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Assessment of Heavy Metal Effects on the Freshwater Microalga,
Chlorella vulgaris, by Chlorophyll Fluorescence Analysis
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Abstract

The response of the freshwater microalga, Chlorella vulgaris, to heavy meta stress was examined based on chlorophyll
fluorescence analysis to assess the toxic effects of heavy metas in freshwater ecosystems. When toxic effects were analyzed
using regular chlorophyll fluorescence analysis, photosystem |1 activity(F./Fm) decreased significantly when exposed to Cu**
and Hg?* for 12 h, and decreased in the order of Hg?* > Cu?* > Cd?" > Ni** when exposed for 24h. The effective photochemical
quantum yield(®"ps)), chlorophyll fluorescence decrease ratio(Rrq), minimal fluorescence yield(F;), and non-photochemical
quenching(NPQ), but not photochemical quenching(qP), responded sensitively to Hg™, Cu?*, and Cd®*. These results suggest
that Fu/Fm, as well as O’pgi, Rra, Fo, and NPQ could be used to assess the effects of heavy metal ionsin freshwater ecosystems.
However, because many types of heavy meta ions and toxic compounds co-occur under natural conditions, it is difficult to
assess heavy metal toxicity in freshwater ecosystems. When Chlorella was exposed to heavy metal ions for 12 or 24h, F/Fn
and maximal fluorescence yield(Fy) changed in response to Hg® and Cu®** based on image analysis. However, assessing
quantitatively the toxic effects of several heavy metal ionsis challenging.
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(Kiipper et al., 1996). T3l S22 A|320] 124 o]
At AAagdo| oA} thil WA 52 sk, &
3} mjRFAa0] FT AR WEkA]7] 7] JEH(Clijsters
and Van Assche, 1985; Aidid and Okamoto, 1992).

TE5e] ffeldS olafehs 24 WS B9l 54
frofEde Al 719t vlaste] dstA 57t
o= QLo o] 'Rl S apgo] Bateh it opyzt
Hl-go] fo] 5a1, AEAel nlAls dFk Ades
Tsk=t] ofegol itk webA] o] AEAl
1|2 G AEHGHS ol8sto] AF2ow Hrt
w31 glom, 32 HolAks U 5F9] AR 4xH]R} A
EZES gtoe® ZARE|n QJtiBlinova, 2004
Aruojaet al., 2009). 53], n|AlE5= AYElA 2] Holat
SollA steIdAlel &ok= AEFom Fahel Wktst
Al Hk$3}e] OECD(Organisation for Economic
Co-Operation and Development, 1984)¢} US EPA
(US Environmental Protection Agency, 1996)oj| 4=
EAFFE Bk AREAL QU e A =4
Bl ARSEIAL Qs 8 e PR 9%, 52
15%, @84 3] Jom(An et al., 2007),
Chlorélla, Chlamydomonas, Euglena 52 n|NZ25&
o[-§3t ¢50] 2hls] 4=8iEaL glrt. 53], Chlorela
= S AET AR AR ZRA|AL QLA AliE
=4 50| Foju whe =g FASE Hat ozl &
ass AlA AkE 210 He e e 5] Tl A4
oA A2k 517] wiZoll EEiA|1 o] 2HE e He 57
k=g ¢lo] 8-83tHOh and Koh, 2013; Plekhanov
and Chemeris, 2003; Travieso et al., 1999).

A, PR B I 717 FAAE B
Alll (Photosystem |I; PSII)2] W32 Hjafjz o=, 1
2|3t A o= AR 4= 9 27 W % shold],
Fd 715kl it o= 7] 83t HJEE AlS3ict
(Strasser and Strasser, 1995; Serddio et al., 1997). =
AR HEA] Chlordlas tid-o& ggoln|z|
ok 0-31-P 54 52 53] He™'o] Hake BishaL
Chlorela®] g2t =20 B8 7T 2 =
‘d& 27100 sk ] Qlol FFEAel f8%k Al
AR HE It{Oh and Koh, 2013). Z12u =]
ol Hg™* o]elolw Tt Fa<r50] SafElo] 24
S Qe HE TR Sass i AEA e viA|

