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G 1989 £ HF 5 A HhFE @I BE 5 B (Lactuca sativa L. cv. Sword-leaf) Ff B BE = E (L.
sativa L. cv. Round-leaf) A~ i BRI PUS S B BR £ BEEE (Peroxyacetyl nitrate , &% PAN) & 5 /)
R A FERBE (Bronzing) K 3R BT (Silvering) o RFAEZE MEMAR S E (L. sativa L. ov.
Pan-leaf) 55 o 1Y) & AR — R AEB/ NS —KARBER, BESMKAN FEZEH XHEH
A T 2R AR AR O, FAEBRIALEEZ IR, WA P, RERHAN NP
WL, RO B R H B L& S PANR IS 6 £ 2B 098 81 5 858
(Continuously stirred tank reactor) ¥ & F B E ERRREEL T2 —BORM, BHESERS
R PAN ATS &, MAIHREETHRANBERNANELEERRHSEEBEE. 5B EE
G R iy Y RO KNG R B L > [ 2 e B > R e B I > R EE s, K
RZER R BUBRE — 3, - FUAMHBITEESEFHIEROSEE AR T Z PANEE,
W PAREALY AT E IR I, BRIEtH A8 KBRS PAN B & 5E 27 ppb, H
BABARBREN, RGBT, MAERNE, BX, RRKZHEREE, HERA$ PAN
el B H I A o R SE B R [E B A B RS TT A PAN B G2 I M R AR
FIH ML SE FR AR ) S HE AT P PAN 38 42 B33 854S, JRAl it T % PAN BIERY B Z B B EIR .
I —Wee R ER SO S00 T AR, A, Bb, MEBKIO0FHBEEH. 7
WA 1,200 752 Ry, B B8 H A PAN BB & 18 o

BB HEMER M. WL U EBEE . EEEY,

i

HALE HEFE (Photochemical smog) 75 44 i i 5
TR 1940 F AL S B o SC B v A2 Rl st I 0 1 HL A% 3R 7Y
RAFMEY LB, RS Middleton 3 A5 &7
1944 45 3% B B AR Y 11 37 56 89 (Bronzing) i 8, 5%
3 1950 -85 3 > Plant Disease Reporter #5E (12) o 53
— 77, Crabtree & Kemp BB RALIE S INLIH
7, 1946 EREE R EMIE N LA ERBRBRAE
M ER (3) o 1958 4F Richards % ABE % H 1956 442
TIPH s [e 7 76 35 P b RO A BEBE (Stipple) =2 L &5
o (14) o P& — 41 Heggestad & Middleton i35 B 5855
R R LB B BT, B SR BT (Weather
fleck) 7552 HHER A FTIER (8) o

Middleton & A i R B T W EF R, Bobrov
P15 E N HWIME IR Poa annuua FEY) (1), 1956

il

£ Middleton T3 R 2218 40 % B i A 8 2 R %
ERELZE (), HENRMANERERRHN, EBF
1960 £ Stephens % A 07 7% B 18 52 26 b 22 75 B Fr 5|
(17), HBrEREMHEM Z KA (Peroxyacetyl nitrate ,
AT PAN) o BEHOLEEBEREN EEMAWHE
BWAKE, H-BR4, 53— 585500 ELEE
(Peroxyacyl nitrates) , % X DU S 88 £ Bifg (PAN)
B B EE NS (Peroxypropionyl nitrate , f@fEPPN)
BIERE,

