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Abstract — In this study, the current legal system related to HNS (Hazardous and Noxious Substances) in Korea
was analyzed to prepare a system for the designation of HNS and the establishment of emission standards. In addi-
tion, to proposed two AWQC (Ambient Water Quality Criteria) tailored to domestic characteristics. Generally,
environmental standards exist as enforcement ordinances and emission standards exist as enforcement rules. But,
the possibility of enactment of HNS as a law cannot be excluded because exist the international conventions
(MARPOL 73/78, OPRC-HNS 2000). Proposed two AWQC based on human health and ecotoxicological evalua-
tion suitable for the characteristics and environment of Korea were applying the PERA (probabilistic ecological
risk assessment) technique. In the case of AWQC for human health, the latest coefficients suitable for Koreans
were applied, And in the case of AWQC for ecotoxicological evaluation, it will be possible to derive criteria using
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8 or more domestic test species from 8 or more taxonomic groups. This method will contribute to risk assessment

for various marine pollutants as well as HNS in the future.

Keywords: Hazardous and Noxious substances($] %73l %), Human Risk Assessment(?] ] $] 3733 7}),
Ecological risk assessment(J Ell $] 3|4 33 7}, Water quality criteria(5=% =71 X]), Marine industrial facilities(3l|
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s dAE2 9 A 873 L A A 342 7 = (International
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International Oil Pollution Compensation Funds)©] HNS convention
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Fig. 1. Current environmental management law system for ministry of environment and ministry of oceans and fisheries.
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eS| WIS (Cancer potency factor, ql)—
%%k(RSD' Risk-Specific Dose)y, HIHAAIY 49
S5F(RID; Reference Dose)?t &5 F8HA] &2 W&ol gt
A9] 73|71 T (RSC; Relative Source Contribution)S Al5=
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B EE AHEete] FAXE EE8FeoF gHti(Stephan et
al.[1985]; USEPA[2010]).
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JAAIREE 218t FAFAX| 9] A9 v=7) SAsh W0z
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U7t B =5 sh, uiiekEzl o] Ae- AdEdY 1Y 2E o] o
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TAFAA G 739 57 5387}
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of Japan[2007]; Lee and Kim[2007]).
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al.[2017]). F=2] M= 718 4715l WspE 2 est
739 A0 Tt B RRsE ek Folm WA Ert 4l
T L84 FA7F A4 S #4849 FEE UKTAG(UK
Technical Advisory Group on the Water Framework Directive)
2 CTT(Chemical Testing Team)ollX =271 QH o] oA+ 3}
AR 3L, FA A FEETFNA TAYFE 7 Flste] AT
7S A h(Kim et al.[2017)).

L3k =2 51 $1¥ 3] (European Communities, EC)ellA #|A]
he A AEA R3S 9138 o559 35 % (PNEC; Predicted
no effect concentration)E ©]-&3}o] =2 3. X](Water quality
guideline)Z AF&31aL 9tk PNECE 34 B TAEAREE o)
B3l FUFREEE(SSD; Species sensitivity distribution) 2 7}
AF=(AF; Assessment factor)s 2-83h= WS AMESkaL glom | 7+
e g 7)o Bl tiste] 107 o e 5AxtRE 2|

oF 3ItH(Nam and An[2018]).
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S A W=l ANZECC and ARMCANZ(Australian and
New Zealand Environment and Conservation Council and Agriculture
and Resource Management Council of Australia and New Zealand) |
M RQUARAS S1% 4 FAAE whE vhdEka Q1A ka4
¥+ % sheEd 71Fow AAleka qlok. vbdel FAEA REE
&8k =1 H x| (Water quality guideline)?] 3% 7Hd T+ J4
=73 ARE olg3lo] SSD W AFE AXeh= WA o]83kar 9l
o ek 2009758 SSDgte] 855 =ol= thil AFS] &
5 F2d 23 QUkKim er al[2017]). o]ul] ARSSl= AAEISA
ARAFE] e B AAgre] SR sl whet aalE e,
SN, ANF = A 0 7 o] skl 9lom, aAlE =
WA1e] 79 HaA e 7l ErelA #HA 5E2] v NOECH
T 52 34 559 E(L)C, ARTF B ash, o Z-85= A
=AEE Al Ao /m7 el A shs AlFRIA o5 Wt
= &85} THANZECC and ARMCANZ[2000]; Lee ef al.
[2019]).