U

1 9fs) 3kE 41455 B Bt ol
B AT ARG BANS 55639 S5 of

21, AEE 2 uiY

= ARl ARERF EeAb =2R/<l Chlorela
vulgarig(strain KMCC FC-012)+= A tghue] 44
Sh= el AR R-SH(KMCC)oflA] 2ghom,
24 vix) 2 &R IM(Jaworski' s culture medium) <
AEpA]ollA wieFste] ARgSIICHThompson et al.,
1988; Oh and Koh, 2013). ZA¥ Hjj*x]= Millipore
membrane filter(0.45 UM) 2 oJ3}5} & QlAJeky] wjjoF
8710 E5=5101 121, 15 psi 1ol 4] 15871 BatA|
ok HieR 25+17C9] 2=}t ¢F 50 pmole/m’
/sec(16h) o] F=71 sloflA] 100 rpmo= 215 ulersksl
o 23 7FA 0 2 Al ujetsiiet. a5 dFke A
HE7| Qleil= vkl 2F-5=710, 100, 200 pM
o] Hlm2 tjolsh 34 ol (Cd”, Cu®, Hg™, Mg®,
Ni*, Zn*")2 d71stod ujostaic). F5< oS ¢is
d FEE ARSI o, BE AR 43] AATEIIAL vl
3uic} 3-4 HHEA egstlrt.

M

=~

202 HEAHT

o
(=] oo

ZFo4 =A4Jo] gt Chlorella®] nlAeh 8-S Ao
H o2 AABEL Fa 7He 2ol S lmsty] $lste]
5 TR F=E 2elsto] Chlorellas #idst
3., Imaging Fluorometer(FluorCam 700MF, Photon
System Instruments, Czech)E ©]-8-3}] quenching
analysis= a5tgich 2, Z2ke] A 2s Qg 215}
o] 1557k -2 Zpekslo] ¢F218-A17] 3 100 pmole/m’
/sec?] actinic light2} 1,500 pmol e/ m/sec?®] saturation
light = ZASEIL Fy/Fr: ]33 chash @ (F,
D'psir, Rrg, P, NPQ) &2 41513tk Table 1). 18]31
FFou|A= flot FUs o= A SA7 | S
ZARE & & Es g CCD 71tz ZE513o

O
H(Nedbal et al., 2000), saturation light A} % 1,000

HI
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Table 1. Definition of Chlorophyll fluorescence parameters determined from the chlorophyll fluorescence induction kinetics

measured with the imaging fluorometer

Parameter Equation Definition Reference
Fo Minimal fluorescence yield of dark-adapted PSI| :lgda';j;ja] 12%701
Fn Maximal fluorescence yield of dark-adapted PSI1 23;"6';::] . 12%21
FulFm FulFin= (Fu-Fo)/Fon Maximum quantum yield of dark-adapted PSI1 (S;;'S t:r a]e‘ Tég;g%
Fo Minimal fluorescenceyield of light-adapted PSI| ijsogd;;j;‘ . 12%2 )
Frl Maximal fluorescence yield of light-adapted PSII 23;";;:;‘ . 15;%2 )
F Steady-state fluorescence at any light level (F = Fs')
O'pgy ®'psii = (F'-F)/F Effective photo-chemical quantum yield ?;rt? Zter alet ng;g%
Rrd Rra= (Fm'-F)-1 Chlorophyll fluorescence decrease ration Lichtenthaler et al., 2005
. . Schreiber et al., 1986
gP qP = (Fu'-F)/(Fm'-Fo') Photochemical quenching Hor:gn aal. 1699
NPQ NPQ = (Fin-Fm')/F' Non-photochemical quenching Bilger and Bjorkman, 1990

ns} 3,960 msollA] e W0 e 212t 2719
BB (F) T A G &) ©|u1XS gl o] 2
e AN FA(FIF) 9] o]m] 2 AFE ST

