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I n t r o d u c t i o n

Plant leaves eミectively absorb a lot of organic and inorganic air pollutants

through stomata(HILL 1971,BENNETT&al.1973,OMASA 1979,1990,KozioL&

WHATLEY 1984,OMASA&:al. 1985,OMASA(受 CROXDALE 1992, KoNDO&3 al.

1996a,MANSFIELD&PEARSON 1996,DE KoK&STULEN 1998,OMASA&al.

2000a,b).ThC StOmatal absorptton procccds in偽 1lowing sequence:(1)gaS Cntcrs

thc lcaf by gas―phasc dittuslon through thc stomata;(11)gaS in thc air space insidc

thc stollaatal cavity dissolvcs in thc aqucous phasc of thc ccll wall matrix,thc so―

callcd apoplastic fluid;(111)gas in thc aqucous phasc rcacts with componcnts in

apoplast and symplast of lcavcs,thus maintaining a conccntration gradicnt of gas

bct、vccn thc atinosphere and the interior of thc plant cells.Thc gas flux into lcaves

also may be controlled by reactions、vith cuticular components.

Gas dilΥbslon modcls havc bccn 、 videly uscd to analyzc thc cxchangc of

water vapor and C02 between the atmosphcrc and plant leaves(MoNTEITH 1973,

JONES 1992).Hlll,BCnnctt and collcagues(HILL 1971,BENNETT&HILL 1973,

1 9 7 5 , B E N N E T T & a l . 1 9 7 3 ) m o d i n C d  t h e s e  m o d c l s  s o  a s  t o  d e s c t t b c  t h c  f o l i a r  a b―

sorption of atrnosphcric pollutant gascs,Since thcn,considcrablc cabrt has focused

on thc quantitative analyses of代)liar absorption of pollutant gases(0'DELL&al.

1977,OMASA 1979,1990,HosKERだ 比LINDBERG 1982,OMASAゼ 免CROXDALE 1992,

PARKHURST 1994,KoNDO&al.1996a,OMASA&al.1981a,b,2000a,b).BaSCd On

the gas ditttslon modcl, it is possiblc to separately deternline stomatal and non―

stomatal colllponents of gas absotttion rates and to inttr the よ )liar capacity for

mctabolisHl ofthc absorbed pollutant gases,、vhethcr inorganic or organic.

In present paper the characteristics of fbliar absorption of rnore than 20 or―

ganic and inorganic air pollutants havc bccn analyzcd by a sirnplc gas dittuslon

model.

A  S i r n p l e  G a s  D i f f u s l o n  M o d e i  f o r  A n a l y z i n g  F o l i a r

G a s  A b s o r p t i o n

C a r b o n  d i o x i d e ( C 0 2 ) i n  t h e  a t n l o s p h c r c  i s  a b s o r b c d  b y  p l a n t  l e a v e s

through the stomata and uscd ttr photosynthesis in lcaf cclls.In a silnilar lllanncr,

atmosphcric pollutants that can be metabollzcd insidc thc lcaf tissuc arc absorbed

through thc stomata.Conscqucntly,a conccntration gradicnt of thcsc gascs is gcn―

cratcd from thc ambicnt air to thc intcrlor of thc lcaf(Fig.1)and acts as a factor

that rcgulates foliar gas absorption.AIso,thc evaporation of、vater through thc sto―

mata to thc atmosphcrc(transpiration)iS drivcn by thc watcr vapor dcnsity gradicnt

bct、vccn thc inside and outside of thc lcat although the direction of、vatcr vapOr

flux is oppositc to that of CC)2 and p01lutant gascs.Thcrcttrc,thc analysis of tran―

spiration and gas absotttion using a gas dittbslon modcl aids us to understand thc

gas absorption phcnomcna taking placc in thc lcavcs.
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Thc gas and、vatcr vapor fluxcs bet、vecn alllbicnt air and air at thc gas―liq―

uid intcrfacc,linking、vith thc aqucous phasc of thc ccll、vall lllatrix,thc so―callCd

apoplastic fluid,in thc stomatal cavity arc rcgulatcd by t、vo lillliting sites,thc lcaf

boundary layer and thc stomata(Fig.1).Resistancc to thc flow of gas or watcr

vapor at thc lcaf boundary laycr(rb;lCaf boundary laycr rcsistancc)dCpcnds on thc

thickncss of thc leaf boundary laycri thc resistance and thc thickncss dccrcasc、vith

incrcasing、vind vclocity at thc lcaf surfacc,and arc also dcpcndcnt on icaf sizc and

shapc.Stomatal rcsistancc to gas flow(rs)dCpCnds On thc dcnsity and sizc of thc

stomata and thc dcgrce of stomatal opcning.Consequently,thc total rcsistancc(r)

can bc describcd as thc sum ofthc t、vo rcslstancc componcnts:

r = r b  t t  r s

Thc rcciprocals of thcsc rcsistances(r,rb,and rs)are referred to as the conductance.

