]

B¥%% () Agr. Met.) 35(2): 77-83, 1979

iR/

(II) NO2,03 % % \x |3 NO2+ O3 %5 K iC

WAEIZ DT

& 5 RAGRWEOPAEICEET 5075

B2

REFHRK « RARNE - RS - FiE &
(RLAETRF)

Studies of Air Pollutant Sorption by Plants.
(II) Sorption under fumigation with NO,, O3 or NO, + O3

Kenji OMASa, Fumiaki ABo, Toshiki NATORI and Tsumugu TOTSUKA

(National Institute for Environmental Studies,)
Yatabe, Ibaraki Pref. 300-21

. FL»IC

AIELHEONERE L TOMHBEOEEM 1L
 DMREICE > THEZIN TS (Rasmussen et al.,
1975; Bennett and Hill, 1975; Unsworth et al,
1976)c HEMIC L BEEHEOIRE T, KShE LUHE
YRR T T OB LHE ORE & £ OO EILERETIIC
L - TXAINS, WYL BTERYBONEB#EL R
L, RETHIEFVAERT 2cmicis, BLERHED
PREAXETENOORTORABUKRETH B,

EEERABPRAFCBI KB TCORABLRT ZD
IEEIZ 20T, KEK P CO, DIE R R ;D i
852 EPBHMS5NTS (Monteith, 1973; Bennett
et al, 1973; Unsworth et al, 1976), L»L,
BV O BEERZES> REOBERSE O RE TOHERE
BT AMERDVULRTHITH 2, EESIT, B
(KB » &R, 1978) THIHAIRE TOBREG T
AR AEEREL, SO, DE—H ZREZEDBEICEBT 3
FRETOBEREMHECHOOTRET L, L L, oy
YEICSOTH—$ 5 3RAT R EBOHEOHER
BRICEZETORBTOHERZME HERT L c 8RS
BHIH, 22T, KBTRIBLAREYHET
HBENO,BLUO,OH—H 2V REATZAREOES
T20T, YO RNERE & RBUEE - OBFRAEE

BAS534E 1068 BEEIHLSICTRE
M543 /17 =B

Bick ke, 2OCBELEFVEROCTHEREC
E2FTORMOTOERZLEICHONTORIFTERA I,
Z LT, AiEROKRE - B8, 1978) THELSN SO, T DL
TORREED THERT L 7,

2. MEEHE

M- EBRMEELTI, 774 Fror (B 25T,
®ME:20C, T0%RH, HRX)T, /x—31F2751 b,
WN=F4 b, E—=FrEZR, NEEL2:211OHTHOY
7oy PEZE 0cm, &X20cm)ic, HBEH 4~6:8
flftELzovTe =) (1 EEROZERR : 1500~2500
cm?, B 15~25 KD A,

HEB - FRICI3, YHMIERCERBEINTHAHERY X
BEEREBELAC HES, 1979). #BNOREE
OEIEEEIL, £05C, £3%RHTHD, NO, 8LUO,
BEEoHBEEIZ, REBECHLT, Hicx05%L R8T
Hot, T, HBAOFEHELD, 022m.sT!, BE
i3, RETL3ImONET, 27/ 7TRITRICEOT 40+
5klux THh o720 NO,BLUOBEDRIEICIE, 3
Wlgy vy AEODIEEBR TS

BIEH - NO, 5120, H—# 2 RBEDEESDEY
L& 27 2ARNEEEL —FBEON A A—EHRBETE
BRICHA L, EBRON RBESTIEEICII-1H®,
I0EEDE=T JEMAL, sORDEBNOHRE
B HEL . #ih, NO,+O,0BA4 2 RBD
Bawid, —FoARBEA—TCHBL, fiFor=



B % % 7

BECONTH—F2ZRBEOBA LA FETUEL
f2o DK, EBATORIGICE » ThbHNLENO,, O,
DEEZH S - TROTEE, WEEREOHEDKICHIE
Lrc (KBS, 1979), REGRE I, BRI LD, ¥R
12, BROUImmOHF—- =422 v BEC LA
EL,

EEFH - NO,, OsH—3 2 MINO,HOBEH 2R
BETOEVERNTORKEE, EREZ NONERE,
O, NEEEZEDEFRERANLIDIC, T ARBEERBA 2
BECHTTIT -1 REAMLBERFERLUTOELD
TH 10