AL B EENER T RBENAEY R
R GRS L T ARt — R I 61k B R I 7 4F (5,11,
16,17), THMGIHINIZE, EFEE PAN 2&8 &m0l
&, T _ S8R AERELYTE, BRE
AP R, RERERERIEGENME, FE
HNO [ NO,, ERFZHIEREEEWET (215
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AT R OE R R R R E, SRR
e oy BB E YRR S, BUAn: Py B A
VOT(AR L7 5 1 38 408 ] oo 0 e I ) % B R R
BE(18,22), 10 88 05 10 B i i 0 22 S B0 iy o pE R A
F AR (22), H—THE, BEANREE., R, B
o, HOFE AU M I 8§ B (Bronzing) , B
(Silvering) 8155 S0 BE (Glazing) , 778 2 PAN{ETE R
2730t M A R PR S (20) o GEMETE R AE Y 1989 4
HETTLHE 256, WEE 1992455 A MG R PAN B A
B R L  EEE (20) o ARIREE RS, B
AR PAN MBS E TN E BN, 2 ny U
S A B R, G - i st Y A R S
TAmE s A B, 5y AT E Al R AR
A, (R EEREEAREEMRSE, HHEBER
T fiE K HT R o

B [ -3 7B PAN B ERC WL E W,
AW B HMEE ., YR A LEESER
fit, DL 7B PANBYERE FFIE, IR ELc2F.

FARHELTT ik

P Fed i B B 1 B PSR B 5 A

B 4415 B o A R 2 BE R B A SRR
lfl fF 9 (23,24.25) , 7 A 0B BLA T 2 PAN
ST A, SR of DURE A BB RN A 1R) A% 2R 4R BE B B
B EE (200, 17750508 2 R IR IR R, RIER
SRGn. BEAEHSE, SUE A LEHBEBIEEE, BILL b
o B PR A o

FIUF e S, M e mm R
AR LR, SRR Lactuca J@ 2 A RIFREH
B2 AT o B3 T OT bhdR i A 5 5 RS R A o
B, R2ERMEHEIEN, Wl —EEH .

AFHTPAN IR 2 ) B

AR AR PANGREE 2 AT Rl — B R H EAE
# 7 1 (Gas chromatograph) & & & £ HEE B 41 &
(Electron cupture detector , fliifif ECD) T LUz S
(24100, A W5 R IRER A Kate (10)8 A2 Sk, I
W g o AT (Column), #38H 100 cm £, A
f20.32 em (1/8 inch) ZEEFBERE, M 5% Carbowax
400 48 78 > 100-200 mesh & chromosorb 3 . FTEA &
TR, HHFEHERE ECOBEERI C, B
FREAREDSMERR, RERES®E40 L, FH
FATH & GC S varian 3400 % | §ffin.2 ECD &{d |
Ni-63 2 K 513% . 15 Buhr (1990) W95 887, PANfEA
i, HEEeMERE, PEMEE (), S

B, THRIBE RS E, BEls AP REES ml, E
WHI2 ml, DIGHSHEHEAGC, R4 eER
A, FEEFRRG F, — K PANRIALE 1.7 £ 1.8 70
R e, WEFTH 2 GCHEmE Y, IEDAEE
s, DI bminet Rl .

PAN i3 2 BIIE, DATE#ERE B2 2 i W B TF,
H AT AL AR 38 (IR spectrophotometer) #,
17 F F58 11 S W 1 B L4y e [ AT Wl B R A AR IR &
BE, M Joos A (MW HFIH S S L
f# (NOx analyzer) 5] L& B GEBUE PAN #9068, 2
LUAH gean 4 B, B A 2 NOx 57 7 8553 Thermo
Environment Instrument 25 @ {f &k & Model 428
Chemilluminescence NOx analyzer o H £ 22 [ B R
A s R, &325 CTHPAN(RE
NO, s H it S b )W Easm — S8, BENFE
SEH—-FEREROFEE, M-S tEsE,
HBEHPAN S &,

B TH&IE T3 NO, 2T, WEPANT
DITERRE S 4 GC B NOx it R BIR T B IE,
JHFI A LLIE B 2 A (21), R PAN, H
PAN 7 B R85 Gaffney ot al (6)2 77, HBH
S B e o i B RS AL R W SRR (13), &
FH 3 56, B BB 98 A ntridecane , BIUAREERS 0, EIA
B 8 168 41 17 2 10 185 B n-tridecane 2 PAN o i #E PAN
T W T B P FE RO (21), BIIATAE 60 X 70 X
50 om 2 BESE RN E L BETE S PAN G, k-
O GC & Bl B NOx 47 #7682 Rl 447, i
EIATH NO EFEBE S NO B, B PANZE,
MBI R, B ol{3 % GC-ECD #i{i Bl PAN
il o B AR R AR o

