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Toxic Effects of 5 Organic Solvents on Fuglena agilis

Junga Lee*, Soon-Woong Chang, Ji-Tae Kim and Dong-woo Kim

Department of Environmental Energy Engineering, Kyonggi University, Suwon 443-760, Korea

Abstract - Acute toxicity tests for 5 organic solvents were conducted using Euglena agilis carter
(E. agilis), a Korean domestic organism. Organic solvents decreased the growth rate of E. agilis in
a dose dependent manner. The toxicity to E. agilis was increased in the order of chloroform >
acetone = ethanol =methanol >DMSO based on ECs) values from growth test. Organic solvents
also induced cell motility and morphological changes of E. agilis. Especially significant effects on
the cell swimming velocity, motility, and compactness were observed for chloroform at the
concentration of ECs) calculated from 96 hr growth test. Overall, toxic responses of E. agilis to
test substances are comparable to or more sensitive than D. magna, M. macrocopa and V. fischeri.
Our study demonstrates that E. agilis can be a putative ecotoxicity test model organism to assess
domestic water quality. Results obtained from this study can be applied to establish the standard
test guidelines for ecotoxicity test using E. agilis.

Key words : ecotoxicity, Euglena agilis, organic solvents, domestic organism, guidelines

M

rhu

FAZ EEE o F A dF H3E
S B5E w2 el oY IS 1970
FE A7 AEAE ol g3l S 5E=A
A = (Whole Effluent Assessment/Toxicity)Z 7} '35}
oJahw Qond, Selutehe 201193E Y54 Weia)
=2 x93l st ¢lo} (USEPA 2002; Korea Mini-
stry of Environment 2011).

A 5l A5 AA =3 AdEHE AE
o g BEe

ﬂJ

r-YirJlJlJ
Ho © % i

A1
ol 48 FASAANG o AY e

* Corresponding author: Junga Lee, Tel. 031-244-9755,
Fax: 031-244-9757, E-mail: leejunga@kyonggi.ac.kr

229) Daphnia magna (D. magna)= =] Aol A3 A

AlBHA] ok ] AE Folvh Y F2 o] 43 AH

A7 O AlF Fo] o] Al & WiE Eo

He el A% 7 B4 9@ A 54 o

sAshe o ciei g gk w3 F A
s

[]
_n_ul-

FU

f
ox M

°
ofy
e
Lo m
O

1 o 4o oft
o o ¢
_}l_‘o?f,
<
iy
o N
)
ﬂO{_A‘
N
)
)
>

Nt
(L
flo o
P

>

&
2

D I AE TE o

SV
i

o
o,
N
-
N

31
e

ofN
o
a
2
o
i
do
)

o} (Nam et al. 2007; An et al. 2007, 2008).
Ny BAZES 13 AR 4

Zo) We AeA

(©2015. Korean Society of Environmental Biology.



46 Junga Lee, Soon-Woong Chang, Ji-Tae Kim and Dong-woo Kim

Table 1. Physical properties of test chemicals

. Molar mass Density Melting point Vapor pressure Viscosity
Chemicals CAS number (g mol” 1 ( cm?) C0) (kPa) (mpa.s, 20°C)
Acetone 67-64-1 58.08 0.791 -95.0 24.460 0.33
Chloroform 67-66-3 119.38 1.483 —63.5 21.086 0.56
DMSO 67-68-5 78.13 1.100 19.0 0.056 2.00
Ethanol 64-17-5 46.07 0.789 —114.0 5.950 1.14
Methanol 67-56-1 32.04 0.792 -97.6 13.020 0.59

Table 2. The composition of the culture medium of E. agilis.