2.3. A=A

Aol gt S ARl SPSS 57 package(SPSS
Inc., Release 75)% olgalgiomn, 2420 o
Duncane] cHE(P0.05)02 2| k2] #o]
dhet-fobe Aot

3. Jdﬂl. al J—I_J'g

3.1, 3242 72 M2[AlZiol W2 AN 2o
x|
2 At A8EA HellA A=Al vlAl= Sa
9] HA4E AFHOE Y] Qo] =g
o]Z 93l Chlorela vulgaris(strain KMCC FC-012)

S0 FEe] FRet Aol tket AN &
2 FFn 952 4K5t0] AAJslickTable 2). o)1

o M

74A] Z24; ol2of| gt Chlorella®] Fu/Fm ko] W3}
S AR, He™ o] E4o] 71 &gkom, Holo] Cu™
> Cd™ > Ni** =02 epe]. Hejazle] u 2o
2 5y, 2850 =247 3 124710] ATeS o
o= Hg™, Cu™e} Cd™olla ztzke] siwol wleh
FulFm 2to] Tha 7haslglom, Mg™, NiZat Zn* o4
= Fv/Fm gt #isl7} gL vlnlsiict. T2, 244]
7o) e wolis Hg™, Cu”'e} Cd'oflas
FulFm o] 2A] ZHaslglom the Sagolaw ke
Zhasslo] mjepslA Lt Chiorellar $54:0] gaks it
T 9kgo] ERIF L) B3], Hy™ ollH 7t 7
Hlok A|7bo] Zoj g Fy/Fy Zho] A 7Haste] Hg™
o] EAo] 7P E& AoR Ushth o) 1o
Hg™"o] Chlorella HlsEo]l Ge miH G548 2afst
A e Aafsto] st TS s Bl o
2}, W EAS TR HE QEAEAIES] Wl S48
F& AR AR & 4= 9JriOh and Koh, 2013).
E3FF/Fy 3-S CU S 713 iR oA & 57} 7]
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Table 2. The maxima quantum yield of dark-adapted PSII (F/Fy) of Chlorella wulgaris exposed to six heavy meta

ions

Maximal quantum yield of dark-adapted PSII (F/Frm)

Metd concentration

cd® cu® Ho™ Mg® Ni% zn?

(A) Before exposure (Oh)

Control 0.75+0.01% 0.75+0.01° 0.75+0.01% 0.75:001®  0.75+0.01*  0.75+0.01%
(B) After 12h exposure

Control 0.76+0.01 0.76+0.01% 0.76+0.01 0.76+0.01 0.76+0.01 0.76+0.01%

100uM 0.71x0.02°  0.70:0.02°  0.62+0.02° 0.75:0.01®  0.75+0.01®  0.75+0.01%

200uM 0.68+0.02*  065:0.03°  0.54+0.03° 0.75:001®  0.75£001*  0.75+0.01%
(C) After 24h exposure

Control 0.75+0.01° 0.74+0,01 0.75+0.01 0.74+001®°  0.75£001*  0.75+0.01%

100uM 0.70+0.02° 0.63+0.03° 0.46+0.01° 0.73+0.01° 0.73+0.01°  0.73+0.01°

200uM 0.65+0.03° 0.57+0.04° 0.35:0.01° 0.74+0.01*  0.72+0.01° 0.73+0.01°

The results are expressed as means + SDs. The values represent the mean of 3-4 repetitions. Different letters superscripted on each
column represent significant differences among treatments by Duncan’s multiple test (p<0.05).