A AETE M PANBE 2R, HZPANF
BT 2 BRI E 553 S B A 5 78 BRI
AEEGMAREE, BRERE. DERHAZVWEES
R,

AL PAN k REH & EEY) ZRRABRBAE

MY PANGEER, —HFEGAINMAL8E
FHEE AT AY 2 (23,24), BRIE A LERIEEE
# PAN B R B E, HPRCEIE—E
WEE=EM, 250 B EMNEE RS (Continuously
stirred tank reactor , LU FHif§ CSTR), HEXREE
R, E120 em, ®E 180 em, 2 HEDOERE,
Ehm—#tsE, BHTEELE LS 700 W%
KR, HrHEE AR ENENE, SRR
W, HEFHIHGED Sun (19) 9,

BREAHE S PAN &R 50 H 2 B IS 30 E,
HiSun & Suswet 7 ERE (20 R ESS, HER



R AFEAN, EENREZIRER, FTEAEY.
BRI P/ NN B E Y T B, &
ERBE, UGCECD HlE HEBEMEE, T
Bk, ENEEYR ARES, BEREHNERERE
o HATREC Bl&E R LUBERIUGHFR, 1R
LREERRE, UERERSIEE LR A%
EHE o
ARUBREHBEELACRERL, H5ALE
TR RS E 4 #% (Ozone generator) BEE RE, ¥
BACSTRHr, HiEEEY ER, ILHH—5 Thermo
Environment Instrument/Zy & H & 89 49 8 UV
photometric ozone monitor {ll FF RERE, BRI
BT PAN Z A o
ERAAZEEEYOEESE ., BESE.
BEE, BEEE, BESES, —REBAT
B, RE23ERTEEARHEE. G435,
MECATHEES L8, RESEERHAMER
BLH, B HEEAERRERERAERE . EREEHERR
BEHIS 25-26 CZMEH, AN LB EE25-28
CHEAL, MHEREITES-80% LA, HANLBELE

F— ., HMAEEEZ PANKEAE19342HS5H
PAN /NS EESE 22 ppb IS EER L2 A i

TABLE 1. Distribution of PAN injury symptoms on
three Sword-leaf lettuce plants collected from the farm
at Taipei after a smogy day with hourly PAN
concentrations over 22 ppb on Feb. 5, 1993

PAN injury
(% leaf area)

Leaf'

Plant No.  portion 1 2 3 4 5 6 7

(leaf No.)?
1 Apex 0 1 4 1 G 0 0
Upperhalf 0 0 12 15 5 0 0
Lower half 0 0 0 15 2 0 0
Total 0 1 16 31 7 0 0
2 Apex 0 0 1 1 0 0 0
Upper half 0 0 0 15 5 00
Lower half 0 0 0 5 0 0 0
Total 0 o0 1 21 5 0 0
3 Apex 0 1 2 4 0 0 0
Upperhalf 0 0 5 30 5 2 0
Lowerhaf 0 O 0 10 5 0 0
Total 0O 1 7 44 10 2 0

' Each sword-shaped leaf is divided into triangular apex
portion which occupys about 5% of total leaf area,
the upper half portion having 45% of total leaf area,
and the lower half portion having 50% of total area.

? Leaf No. 1 represents the youngest leaf.

