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BEME H 1989 F R EH A TE S ZE & = (Lactuca sativa L. cv. Sword Leaf) Jz B 25 1 B (
L. sativa L. cv. Round Leaf) & H R B PIA S BB Z i FE (Peroxyacetyl nitrate ,EFEPAN)E L,
#9 T 22 TH 5% 87 1t (Bronzing) K 7 H b (Silvering) i B - RAEZ ELERE B EE (L. sativa
L.cv. Pan Leaf) % c Y Z EFHAF A —REBNER —RAMKBESR » HESMERAEHZE
5 e AL RR A T 24 TR IR M BB S BE L B84 » M P38 » RE B T PE
HIBRE LR o hERHRARRESMAFERUA TEMZ PANREBE LG B EE R
3 % F5 (Continuously stirred tank Reactor) N S EEHEER » R F LB EREPANFE|&E
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W BREA A BN » B A TS L THE S8 AT & PAN I8 5 & 7327 ppb
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ANHFTSENEEE °
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ABSTRACT

Bronzing and silvering on lower leaf surfaces of Sword-leaved lettuce (Lactuca sativa L.
cv. Sword Leaf) and Round-leaved lettuce (L. sativa L. cv. Round Leaf) were first found in
Taipei area in 1989. Later these peroxyacetyl nitrate (PAN)-type symptoms were also found in
Taichung and Kaohsiung areas and on more lettuce cultivars, such as Pan-leaved lettuce.
Usually the typical symptoms developed within one day after a heavily polluted sunny day with
still wind. They were restricted to the tip portion of young leaf, midsection portion of newly
developed leaf, and sometimes to the base portion of mature leaf. Same symptoms and similar
distribution type can be simulated from a fumigation test with lettuce plants using man-made
peroxyacetyl nitrate at phytotoxic concentrations in continuously stirred tank reactors (CSTRs)
in greenhouse. While these symptoms were completely different to those exhibited in an ozone
fumigation test using the same experimental device. Results from fumigation test also showed
that among five cultivars or varieties of lettuce, the sensitivity to PAN was Sword Leaf >
Round Leaf > Pan Leaf > Celtuce > Crisp Leaf. The similar order can also be figured out
after a heavily polluted day in the greenhouse having these cultivars or varieties planted in
together, Measurement of the PAN in the Taipei atmosphere near National Taiwan University
showed that in smogy noon time it might reach as high as 27 ppb, but it was undetectable in
those days with rainy, cloudy, or windy weather. In the whole month of June, 1992, there were
6 days showing high concentrations of PAN near the noon time, but only 3 of them ac-
companied with lettuce injury in next morning in the greenhouse. It was, therefore, possible to
use Sword-leaved lettuce or Round-leaved lettuce as PAN bioindicator to investigate the occur-
rence and severity of PAN injury in other parts of Taiwan. Data in the past 3 years showed

that PAN ia at present affecting the area of about 500 square km in Taipei, 400 square km in
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Taichung, and 1,200 square km in Kaohsiung. The severe PAN pollution seemed to be highly
correlated with the high number of motorcycle here in Taiwan, and is a big challange for

Taiwan EPA and Taiwan people at present and in the future.
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J¢ 122 fE %% (Photochemical smog)i5 YL R ERAR 1040 E R HEP ERW BB E o
MHEBIRTIRFEEY HBF BT > BB Middleton 2 A B 5612 1944 FE B BUEY) L B TR R &
» WEFL 1950 FFK P Plant Disease Reporter st (Middleton et al. 1950) © Ti52— 5 & » Crabtree
& KempHIHBRBHEAUBRRWE » PIMCEBEREBEHEN REE SR RBHEN EHE(
Crabtree and Kemp 1946) © 1958 ZERichards % A FE A 5B B 1956 SR NMN I BB HEEE Ao g5
BE (Fleck) & R & A5 [ (Richards et al. 1958) » & —%E % Heggestad and Middleton F>2EE 5=
EERE BRI L IR BB, S I SRR BT (Weather fleck ) /7 5 B & BT R (Heggestad
and Middleton 1959) ©