Thus,Eq.(1)Can bc rewritteni

1/g=1/gb+1/gs

、vhere g,gb,and gs are the total lcaf conductancc,the leaf boundary layer conduc―

tancc,and thc stomatal conductancc,respectivcly.

The ratc of、vater evaporation through the cuticle of maturcd lcavcs is

usually very small compared with that through the stomata(OMASA&al,1983,

1990,KRAMER&BOYER 1995).HowCVCr,thc cuticular dcposition(adSOrption and

dccomposition)of SOmc pollutant gases may not bc negligible and needs to be con―

sidcrcd、vhcn mOdeling follar gas absorption.Thcrcfore,on a unit leaf area basis,

thc ratcs of cujcular gas dcposidon,total foliar gas absorptton(to be eXact,the
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b告祐督獣現撚!酢君聯譜翻縮‖幣】告景盟ir盛!]r盤♀笥
t品〔骨:

努apprOxilllatcd by Fick's la、v OfditミusiOn:

E tt gW(Wi―w。)
(3)

Q_α=gG(c。_ci)
( 4 )

)r unit gas cOnccntratiOn(q)is obtailled

q=Q/C。二(1-q/c。)gG十〃c。

Thc ratiO of gG to g｀V can bc regarded as a constant,k.That isi

k = g G / g W

Thus,Eq.(5)can be rearranged as f0110wsi

kb=gbG/gbW=(DG/DW)2/3

and

ks i gsG/gsW i DG/DW

( 9 )

締縄辮脳艦撚i買踏塔紺潜!∬撚掛
的

DG/DW‐ (MG/Mw)1/2

(6)

q = k ( 1 - c i / c。) g W■ 2 / c。
( 7 )

培準群縛麒欝撚

(10)

維品群相Hl品路督協操ぎ総母だ盟酢裾協8棋糾粗を景:私岳
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pollutant,thc morc diffbsivc thc pollutant is through both thc lcaf boundaEy laycr
and the stomata.

Frona thc rclationships in Eqs。(2),(6),(8),and(9),it iS dCduced that thc

valuc k is a constant bct、vccn ks and kb.Thcrettrc,if MW<W16,aS h01ds lbr rnany

pollutant gases,then

ks<k<kb

or,from Eqs。(8)―(10)

(11)

(MG/MW)-1/2<k<(MG/MW)1洛 (12 )

Equatlon(7)indiCates that by plotting ? vcrsus gW and calculating thc

rangc of k from Eq.(8),ci and α  Can bc estimatcd from the gradicnt and the y― in―

tercept of this plot,rcspcctively.For this estirnation,it is nccessary to mcasure E,

Q,W。,and c。,and to obtain wi,which can be equatcd with saturated water vapor
density at thc lcaf tcmpcrature(FARQUHAR&し RASCHKE 1978).

Itis clear from Eq.(7)that,at a given c。 ,the stomatal absorption of a gas is

群紆培品舘五甘ダ1靴盈捉私播‰3とよllS皆ぎ払路撚il:品
n潜

changcs in gsG,、vhich in tunn is deterlnined by the dcnsity and sizc of thc stomata

on the leaves,as、vell as thc dcgrcc of stomatal opcning.Usually,to cvaluate the

conductance or resistance of gascs through thc stomata,gs｀
V(inStead of gsG)is util―

髭勤淋者世s名器瞥監桃舌li灘盟if群l艦協
'ポ
器樹岳撒鮮

and ci.

M o d c l  A n a l y s i s  o f  F o l i a r  A b s o r p t i o n  o f  P o l l u t a n t

G a s e s

H I L L  1 9 7 1  r c p o r t c d  t h a t  0 3 , N 0 2 , S 0 2 , C 1 2 , H F , a n d  p e r o x y a c c t y l  n i t r a t e

(PAN)、 vere absOrbed continuously and at considerably high rates by an artiflcial

alfalfあcanopy,、vhcrcas absorption of卜 fO and CC)by thc canopy、 vas considcrably

smallcr.Hc also rcportcd that the absorption rates of all thcsc gascs by the canopy

、vcrc proportional to thc ambicnt gas concentration and、 vcre govcrncd by thc dc―

grce of stomatal opening. Subsequently, many researchcrs have focuscd on thc
foliar absorption of inorganic air pollutants by plants, and thc rcsults of these

studics havc bccn occaslonally rcvicwcd(for cXample,OMASA 1979,GARSED

1984,SMITH 1984,LANGE&al.1989,DE KoKさ とSTULEN 1998).Recently,studics

of fbliar gas absorption analysis havc bccn cxtcndcd to organic air pollutants.Con―

scqucntly,it was found that four kinds of Cl― C4aldehydes(MUTTERS&al.1993,

K o N D O & a l。 1 9 9 5 , 1 9 9 6 a , 1 9 9 8 ) a s  w e l l  a s  p h e n o l ( K o N D O & a l . 1 9 9 6 b , 1 9 9 9 )

could bc continuously absorbcd by lcavcs through thc stomata. Wlore rccently,

OMASA & al。  2000b mcasurcd thc fohar absorption of seven organic pollutants
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(aCCtOnc,acctonitrilc,acrolcin,mcthyl cthyl kctonc[MEK],isobutyl mcthyl kctonc