HWEEER BB R 35

57U H G R £ 30,000 2 50,000 Lux, [fi{E5 G5
7R o] 758 2 10,000 Lux BA Lo MEYIEERFIREE
BHE-HERER, HEE. BE. LHEEHECSTRA
HiLo

PAN B &S EZ RA BN kmERAE

PAN B E B HEERZRROEAR RS MR
HEAHET o TR E Y A i UG e A
HHEWEEBEEE, THPANBECHE,

PAN B E HH < A ERILIE 8 R F 24 & e 5
£, WiEGdE&M, A, B, mRME Sk,
RO s RS, JTEIRAR] B Oy i A
P L e — R AR B A, HE A R IR
WRER BTG RGE KB, W —2 TR 2ERA,
HHARAENS, THILEEEE,

o OR

Rl 3 2 B o) B AU B - #

HESELREES, EEEE R RESE
(Lactuca sativa L. cv. Sword-leaf) . [BIZE{E (L. sativa
L. ¢cv. Round-leaf) . #5EK#EL (L. sativa L. var. capitata
Hort.) . 8{ZEEE (L. sativa L. var. crispa L.) | B &
B (L. sativa L. var. asparagina Bailey) . % & = (L.
sativa L. cv. Pan-leaf) T 5, BREAEE Lactuca
B W R R ILIME (L. indica L) k&
L% # (L. formosana Max.) FE o, FEFA Ll fhfEh
HEBREURGE, FEMEn S, meRs R
R, LL19934E 2 H S H B AR R ISRES
ERA, 7 DAFERESREN PAN 26 (8 BARHE
MSER%, B 11:00 X 13:00 i H 49 15 ppb
PAN, HE&E 27 ppb) 2, B 5 MM H
BoKERmEE, HR#EEUTERASE, ZHEKE
AR B B R L, RS 2,3 B P9 A 8 AR
A, &&P ERAF2HE LR H.

g ENRHRRI, BRARFHOAE, H
ZEMAMTEANE, KN EBRET IR (Transverse
banding) BV (23) , ME—FR. HE3HEE 7TH
MRIEEE, BERESBRER=AR. FPER,
KON REER ROy, A6 2 AUk iR B I S S R SR
LA ECHEHSE, HERNE R, WAKE
WHER, BHRERESR, HMM0EEF. mt
TF, A LpESERE, HTPEAEERTE,
ERIBHESE, AHFEETPEEBTE, ELRA
THXE . WHEHPAN BEMY BT HAREN, &
HEMERZM (Cell age selectivity) , KB ghEER
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Fig. 1. Peroxyacetyl nitrate injury symptoms on seral leaves of Sword-leaf lettuce plants found in
the field. Bronzing and sivlering were wvisible on abaxial surfaces at apex of very voung leaf.
upper half portion of newly developed leaf and lower portion of mature leaf. The youngest one
in the left was not affected.
B 5 E 19939 2 H 5 H PAN /MK i R,

22 ppb & R I LR PAN 2 4

TABLE 2. Sensitivity of five cultivars of lettuce to PAN
a5 determined by leaf injury percentage estimated after
1 smogy day with hourly PAN concentration ovel

22 ppb at Taipei on Feb, 5, 1993

PAN injury’

Mean injury of
(% leaf area)

the three most

Lettuce
sensitive leaves

Culiiveal , 5 4

(leaf No.) (7

L1

leaf area)

B
e ]
a3

Sword leal I | s Ta] At

-

Round-leaf 0 23 th ' 24 b
Pan-leaf 0 36 [l 12 ¢
Celtuce ) 17 i) - W

Crispleaf 0 0 0 0 - 0 d

Mean of four replicates. The method for estimation
was the same as that described in Table |

Leat No. 1 vepresents the voungest leaf,

Data followed by the same letter are not significantly
different at P=0.05, according to Duncan’s multiple
range  est

Mot available,

30 em 2 Hpk

“Hl Lactuca 5 HiAELTE

H = L TR 455 2l &
!_I_I. AL H |J"'|'.T|'-_! 1 4 hﬁ d|




AFH PAN R 2 HI5E

FIF GC-ECDI AR AT, SBHPER
1z PAN TS0 0TI, DA1993 42 A 5 HZ &t
HREH, 4R PAN B2 B GCHIE 2K
e S — A, HoH R — ROMIE 2 I AT
Wi B R T 0 U S 1.806 43 b2 2.294 4y, B KHEIE LTS
e B /R Wi, w9 R R R 0 BB 1.797 R 2.280 430 B
£ 1.806 2 1.797 9 HIMEE B PANFTH , BESHE
270 % 253 ppb, T 2.294 52 2.280 4> B I E 4
MEENEREE AT, HAIRIEIERE PPN B PAN B[
BT HIESAE FE B 19K 15 ppbiitio

