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Summary

Inordertoascertaln theNltrOgenOxideairpollutionreductlOnWhichresultsfromthepresenceof

aroadside‘GreenBelt’zone，thefollowingstudieswereconducted：

1）ActualsurveyofroadsideNOxconcentration．

2）MeasurementofNO2doncentrationdistributionlnSideandoutsideUrbanparks・

3）MeasurementofNO2VerticalconcentrationdlStributionandtheproductionstructureformulberry

fields．

4）MeasurementofNOxconcentrationreductionstobefoundwithlnforeststand．

5）Measurementofairpollutionreductionresultingfromthepresenceofthe‘GreenBelt’zoneand

explicationofthismechanlSm．

6）Comparativeevaluationof‘GreenBelt’，ZOningandotherroadsldealrPOllutlOnreductionefforts・

7）EstlmateOfNO2amOuntabsorbedbytheplantsandtreeslnSaitamaPref・

ThereserchresultsoftheaboveshowedthattheNO2COnCentrationlnSldeofandbehindtheroadslde

‘GreenBelt，zoneislowerthanthatofthepointlnqueStion．Itbecameclearthatthediffusionofthe

automoblleexhaustgaslntheatmospherewascausedbythe‘GreenBelt’zone・

Thus，theauthorcametothepositiveconcluslOnthatthepresenceofaroadside‘GreenBelt！Zone

ShouldbereglOnallyeffectiveasaNO2PollutlOnCOuntermeaSure・

Andoutlineofthestudyresul七sfollow．

〔Ⅰ〕StateofNOxpollutioninroadsideare

InordertoascertainchangesinNOxconcen七rationlnthevicinltyOfroad，NO芸COnCentratlOnmea－

surementoveT atWO－mOnthperlOduslngan autOmaticmeasuremerltlnStrumentand questionnaire

surveysofmotorvehicleexhaustmonitorlngStatlOnSnatlOnWidewereconducted・

1．BehavlOr Of NOxin roadside areas

（1）NOx and NO2COn已entTations were shown to become dlStlnCtly hlgheT uPOn nearing the road．

NOx concentratlOn describes a two－Peak variable pattern，aSitis high durlng the morning and

evenlng houTS butlower during the daytlme，While alook at NO2COnCentration resulting from

au七omobileexhaustgas，VaryingaccordlngtOtlmethatreachesthehighestlevelduringthedaytl－

me，formsaone－Peakvariablepattern．Furthermore，eVenareaS85mfromtheroadhadNOxcon－

centra七10n Of18ppb and NO2COnCentration of5ppb higher than thelevels from the background

areas，thusdlStinctlyexhibitingtheeffectsfromautomobileexhaustgases．

（2）RoadsideNOxandNO2COnCentrationswerehigherwhenthequantityofsolarradiationandwlnd

velocityweresmall，in dlreCtPrOPOrtiontothedlStanCefrom theroad・Ontheotherhand，NO2

concentrationresultingfromautomoblleexhaustgaswashigherwhenthequantityofsolarradlation

and wlnd veloclty Werelarge．Additionally，the NO／NOx ratio（Y）resulting from automoblle
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exhaustgasemanatingofftheroadcouldbeobtainedaccordlngtOtheequationY＝0・87Ⅹ－0025，
WhereXisthedistancefromtheroadside．

（3）WlththeresultsaboveitwasprovedthattheeffectivemeasuresagalnS七NO2POllutioninthe

Visini七yoftheroadaretohaveone，sresldenceofftheroadandtocheckthechemicalchangefrom

NOtoNO2．

2・RelationshipbetweenNOxconcentrationandtrafficloadasshownbymeasurementsfromMotor

VehicleexhaustmonitoringstatlOnS

Accordingtoquestionnairesurveysofmotorvehicleexhaus七monitoringstationsnationwldeon

measurementresults，enVironmentalimpactandsoforth，thefollowingcouldbeshown：

（1）Uponcross－tal1yingthedistancefromtheroadandthetrafficload，itwasshownthattheNOx

andNO2COnCentrationsgreふhigherasthetrafficincreased，WhilebecominglowerasthedistanCe

fromtheroadlnCreaSed・TherelationshipbetweenNO2COnCentration（Y；annualmean，PPb）

andtrafflCload（Ⅹ；×10，000vehlCles／12hr）isshowntobeY＝3：1Ⅹ＋23．5；thus，atrafficl。adin＿

