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Fundamentals of Ecotoxicity Evaluation Methods Using Domestic Aquatic Organisms in
Korea: (lil) Green Algae. An, Youn-Joo*, Sun-Hwa Nam and Yong-Wook Baek (Department of
Environmental Science, Konkuk University, Seoul 143-701, Korea)

Green algae are important primary producers in aquatic ecosystem, and they are
sensitive test species in bioassay. Green algae are broadly used to assess the adverse
effects of various chemicals by measuring the inhibition of metabolism, reproduction
and survival. In this study, we extensively gathered domestic and foreign toxicity
test methods conducted using green algae, which are distributed in Korean water
environment. Selected eight domestic green algae were Chlamydomonas reinhardtii,
Desmodesmus subspicatus (=Scenedesmus subspicatus), Scenedesmus abundans, Sce-
nedesmus acutus, Scenedesmus quadricauda, Podohedriella falcata (=Ankistrodes-
mus falcatus), Pseudokirchneriella subcapitata (=Selenastrum capricornutum), and
Chlorella vulgaris. Forty four test methods were collected from the standard test
ones, government reports, SCI papers and Korean research papers. P. subcapitata
and D. subspicatus are the most common test species recommended by the standard
test methods. Initial cell density and dilution water were the main differences among
the test methods we collected. We proposed the suitable ecotoxicity test methods
based on domestic green algae in Korea. This study could be a fundamental basis to
establish the ecotoxicity test methods by green algae distributed in Korea.
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Table 1. List of the toxicity test species (green algae, Phylum Chlorophyta) in Korea.*

- Test species Classification
(green algae) Class Order Family Genus

Chlamydomonas reinhardtii Chlorophyceae Volvocales Chlamydomonadaceae Chlamydomonas
Chlorella vulgaris Chlorophyceae Chlorococcales Chlorellaceae Chlorella
De;smodesmus subsp zca?us Chlorophyceae Chlorococcales Scenedesmaceae Desmodesmus
- (=Scenedesmus subspicatus)
Podohedriella falcata :

(=Ankistrodesmus falcatus) Chlorophyceae Chlorococcales Chlorellaceae Podohedriella
PsiudokzrchnerzelZa sgbcap wata Chlorophyceae Chlorococcales Selenastraceae Selenastrum

(=Selenastrum capricornutum)
Scenedesmus abundans Chlorophyceae Chlorococcales Scenedesmaceae Scenedesmus
Scenedesmus acutus Chlorophyceae Chlorococcales Scenedesmaceae Scenedesmus
Scenedesmus quadricauda Chlorophyceae Chlorococcales Scenedesmaceae Scenedesmus

*: Chung Jun (% &), 1993
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Table 2. Test durations of the standard methods for green algae toxicity assessment.
Method Growth inhibition test
Reference
Species P. subcapitata D. subspicatus
OECD 48 or 72 h 48 or 72h OECD, 2006
OPPTS Upto96h - US EPA, 1996
Duration EC 72h 72 h EC, 1992
KS >T72h >72h KSA, 2003
US EPA 96 h (Required) - US EPA, 2002

1:[
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AAES 53 2o & el 7] A3 H2F2] 244
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o= v FH AEF W AP AR 27
Fe=et vl s Alsin dA= ':Q -‘?4 lﬂ"ﬂ/ﬂ
S5 B4R Aew ekict. 25
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g AN AHIT 9lo) & BolHE wolAl sk
. 2oy 2dEsse] A dA= Aok (Pre
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7904 =29 454 AYEe oz AY 2L
SR B WS B ARE AR R 27 A
A58 A4S EE AL + A Aoz vk
ot

L

d o

Hﬂ

S e

2 AFeE Il A6 Exale S2FE dAke
S8 u) ole N9 54 APE AP AR =
& %% 77 294, 2REEE 5 FHeE 4
sl F4 @ A SAARIEY NG AR 278
g AN =R FHY ARSAAR7EE v}
7] 15 @ AN A AR