KR - RBREBAED DN 2 REITHE D REOEE &
ERIRZEDORKENOBRRAIE — AKHPEKFE & DO
DOHAKERTEZES ) OEBEE W L BN TLBMLE
BERLEHREWES RO OME T AR ERDS 7
BT, O, BE T (0.4 volppm T 2hr RE D, 0.8 volppm
T3hr RE) T, {5 BEEROEKKER LERBEOR
BEMLERBCAEL, BREERZ, 40X0MES
EAKMOEDEREI S VA ocEELTRIEL, 58
EROEEREEH L1,

KRV O N RREEE & BEEE ORRLELD
FERRIE — NO,, OjH—3& 2103, NO,+O,BE# =
ZET TOEBMIONO, 503 O IR EHE & ERERE &
DBFRETR~NBIIC, NO,(0.2~6 volppm), O,(0.2~
0.8 volppm) D H—& 2 L EA H 2 Mm% 5 13
REL, 10BESH7DDNO, & 03O, INEHE &7
HOERE ORI A RRHCRIE L,

3. RBRRELIUVER

3.1 &£ &
W I B0 B REERE grem?es™
T, KB C
T, : %8 C
AT : BKRE(T-T,) T
Q: EEHEICHF B 1 2UNERE geemes™
QN0 BT 11 2 NO, I HEF geem ®es™!
Q%: BHEIC S B OB EE geem™?es™
X (T) : TCitk 3 5 aRESE mmHg

¢ ENEE
w W/AX (T~ X, (T}
2

gecm™2es™lemmHg™!

P, REHMOH 2B volppm
PN%: k& NO, B volppm
PO RGO, B volppm
B SAERmTON RBE volppm
PN SHLERE TONO, BE volppm

PP SHIERE TOO, BE volppm
ko EROBRBHEEPKILOKECBERT 2 LA
EH
ky BAMESEE - fMERSELBERK
(1.05%10%) mmHg+cm?-g™(30C)
kg R BEE AT EBIBE (NO, i 5.40<10°, Oy
518%10°%, SO,; 388%x10%)
volppm+cm®+g~'(307C)
Twa | IKIESILBUC T B IERGIEN secm™!

Tws | IKERSILBUC S 5 AL secm™!
oo o AYERUTHS B BRI secm™!
Tos ¢ A RYLBUC KT B KA s+cm™!

cmPes™!

D, | KER EHL & DBEDYFLEERE

Dy @ #z &K EDHE D FLHIEY

M, KESKODTE

Mg: 20518

3.2 RRAEBNEMOEHEELESEELD

BYLR

IO 17 2 IR KM & R A BT T B nic
3, TRREERE & EHEEOMICERAEMNRIES 2
PVEDBHZ, LinL, ZRION RNEEEDRIEDR,
ZDHE, Y 10 @ik O FEHER 4 BEHC L 0BT
TECERIEECNTHD, 22T, EROMERE
kwd o Eiclto

FEEE [R. B EPORBRESE —FICRK -
teia, ERICEDEONT O, RFE LD BENED
D EHEEW L ERIRZ AT ORKZ(LOBRIE Fig. 1
TEDLENS, O, BEHMOBEICE-T, EREEN
HEHOWIIRAL, dTI3ERTE, 2T, W4T &

cmies!

r (°C)

o

s
0——-ﬁ/——d
/

]