[ I B M K ] , c h 1 0 r O f O r m , a n d  b c n z c n c ) b y  t W O  W o o d y  s p c c t c s ( Pて,β″′夕S″な/θ a n d  Cα―

777C/力θ tta.デα72?″θ). Of thCsc scvCn p01lutants, acrolcin 、vas absorbed by both tllc

tcstcd specics through thc stOmata.and MEK absorption、 vas dctccted only in C

Saざα77?″α, VヽhCreas absorption of thc othcr ive pollutants could not bc dctectcd in

eithcr of thc t、vo spccics.Such indillg suggcsts diNcrcnccs bct、vccn spccics in ab―

SO叫)tiOn ofdiNcrcnt organic pollutants.

To investigatc the mcchanism of gas absorption by icaves,tllc gas ditミu―

slon inodcl dcscribcd in thc prcvious scction、vas applicd to thc rcsults of fbliar gas

absorption lllcasLll‐emcnts.Fig.2 sho、vs the rclationship bcいげccn thc norlllalizcd 03

absorptton ratc(q;SCC Eq,(7))and tOtal icaf cOnductancc of watcr vapor difttsion

(gW)fbr 15 different woody specics exposcd to O.5 ppll1 03・ ThCオ intcl'ccpt of tllis

regrcssion linc is close to zero(ar笙 0),indiCating that tlle cLitiCular dcposition(ad―

sorption and dccomposition)Of Os Was negligibly small,Based on Eq.(7),thc

slope of the rcgrcsslon line should havc a value bet、veen ks and kb(Eq,(11)). Al―

though the slopc ofthe regrcsslon linc is shghtly largcr than kぃ,it、vould be rcason―

able to expcct that ct is c10se to zcroぅ indicating all absorbcd 03 rCaCts rapidly

apoplastic cOmponcnts such as ascorbatc, polyallaincs, phenolics, etc.(POLLE

1998).Thc CrOr nlay bc duc to eithcl'the incolllplctcncss of tlle modcl applicd or

experilnental errors.Bccause most ofthe changcs in gW can be regarded to result

fl‐onl changcs in stomatal opcning,this rcsult、vould indicatc that,士or a、vidc rangc

of spccies, foliar 03 abSOrption is prcdonlinantly tllrough tllc stomata and is

strongly gOvcrncd by stollnatal conductancc.

From gas absorption measurcmcnts of conllもrous lorcsts,it has been sug―

gcstcd that cLItiCular deposition also plays an ilalportant role in rcmovi1lg 03 fr0111
thc atmosphcrc(RoNDON&al.1993,CoE&al.1995,GRANT&RIcHTER 1995).

Thcsc rcports indicatcd that thc R)liar gas absorption ratc、vas approxilllatcly thrcc

うold that absorbed only through the stomataぅand that thc rate of cuticular gas depo―

sition sho、vcd diurnal changcs,bcing maxirnal at illidday. Ho、vcvcr,othcr 03 ab―

sorption studies(OMASA&al.1979,2000a,b,LAISK&al.1989,MATYSSEK&al.

1997,PoLLE 1998)do not SLippOrt thcsc indillgs,、vhich lnay havc bccn attcctcd by

inconstancics in cnvironmental parametcrs that arc inevitablc in tteld cxpcrilllcnts.
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Fig.2.Rclationship bctwcen thc normalizcd 03 abSOrptiOn ratc(?)and tOtal lcaf conduc―

tancc Of water vapOr dif凡isiOn(FW)fOr 15 w00dy specics which werc cxposed to O.5-ppm O卜 Diト
fercnt symbols pl・cscnt ineasurcments of ditミcrent spccies Thc rcgressiOn linc is sho、vn by a sOlid
linc,and lincs 7=/th gW and?=た 、gW arc also indicatcd by brokcn and dOttcd lincs,rcspcctivcly,
The eqL!ation ofthe rcgrcssion linc is.ド=0804メ ー0.002(′・=0972)(arolll oMASAな こal.2000a).

For organic p01lLitants,the absOrptiOn rate varicd with spectcs of plants and

搬 民獣紺喚戦灘脳
背盈鷺i許樹柑 i結税撒 t枇紀
ndicatc that bOth ci and α、vcrc closc tO

zero,as fOr o3,suggesting that this pollutant is absorbed thrOugh the stOnlata alld

rapidly scavengcd in thc leaf tissucs. This resLllt iS stipportcd by rcpOrts dcillon―

strating that ttOrillaldchydc is rapidly illctabolizcd tO stigars,alTlinO acids,and othcr

illetabolitcs in icaf tissucs and uscd fOr plant growth(KRALL&TOLBERT 1957、

G I R A R D & a l . 1 9 8 9 , G I E S E & a l . 1 9 9 4 ) .