Compound Quantity (mgL™")
CaCl,H,O 20
EDTA 50
FeCls - 6H,O 5
ZnSO4 - TH,O 44
MnSOy - H,O 30.9
NazMOO4 . 2H20 10.08
CoCl, - 6H,O 87
CuSOs4 - SH,O 39
H3;BO; 283
Nal 0.118
CH3;COONa 1000
(NH.);HPO, 1000
KH>PO4 1000
MgSO; - TH,0 200
VitB, 0.0001
VitBi» 0.0005

A3 7] el SFe ezt
Mol v} e vehle] sAet =
o) e sterair] Sld) AF ol 4H= dm

ql x];g A& Zo|t}(Turbak et al. 1986). L F 22
U= kAl 2 A = 2 ARbsla EAER | ulztet
™ (Ahmed and Hader 2010a, b; Jasso-Chavez et al. 2010;
Azizullah et al. 2011) Aol F=AS 72 BIAE
s Aled 54 atlos 47188 ogdla Az
Hol glow] Az FIATE s YAFEY AnF
Fol slFete F24 54E FAo A5 Qo] (Car
mer and Myers 1952; Brochiero et al. 1984; Einicker-Lamas
et al. 2002) T}ekat faf 2hstEal Bl 7 A sl 3t A
A B4 5EH B o83 SRS S 2
Zo] EAld 7}53)t} (Azizullahand Richter 2012). o]}
e AREL Askel Sk L 5 FT4E WRY
cheret sherEAe] dal G2 o 4% AR
SaE T glom 228 ARe Ve 4 Ad 54
A7te] A A% Folehs A= 3 ek (Tahed and
Hader 1999, 2001; Einicker-Lamas et al. 2002). 1&+} ©}
3t BA-el Hg f=Evhe] SRS Ass 2 Eu-
glena gracilis (E. gracilis)Z ©] 43 A|gozHE w23

Aoz U A Z9 Euglena agilis (E. agilis)ol| ok
A A5 A9 gor A E A=A o

wgbr] B JFe A= E agilis7t =W 5 AL =
A 9L Hrkshr] 28k AlY AR 2oz A
27h54E Hrha) Askel 3 539 AR (acetone,
chloroform, dimethyl sulfoxide (DMSO), ethanol, methanol)
o A SYGFS 2Pl B ANEH Y 4F
22l B S (D. magna)t 57 F1 AE F
v A2 B = (Moina macrocopa, M. macrocopa)=}
ofF wragute| e o} (Vibrio fischeri, V. fischeri)®] =A%l
s} vl wsse

oy

LAk 5 A5

Acetone, chloroform, dimethyl sulfoxide (DMSO), ethanol,
methanol-> A] 7w}t = 2] %] A} (Sigma-Aldrich, USA) 23
B FYete] Abgeledeh 1 9 BE Aloke e
A G AlokE ARgsldh AR EA ] o3y A

Table 1o el sie)

2.E. agilis®] W]k 2 A3 =74 539

2 Aol o8-8 E. agilis= A 3t
2] ef st A Ao A Boktol AF4-3}9dt} Sodium ace-
tate’} Z3+% mineral medium v <Y (Starr 1971) (Table
2ol AEH FFUe == 2800Lux, 2% 24+1°C,
37 16:8(light: dark)9] ®]- &= F-A3pH wl ofstsict.
Al EA L] B3 EA uE mF =AAYH)

/\j EA—] xg

e $Re7] gdeked Wy 22l g Az
& 27890 7] AzL Wl o FFE 4

Aedgke 100 mL AHZER AT i 20 mL A]§8-7]o]

ok 0.2x10% 0.5x10%, 28] 1.5% 10°cellsmL™'2 A=
sled 5YZE wioksl =AYk Open} close 3H7
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o)3t MlE AAFEFE 20mL A g L7 7] AlExd=
oF 0.2x10°, 0.5x10°, 223 1.5x10° cells mL™' =
AET F A= $¢ o83l 27k Fal 1
o (openm)sh 3717} F5) RE vl Y7E DY
Al (closed with head space) 2 597t vl ofal] =3
stk okl pHol ©|8 e 9lo) AP FAT
2713}el| wioFYe] pHE WEAIA (pH 5, pH 6, pH 7) =
gatodot Mx WxE 77 42 (superior, Germany)=
0] &-3}od Inverted microscope (CKX41, Olympus, Japan)
= 243 ¥ e 2o Aol s AT AYE el
growth rate, W& A+&3} v

o m Nlﬂl lo
o

r°"

