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Abstract — In this study, the Biological Toxicity Assessment based on Domestic marine organisms was conducted
for Chemical substances from marine industrial facilities. Copper, Nickel, 2-propanol, and Phenol were selected
based on hazard, physical behavior, and Detection substance in survey of marine industrial facilities. Two plant
plankton, four invertebrates, two algae, and two fish (10 species in total) were selected in preference to species that
live in Korea, have standard test methods, can be raised laboratory, and have high toxicity sensitivity. The results of
the toxicity test were used to estimate HC5 (Hazardous Concentration of 5 %) based on the Species Sensitivity
Distribution (SSD), and the Predicted No Effect Concentration (PNEC) was calculated by applying the Assess-
ment Factor. The PNEC calculated by the probabilistic method was 0.008 mg/L (Copper), 0.33 mg/L (Nickel), 554
mg/L (2-propanol), and 2.4 mg/L (Phenol), showing some differences compared to PNEC based on foreign spe-
cies. Currently, domestic the water quality standards does not reflect the characteristics of the marine ecosystem as
it applies environmental standards in the United States and Europe. Therefore, it is necessary to use the derived ref-
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erence value when establishing emission acceptance standards by performing toxicity tests based on marine organ-
isms in Korea and risk assessment using species sensitivity distribution curves.

Keywords: Marine Industrial Facilities(3]] %FAF A1 4

A1), Ecological Risk assessment(3ll A €l $] 3| A4 3 71, Species

Sensitivity Distribution (SSD)(*@%I’E%E), Toxicity test(573°87})
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ek Al TRRe] kS Bk 2 T
Al 54 FobRke] BAZE obd SRS B ol o

sl BAZ 912419 I o7} JrHMOF[2015a]). 2016 o5 &k
ST (A1223 A1FHelAE A FES ALt BE AF
FalEZ o) slEs FAstaL QLo sldnlEe] dAASl 9
S ket ARl FAVE A8EA ekl ol Aol
sloFghd e o] 28-S v sloRAkdAlgE 2017 V1 oF
1065} 73107 7|20l @atar 9L (Kim ef al.[2018a]), SHFAIIA]

2] TrBHO”xﬂg@_ T2 Ao HiEE = A8 AelEE ]
14z WﬂﬂH% oF 4 M%Oﬂ lEb Z 07 vjotE|Qlal, o]F
FAMEES oF 86501] o|21 Sl o E ARt kst olE
A 'TTEHEX]J o] F T Hgh oF 137k=] o] 2= o % HotE] 31
SATH(Lee ef al[2021]). BHF of 2} WA BZbpol] ARSH = A
FA 9 244 e Az PGl uiEEE B 5 Tk 98
el go] HAIF o= Hﬁ%ﬂﬁ e Aot} FE ARl E R

%J o] ?1?4 Hﬂglﬁl

Al A 1120 w2 375314l gt
Qe B7HE =S skl Qo AT El Al Y
FAAE R gk A8 A AFolu 7|Ee] =EE ] &8
3 QA Fom, S sk B30l B Hlel BUEIR Aksgt
TR (Species Sensitivity Distribution, SSD) 71'H-& &-8-3F
AAZR 74 F=AA =F HApt st

S ke mE587ES 7 A E5] 875 (Water
Quality-Based Effluent Limits, WQBEL)¥} 7] TA wl&3-871%
(Technology-Based Effluent Limits, TBEL)S- H] 1. HE3s}o] 735}l
Q=] 7 A FARE v e RS AR
Maximum Concentration, CMC) 2! 53337 |5 5-& &gl =
FAC B3E whdskA xakal Qe Q@O]T:}(mm et al.[2011)).

ool & ATl =l FFBENA L] B3-S v S = gl
Y AAES AAdte] BT ES G238 ].gigu:],_g:_%g Ae=
HFE O 2 EA TR S 3851 o 5585 (Predicted No
Effect Concentration, PNEC)E AF&3810q, 3R sfjoakdaldolA]
=5 A8 -FelEd e wiEs]871F AW Al 4 F=71%] A
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Nickel 3|48 =ol
al[2014)), 31 =2 <]1 2-propanol> oA SEHEE ==
E4S WERLAL, Phenolt} 317 ABjZAL A3} 52 =
YERY Copper, Nickel, 2-propanol, Phenots AN EE2 2 4743
CHKRISO[2021]).