Table 1. Comparison of various data requirement levels for aquatic ecosystem protection criteria from different nations based on the

ecotoxicological evaluation

Nation Data Requirement Level (Chronic/Acute) Reference
Us At least 8 species in the 6 dlffe.rent taxonomic (Family level) USEPA, 2006, 2010
group (Chronic and Acute)
EU (UK) At least 10 species in the 8 different jcaxonomlc (Family level) European Commission, 2011
group (Chronic)
Australia/New Zealand At least 5 species in the 3 dlffe.rent taxonomic (Family level) ANZECC and ARMCANZ,
group (Chronic and Acute) 2000
Netherlands At least 5 species in the 4 different taxonomic (Family level) RIVM 2001
group (Chronic)
Korea At least 5 species in the 4 different taxonomic

(Ministry of Environment)

group (Chronic and Acute)

Ministry of Environment 2015

All data requirement levels were based on the ‘guidelines on procedures and methods for risk assessment of environmental hazards’ of Min-

istry of Environment of Korea with references.
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Fig. 2. Proposed workflow on the establishment of HNS emission limit and HNS listed designation system.
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3.2.1 QU7 AR AR QY
HNSE e Eds) vided B4 s - o olom, ety
=49 AR AYAT7]Z(IARC; International Agency for
Research on Cancer) =-2 EPA’s IRIS(Intergrated Risk Information
System)oll 4] ge1& 4= 9t} IRISE-S IARCOIA W54
ke B) o)Al dldshe 22 UER R gdskaL, RIS
RS D, Eell slsEAVHIARCS] 7-5- 3, 4) RIDFLe] EAI8H=
A v R gste] EAXE A ST An et al.[2008].
o] 7kEo] o]k WPHE AjEisle] Al 9o 1o
gk &2 ATl ARbsh= FAFAR|= SN olat T30
R12ke] S8 71 Sl kel W Sl BEt AR o W
A& Fo|th, FAFAXE Table 20 AAISH= whe} o] ey
=29 B¢ A9 A8 elabiel ofgh oAl e Slaeel e
AHAZFRSDYES AFESH p2lvet A7l 9= BW, DI, FI, BW
U A=A BCFR= Sl AR viehd 24 7
- HPERMY P FEHFRM)Y =5 FokA] o2 e
71 (RSC) gk Fste] Artste] 71X & AX g
TAFAAE B¢ =57PE 54E S oS Aest 4
A5 A S ZINIER[2019)), A7 15 FAEAA=
FAale] AlE ARl st 20191 = 3 wleklofA] wgiak
sh=Rle] A =Rl ofshd BWikS 64.5 kg, DIRR> 1 Liday,

T r

Table 2. Proposed methodology of deriving Ambient Water Quality
Criteria (AWQC) based on the Human health for Korea

. _ BW
Carcinogenic HNS ~ AWQC = RSD x DIT(FI<BCR (FIxBCP)
Non-carcinogenic HNS AWQC = RfD x RSC x ———20
¢ DI+ (FIxBCF)

Cancer Potency (10~ 10)
Cancer Slope Factor (q1)

RSD: Risk Specific Dose (mg/kg/d)
RfD: Reference Dose (mg/kg/d)
RSC: Relative Source Contribution
*BW: Body Weight (= 64.5 kg)

*DI: Drinking water Intake (= 1 L/d)
*FI: Fishery intake (0.084 kg/d)
BCF: Bioconcentration Factor (L/kg)

*According to the average body weight of Korean adults and aver-
age fish and shellfish intake (NIER, 2019)

RSD RSD =
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FIgE 0.084 kg/day UHERL} 05 2] 8-A1A Allatolol & Zlo|tt,
Cancer potency@td] 4% 10°~10"H$ 2 A-85131 912, WHO
M= 1075 o] &3 o5 1o} dtr). BlEo] s &
gl gz SAE Al et el ETEe] w5 7o) Al
el thaiM= 104 AEehs 50 a4 0% Ba7t 7ksdh
el =S AEso FHHUSEPA[2000]). B3t skl vijE5) =
HNSS] 749 AAA F4& B8 AleEgo] 7|ehgraow
Fobd 7hs/do] e, EAe] 54 v A=A AlFTt

205k,

3.22 APVEHE 7 FAFAR] AEEHEERD

PPN S7 15 TAFAX Q) A9 2 =7tk vheke s
ARg3kaL Qlek. Aesh U o] vj5S CMCS} CCCll =& &
gelo] =1AE AskaL, -, 35, == SSD] HC5%
e T FARE o] &3taL 9loH, =2 PNECY SSDats
4 FAXE AXS, Udek == Hl&8-5% (MPC; Maximum
permissible concentration) &3l AVElAl HEE 915 4 AIAE
AA8FaL 2 THEuropean Communities[2000]; An et al.[2009]; Nam
and An[2018]). ool & ArelM= S S e
Hkdshs S5 d 7HPERA ] USEPA 7|HS 7|Hko &
FEveke] Sl g AR B2 S AN skt Sk