InN, —InNo
Growth rate (u) E— (day ™)
0

to: A1 g1 A| 2FA] 7F (day)
Al g E 8 A7k (day)
No: 2% 27 Az =
Nu: A 7F tholl A S Az =

3.E. agilis®] AR A3 A3

5% $-7]87) (acetone, chloroform, dimethyl sulfoxide
(DMSO), ethanol, methanol)& A3 &A= SZ} QA
A EE 83 AL AR =EEF A
X5 o83l Fasiglon AFAHLE g3 Foh
E. agilis (2F 1.5% 10° cells mL™")el] ulj oFoll (Table 1)©. 2
Mg 2§78l s TeEE A & 379 A
1A 9k-2 Abe) (closed with head space)® vl ok} ).
96A17t A3 F Ax AT 245 e 2 A
o8] M=z A A 8] L (cell growth inhibition rate)-& AF
3kt

Inhibition rate (%)= Mx 100

ue : 219 AAE
ui:2E5s oM AAE

4. V. fischeriX @

V. fischerir| 8-> Modern water Microtox® Analyzer
(Model 500, Microtox®, USA)E o]-&3}ed o}z 72
woz FASEAS 24 Al EA F5Fe] 110 (viv)ell
3]sl OAS (osmotic adjusting solution)Z H7}3F %
ez A3 A 2s FR)ElT A V. fis-
cheri®] Z7] Wrgwol dz2s B Alge =% 5E, 15%,

cElm 308 A o) WREE 2YT

< ECso (Half
maximal effective concentration)< AFZ&3}93t}.

5.E. agilis®] A w8 A1 ¥
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A FEA6 28t E. agilis®] A zuh-e-e 33 1l
EI5s 1= %ﬂilﬂ-—g« I3 A 2 APEAL AT &
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&
E.
511]) 7 (Inverted microscope, CKX41, Olym-
pus, Japan)© 2. TSI}, w3t el AzAL ofn)
2l (120 449, F 28)E o] 83t E. agilis®] 54 3
2} ¥ (swimming velocity, motility)E 274 519t} (Tahedl
and Hader, 2001).
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T ——pHS5A —e—pHSB
| ——pH6A ——pH6B
—a— pH7A —=—pH7B

Cell numbers (1 X 10° cellsmL ™)
o0
1

Day after inoculation

Fig. 1. Cell growth for 5 days after inoculation in different culture
condition (A. 100 mL, B. 10 mL). Values are expressed as
mean + SD.

A 7% APEAL] 2247, 2277 2D x=Zu
B A% Al we AEeA wEEE oFatel
= 3}

&
close)ell 2|38t E. agilis®] A7} <3
Fig. 12 E. agilis®] %7] MZzEEE 1.
2 Fd3 AR F owekele] R3] (100mL =& 10
mL)®} pH(pH 5, 6, 7) 271& W 3}3led 59U7F A3 4
Fholet. v ok} pHell o3t Mz 4= M= 274
% 29 FHE Jehr] AEbskelem wioke] pH7E
590 27N E. agilis= 7V} £ ARE Je oo
(Fig. 1). wioF-g-3F zfelol] 2J&t Mz QA& WH3h= glo
w o]e} ZHe AN A2 £ (10mL, F F3))e] =4
Alg o] 7hsdE BedFEr

AREAL] ZIAH A= 3 SAAE 59
Algzh Fe] o8 A ErbE 2Ase H T2
oJgFelatel vz A f7]3EA HE 544
< YT A APER =3 54 A3 ol o
S op7|F 4 sioh wEbA IR EAS TR A

>

=S URE)

g1nd
o

=

4 7 guibgez close 37 AN SALHE
sl Zlo] vk s a2y AE Foll met close
7o) wjekzzlo]l AlE AR Fo A FIge vA
sleme 547 glo] Wha) 24z 2Hgd 4 gl
.53 MERFE AE oz 23 =7 (closed sys-

tem)ol|l A A E T3 ez SANHE ;4T A

08 - M Open M Close
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Fig. 2. Growth rate changes of E. agilisin different culture condi-

tions (pH, initial cell numbers, open/close) after 4 days
incubation. Values are expressed as mean=+ SD.

