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J-step
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Abbreviations

Chlorophyll

Plant efficiency analyzer
Performance index
Plastoquinone
Photosystem II

Reaction center
Structural function index

Terms

Energy fluxes of photons absorbed by the antenna pigments
Energy dissipation

Energy fluxes of electron to transport chain

Chlorophyll fluorescence vyield associated with complete of
closure PSII centers in the dark-adapted state, equal to
Fp

Chlorophyll fluorescence yield with all PSII centers open in
the dark-adapted state

Peak chlorophyll fluorescence

Variable chlorophyll fluorescence in the dark—adapted state,
equal to Fm-Fo

Potential quantum vyield of PSII photochemistry in the
dark-adapted state (the ratio of variable and maximal
chlorophyll fluorescence)

Step at 60 ms of Chl a fluorescence rise between O and P
steps

Step at 2 ms of Chl a fluorescence rise between O and P
steps

Slope at the beginning of the transient Fo—Fm, maximal
fractional rate of photochemistry, equal to (dv/dt)o

Step at B0 s of Chl a fluorescence rise



P-step
Qa

Qs

TRo
®ro

Dpo

Yo

Step at 300 ms of Chl a fluorescence rise
Primary electron accepting plastoquinone of PSII

Secondary electron accepting plastoquinone of PSII

Energy fluxes of excitons channeled to the reaction center
Probability of a absorbed exciton moving an electron beyond

Qa

Maximum quantum yield of primary photochemistry

Efficiency with which a trapped exciton can move an
electron into the electron transport chain
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Summary

This study was investigated on the biodiversity and life form of plants in
the wetlands in Jeju city area, and the chlorophyll fluorescence response of
several hydrophytes exposed to heavy metal stress. The perception of middle
school students about environmental problems and education was also

surveyed. The results are as follows;

1) One hundred and thirty one species of plants were observed in the
wetlands on Jeju city. The plant biodiversity of wetlands was high in Ban
pond (40 species), Jeongmool (38 sp), Mosanimool (37 sp), and etc. The
biodiversity of hydrophytes was high in Jeongmool and Mosanimool (25 sp),
Yongsoo reservoir and Ban pond (23 sp), and etc. The various life forms of
wetland plants were distributed on Jeongmool, Woot pond, Yongsoo reservoir

and Dolgaegi pond (5sp appearance).

2) Of 5 hydrophytic species such as Lemna, Salvinia, Ricciocarpus, Nymphaea
and Typha, Lemna species was most sensitive against Cd" stress. Therefore
the chlorophyll fluorescence intensity and photosynthetic efficiency decreased

considerably under Cd " stress.

3) The environmental education at middle school was focused on field
experience, and middle school students also prefer to obtain environmental

knowledge through field experience rather than in class.

From the results described above, 1) field experience seems to be
necessary for environment education in middle school, 2) wetlands such as
Ban pond, Jeongmool, Mosanimool, and etc. seem to be useful as nature
study sites. 3) And Lemna seems to be valuable as an indicator plant for

environmental education in the laboratory.
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2. Az 2 Y

1) AR 73

O

d&ota = HAol R ARES ¥
1

gtetol 29745 A o= &l (Table 2-1, Fig. 2-1 ;5 AF%= &, 2001).

Table 2-1. The locations of the wetlands surveyed in this study

. Geographic Coordinates i
No. \Ygrlnagd Location Latitufle phic C Long?tu e Al‘([;rtsde W(ertrll?)n d Remark”
01 &XAHE std™ 22| N 33° 18 35.8” E 126° 11’ 05.3” 20 750 D
02 A=A std™ 2| N33° 18 51.47 E 126° 117 17.9” 35 137,000 D
03 Molst=E std™ wEa] N 33° 197 07.5”7 E 126° 13 51.07 72 1,300 D
04 ZBHZE skd™ AMxj2] N 33° 20 01.0”7 E 126° 16" 36.07 142 550 D
05 HE SHalg 92| N 33° 20 31.07 E 126° 19” 40.0” 357 250 UD
06 HWEX st 222l N33° 217 16.17 E 126° 17 52.77 215 1,900 D
07 Y¥YunZx SH2l S AtH2| N 33° 237 03.7”7 E 126° 18 38.7” 235 300 UD
08 Zgol= SHalg AMHE| N 33° 227 48.0”7 E 126° 18 38.07 255 800 UD
09 EM7|= SH2l g AbH2| N 33° 237 20.5” E 126° 18" 47.5” 200 600 D
10 oAst2 SHalg FH=12] N 33° 25 43.3”7 E 126° 18’ 05.0” 33 5,000 D
11 RE(ER) oflgs =32l N33 26 09.3”7 E 126° 19" 47.8” 68 2,700 D
12 9Astx O €S 3H7I2l N 33° 27 04.4” E 126° 20" 56.4” 68 11,000 D
13 &4ol=E Of2lg AlYE| N 33° 27 55.3” E 126° 22" 12.9” 45 980 UD
14 ZHZR ofelg £Ze| N33 25 55.3” E 126° 23’ 23.27 220 1,300 D
15 F=MX$EX ojgs =42l N 33° 28 05.6” E 126° 23" 18.3” 45 127,000 D)
16 HAFETTE oigs &l N 33° 24 46.0” E 126° 26" 16.0”7 558 1,500 D)
17 z=2|Afo] HFEA 2705 N 33° 27 59.2” E 126° 36" 29.4” 300 450 D
18 Edolx =MZ AMEB| N 33° 31 59.0” E 126° 36" 52.0” 37 2,000 D)
19 HisZ® Z=™MF et=2| N 33° 27 34.6” E 126° 39° 09.4” 380 1,500 UD
20 YE=2Z Z=ME ti=12] N 33° 28 28.0”7 E 126° 39 32.0” 300 1,000 D
21 £2&2 Mg g-E| N33 317 11.4”7 E 126° 40" 12.9” 35 1,600 D
22 UHHC|E =HZ ME28] N 33° 28 12,17 E 126° 43 07.0”7 300 500 UD
23 Hiz MG ME12] N 33° 30° 32.0” E 126° 43’ 03.07 125 2,000 D
24 1| Atoj Tzbg 22| N 33° 307 00.07 E 126° 45 30.07 150 700 UD
25 R Tahg AtEAM N 33° 28 47.07 E 126° 43 51.4” 235 2,300 D
26 ZAILE Tzbg ShHAM N 33° 307 17.07 E 126° 46’ 19.07 125 2,500 D
27 2T0|%2 TS &£EE| N 33° 24 48.07 E 126° 44’ 38.07 290 1,500 UD
28 =222t2 Tag &£E2| N 33° 28 1217 E 126° 43 07.07 297 700 UD
29 ojyz|2 Tzhg SEE| N 33° 27 01.4”7 E 126° 48 07.8” 230 2,500 D