B8t #1944 £ Middleton & A & FH B E A48 BRR B » Bobrov 14 1955 & F BEM T AR 75
Bobrov 1955) » 21956 4F » Middleton X BH A/ M HERA RS HEAILE » hBES S 2E(
Middleton 1961) » T2 E 19604F 75 £ Stephens ¥ A BB B (% % 5 — & 15 ¥ F7 5| & (Stephens et al.
1961) » HF17 F 36 & 58 BR Z B B8 (Peroxyacetyl nitrate, UL FEEFEPAN) o B W e (LB EH =
EREEEBABHAE H—BRE 75— R S A ER BE 2 FE %8 (Peroxyacyl nitrate) » H
X LB SRR Z B B (PAN) BB B BRI B BS (Peroxypropionyl nitrate » E#EPPN) £ £ ERK
8o

BB EBENREACHEREREBS WA SR EER L TRE—RFIA B
[ FETT 2 2 (Dollard et al. 1991; Middleton 1961; Stephens 1969; Stephens et al, 1961) » T3 Ba VT 1Y
Wit EREPANERREMYWEES » T S8 ERUEREITIEE » BB E I
EEEE » ARREKERIEENHE » BRHENO ~ NO, ERFHE L EBE R (
Singh and Hanst 1981; Buhr 1990) °

EEA > FHCLEEEREEYNERE  FERE SR HRINTECHRLEESR > 4
W BAREFEEER 1970 FBEFENBRAR DB A EE B R EEE (Street et al
- 1971; Sung et al. 1973), MARYE M FOBE VB AT 22 R AT & Z £ P ERE B (Sung et al 1973) © 5
—FHH G BANEE ~HE BES SERHENE &80 1L/ B (Bronzing) » #8 5 1LI% B (Sil-
vering) » IR B PANTRER AL E & #h B #5555 18 (Sun 1990a, 1992b) © HE | » sEHI5 %
LERPIBIOFRBINCWHRE » EE 19928 F AA5%ERPAN BEEE SHEY % K E 5 (Sun
1992a) © ﬁﬁﬁﬁ%ﬁ:fﬁ%é@ﬁg  EARBPANNREREHEGE » SENEREYESE
WEKES » E-HEFERANTEHEEZRKRAGENEF9TE » B—FEATEE
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BERATERMDHRZE BN ZEREACEESEHRIIE  BEREBL—EERRS -
BTE-FTHEPANHBERITEBARERY » AMENREHEMES - 5RYS
MRALERSEERR  HEEEEAT BPANNEESE  UHEHREMLZ2%E -

ME R DA
— « BEAHZEN RSB EIN

HR B S BRI RS S EY R B QMM 55 3# (Taylor and MacLean 1970
; Taylor et al. 1961; Temple and Taylor 1983) * MBEAWFCTUA L ERIPANHEERSR » &
35 0T DA ZE 4 B B R A [R) Y 52 89 B8 5% 8% E B (Sun 1992a) » M1 EEHIR SR HFHEZBAT
H s BFETNA -~ EHEEE > WEATEHBEAR » OB EPANFATERKARE

EPRFEEEERENEL  EANEHERETEHSRESE » KEBPLactuca B2 R FITE
MY BN DT BAELERRR -  SARBILLEBREENIETEHE > EALRZ
ZHEBRZER » WHREIL—EMEHHE -

T~KRFPANBEZSTARIE

BB AR T PANEE & 7 85 — i & ¥R F & 48 8 /788 (Gas chromatograph) Bt & B F 5
AR H12% (Electron capture detector, M #8ECD) ¥ LU E E 4%l (Darley et al. 1963; Buhr 1990; Katz
1977) » FEARFFE PR AKatz(197) A Z T 0 RERIMBETE ° /& (Column)
7 > $R#EA100 cm& > WE1/8 inch ZHHLFEE » MIA5 Y% Carbowax 4004 &> 100-120 mesh
Z chromosorb L3 o FTAZEATIRE ~ HEHSHEEKECDEEER30C » BINRREREBRS
EMERR » MEBESOHA0T » ARPIEHTFZ GCH Varian 34002 » Wi 112 ECD £ £ FANi
632 AN o ¥ S P EE/R(Buhr 1990) » PANBER T &R » S HEBNIE » LEHAS
A o ERR L » BA—RE BB E > AR KA P HNEm], FEIN2m] » DIt E
EETAGC UEERBHEEIEERE > EHERRIT » —BRPANKTELTE 185 ERFHAR
H o RTAZ GCHEREH » BIELGEE SBME » LUKBM LT ol 2% o