Phenol, 2-propanok> 11-5%=2] 34> stock solutions A
tq =542 Copper, Nickel®] 7-$- Nitric acidel] =] 1,000 mg/L
9] EFENE ARESISITE Aol AREE 22 99 % o)
9] ¥ % =2 (Sigma-Aldrich, Merck, USA)S ©]-8-5191.0.H,
H1#033} 3ll5=(1um membrane filter, Chisso Filter, Japan) B 913
3l|4=(Synthetic seawater; ISO 10253)el] 3]43}0] Al EE Ax
st F5 7 A27E $138) Dilution factor®] 71558 0.52 474
IR or, % H9] A8 (Range finding test; EPA[2002])2 <=
gate] - Aol AFst s 7k ARSIl

Z;],Oﬂ [e]

00

2.2 SHUMEN =LA
AE bl FlellA A28k glom, i) EFAIE e
AL tid=goll ek A - Aejeta] A7) o] X
, A7 2R o= glom A ARge] golstkar, /4 Wz st
FYE 1052 AAsialnh. A5 aE AEES FAl%
21 1SO 10253[2016]9F ASTM E1218-04[2012] W A A BF=
Skeletonema sp.(BW2}Y TH25), Dunaliella tertiolecta@WF 57357 )2
47431l F43F5E 4 dlZF+ ASTM E1440-91[2012], Snell
et al[19911% & F37 3P A1 71=(MOF[2021a])ell A AlAshH=
Brachionus plicatilis(fsﬂ"\l ZE]y ), Monocorophium acherusicum(ﬂ
2 HZ15F), Crassostrea gigas(Zr), Strongylocentrotus nudus(s
AN, Saccharina japonica(CHAV}), Undaria pinnatifida(™ < Y&
MAsUTE o] F= AAA 7R 7 = =11, Q1 F Az o] 713t
Epznephelus akaara(FVVe)), Paralichthys olivaceus(8 3 )& 41733}
Rom, Aol EAEA] Yot OECD 212[199815 i1dld]
A3 ]-03\3]- /\]??j}:fv— 14 A ASR= 8715 (Validation of criteria)
Argsilon, 56 £ - AAES T8I TH(Table 1).
AFEeNE AlaX A T8 AE F3tsto] 1] 242k pH-DO
Z7J71(STAR A126, Thermo Fisher Scientific, USA)?} 5771
(Pro30, YSI, USA)E o185 pH, DO, 5~ 4! 9% 52 793153t

°F10HHN_

MNHEE ok

i |




230 NEF Qe - A -

Table 1. Test validation of criteria and standard methods in this study

Test organism

End point (Standard method)

Test acceptability (in the control)

72h-growth inhibition

Skeletonema sp. (ISO 10253:2016)

- Specific growth rate: > 0.9/day

- The variation coefficient of the specific growth rates: < 7%
- The pH change: < 1.0

- Mean 'C.V. of section-by-section specific growth rates: <35%

Al
gae - Specific growth rate: > 0.9/day
Dunaliella tertiolecta 72h-growth inhibition - The variation coefficient of the specific growth rates: < 7%
(ASTM E1218-04:2012) - The pH change: < 1.5
- Mean C.V. of section-by-section specific growth rates: <35%
. . 96h-survival (ASTM E1440-91:2012, . . o
Brachionus plicatilis Snell et al.:1991) - Population growth rates: > 0.55%
Monocorophium acherusicum  96h-survival *MOF, 2021a) - D-shaped larva development rates: > 80%
Invertebrate . 30h-D-shaped larva development . o
Crassostrea gigas ("MOF, 2021b) - Developmental stage of D-shaped: > 80%
64h-Normal larva development . o
Strongylocentrotus nudus (MOF, 2021b) - Normal larva development rates: > 80%
Saccharina japonica 24h-germination (MOF, 2021b) - Germination rate: > 90%
Macroalgae L . 21d-young sporophytes growth .
Undaria pinnatifida (MOF, 2021b) - Average of young sporophytes length: > 300 pm
Fish Epinephelus akaara 96h-survival OECD 212(1998) - Survival of all organisms: > 80%
is

