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8 2 E AFE A AIE A wE == HF 731 E 2 (Hazardous and Noxious Substances) & o} oz U AMAFHS 7|4t
o2 3 XS Fsta, 2 AfE &8st U AA 2= ofdde] | & 7 X|(Marine Water Quality Criteria)S #| 98} % .
] | X5 AdHHol EAF e £ A= 57H94 F " (Algae, Rotifer,
Crustacean, Mollusc, Fish)®] & 105<S XAt SA4AH S 339 2, 3743 H] (Acute-Chronic Ratio) &S $sle FHFFE, o] F
Rl g WAEAAES ST TlE SAAFAA AER 5A4%Ss &89 FH4FEA ]\_ US EPAS] CCC (Cntenon
Continuous Concentration) 2F& 7] =0 2 pe/L, SF/mANEL] A E 7] 02 1550 peg/L & YEIY sF/ A A=A Aast= 7]+
14.40 pg/L 9} FrAFSIQATE. US EPA ¥ S5/ wA W=+ 272 e 54 do]Ewo] 2~ (US EPA Ecotox Database, Australasian Ec0t0x1c010gy
Database)& HE {13}, 215 %= & S4UES Adste 4 7|F 4 AF 7|FS A8t . &4, sueA e Sl 7w 94 =

=
A3k AEstal AN Fadh AbE A EQl F-vHdN]= US EPA B 1o ARgS &8t Y% 4 SAAE A& ‘nguﬂ,

Fue] AN AR EH ABHA Aot webd, Fu Sl AAES Ao § A& AN EAEH 2AA A4 AAE Hus
o F AFAET AUAZ HED 5 A= AF £ 2AX £F0] Bad Aow wAy

J%

HEO : AFIIAMA, G FAEAA, FUAEEE, SHNE, AD-Fell=2

Abstract © This study conducted toxicity tests on zinc, a hazardous and noxious substance (HNS) discharged from marine industrial facilities, based on
domestic species in Korea, to propose marine water quality criteria for domestic conditions using the results. The test organisms were 10 economically
useful species from five taxonomic groups (Algae, Rotifer, Crustacean, Mollusc, and Fish) that inhabit Korean coastal waters and have established testing
methods. In addition, chronic toxicity tests were performed on invertebrates and fish to calculate the acute-chronic ratio (ACR) and final ACR (FACR)

values. Toxicity values for the species were derived using the US Environmental Protection Agency (EPA)’s criterion continuous concentration (CCC)
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method and the Australia and New Zealand method (including the 2018 revision to the original 2000 method). Using the US EPA’s CCC method and the

revised Australia and New Zealand method, zinc concentrations of 9.56 nug/L and 15.50 ug/L were derived as water quality criteria for Korean marine

species, respectively. The latter value is similar to the 14.40 ug/L zinc level recommended the coastal waters of Australia and New Zealand. The US EPA,

Australia, and New Zealand maintain their own localized ecotoxicology databases (US EPA Ecotox Database and Australasian Ecotoxicology Database,

respectively) and employ rigorous toxicity testing methods to update water quality criteria periodically. Acute toxicity values are being applied to domestic

species. However, the ACR is derived using results from the US EPA or Europe to establish marine water quality criteria. Toxicity data for species native

to the Korean coast is limited. Therefore, To establish marine water quality criteria that can protect regional marine organisms and ecosystems, it is

crucial to establish continuous toxicity testing and a system for setting HNS level thresholds based on the sensitivities of local marine species.

Key Words : Marine Industrial Facilities, Marine Water Quality Criteria, Species Sensitivity Distribution (SSD), Toxicity test, Hazardous and Noxious

Substances (HNS)
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(MOF, 2015) v S| AE| A S 98] g + Qe
Az Boheth A, B ATAAE Fo 4T 50
FRAFAN AANES FHT 5 b 1FS A8,
T el AFE ok AY 54 EANE Asu
ahel.