N

o
——

1
&
Q

Leaf-air temperature difference, aT

000 020 040 060 5 0.80
Transpiration rate,W (x10° g.cm

100

Fig. 1 Relation between transpiration rate (W)
and leaf-air temperature difference (47) dur-
ing O3 fumigation. Each point is the mean
value of data and vertical bars indicate stan-
dard deviation of each point. Conditions: air
temperature, 30°C; humidity, 60%RH; light
intensity, 40 klux.
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Fig. 2 Relation between NO, sorption rate {@N92)
and transpiration rate (W) during NO, fumi-
gation. The NO, concentration is about 6
volppm (a), about 4 volppm (b), about 2
volppm (c) and about 0.2 volppm (d). The
fumigation time (min) is calculated from
60-my—20, where my indicates the number
in the figure. Conditions: air temperature,
30°C; humidity, 55—60%RH; light intensity,
40 klux.
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Fig. 3 Relation between O3 sorption rate (Q°3)
and transpiration rate (W) during O fumiga-
tion. The Oj; concentration is about 0.8
volppm (a), about 0.6 volppm (b), about 0.4
volppm (c) and about 0.2 volppm (d). The
fumigation time is calculated from the same
equation as explained in Fig. 2. Conditions:
air temperature, 30°C; humidity, 60%RH;
light intensity, 40 klux.
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Fig. 4 Relation between NO, sorption rate (@N°2)
and transpiration rate (W) during NO, + O;
fumigation. The NO, concentration is about
4 volppm (a), about 2 volppm (b) and about
1 volppm (c). The O; concentration is main-
tained constant (0.2 volppm). The fumigation
time is calculated from the same equation as
explained in Fig. 2. Conditions: air tempera-
ture, 30°C; humidity, 55—60%RH; light
intensity, 40 klux.
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Fig. 5 Relation between Oj sorption rate (Q°3)
and transpiration rate (W) during NO, + O;
fumigation. The O; concentration is about
0.6 volppm (a), about 0.45 volppm (b) and
about 0.2 volppm (c). The NO, concentration
is maintained constant (1.0 volppm). The
fumigation time is calculated from the same
equation as explained in Fig. 2. Conditions:
air temperature, 30°C; humidity, 55-60%RH;
light intensity, 40 klux.
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Fig. 6 Relation between NO, concentration
(PNO2) and the ratio of NO, sorption rate
to transpiration rate divided by the water
vapor pressure differences between gas-liquid
interface in the leaf and the atmosphere
(QN°?/w’). Data were obtained from the
results shown in Figs. 2 and 4.
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Fig. 7 Relation between Oj concentration (£,%3)
and the ratio of O3 sorption rate to transpi-
ration rate divided by the water vapor pressure
differences between gas-liquid interface in the
leaf and the atmosphere (Q©3/w’). Data were
obtained from the results shown in Figs. 3
and 5.
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Comparison between the values of ku/k,-k, which were calculated

from equation (8) and the coefficients of @/w/ and P, which were
obtained by experiment. The values of k,,/k,-k, for NO,, O3 and SO,
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and 7 and the coefficient for SO, was obtained from literature data
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0, 1.39 1.64 146 x107° 124x107° 15x107°
SO, 153 189 177%107¢ 143x107° 18x107%




B %X X B

NO,. O, 8L U SO, #ICEH B NI by kg b, & FBRIC
FORDONIHBITRHIIIZEF—FL T 5,
DIEOKREZ, FELBARERTZATHENO, BLY
O IC PV TOMBRR T TDOEREMDS, TRERED
H—3 2 VIEAH ZBEOITIC0H5T, SO, D
B4 B BN ~0volppm, P°*=0 volppm &R E T
%, NO, BIU O, # RUXEHE D, HWRBEBH LKL
ERFEOTHETOLBICEATIRFCKREINE L & AR
LT %, Rich etal (1970)6, O, RE T THEH 1S
BAREIC LI BEDEDED OIS HE & KRG B
B4 3 KAEREREL. [ABRSOMRE . XA 3
FERRFTHBE E2HMEL T B, Hill (1971)0,
TNTrnTr BEAHOEBAOR—ERT 20D 1~2
hBEORBEEBROERELOEIC, Be2DBERATZADK
WG DIERE L A ARBEREA L, BLT, BRE
DRENTADHD, #HANERE S K& T L2 |E
LT3, Hill DEBRERIZ, SFUEREZREL TR
VDT, —HLHCHET XS0035, NO, &0, DINE R T
[fEE & 47585, Bennett e al. (1973)i3, #HHIR
T DER SefF O T (C KM T8 BEY % Henry DAl
ABA LA ZRETHEST VEREL, #2NEBCE
FEERERFNCEEL TORREBEOEER A 8RS L
T, LnlL, B, BRI ZDKECXTHERET,
B L B ARNEOBELSAT L EEFTERL O,
Bz, ket 2BEMRERHEN K X SOH DT
HBHE, BIMCKHE « #F, 1978) LD, =711,
1.5 volppm, 5HRINREE TH 14X107° geecm™D SO,
AINET B, ERICAN =7 ) EOAER (003
grem s, TARTKTHBEREL, KiCkd 31588
B DX F# (Landolt-Bornstein, 1962) 225, RET
DSO,BEAHET L L, BBL% 15x10° volppm %
Br, COMIZ, BEEE L5 volppmiC X THEBCEH
WETH B, 0,52 0INO, DIFAICIR, TBRE (NO,
DIFEA 1T DREN) D3SO, ICHNT/NE T Ep D, &
BILLORHONZRETO N REEL, SO,DEAL
DI SICHNMECTS S, LIEDT &2, BYAIRET
DEREME, Thbb, BREELXETIFELER
s, KICH T A ERE TN, BN oRY, BE),
ZDOMBREBEATTABIETH I LARBL T3,
UL, Hill (1971) D8R0 SHET 210, HRER,
B#H 25O GRENIC, BREELS T 28ERICEFRL
T3, filice &, LICEONAHBRERIE, KBS
BORBNEEOTHEERBICELEIT, ZhoDBR
BELX T 2880, BMAIRBCOBREGP 28k
£ Z 0volppmi FWf 2 ic+ ke hx2BLT 2 L%
RLTWA,