CreaSeOflO，000vehiclesresultsintheNO2COnCentrationbecomlng3．1ppbhigher，So，itisvery

PrObablethatwhentheNO2COnCentrationofthebackgroundareaisover23．5ppb，thetrafficload

isabout20，000vehicles／12hr，yielding30ppbupontheroad．

（2）NO2COnCentrati。n（Y；annualmean，PPb）upontheroadisrelatedtoNOxconcentration（annual

mean，PPb）accordingtotheequationY＝2．10Ⅹ061；in areaswithhighNOxconcentration，NO2

COnCentrationwasshownnottofal1toomuchevenwhentheNOxconcentrationfell．

3・Relationshipbetweenannualmeana－ndAlrquahtyst且ndardofNO21nthevicinityofroads

（1）AccordlngtONO2COnCentrationmeasurementsfrommotorvehlCleexhaustmonitoringstations

natlOnWide，themaximumNO2health effectcriteriafor1990（annualmean，30ppb）was41％，While

themaximumNO2enViTロnmental且irqualitystandaTd（98％annualbasedondailyaverageofhourly

Values，60ppb）was64％，aCCentuating thedifferencebetween thetwofigures．

（2）Therelationshipbe七ween theNO2annualmean（Ⅹ）and the98P。Value（Y）lS descTibed bythe

lineY＝l・51Ⅹ＋5・5（1988）upQnTOads withhighpollutaritCOnCerl七ration．The98％value on thelme

equallngthe valuefor30ppb annualmeanis50・9ppb・ThlS rela・tionship varleS aCCOrding to such

factorsasNO2COnCentTationlevelanddis七ancethe皿takenozzle（forthemeasurementlriStrument）

has beenlocatedfTOmtheTOadside；the98％ⅤaluewhlChcorresponds tothe annualmean values

exhibi七satendencytofallasthedlStanCetOtheroaddecTeaSeSa＿ndtheconcentra七ionlnCreaSeS．

（3）Fromabove，1tlSShownthatthemaximumNO2enVironmentalAlrQualltyStandardshouldbe

、Se七a七1east a七50ppb■　HoweveT，the author views most measurement sta．tions as having criteria

below40ppb，underastandardwithoutconsldera七10nOfsafe七ymarglnS，

〔2〕NO2airpo11utionreductioneffectofplantcommun五ty

AlthoughitlS Cleartha七plants absorb NO2，03etC．tOhelpcleanthe atmosphere，1thas notyet

beenknownas七ohowmuch‘GreenBelt’zonesoutlnthefieldhelptolowerairpollu七ion．
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The authors therefore decided to measure NO2，NOx concentrations wl七hin and withou七Urban

parks，mulberryfields，SubstitutlOnforestaswellasroadslde‘GreenBelt，zones，inordertoascertain

thedecreaseinairpollutionand七ounderstandthemechanismlnVOlvedtherein．

l．DistributionofNO2COnCentratlOnlnSideandoutsideurbanparks

In order to ascertain changesln NO2COnCentration distributioninslde and outside of the urban

parks andtheir extentresultingfrom the‘Green Belt’theNO。COnCentratlOn dlStrlbution measure－

mentwas conductedlntWOParks．

（1）AlthoughtheNO2andNOconcentrationdistributionswithlnParkslocatedbehind‘GreenBelt’

zones varied accordlng tO SuCh factors as wind velocity，the concentration waslowerinslde the

Parkcomparedtooutsidethepark．

（2）In the vISlnlty Of the road，NO2COnCentration dlStrlbution changed prominentlyunder theln－

fluenceofthebulldingsand‘GreenBelt’zone．

（3）TheairpollutionreductlOneffectofthe‘GreenBelt’zonewascheckeduslngtheplumemodel・

Assumlngthe‘GreenBelt，zonetobea12mwall，theamountofautomobileexhaustgasbreach

upwardthezone60％，thecross－Wlndeffect50％，Wlndspeed2m／sanddegreeofatmosphericstability