L AFol bR %9 £ANE 2 B4R

vk EAS, T AFLYA L EFAA ke

AN EZ JER = 22 o] tHKRISO, 2021). o} SAA1 &
&3 713 7199 FE(Zinc sulfate, Zinc chloride 5)E 7]
Hho 2 3k o] 2 ofl(zn™) S Fitste] SRS AbESE
WiHo] =5 o] Fa1 QL O WKEPA, 1980), 2 ATl A= 3t
o 54, §3le 5o EgAAS HAastsr] s
Aikol] &3l o} E T8 N (Sigma-Aldrich, Merck, Germany)
S 315 %9 Stock solution & A %3] A|@ o] o] &85t}
=g 2 84452 ALEE 1EE = 1S02016)00 wheEt 22

NaCl, 9.7 MgCl, - 6H,0, 3.7 Na;SOs, 1.0 CaCly, 0.65 KCI, 0.20
NaHCO;, 0.023 H;BO; (all in gL)E 25 S/l &8s}t
of AlzeFith 7t Al§e] F% M9 Range finding test
ECOTOX database (US EPA)2] AEES T3 43t WIS &
gk 5 5] A H]&(Dilution factor) 0.5 550 41(US EPA, 2002)
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Table 1. Taxonomy, endpoints, and major test acceptability of 10 marine species to the Korean coast

Test organism End point
Major test acceptability (Standard methods)
'Taxonomy Scientific name Species Family Acute Chronic
Skeletonema sp. Skeletonemataceae - 72 h-NOEC - Specific growth rate: > 0.9/day
- The variation coefficient of the specific
Algae growth rates: < 7%
. . - . 0
Dunaliella tertiolecta Dunaliellaceae - 72 h-NOEC (ISO 102532016, ASTM E1218-21:2021)
. . L .o - Survival rates : = 90%
Rotifer Brachionus plicatilis Brachionidae 24 h-LCsy 7 d-NOEC (ASTM1440-91:2012)
Monocorophium Corophiidae 96 h-LCso - - Survival rates : = 90% (*MOF, 2021a)
Crustacean acherusicum
Tigriopus japonicus Harpacticidae 48 h-LCso - - Survival rates : = 90% (ISO 14669)
. . - Developmental stage of D-shaped: = 80%
Crassostrea gigas Ostreidae 30 h-LCso - ("MOF, 2021b)
Molluse Iyt devel 80%
. . - Normal larva development rates: = (
Strongylocentrotus nudus ~ Strongylocentrotidae 48 h-LCso - (MOF, 2021b)
Pagru j Sparida 96 h-LC 7 d-NOEC
aerus major pandac i - Survival rates (Acute): > 80%
Fish Oplegnathus fasciatus Oplegnathidae 96 h-LCso 7 d-NOEC - Survival rates (Chronic): = 60%
. . (OEDC212:1998)
Paralichthys olivaceus Paralichthyidae 96 h-LCso 7 d-NOEC
!Generally taxonomic groups (Warne, 2001)
’Korean Standard Method for Marine Wastes (MOF, 2021a)
*Korean Standard Method for Marine Organisms (MOF, 2021b)
2.2 SEANE B oATlA ST SAAPLS AR EEAA A G
=4 MRS S Aelel Bxsk, G ew Hxz7e Farles 25 wEelon, A4 544
atal, =A@ o]l EAskE T2 A8l o, US EPA 3 W2 Seok et al.2022)°] ™€ 2. Aw B WS Fa
i)

3]
2 /A= FEFAX] AHE 7] F(Stephen et al., 1985;
Warne et al., 2018)°] &5 F-&35l= 87 FH(Family)oll 8k
571e] R (Algae, Rotifer, Crustacean, Mollusc, Fish)2] % 10
TS5 A3 TH(Table 1).

NEZHAEL Skeletonema sp. (NAY F3ZF), Dunaliella
tertiolecta (2t 5 Z2F7)E AASF o0, F 2355 (Rotifer,
Crustacean, Mollusc) - Brachionus plicatzlm (B4 ZEH),
Monocorophium acherusicum (14173 ©+ZV5), Tigriopus japonicus
AAMA 8ZF), Crassostrea gigas (&), Strongylocentrotus
nudus (53 ANE AR, oFE FdHez {83
™, AF FH A 7153t Pagrus major G 5), Paralichthys
olivaceus (‘8 ), Oplegnathus fasciatus (& 5)= 43Tt =

A
g A2 ASTM, ISO, OECD®] % A @S Faste] 4

=] =
Aehglen], FHEY FUAN AEL A6, FAREE |
Z(B. plicatilis), ©1 5 2(P. olivaceus, P. major)2] " A
p 1]
S Syt ERT 5 Algae™ US EPA #=-THg W] 4l&