"D, disturbed; UD, Undisturbed
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Figure 2-1. Map showing the locations of the wetlands surveyed in this study.

The numbers represent the each survey site.
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3. 27 4 n&

1) &4

B ZAA GO A 2AME A ES 429 884 116% 16WToRE F 13153t
(Table 2-2, Appendix I). ZALHE 2] &2 A2 Eo] 15 15(0.76%), ¥ 2 =9
2% 2F(1.53%)0l AL, A= FAG A Eo] 465 63F(48.09%), TAYG A&
o] 39% 65E(49.62%) 2.2 AP A Eo Hl o] 7MY A YEyT AN ES
HE2 BAE ALERI A Eo] 55 165 (122%) o2 71 wo] AL, &l
W3k A Eo] 124 12%(9.2%), vt &3 A& 24 9F5(6.9%) 0= FAMEH A

f

Table 2-2. The number of taxa distributed in the wetlands surveyed in this

survey
fam. gen. Sp. subsp. var. for. total
Bryophyta 1 1 1 - = - 1
Pteriodophyta 2 2 2 - = - 2
Gymnospermae - - = - - - -
Angilospermae 39 85 112 - 16 B 128
Dicotyledoneae 24 46 57 - 6 - 63
Monocotyledoneae 15 39 55 = 10 - 65
Total 42 88 115 = 16 - 131
EN

2-2), A= T7F 58t tH(Table
2-3). A g or oj&H= FAolXe] 20F AEFS Hirstal Jdou

§FASA BAME 30F] 4

So] REFHI Yov], BER FHALA, AR 5 3RS 10% ol5he A



Figure 2-2. Landscape of Ban pond
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Table 2-3. Distribution of life form of the plants in the wetlands surveyed in

this study
. Life form
Site Total
MM N Ch G H HH Th
kX7 = 1 10 2 13
sV S SN 1 1 1 3 23 5 34
Mo|etHE 2 13 15
FAZSES 2 10 12
= 1 2 2 3 25 5 38
By 2 2 1 19 4 26
echn ! 2 2 19 3 26
Helo|2 1 1 1 19 5 27
=472 1 2 5 22 6 36
o152 1 2 3 19 3 28
22 (E2=R) 8 6 14
o5tz 1 1 4 18 8 32
2lol= 2 14 9 25
zhahse 1 4 14 4 23
RSN 1 5 6
A 1 7 12 1 21
=2|Ajo| 3 fliz 1 16
o= 1 2 15 2 20
Hiz 2 1 1 6 20 3 31
ez 1 1 2 17 2 23
22 4 2 6
HHEHE| = 1 2 20 23
HpS 1 6 23 10 40
| Akoj 1 2 2 16 1 22
IR 1 2 5 21 6 35
BAIHE 1 4 2 25 5 37
=T0|&% 2 1 2 21 2 28
=221 2 1 4 11 1 19
oj |2 1 3 6 17 3 30
total 1 1 6 2 24 71 26 131