EHPANEBEIKE » —RARESEEEN TIE » HAE—REAAIREERE IR Sp-
ectrophotometer)# » B RS S MF BB BT LUSELESHEGRREBRRESER WEBS 3 Joos
2 K (Joos et al. 1986) 5% K| F ARENY T EENO, analyzer) 7] LIZE B AH R IEPA NEJ I
B8 » BDAARWZCIRERA M » BT Z NOx /347888 Thermo Environment Instr, /28] H 2 Model
4234 Chemi II uminescence NO, analyzer o H F B[R # HF| I @&%H P < BHESHH » 7325
C T HPAN(EIENO, SR M A BREA LY BB —ALE > REFHRERE A ARIEK
HFEE A —SEAEE > FREHPANZZE

TR TRIELETLURENO, & T » M PAN T DIFERE BE THGCRNO, 41T
RPEIE ~ BIE » B AT R DUEH S H 2 R (Sun and Su 1985) » ZERPAN » HPANZ
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EIREF Gaffney et al. (1984):Z 71k » FAFE/KESERETSEMBRIR BB S 1L 8.2 BUB S B R (Nielsen
et al. 1982) » FF B8 & BE R YA A n-tridecane » I AR K » BIMABBRLETERAR
n-tridecane Z PAN o Y REPAN VA VRSB & EIEH 2 Z K4 (Sun and Su 1985) » BIATZE 1 60 X
70X50 cm X B IFEANELEBEREIPANRSE o i —RKETHGCZHBIENOX TGS
R 47 > B AN ANO IR S HNOWE % » HHPANZ & » REBKER » AITK
EfS HGC-ECDHI{E SEPAN I 2 R 27 BIAR 48 o

FHARTEEPANBE ZEH » RZPANTWEFEZ RS » SEHZ R TR IS8
REME  BEGEBREEE  BHESE  REEFEWAESSHE o

=~ AIPANKRRSHBERY 2 ERRIRRR

HPEYZPANRER » —RBEERIN BT 8B R MW 2 E (Taylor ef al. 1961;
Taylor and MacLean 1970) » SR TE A THEHIRSE PR PANSHEE RS HEHEE » I
EEAKE B HEERN » 8% Ggﬁﬁgﬁ#ﬁ%ﬁ (Continuously stirred tank reactor, Bl T
7B CSTR) » HFR B EHE » EX120 cm » 180 cm, 2 B 1A 4 » LrHEm—#E
) FETREE L HN—700WHEIRLE » BT RE—HMARIERAE » FERERRE o
LR AE T 2 % Sun(1990b) Z # 45 ©

HRRF TR PAN RIS ARF AT € BB R » HHSun and Su (1985) B 32 EE RAS RS
ERE  LRRMR AN > MEFNBEIZIBES  BTEAEY » SRSBEIIE N
RFFE > S —MRBEER R H FH4T » WIBIIA TIROE o BMERNES/ N HIRS N rEY
MLz Ree  REERE > UGCECDHEHERBREBE » BBRERE » ISEDEAR
Bt BRBEEZHRBREREY - AFMREIBE—RLBERMEERR  1RESXES
AE o UERERS TS ERSETHNENE

SRNEBRIASHBEEERZBEEY » B AIRETH R E 2 4£# (Ozone generator) &
LRE » BZEACSTRY » HHEEYEK » WFF— & Thermo Environ. Instr. 2 5] H 8y
49E UV photometric ozone monitor I E L EIEBE » R HEHEATRPAN B o