ME19NRE2H2THE9HHELETFERE
EiEEARHENENE, ME=Fr, #HEH
PAN Bt K5 U & Y &R, MEZRIAEE
AEME, B emEEREECH, XEREF
th 1B 216, PANIREHIGE (L, HFRSARTR,
R, R, BNH . mEREH, KEFEgHE
A PAN 3 PPN B 7 4E o

B19924 6 H 1 HE30H, §HBEFKRO R
VLA R B IR BN E IR B T B R BE R,

2081
VASYAR'

response

ECD
vec'¢
08¢'¢

L 1 1 L L 1

O 2 4 o 2 4
Retention time (min)
B=. A SRS E T A3 H Ak
I KSRl A R PR R R B I — O R, P 1.7-1.8
SRR E AR ORE, 22-230HAERER
AR PIERA o

Fig.2. GC-ECD spectra of atmospheric peroxyacyl
nitrates at Taipei, Taiwan with PAN Peaks at the
retention time of 1.7-1.8 min and PPN peaks at the
retention time of 2.2-2.3 min.

BEMB ORGSR 37

WEMAE R, 61, 2. 7, 8. 13, 17-20.
23-24 27-29 HE# 14 A58 2 A H PAN Z 21,
HAR HAISDH PANZ B4, G ER H
TH3. 12, 16, 21, 25K 20% 6 H, ERRE
Bargne HHHBERMWH FEFE 7. 8. 13, 17, 18,
27k 28563 7H, DA A aft 14 H 5 PAN H

10
—_ —a— 2/27
L0
g. 8 —a— 228
- —~— 2/29%
c
2 6
R
c
S 4
o
)
Q
= 2
<
n

O i 1 L. 1 i L

8 10 12 14 16 18

Time of the day

B=. 192F2H 27E 29 B EEIH & 8 AEft1
BRER B H B SR D HE AR PANFS S, —HE
EHFHREERBENEE

Fig. 3. Peroxyacetyl nitrate concentrations measured at

National Taiwan University, Taipei from Feb. 27 to 29,
1992 showing the highest peak at noon time every day.

—_
N

o

Qo

n

PAN concentration (ppb)
N [@)]

o
b

1 L L

0 10 20 30
Day of June, ,1992

RPN, 19924F 6 A & H T4 B 16 4 98 A 20Tl
ERAHPAN ZHER, HBEE=HEE,

Fig. 4. Peroxyacetyl nitrate concentrations measured at
National Taiwan University, Taipei in June, 1992
showing three high concentration days in the month.
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LTI, MR eI, 2, 19, 20, 23, 24,
29 HAH 7 B B R R TN A A H o, 2R
6 8 B 75 48 (1] o2 S8 SR, T T S B 11 4 Jo o L /DN TR
Mo Bl F R0, ERWEKEH T, 516
SEHRE M PAN 2 845 o FE LMD, TR 0 I 2l L AN
WHUREL T, IR E PANHEE

AT WA ) I 0 A E A PAN B 25, B A
e i e s B -, TR IR, FERSEETE
Frdt s, RESREER E A, DEALE =

F,ONAERMBES LA LLL2S ppb PANGEE 4
ANE e WL TR g S £ BE b 2 S

TABLE 3. Distribution of FAN injury symptoms on six
Sword-leal lettuee plants cach with 8§ leaves after
exposure to 28 ppb PAN for 4 hr in continuously
stirred tunk reactors in the greenhouse

PAMN injury’
(% leaf area)

