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=4 — -:q‘., AR :ol'é‘ 10 Bl % Gl ibrio fischeri = -l azaraous an oxious
71—;(] ] ]:rLzo] 7] X]—E Xﬂ ° o] }_o;] Hokzﬂ H}a} HlEﬂg]o]_(Vb f h = o]% sk H d d N

Substances(HNS)2] e =/3-8 35713519] ‘:]' T2, T4 5 FEE 65 L FE5F 115, AL HlE 5 13
4 1283 540] A9k AIS 23 F 2452 A B4l dial] s skl 5 1155 E 18R] Aljt

sHzell tist 5/9%7F A3} wEAIRE 3(%% 7% _EH}% v, T, A, R 2, of)d, QEElE Bl dRml e
ECs#k 0.0318~0.73 mg/L HEI= UERITE U2 30i =% ECs@k 1.39 mg/L, —giA 9= EC,@to] 243.6 mg/
LE VEFTE ECswkell e 574 W= 42 A9 toxic(HE E/7EH R, YA 1072 557+ very
toxic(++) FELOZ F7FE QT 771818 BRI AlRKEE ] - 303 =F ECs#k> 0.975 mg/LE very toxic(++)
o & Pt S5 5 S T4 SQEE RS>0 > v > > > o IS > A B A
O 2 YEFHTE EAIRE 302 7IE0E ofld WAl 5 AN 12528 f7188E 3 ] EC,#h 1.855~ 51,667
mg/L ]S B3It} o] FE52] EC,, 7k 0.0318~243.6 mg/Loll Bt FEE 1 WL Yo Ao vebdt
th G718 e 0] SAEE ofd WAL ASEFA>AL] S Z AN > dlz>HlAdl> 1,2-H S22 osk>ol|EA
e >FE>A 0| A ZHUTE> W|EhE SO R L}E}“‘t} w&572 54 FrlelA B4, vk, T, ofd, &F
t)E0 9= 308 E A EC,gko) mEAIZE 53 &2 155-9] EC,gkoll rste] BHA| el o] & F45E= ike
eHde) :ezAlTlo] T Q3 Z1 0= JhekEth AIRIsE 2] 739 oA WhE- el Alzto] T sk Ao w YERTE =
= Azl W {71318 E 2 9] EC a4k ‘?4;%01]*1 oA EAL ofE 5 97H EHO] A9 2E3ARE 5, 158 307
O] ECs it & wEAIRE 53 EC#te] Hol ind 27] SAE Y %8 Z 0% Uebgth. tpekst fafl=del tish
=4 7} gk FF g obE o] &3 HNSEUER 9 9 Jﬂ7} ol QoA &84 & Qe 7xAsst 4
2o ke
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Abstract — Korea Ecotoxicity assessment was conducted for the purpose of monitoring the leakage of Hazardous
and Noxious Substance (HNS) and mixed toxicity evaluation. Ecotoxicity was evaluated by using Vibrio fischeri
for total of 24 individual substances. The substances were consisted of 11 metals including 6 heavy metals such as
Tin and Copper, 12 organic substances such as Hexane and Phenol, and Cyanide. Vibrio fischeri was exposed to 11
metals and inorganic Cyanide for 30 minutes. The ECs, of the metals including Vanadium, Barium, Copper, Tin,
Manganese, Silver, Zinc, Antimony, and Aluminium was measured in the range of 0.0318~0.73 mg/L. ECy, value
of Nickel was 1.39 mg/L and EC;, of Boron was 243.6 mg/L. The toxicity level of Boron was classified as toxic(+)
and other 10 metals were graded as very toxic(++). For the inorganic chemical Cyanide, ECs, value at 30 minutes
was 0.975 mg/L and toxicity level was graded as very toxic(++). The toxicity of metals was evaluated in order of
Tin > Antimony > Aluminum > Barium > Vanadium > Copper > Manganese > Zinc > Silver > Nickel > Boron. based
on the exposure time of 30 minutes, the EC,, values of 12 organic compound ranged from 1.855 to 51,667 mg/L.
The organic compound was found the concentration was higher and the range was wider than the EC,, values of
the metal. The toxicity of organic chemicals was evaluated in the order of Benzene> Xylene>Toluene>Cyclohex-
ane>Phenol>Benzene>1,2-Dichloro Ethane>Ethyl Acetate>Butane >Hexane>Isopropyl Alcohol>Methanol. In the
toxicity evaluation of metals, the ECs, value at 30 minutes of Boron, Barium, Copper, Zinc and Aluminium was
lower than the ECy, at 5 minutes or 10 minutes. It was considered requiring more time to complete reaction. In the
case of cyanide, it was also found that more time was required for the completion of the reaction. In the variation
of ECs, of organic compounds according to exposure time, the EC, of 9 organic compounds such as Ethyl Acetate
were low at 5 minutes of exposure time among the ECs, of 5 minutes, 15 minutes and 30 minutes of exposure time.
Ecotoxicity assessment for varius hazardous substance is expected to be a baseline data that can be used for HNS