4. E #

FTEURGELHE TH 5 NOBLUFO, DB—% 51
BEAHZARBZET BT BRIHPDONO, B LU O, RE DK
BEBDIHIC, FMINBE N TEZ7 ) ZH O
THZBBEFEBRETNG, #RNEEE, HEGRE, &
REORBEMAAMEL ., £LC, BHLETvick
HH 2B DBBICOOTORBIFAITIS 512, o0k
HREROBICEH NS,

(1) NO;» OyH—d 2 I NO,+ O B4 # 245 IC &
hn, SADOH#SLVERCATRECRERT 2HRMAL
SNt INOOHRPREDIEEIL, H REBEBESGOR
BEHETHY, Tt BHEAROHIKICE DR T,
NO, LU O H—H 2R BEDHH/ICDNT, THLHDHR
EVRRBLEHIEELAEETE L, NO,BEOHLS,
O,BELN & 10EBES,H -1, T2, NOHO,ES
HZARBEOEACL, B—HABETINSDRRNME
HONKWNEBEBICEODTHRRBELS L0 "ES
BEYRHHR" BRH SN, B, SO, % Enic AlEER
BB LUKAAEICET 2 NO,, Q;, 8LUSO,NEE
AOBEIZ, 0,>S0,>NO, Th »7,

(2) NOBIUO,DH—&H2OIRBEN ZARBECHD
Q/w &P Eficid, QV%w'=~14x107% PN%, Q0
w'>15x107 PO E AR Lic, ¢ ORI,
VOWERBLREN ZOHBICEEINI LT, T
to, ORI, TV QAW=(ky/kg k) (F—F) iC
BT, F=0volppm&lLTHBONZRiciziz—%L:,
Pl b, NO,BLU Ouc > T HEHRIRE TN
REBELTOH ZBER, 0volppm &{RET %, NO,
BIUO, D H2RERE S, BERBIERNCTALLENED
SHETONEBICEAET 2RFIXEINA T EMBHESH
118~ 10

BbDIT, KRRCHI-TEERLEBEES T ID 12,
LR BN ORE—RE R, AHREROS)I B
Bt Ff, BEOHBETNS JUMEHEYOREE
Do TOBFRBOBERERIC LD DHBEAET 5,

51 A X Ak

1) BB - REESK - /DRiE—, 1979 1 EnE
IREATEY LR RIERIER - B EHRE - =
BHEREFERREHRE L~ 2K RS

2) Bennett, J. H., Hill, A. C. and Gates, D. M.,
1973: A model for gaseous pollutant sorption
by leaves. Journal of the Air Pollution Control
Association, 23, 957-962.

3) Bennett, J. H. and Hill, A. C., 1975: Inter-
actions of air pollutants with canopies of



KRB« R - B - FE - EPNC & 5 KKU5 848 OIS B3 2 058 (ID

vegetation. In Responses of plants to air 10) KREGRR « RIRXE, 1978 | WMIC & 5 RKH S
pollution (ed. by J.B. Mudd and T.T. Kozlow- YE DIRE (B9 A% (1) SO, 0 BATINE & 748
ski). Academic Press, New York, 273-306. ERm - ORR. BES%, 34, 51-58.