MM, megaphanerophytes; N, nanophanerophytes; G, geophyte; Ch, chamephytes;
H, hemicryptophytes; HH, hydatophytes; Th, therophytes.
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Table 2-4. Distribution of life form of the wetland plants in the wetlands

surveyed In this study

Hydrophytes Hygrophytes

Site No. Em Fl_Ff  Sm  Sublotal & Mesophyies 'Ot
e 2 1 6 9 ! 10
AKX LK 11 2 2 6 21 2 23
Molst=E 5 1 2 4 12 1 13
PATIE 4 2 1 3 10 10
N2 12 2 1 8 23 2 25
= 10 2 1 5 18 1 19
oAz 12 2 3 17 2 19
Zelo|g 11 2 2 3 18 1 19
sH72 12 2 1 4 19 g 22
o152 W P 2 16 . 18
RRER) NFS 12 6 2 ®
o5tz 8 3 3 2 16 2 18
Syo|= 8 1 2 2 13 1 14
=T 8 1 z 2 13 1 14
AR SR 3 1 2 1 >
L=xrR g 9 1 10 2 12
EIPVEEL 3 1 1 4 9 3 12
LA 0| 2 9 3 1 13 2 15
Hiz 2 16 1 17 3 20
Jc=e 11 4 1 16 1 17
T2g 1 1 g g
L 1= R P A 18 2 20
HEg 14 4 4 22 1 23
2| Atol 7 4 1 2 14 2 16
25 11 4 4 19 2 21
DAL Z 13 5 4 22 3 25
=T0| 2 14 1 4 19 2 21
Z2oaly 9 1 10 1 11
oj iz 2 14 1 1 16 1 17
total 4 6 4 14 65 6 [

hydrophytes; Sm, submersed hydrophytes

_13_

Em, emergent hydrophytes; Fl, floating-leaved hydrophytes; Ff, free—floating



Figure 2-3. Landscape of Mosanimool

Figure 2-4. Landscape of Yongsoo reservoir
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Table 2-5. The lists of red-listed wild plants observed in wetlands in this study

Ministry of Forest

Plant Name Environment”  Survice? Remark
(2005) (2006)
Isoetes japonica EX-F @) O iy B
Brasenia schreberi | @ @ ), RARE
Utricularia japonica 53 O SFATA, A shE
Hydrocharis dubia Ae}% O ZoupL
Nymphoides coreana |24 O 2 E AL e s oA 3 AR

Sparganium stoloniferum 3V O HHE sl
Acorus calamus var. angustatus 3. O WL 3, ek, HER, dskE, EAVIE,
A m $HE
Total 3.1(2/64) 2.7(7/259)

D A4 RAA 2597 oFAA =
D 4RAAY A%

A AR A HEQV] ofMAES [HF 8F I+ 56F % 64F0] AAH
ROV, 2005), o1F ErE TAANA] WEN/] FYNEY FRE T
olg) E Ay Ol sdstes EHFUsoetes japonica)®t = (Brasenia

schreberi) 2&°] wX3l A& Aoz ZAEHIY. F E5FF5 AR EE)

oA dFHACH A= 27 (H A, ZAY =) A BFHAT. E5-F

rr

{

N

2) AF7HA SEvge] BEXse FANEE Fol Rty 52 A4 HIE Ugte FA4EL 9%
F2A, 7INAZ(Eurylae ferox), "I8eH-E(Ramunculus kazusensts), <= (Brasenia schreberi) 5 3% 7}
23l0] Ax BHIE BRI FAANER HAAHJL, T gLor EXZF(Iscetes japonica), AEE
(Hydrocharis dubia), Z5&(Menyanthes trifoliata), EHL(Utricularwz Jjaponica) & 4FF7F 13] R
& FAAER AAEATE o] Hrol ARIA A 129 FAAES BE Y AEE dAAsiden, g
HGAA - GrrATde AFRuA (o] 5, 2000)00HM 7= Bu ARES EUE A 227F0 BT
& AEE AR en O Fo 12F9] A EC] 2FEAT
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@

Y2 (Isoetes japonica; Fig. 2-5)
F5-FUsoetes japonica)= F-FHH A FA 2

=
of A Atk 1940 B71%= HE A FEgopol o o= Afgst

Ae 25
of HuF RoT FeA Yout oF o AL $A Au Ao u
Il =

A BarEor(o], 1985), o529 A4A]7

o glo] dEefrlel A= Aew Hrt

Yy FA4 wlgolv b Au] oz ld AAAIL dEHE o] HEL
I

o ol2A ® F& Ydow HriEa glow, AFHE W

[ez]

HTh, 1975). AFeNAE =AW BEde FA Adel Aehi Ao
' T+
5

o] & = At FHo] Auk(eo] 5, 2005). EHFo L Lo &Kl HEHF
(I. koreana Chung & Chol), 7t =25 FUsoetes sinensis Palmer)9} & &4
SHAZF Rostn Sy ASste 25 FE JEL FUETeE

ol(o] %, 2005; &, 2001) EHAA HES 2THE Aot}

ol

w3l

l

Figure 2-5. Isoetes japonica, a rare plant species observed at Baenbaengdimool

in this study.

@ <=2 (Brasenia schreberi.; Fig. 2-6)
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Figure 2-6. Brasenia schreberi, a rare plant species observed at Goisalmae in

this study.

Fig. 2-7)

@ % (Utricularia japonica;

)

E 9 (Utricularia japonica

A, 1994).

Figure 2-7. Utricularia japonica, a rare plant species observed at Saemioatmool

in this survey.
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@ A}&}=(Hydrocharis dubia; Fig. 2-8)

Ze}E (Hydrocharis dubia)2 A% =% A g thdAo=z d=7|7F 4

A W whrel A et wgsta gon 9
A, 2e 8990 B yhelA v Aol PEAYL
:?_

, A Solth(& A, 1994).