71550 ¥ R] ¢k © ™ (Stephen et al., 1985), 24A|IF o] A2
B b o R ekl Q) O E 2 (Warne et al., 2018),

] =4 8 =T
Algae 0] iR AbES sk okt

%‘(Skeletonenw sp. Dunaliella tertiolecta)

—lia S
G ENAIS] 7] 2 EA ] s B <djbel] ] &

Xahe= A A 5448 Folth. CCAP(Culture Collection
of Algae & Protozoa, UK)ollA Y-S HEE AlF 2-45F
S A G T Al ARgsETE 54AE EFE2] IS0
10253(2016) ASTM EI218-212021)& #Fa1ste] 72A]7F Qe
SAstelon, 27 AlX HIFLEE BFelA A

S?Z'E‘EN F 5,000 cellymL7} ¥ == adt) Al*E
Aol 548 244 7kufth | mLA %359 Sedgewick-Rafter
chamber (Marienfeld superior, Germany)S ©]-83}o] & 1] 7(CKX
31, Olympus, Japan) holl A #2313t}

222 FHFTE SHEANE

T. japonicusi= NeoenBiz (Korea)ol| 4] & &FHlo} 48417k ot
frael BEES SAs%len, B plicatiliv% ZEH cyst
(MicroBioTests Inc., Belgium) ©]-8-3}31 1, 2447k 5<QF A=
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Table 2. Methods for deriving marine water quality criteria by the US EPA and by ANZECC for Australia and New Zealand

(CInGMAV) ]

Y (InGMAV)* — { 1
Y- {(L/P))/4
L={Y(n GMAV)-SY./P }/4 2

2 _

(M

US EPA A:S\/ 0.05+L (3)
(Stephen et al., 1985)
FAV=¢" @)
CCC (Criterion Continuous Concentration) = LVI x Conversion Factors®
FACR
- . _ AV .
CMC (Criterion Maximum Concentration) = 5 x Conversion Factors
High reliability trigger value: ~ Chronic (NOEC)— HC;
. Mod bl G | Acute (L(E)Cyy) — HC;
ANZECC (ANZECC erate rehability trigger value:
and ARMCANZ, 2000) FACRor AF(10)
‘L(E)Cy, or NOEC

*Low reliability trigger value: AF(10)

ANZECC
(Warne et al., 2018)

Very high guideline values
High guideline values : Chronic and Converted chronic - HCs (8-14)
Moderate guideline values

Low guideline values : Converted acute - HCs (5-7)

: Chronic and *Converted chronic - HCs °(>15)

: Mixed Chronic and "Converted acute - HCs (=>8)

'Final Acute-Chronic Ratio

“Applicable only to metals (Kinerson et al., 1996)
*Insufficient data to meet the minimum data requirements of the species sensitivity distribution (SSD) method (ANZECC, 1992)

‘Lowest single-species toxicity data

Chronic lethal concentration (LC)/inhibitory concentration (IC)/effective concentration (EC)sy data were converted to chronic ECjy values by

dividing by 5, 2.5, and 2
*Sample size

"Conversion of an acute LC/EC/ICsy value to a chronic ECjy value requires division by a ACR or, assessment factor of 10
84ustralian and New Zealand Environment and Conservation Council

= O u L jud

(:ﬂhzd /\]?54)5 79 Eo} /@}_%(u]_;\q A
S nudus= AA A AFH s =
o] 3047k, 484 7F FoF GA o

sholl A 4T,

223 0{F SHANE

U o FF9 5AAE FFol FASke], OECD 212(1998) =
< Faste] AdE sk o
96A1 7t &3k A g

o N 2 fEE
}\E)]}\] nf

A

e SN C gigas &+ TR Aol AEES FAsHlH
T 5, AT AHgEt
TAYe AEES AE 23 MESEEM

Aol Azl A}
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)
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24 SAEAM
2.4.1 Toxic value
34 SA4A18e 2352 A+ (Point Estimation)<

3Fo] ECsy (50% Effect Concentration LCs (50% Lethal
Concentration)s 2391, 7] SA4AE 9 2732 4414
717 (Shapiro Wilk's test), {42 &2 H7H(Ftest) & 795
F 5%0l A F-2413}o] NOEC (No Observed Effect Concentration)=-
A= th SR AAES e BE A4S TOXCALC
5.0 program (Tidepool scientific software, USA)S AF&3}3 T}