(Y o o AL fu



2 =8

F2e ST P ANSHAG T VEES oz
2N 203 v e 54 AGEe) B A= <
T Al ’&lﬂ ¥ 23}, OECD, EC, KS 59| 2FA|dY
o|M FH3 A& FE Pseudokirchneriella subcapitata,
Desmodesmus subspicatusZE Ao = 3 =AxL8 7}
HEES ARSI =3 EEAFHY AIFE o]
= AW BEF AT 248 =4 Aart dsiedt o
Az 2EAIHE o4 - F43 7oz Jepyget vl
27185 2 vkl AEEul) AbolslA 3
Fderz =zfH JAANAGA AN A Fo& =
e Aoz vepgdr) o)) o] S| PEFE o] 43
AASAH 7L 7]uke] Wkt & Al A Fge=A
ANEWS Hoh 28402 sisy] Jeiais B o)
A AR Bx2F 73S Aoz =23 AeEAAE
7ol W3k AY A5 B3 A Y Be 7|2 A7
AN g8 vk g AYE e 9 Az A@E
AR AR o) AAslelob T Aeleh. Heiy
H ol 2 AE=Y =X A]sdﬂxﬁ 21, H}8F-8- | Al
Goms T 44 Y 2 wel s BE AeE
s AR FE 7T 4 9E 9 A8E L 1
A Rte 938 =93 725 @ Aoz Al

Ab AL

2 A7) dye AR - IYRAHA 29AEY

H7F W A FAID-AA 2 A S A A
A 5 Ae) g3toz SaiFdeynh Sl $A)
RS HE2F el HEl RS sFA AT o
ul wed) 7S} =g Aghid

of 8 2 ¥
=7 37 7} 8H¢]. 2004. %d;_J AByZaaE ARA.

T} kx|, A, 7)3] A
283 5ol B AEE
23: 221-229.

254, A7, AAE, olHA. 2007, T A2 Ao
Vibrio fisheri, Selenastrum capricornutum, 21231 Daph-
nia magna® 0|43 A} AR Boh B 28
9: 163-168.

7184, 1987, A
Y=+ 36 p.

A3}, FE, HEF, olAE 2007, S EEE o] 83

23]%. 2006. ¥ AFAA
2Ee) 74 W $AAE

172 9] dp w27 ARG A

SMHT} 7lee T 125

A=A 7} 71akd 2 (D) o] & 2848 3]%] 40: 173-
183.
AAE, AAE, 22 F. 2000, 27, BHE, 34 2o

o] &3 559 SAH7E ATRETI=EA 20: 421-427.
T 1968. 4= TAE =7t A9R AEH (Fez). A%

2R84, 01’2} , o)Al B, #2F, ] 7]=). 2003. Glucose-
6-phosphate dehydrogenaseE |23t Moina macrocopa
o] F244 A AA. =3 543 A 18: 305-310.

bEF, FA3), o] $m). 2007a. ] AEFS o] 83 AES
A } 717 (ID B 557 34 a}:ﬂz} 40: 357-

QHEF, A, oA 2007, SANA FHAA] A4 7}

ARE 7. DL 40: 113,

ol A, A& 4, 743 AT 1991. o] &, Daphnia @ &
Ames’ TestZ |43t AR 5] 454 2 FA=

4 7}, F=-2-3H74 83 #] 7: 100-109.

o] &5, Tl 2194, 2005. Chlamydomonas reinhardtii &

23} =oko] =ATy] sH=2E-314 53] %] 21: 332-336.

0|44, 2003. 7 SA % Hrbe AT T B2 W

W W o] BMREE o4 B RAE 274 9.
A F 1993, JAZEHPRF 2. oFHn| A A,
SH=-)shaf ok, 1998. rbel gene EAo]] 7]1%3)F 3H=+AF Anki-
strodesmoideae (5245 W A& 784 AT~
gt 5% 3] (Koreans Standards Association: KSA). 2003.
KS M ISO 8692 4-54 =7 A4 o4 A3 2y
273 2006 ZHATE) 7| EAY47 DAY $LRA
71 %A1 8 (06 ~15).

3743 2006b. A3 &2
SERE

274%, TR, 2006, BRAZEAPPY A 24
o - (I1D).