monitoring and impact assessment in the future.

Keywords: Ecotoxicity(* Bl 543), Toxicity assesment(=*3 4 7}), Luminescent bacteria('2 3

vk 2] o}, Vibrio

fscheri(3%Fd =38t 2]o}), Hazardous substance($18-E4), HNS(H-3&E3)

9:1—11 o7 HHE /\]
Aol = VA AR 5
(Hong et al.[2020]; Lee et al.[2020]; Bmaeian et al.[2012]; Kong
et al.[2015]; Efremova Aaron et al.[2019]; Yanga et al.[2021];
Laetz et al.[2009]).

20211 71 vl s stk °1 T °F 46,000
Z(NCIS), 2018 71% ] sfelEd o] HERR 6382 WinkEC R
ZAFE AT S H 332 NHE, FEH 1202 WRHEC R %
Y EFH 4522 MTHE O F YR TH(https://kosis kr).

2015\ 7IsE =9 3V 75 1% -3l = (HNS; Hazardous
and Noxious Substances)> ©F 6310 & 25190 E0 2 A A7
A 5] oF 19% AEE B skl ITHKim et al[2015];
Lee et al.[2020]). ©]&= A -FallEd 5 B2 ol S 53l

I QS-S AAREL 910, 2006~20131 Bt A AAIA S ®
9] &l’d HNS 247 B tkKim er al.

3057d, R1F
[2015]).

HNSE F7eh B2)3lehs] o] tekale] siekiaita Al &
AR ti-g Wt vido] 4 é% ‘o)t

S2lyete] -9 HNSt= sk w2 feldAlEZ 545
FTXF 71, Y5 352%, 2+ 122+)J+ AN FUAA ] T
= 8 -RalEd 6850 A= olqltt HNSAFaLe) FHasto]
= A - 7244 5 2 9 AW ITOPF; International Tanker Owners

Pollution Federation Limited)= it TARBRESR 52 242
54, LNG'LPGS} 8- 7124 B4 w5 47184 5 20
7P 1957} e BA R A THITOPF[2014)).

dloFs Balel 25T Sl AFEHE slgEATe] 9
TREFA AR AT 22 HNS) olelelie 1A

9 Al A ATED Fole FEEAE EASH
o5 F A FHRD oL} FEHOIE YA TS thE

97le] AL 34 Y EFER F ok 307 EAKB, Al
V, Mn, Ni, Cu, Ag, Sn, Sb, Ba '5) AFoll7A] A A 02 5448 7h=
Ao 7 Bkl K Morais ef al.[2 012]) S2delA HFulEA
*U A AeEAe] Fodd 4R o -fYseE 9 S5

x—]]/\]o]-oﬂ 01:1 /\gEHEH & ‘lo]o] 3(31.4%), TI.7]§]_61-‘:'
(25.7%), FE5(22.8%) 77 A AelsA) 152 80%E At
Aeh= 0% Buska QHMER2011])).