Figure 2-8. Hydrocharis dubia, a rare plant species observed at Moolora pond in
this survey.

® Fo18 A E(Nymphoides coreana; Fig. 2-9)

Fol 2l A Z (Nymphoides coreana)s ol
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kel
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Figure 2-9. Nymphoides coreana, a rare plant species observed at Mosanimool
in this survey.
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® 34 (Sparganium stoloniferum; Fig. 2-10)
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Figure 2-10. Sparganium stoloniferum, a rare plant species observed at Yeonhoa

pond in this survey.
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2. Az 2 Y

1) AEAE 2 AAE

=/MTEl5  (Lemna paucicostata), 73°17ve  (Salvinia natans), =33 °]7]
(Ricciocarpus natans), % (Nymphaea tetragona), -5 (Typha orientalis)
of FAN=ES WdeR Adds FdeUTE wEE wA= Chollet (1993)9]
ol os xAlE & AT &%3H7] olde] pHE 652 XAt ALEEATh
W == KNOs3 (202 mg/¢), KH:POs (50.3 mg/ ¢ ), KoHPO, (27.8 mg/ ¢ ), KsSOy
(17.4 mg/¢), MgSOs - TH,O (49.6 mg/#¢), CaCly (11.1 mg/#), FeSO4 - 7TH,O (6
mg/ ¢ ), H3BOs (5.72 mg/¢), MnCl, - 4HO (282 mg/¢), ZnSO, (0.6 mg/ ),
(NH49)Mo702 - 4H20 (0.043 mg/#¢), CuCls-2H0 (0.078 mg/# ), CoClz - 6H:0
(0.054 mg/¢) 5= EFetaL o 25 AR A w3t

2) Jl=F A= v
ke FL=F (Cd)el H= (0, 10, 50, 100, 200uM)E =e]ste] A s X
WA 7HS el dte] 2541, 14L/10D 24 et

3) BHAHEE 4
(1) & Folm A4
P Folu x| E242 Nedbal & (200002] Wl wel Imaging Fluorometer
(FluorCam 700MF, Photon System Instruments, Czech)E ©]-&3lo] =A 3¢t}
= 1683 FE Adste] dH A AEe ol 1,500 umole/m'/sec?]
saturation light®} 100 umole/m’/sec®] actinic lightE ZAFS}3l quenching
analysisell 93] Fx=stvt. oju A &l F A ZrIade AR&sto] theFg

PRAFE5S ST
(2) O-J-1-P&4 4 |54 3HTF b=
O-J-I-P =4 (polyphasic rise of Chl a fluorescence transients)< Strasser<}

Strasser (1995)2] HIHo| uwg} Plant Efficiency Analyzer (PEA; Hansatech
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Instrument Ltd.,, UK)E o] &3}lo] =74

el

N7 Az

ol

Fdet 5 15%3F 25
3

[e)
o
1,500 pmole/m’/sece] FHS 1% FASY  FE38FATh

Time scale2 10psol A 1s9] MR AAST 10psol A 2ms7HA = 1ps @

=
2msol Al 1s7hA = Ims @92 JASEE AAsta, 50us (O-TA), 2ms (J-F

A,  30ms

Fm, Fv/Fo, V;, Vi, Mo, Sm, N)&<

(1_11:_]_—7:“)7
(Srivastava et al. 1997). O-J-1-P =49 2o 7 87|

300ms (P-grADoA fPE2AYF wrEs BEAsT

lo
N
e
2
ot
o
g
o
o)
o

AN L o) &

(structural parameters: RC/CS, ®ro, Wo, Pro 5)¢ 71524 ™4 (functional

parameters: ABS/RC, TRo/RC, ETo/RC, ABS/CS, TRo/CS, ETo/CS $5)&E<
2bEste] A ASEA T (Table 3-1).

Table 3-1. Short description of chlorophyll fluorescence parameters used in the
study, according to the O-J-I-P test.

Abbreviation Description

Fo Initial fluorescence in dark adapted tissue

Fm Maximum fluorescence in dark adapted tissue

Fv/Fo Ratio of photochemical and non-photochemical de-excitation fluxes of
excited chlorophyll

Vit Relative variable fluorescence at time t

(dv/dto Slope at the beginning of the transient Fo—Fm, maximal fractional
rate of photochemistry

Sm Normalized area

N Turn over number of Qa

ABS/RC Absorption flux of photons per active reaction center

TRo/RC Trapping of electrons per active reaction center

ETo/RC Electron flux per active reaction center beyond Qa

@po Maximum vyield of primary photochemistry, equal to Fv/Fm

Uo Probability of a trapped exciton moving an electron beyond Qa

Dro Probability of a absorbed exciton moving an electron beyond Qa

RC/CS Active reaction center per cross section

ABS/CS Absorption flux of photons per cross section

TRo/CS Trapping of electrons per cross section

ETo/CS Electron flux per cross section

SFIpo Responds to structural and functional PS1l events leading to electron
transport within photosynthesis

Plpo Ratio of the two structure functional indexes (SFIpo and SFIno)
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Figure 3-1. Chlorophyll fluorescence imaging(A) and photochemical efficiencies
of PSTI (Fv/Fm; B) of Lemna paucicostata under cadmium stress. Plants
were treated with 0~100uM cadmium concentration, and the images were taken
at 5 days after the cadmium treatment.
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———
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Figure 3-2. Chlorophyll fluorescence imaging(A) and photochemical efficiencies
of PSII (Fv/Fm; B) of Salvinia natans under cadmium stress. Plant leaves
were treated with 0~100uM cadmium, and the images were taken at 5 days after
the cadmium treatment.