D，thentheNOxconcentratlOnfellby30％at50mfromtheroadside・Itwasfoundthatbyincreaslngthe

LGreenBelt，zone height and allowing more automobile exhaust gas to breach upward the zone

wouldyleldfurtherreductionofpollutlOnOntheroad．

2．MeasurementofNO2COnCentratlOndistributionwithinMulberryfield

MeasurementofNO2COnCentrationdistributionandstratifiedclippingwascarriedoutfromJune

toOctoberwlthinamulberryfield．

（1）Denseplantingdlfferfromnormalplantingincommunitystructure・Denseplantlnghasmany

leavesdistrlbut10nbetweenthemlddleandtheuppeTStratum，Whllenormalplantlngbe七weenthe

middleandthelowerstratum．Sothat，thed．ecreaseofNO2COnCentratlOnandthevelocityofthe

windwerelargeintheupperstratumofthedenseplanting，buttheymadeaslowdecreasefromthe

uppertothelowerstratu＝nOfthenormalplanting・

（2）AlinearrelationshipexistedbetweenNO2reductlOnrateandth占1eafareaindex（LAI）ofthe

normalplanting．NO2reductionrateofthedenseplantlngWaSlargerthanthenormalplantingln

summer．AmajoTCauSeforthedifferencewasconsider・edtobethescreeningeffectdependingon

thecommunitystructure。

ThisresultsuggeststhemajOrPOSSibilitythatthestructureofthe‘GreenBelt’zoneshoudhave

mucheffectuponthered．uctionofNO2COnCentrat10n■

3．AirpollutionreductionbySubstltutionforest

NO2COnCentratlOninsideandoutsidesubstltutionforestdurlngtWOdlfferentscaleweresurveyed

withautomatlCmeaSurementequlPment，e七c．
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（1）0．3haofsubstitutionforestsituated eastofacommunitycollegein summeThadover20％lower

NO2COnCentrationincomparisontoNO2COnCen七rationou七sidethearea．

（2）4．7haofsubsti七utionforestnexttoHeirinjiTemple，0VeraSeVenmOnthperiodfromJune，hada

reductlOninsldeofNO2andNOconcentrationof15．2％and7．6％，reSPeCtively，duringthe‘N－Wind’

time period when the TOad effect was minlmal．（Henceforce referred to as‘N－Wind time－Period

data’．）Moreover，night time NO2reduction ra七e was19．1％，aPPrOXimately twice the rate during

daytlme．According・tOmOnth，NO2reductionratewashighestinAugustat21．3％，aPPrOXimately

twice the ratein DecemberoflO．1％．

（3）FromNO2COnCen七rationchangesinsideandoutsidesubstitutionforestaswellasanalysISthere

Of，the reductioneffectofNO2andotherconcentrationwas shown todep？ndmoreontheplant

COmmunltyStruCture，NO2COnCentrationin the area，etC。in addltlOn tO affective factors such as

weather conditions，ratherthan on justthe absorptlOn CaPaCityofplants．In general，Plants ex－

change gases activelywhenthe sunlightis strongandtemperaturehigh．However，aS COnditions

in the field，the same conditions affect the air pollution and pollutant concentration thereof，the

variationin concen七rationsinside and outside plant communitylS greatlylnfluenced by weather

COnditions，Plantcommunitystructureaswellaslndividualplantactivityefficiency・

4．　Surveyonroadside‘GreenBelt’zoneairpollutionreductlOn．

In order to ascertaln alr POllutlOn reduction effects o『roadside LGreen Belt’zones，NO2COnCenト

ration was measuTed continuously bothinside and outside the Ageo Exercise Park and the Yono