Paralichthys olivaceus

96h-survival OECD 212(1998)

- Survival of all organisms: > 80%

'C.V.: coefficient variation, ’Korean Standard Method for Marine Wastes [MOF, 2021a], *Korean Standard Method for Marine Organisms (MOF

[2021b]), “Not applicable

22.1 AEZFIE AFANNE

ANEZHIE JAANAIE-2 A ZF2A 1SO 10253[2016],
ASTM E1218-04[2012]5 w&} a5}t Al &2 CCAP
(Culture Collection of Algae & Protozoa, UK )04 F-ofito} o]-8-3})
Rom], Al ol A 247 BRF AEAR] Atk el
A7) AEERTAES Al 01*0“3]'7] Sl Al A= 96
AZEA 2 AR FAst i, 2 27104 vl (Pre-culture)ys
ArERITt FFeA & ‘5]’% Q153 H o} kil & EgHet Al
FHEAE FTHT A ZS $ membrane filter (0.2 um, Whatman™
UK)Z 21331 250 mL AZFEek~Tol 100 mLA =311 OU%
AHKETR S3ISI9IT), U oF 5,000 cells/mL (Skeletonema
sp.), 10,000 cells/mL (D. tertiolecta)”} ¥ =5 3} a1, 20£2C,
6,000~10,000 Ix8] A<+ 2 atel], 3144 100 rpm = Xl

7](DS-SI220R, Dongseo Science Co., Ltd, Korea)g ©]-&-3}1 72

AR ERE G ]%} At A= 2487 ZE AIE-E7]0 1 mL
A FZ3F 5 Sedgewick-Rafter chamber (Marienfeld superior,
Germany)E ©]-8-31] =377 (CKX 31, Olympus, Japan) 3}l
A Al

222 FAFEE SQAE

B. plicatilis= ASTM E1440-91[2012]2] =A%) w2} 5385
Stk Al A E2 cyst (MicroBioTests Inc., Belgium)2] -3}-4)
(Neonate)ye ©]-83191 01, oA Q781= ASPM wli#| ¢} Q1
SrE TS AFGNS FEHE AZ31e] 24 hole well plated]]
1 mLA 33T ZF wellell svle] Z1A1E 8-81910m 5 ks

T FHBISATE A=) Flo] ¢ 24 well plate parafilm

02 WEs ¥ 25+1C, A5 G20 E F4 QI o]
(JSCC-150, JSR Co., Ltd, Korea)olA] Hllo¥3lSiT}. 24/\17&3}4 70A
5 AAHAT 7 (SZ51, Olympus, Japan) SFol|A] Al5=513Ic).

M. acherusicum, C. gigas, S. nudusi= 3|75 IA1 871 [2021]

of| wpe} =3Y3IAT. M. acherusicumi= Neoenbiz (Korea)oll A %
wol ol gelglon], A4A 0 o)) TS Feon, TR
it o] sjAsto] AldEE AR 250 mL 2] v]©]
Aell 200 mL 23511 300~500 pm 712 AMAIHZF 1070415
e, 20+1°C, A5 =22 stellA 96A17E s8It 21371
3 240ttt HEd oS ERlste] AE JIAIE ATt

C. gigasi= AFAoNA AFH S <53 A S] S o] 83lgion,
AFA o7 4Tt FSEIGITE Al gole F AR Al xso]
6 well pate°l] 10 mL -8+ 5 7=k 100~15070 415 FS) ket
25+0.5C, 16:8 "§4=71 Shellx] 26~30A17F wgstolom, Al &
5 5 =) stelld 4 DY S Akttt