Fig. 4 shO、vs a schclllc Of the pOssible mctabolisil1 0f ttrialaldchydc in

tcavcs.oxidation Of ttrnlaldchydc tO co2 is cOnsidcrcd a mttOr pathWay of ttr―

lllaldchydc lllctab01ism linkcd tO photOsynthctic c mctab01isi■l via thc Calvin cyctc
in plants(KRALL& TOLBERT 1957. DoMAN& RoMANOVA 1963, UoTILA&

KolvusAL0 1979, KoivusALO&al.1989,GIESE&al.1994).ThiS pathway is

indicatcd by glutatll10nc depcndcnt fbiち 11laldchydc dehydrogcnase (FE)H; EC
l.2.1,1),S―偽rmylglutathlonc hydrolase(SFGH;EC 3.1.2.12)and ttrmatc dchy―

drogcnasc(FTDH;EC l.2.1.2)、 in which glutathiOnc and NADtt arc rcquircd as

obligatory cottctOrs.The glutathionc adduct(HM_GSH: S― hydroxylllcthylglu―
tatlllonc)Of fbrillaldchydc Occurs spontaneousiy,and subscquently FE)H c01lvcrts

H M― G S H  t O録 偽r m y l―g l u t a t h i O n c (偽r m y l―G S H ) ( S T R I T T M A T T E R & B A L L  1 9 5 5 ,
UOTILA&KolvusAL0 1983,HANSON&al.2000).SecOndarily,偽 rmatc is ttrmed
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舟om  S―偽my l g l u t a t h i o n c  b y  S F G H , a n d  f l n a l l y  c o n v e r t e d  t o  C 0 2  b y  F T D H

(HANSONて 受 al.2000,ScHMITZ《 免 al.2000)。 in darkぅfonllaldehydc is prcsumably

convcrted into C02 in Samc、 vay as in thc light,but CC)2 iS nOt channeled into thc

Calvin cyclc(ScHMITZ&al.2000).As anothcr pathway formaldchydc is convcrted

to scrinc through thc glycine adduct of 5,10-CH2~THF(5,10-nnethylcnc― tetrahydro―

folatc).ThiS reaction occurs spontaneously,thcrcforc dissociation of 5,10-CH2~

THFlも rlllcd ar。lll glycinc or scrinc lllay occuri that is possiblc soLlrCC Of fbrinaldc―

hydc(GIESE&al.1994ぅ HANSON&al.2000).Reactions betwccn ttrmate and

5,10-CH2~THF arc also rcvcrsiblc. Thc possibility of dircct, noncnzymatic rcac―

tions of forIIlaldchydc、vith lNH2 groups or SH groups of anlino acids is not dcnicd

(SC H` M ITZ&al.2000),

Tablc i sho、vs thc rcsults of lllodct analysis of foliar absorption of rnorc

than 20 organic and inorganic pollutant gascs.For S02(OMASA&ABo 1978,

BLACK&UNSWoRTH 1979),N02(OMASA&al.1979,NATORI&al.1981ぅ

NEUBERT&al.1993),03(OMASA&al.1979,2000a,LAISK&al.1989),PAN

(NOUCH1 1980),and ttmaldcllydc(KoNDO&al.1996a),ci/C。
'S arc almost zcron

、vhich indicatcs that thcse absorbcd gascs arc vcry quickly scavcngcd aronn thc all・

at the surface of the lllcsophyH ceHs,undcr favorabic gro、ving conditions, Hencc,

most of fbliar absorption rates ofthcse gases arc govcrned solcly by thcir gas―phasc

difFしlsion(1,c.,mOstly by stomatal conductallcc).HOWevcl・ .a part of the sLiiftlr de―

rivcd件 om S02is cmitted as H2S(sce KoND0 2002,DE KoK&al.2002),and alSO

N02 absorption depends on ascorbate conccntrations in icaf apoplast.For NH3,Ci/Co

is bct、vccn O.05 and O。 l at concentrations above the colllpenSation point(0.4- 15

ppb),but ci>ご 。at concentrations below thc compcnsation point,which indicatcs

that NH3 is enlittcd 舟 o13n the lcaf into tlle atimosphere through thc stomata

(FARQUHAR&al.1980,GEBLER&RENNENBERG 1998).For NO and CO,ci/co is

abovc O.9, suggcsting that stomatal absorption is vcry small, thus indicating that

mctabolic capacity of thcse gases is vcry sinlall.