A7 o= WETE 9F-FaELel tete] BUuE tgshe
R PR S5t 5 o) @44 A7k Qo) ol =
&317) Slsto] Ae)sH 7o) §7 o)45) 1 JITkUSEPA
[2005]). BEISAHTPIRE 2B Aol vidte] YEo) Mgk
E/ﬂ o] Oﬂfﬂ:—o_ /\LEH;G 71—_\:& ]j]_u_a‘]-._— 7]ES(USEPA 1985])01‘:]'
shek7] et Qg4 Shelo 1 28 97 BAR A1 Qe

Aol WS B P S gE o] Al A Fo Y
BE AFsP (Jang er al[2017]) 2 i‘v‘i‘ﬁ ojy] =5 R n]e-g
AEREEe] 273 SEEATA I 07 S ol thsk 24
B ko & QIRtal 9lth(Lee et al.[2008]).

AEEY WK DNA &4, BATY 5 24 520 W
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et al.[2008)).
Rl A AbaL ol 2§ A3 frelEA e FrEAl S4BT Al
JA|Zbo] il 28 H917L vhekel AES o] &sto] mhE Ao
o] Aot} webs stk SR B EAIR V(R
]21&)0“"1 ek B2 5Tkl A8 Qe
Ve 2lok(Vibrio fischeri, 1SO 113485 F7F Ul AEZ A

of
I ool m‘tN’

O
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o M & 1 od

0=
K

V fi scherz/] b2 Z k2] (quorum sensing) 7] S 2 8}
Helop} AP e wdls /‘3"}0}01 ek AP REEES
AR5 HEAAA AEE UEE G4 S7A B 55 2

] &= 2Hgoltt. o] st WEHkg-2 luciferase A4 250 &
Ht. ool o] A= drsto] =7} Alshe a1 ZERIE
iﬁ%%a]iE}O]E(FMNHZV]- = o] FAFKEFEMN), LHlst
o]t Aksled 4l ol A, 490 nmollA - A ] IR o
V=) 7} At (Scheerer ef al.[2006]; Shukla et al.[2020]).
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Tuciferase
FMNH,+RCHO+O,

—

FMN+RCOOH+H,O+hv (490 nm)
AeEdds Q1% AxpddA o] S EE vt oy tiake]
<4 BEgell fal] fiess A ow AxpdgAel gk atke]
A AE o) Jakg nlRIt) o] Mgkl S48 Axbdg
Alell %, = el B7Fsh= Aol st 215 %o] 1 wikE 37}
o] tScheerer ef al.[2006]).
et o} A7 IS sk 71E
o, Ao g2 Algtel] W AlR0] 4
I, WA T Som v)g AAAIAQ1 W
(Yang et al.[2016]; Klapotke e al.[2021]). T=3F,
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=
AE 9 B 54 HTtel| o] 853 3l (Lee ef al[2008];
al.[2018]), HZol= Y& 2] 57/J(Baniamerian et
2250 g5 H7KShukla er al.[2020])01 % AHE-5

B AT HNS 59 28 s P AeEa) S S
QAQRAN AL ol W2 % WA W EHEA H7ho]
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2.1 SMYYL CHAEE
2.1.1 Z&5 1 2I&

=47 iV 4 Table 13} 2t} 5557 11529] 54 71l
AHeE E2 sES
Nickel, Antimony, AlluminiumS Z+7} %354 (KANTO, AAS;
Atomic Absorption Spectrochemical analysis)S AFE3}3 0™,
E5E2 (SIGMA, AAS) @ Magnesiume 552

Vanadium, Boron, Cupper, Tin, Silver, Zinc,

Barium< %724
(MERK, SRM; Standard Reference MaterialyS Cyanide ¥<-&
Z(SIGMA, IC; Ton Chromatography)s ARSI S35 7 A &0

AT,

212 fr713ketE4

543971 o 57135HE 1252 Table 29} 24T} Butane 1-
Butanol(SAMCHUN, SG; Spec1al Grade), Isopropyl Alcohol<
2-Propanol(SAMCHUN, SG), Ethyl Acetate(J.T.Baker, HPLC; High
Performance Liquid Chromatography), Hexane< n-Hexane
(SAMCHUN, SG), Methanol(KANTO, GR; Guaranteed Reagent),
Phenol(SAMCHUN, SG), Cyclohexane(SAMCHUN, SG), Xylene
(SAMCHUN, SG), Benzene(SAMCHUN, EP; Extra Pure),

Table 1. The list of metals and inorganic (cyanide) used in this study for toxic assessment