ACKU. 2005. ACKU (Algal culture Collection of Kyonggi
University). http://www.acku.re.kr/index1.htm.

ANZECC and ARMCANZ. 2000. Australian and New Zea-
land Guidelines for Fresh and Marine Water Quality.

ASTM. 2006. D 3978-04 Standard practice for algal growth
potential testing with Pseudokirchneriella subcapitata.

EC. 1992. C.3. Algal inhibition test.

Eduardo, C.O. and J.R.P. Francisco. 2000. Toxicity of Eu-

phorbia milii Latex and Niclosamide to Snails and Non-

I
ol
H

oX 1o

o
_.—J

2054 WA= = A

target Aquatic Species. Ecotoxicology and Environmen-
tal Safety 46: 342-350.

Eisentraeger, A., W. Dott, J. Klein and S. Hahn. 2003.
Comparative studies on algal toxicity testing using fluo-
rometric microplate and Erlenmeyer flask growth-inhi-

bition assays. Ecotoxicology and Environmental Safety
54: 346-354.
EL-Naggar, A H. and M.M. EL-Sheekh. 1998. Abolishing



126 ABF -

cadmium toxicity in Chlorella vulgaris by ascorbic acid,
calcium, glucose and reduced glutathione. Environmen-
tal Pollution 101: 169-174,

Fargasova, A., A. Bumbalova and E. Havranek. 1999. Eco-
toxicological effects and uptake of metals (Cut, Cu?*,
Mn?*, Mo®*, Ni%*, V°*) in freshwater alga Scenedesmus
quadricauda. Chemosphere 38: 1165-1173.

Geoffroy, L., R. Gilbin, O. Simon, M. Floriani, C. Adam, C.
Pradines, L. Cournac and J. Garnier-Laplace. 2007.
Effect of selenate on growth and photosynthesis of Chla-
mydomonas reinhardtii. Aquatic Toxicology 83: 149-
158.

Gorbi, G., E. Torricelli, B. Pawlik-Skowronska, L.S.d. Top-
pi, C. Zanni and M.G. Corradi. 2006. Differential res-
ponses to Cr (VI)-induced oxidative stress between Cr-
tolerant and wild-type strains of Scenedesmus acutus
(Chlorophyceae). Aquatic Toxicology 79: 132-139.

Gomez de Barreda Ferraz, D., C. Sabater and J.M. Carra-

- sco. 2004. Effects of propanil, tebufenozide and mefe-
nacet on growth of four freshwater species of phyto-
plankton: a microplate bioassay. Chemosphere 65: 315-
320.

Hiriart-Baer, V.P., C. Fortin, D.Y. Lee and P.G.C. Camp-
bell. 2006. Toxicity of silver to two freshwater algae,
Chlamydomonas reinhardtii and Pseudokirchneriella
subcapitata, grown under continuous culture conditions:
Influence of thiosulphate. Aquatic Toxicology 78: 136-
148.

Kamaya, Y., S. Tsuboi, T. Takada and K. Suzuki. 2006.
Growth stimulation and inhibition effects of 4-hydroxy-
benzoic acid and some related compounds on the fresh-
water green alga Pseudokirchneriella subcapitata. Ar-
chives of Environmental Contamination and Toxicology
51: 537-541.

Kuhn, R. and M. Pattard. 1990. Results of the harmful ef-
fects of water pollutants to green algae (Scenedesmus
subspicatus) in the cell multiplication inhibition test.
Water Research 24: 31-38.

Lee, D.Y., C. Fortin and P.G.C. Campbell. 2005. Contrast-
ing effects of chloride on the toxicity of silver to two
green algae. Pseudokirchneriella subcapitata and Chla-
mydomonas reinhardtii. Aquatic Toxicology 75: 127-135.

Lee, D.Y., C. Fortin and P.G.C. Campbell. 2004. Influence
of chloride on silver uptake by two green algae, Pseudo-
kirchneriella subcapitata and Chlorella pyrenoidosa.
Environmental Toxicology and Chemistry 23: 1012-1018.

Ma, J. 2005. Differential sensitivity of three cyanobacterial
and five green algal species to organotins and pyreth-

roids pesticides. The Science of the Total Environment

5 . WES

341: 109-117.