COx2 3173} pH Z7bell 23] =/ Aol A|ghs
Wk 5 gl w2 ATl E. agilisg o4
o] close 7oA AlFEA ] 3t SAAFe] A4}
S Hrker] 918 20mL A1§87] (F 3] 10mL)
o 7] AxH == ¢F 0.2x10°,0.5x10°, 28] 1.5%
10°cellsmL™'2 % %38 £ open3} close 37 o7 497}k
wjefahe Alx ARk FAsA 96417 A F
wjofd pH ¥ 27] MzHxo o3t AA&e] Wy}
A= o} open} close 370l 23 g WH3l=
A skt (Fig. 2). 53] pH 59} pH 621 7oA 7]
AZU =7} 1.5%10°cellsmL ™' A% §A18E Al A3
+& Jel Y (Fig. 2). o9} 22 A= E. agilisE ©]
43}e] open} close 7oA FAAH 43
< vebly A {718l o3t SAoddF ot A
closed system x=ZA| g o] 33 7oz FActxlc)
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2. E. agilis AR A3 A3

529 3EAl §7]8v) (acetone, chloroform, DMSO,
ethanol, 78] 37 methanol)ol| W3t E. agilis A3 *3] A3
& saseh Ad s AREAe sk s
= E. agilis®] MEL=7} 7345t (Fig. 3). AgE4
o % AERY JRE FE A24E ehled ¥
=-8h5 AA= Sigmoid FefE e olo} (Fig. 4). AE
o] Al8-% 5%9] A& F E. agilis= chloroformel] 717
q17hek vhg-& X9l o™ (Fig. 3, Fig. 4) $-5F-1k3 A3t
Hhod 35 = (ECs0) S ¥ gt A3 DMSO7} 71 54
o] 9} methanol, ethanol, acetones= 0. 2 =A]o] o}
2o chloroform®] SA4o] 7P =74 &4 = ok (Table
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Fig. 3. The cell density of E. agilis after 96 hr incubation with various concentration of (A) acetone, (B) chloroform, (C) DMSO, (D) ethanol,

and (E) methanol. Values are expressed as mean =+ SD.

%= Acetone -#- Chloroform -#- Ethanol -¢=DMSO -4 Methanol

Table 3. Estimation of 96 hr NOEC/LOEC, ECys, and ECs( values
of 5 volatile organic compounds with 95% confidence

120+
intervals to E. agilis.
1001 . 96hr EC  Confidence Intervals (95%)
Chemicals 21
(mLL™) lower upper
s 804

=t Acetone LOEC 5.00 - -
£ 607 ECos 14.91 11.36 15.85
e ECso 18.93 17.97 19.17
= 404 Chloroform  NOEC - - -
ECos 0.26 0.19 0.45
201 ECso 0.59 0.52 0.74
DMSO NOEC 12.50 - -
00 | i 0 160 10'00 ECos 27.87 24.24 32.73
’ ECso 56.87 54.28 59.27
Concentration (mL L") Ethanol LOEC 10.00 - -
ECos 14.39 12.83 15.79
Fig. 4. Concentration-response curve of E. agilis by acetone, chlo- ECso 22.90 22.13 23.75
roform, DMSO, ethanol, and methanol treatment for 96 hr. Methanol NOEC 10.00 - -
ECos 20.40 15.97 32.98
ECso 35.03 31.98 38.58

3). Acetone®} ethanol®] F*33>= (LOEC)= Z+7+
502 10mLL '] 3 E. agiliso] &2 Jepl=] 9= 3
T EwE Bolgkkw (NOEC)Z 7Fd& o DMSOS)
methanol®] NOECY: Z+z}F 12.5¢) 10.0mLL 2 =X 5
9o} (Table 3).