Matters Companies and Grade Molecular formula Cas. No.
Vanadium Vanadium std. (KANT, AAS) v 7440-62-2
Boron Boron std. (KANTO, AAS) B 7440-42-8
Barium Barium std. (SIGMA, AAS) Ba 7440-39-3
Copper Cupper std. (KANTO, AAS) Cu 7440-50-8
Tin Tin std. (KANTO, AAS) Sn 7440-31-5
Metals Manganese Manganese std. (MERK, SRM) Mn 7439-96-5
Silver Silver std. (KANTO, AAS) Ag 7440-22-4
Zinc Zinc std. (KANTO, AAS) Zn 7440-66-6
Nickel Nickel std. (KANTO, AAS) Ni 7440-02-0
Antimony Antimony std. (KANTO, AAS) Sb 7440-36-0
Aluminum Aluminum std. (KANTO, AAS) Al 7429-90-5
Inorganic Cyanide CN std. (SIGMA, 1C) CN 57-12-5
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Table 2. The list of organic submstances used in this study for toxic Assesment

Organic Companies and Grade Molecular formula Cas. No.
Butane 1-Butanol (SAMCHUN, SG) CH;(CH,),CH; 106-97-8
Isopropy! Alcohol 2-Propanol (SAMCHUN, SG) C;H,OH 67-63-0
Ethyl Acetate Ethyl Acetate (J.T.Baker, HPLC) CH,;COOC,H; 141-78-6
Hexane n-Hexane (SAMCHUN, SG) CeH,, 110-54-3
Methanol Methanol (KANTO, GR) CH,0H 67-56-1
Phenol Phenol (SAMCHUN, SG) C¢H;OH 108-95-2
Cyclohexane Cyclohexane (SAMCHUN, SG) C¢H,, 110-82-7
Xylene Xylene (SAMCHUN, SG) C¢H,(CH;), 1330-20-7
Benzene Benzene (SAMCHUN, EP) C¢H, 71-43-2
Toluene Toluene (SAMCHUN, SG) C¢H;CH,4 108-88-3
Ethyl Benzene Ethyl Benzene (SAMCHUN, SG) C¢H;C,H; 100-41-4
1,2-Dichloro Ethane 1,2-Dichloro Ethane (SAMCHUN, SG) (CH,Cl), 107-06-2

Toluene(SAMCHUN, SG), Ethyl Benzene(SAMCHUN, SG), 1,2-
Dichloro Ethane(SAMCHUN, SG)= ARE381o] 54057 Aol AL
313l

22 ARHEE A A

AN 5AF AHEE
Modernwater Ji: (USA)OIA] A &%= Microtox LX #|3%= ©]-838}
STk Al EA RS Fd73E Microtox acute reagent(AZF686018A)E
ARESFRA AL, gt o} 84 8} A]2kS- Reconstitution solution
(AZF686016), A7 Z7d38l= Osmotic adjusting solution(22%
NaCl, AZF686019) 4! A 5.9} Alok2 314 5k= Diluent(2% NaCl,
AZF686011)yS AR2-315I T}, Microtox acute reagent= “J& R 3 3F
1 0.1(:20°C) AHE
well plate] 537 £

Aol Reconstitution solutiong ¥ &% 5C
ZAZ & FAd53 7 e ARESHAT

23 AlPx7 9 A
V. fischeri®] 5730l tist 715 £I5k Al 2702 Table 33

)
Ach

2t} =424 A= Microtox LXS AHEslT A%
TAL AT A7z AAE EF5FEZ ZnSO, TH,
23101 15% ECs, 3289 3~10 mg/LE TF3H=A]ol U
& AT 247 5Y w5 33 A 742t
3.978, 5.059 4 7.268 mg/LE A& AAE 3EHS

R

m
0

ok
o,
BNorle fto2 o

Table 3. Method for Acute Toxicity test

S3=del tid BAE 9/ sk g ‘i}EﬂﬂoF DIVL

2.4 SAZHAE

ECy, gkoll 2718 5452 Aiu|nE flste] 2 /i 54 4
F71E4 e 542 4 ()l gslo] A& 5 th(Tongur and
YildiZ[2020)).