S. nudus= AFAN A AFH T A58k A Q] GAfel GRS o] &
skl om, A2 0% 4 HJ%%IE T FEE R 11]353}0%
6 well patel] 10 mL 253 %, A} 1 pLo} W2} 100~150715
31Tt 2040.5C, 8:16 ﬂé?ﬁﬂ afolx] 4817w oM, *1
o T2 5 =HATA stellM G AR At
N7 =4/
Al Al B A1 871202110l whet F=3s)
QA 2} A Bt oaellrE E3EE Al Rele
|z ?} % membrane filter (0.45 um, whatman™, UK)Z

plate (S. japonica)?} 25 mL Petri dish (U. pinnatifida)°l
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Z¥2} 10 mL, 20 mLA 25613101 4 RHE-2 =383}

S. japonicat= 15+0.5C, A% <tx7d 3folA 24413, U.
pinnatifida= 20£0.5C, 12:12 F F7138}ollA 219 w3
TR 5 =H5A slelA ol {7215 AlF(S. japonica)
3l om gl ol LA ] Ho|(U. pinnatifidays 731, S. japonicas
o] g5t Wolg AIFe- A= e ofHH 2% Coppert 385131t

A

223 F 59 F

ol ZAAT-E OECD 212[19981 Farste] S=aalaict. 44
T 2403F ol e] A RS o] gBiglom, A et of sl
3|A43lo] FEE R A F3lo] 300 mL f-2lH]o]F ol 200 mL #5
S, AIFAES W 207l Esiol o 4 WHERR 2
3Ltk 23+1 C(E. akaara), 18+1°C(P. olivaceus), 550~1,000 Ix
16:82] 7] BlollA] 96A1F Bl sliar AFE ZiAlE= 244170k
o} Seto g Basgint,

2.3 SAH 2N

Fg 25 (No Observed Effect Concentration, NOEC), # 4~
3 25 5 (Lowest Observed Effect Concentration, LOEC)2] AF
=& FElA A=ER el AANE, FEFsE AEE, 8l
Z59) o, o] 78] AEE AE ol gkttt Al
T5 Atolell freol gk xfo] 8] {5 &RIst] 915ke] ANOVA
(Analysis of varianceYs ©12-313 17 35+ 7374 (Shapiro Wilk's test),
B A4 H 7 (Bartlett’s test) - 7257 5%l B8 A
SHAXM S E Dunnett’s tests 5733 0.1, B R 52| 79 Steel’s
many-one rank tests ©]-85F0] FA1515I ).

HF=9 855 (50% Effect Concentration, ECy)2} REF=2AFE =
(50% Lethal Concentration, LCy)= 413 2.3 (Linear interpolation)
3} Maximum Likelihood-ProbitS ©]&3}] AF&351%Ich 2 7}
4717 (Hypothesis test) % 5" (Point estimate)2] 57| %41
TOXCALC 5.0 program (Tidepool scientific software, USA) &
o]-g-33irt.

2.4 SHUMENRIoHA =M

2.4.1 HC, (Hazardous Concentration of 5%) At&

AEFE SAFEC,, LCy, NOEC)S] FASHERE 35 &
W75 53 (Species Sensitivity Distribution, SSD)Z 3%.#3}%] ©.1
(Wheeler ef al.[2002]), ENZEEE4-S Sl A ElAll A28}
© A EFL 95% obd B E 5 9= %) HC; (Hazardous
Concentration of 5%y F73FITh & ATl = 7UE 1052
SR R F9EE S4%E FHs] LE) Gy 7Rk =
FAsIRlc FUHEREFA2 H917d 77> Anderson-Darling,
Kolmogorov-Smirnov, Cramer-von Mises test, 2 g &2 2] A7 &
Akaike’s Information Criterion corrected for sample size (aicc)= 3
¥ o, BE BARA2 The R package ssdtools (Thorley and
Schwarz[2018])E ©]&-3}3T}.