For somc organic gascs such as C2-C4aldChydcs and phcnol,ci/co is ttund

to range bet、veen O and l.For thcsc gascsぅtherefore,stonlatal absorptiOn appcars to

play an important rolc in ibliar gas absotttion,but thc rclating slo、v ratcs of lllc―

tabOlisl■l ofthc gas in lcaftissucs ialay act as a ratc-1lHliting stcp.Conscqucntly,for

these pollutantsぅboth stolnatal conductancc and inetabolic rate dctcrinine thc k)liar

gas absorption rate. For othcr Organic poHLitant gascs(for cXample,acctonc,chlo―
rofbrm,bcnzcllc.and trichlorocthylcnc),loliar gas absorption coLlld nOt bc dctccted

alld soご,/ごρ is assumcd to bc unity(Tablcり。
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Fig.3`Relationship bct、veen?and g  `in 9、voody spcctcs cxposcd to()07 pplRl iormaldc―

hydc Diffcrent symbols rcprcsent measuremcnts of difヽercnt spccics(▲、r)`フ2r′2r 〃ヽな′η Var.Fr`7んてと71

◇,鳥カル7た7β寸ごと′冴̀ルαこ
lrrごブαL.:△、力ごビ′

力
βα′777αr2r′,7 Thunb.キO,υ /777″ょド冴αドたれ″?と′Planch var、たr/'('/P'ご`r

Naklait□ 、σ′′? g々θ わ,Fr7わα LiX,ご α″?t2F力α、ルr,0,7た,L`;▽ ,92rご′々ご杯 ′,1)''1ギ″αづを,力α Blumci■ ,

徒 力・2′ド冴ビ叫刀″ Loudi O,乃 ″どrざr力2〃わビ′甘ガParl).ThC rcgrcssion line is shown by a solid linc.and

lincs =々たt〕g｀
｀
and々 =た、ど、arc atso indicated by dottcd and brokcn lincs‐rcspcctivcly Thc cquation

o f t h c  r c g r c s s i o n  l i n e  i s メ= 0 . 8 9 4 、- 3 1 ( ′・= 0 . 9 8 3 ) ( f r o n l  K o N D ( ) & a 1 1 9 9 6 a ) `

Fig 4. Schcmc of thc possiblc inetabolislll of formaldchydc ill lcavcs. フヘbbrcviationsi

(〕SHn glutathionei Scrn scrillel(〕lyn glycinct THF,tctrahydrofolatci 5、10-CiH2-THF,5,10-nnethylenc一

THFi HM一 GS11, S-1lydroxylllcthylglutatlllonc Enzyillcsi FDH, lbrinlaldchydc―dchydrogcllasc;

FTDH. forillatc dchydrogcnasci SFGH,S―formylglutathionc hydrolasct SHMTn scrinc hydroxy―

methyltransfcrasc.

It has bccn reportcd that some organic poHutants absorbed by leaves cxist

in thc leaves without bcing decomposed(BACC11&al.1990a、 KEYMEULEN&al.
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Gas             sOlubility

in water米
)
Calculatcd ci/c Co and litcraturc

COぅ

CO

NOぅ

NO

NH]

O]

SOっ

PAN

Forlllaldehyde

Acctaldchydc

Propanal

Butallal

Pclltanal

Acrolcin

Acetonc

McthylcthylkctOnc

膨Tcthylisobutylkcton

0.037

0.00083

dccomposcs

00021

33

0 . 0 1 1

1 . 6

low

i8

3 . 8

0 5 6

low

4.6

5.0

0017

0.71

0.0023

00069

()0076

0.5-0.9(light)

呈1

≧0

09-095

0.05-0.1

≧0

≧0

≧0

≧0

0.4-05

0.35-0.45

0.3-0.5

0.3-0.5

0.2-0.6

三 1

07-0.8

≧1

0.45-06

二 1

呈 1

呈 l

Phcnol

Accto【litrilc

Bcnzene

Chioroforill

3 5 0  p p m i  Z L I G E R & a l  1 9 8 7

0.5 ppmi estilllated ttom HlLL 1971

0 . 1 - 6  p p m 1  0 M A S A & a l  1 9 7 9

0.02-0 1 pprll;calc.十rom NEUBERT(比 al. 1993

0.05 pplali FARQ〔〕HAR&al 1980

0.2-0.9 ppm;OMASA&a1 1979,2000a°

0.25-1 5 ppm;OMASA&AB()1978

0.01-0.08 ppnl;NoucHl 1980

0,05-l ppnl;KoNDO&al.1996a

0 1 ppmicalc 針 om KoNDO&al.1998

0 1 ppln;calc.舟 olll KoNDO芝 乾al.1998

0 1 ppmicalc.fI・0111 KoNDO&al 1998

0 1 ppllli calc.trolll K()NDOど廷al`1998

p p l l l i  O M A S A & a l . 2 0 0 0 b

ppnl;0、lASAて比al.2000b

ppmi OMASA&al.2000b

pplllt O障tASAて比a1 2000b

0.05 ppllli calc.仲01an KoNDOど乾al.1999

l  p p m ; O M A S A & a 1 2 0 0 0 b

l  p p n l : O M A S A & a l . 2 0 0 0 b

l  p p l l l i  O M A S A & a l . 2 0 0 0 b

Trichloroctllvlcnc 0 05 ppmi KoNl)o&al、 bl data
*'innol kg li data ttOn]