“
=8

2.4.2 Hazardous Concentration 5% (HCs)

I= % ¥ (Species Sensitivity Distribution, SSD)} A &E5-2
95%5 He 3 4 9= FA %kl HCs (Hazardous Concentration
of 5%)& AE3I T A5 9] A4 42 Anderson-Darling,

Kolmogorov-Smimov, Cramer-von Mises testS }gk o, & dlo]

_76:D] 7+

% ¥} % &= Akaike’s Information Criterion corrected for sample size
(aicc)Z H7}8FF T BE B4 The R package ssdtools
& 283} tH(Thorley and Schwarz, 2018).

25 Y FEEAHX ME
2.5.1 US EPA method

US EPATE A EAl Hes A% =7t 4 FAAE
AL o, G713 A FA A =EHAE fFafg
FeS mAA &S Ho HX9 CCC (Criterion Continuous
Concentration)= Z % %HJ #k(Final Chronic Value, FCV), 2]
EZHIAE HA 547, AEFHY 2 AESH Fagk
(Lowest biologically important Value)= H| s} 7} w2 gk
< &g

FCVO AF&2 WA gks A &ate] 28 WA, HE &
A} k(Final acute value, FAV)S 2% - vHAIH|(Final acute
chronic ratio, FACR)Z W7o AF=3}1(Stephen et al., 1985),
a5 sl 2 F=AX = Conversion Factors (CF)E 4
43l = BAS sl Y HH(Kinerson et al., 1996).

2 AFE AEERAE S sFERsY
RS A|9]skaL, FAV, FACR, CFE 2&3to] ofele]

FAZAAE 2HE3F TH(Table 2).

2~z =

2
ox

ol
=
o2

2.5.2 3F/7FEH™E method

Ao A= LR HCE 835k 3
AAE AASI ) oA spol =gkl M=
k& FACRE o]l A% F39 #7121 & 4t
(ANZECC and ARMCANZ, 2000), &4 7§14% 7}
e _:L}\—]%/]\—_Q_ :‘L‘:']'}"]H](ACR) = 1002

34 Fk(Converted acute value) 2= HCsE At=

iy

ol

o2
4
i)

ezl
4ty ox
2 H 3R
° B
_LnN

o

o
E o
o _>_

l‘
F

-

-G E - S3EE - HE ol
3L A TH(Warne et al., 2018).
2 AFAE FUE 1059 2357 US EPA 2 3.5/

FAAN=A ALEH ABEE 82390 Acute-HCs/FACR

AEole /A NE WHAREE A9 3L, Converted
Acute-HCs AF&0l AF-&% US EPA A5 & US EPA°ﬂ A AA

3131 91 FACR (2208)S #8310 Wishe gAzto= 48
3} TH(Table 2).

3. 41 & na
3.1 SEANE
TUE 105S o= F3s 59 S4A8 25,
C gigas7}‘ 7}‘7(}- ]71-{5]' 0:16:3]: L]—E}‘;‘il:]— C. gige S‘g] EC50T%

THa [e} %
138 pg/Lo]™, ACRS 243 WE
oty TF/AAAN=L A

Q1 24 pg/L (Wame et al., 2018)9~

TR BASAT. BFATAA=ANA

H3 o ECip 24 pg/L

gJ A 9to| A Chronic-Converted =4J
% AT ]"1 b W3k
= B o] HH

—IT =
ol (Embryo) YA S H7}eh %@A]@g 3% 4 V* o
S wgA o ® BEea o) US EPAClA dukzl o= 7

d o]AS g o7 FEE T YUK Wame et al., 2018; Stephen
et al,, 1985). ¥ Ao A= C gigas®t S. nudus7} W73 AY
of TAR 417}5]1113} Al 7)7bo] Wjg- Rov g JFAO R
TRakel $4 WaRS HEes

Table 3. Acute and chronic zinc toxicity values for Korean

marine species obtained in this study

L(E)Cso NOEC HECio
. Acute)  (Chroni)  ( Converted
Test organism ( Acute)

Concentration (rg/L)

Skeletonema sp. - 430 -
Dunaliella tertiolecta - 1,720 -
Brachionus plicatilis 344 60 -

Monocorophium acherusicum 1,115 - 196
Tigriopus japonicus 661 - 116
Crassostrea gigas 138 - 24