TU=(EéO)x100 )

5

3.0 9 O&
3.1 M 71F
L A] 4491 RDX, ammonium perchlorate, 2 azide salt®]
5 BAHNE S88 Aol (Klapotke et al.[2021]) ECs @S]
57158 ANSIEIY. ¥ fischeri 30 wZ°] thdt EC, 4k 7]
TOZ HAY FFS 0.10g/L <ECy, M very toxic(++),
0.10g/L < EC5, < 1.00g/L-2 toxic(+), 1.00g/L < ECsy-2
2 e

Lepidium sativum, D. magna X V. fischeris ©]-&3%F 547}

less toxic(-)-2.

Items Conditions
Test Organism V. fischeri
Exposure concentration 81.9%, control
Exposure Time 5~30 min
Temperature 15C
Samples Stock solution and diluted stock solution
Injection concentration of Bacteria 100 pL (Stock solution), 1500 pL (Diluent)
Dose point 9 points
Equipment Microtox LX
Result 5~30 min luminescent inhibition ratio (% Effect)

Std. Toxicant

ZnSO,-7TH,0
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Table 4. Toxicity level classification for TU

Class Range Toxicity
Class 1 TU=0 no actue toxicity
Class II 0<TU<1 slighly toxic
Class 111 1<TU<10 toxic

Class IV 10 <TU <100 very toxic

Aol w5 X FA|Q] Carbamazepine®] TURLS] thet 54 7]
IABIITE TU 3k 715028 3454 RAI gl s
o}aﬂg} o] 54

2~Z 0 1=

TS ST (Tongur and Yildiz[2020]).

3.2 "I

EY=r<=]
321 257 4 Y&

Zof| gk 5457}

V. fischerig o] &% o5 115 2 77 Djr@‘% Cyanide®]] ti3sk
5733 7F A3k Table 59 2t} =E3AIRL 302 S VIS0 R
Vanadium, Barium, Copper, Tin, Manganese, Silver, Zinc, Antimony
2 Aluminium 2] ECy,%k- 0.0318~0.73 mg/L W $] & LFERRETE.
EC,@t°l Img/L ©]31Q] A= 4548721 28l (Tongur and
Yildiz[2020]) | X &2 &= TUZ} 100 OVJO] t}. o]+ Class IVY]
Very toxic®] & 3]sk 13154 =R Zg

Nickel®] 30% =% EC; %k 1.39 mg/L TU 100 °) 322 7
A5 BRAIZSEIA ClassVe] Very toxic®] 9721312, Boron®)
A9E EC,, 243.6 mg/L, TU 0.412 A4 o] Class 112] slightly
toxic = 2.2 YEFHTE Boron] 73-$- ECs, 243.6 mg/LE ECy,
#HoT BRek 547 285 (Klapstke et al.[2021]), toxic(+)
ol FEhe 210 E W HleH, 11 o)) 10719] 55+ ECy,
Zkol 100 mg/L ©13kR1 very toxic(++) T2 F7FE Y. 2572
EA %+ Tin>Antimony>Aluminum>Barium>Vanadium>Copper>
Manganese>Zinc>Silver>Nickel>Boron $=°.2 YERS T}

718k Cyanide®] -9 30 =% EC; @t 0.975 mg/
LZ very toxic(++) 2% YENE, TU 102.56% 3543

3

FAIZ~EA] Class IVE] Very toxicd] s d3|sh= 113154

%
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O % 7=t
& Al 54487t =2 5 Bo ronQ ALF F5F 10
F3 H7)13k8r=2 491 Cyanides 15A5FS 296k 113154

o7 Gt H}. 7 559 ECsaks A 0}71 et w5 =9
A gl tist oFRksA A% A= Fig 17 2t

Vanadium (V)< GAAEA ol Qs n]ebZ4 092 | mg/L
512 o ollA] EA1S BTK(Xu ef al[2015]). 7HHTHe] Athabasca A
o 7155 9A9) n|EEE: EAAT W B3255 Pseudokirchneriella
subcapitataﬂ— Scenedesmus quadricauda 2%0] th3t Vanadium2]
EC,, = Z+7} 324 mg/L, 4.12 mg/LE X 118} th(Schiffer and
Liber[2017]). E%FollA 2F2] n|AEY} 352 A&S tlo= st
Aol 4] Vanadium®] ECs3k= 0.8~15 mg/L H 9] Z (Larsson et
al[2013)), D. magna®l] thet EC5,3k 1.2 mg/L(Okamoto et al.[2014])
2 BTk B Ao A Vanadium®l 305 7]F EC, gk
0.2512 mg/LZ H7}E ).