RI(■lAR DSON

HILL 1971 and BENNETT《 比al. 1 973 rcportcd that st0111atal absorbcllcy of a

gas is dctcrlllincd by its s01ubility in、vatcr and the ettQctivcncss Of its dccomposi―

tion or illctabolization in thc lcaf tissucs.フヘinong thc poHutants listcd in Tablc l,no

conspicuoLiS relationship coLlld bC foLlnd bCtwccn thc solubility of a pollL】tant in
、vatcr and its R)liar absOrbcncy.For cxample,althOugh thc solLibility of 03 inヽVatcr
is relatively lo、v,tllc ci/co for Os was closc tO zcro.C)1l thc Othcr handぅtlle foHar
absorption Of acctOne or acctOnitrile could not bc dctcctcd,cvcn thOugh thcy arc

both highly s01ublc in、vatcr. Thcsc rcsults illlply that sOlubility in、vatcr is not a
critical lちctor dcternlining thc R)liar absOrbcncy Of a pollutant.HO、vever,thcrc is a
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possibility that the foliar absorption of CO, chlorofoHn, benzcnc, and trichloro―
cthylenc(TablC l)is linlited by thcir solubility bccausc thcir gas―liquid―phasc
transfcr into thc lcavcs is obstructed.

The fact that all the aldehydcs(including acrolcin)nOtCd in Table l arc ab―

sorbcd by lcaves indicatcs that leaves havc a high capacity to mctabollzc aldc―

hydes, although this capacity varics bct、veen thc diffcrent kinds of aldehydes.

However,diffcrcnt ketones show diffcrcnt levcls of follar absorbency(Table l).

For examplc,MEK absorbancc is found in C Sasα 77?夕α but is not detectable in P.

力を/α(OMASA&al.2000b).Furthermore,although MEK and acetone have similar
cherllical structurcs and are both highly soluble in、vatcr,the leaves sho、v no ab―

sorbancc of acetone.Such variation may rcsult from interspccittc diffcrcnccs in thc

activity of rlletabolic enzymes or in the characteristics of the metabolic processcs.
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gases and particlcs Ätlnos.Environ。 16:889-910.

JONES H,G 1992`Plants and lnicroctimate,2nd edn ― Cambridgc Univcrsity Press,Canlbridgc.

KEYMEULEN R.,ScHA障 lP N。なしヽ アAN LANGENHOVE H 1993.Factors atミ ecting airbome rllonocyclic

aromatic hydrocarbon uptake by plants.―Atlalos.Environt 27A:175-180.

KolvusALO M, BAUMANN 巾 1. ど廷 UoLITA L. 1989, Evidence for thc identity of glLltathionc―

dependent fonnaldchyde dchydrogcnascs and class III alcohOl dehydrogcnases, ― FEBS

ietters 257! 195-199`

KoNDO N.2002.Uptake,metabolism,and detoxincation of su13ur dioxide.― Int()MASA K.,SAJI H.

YoussEFIAN S &KoNDO N.(Eds),Air pollution and plant biOtcchnology,pp.179-192

-Springcr―Verlag,Tokyo

KoNDO T。 ,HASEGAWA K.,U(lHlDA R,&ONISHI M.1998.Absotttion of atmosphcric C]― Cs aldc―

hyde by various trcc spccics and thctr tolcrancc to C]―Cs aldchyde.― Sci.Total Environ

224! 121-132.

―  , 一  ,KITAGAWA C.U(｀ HlDA R.&ONISHI Wl 1996b Absorption of atmospheric phenol

by cvcrgrccn broad―lcavcd tree spccics.―C hclal.Lctt. 11:997-998.

―  , 一  ,U(｀HIDA Rt,ONIsHI M.,MlzuKAMI A.&OMASA K 1995.Absorption of RDrmalde―

h y d c  b y  o l e a n d e r ( ' Vごアザ2′″7 'ア7 r / r c " 7 7 7 ) .―E n v i r o n  S c i . T e c h n o l . 2 9 ! 2 9 0 1 - 2 9 0 3 .

―  ,  一  , U G H I D A  R、 O N I s H I  M , M I z u K A M I  A . & O M A S A  K . 1 9 9 6 a  A b s o r p t i o l l  o f  a t m o s―

pheric Fbl‐lllaldchydc by deciduous broad―icavcd,cvcrgreen broad―lcavcd内and coniScrotls

tree specics.―Bull.Chclm.Soc.Jpn.69i3673-3679.

一一
 ,  一

一
 ,KuROKAWA H.,KITAGAWA C.,UCHIDA R.&ONISHI M 1999.Absorption of

atlllospheric phcnol by various trec spccics and thcir tolcrance to phcnol.―Toxicol.Envi―

rons Chcnl.69: 183-200

KozloL M.J.&ヽ VHATLEY F.R。 1984.Gascolls air poHutants and plant nlctabolism ―Buttcrworths、

London.

KRALLフ ヘ。R.&ToLBERT N.E. 1957.P、 comparison of the light dcpcndcnt llletabolisnl of carbon

monoxidc by barlcy lcavcs 、 vith that of 60maldchydc, forillate and carbon dioxidc ―

Plant Physio1 32:321-326.

KRAMER P.J。 &BoYER J.S. 1995.Water relations of plants and soils,pp 201 -256.― Acadcnlic

Prcss,San Dicgo.