_36_



Control 10uM 50uM 100uM

1
B —O—Control —@—10yM —&—50pM —E—100uM

—

08

06

Fv/Fm

04

02t

0

0 1 2 3 4 5
Days

Figure 3-3. Chlorophyll fluorescence imaging(A) and photochemical efficiencies

of PST (Fv/Fm; B) of Ricciocarpus natans under cadmium stress. Plants

were treated with 0~100uM cadmium, and the images were taken at 5 days after

the cadmium treatment.

Control 10uM

1
B —o— Control —e— 10pM —&— 50pM —&— 100pM

Days °
Figure 3-4. Chlorophyll fluorescence imaging(A) and photochemical efficiencies

of PSTI (Fv/Fm; B) of Nymphaea tetragona under cadmium stress. Plant

leaf disks were treated with 0~100uM cadmium, and the images were taken at 5

days after the cadmium treatment.
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Figure 3-5. Chlorophyll fluorescence imaging(A) and photochemical efficiencies
of PSTI (Fv/Fm; B) of Typha orientalis under cadmium stress. Plant leaf
segments were treated with 0~100uM cadmium, and the images were taken at 5

days after the cadmium treatment.
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Figure 3-7. Chlorophyll fluorescence imaging of Lemna plants under cadmium

stress. The images were taken at 5 days after the cadmium treatment. Each

plant is colored in a relative scale based on the fluorescence intensities of the

parameter such as Fo, Fm, and Fv/Fm.

2000

Relative fluorescence
T

—— Control
10uM Cd

— 50uM Cd

—100uM Cd

n

\

| \
\

l s |

0 30 60
Time, S

Figure 3-8. Chlorophyll fluorescence kinetics in the

under cadmium stress.
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3GAl R RS 4= ti(Strasser and Govindjee, 1992).
O (B0us)¢t J Cms)= AAH = O-J7iHE FANY RESTAA 27 A
&S Qaol #3EE gkl S Qa QY FAS 9vletH, J Cms)ek T (60
ms)E AAE= J- IS BALY vEFAAA Qa Qs o FA S vt A
o= FANY donor H+# (water splitting activity)oll o] 4= dFAH

o] &ALt mxoZ T (60ms)¢t P (300ms)E A AEE [-PF 7 E FAT

_>.i

Az 8y 2Eds S o3 9P BRSS9 O-JLP FA] Py
WA sk

QAT A FRANN ASen = FATYNS RFOR A=Y BE (Q,
10, 50, 100MDE Zelste] Aejst 5 O-J-1-P H419 e vmstn Fou

FES AASAHFig. 3-99 Fig. 3-10, 11, 12). o8 FI=E(CAY) =AM &
AMTelgte]l O-]J-1-P 49 dHS yed I =2E RU(Fig. 3-9) 71=F &
Tt Z7V8 = ], 1 Pakol A ZAasta 9on, E3 P-wAld A E & 334)7)

(Fp)7k & Fo=2 ki gtk

2000

P
Control
1
1500 | /
0 0o 10pM

1000 +
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500
0 87, 0o 100uM
ol8 | | | |
0.01 0.1 1 10 100 1000

Time (ms)

Figure 3-9. Chlorophyll fluorescence transients O-J-I-P from leaves of Lemna

plants under cadmium stress.
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ol /T el Ft=Fo ofs FAO wEFAe] FAFEA quinoneo]
A E S ovety, AN FFEEE, = Fv/Fme #LE op7]s
v A%NE st ko Fy/Fmgkel 088t vs w= FA O weF
Aol 45 42 Aol AY v Al B A e &
T e TteF FE7F 50uM ol el A= wi Y 0.1ms o] FFH Fv/Fm#tol &
A A ZastH, 10uMe] FF=F oA E 8wl 05ms ol F5HE HAAHoz

wastel AFele] AEFo) o8 JFS I YLT X 5 9

O-J-I-P 45 B3 2t=% AW+ E Fo Fo, Fm, Fv/Fox 7l1=% %
7} Z71E4E AxHoR 7HAER A Sm, N, Moy 718ttt (Fig. 3-10). 1
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ol\
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o
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T 4= ovsts HeysE 5
ABS/CS, TRo/CS$t ETo/CS, #t&54 e 4i4 "xEs ove= RC/CS%
7] #3eA wkg o] Ho F5&S ouste Opot THEwH LY F7H wet
FEotA zHAast ov ABS/RCRE S7bstith (Fig. 3-11). %3 &8 =& e
e HEE dro, Po/(1-Wo), Ppo/(1-dpo), SFlabs, Plabs, RC/ABS, Kpg] 7TH ¢+
&9 St wEk A ZFAastd oy Kne S7bsk th(Fig. 3-12).

