6 HE)~12B®) F THOMKEIZ231.5m TII9TENIT ) HH AEDBKETH - 72,

272 NO, fEE B L UES ENBRERRT 57280, &RWTHLEOMEZ Fig. 1-212
T2, SUTSRER-/ANIE S MU BB L L T20~50m &< - THB ), I DD NO,
M#EEIZ0.000~0.013 ppm T - 72, NILEF R OIEH I3 SFE, BEEIZEFEICZ - Ty
%, SEOEEHIRO P CERIZ, BH - RE - A2 RLE20m TH ) (NO, BE -
0.001~0.014 ppm), &AHEEERE L D E < 60m Th -7z (NO, BEE 1 0.001~0.008 ppm),
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Fig. 1-2. The altitude map of central Kanazawa city.

ST RO DML % Fig. 1-3 1R L 72, FEEATREEFICIE > ToM L Tv 2 DIFHN
SRR BT - BRI TH ), NO, BEI$0.001~0.005 ppm #R L 72, AMNZEFRHMTIZAL
FAEICHRICHE» DT L T b, Lo L, BBEIIGESET, HEMe 4o T30k
ERRET BRETHS (NO, BE :0.000~0.005ppm), ELELST - 1595 Hig#Rid EIRH IR

L, EBEEAPTBRELTEY, HREI 2L ALNT, 12%F, 19FNME TF N Z40.019 ppm,
0.016 ppm 7~ L, NO, EE» HERED - 72,
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Fig. 1-3. Distribution of green area around Kenroku-en.

< TFEHEFD NO, BE>

Fig. 1-1 1R L 72 & 5 2 @R BATE SIRHTEIZITHOICALET 5. FRHRFAOHMTE
IR 8 K304 b P10 £ TRV TE Y, A~&EH ORI ELIZ1200~13005,
1, HIZHIZM00EREFMHEEIN T3, 22 C, i FEEFZNONO, #lIEIZ19974 7 A12HEHD
45 8 WE3043 D & 13HE)D R 8 KF3090 & TIT - 72, HEBF N ESE % Fig. 3IaRL 72, #
T 1IPEIC1L 2B, 0T 2 B8I211 4 AL, HOF 1R & T 2 2 A50BR E BEEB OB AT 3 47T,
205 4 FRICERE L 72 —BIBELSE D - 213, T 2R 572 & = 5158% 70.029 ppm
ThHot2e T12—BED - AT, HTEEENOBANITIET0.008 ppm TH »72, 2 512,
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T 1 B%@?;%E@%Zi’atio.ow ppm7T, M 2 BEDEEDEEL0.020 bpmf“@% -7z, Fig. 3
IOREN BT EEE DN & FER A 6, BEHOFI PR T 1M & T 2B a ik
KB LD NO, BELED -7, T

<M E LD NO, 1>

FREALE L, BEHH2m T, M EIETH Y, ARFEICEL T3 (Fig. 4-1). NO,
BIERERE Fig. 4-210R L7z, 79785, BESFE %5 & NO, BEIZHAEmIZH 5, Hic
10FETId, NO, EARBIC T2 0.007 ppm R, ZD%15M TI3HEE LS L0.010 ppm %
RL7z, ELICBROFENEZFEARDELHOICEIACIRE DT T A RN - AHEREL 2, 20
R, Bzl SW o BAEGES. 0m/s 2K & DT T 7z, L L, 1088 “CLiJ:jiFﬁ]LZEFi’S 3m/
s DE, 208 Tz LA MICFEY 5m/s DBEDIK A T2,

% =
PLED#ERD & FAE, ki, 0, #E, eroFaicd s NO, BE~OHEB L UHTE
HHICBIT S NO REICEHL TENENERE LT 12

<K L >
ABHE (1981) I LU ZBIEERNORIGIE

3NO, +H,0 — 2HNO; +NO, ...(N& %), ZZTHEELL—BILERI

INO+0, > 2NO, ... %5, =2 UK, “BRLERNT~CTHR & RET
LHITTIREL, QORBIZE > TZBILERVBURET L LEZ N5, > TZOFMD
RGHE % EE LT, BE— AR b ORKE 2R L7,

Table 2. Precipitation in Kanazawa city in November 16-22, 1996
and July 6-12 1997

B K & (mm)

19964 19974
6 H B 9.0 0.0
5 H ] 21.5 1.5
4 H #HI 31.5 86.0
3 H HI 6.0 39.5
2 H B 0.0 40.0
1 H Al 21.5 10.0
HlEZ H 2.0 54.5
& & i 91.5 231.5
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Fig. 2-1. Distribution of NO, value in Kanazawa in November 22-23, 1996.