FORFTH R ETEY — AR ATTRE » RE2IEREBEAGTEIE « 4IR435800
CREFATTEBESZ LB » SEEEERAMERES » G- SRR REHRHER o
T 3 SRR B PR B 725 26 EZ M E o » AN Z BB —RE2528°CES » HERE
R —fRAES0-80 %6 A2 » RN BB —MRZEE TR U H S T B¥£530,0002 50,000Lux » TILER L8
7R IR FT R38R 2 10,000Lux DL L » Y EREH R EBER S —MBER > HEE » BE » LR
HHCSTRAZ 53581 ©

‘PANREBEZRENERGTRARRAE

FHPANREHEL RELERR OB AZEEREENET o FEST EHMEES
BROEERE  BFHHARBAUBEEE THPANBEZEE - KA EATERRAREE
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S BB T RIME I —#EEY » DS HIPANZ B HRIT ©

CTAMPANSEEM s BEANABE I ESTHESE » AFALEN - 59 - Bk
SRR B BEHESS > FEARERSBRBNEEREREY > ASHEE B
HAEYE THmRA o TAMMEHEREE TRESIIANEREERE » WE— S THRELZE
BE > BHESEREFG ) THREBEIEE -

#5 R B2 &Y &m

—  HEREZ BN R SURE DT

HlEE RERES » EEY B EERIZEEE (Lactuca sativa L. cv. Sword Leaf) ~ EIEH
Bf ~ (L. sativa L. cv. Round Leaf) ~ #EER# B (L. sativa L. var. capitata Hor t.) ~ ¥ EEE E (L.
sativa L. var. crispa L.) ~ # % % & (L. sativa L. var. asparagin a Bailey) ~ 8% B (L. sativa L.
cv. Pan Leaf) 58 » ERE S E A Lactuca AB 2 ¥ RSB FEQH IUEE (L. indica L)X
S LUEHE (Lactuca formosana Max.) R o AT L b FEGERPERLE LRI
SEEmE  MESKBRLERHEZRE > BB193FE 2 sSHEBRERERERERZH
L BHAESBENPANKE (S HRHIEMRII KSR » BHIE11:00E 13:00F F515 ppbZ
PAN > HE & 27 ppb) 2 1% » EEHRESEIBAEBEKERFR » AIRBELUTRERE »
ZHEKERF BB ESR » WEHR2, SHABREFARELE » RER LREREH
HLFHER o

Fig. 1. Peroxyacetyl nitrate injury symptoms on young leaf of Sword-leaved plant found in the

field showing the bronzing on the lower surface. Right leaf is the healthy check.
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EEFALBRS BRI > IFATRRTAERNMNLE » ESELME2FA
BN T # B 17 iR 43-fffi (Transverse banding) B9 & ¥ (Taylor and MacLean 1970) » 2N (1) fiF o &
AED IR THENRESE  BSERESRBEL=ZAE -~ L4EE - R TLEE =5 »

Mo FitR R B H LM RB AR CERESE » HERWERO)FTE ©

HR() T » EATHEERIES » B UEFRERR » HIWHL 5T o MEET
Fo AU EPREZERE  HETPRERERRZE B THEE4TE 53 » QA4 TP
mRE  BERGATHEZE o RPEY ) TATURRESAPANSSEYE RGBS ES
Y > SUEEE R AR R H B I B2 M (Cell age selectivity) » RSN LB ER » i
R RARETMM » T2 2R 5 358 » £ LR EERRIF RN » MR EEL AR §
ETERARE ST AIRFREETLETERRANME » SORBMRERHE c #HE

PAN A I AR E » WRAREERAEAER » IIBTERS -

Table 1. Leaf injury percentage of three Sword-leaved lettuce plants caused by PAN in nature in

NTU Farm as devided into three portions of each leaf and seven chronological orders for

each plant counted within 5 days after a heavy PAN episode occurred on Fed. 5, 1993,