2.4.2 PNEC (Predicted No Effect Concentration) 2H&
PNECE 3¢ &% olel® =& ¢ A7 e Zlow
= S ou|sl PNEC AFgol= 2484 A &
o] it AH A WS 24 e A=t
T =A% T 7P Rk ghs A8, SEE
5 745l x SSDE A&k W 71
B AelMe AREA] g e
Jastiom, BebaidS aresie] kA
“~(AF, Assessment Factor)E #-§-3}] PNECE AM&35}SI o)
(IMOJ[2017]; European Commission[2003]).
Lowest toxicity concentration (ECs,) or HC;
AF
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3.1 SHMEHSMAIA

Copper, Nickel, 2-propanol, PhenolS th/d 0.2 SAAIE S 4
g3t A3}, Copper>Nickel>Phenol>2-propanol =22 71713+ &
Fe HERATH(Table 2). = 9]F& Vo= g A3 91 HelA
T 5ds BAsoR 54 WS UER 2 A7dde §
SFATHTable 3). SJAE A3} 71 I JE vehd A1Ee
Copper2| U. pinnatifida ©}3EA| ’37¢E A8 2.2 NOEC, LOEC
9 EC,, ol 22 0.02, 0.03 2 0.1 mg/LE YEoH 2
propanol®] P, olivaceus 573 & &8 A8 NOEC, LOEC ¥
LCs, o] ZH2} 1,000, 2,000 2 6,216 mg/LE YER 713 W&
YIZFEE YERATh 96r7He] AR AAEE AR 96A]7H] Tl
A AAdES A TR o ® AAS wdsAgAIe] Bl vzt
FEFE U o= A
B AAISHE Fa7ES BT RESSle], AlE
FTEA] pH ¥sk= Ao 15 Z38b4] 949 +
< £ 1 PSU RI9IE e Al xx19] 52 e diol)
o] =]}

Copper®] 57315 A3}, WA AldFoM WYt 718

o o

o

o M wE

4l Skeletonema sp.= NOEC, LOEC % ECsp) ol 42k 13,25
2 422.7) mg/Le} 04, 0.8 X 1.5(0.9) mg/LE LEFSTHTable 2).
AEEFIEL o, FHFEE ATl vl3)] durE o= Izt
FgS dEhE AEE 4 A A (Kim er al[2018b];
Frampton et al.[2006]), CopperE ©]-&-F & A|@of|A& 7P w2
UEE UERATE Copperd 79 AEEFIAES] I vFda
= o] &= (Hwang ef al[2014]), FAFTEGFET, T35+ )%
FAQ! FEAlo P vl9- =& FEE EAISI] (MOF[2015b])
s

=]
T8 S ol A ER A W W Eg FAFEEo
=

ol

Nickel®] NOEC, LOEC ¥ ECsy, 32 ¥ 915 27} 0.1~1.0,
0.2~5.0 @ 1.0~7.1(0.2~4.2) mg/LE Yt AEZ39% A
A A3} EC, gkl 1.0~3.0 mg/LE YERtOon  djal A 5%
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Table 2. Values of NOEC, LOEC and E(L)Cs, calculated from end point of each test for Copper, Nickel, 2-propanol and Phenol