LAISK A.,KuLし 0.&MoLDAU H。  1 989 0zone concentration in leaf llltercellular atr space is ciosc

to zcro ―Plant Physio1 90t l163-1167.

しANGE O.L.,HEBER E,D,,ScHuLZE E.D.&ZIEGLER H. 1989.Atn10spheric pollutallts and plant

metabolism.― In:ScHuLZE E.D。 ,LANGE O.L.&OREN R.(Eds),Forcst dccline and air

pollutioll,pp.238-273-Springer,Bcrlin.



(147)

MANSFIELD T.A.dし PEARSON M. 1996.E)isturbanccs in stomatal bchavior in plants exposed to atr

pollution ―In:YuNUS M.&IQuBAL M.(Eds),Plant response to air pollution,pp.179-

193.―Wilcy,Chichcstcr.

MATYSSEK R.,HAVRANEKヽ V.M.,WIESER G.&INNES J.L.1997.Ozonc and thc forcsts in Austria

and Switzerlandt-lni SANDERMANN H.,ヽ VELLBURN A.R &HEATH R.L.(Eds.),Forcst

decline and ozone,pp.95- 134-Springer,Bcrlin.

MONTEITH J.L.1973.Principles of environmental physics.― Amold,London

MUTTERS R.G.,MANDRE M.&BYTNEROヽ VICZ A.1993.Forlllaldehyde exposure affects gro、vth and

metabolis■l of colllinon bcan ―Air 内`′astc 43: 113-116.

NATORI T,,OMASA K,,ABo F.dし ToTsuKA T.1981.Effccts of numigation pcriods and light condi―

t i o n  d u r i n g  N 0 2 的m i g a t i o n  O n  p l a n t ' s  t t c t o r s  c o n t r o l l i n g  N 0 2  s o r p t i o n  r a t c . ―R c s . R e p .

Natl.Inst.Environ.Stud.Jpn 28: 123-132(in Japanese、 vith English sunllllary).

NEUBERT A.,KLEY D,WILDT J,SEGSCHNEIDER H.J.&FoRSTEし H.1993.Uptake of NO,N02 and

03 by sunnowcr(〃 ご′′α〃r/7″rざα″″とr夕ざL.)and tObacco plants(Ⅳ たθr,″α rαbク̀ フ″ L.):de―

pendence on stomatal conductivity.― AtIIlos.Environ.27メ 【:2137-2145,

NoucHII.1980.A study on the fbliar absorption ratc of ozone and PF、 N.― Annu.Rep.Tokyo Mctro

Rcs.Inst.Environ.Prot.,pp.77-83(in Japancse).

OCKENDENヽ V.A.,STEINNES E.,PARKER C,&JONES K.C.1998.Obscrvations on pcrsistcnt organic

pollutants in plantsi implications for their use as passive air samplers and ttr POP cy―

cling.―Environt Sci.Technol.32:2721-2726.

0'DELL R A.,TAHERI M.愚 3 KABEL R,L.1977.A mode1 3or uptakc of pollutants by vegetation.―J.

Air PoHut.Control Assoc.27:1104-1109

0MASA K. 1979.Sol‐ ption of atr pollutants by plant collllnunitics―Analysis and inodcHing of phe―

nomcna― Rcs.Rcp.Nati.Inst.Environ.Stud.10i367-385(in Japancsc).

-  1990.lIIlage instrumcntation lllethods of plant analysis.― Ini LINSKENS H.F.&JACKSON J.

F。(Eds。),MOdem methods of plant analysis,pp.203-243-New Series,vol.11,Sprin―

gcr.
―   &ABo F。 1978 Studics of air pollutant sorption by plants.(I)Rclation bctwccn iocal S02

sorption and acute visible leafittu呼.―J Agr.Met.34:51-58(in Japanese with English
sulllinary)[aisO Rcs.Rep.Nati`Inst,Environ.Stud.11: 181-193(1980)(English transia―
tiOn)].

―一  &CROXDALE J.G. 1992. Image analysis of stomatal movcmcnts and gas cxchangc. Ini

HADER D.―P。(Ed.),Image Analysis in Biology,pp.171-193-CRC Press,Boca Raton.
―   ,  一   &AIGA I. 1981a.A quantitative analysis of the rclationships bct、vccn S02 or N02

sorption and its acute effects on plant lcavcs using ilnage instrumentation. ― Environ.