Plant Leaf -
Mo, [}ﬂ‘llnﬂn I 2 3 4 5 6 7 8
(leaf No.y

| Apex il 2 4 3 1 0 00
Upper halt () 2 30 45 5 0 0 O
Lower half 0 o2 30 1w o 00
Totul i 4 3 TR 16 0O 0O 0

2 Apex o 2 ©t 0 0 00
Upper half 0 3045 40 3 0 00
Lower half () 30 30 0 0o 00
Total 377 71 3 0 0 0

3 Apex 0 4 4 2 0 0 00
Upper half 0 20 30 40 3 1 0 ©
Lower halt 0 4 5 30 3 0 0 0
Total 24 3 72 06 1 00

4 Apex ] 33 0 0 0 00
Upper halt 0 3 40 30 3 0 00
Lower halt 0 o 3 20 3 0 0 0
Totul 0 6 46 5 6 0 0

3 Apex { 1 4 20 0 00
Upper halt @ 3040 40 2 0 00
Lower halt () o 20 40 0 0 0O 0
Toral 0 4 a4 82 2 0 0 0

6 Apex 1 4 4 0 1 0 00
Upper halt () 5 40 25 25 0 0 O
Lower half 015 25 15 0 00
Total 1 9 59 50 41 0 0 0
Average b3 85 53 69 12 06 0 0

"Injury percentage is estimated as described in Table 1.
* Leaf No. 1 represents the voungest leaf.

B H e S B B 2 PAN B R ET
SYEEMT, IRTIEAT PAN ZIGRE RERE S ER,
HFEPLEAEI0CARENRERBIES .

A LEEEPAN B EHMBRZIEGR

21992 4 12 H 3 1993 45 1 A [ mi i i B Sl
T PAN Z BB, LGB PANTEHAS BT
JoEE MR IEE , T PAN BES, RS S thifH
T B A [ Py R AH R A s 8, R o om0 B B R (B R
. HPHESE SR EAARRER, TAGEM
G E M EH 15 ppb > 6 hr, £ 28 ppb X 4 u
B NAE REANETE . FEYEREAI2 ppb X6 hr,
10 pphX 3 hr, 8 ppbx 8 hr, SHHEMEWEETE,

TEEA 28 ppb X 4 hriZ PAN B S48 & 5 B m
B, ek mE b, SR HESERSL,
g TR FEEE, BRUE AR, ShEE
A RFH, MR TR EEE, BRI R
i AT EEHR, TH -8 EETTT NEmE
PAN BEHEE, I/ LETHE4ES)YRESE, A-
BLB2EIFEZEREETE, BIRBEIFE
BT PR FAE)2EREE, HERETESA
FILA th A B el R s 2.

FIIFT 28 pph x4 hr &2 PAN BHE 0 @8 & = W
BoeER, BANHBSHEZMMLD, FHHE
M FENRET, BRUERNA R, SERTEEHS
Iy 4, MiseFEHEES 2REIRE LR ET,

WTEFIFR 28 ppb X 4 hr PANZEL I, FLdEH
BEECSERDE, S 4EEDEFSET T
FLAFY, HREOFOAR, ATHEAERINESED
LLGTEEEEEHE, HFE 2083 2FER
af RS R, HERBURE e M B ESEE
e R E | MRS, EERREETEHET
Il E L EE SR P A4 2 PAN fi s DU E RS
g%—ﬁo

HETHRESHESEvEEILAEHES &
ik, 51992412 HEFH CSTR BRI RS
BEeRAHMENEREALEERS, HREHHMNE
EEEREES0 ppb X 4 BB T FEIE EXE
HIBSBE (Fleck) BYAH R, HINEB PANELEFH &
BT (u) REMFEEE B3R, PANBHETE F LA,
(L) EHFEHREAMSE, PANESRHEHEIRD
M, RESEFEERAIE, MPANSEEERAR
Atk . Eini ol B E Al A E G R TR SR R iR S,
FREMEN. THEA1993FE2H5HPAN EHEE
B, £E8EARRBHEE LS EEHEG ppb
o, HEFMREELE 300 ppbAZEH K,