U ulf ARRIo] ZofERs HAK o R gasiglon)
Cd®* Hel ol CuP* ol 2] gt ARSI Lheit
=4

AN B AAEto] 59| FofEdol lE s
At = Aseoltleie A7 5t e EeH
7)e] el Waprt Zefslo] wobd 4 glrk. v
Ak Chlordllas Fw<52] F5ret s d= Hlas 2
ARIQL 12417F B9t e EAIZE wolw Hg™, Cu’'e}
Cd* oAz RFn ko] 5o uhat Zhasi9irk(Table
2). =%20] Scenedesmus obliquusel| A= Cu™, Ni*,
Cd™, Cr** 5ol ©J8) FlFno] 7taslzd], ol 3l
oflA] FANl Sz 0] RG] HassiAY FEA o2 2;
TR S 24 Qa o] AiEkEo] WobA HxprIg o] AsfE
7] wlEolci(Mallick and Mohn, 2003). ‘FAl2l
Spirulina platensisol A= Hg™ ol =2E|}2 wf R/Fn
o] Zra¥rha Byl vl QJriLu et al., 2000). 12
11, =252l Scenedesmus quadricauda®} =AY <
A)E2] Callitriche stagnalis, 2o]r}2(Ceratophyllum
demersum), Elodea canadensisoll % Hg™ 2 =3kt
ofe] 7K Fao] dEad] 1l ¢ ddAdES Ast,
B 2HERY HlE Zefsks Zlom HaESlrt

(Kipper et al., 1996). Cu*"= o=@l 2 oA

o AjA o 2 PEA o] B agt Cd* o] BAo] 7
AOR d&Font, Fig. 31} Table 20f4] At v
Zro] Chlorellai= Cu™ol| 2J3t 434 71 oA A7}
o 2 Zlo® uyehth oot fARHl Rl
Skeletonema costatume] 7HA| AJHES o183 At
A= Cu*7} Cd it B4o] o] 28 Zlo® K E
ItHHwang et al., 2014). =31 =252] Scenedesmus
obliquusell A= Cd** =} CuP'oll dist E440] o 2
Aoz BEET), R/Fno] Cd oA 500 pM
) of2F 50% 7hAgh] whsl Cu™ oA 200 uM o4
o] FiroflA] tiToll HlEl 40% olstR FHAslolct
(Malick and Mohn, 2003). 3, Mg™ 7} Zn** ol A=
Chlorella®] F/Fn gho] Wz} giAU 7H4 Hwert o)
gt Ao Vet Zn*e G40] HEQIAEA F
a3k 71%5S HEHhL glo] vNERE X mE A
BA] GAFERL Ae] Hast s viEgrldo|y
(Cheoui et al., 1997), AHA] Rk Ao} w2 Az
ZeFo 2 Uepdtl(Shrotri et al., 1981). 12U} thE
FEEI TR IR e 2 ol ZnP = A
o] kg S Aol Tl S Halde] &

e %o

®
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E2 2% 4= ok Mg™' i g Fea ix]o] Y
71l ol mA|lRFe] S XA A 0R B
JIERcHUlloa et al., 2012). Monoraphidium sp.
FXY-10% 100 uM 2] Mg™* & 7fst0] uljoFalole o
ot o S AAsiel Mool o) A
2 23 F2of 583 7le-E 2L 9heE o 4= 9l
(Huang et al., 2014). Mg*"2 3334 7170l S22
I BARe] SAIARRA I B F2 7S %
I S Bk opet Allaruke] QPYAdS fAlEk=tl 9L
oAt Fa%k QIRjoct. wepa] 2 AtoflA Chlorella
Hfjogel] A7kt Mg™ 3t Zn* o] st S e A
Zrhohd Ao Ak

B4:0] £He s gejslo] 12471 B9k vjalst
2713858(Fo), A2 B3IHE PG Des),
A Re), Y331 28(0P), BPESsHE 2
(NPQ) 59] 552 A1&510] AAaIITKFig. 1
7}2).