i
2\

Sm FviFo

Figure 3-10. Extracted and technical fluorescence parameters quantifying the
behaviour of PSI from leaves of Lemna plants under cadmium stress. Long
dash, control; circle, 10uM Cd"’; triangle, 50uM Cd'’; square, 100uM Cd"".
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Figure 3-11. Quantum efficiencies, activities per reaction center, and
effective absorption per cross section quantifying the behaviour of PS
IO from leaves of Lemna plants under cadmium stress. Long dash,
control; circle, 10uM Cd’; triangle, 50uM Cd""; square, 100uM Cd™".
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5.0

RC/ABS Wol(1-¥o)
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Figure 3-12. Vitality indexes (structure-function and performance indexes)
quantifying the behaviour of PSII from leaves of Lemna plants under
cadmium stress. Long dash, control; circle, 10uM Cd™'; triangle, 50uM Cd";
square, 100uM Cd"".
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awareness, perception and attitude of/toward environmental problems.

Figure 4-1. Survey model showing the relationship with individual variables,
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Figure 4-2. The environmental terms explained by an individual variable (sex,
school location, or grade). The scores were represented as percentage. The number
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female students(A and A’), by students in urban or rural area(B and B’) and by
students at grade(C and C’).
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Table 4-9. The way to drink water for daily life

orol: (%)

jH%ig E 4 x* DF p-value %52 ¢§%;% zol2  FAIE ML
. LB 34252 4 0.000  36(15.3) 49(20.9) 70(29.8) 43(18.3) 37(15.7)
<= 04 5t A4 27(9.3) 82(28.2) 98(33.7) 48(16.5) 36(12.4)
184 10.870 8  0.209 8(8.9) 22(24.4) 37(41.1) 15(16.7)  8(8.9)
=L PEIE] 34(13.2) 72(27.9) 71(27.5) 47(18.2) 34(13.2)
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sipoyz SN 8690 4 0.069 05(7.2) 80(23.1) 113(32.7) 66(19.1) 62(17.9)
=y 38(21.1) 51(28.3) 55(30.6) 25(13.9)  11(6.1)
total 63(12.0) 131(24.9) 168(31.9) 91(17.3) 73(13.9)
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A Aol 2e7] ZEgA, oA &8 T AMFFE ZAET

(Table 4-10).

Table 4-10. The score of the behavior to reduce and reutilize the waste in the

daily life

4228 HolsH e = 2 &4
e LS%I-AOH 2.64+0.11
018 A 2.67+0.08
TEE] 2.3140.15
) shiA 25H4 2.66+0.09

IIHOIAS AR 5
FEOIAS 2E0E 35t 2.8140.07
5 B} =N 2.88+0.11

SIS

AR S 2.22:£0.10
total 2.66+0.06
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Figure 4-3. The score of the behavior to reduce and reutilize the waste in the
daily life by individual character variable(sex, school position, grade). The
scores were represented as percentage. The number of behavior(A, B and C) and
behavior(A’, B’ and C’) that were performed by male or female students(A and
A’), by students in urban or rural area(B and B’) and by students at grade(C and
C).
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Table 4-15. The attitude willing to join spot inspections for studying on
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Appendix 1. The list of plants

observed on the

wetlands in Jeju city area

Al ij g g 2 M ; y o 2 = z g E i I oA nl = & = 4 Z
g 2 5 w oy 2 B - - = e o = =
Family e 8 Suwm oo S B etz a8 w22 F
Scientific name o b ;7 A L% S 2 o o 7 @& o o g ~ SoM oo 2 i = 2 = 5 = i i EE\ o
= < = = = 2 = 2 o = = a = 2 o = o
5‘ P oy = x = %) = x 2 o 2 = = 2 % X 2 4
icci =307
R|cc@ceae S2ol7la ) i ff 0 0 0 3
Ricciocarpus natans 28017
o=
Isoetacege ETT ) HH em Il V 0 1
Isoetes japonica A. Br. 2%F
i ae U712}
Marsileaceae 1171243t HH  em 0 0 0 0 0 0 0 0 0 0 0 0 12
Marsilea quadrifolia L. U724
Salicaceae HELMF-2}
) ) MM 0 0 0 On U 0 0 0 0 0 O 0 0 13
Salix koreensis ANDERSS. HELIF
Cannabinaceaev Akt N Th 0 0 0”0 4
Humulus japonicus S. et Z. EEZ
Urticaceae #{7|Zx} H 0 0 0 3
Boehmeria pannosa NAKAI et SATAKE &ZAIZE
ojc| 3
Polygongceae t |E-‘-‘|' HH(Th) HaM 0 ’
Persicaria hastato-auriculata NAKAl — &-20]32|HA|
Persicaria hydropiper (L.) SPACH 0{%] HH(Th) H&M 0 0 0 0 O o 0 0 0 0 0O O O O 0 0 O 0 0 0 0 21
Persicaria japonica (MEISN.) H. GROSS &l20{%| H (0) V) 0 0 0 0 6
Persicaria perfoliata H. GROSS 0 =2|ull & Th 0 1
Persicaria senticosa GROSS =227} Th 0 1
Persicaria sieboldi OHKI  B|F2|%HA| HH(Th) H&M 0 (O=l0) 0 0 0 0 0 0 0 0 0 12
Persicaria thunbergii H. GROSS 10}2| HH(Th) em 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14
Rumex acetosa L. %% H 0 0 2
Rumex crispus L. Z2[&0| H ! 0 0 0 0 0 0 0 0 0 0 0 11
2 il
Nymphéeaceae -rﬁJ—l N HH 1 Ty 0 0 -
Brasenia schreberi J.F. GMEL. &f
Nelumbo nucifera GAERTNER 1% HH fl 0 1
Nymphaea tetragona var. angusta CASP. 3 HH fl 0 0 0 0 0 0 0 0 8
Ceratophyllaceae S0{0I53
kd Bolokaat HH sm 0 o 0 o0 o0 o0 o 0 o0 o 0 0 O 0 0 0 0 17
Ceratophyllum demersum L. £0{0}2
R: ulaceae O|-t2|of |t
anunc ol Ll B Th 0 0 0 3
Ranunculus chinensis BUNGE X7tttz
Ranunculus sceleratus L. 7§72|Xt2| HH(Thw) em 0 0 2
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Ranunculus tachiroei FR. et SAV. ZH7e[o|Li2|
Cruciferae & Xksfa}