REE371F FAEAA A4S SlsiMe Ha 10719 57l
Fol= =L TS W IS ARE AkEstolof gt
149 o3t Z A E B3l T 95N EC,#k> GMAVE
ot ARSEOIAM, 14 o8] EARE B3 B
AEA ECyihe& GMCVE EFsht] AR F ot 7 55
GMAV, GMCV#t2 P(Cumulative probability)#t=Z} S+ Table 3<]
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Table 3. Proposed methodology of deriving Ambient Water Quality
Criteria(AWQC) based on the eco toxicological evaluation of Korea

oM (gl)  cme = 22X
CCC(ugl)  CCC = %V or ffc@
FCA)V = ¢

A= (SxJ0.05)+L

L S In[GMC(A)V]- xY /P
4
@ S In[GMC(A) VT~ xY In[GMC(A) V]

(3 /P)
4

FCV, FAV (ug/L)

>P-

P=R/AN+1)
FC(A)V: Final Chronic (Acute) Value
FACR: Final Acute-Chronic Ratio
GMC(A)V (ug/L): Genus Mean Chronic (Acute) Value
P: Cumulative probability
R: Assign ranks
N: Total number of MC(A)V in data set
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Table 4. Proposed list of 14 Korean territorial marine species with endpoint for ecological risk assessment

Common name

/Phylum Class/Family Species name Endpoint Standard Reference
Bacteria/ Gammaproteobacteria/ . . P . . 1SO 11348, Abbas et al.,
Proteobacteria Vibrionaceac Vibrio fischeri 30min inhibition of bioluminescence *KSMME 2018
Diatom/ Bacillariophyceae/ Skeletonema 72h population growth inhibition ISO 1053, Heo ef al.. 2018
Ochrophyta Skeletonemaceae costatum 96h population growth inhibition KSMME ”
Chlorophyceae/ . . . T Flood et al.,
Green algae/ Dunaliellaceae Dunaliella tertiolecta ~ 96h population growth inhibition ASTM 2018
Chlorophyta Ulvophyceae/ 24h reproduction inhibition .
Ulvaceae Ulva pertusa 48h reproduction inhibition ISO 13308 Kim et al., 2015
Brown algae/ Phaeophyceae/ .. . 24h germination inhibition
Ochrophyta Alariaceae Saccharina japonica 168h germtube length inhibition KSMME Han et al., 2011
Brown algae/ Phaeophyceae/ L . 72h germination inhibition
Ochrophyta Laminariaceae Undaria pinnatifida 21d sporophyte growth inhibition KSMME  Park et al., 2016
Malacostraca/ Monocorophium 10d survival rate
Amphipoda/ Corophiidae acherusicum 42d survival rate KSMME Seok et al., 2022
Arthropoda Copepoda/ Tioriopus iaponicus 48h survival rate ISO, OECD, Choi et al.,
Harpacticidae griopus jap 21d population growth rate ASTM 2020(b)
. . Eurotatoria/ . L 72h population growth inhibition ASTM, .
Rotifer/Rotifera Brachionidac Brachionus plicatilis 92h population growth inhibition KSMME Choi et al., 2018
Shellfish/ Bivalvia/ . 1h fertilization rate .
Mollusca Ostreidae Crassosirea gigas 26h D-shape embryogenesis rate KSMME Choi H., 2021
Echinoidea/ Hemicentrotus 10min fertilization rate KSMME Choi et al.,
Sea urchin/ Strongylocentrotidae pulcherrimus 64h normal embryogenesis rate 2020(a)
Echinodermata Echinoidea/ Strongylocentrotus 10min fertilization rate .
Strongylocentrotidae nudus 48h normal embryogenesis rate KSMME  Choi et al., 2021
Actmopterl/ Epinephelus akaara 7d Survival rate of fertilized embryos OEC].) Ahnetal., 2018
. Serranidae 201(modified)
Fish/Chordata Actinopteri/ Paralichth OECD
ctinopteri aralichthys . - .
Paralichthyidae olivaceus 7d Survival rate of fertilized embryos 201(modified) Kim et al., 2019

*Korean Standard Method for Marine Environment

2ol <l CMC, CCCits =&8  Qlrh
h SRR S LS flste] AEEAE Al ER 25y
TZ G8ahd A= Ul A2 BEE2] HolAked Ak g
3 NS 1S 5 oi om, to] =] s EE S
A 7F O”ﬂ-(Park et al.[2003]; Lee et
ol X = A lXq ‘ﬂ% FAAE=Z st A
= iﬁﬁﬁ A=e] BEg o
A g3kl %E]r f{ _?43]1/}3}0] 735 el g A
== o83 s Aol
07H ool et awelA 1074 o)l
—’F NE o, 1% wliE ASEE TS
Fe}o]th(Table 4). 18|22 1 AollME i
”E"‘Ur U—Er sk, #a g7l12] Z(class) = 2
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