_ End point NOEC LOEC E(L)Cs, E(L)C,,
Test organism Substance - -
Duration  Effect measurement Concentration (mg/L)
Copper 0.4 0.8 1.5 0.9
Nickel 0.1 0.2 1.0 0.2
Skeletonema sp. 1eke 72h Growth inhibition
2-propanol 2,000 4,000 5,261 2,384
Phenol 6.25 12.5 22.8 13.8
Copper 1.3 2.5 4.2 2.7
Nickel 1.0 2.0 3.0 2.5
Dunaliella tertiolecta ke 72h Growth inhibition
2-propanol 1,000 2,000 5,839 2,906
Phenol 6.25 12.5 21.3 10.1
Copper 0.05 0.1 0.09 0.05
Brachi licatili Nickel 96h Populati wih 1.0 2.0 4.5 1.6
rachionus plicatilis opulation gro
P 2-propanol P & 2,000 4,000 5,796 2,864
Phenol 12.5 25.0 78.1 19.7
Copper 0.1 0.2 0.2 0.1
. . Nickel . 1.0 2.0 3.6 1.0
Monocorophium acherusicum 96h Survival
2-propanol 2,000 4,000 5,755 2,590
Phenol 6.25 12.5 51.9 23.0
Copper 0.05 0.1 0.1 0.05
. Nickel 1.0 2.0 5.4 1.0
Crassostrea gigas 30h Development
2-propanol 500 1,000 6,679 2,188
Phenol 6.25 12.5 57.2 12.1
Copper 0.1 0.2 0.2 0.1
Nickel 1.0 5.0 5.8 1.8
Strongylocentrotus nudus fexe 64h Development
2-propanol 100 500 7,014 3,591
Phenol 6.25 12.5 54.1 10.2
Copper 0.1 0.2 0.3 0.1
Nickel L. - - - -
Saccharina japonica 24h Germination
2-propanol - - - -
Phenol - - - -
Copper 0.02 0.03 0.1 0.02
Nickel 0.5 1.0 32 1.5
Undaria pinnatifid. 21d S hyt wth
ndaria pinnatifida 2-propanol POropiiytes gro 100 500 3,018 676
Phenol 6.25 12.5 20.8 4.5
Copper 0.5 0.6 0.6 0.4
Epinenhelus ak Nickel 96h Survival 1.0 5.0 6.5 2.8
inephelus akaara urviva
pinep 2-propanol 2,000 4,000 7,710 2,763
Phenol 12.5 25.0 86.4 31.3
Copper 0.5 0.7 0.7 0.5
, _ Nickel ) 1.0 2.0 7.1 42
Paralichthys olivaceus 96h Survival
2-propanol 1,000 2,000 6,216 2,744
Phenol 25.0 50.0 125.5 52.7

FIE Thalassiosira sp.& ©]-8-¢t A&PAT A7} 0.1~10 mg/L=
YERSTH(Wilson and Freeberg[1980]). ©]#13t 2jol= AldE<] Wl
e W AE7IZE B e Aol 2w

2-propanol®] NOEC, LOEC % ECsy,, #2] W91 247} 100~
2,000, 500~4,000 & 3,018~7,710(676~3,591) mg/LE LFERITH ECHA
(The European Chemicals Agency)2] 577 “ E (Ecotoxicological
information)oﬂf\ﬁ‘: 399 NOECZES 1,000 mg/L %32 H7|5)

I glom, =gl oish Pk mle- w2 Flo® st

Phenol®] NOEC, LOEC 4! ECyy, #t2 B = 217} 6.25~25.0,
12.5~50.0 2! 20.8~125.5(4.5~52.7) mg/LZ JEPTH
Coppers A|2I3t & B AEEHIE T dIEF
o] 7}73; w73k HJ~~ b}E‘r Jom, o] fF SgAIE A 7}72}
Z]/l% 8 t&%_i/\]t'JF)r
EHE%%ZJ 5= >01v AT £o 7 N7st Jg LiEt
LHX]“P =40l whgehs AuEe 54 Az

, el wleh
o224 Y71 = 3k (Lee e al.[2008]; Wu ef a .[2016]).
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Table 3. Result of estimate of the 5% hazard concentration (HC;) and PNEC (Predicted No Effect Concentration) to marine organisms in
Korea and ECOTOX database toxicity value

HC;, PNEC
Estimated concentration Deterministic Probabilistic
Substance Data (95% confidence limits) risk assessment *AF risk assessment AF
No. Concentration (mg/L)
Copper 10 0.04 (0.01~0.16) 0.0009 0.008
K Nickel 9 1.66 (0.9~3.2) 0.01 0.33
2-propanol 9 3,981 (3,155~5,193) 30.2 554
Phenol 9 16.3 (8.2~35.0) 0.21 100 2.4 5
Copper 15 0.02 (0.01~0.05) 0.0006 0.004
E Nickel 15 0.38 (0.07~3.5) 0.008 0.076
Phenol 15 8.9 (4.2~20.6) 0.13 1.8