Capsella bursa-pastoris (L.) MEDICUS '&o|
Cardamine flexuosa ZA{'0l

Crassulaceae E-122}

Sedum bulbiferum MAKINO ~ LEH|E
Rosaceae &0zt

Agrimonia pilosa LEDEB. ZAILIE
Geum aleppicum JACQ. T

Potentilla fragarioides var. major MAX. X2

Potentilla kleiniana WIGHT et ARNOTT  7I2tX|Lt2

Rosa multiflora THUNB. B2{

Leguminosae 23}

Aeschynomene indica L. XHHZ

Cassia mimosoides var. nomame MAKINO *t&

PN

Lespedeza cuneata G. DON  H|%=2|

Trifolium repense L. E7|Z

Hypericaceae =2l

Triadenum japonicum (BL.) MAKINO &1 FLt=
Lythraceae X 21}

Lythrum anceps (KOEHNE) MAKINO ~ £XZ
Rotala indica (WILLD.) KOEHNE — ojc|Z
Onagraceae HH=21}

Ludwigia ovalis MIQ. £0{¥|bts
Halorhagaceae 7Holgf=t

Myriophyllum spicatum L. O|&t&%=Ao]
Trapaceae oHSat

Trapa japonica FLEROV. OF&

Umbelliferae £+t

Centella asiatica (L.) URBAIN #Z
Hydrocotyle sibthorpioides LAM.  T|20|Z

Oenanthe javanica (BL.) DC. o|ui2|

Torilis japonica (HOUTT.) DC. AR}

Gentianaceae 82t
Gentiana squarrosa LEDEB. T&80|

Th
Th
Th

Th

Ch

Ch

Th

Th

Ch

HH(Th)

HH

HH

HH (rd)

Ch

ch
HH

Th

em

em

fl

em
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Nymphoides coreana HARA &o0j2|e1Z

Nymphoides indica (L.) O. KUNTZE = O{2|Z
Labiatae ZE}

Leonurus sibiricus L. 2 2E

Prunella vulgaris var. lilacina NAKAI 22

Salvia plebeia R. BR. B 2XI=7|
Scrophulariaceae #&tat

Dopatrium junceum (ROXB.) HAMILTON ‘5ol &

Limnophila aromatica (LAM.) MERR. 2 Z
Limnophila sessiliflora BL. T2t
Lindernia procumbens BORBAS 52| Z

Microcarpaea minima (KOENG.) MERR. Z&E&

Lentibulariaceae & &2}

Utricularia japonica MAKINO &%+
Acanthaceae ¥ L2|Y=T}

Justicia procumbens L. ¥ I2|2E
Plantaginaceae E#olx}

Plantago asiatica L. ZZ40|
Compositae =&}t

Ambrosia artemisiifolia var. elatior DESCOURTILS = X|Z

Artemisia princeps var. orientalis (PAMPAN.) HARA
Bidens frondosa L. 0|=7t2Al2]

Bidens tripartita L. 7t2tAL2]

Eclipta prostrata L. SHAZE

Erigeron canadensis L. L&

Gnaphalium affine D. DON =%

Hypochoeris radicata L. 7H2I&2]|

Typhaceae FE3

Tyoha angustata BORY et CHAUB Of7| %
Tyoha orientalis PRESL &

Potamogetonaceae 7}2{2}
Potamogeton berchtoldii FIEBER A2+

Potamogeton crispus L. %&

HH (rd)
HH(rd)

Th

HH(Th)

HH(Th)
HH
HH(Th)

HH(Th)

HH(n)

Th

Th

Ch
Th

HH(Th) H&M

Th
Thw)
Th

H
HH
HH
HH

HH

fl
fl

em

em

em

em

em

em

sm

sm

v
Il
0
11
111
i
v 0
&l
&
0
0
0
7
0
0 0
0 0
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Potamogeton cristatus REGEL et MAACK 7+=7t2H
Potamogeton distinctus A. BENN. 7}z
Potamogeton malaianus var. latifolius NAKAI  th7t2H
Potamogeton octandrus POIR.  OfZ|72H