Plant Leaf PAN injury percentage on each leaf in
No. portion chronological order counted from the top
(% in area)
1 2 3 4 5 6
1 Apex 0 1 4 1 0 0
Upper half 0 0 12 15 5 0
Lower half 0 0 0 15 2 0
Subtotal 0 1 16 31 7 0
2 Apex 0 0 1 1 0 0
Upper half 0 0 15 5 0
Lower half 0 0 0 5 0 0
Subtotal 0 0 1 21 5 0
3 Apex 0 1 2 4 0 0
Upper half 0 0 5 30 5 2
Lower half 0 0 0 10 5 0
Subtotal 0 1 7 44 10 2
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EEHEFSMNERSR  EHMEEE  WHEFTE - BEESTEEHENESR »
T 32 B B 4135 38 3 7R B #8 [| (Taylor and MacLean 1970) ©
B AEGERREZLE AR EHAASEIFSELE —BHEENZRE » B A
T EESBERER 30 S ZEEY » EREAERESHEEN » RPANKERETLEE &
B ZERY o BILL19935 2 A SHPANRBZ ZERH » EALBSEEEG—BRZEE
KRERE » FETHEREEERRE ~ £ > THEEHS  BEHAREERELE
’ﬁF%W§QWT°

Table 2. Comparison of sentivity of five cultivars or varieties of lettuce to PA N as determined by
. leaf injury percentage each from four plants growing in together in NTU greenhouse

after a heavy PAN episode occurred on Feb. 5, 1993,

Average PAN injury percentage on leaves

Cultivar or Leaf” in chronological order from the top
variety . portion (% in area)
1 2 3 4 5
Sword Leaf Apex 0 1 3 1 0
Upper half 0 0 33 21 0
Lower half 0 0 22 17 1
Subtotal 0 1 58 39 1
Round Leaf Apex 0 3 2 0
Upper half 0 17 26 0
Lower half 0 7 30 1
Subtotal 0 27 58 1
Pan Leaf Apex 0 2 0
Upper half 0 20 0
Lower half 0 14 0
Subtotal 0 36 0
Celtuce Apex 0 2 1 0
Upper half 0 5 9 0
Lower half 0 0 7 0
Subtotal 0 7 17 0
Crisp Leaf Apex 0 0 0 0
Upper half 0 0 0 0
Lower half 0 0 0 0

Subtotal 0 0 0 0
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MRQZER  BATH GEEEET > AXHERSES  EAREERE » BX
RBEE METE > RTIERERSURERE  ARHAZ2RETRE - '
ERSZREEMIBES » KB EFATEHTAARENBEES  ATAREERAREE
ERESERERERBIEY BeEERTRRERE  EFREEREESEREH
MARTREFEE  ELHHCERE  UEHREEARBLEEN - - 5 "ELact
vca EEFIUEEREEIIEE » FHERREGHRFE - ErHEPANKBUREREE o

= A ERPANRE T A HRRE

FIAGC-ECDE & ALY ST » CREENRERK P ZPANETSITHIE » B1LL19934F
2 ASHEIHEEES » PRI PANZEIERFZGCHIE 2 RER U QA= » &
FE—RAEZ FEEERE » HEREES R 180653 522945 » 88 = RYE & HIEERE
R o VSR R4 BB 1.797 B 2.2804) o HAE 1806 179745 2 HIE BB PANFE » W45l
£527.0 5253 ppb » 2.294 52280 H BRI R BEMBRNERFE » HBEMGHB19X15
ppbZEH °©

Fig. 2. GC-ECD spectrums of atmospheric peroxyacyl nitrates at Taipei City, expressing the 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

ME9NRFE2H27THE29HHE LETFREIATEEBAEMEMERE » 7SE@3) AT
R BA—BRTLEE » SHPANEFERKGEIIBHBYT EAE » MEZRFYEBRERT
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» B EHBEERFECH » NEREFR IR 2FE » PANRERIEEE > BREEMBR
o TEVER -~ WL - BN H ~ BMEAKEH » AKFERIAT HEPANKPPNREFLE ©

—a— 2/28/92 §

[ —-n— 229/92 [
61 —o— 2/27/92 §
s | i "

PAN con. (ppb) 4 1

8:24 9:36 10:48 12:00 13:12 14:24 15:36 16:48 18:00
TIME

Fig. 3. Peroxyacetyl nitrate concentrations in the period of Fed. 27 to 29, 1992 , measured at

National Taiwan University, Taipei, showing the highest peak in the noot time everyday.