'Marine organisms in Korea, ECOTOX database (EPA[2022b]), *Assessment factor

THIEAAAIE ] 715 TERT AIFTIRE, T Ui To® Hel ket wEUTE 58 1S SAAY o] e Aow
H7kskar Q) O ™ (EPA[2001]), ¥ Aol H= B. plicatilis®] 964  kgith,
2 MAE 2378 A8, U pinnatifida®) 219 oFEA] A33EAH,
A EEFIE] 724 J A Ao WA o ® Tt 3.1 SHMENIGHY =AM
AEEFE ARG TR A vlaste] A7) AHELS] SN ATNE o R FUAERES} HCE At
FARE, Aol A WAE BT EFeRs AT IE AX AL, Mgk E3ISlvh S@g ekl st fladEre] 7 AA iy
3ol F ekt Fg-S Edhato] W o7 LY U IMO  Seoll B3t el wEE H4 4719 BRI 55 oAk BAR)
[2017]). F7F F=E 0ok FEHNIER[2020]). 2 Aol = 4709 w7

AEZFIEAN W2 WSS YERH Coppers A2t 54 7 1052 SIS 528 S Aaué}oiﬁr =9F SRS
l wA] Ht SAZHE(L)Cy ) Nickeloll A 2H2F 5.7 W 29 mg/  ECOTOX database (EPA[2022b])0llA] A BZHHE, L HF 55
L, 2-propanollX] 6,674 X 4,978 mg/L, Phenolold] 75.0 & 35.8  AATE, o) FHE FUHAE, A4, 131 5T SA ko] wE
mg/LE YER} THIAEN S48 Bt 58 VIS velll ok, wAEES SAste] AlEE < Qe 15 o] SR ARE
Ch(t-test, 1-tail, <0.05). WIS A2 7P FHokst @AY & 13181 S, 2-propanold] SRR F2555 352 S/t
QS AT 7 o, WEA dlolH g R 5% EAste] SSD A 3E o GISITHTable 4).

NS Fo)aL, AES =Y o Sk 131 U TSR 8 T2 97173737 (Anderson-Darling, Kolmogorov-

AlFzA 9 F858498 g Oiﬂﬁ-ri Smirnov, Cramer-von Mises testy> 57 235191 01 (p>0.05), 2]
F Aol E2lof SR ES Anderson and Burnham[2002]°]] th2} Akaike’s Information
3 QJe}. whebA],  Criterion corrected for sample size (aicc) value”} 7} 231, Delta

&5 AEF & valueZt 0ol 83 2 2RI log-normal distribution (Copper),

Table 4. Statistical summary of normality test and selection best predictive model for Species Sensitivity Distribution

Substance 'Dist ’AD ’KS ‘CVM Nomality Sign. level SAIC 8Delta
Log-logis 0.347 0.154 0.0474 Accepted 0.05 15.8 0.481
Copper Log-normal 0.384 0.179 0.0563 Accepted 0.05 15.3 0
Gamma 0.678 0.220 0.113 Accepted 0.05 18.8 3.48
Log-logis 0.365 0.149 0.034 Accepted 0.05 429 1.05
Nickel Log-normal 0.517 0.198 0.068 Accepted 0.05 43.6 1.74
Gamma 0.359 0.162 0.045 Accepted 0.05 41.9 0
Log-logis 0.496 0.194 0.051 Accepted 0.05 159 0
2-propanol Log-normal 0.765 0.277 0.122 Accepted 0.05 161 1.55
Gamma 0.643 0.261 0.099 Accepted 0.05 160 0.449
Log-logis 0.466 0.219 0.070 Accepted 0.05 91.5 0.954
Phenol Log-normal 0.493 0.219 0.077 Accepted 0.05 90.7 0.096
Gamma 0.406 0.212 0.059 Accepted 0.05 90.6 0

'Distribution, *Anderson-Darling test, *Kolmogorov-Smirnov test, ‘Cramer-von Mises, *Akaike’s Information Criterion, ‘Delta value
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Fig. 1. Illustration of SSDs derived from three approaches (Log-logis, Log-normal, Gamma).

gamma distribution (Nickel, Phenol) % log-logis (2-propanol)=-
AN TH(Table 4).