Ma, J., F. Lin, R. Zhang, W. Yu and N. Lu. 2004. Differen-
tial sensitivity of two green algae, Scenedesmus quadri-
cauda and Chlorella vulgaris, to 14 pesticide adjuvants.
Ecotoxicology and Environmental Safety 58: 61-67.

Morsi Abd-El-Monem, H., M.G. Corradi and G. Gorbi. 1998.
Toxicity of copper and zinc to two strains of Scenedes-
mus acutus having different sensitivity to chromium.
Environmental and Experimental Botany 40: 59-66.

Muyssen, B.T.A. and C.R. Janssen. 2001. Zinc acclimation
and its effect on the zinc tolerance of Raphidocelis sub-
capitata and Chlorella vulgaris in laboratory experi-
ments. Chemosphere 45: 507-514.

OECD. 2006. OECD Guidelines for testing of chemicals
test guideline 201 freshwater alga and cyanobacteria,
growth inhibition test.

Olguin, H.F., A. Salibidn and A. Puig. 2000. Comparative
sensitivity of Scenedesmus acutus and Chlorella pyrenot-
dosa as sentinel organisms for aquatic ecotoxicity asse-
ssment: Studies on a highly polluted urban river. Envi-
ronmental Toxicology 15: 14-22.

Pavlic, Z., Z. Vidakovic-Cifrek and D. Puntaric. 2005. Toxi-
city of surfactants to green microalgae Pseudokirch-
neriella subcapitata and Scenedesmus subspicatus and
to marine diatoms Phaeodactylum tricornutum and
Skeletonema costatum. Chemosphere 61: 1061-1068.

Pereira, M.J., P. Resende, U.M. Azeiteiro, J. Oliveira and
D.R. Figueiredo. 2005. Differences in the effects of me-
tals on growth of two freshwater green algae (Pseudo-
kirchneriella subcapitata (Korshikov) Hindak and Goni-
um pectorale Miiller). Bulletin of Environmental Conta-
mination and Toxicology 75: 515-522.

Rojickova-Padrtova, R. and B. Marsalek. 1999. Selection
and sensitivity comparisons of algal species for toxicity
testing. Chemosphere 38: 3329-3338.

Rosa, E., C. Barata, J. Damasio, M.P. Bosch and A. Guer-
rero. 2006. Aquatic ecotoxicity of a pheromonal anta-
gonist in Daphnia magna and Desmodesmus subspica-
tus. Aquatic Toxicology 79: 296-303.

Sabater, C. and J.M. Carrasco. 2001. Effects of pyridaphen-
thion on growth of five freshwater species of phytoplank-
ton. A laboratory study. Chemosphere 44: 1775-1781.

Scragg, A.H. 2006. The effect of phenol on the growth of
Chlorella vulgaris and Chlorella VT-1. Enzyme and
Microbial Technology 39: 796-799.

Sepic, E., M. Bricelj and H. Leskovsek. 2003. Toxicity of
fluoranthene and its biodegradation metabolites to
aquatic organisms. Chemosphere 52: 1125-1133.

Terry, P.A. and W. Stone. 2002. Biosorption of cadmium



W S=F SHET JwAT 127

and copper contaminated water by Scenedesmus abun- 850.5400. Algal Toxicity, Tiers I and II.

dans. Chemosphere 47: 249-255. US EPA. 2002. Short-term methods for estimating the
Torricelli, E., G. Gorbi, B. Pawlik-Skowronska, L.S. di Top- chronic toxicity of effluents and receiving waters to

pi and M.G. Corradi. 2004. Cadmium tolerance, cys- freshwater organisms.

teine and thiol peptide levels in wild type and chromium UTEX. 2007. UTEX (University of Texas, Austin) The cul-

-tolerant strains of Scenedesmus acutus (Chlorophy- ture collection of algae (http://www.utex.org).

ceae). Aquatic Toxicology 68: 315-323. (Manuscript received 4 March 2008,
US EPA. 1996. Ecological effects test guidelines OPPTS Revision accepted 14 May 2008)