Park．

（TheAgeoExercisePark‘GreenBelt’zonemadeupofevergreentr・eeSSurrOundingtheroad）

（1）AccordingtoNO2COnCentration distribution survey，uSingthe personalsampler，though some

placesonthewesteTnSideoftheroadshowednoreductioninconcentration，the‘GreenBelt’zones

therebeing‘Spotty’，七hedenseandcontinuouszoneontheeasternsideshowedareduction，illust－

ratingthefactthatthestructureofthezoneinfluencesthereductionresults・

（2）Ontheaverag・e，themeasuTementOfthe昆utOmaticequipmentoveTaSeVen－mOnthperiodshowed

thatwithin the‘Green Belt，zone，NO2WaS4．1ppb andNO4．3ppb，10Wer than the controlareain

questlOnWithreductionratesof14．1％forNOxandlO．3％forNO

（3）Accordingtomonth，NO2COnCentrationwithinthe‘GreenBelt’zonewaslowcomparedtothe

con七rolarea，by6ppbinNovemberandDecemberatmost，by2ppbinAugustsasleast・Interms

ofPercen七age，Octoberhadthehighestwith17％reductionrate，Augustthelowest，atll％■

（4）Theratiooflowwindconditionperiods（calm；belowO．3m／swindspeed）hadNO2reductionrate

of27％inJuly，NOreductionrate of36％1nJune ashighestfigures，Withthesefallingsomewha七

from fallto winter．

（5）AmountofNO2absorptionrateofthe‘GreenBelt’zonewaso．9tol．6％thatofNOxfromvehicles

ontheroad，falllngbelowtheNO2reductionrate．
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（6）ReductionratesforNO2andotherconcentTationschangesaccordingtowinddlreC七ions．During

Periodsofroadcross－windsorcalm，theNO2andNOconcentrationsroseinthetopfoliage。Upon

headwinds，the‘streetcanyoneffect’tookplacetoreducethereductionrate．

（7）Theresultaboveseemtolndicatethattheairpollutionreduc七ioneffectofthe‘GreenBeltlzoneis

attributedtotheshelteringqualityofthe‘GreenBelt’zonestruCtureanditsaccompaniedeffectof

diffusedau七omobileexhaustgaslntheatmospheraswellasthedlreCtlOnOfwind．

（YonoPark‘GreenBelt’zonemadeupofdeciduoustreessituatedalongtheonesideoftheroad．）

（1）On七heaverage，theseven－mOnthperiodfromJuneshowedthatwithinthegreenbelt，NO2WaS

2．7ppb and NOl．4ppblower than the controlarea，With NO2andNO reduction rates at7．0％and

2■2％，reSpeCtively・NO2COnCentrationwithinthe‘GreenBelt’zonewashigherthanthecontrolarea

inJuly－1・5％intermsofreductionratio，Whileothermonthshadlowerconcentrations，WithSeptember

having the highest reduction ratio of12．9％．NO concentra七ion within the‘Green Belt’zone was

higherthanthecontrolareaforthemonthsofJune，July，August，andNovember，havingnegative

reductionra七es，Wi七hAugusthaving14％．Thebestreductionratewas7．7％inSeptember．

（2）UponfindlngthelocationwiseconcentrationsandreductionratesforAugustandNovember，the

NOconcentrationinthetopareasurpassedthefigureforthecontrolareaduringroadcrosswinds

COnditlOnS，reSultinginupwardredirectionoflayerbythe‘GreenBelt’zone，Withthezone someq

timesfillingupwithNO．Ontheotherhand，NO2COnCentratlOnfellforbothmonthsunderwindy

COnditlOnS，butthetopmostlayerhadahigheTNO2COnCentrationincomparisontothecontrolarea

layerinAugust，WhileNovember．foundtheconcentratlOntObeaboutthesame．

（3）Thelong－terIn NO2COnCentration reduc七ion average was no七edinthe zone，butbecause ofthe

manygapswiththe‘greenBelt’，theresultsvariedgreatlyaccordingtoweathercondltlOnSbringlng

inautomobileexhaustgases．

（4）NO2Teductionresultinthe‘GreenBelt’zonemonthlychangesatmosphericstabilityandO3COn－

Centration were considered，Showing variations according to‘Green Belt’structure，atmOSPheric

diffusionbalance，andthefactthatO3COnCentTa七10nledtoNO2PrOductlOnChanges．

Thus，thea．iTPOllutionreductionaspectofthe‘GTeenBelt’zonew・Ouldbeinfluencedbythestructure