Boron -85, B1&, B¢k, Algl] 5o g 2oy, sl o =z
TS FeRgolu 312 HllE ol 2gkct. Alafel] sk Borono]
35 W9 8~340 mg/L WY E O 2k
18 mg/L o|WE Hlom, " FH3552] 95 ECy#k(24,
48 A7) M= 95~1,376 mg/LE thi-#2] k2 100~200 mg/L=
LFERSCH(https://www.greenfacts.org/en/boronl-2/boron-1.htm). D.
magna®ll 8t EC5 3k 0.013 mg/L(Okamoto ef al.[2014])Z K.
3R} = Aol Boron?] 30 715 EC, 3 243.6 mg/LE
AREE S

247} 712 At 850l EASRE Bariumel] tist el AR
ATt A 28 (Barium sulfate)ol] t$t B S (Ceriodaphnia
dubia)®) ECy#k-2 17 mg/L (McKnight et al.[2018])Z YEFstT)
gt 5052 w55l st EWE(D. magna)ll tigt $7359A1E
oAl vEel thdt EC@k 11 mg/L 98 R3S THOkamoto et
al[2014]). £ Ao 308 715 Bariumell thet EC,@ES- 02412 mg/
L& A= Ql).

= /\ o)
V fischeris sa52F Ak 5

w4 9 R sl

/374528 A5rellA Coppere]

Table 5. Result of EC5, and TU30 min for (heavy) metals and cyanide with exposure time

Microtox ECs, (mg/L)

Matters - - - TUs0min
5 min 15 min 30 min

Vanadium 0.2440 0.2459 0.2512 398.09

Boron 275.2 296.6 243.6 0.41
Barium 0.3113 0.3287 0.2412 414.59
Copper 0.7750 0.7001 0.3730 268.10
Tin 0.0262 0.0270 0.0318 2624.67
Metals Manganese 0.2857 0.3324 0.3809 262.54
Silver 0.7455 0.7321 0.7300 136.99
Zinc 1.547 1.060 0.6928 144.34

Nickel 1.464 1.464 1.390 76.39
Antimony 0.0659 0.0643 0.0651 1536.10
Aluminum 0.4951 0.4510 0.2091 478.24
Inorganic Cyanide 3.172 1.521 0.975 102.56
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a) Boron b) Copper
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Fig. 1. The change of inhibition ratios for metals and cyanide in 30 mintues exposure with V. fischeri.

EC#kS 0.5 mg/L, Zincoll et EC@hS 1.49 mg/LE (Tsiridis et
al. [2006]HEFS T, Sk T2 54 dEAHE Bt ATRellA
EC,,#k& 0.18 mg/L=Z (Kungolos e al.[2006]), 2EA| 9} F54:2]
E=A Aol Copper] 15% ECy, 3k 0.53 mg/LE #XA3H
Ch(Yin et al[2019]). & A7l4 Copperet Zinc] 15% ECsik
Z}z} 07001, 1.060 mg/LE B7}E 310},

Triclosan®] 59 & oM 308 7|22 EC, @S Cu*
16.409(16.134~16.684)mg/L, Zn** 22.787(18.479~27.095)mg/L =S
Ruskgy, AFATA3E cuol 4% 0.25~36 mg/L, Zn*-
0.488~13.4 mg/L=E AASATHKIm et al[2014]). D. magnall ™
3 EC,%k2 0.013 mg/L(Okamoto ef al[2014])Z H3}ITH 2