PAN fi & i B 2 S A Ba B A 5T e AN &

{EAT B PAN 34308 < (B HRILL 199042 1 H B
REMAMAEZCRESEZER/R TSN, 38
MR —#EY T, I e RN RZEE, &
HEXIECEZEFEBA G2, HERMOERAFR, B
1 B IR ZERENM, HR2EEERKE, 2%
woRF—ZER, EAFIE M PAN EZRIEFERE
HIRE, BAOE R L THEE 4 25 6tk £,
A HHRERE S EES 3M, HABZEEHE

RN, AEANMEREAA 28 ppb PAN M 4
ANIERE £ RIS ¢ S S v A N [

TABLE 4. Distribution of PAM injury symptoms on six
young Sword-leaf lettuce plants each with 5 leaves after
exposure to 28 ppb PAN for 4 hr in continuously
stirred tank reactors in the greenhouse

PAN injury'
Plant Leaf (% leaf area)
No. portion 1 2 3 4 5
(leaf No.)?

] Apex 0 3 2 0 0
Upper half 0 15 15 0 0

Lower half 0 0 20 2 0

Total 0 18 37 2 0

2 Apex 0 2 2 0 0
Upper half 0 0 40 0 0

Lower half 0 0 10 0 0

Total 0 2 52 0 0

3 Apex 0 2 2 0 0
Upper half 0 2 45 0 0

Lower half 0 0 30 5 0

Total 0 4 77 5 0

4 Apex 0 0 3 0 0
Upper half 0 0 20 0 0

Lower half 0 0 15 5 0

Total 0 0 38 5 0

5 Apex 0 2 2 0 0
Upper halt 0 25 20 0 0

Lower half 0 10 25 5 0

Total 0 37 47 5 0

6 Apex 0 2 3 0 0
Upper half 0 25 45 0 0

Lower half 0 25 30 5 0

Total 0 52 78 5 0

Average 0 19 55 4 0

" Injury percentage is estimated as described in Table 1.
* Leaf No. 1 represents the youngest leaf.

AR ORRRE TS 3R 39

FH, HFEEEAAATLLL28 ppb PAN KR 4 /R 1%
FHL ¥ PAN & S 7 B

TABLE 5. Sensitivity of five cultivars of lettuce to PAN
as determined by exposure to 28 ppb PAN for 4 hr in
continuously stirred tank reactors in the greenhouse

PAN injury’ Mean injury of
Lettuce (% leaf area) ) the three most
cultivar 1 2 3 4 sensitive leaves

(leaf No.)’ (% leat area)
Sword-leaf 0 48 50 2 333 o’
Round-leaf 0 6 48 12 220b
Pan-leaf 0 33 15 = 16.0 ¢
Celtuce 0 3 33 7 143 ¢
Crisp-leaf 0 9 0 3.0d

' Mean of four replicates. The estimation method was
the same as that described in Table 1.

? Leaf No. 1 represents the youngest leaf.

* Data followed by the same letter are not significantly
different at P=0.05, according to Duncan’s multiple
range test.

* Not available.

KON~ I FEAE RS 2 B TE & B S 47 2% SE HI R PAN
W il T

TABLE 6. Aanlysis of PAN symptoms distribution on
serial leaves of six Sword-leaf lettuce plants randomly
collected from the field

PAN injury'
Plant (% leaf area)
No.1 2 3 4 5 6 7 8 9 1011 12 131415
(leaf No.)?
1 00 5 2210 020 - - - - ==’
2 0020 510102020 5 - - - — - -
3 000 510 2 51040 5 5 - - - -
4 000 201 0 1205 510 - -~
5 00 0 1 2 510 2203610 210105
6 00 0 010 510 2 220302020105

" Injury percentage is estimated as described in Table 1.
? Leaf No. 1 represents the youngest leaf.
* Not available.