Ofthe‘GreenBelt’zone，arldthisshouldbekeptinmind．

M昆inreasonsforairpollutionreductioneffectby‘GreenBelt’zonefromtheresults above，王七has

beenshown thatbyadjusting the dlStanCe tOthe‘Green Belt’zone from the roadside，the effects of

automobileexhaustgasescouldbeloweredwhileconcurrentlydirectingapor七ionofthegasesupwards；

as for the remalning gases goinginto the‘Green Belt’zone couldalso be reduced bythelowwind

Velocity，just as the NO2COnCentratlOn fellbehlnd the‘Green Belt’zone on the average．FurtheT，

NO2prOduction was held back by the Teduced O3COnCentratlOnwithin the zone，therebylowering・

NO2COnCentration，but effected七he‘Green Belt’zone struCture and weather conditions which flow

conditionsinslde and outside the zone could sometimeslead toincrease NOx concentratlOn due to

automobileexhaus七gaslnfluxlntOthe‘GreenBelt’zone．
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5．TheamountofNO2absor・bedbytheplantsandtreesinSaitamaPref。

（1）Inpropor七10ntOtheNOxexhaustlevel，therateofNO二absorbedbytheplantsinSai七amaPref・

was about7ヲ石．

（2）Consequently，theconcentrationofNO21ntheatmospherewasestimatedtobelowerbyabout

l．26ppbonaverage．

6．ComparlSOnOfma］OrPOllutlOnreductionplans

NO2COnCentrationfellby4．1ppb（14％）inAgeoand2．7ppb（7％）inYonoduetotheroadside‘Green

Belt，zones・Although absorption ratiobytheplantswere smal1andthe areaswaslimited，itwas

seen to be and effective countermeasure against high NOコCOnCentration pollutlOn Of main artery

roads．

Inordertoobtaincomparableresults，thetrafflCloadinAgeoandYonomustbereduced，through

Outtheyear，by50％and18％，reSPeCtively．

AIso，eVenlfthetrafflCSPeeb wereincreasedbylOkm／hr，theNO2COnCentrationwouldonlyfall

by3％，andanyhowsuchanincreaseinspeedcan onlybeattalnedwlthaconsiderablereductionin

the amount of traffic．As for automobile emlSSlOn COntrOl，the time－1agslnVOlved neutralized the

measures，1eadlngtOthecurrentNO2COnCentrationoverloadsituation．

Thus，1tCanbeseenthatjustoneroadsldeNO2POllu七ioncountermeasurewasnotenoughtocom－

batthecurrentproblem．AcomprehenslVeStrategyOfcomblnlngVariouscountermeasuresisneeded

toimprovetheefficacyoftheseplans，Withtheeffectiveuseofthe‘GreenBelt’zonebeingoneofthe

ma］OrCOuntermeaSurePlansnowavailable．

7．ThepossibllitytopredicttheNO2COnCentratlOnreductionbythe‘GreenBelt’zone

Becausethe‘GreenBelt’zoneiscomplicatedlnStruCture，itwasbeenconsidereddifficulttopredict

thereductionofNO2COnCentrationbymeansofconventlOnaldlffusionmodel・

NevertbelessthepTedictabilityoftheforcastwillbeenhancedbylnCreaSingthenumberofmea－

surementasshownintheexaITIPlespredlCtedbytheequatlOnfromexperience・

8．Thecondltl〔）nSforaroadside‘GreenBelt’zoneasNO2POllutioncountermeasures

ThecondltlOnforaroadside‘GreenBel七Zone，asaNO2POllutlOnCOuntermeaSureShouldbecoorh

dlnatedlnCOn］unCtlOnwiththesuTrOundingenvITOnmentaSfollows，

（∋　The‘GreenBeltZonelshouldbecontinuouswithoutbreak．

②　ThemajorityoftTeeSlnthe‘GreenBeit’zoneshouldbetallevergreens・

③　The‘GreenBelt’zoneontheroadsideshouldbecoveredwithplan七edevergreentrees・

Wl七hthecondltionsabove，theauthorwouldliketosuggestthatitwouldbebesttoplanttreesin

combinationwithdeciduoustreesandsoforth，dependingonthesizeofthespace・
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