WA Fo 7S F5450] 79} o] wle) o] ¥
L AAETKFig. 1A). 5, Cu™' e} Hg™ A2l A
L ozl vje] Fo gto] #asiglon, od, Mg,
NI, Zn®* xjejtolis @s]e i Z71sksich ot
CU”* Ao ol BAIgle] Ry 7ho] sl
L}, Hg™* Za}ol 4= 100 pMof = tiz o] vls] F,
Frol Z7k8lglom, 200 pMollA= 24 Fasigick
Dpgii= Hg™, Cu™, Cd*" Aa}TollA] 74slitk(Fig.
1B). 718]3, Rer= Hg™, CU?*, Cd®* Ha]7ollA] 7ha
slglom, Ni¥* A2 ollAe wlekslAua} Zaslit
(Fig. 1C). @' Woi =2 AbejolA] =7 3AI 5t
SF4o] ZEZE of7|ouiR|e] B4 ofnjsh, o]
Fhe Fha Fagolu AzA|e) 22 A= Asist
L =guR0) ofs) FrpHgo] aickE oz BAllo)
K9] A7} B20] 7hadlal 928 LiehHTi(Schreiber
et al., 1986; Genty et al., 1989). Fig. 1Boj|A] Hi= v}
9} o] Chlorellao]] Hg™, Cu®, Cd*' & We ez
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Fig. 1. Fluorescence parameters (Fo, ®'psi, and Reg) of
Chlorella vulgaris exposed for 12h to six heavy
metal ions. The results are expressed as means
+ SDs. Each value represents the mean of 3-4
repetitions. Different letters on the column represent
sgnificant differences among trestments by Duncan's
multiple test (p<0.05).

2 AREESE eEAIRE Tjofl e D'pgi©] Wokki= Alo]
ShRIE| Ik $HF(Pisum sativum L.) o] F-AEAof A=
Cd™" & AJ2]3192 1] @'esi 7} FHAE1H.0H, o= gl
L B9 71524 ool Axel Aew AR 9l
ti(Baaknina et al., 2005). Reg= 3435 = CO,
AE-2- whdsl(Lichtenthaler et al., 2005), EZ315F

TollAl S5 Reg 3ho] CO, 7gE 7o) Q= /et
TAE Hol= Aog BuwgrLichtenthaler et al.,

ofi H

¢
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2005). Fig. 1CojlA] = u}e} o] Hyf, Cu™’, Cd™'<&:
W H R Bl AR Bt mE3AIHE WOl Rea 3HO]
A 3438190 o] 25E] Chlordlart o5 Sa<ol
LE2EIE o F3Mdeo] IS LI Y3 S S+
c}. 18], Fig. 1A0A] = vfel o] 124170 2 &)
2 ARFEet wEAIF SO B8kl 27|88 Fo
= 5 CUP e} Hy™ A@) 7ol 7haslsiet. Fo 37
o]l = 7| AAJE ] FEARAIE0] E& & ofuz|7h
HESZA 02 o]53]7] o] et S oJu|si=
d|(Bolhar-Nordenkampf and Oquist 1993), o] 7k &
A=A el vlgjsly] wiikel| mA|Z2Re] ¢itoll A vl
O|QUIAE Fgel= HEE o]8E|T QJriRysgaard
et al., 2001). wEh, 27|18 R 7hAhs Cu* o}
Hg™ ol oJa A7} AFEEAY G4 Feko] 1
gk wolatal 3 4= gltk o] AlsgddTrellA] 200 pM
oo Hg™" #jzltolld] 4417t 54k ChlorellaZ: ujiof
B1E o, Foot R/Fm 312 7o} tlEo] P& e
o] IA Fadt ARlR= ¢k 4= QIiOh and Koh,
2013). w2hA] Fig. 1BL} 1CofA] 100 M o)Ake] Cu™*