ATelA 30 ECs#k> 0.373 mg/LE H7}E| AT

LU EAATNAN D, magna®l 48 h. FAEAI R AgNO,9
EC#tS 0.0023 mg/LE (Asghari e al.[2012])&, THE ATrellA=
0.00091 mg/L(Okamoto er al.[2014])% LFERGT}, BE3t 123434
T Pseudomonas putida mt-2°] ECs@k- 0.175 mg/L(Hachicho
et al[2014])= RI18FTh & A-ellA] Silverell Tt 30i ECy,
2 0.73 mg/LE 3715 e}

=457 U8t D. magna®l EC,, 7-°l14 Nickel®] EC,,ak=
0.65 mg/L(Okamoto et al.[2014]), U= 75 oz st PE3H4]
o] g Falyfgelqtol A £ Nickel2] D. magna°ll et ECye
0.52~4.0 mg/L H 19135 K313 thMano and Shinohara[2020]).
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B AATolA Nickelol] th3l 303 EC, %k 1.390 mg/LE D. magna
9] ECs, Bl 28 A 0= 3riE it

eEgole] otAu)e}l Ao A elA 2u)(Exaiptasia pallida)l
o) 3t Aluminum @] ECy, %k 28°C ol A= 2.270 mg/L, 24 C ol 4
8.870 mg/L ©]%].©. ™ (Trenfieldabc et al.[2017]), D. magna®ll th3t
EC,, % 3.9 mg/L(Okamoto ef al.[2014])2 B3I 2 ¢
oA Aluminum®] 30% ECs#k2 0.2091 mg/LE F7}= i Th.

A= A7) thdt Antimony?] A&} N Escherichia
coli, Bacillus subtilis 2 Streptococcus aureus®l| T3t ECSO%):—% 7+
7} 555, 18.4, W 15.8 mg/LE K18} (An and Kim[2009]), &
ol ehgt Aet=d Al D. magnaell thet ECi#k> 4.1 mg/L
(Okamoto et al.[2014])% RI3IICE & A5HollA Antimonye]l o
3 308 =% EC,ZES 0.0651 mg/LE E} Al B8] S0 1]s}o]

AFJH|<=ollA] Cyanide®} Thiocyanates®] 33}eHta|dolq ¥
fischeri®] Cyanidel T3t 158 =% EC, k= oF 2 mg/LE B

3lth(Mediavilla et al.[2019]). ¥ 974 Cyanide®] 15% ECs,
e oF 1.52 mg/LE H7FE i)
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Fig. 2. The change of Inhibition ratios for metals and cyanide in 30
minutes exposure.
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V. fischeriz ©1-8-3F 71318kl 12800 gt =437 Avk=
Table 59} AT} =ZFAIZF 3082 715522 Ethyl Benzene 5 A+
ol 1252 f71818E42] ECs#k> 1.855~51,667 mg/L H91E
Rtk F4572] ECy %k 0.0318~243.6 mg/Loll W&l F % a1
W% B2 Zlo® YeRgth

EC,#to] 1 mg/L o8tz 33 53E-FAI28 (Tongur and Yildiz
[2020)°141 TUZ} 100 01421 Class IVE] Very toxicS] 752 A
ek 1uEAg o2 FrhE B4 91919, Ethyl Benzene¥}
Xylene®] 7% EC, &kl 2+t 1.855, 5.049 mg/L= TU Fko| ZHz}

Table 6. Result of EC,, and TU30min for organic substances with exposure time

Microtox ECs, (mg/L)

Organic - : : TUs0min
5 min 15 min 30 min

Butane 2,503 2,754 2,780 0.0360
Isopropyl Alcohol 27,343 25,956 23,835 0.0042
Ethyl Acetate 1,146 1,536 2,081 0.0481
Hexane 2,631 3,403 4,267 0.0234
Methanol 58,193 55,370 51,667 0.0019
Phenol 35.60 46.33 49.02 2.040
Cyclohexane 27.91 36.55 42.45 2.356
Xylene 3.073 3.942 5.049 19.81
Benzene 147.0 179.6 225.0 0.4445
Toluene 19.20 26.43 32.26 3.099
Ethyl Benzene 1.510 1.641 1.855 53.90
1,2-Dichloro Ethane 770.1 906.9 1,096 0.0913
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Fig. 3. The change of inhibition ratios for organic substances in 30 minutes exposure with Vfischeri.
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