A& 2|8t E. agilis®] SARIZI=SE Solr 7] 9]
3] E. agilis 34 523°33F (ECso, 96 )2} 2] 5= AYel
HejA =el o] &= AE F<l D. magna(24h), A2
=AAAEH7E 5 FHA W MA B S (M. macroco-
pa, 2403} V. fischeri®] SAJed8kz} v)wale] Table 49|
Hebi ek LA B diste] sof gt 2ot

ECos and ECso: 5% and 50% Effective concentration. NOEC: No observed
effective concentration. LOEC: Lowest observed effective concentration.

(V. fischeri)g o] 83t SAAEE sl SA7Z
= #lwe) ©)4% D. magna®} M. macrocopa®] ECso 3k
= FHRAME T8 O gkelw V. fischeriol W3 433
A Al A3} ECs (15 min)S 7]F 22 Chloroform?]
Exo] 7} =9romw Acetone>Methanol > Ethanol
>DMSO =0 2 EA]o] =9)t}.

E. agilis®] =A"7} =X acetoned]| ©|3}e] D. magna
B} JUglkov} V. fischeri®} §AFSF I M. macrocopaB.
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Table 4. Acute toxicity of 5 organic solvents to E. agilis, M. macrocopa, D. magna, and V. fischeri.

ECso(mL L")
Chemicals
Euglena agilis (96 hr) Moina macrocopal) (24 hr) Daphnia magna (24 hr) V. fischeri (15 mins)
18.93 58.82 2
Acetone (17.97~19.17) (43.95~79.01) 7.60, 10.00 16.27
Chloroform 0.59 - 0.60, 0.79% 0.48
(0.52~0.74) e ’
56.87 36.70 1
DMSO (54.83~59.27) (31.31~44.43) 6.21,11.65 9585
22.90 36.70 3 2
Ethanol (22.13~23.75) (31.31~44.43) 10.00”, 15.80 97.78
35.03 36.70 %) b
Methanol (31.98~38.58) (31.31~44.43) 10.00”, 19.23 90.44
YKim et al. 2010, ?Bringmann and Kiihn 1982, *Kiihn et al. 1988
Chemicals
Control Acetone Chloroform DMSO Ethanol Methanol
(20mLL™) (ImLL™) (50mLL™) (50mLL™) (50mLL™")

Fig. 5. Morphological changes of E. agilis induced by acetone, chloroform, DMSO, ethanol, and methanol after 2 min exposure.

Velocity Motility Compactness
100 4
80 ' N ¢
< é ?\ N&O 2
z Y ¢ ,[‘ g
Q 2 L 4 3]
- = s 2
2 2 40 ¢ £
= S
20 4 # Control
T T | 0 0.0 1 T T T T T 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (sec) Time (sec) Time (sec)
Fig. 6. The movement patterns of E. agilis treated with chloroform concentration of 0.5 mL L™ during a tracking period of 2 min.
o} oF 3w H= =9k} Chloroformel] ©&led E. agilis= Abolslt AubH o2 D. magna®¥ el okl 18y M.

D. magna == V. fischeri®} A5l DMSO9]| o) 3t macrocopa == V. fischeri®} fAVEAY o 2173s1ed e}
E. agilis®] SA9 7t == M. macrocopa®} D.magna®l ¥]

3 oF 1.5~9.28] 9t} Ethanolel]l o3t E. agilis A 3.E. agilis®) A W< X3

W75 D. magna®c}t o} M. macrocopast V. fis-

cherirnc} z¢zy ¢ 1.59} 4.5%) A= =9t} Methanolol) SZFY I (E. gracilis)®] SEA EAL o] 83 =44
AN E. agilis=ARIZE == M. macrocopa®} f-AFeked 3L HE S3le] kst felststEae Az HH, 23