Strongylocentrotus nudus 170 - 29.7

Pagrus major 5,902 1,140 -
Oplegnathus fasciatus 9,032 - 1,342
Paralichthys olivaceus 2,534 290 -

"The Acute-Chronic Ratio (ACR) was applied to the taxonomic groups
of invertebrates and fish in this study.
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Table 4. Acute toxicity data used in the US EPA-recommended

marine aquatic life criteria for zinc (US EPA, 1987)

Table 5. Chronic toxicity data used in the default guideline
values for zinc in the marine waters of Australia and
New Zealand (ANZG, 2021)

"Taxonom Scientific name ‘GMAV 3T0xicity
Y (ug/l)  value (ug/L) . Toxicity
1 L End Duration
Taxonomy Scientific name oint d) value
Nereis diversicolor 9,682 P (1g/L)
8,856
Nerels virens 8,100 Entomoneis punctulata  ECs 2 153
Capitelia capitata 2,439 2,439 Ceratoneis closterium — 1Cio 3 84
Annelid
Ophryotrocha diadema 1,400 1,400 Algae Dunaliella tertiolecta ECs 3 54
Neanthes arenaceodentata 1,273 1,273 Ulva fasciata NOEC 4 143
Ctenodrilus worm 7,100 7,100 Macrocystis pyrifera  NOEC 16 1,070
Echinoderm Asterlas forbesil 39,000 39,000 Annelid Hydroides elegans ECso 4 24
Mytilus edulis 3,934 3,934 Anemone Aiptasia pulchella ECyo 28 9
Nassarius obsoletus 50,000 50,000 Allorchestes compressa ~ LCo 28 62
Crustacean
Mya arenaria 6,328 6,328 Callianassa australiensis ~ ECs 14 230
Mollusc Loligo opalescens >1,920 >1,920 Crassostrea gigas ECso 2 24
Crassostrea gigas 2333 Haliotis diversicolor  NOEC 28 64
247.5
Crassostrea virginica 262.5 Mimachlamys asperrima  NOEC 2 5
Mercenaria mercenaria 195 195 Mollusc Mytilus edulis ECso 2 35
Corophium volutator 4,683 4,683 Mbtilus galloprovincialis ~ ECs 2 36
Eurytemora affinis 4,074 4,074 Mpytilus trossulus ECx 2 64
Nitokra spinipes 1,450 1,450 Saccostrea glomerata  LCs 14 2,080
Carcinus maenas 1,000 1,000 !Generally taxonomic groups are phyla (Warne, 2001)
- T 2Values were chronic LC/ECsy values that were converted to chronic
Acartia_Ciausi 665.9 1,507 NOEC/ECy values by dividing by 5 (Warne et al., 2018).
Crustacean Acartia tonsa . 294.2
Cancer magister 586.1 586.1 A EFAE 772 Skeletonema sp., D. tertiolecta®] NOEC
Mysidopsis bahia 132 499 = 242 430 2 1,720 pg/L2 YEFSE O ™| Skeletonema sp.2] A
Mpysidopsis bigelowi . 591.3 & AFAT ] =W 10~14Y3F ECso 72 175.6~192 pg/L
Pagurus longicarpus 400 400 (Brack et al, 1976) 912 WERRTE H3), EF 1olA D.
; O] Q] 7} o] 7)o, o :
Homarus americanus 80,5 80,5 tertiolecta®] 39 7+2] ECsodk 13,000 pg/L ©] ) S (Fisher et
1, 1984), &/ FANE 2FFo| M= 3L7He 7}o
Leiostomus xanthurus 38,000 38,000 al, 1984), SFATAIE ARIHE 393Ee] BCofkel 270
: pg/L= UER B dgreh A ko] Aol 7h vrEbutith
Fundulus heteroclitus 36,630 36,630 ol EAd AAE I A7 HS AFLEH A T, Al
Preudoplewronccres 0467 047 AREF, FAWY T PO A3 ZAp Holr}
Bl 2= 9Jon AEIZggE EXA|F = W ofoky
Fish Menidia menidia 3,640 Herd 5 3 e ieee SRS e Y _H
4514 Ao} o}l AR F U olLo] ERaly] wEe] &
Menidi insul 5,600 - _
enidia peninsulae B s 3§"5‘°ﬂ w2 n7 e A} Aol shte] golow
Morone saxatilis 430 430 4889 7oz pod) w0 23 BN S Zola
Scorpaenichthys 191.4 1914 Z} US EPASIA = v € Wizle HA PE E3)] A EHe Ht
marmoratus . =
5