= 200 pM olAe] Hg™ol 124t B¢t wEE
Chlordlacl| == O'pgith Reg] = 329
T2 Ao AP T GEA o] Tk ofgt
A3 4= 9k

aP= S Agle| osf tha sl = st ot
7w} wujslon] Sl 2 200 uM Hg™ oA
Ltk Z7beRs S HYITiFig. 2A). NPQE: Cu™*
I Hy™* el 7asiglon, Cd AJejto]A]
= Tt S718ISICHFig. 2B). gP= 33AI1 9] 271 ZA}
S=84121 Qa2 redoxJefiell 2Jal) A= AApxgo
ARER= oY A2 oJulgttlHorton et al., 1999). Fig.
2A0|A] Al vle} Zro] gP= 12417t Sa<s Aol
Tl e Sed o) o ki s KB i B hbd Bl Ll L=
oj71A}t}|(Arabidopsis thaliana L. cv. Heynh) -g-19]|
A= 100 pM &} Cu** ¢} CdP*of| 1=2%|%1S- of gP7} 15
AL 7HA = BiEP} ikt 4817t ket wf 1t
2517] Al&slo] 144417 0] ZakE| ke o) 2A] 7H4sst
FriMaksymiec et al., 2007). NPQ= Cu** 9} Hg™* %]
2ol Zrasiglom, C* AejtolA tha 271
SITHFig. 2). weba] Fa< o]29] S Al&sH
Bkl gl 9lotali= NPQ7E gPel] B3| (-85 H4=2l

2107 Helry. NPQO| FHa= o MAo] &Afat 3t
Axlo] glom, f=4 3kl 2=k uf vehd
tHRicart et al., 2010; Bilger and Bjérkman, 1990).
ufebA, Fig. 2B2] CuP' 3} Hg™* Aajtolld NPQ2] 7+
A FY A 0] Bdof| oft Aut= s 4= ik
o= Fig. 1A0lA Cu*" o} Hg™ #J2|A] 27133 Fo2 7+
A A2 AFEEI AL G54 SRk st Aifet
1B sk gk aela Cdol gl u)
Chlordlla2] NPQ glo] 571810] Cd™ 2] 57} At
A ARFSEANE 3A1 2] W54t 33 Ao
45 opIR A=t ofd ZoR HIth A
(Brassica napus L.)2] ¢-Hof 500 pM Cd** & xj2]s}
92 o= Chlorellag] Cd*of] Tt uks A8
Fu/Fm, @'psit, OP, Rea7} 7123811 NPQ7} 2718ttt
(Wan et al., 2011).

A 120 a

be g bed bed

100] — cdcd bc b hed bed bed bed

80 1
o
o 50,
40 4

20 4

0

120 ab aba ab ab

abc

1001 H

80 -

NPQ

60 1 d

40 -

20 -

0
Con Cd Cu Hg Mg Ni Zn
Heavy metals

Fig. 2. Huorescence parameters (0P, and NPQ) of Chlordla
wulgaris exposed for 12h to Sx heavy meta ions.
The results are expressed as means + SDs. Each
vaue represents the mean of 3-4 repetitions.
Different Ietters on the column represent significant
differences among treatments by Duncan’s multiple

test (p<0.05).

=3 100 yM
I 200 uM
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Fig. 3. Chlorophyll fluorescence images (R/Fm, Fm, and Fo;) of Chlorella wvulgaris exposed to six heavy meta ions.
The images were taken 12h and 24h after the exposure to six heavy metal ions. The Chl fluorescence
intensity are given in the changes of fase colors as shown in right-sided bars.

A, photosystem Il activity (R/Fw); B, maximal fluorescence yield (Fn); C, minima fluorescence yield (Fo)

A, e o2 =/3E &R ARE el A=A
o= IL]'Q'%]"E‘E" 9&’101 Fv/Fm‘% E@ﬂ‘ﬂ CI)'PSHy RFd, Fo,
NPQS} 228 FHHFES F88 37k 8 4 U2 A
DAL