FUETS o] 85 59 AE EUE Coppers] HCE
0.04(0.01~0.16) mg/L°] =], Nickel> 1.66(0.9~3.2) mg/L, 2-propanol
< 3,981(3,155~5,193) mg/L, Phenok> 16.3(8.2~35.0) mg/L= 1}
ERstTh(Fig. 1). =8]F S4AF52] A5 EiE Coppere] HC;

< 0.02(0.01~0.05) mg/Le] ™, Nickel=> 0.38(0.07~3.5) mg/L,
Phenol 8.9(4.2~20.6) mg/L= YER HUE HC; A e} thax
o] 5 UERATH Table 3). 7]=79] sl gE W S4aks 2-83
FAAE B% 71X CCC (Criterion Continuous Concentration) =
Copper] 73-%- 0.0031 mg/L, Nickek> 0.0082 mg/L % 2 1ol )
Algk eHEE4] PNEC Bt 943 7|50 = vehston Ase] vl
T o], WY F/3gke] H=5 50 = Q18 210 2 Ikt Phenol}
2-propanol /3 AFR.2] =53} Q1A Qo] T o= <l
A FAAE AR = o] QITHEPA [2022d]).

Skeletonema sp. (Cowgill et al.[1989]), D. tertiolecta (Peterson and
Stauber[1996]) B. plicatilis (Snell et al.[1991]))< =Ul& 4 22

& A BEOE ARIRE AP 20, B B 9o
ool Aol ) et A2 5 ebeich, AR WA ) Alel

SRE g8 Fallshs =dd It
test) HOJE] T A3 4 7F H|WAIE So] FFE giors
]I QIR QEX|TE, EPAS] 1215 (Americamysis bahia, Cyprinodon
S)0] 2% 22 207 7)10] ofsiod
gelétal tlolgE &8kl vt
(EPA[2001]). =15 5-9342] A18)43-S grsl] el =relolA

AlE AL Q= A1E e o]
of & 70|},

3H°o“§%°ﬂ Al °§f§°1 u

A=A A8 (Reference toxicant

variegatus, Menidia beryllina
T UPdEe Mede

AR B AR 3 H) sl

o d

=

38 mEstel ARl QA
skl o 2 Well= 100, FEEA W ole
3IICHIMO[2017]; EC[2003])

£ AFelA AYE4 S 33l ©F% PNEC %ol Copper
°lA3 0.0009 mg/L, Nickelol A 0.01 mg/LE s]k37]52] sioFge)
A B35 ©7]71521 0.003 mg/L (Copper), 0.011 mg/L (Nickel)z}
Hl el = fAREAY W 0% EEE o, SEEA
el vjal] 25 100 o) W gro] =EE It AYEA] S

(Assessment factor)& &
55 4%

e

g

oo Mz



ol

£ AFA = Ao wilEEE EEE o= Copper,
Nickel, 2-propanol, Phenol& tl’d 0.2 3AE] Xz Fa-s
o 7] Q13 Sl 59AEE eIl HC,, PNEC tHes
Sal s BE Ll & A kAT

SN EAD, 7P Wzket S R A8 Copper] U.
pinnatifida °FEA 475 A€ 2 F NOEC, LOEC % ECy, 3k
712} 0.02, 0.03 2 0.1 mg/LZ Jelth A EZF9E A3
Al @ v SR oA TSR R igkeh ks Hglon
(t-test, 1-tail, <0.05), =28 &+ Copper>Nickel>Phenol>2-propanol
TOoR A%l YR
FTUAETETAS B85l HCE AFEsISiTh 1959 &
7ke Frsle] SuUlE Aael vlasigion, FE vizkes A3

A S ol et ST YT E = (PNEC)E AHES)

gom, A4 e 9l AT dgtos dste] B84
ddEw, GEEA S diste] 547)F
4 HE7)E FAXE B3] SlEiMe AEA B2 SAAREs)
st 59257 B Qg 10 % fekE)

upbA], FFatdA A mlE=de] e W miEr]E 23S Sl

T A FAA Y B4 VA S 2l ) sl el
= ==

O] 3 20229 % S|t Al o R skl Et
o] A ghE whof 3l Al th(20210660, SiFAIA A
Adfelad FE7H g Al D).
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