!Generally taxonomic groups are phyla (Warne, 2001)

’Genus Mean Acute Value (GMAV)
'The end point and duration were not ascertainable

-4

o)
A
2002), SR REE 5495 F4E HUhehe 18714

o] FgEMNY T8N, 78 FH 5, Reference toxicant
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test T8 ' 5)s HAFstste] F71A] AlEel &3t
Th(Zhang et al., 2015). whebA], FUlo= o] & =
o] FAAAE 5w Zlo] 2o Aow ATHT.
FHFTE FASAAHAA LBtk 138~1,115 pg/L
2 YEston, C gigasoll X =93] 7H =%, M
acherusicumN A 713 ok T Japonicus 9] LCso@k2 661 pg/L
olu], $U 27H9l Acartia <9 M HAT Azl A e 7]
S} LCagto] 6659 pg/LE LhER} B 1500 ZAto) v)s
FAFFATHUS EPA, 1987). M. acherusicum®] LCsodkS 1,115
pg/Lol™, L st 279 dmpelisca abdita2] A+ A3}
o A= LCsodte] 343 pg/L@ LFEFSTHBerry et al., 1996).
o) 3% FAFEAAAA LE)s #hS 2,534~9,032 pg/L
2 YEelsto ™, P olivaceus 1 X+ LCs #k©] 2,534 pg/L=E
F wm7he vre e noth M ATLATA B Zo
LCso#ke] 6,700 pg/LZ VFERSEO. ™ (Wu et al, 1990), 7FAkw] 2}
Q1 Pseudopleuronectes americanus®] LCsp &k 9,467 pg/LZ
E}LH(US EPA, 1987) & A9 AFe} & AolE BTk |
2, 74 AlEe] ol e AlEA BAdA o] A EHAQ]
A g FAaAE7t 01?4% 1052 a4 vk &g, FAA
@ FF37F o] FAR A F%aL, T Ve HEsx
15 adsfiof gt o]y aQlER s FLF
A AATA A HFAo] & Ao Jeker)
% A FHFFE 1F, oF 239 AT S
t}. B. plicatilis, P. major, P, olivaceus®] 747+ NOEC
#h> 60, 1,140, 290 pg/L= 27} JEFRLTE o] Adghs A&
3 FAHFEE ACRS 5.73, o179 ACRS 6.2 AF&EH
Rom, o] 3F°] NOECE 7138H4 3% FACRS 6.37¢]th US
EPACIA = T 953 sl 150 ek Jxkdn] o] 7]sh
O 22208 FACRE A838t1 9lom, sF/pddcs
A=EE ez o TAUTNS d8ste] ACRS 2 &3}
A 9k31 QITH(Table 3-5).

ol
o2
Q‘L
32

32 N8 s&&24
Aldgoll A Zzo) AFREHE i FE Stock solutione %
RA A5 183 mgLe SAH 0w, o A% (Measured

concentration) & 5/ ¢k Ab=e A&t} Fo&FE I
gol w9 vrom Alggolo] gF-E o]y Fo
7}A438ke] MEAF 5% (Nominal concentration)E 7] 0.8 =
A TAAE AEsE A7 dnbd ot (Maycock et
al, 2012). 22}, ofd2 Al@&7]e] :xHd, 3]A&, AE
37 Toll &3] TiE o] A& 9ol 5% M (ANZG, 2021),
2 AP A = pH - o whE Blo]-3}¥ el sh7]
e AE5F=E J&stux Ha 52 Stock solutions

Mol SAg Aol ALgslch

- =
TEE

A& - -3 - HEF - o)A

RE AgsEe stshtMols AAA, AR of 530l
Al FHFEE ST A AHEEES AEE
Aol ol wif- mFoR AlFEE Al AL 9l
gy, A SA47%s =& HeE Ha sx9
Stock solution #4lo] 7|EA oz Qs 3FHAdo] o
Age] EH(VOCs &) 45 w419 dAHNE EstaL,
ZF A G AT FEAIY] R Aol IFHoR Sy

ojof & Ao ket

Table 6. Marine water quality criteria for zinc set by the US
EPA and by Australia and New Zealand (latest

revision and prior version shown)