Control Blol.19:59-67.

and

B i o l

&  一 -   1981b.A quantitative analysis of the relationships bet、veen 03 SOtttiOn

tts acutc eぶects on plant lcavcs using ilnage instrumentation. ― Environ. Control

19:85-92.
~  ,  ~~~  &  ~~  1983.Obscrvation of stomatal llaovcmcnts of intact plants using an image

inStRllllCntation system、vith a light Hlicroscope.―Plant&Cell Physiol.24:281-288,
一一
 ,AIGA I.&KoNDO J.1990 Rcmotc― control light microscopc systcm.Ini HASHIMOTO Y.,

KRAMER P`J., NoNAMI H.& STRAIN B.R.(Eds.), MCasurcmcnt tcchniqucs in plant

science,pp.387-401.―Acade■lic Press,San DicgO.
一一
  ,ABo F.,NATORI T.&ToTsuKA T。  1979.Studies of air poHutant sorption by plants.(口 )

Sorptton undcr ftlmigation with N02,03 0r N02+03~J・ Agr Met.35,77-83(in Japa_

nese with English sulllmary)[alsO Res Rcp.Natl lnst Environ.Stud。 11:213-224

(1980)(English transiation)].
一― ,TOBE K.,HosoMI M.&KoBAYASHI M.2000b,Absorption of ozone and seven organic

pollutants by P?β rr′2rざァ?′g/α and Car77ビ〃′α Sα★sα″クrrα ―Environ Sci Technol.34:2498-

2500.

~~ ,  ~ ,  ~ ,YosHIDA M.&KoBAYASHI M.2000a.Experimcntal studies on 03 SOrption

mcchanism of grccn arca― analysis of O]sorption ratcs of plants and soils. ―  Environ。

Sci.13:33-42(in Japanese with English summa呼).



( 1 4 8 )

一一 ,HASHIMOTO Y.,KRAMER P,J,,STRAIN B`R,AlGA I.&KoNDO J,1985.Direct obsettation

of reversible and irreversible stomatal responses of attached sunfluxer leaves to SC)2. ―

Plant Physiol,79: 153- 158.

PARKHURST D.F. 1994.Difausion of(]C)2 and Othcr gascs inside leaves.― Nc、v Phytol. 126:449-

479.

PATERSON S.,MACKAY D.,BACiCI E.&CALAMARI D,1991.CorrclatiOn of the cquilibritim and

kinctics of leaf―air exchange of hydrophobic organic chenlicals._Environ.Sci.Technol.

25:866-871.

P()LLE A. 1998 Photochenlical oxidants:uptake and detoxincation mcchanisms.― In:DE KoK L,J.

&STULEN I.(Eds.).Responscs of plant lllctabolisna to atr p01lution and giobal changc,

pp.93-116.― Backhuys Publishers,Leiden.

RIcHARDSON M. L. 1992-1994. The dictionary of substanccs and their cffccts, 7 vols. ‐  Royal

Society of Chenlistly,London.

RIEDERER M.  1990, Estilllating partitioning and transport of organic chenlicals in the

foliagc/atlllosphCre systenl: E)iscussion of a fLlgaCity―based modcl.― Environ. Sci,Tech―

nol.24:829-837

RoNDON A.,JoHANSSON C`&GRANT L 1993. E)ry deposition of nitrOgen dioxidc and ozone to

conifcrous forcsts.― JゃGeophys.Rcs.98:5159-5172

ScHMITz H.,HILGERS U.&ヽ VEIDNER M 2000.Assinlllation and mctabolism of formaldehyde by

leaves appear unlikely tO bc of valuc for ind00r atr puriflcation.― Nc、v Phytologist 147:

307-315,

SIドИONICH S, L.&HITES R. A. 1994a. IIllportance of vegetation in rcl■ oving polycyclic arolllatic

hydrocarbons ttrom thc atrllosphcrc.一 Naturc 370:49-51.

―   &  一 -  1994b.Vcgctation― atlllosphCric partitioning of polycyctic aromatic hydrocarbons.
―Environ,Sci.TechnOl.28i939-943`

S M I T H Vヽ . H . 1 9 8 4 . P o l l u t a n t  t l p t a k c  b y  p l a n t s .―In i  T R E S H O W  M  ( E d . ) . A i r  p o H u t i o n  a n d  p l a n t l i f e ,

pp.417-450.― Vヽllcy,Chichcstcr.

STRITTMATTER P.&BALL E.G, 1955。 Fommaldehyde dehydrogcnascs a glutathione―dcpendent en―

zyme systelll―J.Biol,Chem.213:445-461,

TRAPP S‐ MATTHIES M.、 ScHEUNERT l,&TRAPP S 1990,Modcling thc bioconccntration of organic

chenlicals in plants.―Environ.Sci.Tcchn01.24i 1246-1252

UOTILA L.&KolvusALO M. 1979 Purincation of formaldehyde and forlllate dehydrogenases from

pca sccds by afttnity chrOmatography and S― formylglutathiOne as thc intcrmcdiatc of

forlllaldchydc lnctabolism.―Arch.Blochem.E】 iophys. 196:33-45.

一― & 一 -  1983.Forlnaldchyde dehydrOgenase,― In:LARSSON A,ORRENIUS S.,HoLMGREN A.

& MANNERVIK B.(Eds), Functions of glutathionci biochcnlical,physiological,toxico―

logical and clinical aspecis,pp. 175-186 -Ravcn Prcss,Ne、 v York,

ZEIGER E.,FARQUHAR G.D 85CowANI R.1987.Stomatal fじ 1lction4~Stanford University Press,

Stanford.