4) RBBEE, 1973 @ EYOERCET 2 BEXR 11) RBGRR « ZIRXE - WE—BF. 1979 @ B
WIbfgE. BREREEFRIEE 18, 1-141 LENEYDONO, & & U0, N EEK O RIEE

5) Hill, A. C, 1971: Vegetation: A sink for TN T. BESD, 35, 31—40.
atmospheric pollutants. Journal of the Air 12) Rasmussen, K. H., Taheri, M. and Kabel, R. L.,
Pollution Control Association, 21, 341-346. 1975: Global emissions and natural processes

6) Hirschfelder, J. O., Curtiss, C.F. and Bird, for removal of gaseous pollutants. Warer, Air
R. B., 1954: Molecular theory of gases and and Soil Pollution, 4, 33-64.
liquids. JOh“_WiIeY & Sons, New York. 13) Rich, S., Waggoner, P. E. and Tomlinson, H.,

7) ALET#HEE 1971 O EH S8 LE 220— 1970: Ozone uptake by bean leaves. Science,
230. . 169, 79-80.

8) Landolt-Bornstein, 1962: Zahlenwerte und 14) REFH 1972 BoRKELHEL. £%#E, 73
Funktionen aus Physik, Chemie, Astronomie, 15) Unsworth, M. H., Biscoe, P. V. and Black, V.,
Geophysik und Technik, 6 Auflage, 11 Band, 1976: Analysis of gas exchange between
2 Teil, Bandteil b, Losungsgleichgewichte I. plants and polluted atmospheres. In Effects
Springer- Verlag, Berlin, 1-26. of air pollutants on plants (ed. by T. A.

9) Monteith, J. L., 1973: Principles of environ- Mansfield).  Cambridge University Press,
mental physics, Edward Arnold, London, London, 5-16.

134-189.
Summary

In order to investigate NO, and Oj sorption by plants during exposure to NO,, O3 and NO,
+ O3 which are the principal gaseous pollutants, sunflower plants were fumigated with the pollutants
in an environmental control chamber. The time courses of sorption rate, transpiration rate and leaf
temperature were measured during fumigation, and the sorption processes were discussed by the use
of a simplified model. The results obtained are as follows.

(1) The stomatal closure and the appearance of visible leaf injury by fumigation with a single
gas (NO, or O3) and a mixed gas (NO, + O;) were observed. The degrees of the appearance of these
phenomena were related to the gas concentration, and the degree of injury increased with increasing
gas concentration. The degree of injury is also related to the kind of pollutant. In the case of
fumigation with NO, or O3, the NO, concentration at which the phenomena began to appear was
about ten times higher than that for O;. In the case of fumigation with NO, + Oj, the phenomena
appeared at the concentrations of NO, and O; below which the phenomena did not appear during
exposure to a single gas (NO, or O3). The results obtained here may indicate one of the synergistic
effects of air pollutions. The degree of injury for NO, and O3 on the stomatal closure and the
appearance of leaf injury, was distinctly in the order of O3 > SO, >NO,.

(2) The relations between Q/w’ and P, during fumigation with a single (NO, or O3) or a mixed
gas (NO, + O3) were expressed by equations of @V°2/w’ ~1.4x1072.P,N02 and @©3/w’ =1.5
x1073.P.03, where @N°2 and QO3 are sorption rates of NO, and Oj, w' transpiration rate divided
by the water vapor pressure differences between gas-liquid interface in the leaf and the atmosphere,
and PN°2 and P,°3 gas concentration of NO, and O; in the atmosphere. These relations were
independent of the gas components used for fumigation and the appearance of visible leaf injury.
These empirical equations corresponded to those which were derived by using a simplified model,
Q/w' = (kwlkg-k,)-(Ps — P;) at Py = 0 volppm, where P; is gas concentration at gas-liquid interface in
the leaf, k, the ratio of gas diffusive resistance to that for water vapor, &, a constant; 1.05x10°
mmHg-cm®.g~!, and k, a constant; 5.40x10% (NO,) or 5.18x10® (O3) volppm-cm?®.g='. The
calculated values of ky/k,-k, were coincident with the coefficients of Q/w’ and P,. From the
results mentioned above, it was concluded that the NO, and O3 concentrations at the gas-liquid
interface in the leaf are considered to be zero, and the NO, and Oj sorption rates can be explained
by factors such as boundary layer and stomatal resistances, which are related to gaseous diffusion.