BSREORESIEI-122, #@E@BE K =~
ROJBEfE®E 2 10 3, WM E LS A HERE =X
BAEo

MR A & FR AR B [H] o BE B RS 5, 1L 1992
FoHRH, BT A, s1E3. 12, 5H=R,
BT H B BB T R, A DU 3 H R E
PANRE >, AI416 A 3H ZEEHE 10 ppb,



40 EyHESET] F28 S1H 1995

12HE 11 ppb, 25 AEIET 12 ppb o HAEIREZE
A5 145 I 4 T A B T 0 R — B

FHMEE PANREEFENTE, B 19904
BT MR EER, ok, 59, &b,
R, HHE, HEME, S AMEEEA PAN
EERMNME. FE5kEEEE, EETH, B
A, Sk B FIE, EEAM, EiE, EER
Ir, 7o, R EE v B S R,
fiah HossE m iR 28 km, E20 km &L,
#4500 km' fidy e B, b, martlE, Hl
FEAGPHESPECE, B, MERIEE,
E T, DR EAERE B, SESE YRS
TEZEH, EHEE R A0 km® L T
B E AT R T, RS ML, AR, BT R
b, . B BRI, REE, BREL. Bl S,
REMY i SfE, WE. RIS, . SENL &
FRoomaobl, g 0%, R FEE. FREEREMT
i BRI ESERAEEEZENEIR, &5
HEWMBEEHA 200 km* 2l L, REHEEERER 10
HBAEE 34 HE, HA H B 5 P A s
PAN S FL e SRR i ek .

S

dE i E AR EAE S s FRE
FiEDE R b, B A LER, A PANELE
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ABSTRACT

Sun, E. I 1993, Effects of perosyacetyl nitrate on letruce plants in Taiwan. Plant Pathol. Bull
2:33-42, (Department of Plant Pathology and Entomology, National Taiwan University, Taipei,
Taiwan, R.O.C)

Bronzing and silvering on lower leaf surfaces of Sword-leaf lettuce (Lactuca sativa L. cv.
Sword-leaf) and Round-leaf lettuce (L. sativa L. cv. Round-leaf) were first found in Taipei arca
in 1989, Later these peroxyacctyl nitrate (PAN)-type symptoms were also found in Taichung and
Kuohsiung areas on more lettuce cultivars including Pan-leaf lettuee.  Usually the typical
symptoms developed within one day after a calm sunny day with heavy smog. They occurred on
the tip portion of young leaf, midsection portion of newly developed leaf, and the base portion of
mature leat.  The symptoms and distribution patterns on letiuce leaves can be simulated after
exposure of these lettuce plants to man-made peroxyacetyl nitrate at phytotoxic concentrations in
continuously stirred tank reactors (CSTRs) in the greenhouse, These symptoms were completely
different from those exhibited in the ozone exposure test in the same CSTRs. Results also
showed that the degree of sensitivity of five cultivars or varieties of lettuce tested to PAN is as
follows: Sword-leaf lettuce > Round-leaf lettuce = Pan-leaf lettuce, Celtuce lettuce = Crisp-leaf
lettuce.  Similar result can be demonstrated after a heavily polluted day in the greenhouse of
Taiwan University where these cultivars or varieties were planted. Measurement of the PAN in
the atmosphere near National Taiwan University at Taipei showed that it could reach as high as
27 ppb at noon time in smogy duays, but was undetectable in rainy, cloudy or windy days. In the
month of June, 1992, there were six days showing high concentrations of PAN near the noon
time.  Of them only three days showed PAN concentrations phytotoxic to the Sword-leaf lettuce.
It was suggested that the Sword-leaf and Round-leaf lettuce plants be used as PAN bioindicators
to investigate the occurrence and severity of PAN injury in the field. Investigation in the past 3
vears showed that PAN is at present affecting about 500 square km in Taipei areas. 400 square
km in Taichung areas, and 1,200 squre km in Kaohsiung areas.

key words: Peroxyacetyl nitrate, Lettuce, Photochemical smog, Indicator plant.