Potamogeton oxyphyllus MIQ. =

Najadaceae Aj22a}

Najas graminea DEL. LIRtAZ

Sparganiaceae £4ts

Sparganium stoloniferum HAMILTON E4t5
Alismataceae =|AbT

Alisma canaliculatum ALL. BR. et BOUCHE E4A}

Alisma plantagoaquatica var. orientale SAMUEIS ZZ40[E4 A}

Caldesia reniformis (D.Don) Mark. SZUE4A}
Sagittaria aginashi MAKINO 2Z

Sagittaria pygmaea MIQ. 20|
Hydrocharitaceae Xt2tZa}

Blyxa japonica MAX. &30l

Hydrilla verticillata CASP. A&
Hydrocharis dubia (BL.) BACKER Ai2tE

Ottelia alismoides (L.) PERS. 2ZZ0|

Vallinsneria asiatica MKJi “tAFZ:

Gramineae #2}
Beckmannia syzigachne (STEUD.) FERN. 7{z|

Briza minor L. EAMZ

Digitaria sanguinalis (L.) SCOP. H4o|

Imperata cylindrica var. koenigii DURAND et SCHINZ
Isachne globosa (THUNB.) O. KUNTZE Z|&tHZ
Lolium perenne L. SLE

Miscanthus sinensis var. purpurascens RENDLE 24l
Paspalum thunbergii KUNTH  &HAf |

Phragmites communis TRIN. ~ ZtCH

HH
HH
HH
HH

HH

HH(Th)

HH

HH

HH
HH
HH

HH
HH(Th)

HH
HH
HH(Th)
HH

Th

Th

Th

sm

sm

sm

sm

sm

sm

em

em

em

sm

sm

sm

sm

em

7

7




_98_

Polypogon fugax STEUD. 2|&x|
Setaria viridis (L.) BEAUV. ZOIX|Z

Themeda triandra var. japonica MAKINO & Al

Cyperaceae AtEat
Carex dickinsii FR. et SAV. TZ7HH[ALE

Carex dimorpholepis STEUD. Ol AtALE
Cyperus amuricus MAX. 2HESAR

Cyperus difformis L. LS AfH

Cyperus iria L. &S AR

Cyperus rotundus L. EHAt

Eleocharis congesta D. DON Hfs2
Eleocharis kuroguwai OHWI =274

Eleocharis mamillata var. cyclocarpa KITAGAWA
Kyllinga brevifolia var. leiolepis HARA Tt 7|2
Scirous fluviatilis (TORR.) A. GRAY BHXE7|
Scirpus juncoides ROXB. &&o|xno|

Scirous mucronatus L. &40|130|

Scirpus tabernaemontani GMEL.  210|
Scirpus triangulatus ROXB. &0|11%40]|

Scirpus triqueter L. M2100|

Araceae M4}

Acorus calamus var. angustatus BESS. &%E
Lemnaceae 7H7=|%at

Lemna paucicostata HEGELM. Z7i72|gt
Spirodela polyrhiza (L.) SCHLEID. 7H7elgt
Commelinaceae EHo|ZE1}

Aneilema keisak HASSK. Alol| &
Commelina communis L. 52| &E

Pontederiaceae ST

Monochoria vaginalis var. plantaginea SOLM.-LAUB. &57HH]

Juncaceae ZEM
Juncus diastrophanthus BUCHEN. HE7HZE

T3}

Th
Th
H

H

H
Th
HH(Th)
Th
H
HH(Th)
HH
HH
HH
HH
HH
HH
HH
HH
HH
HH
HH(Th)
HH(Th)
HH(Th)
Th

HH(Th)

HH

H&M

em

em

em

em

. B O\V\E

o o o o
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Juncus effusus var. decipiens BUCHEN. ZZ HH em 0 0 o 0 0 0O O O 0 O 0o 0 0 0 0 0 O O 0 0 0 0 0 0 24

Juncus leschenaultii GAY EH|HZBE HH em 0 0 2
Juncus papillosus FR. et SAV. HH|4ZEZ HH em 0 0 0 0 0 5
Juncus wallichianus LAHAR. 8|43 E H 0 1
Luzula capitata (MIQ.) MIQ. HEelgt H 0 1

Iidaceae R%®2}

o . Ay H 7 0 1
Sisyrinchium angustifolium MILL. SA%Z2
Eriocaulaceae ™ ET}

; N N HH(Th) em 0 ;
Eriocaulon decemflorum & &EINE
Eriocaulon miquelianum KOERN. 7H4=& HH(Th) em 0 1
Eriocaulon sieboldianum S. et Z. JHE HH(Th) em 0 0 2

1) MM, megaphanerophytes; N, nanophanerophytes; Th, therophytes; Ch, chamaephytes; G, geophyte; H, hemicryptophytes; E, epiphytes;
HH, hydatophytes
2) em, emergent plants; fl, floating-leaved plants; ff, free—floating plants; sm, submerged plants;
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Appendix II. Questionnaire for surveying awareness of middle school students on
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