[<3

D. magna®c} o V. fischerift} ¢F 2.5v) Ax = 1, v}8EA] 1l o]lZdw T of3FS mFoE dF At
okt} (Table 4). E. agilis®] AU} =E APEAH=2 7} 2% v} it} Cadmium (0.1~ 1.6mgL )=} tributyl-
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tin chloride (5.6 mgL™)ol] &J3] A =£2] &) wWslr} A3
=] 9l ] (Ohta et al. 2001; Watanabe and Suzuki 2001), ©
Z7 d¥] 50% olate] Mz A fEste 2
¥ rEol= Az By A V- Azrt 32
9} (Trenfield et al. 2012). Danilove$} Ekelund& 2],
YA, 3 aE]x ofdel] 7] x=FQAZHE E. gracilis
o] Alzo] el W3t Wz A&} ety A3
93 01} (Danilove and Ekelund 2001) Ahmed 2} Hiader:= A
¥ o] Z-<4 % (swimming velocity) 2} Al ZH}8FA] (gravitactic
orientation)o] A ZAPA A& S F-Ls= FE| S A

748 2| z2ba A) A 8k4 ok (Ahmed and Hader 20104a).

ool & AFeINE 55l AL chato] E. agili
o] MEHE-S FEs T 7P 54 o] 2 chloroform
o W3le] E. agilis M E2] 54 W3lel] 7] move-
ment parameters (swimming velocity, motility, compactness)
2 ZAspoich Al zuks w3 A3} 7k 222 ECs (E.
agilis, 96 h) = 1 oA o) w 28 2T gl Lo
% E. agilis A 22] el W37t Jebget (Fig. 5). 53]
chloroform =% 3 E. agilis A .2 5]
I M=z FHF o]F<4 = (swimming velocity), €3]
(motility) 28] 32 A 32 2 2] (compactness)-> o] Z-ol] H|
3 27k 73.0,94.0, 28] 37 29.4% 7} A5+93 o (Fig. 6).

B A7 A3 E. agilis A E2] 54 Wl 7]
movement parameters (velocity, motility, compactness)E-
Z oz =AAES 533 A AFEA st A
Zo) WA Tbe] Fol AT vio] BAAFE AT
& Qlemz AN mUEYe] Bz 453 4
A& oz Aoty

*11010 xzh‘r A
o)
A=

5N 2

2 QATAE A ) ANEAE AR AR
Foza f2AN A47bsAE WA Slske]
W AYE E agiliss ol g3ked 5E] HUY 5714
7} (Acetone, Dimethyl sulfoxide (DMSO), Ethanol, Metha-
nobell o|3t =Aeiagke Wr}erelch E. agilis®] AEH
54 o83 FASAAYF B7h Ak D. magna] ]
8 DMSOel| gt HARIZG=st Aoz ygtovt
Aoz wadE 23 fAsAY Nz £
agilis®] ZE2 EAS o]&£3 MzulS A3 A
Chloroform®] 7-¢- ®bpeddfe of7|3l= AP E
= (96717 ECso)ell 73] Al&shar RIzsE 54
R B DT I L 02

e FE 4T AT
ZAoleh 4 AT BRI
=
o

o
o
ol
N

fa r
a2
ofo
o
o|N
N
kD
=
e

"

/H}\]aﬂ 7Htll—oﬂ ;{4_9_@- g Zzo
sha hopo] Bolstu] tapar 4
Aol w7zl of gt w3k kA zke] Frop AlAIZto =
EUEHe] 7ed ¥t
gt 2 A7 A3 E agiliss HH%* | olata o+
7] 49 A& (growth rate), o] 54 (velocity), &
%= (motility), A 23] &} (com-pactness) 5 A &3 EA 3}
e $EH 54 A" AAES FEFoE =

ANEE T 4 ok wEbA E agilise G &
szt 24 gl ARl Hste A&sta RIAE 5
Ak =&e] 7hsd Aoz oAEn dF v 4
FE A3 A2 s L AE Fo= A
48 4 & Aoz gayd

Ab AL
B =Rno 3Aan «Zzwyel AV e s
21 (FA M 52 GT-11-B-01-015-0)2ke} 5308 A9
Yt
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