US EPA Australia and New Zealand

Concentration (ug/L)

"Prior vision  ZLatest revision

Prior vision “Latest revision

CMC CCC CMC ccC

86.5 57.7 90 81 14.4 8.0

'US EPA, 1980 °US EPA, 1987 *ANZECC and ARMCANZ, 2000
‘ANZG, 2021

33 Y FEEAHX
US EPA 7|% FAA AR 5 T AEFALL ofd9
FFAE] A FA4 Aol v, AA I5Fes
345171 ool A 83k 2% (EC, 2008), & Aol
*1 A shE 5430 oo nEsior @ AEA TS
g 4 AUk wepA, Fevelr AEEFAE AE
vl algh A3, FCVe A Bt w2 ghe] E& o] FCVE CCC
=2 A &3t
FCVE AEZHIES AL FUlF 859 94 SA4#%
Z} =U]F FACR (6.38) E—l Conversion Factor (0.946)5 %83}
o] A&3 A3}, 3047 pg/L (CMC), 9.56 ug/L (CCO)E 2Hzt 1}
E}StTh Conversion Factore= UWH 02 AlL-H= & 3|4 &
I=(total recoverable concentration)”} oFbd | Goll Al AR &
2 e 239 W& 1yste] AA &3F 5= (Dissolved
concentration) S HFg 5}7] £] 3l 2] 8-3-}(Kinerson et al., 1996).
U E #7424 A< US EPAY A &-83 dHolHE 3
3lo] &3 AWE ¥ wdhd, 6836 ug/L (CMC), 21.43 ug/L
(CCcOZE YetY 5uE A ﬂ ZAztet zpol7} A YERR
th US EPAS] FAA] Ab& W2 WIZHgE a7l 9F A2
(P, Cumulative probability)oll we} Z 7 ¥ 2 Z(Table 2), AF&
o] F7F FAA ] v A= @EFo] uig- At webA, =
kel Apolttnt ol Akn o zbo|(wUlF: 8, & AR
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Fig. 1. Species-sensitivity distributions (SSDs) of 10 species native to Korean coastal waters from which HCs (Hazardous concentration

for 5% of species) values were derived. SSD for derivation of Acute-HCs value for zinc (top). Corresponding SSD for
Chronic/Converted Acute-HCs for zinc (bottom) (Best approaches: Log-normal and log-Gumbel).

e

=

302 ]lel =g =AA At Ao or Bzl
H7F epd Ao 2 gebE )l US EPAC A AaLshs FA
91 90 ug/L (CMC), 81 pg/L(CCC)9t Hl S wf, Hlws ¢
Z o] Z YEFH o1, FACR (S5 6.72, US EPA: 2.208)2]
2ol 7t F7HA Sl gQlo 2 243k Zl o2 ek T(Table 6).

IFATAWR=AAN FEsHs F=AA AHEHE(SSD, HCs)

o2 FUFE 105 5447 ACRS H&3te] Ab&st A7,
14.49 1g/L (Acute-HCs/FACR), 15.50 pg/L (Converted Acute-HCs)
2 747 el on, US EPASt /w2 W= A85 ¥
sto] AkE3 A3l 2478 pg/L (Acute-HCs/FACR), 13.70 ug/L
(Converted Acute-HC5)Z Y EFSTE EF/A7d Wl =o) A Has)
£ TAAE 144 pg/LONE ), 8.0 py/L CHAT)olH, M- A
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Table 7. Korean marine water quality criteria derived in this study using US EPA and ANZECC methodologies

US EPA method

ANZECC (Australia and New Zealand) method

CMC CcCC Acute-HCs / FACR Converted Acute-HC:;
'"This study («g/L) 30.47 9.56 14.49 15.50
2All data (ug/L) 68.36 21.43 24.78 13.70

'Toxicity values for 10 Korean marine species assessed in this study.

Toxicity data from the US EPA (Table 3), Australia and New Zealand (Table 4), and this study (Table 5) were included in the analysis. All
chronic toxicity data from Australia and New Zealand were excluded from the US EPA and Acute-HCs/FACR methods.

%*d =2 HC5 A8

e Aolal &g
7t F-E5T A 9ed=
subgenus), Z}(Family, Subfamily)S 717 = 9]FS AFE3}e] 7]
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