19924 6 4 1HZE30H » BHBEFRSRNEIIEEBAZREFERRENLZER
HIERFER » B iR > BEFPEATHECHIORS » #F6H1~2~7~8~13 »
1720 ~ 2324 ~ 2729 HEH 4 H 2P R HPANZ T4 » HhE AE SO EPANZ B4 » B
PSR ENEH FEIE3~ 1216 > 21 ~25K26% 6H c REFRER TH 6 5 HERWEHF
FET7~8~13~17~18~27K28FH7H » LW LIBRRE LR 14 HMPANH h 2 78 » TRk
H6H1~2~19~20~23~24~29HFE 7THAIEBERRXLB/REBEANHTF » ER6HEE
EEH Z RERTE RS B T RS E/ DR o AT RS REEEXKEARNET » &
LA B MPANZ B4 o MM » MBEMAARE/NNRFRET » TEHAKEPANK T4
o MEE AR T  TREENEERRTERRER » MEABERSESHHRENESAL
VI RRSAESE > FAMRIERIG S » MEAIGEREE/D » BAER SROERSL: o

AR F B HE AR HPAN M Z 5 » BAREEBLRY Bt » @EFHK S
 ERBEEEBAERES  EHERNEREEN » URANEZBIZBEFERNLEETIIL=
HIBLEE 2 PANIBE KB+ 85E » WWBEURPANZ BRE—ERYECEHE » IESLAE
AKIOCKARENBEREBSY o
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PAN con. of 6/92

12 ¢

10 ¢

IR VNIVAWANAYS

1-Jun 4-Jun 7-Jun  10-Jun 13-Jun 16-Jun 19-Jun 22-Jun 25-Jun 28-Jun  1-Jul
TIME

PAN con. (ppb)
[o)]

Fig. 4. Peroxyacetyl nitrate concentrations in June, 1992, measured at National Taiwan University

, Taipei, showing several polluted days in the month,

=~ ATRIBPANH B EEYER 2R

119924 12 BE 19934 1 A B AR EEE R ERE T EFPAN Y EERES » HEERE
P ANTEFEANZ BEKXBEEMIETRE - MAPANER % » BEEEthE B HEBR AR EMHEREN
R BERAMKEEIERY - HRMEEC S REREBER  BEASINRESE
BIBAIEZ 15 ppb X 6/ » T 1E28 ppb X 4/NFATEE AN E BEMNBE o YK EELT12 ppb
X 6 /NEF 0 10 ppb X 37NEF » 8 ppb X 8/NIF » B MERE o

FELL28 ppb LPANHRIFEREEANFER » TAR RS T SHELEE L » g
TR~ EE S THECZERE » HRAOKROFT c HRQ)EHEATEEESD gL
RE AETHPEZERENTROMAEY » HE— ATERER » EATH—BEEE
E—REEIEPANER L » HEETEHIMBSHFERE » B RE2 RIS CELK S ZE
P B3RAR LR (F LPERTLE)ZRERE o ESEHEETRESE AN B L —EHK
RERGLRIEFE LB ERKR o




204 EENMEERERARERKEEYEERENNGEE

Table 3. Leaf injury percentage of six Sword-leaved lettuce plants exposed to 28 ppb of PAN for
4 hin continuously stirred tank reactor in greenhouse as devided into three portions of

each leaf and seven chronological orders for each plant.