3.3. 3342 R MMz TE FEATE

o|o|x|e| tHz}

H=AGF oju|x] HAL sl T 5 7P Q)
A5} )] Hofl AlZo®, Telw Akl %
49 BA4S I = 9lo] 4] 9
=4l 7-85H 282 4= 3ItHOh and Koh, 2013). &
521 Chlordlas /o2 Sa59] 57 525
gEjsto] 24A171 521 HieFstAA] vk ATl whet
Al A(R/Fm), BdE(Fn), 2718855(Fo)
o] 9] W3S A R YTHFig. 3). F/Fm o]W|A= 12
A7te] Ak Hols Ho™' S 71st wizlollA] 2
2k Chlorellatto] Hg™ o] ufe} 2ol A wmghd &
= A0 R0 M| A |Gk e} 7] A)ZR] 24
AZto] AksgS dlols Hg™ 2 H713h ujRjol A
FulFm 010|127} 48] 2] %]4] $Rgkom, Cu™' S 713t
HjZ|o| A= A AT LeghA = =4 O 2.0] 3| 713
E|Jti(Fig. 3A). 1Lk Cd™, Mg™, Ni**, Zn*" & 27}
g R]el|A] 2k Chiorellaci A= FulFm ©]1]2]7} 244]

2t Ao g o] S wolA] gtk Fy o]u]A]
= FR/Fm o]0 29} BE7 I 2 12417 B9t Sas0]] 1
ZA]7] ChlordlacAls Hg™ ol Agt =4 o]u]z]&e]
P} | EU 2441710 ] AS1S Wolli= o]u] |7}
8 A egkom, CuP' S 71t Aol AlA]
3] Fm 01|12 7FA1ZQ] WP} TH]7] AlRbsESIc
(Fig. 3B). F, olu|R= R/Fno|H Fy ©]a]X] 2] H3e}
L 2] 1247k Aol e Ae)rela] EEigt 2}
o7} FAEA] ekgkom, 24x17t0] ATBIRS Wol=
HE”"S 71t diRlellA] E5igh 2jo|S KoL} the &
oA 1 HElE T Ao |7 44 st
tiFig. 3C).

wlebA Fig. 39 G243 olujx] BAe Hg™ '}
CU” A E4do] 7t 0] RS 7O R Al
1A Tetsi=t] glo] -8 Aog welrk ey, 3
gou] ] BA L Aekalo| X Bato] F54:0] SJe &
= AT 02 AT 4= Itk AP QI Bl
th, Ho' o} Cu** 0] 9] o] FEsol] thefjals Zhe ARE
ol 21 9Jel EIE 7KMo Tetslr|7t 434 ek
IJHY RIFnE X851 D'egi, Rea, Fo, NPQR} 22
FYASEL S0 0]20] E4S A Ao

2 /ISR B glo] -89 A0 meltt
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4.4 2

B ol Tk =2 =20] Chlorella vulgaris(strain
KMCC FC-012)2 tjio 2 G2asy BAS e}
o SAEAlo]] WA= FE 0] 50 RS HWrlsla
Fs50] AR ERA ] g 7P A ES)
c}. FAI BY(FIFm) & 5545 0]20] 1247 59t 1
ZAZS wfol] Hg™ 7t Cu™ oA FEeigt ks 2R
T, 24A17F 12AFS gejl= Hg™ > Cu®* > Cd* >
Ni** gzo & 7hasigict. T2, Fako] 1247k Bt
=ZAZS v FBEH AE(gP) 2 A|9JE mE g

rr

7)885-8(F), HPE3IH 2B(NPQ)E: Hy™', Cu™,
Cd™*oll wiztslA] wkgateick webd, F/Fng E316
o] @'pgil, Rrg, Fo, NPQE} 2R =52 <45 0]
£0] Ao o A7k Yol Hekaloz setsiiag] gl
o] 483} A7} B 4 9le Fo & ALRF) =LY
3§ ofu]x] B4 HY™' 3} Cu™ | E4o] 43t 24
o] kS TN o R Fhalsl=d] golatlch. 1
2 234 59 2 F7RE ujxjeld et
ChlordllaciAl= 1 Wiz} 7iaHom ghas oot
t}. 015 ZE%e| el Aol TswE AejshA
U L AT 128 B Sae] SJ8) a7k vt
AH oz A 1 g7l 9le Zlog welrk.

ALl 2

o] =h 20155HdE AETeh S F T
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