19964 N BIERERILI997F & B LE W NO, BELRL 2D REHTRELESE) THo 72

b, 50z, ZBROWED D%, SEDL20BKE L 270 - 127280, BRIELI NG -
L Rk EZ oD, i, ZEERSBEHEEESNS L LITEHOMASEENOERDTITML T
LIRS 5 NEES E THRVWRL TL -2 TRESFSH D, TNHDT & 519974 7 A B~
RORIIC b7z 58K (231m) 2SKEH N “BLERBELET S TRESH D L W2 5,
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Fig. 2-2. Distribution of NO, value in Kanazawa in July 12-13, 1997.

<fEHio) NO, BE~DHE>

SESE - B - BRALENTES - B - UEMNIENRIIC BT 5 NO, BE % 19964
(11822, 238 #I5E) £ 19974 (7 A12, 13H BIE) % HE§ % £199647130.010~0.020 ppm, 1997
££(20.000~0.005 ppm & 1997 D F 5 NO, iBEIME & v ) fERITZ bz, ZOFRRE &
HOFEZ L 2 NO, BE~OHEOE,» bBFT 5 &, KOBIE L MENEE & TIIHEHD
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Fig. 3. Distribution of NO, value in the underground parking lot of the Kanazawa city office.

EHOREPR ISR 5720 (RE  1995), & (l#H) A NO, REHISO—D2NEK &
o TW5 I ENHEEIND, EWFERICIE, BB 2EREMLIZERME TIThI, k&R
hoEEBEEICIILEFOME - Kb Z v ELEPBEEL Tw 5 (Kawamura ef al. 1996 ;
Smil 1997) Z & HEIN T3,

WMED NO, BEHEIZB WL, MYUNEICERGEIG L RBOLNDE Z &, MW EZ T



20 SIRKFEFHMEBEWRSESR 207

%uu 92m
N
. N il
gl 20 B
' ( 70m
i 5.0 mis
mi
.
Wind H sl
- I Ll |
\ E | 1 : A [50m
5.0 m/s H RS 1
1R & [ e
L4 sl
. 3.0 ms 9 B&j)l35m
¥ il
10[m ! E HIN 5 B
! | |
I e T AT B
" 12 168 |

Fig. 4-1. The force of the wind and the wind direction at Hokkoku Shinbun building.

EIAICIILARICEESGH ), IHIT, FARICEIRELMOH LI L, KFOEH
RWEDHEE L T B4 ENET, EBROBRENERFELERKUDIT 2L TES, DF
DGR T - T B 2 T bigithiE, NO, BEZ2 TIF381R0h % &E52 b,
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Fig. 4-2. A change of NO, value depend on height.

< TEHEFN NO, #E>

AEOMWTEEERD NO, BENREHERP L TRNZ EFEL LN, HIE M S o T &
VW D TRSR AN PEHRNEROBE L V3T L2 HBEr LHRIEINS NO, NENE
BRENRT V. —BIEEDES - 2 AL HT 2 B8 T0.029 ppm Tholz, ZOEIX
NO, BTSSR UEE TH 50.040~0.060 ppm & v I % FHE->TWwd, ZAZRELZHY
+HE, HIEHCTFHL)REOEHDN/IBEThH> o bEELLND, FRIBHETER
ErEs - 2 BRI, ZORACBREEY Y ( BROBRIEDP 512728 EEZ LA, F
R A o 72 HLA I3 LS00 A LA S BSER O A T0. 008 ppm, 0.014 ppm T 5 72,
ZOMBEERNE DBOBPA) BB V2 EERZ LN D,
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ﬁﬁ%u%ﬁ%ﬁﬂﬁ@h&%ﬁs%m%@%,¢%mﬁi?¢ﬁtfwéomﬁ§,mﬁ
ZEEL 28R, BEARICL 2 BROTMNOBEEIIEEZ O PR, Ll EE L, Bk
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