PAN injury percentage on leaves in

Plant Leaf chronological order from the top
No. portion (% in area)
1 2 3 4 5 6 7 8
1 Apex 0 2 4 3 1 0 0 0
Upper half 0 2 30 45 5 0 0 0
Lower half 0 0 2 30 10 0 0 0
Total 0 4 36 78 16 0 0 0
2 Apex 1 0 2 1 0 0 0
Upper half 0 3 45 40 3 0 0
Lower half 0 0 30 30 0 0 0
Total 1 3 77 71 3 0 0
3 Apex 0 4 4 2 0 0 0 0
Upper half 0 20 30 40 3 1 0 0
Lower half 0 0 5 30 3 0 0 0
Total 0 24 39 72 6 1 0 0
4 Apex 0 3 3 0 0 0 0 0
Upper half 0 3 40 30 3 0 0 0
Lower half 0 0 3 20 3 0 0 0
Total 0 6 46 50 6 0 0 0
5  Apex 0 1 4 2 0 0 0
Upper half 0 3 40 40 2 0 0
Lower half 0 0 20 40 0 0 0
Total 0 4 64 82 2 0 0
6 Apex 1 4 4 0 1 0 0 0
Upper half 0 5 40 25 25 0 0 0
Lower half 0 0 15 25 15 0 0 0
Total 1 9 59 50 41 0 0 0

Average 0.3 8 53 67 12 0.6 0 0
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FIFH28 ppb Z PANBIBUNNRIERERRZHER » EARHRE4FREIENR L » f5EH
B ZERE  BRUORGFIER - HRFTHR » ZEREERE 2HE ) MELTER
EEEIRHELRTES o ME—XRERTLUERIFEZRE » AU HEEPIBERX

BR2% o

Table 4. Leaf injury percentage of six small Sword-leaved lettuce plants exposed to 28 ppb of PAN

for 4 h in continuously stirred tank reactor in greenhouse as devided into three portions

of each leaf and seven chronological orders for each plant.

PAN injury percentage onh leaves in

Plant Leaf chronological order from the top
NO. portion , (% in area)

1 2 3 4 5
1 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 half 0 25 20 0 0
Lower half 0 10 25 5 0
Total 0 37 47 5 0
6 Apex 0 2 i 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
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XAEF F528 ppb X 4/NEFPANC ER T » EANBAEREZZERE » T HE3IE4H
LERZEBUZETFFLTLUFS - KERMORGFR  ARFTH > AT EREEKH
RUORLMEEERRERE » HE2RE3ECZERRTERE P » HBREHAE /MK
REXEEE - BEE - HXEEAEESE - EEERERQ MV AEEEHEEREER
BEZPANBEDUHIEHRES » P —3 -

Table 5. Comparison of sentivity of five cultivars or varieties of lettuce to PAN as determined by
leaf injury percentage each of four plants after the exposure to 28 ppb of PAN for 4 h

in continuously stirred tank reactor in greenhouse.

Average PAN injury percentage on leaves

Cultivar or Leaf in chronological order from the top
variety portion (% in area)
1 2 3 4
Sword Leaf Apex 0 2 0 0
Upper half 0 30 24 0
Lower half 0 16 26 2
Total 0 48 50 2
Round Leaf Apex . 0 1 2 0
Upper half 0 0 30 2
Lower half 0 0 10 8
Total" 0 1 42 10
Pan Leaf Apex 0 4 1
Upper half 0 25 15
Lower half 0 7 10
Total 0 36 26
Celtuce Apex 0 2 1 0
Upper half 0 1 20 2
Lower half 0 0 12 5
Total 0 3 33 7
Crisp Leaf Apex 0 2 0
Upper half 0 7 0
Lower half 0 0 0
Total 0 9 0
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BETRASHEECRENREEHAES BRI » BAR19924 12 5 EFIFH CSTRE
RERNEBES LA AREEREESERR » HEDERESE 2B 300ppb X 470
B R T B H b SR T B (Fleck) MOJRAK » ELRBUELPAN S IR R F 2 B4 (a) L HUHA
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Table 6. PAN injury percentage on leaves of six Sword-leaved lettuce plants with different size

collected randomly from the field at Pintung City in late January, 1990,

PAN injury percentage on leaves in chronological order from the
Plant top (% in area)
No.

1 2 3 4 5 6 7 § 9 10 11 12 13 14 15

3 0 0 0 5 10 2 5 10 20 40 5 5

4 0 0 0 2 0 1 0 1 20 5 5 10
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