Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 29, Special Issue, pp. 054-066, October 31, 2023, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) https://doi.org/10.7837/kosomes.2023.29.5.054
=) = ol& O I = o 2~ 0 o O] &
S FAFAAIA vl = A Fal=dAHNS)Y AT AAHS 9t
B7H14 8 B A

HE LT eI 027
CONATEARATE AYTFTANDATER QT ¢ AAAGEAEQ L AYTFIAIQTLE AT,
A

Development of Scoring and Ranking System Methodology for Prioritization
of Hazardous and Noxious Substances (HNS) Discharged from Marine
Industrial Facilities

Hoon Choi - Wonsoo Kang~ - Un-Ki Hwang~~ * Moonjin Lee™

* Researcher, Ocean and Maritime Digital Technology Research Division, Korea Research Institute of Ships & Ocean Engineering (KRISO), Dagjeon 34103, Korea
** Principal researcher, Ocean and Maritime Digital Technology Research Division, Korea Research Institute of Ships & Ocean Engineering (KRISO), Daejeon
34103, Korea
*** Center leader, Tidal Flat Research Center, National Institute of Fisheries Science (NIFS), Gunsan, 54014, Korea

£  9F . HNS(Hazardous and Noxious Substances)™ 3| F 374 FUZE A9 A3+ & SFAEANA ANE 7 XA, AFA| Dol 2] 52
EE J3AY 718 MG o] &5 a4+ Atk HNSY AU B E A A3 M-S Fote] A9 e Aol
Hgatm o]edk WP E 282 CRS(Chemical Ranking and Scoring)”] o] HAA A 0.2 7o} AREE L 9t} &2 Ao A= st A
2 RE sdBdor &= HNS AA4 #elE F4 o2 e CRS xﬂ?ﬂ]i vl BAEI om, ol Fate] e AF =
FAAE Gt AT A H EAAES dAst A AHAA FoJAAE EESSh e FaixpE AFIA 4 A
24 i AAAE FHAG. FLAAE 27 AL H B o2 xu*) 7%5(1 A), =F7He 303, F4357), sl Fol gl 9
FSAHE FA o r Fosiglon, B0 A AFAAY] & §3te] 1000 o2 vkt e A &g on, B
4 (Uncertainty score)®} 84240 H] & (Uncertainty ratio)e} Z3FEol digh 12 ehS A ASEQATE & AF A= AP ALZ5E o=/
& 5= HNS # &5 fste] $4¢9 A4 838 F Jds o= 7geh

Abstract : Hazardous and noxious substances (HNS), when discharged into the marine environment, lead to effects on humans and marine organisms,
corrosive damage to marine facilities, and interference in using marine areas. For the regulation and management of HNS, it is necessary to select
prioritization through scientific methods. To address this, the Chemical Ranking and Scoring (CRS) technique has been developed and used worldwide. In
this study, a comparison of various CRS systems was conducted to establish a prioritization system for systematic management of HNS discharged into
the marine environment from marine industrial facilities. First, the target chemicals and target facilities were selected. Second, the main factors of the
prioritization system were derived. Third, detailed factors and a quantitative scoring system were established for five major factors. The five main factors
were relatively assigned as social interest and issues (20 points), exposure potential (30 points), toxicity (35 points), behavior (10 points), and
interference with marine uses (5 points). The method is applied such that it can be converted to 100 points through the product of toxicity and detailed
factors of behavior. Uncertainty scores, uncertainty ratios, and mixtures were proposed for consideration. The outcomes of this study are expected to be

used for prioritization for the management of HNS discharged or spilled from offshore industrial facilities.
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Table 1. Comparison of several CRS (Chemical Ranking and Scoring) methods for general chemicals and prioritization methods for HNS

General chemical prioritization method

HNS prioritization method

Prioritization
methods CHEMS EURAM CRAFT Newparth et al, | iy et al, 2015 | Cunha et al., 2016
(Nam et al., 2011) 2011
[Exposure potential] [Evironmental score] |[Exposure] [Basically based on [Exposure] [Physicochemical
-Bioaccumulation -Emission -Bioaccumulation hazard evaluation -Tonnage shipped properties]
-Persistence(Hydrolysis |-Biodegradation -Persistence procedure assessment |-Persistence -Behaviour
degradation, Biological|-Toxicity -Wastewater transfer | of GESAMP'| ‘Bio-accumulation ‘Relative molecular mass
oxygen demand -Assessment factor- -Emission to water  |-HNS volumes -Flash point ‘Density
half-life) body/Circulation transported -Ignition point Vapour pressure
-Emission(Release-weig amount ‘Reported Incidents -Vapour pressure “Water solubility
hting factor) “Water solubility ‘Dynamic viscosity
‘Melting point,
‘Boiling point
-Volatilization half-life,
Fugacity, Persistence
[Toxicity-human health] [Human health score] |[Toxicity-Human] [Cut-off values for [Toxicity-Human] [Physicochemical
-Oral acute toxicity -Carcinogenicity -Carcinogenicity prioritization using -Acute degradation and
-inhalation toxicity -Genetic Toxicity -Acute toxicity below factors] -Chronic biodegradation]
-Carcinogenicity -Reproductive toxicity |-(sub)Chronic toxicity |-Bioaccumulation -Carcinogenic -Atmospheric oxidation
-Chronic toxicity -Respiratory -Other toxicity ‘Biodegradation -Other toxicity -Biodegradation rate
-Mutagenicity, sensitization -Acute toxicity (Mutagenicity, -Aerobic biodegradation
Development toxicity, |-Repeated dose toxicity -Traffic ranking Genotoxicity, probability, Primary
Reproduction toxicity, |-Acute toxicity Reproductive, aerobic biodegradation
Neurotoxicity, -Irritation Developmental half-life, Ultimate
-Skin sensitization toxicity, aerobic biodegradation
‘Reproductive Neurobehavioral, half-life
screening test Immunotoxicity) -Hydrocarbon
-Chernoft/Kavlock biodegradation half-life,
screen test Anaerobic biodegradation
probability
Factors for
prioritization
[Toxicity-environmental] |[ Distribution] [Toxicity-Environment] [Toxicity-Aquatic [Bioaccumulation/
-Acute oral toxicity to |-Biodegradation -Acute toxicity ecological] Biotransformation]
rodent -Persistence *(sub)Chronic toxicity -Acute -Biotransformation
-Acute toxicity to fish |-Boiling point -Chronic half-life

-Chronic toxicity to
fish

Vapor pressure
‘Log Kow

‘Partition coefficient
‘Bioaccumulation rate
-Adsorption coefficient

[Issue]

‘The number of state
regulation

‘Incident

-Other properties
‘Pollution level

[Reliability]
-Bioaccumulation
-Persistence
-(Sub)Chronic aquatic
toxicity

‘Degree of state
regulation

[Toxicity-Aquatic]
-Acute/Chronic toxicity

[Toxicity-mammalian/
human health effects]
-Acute(Oral, Percutaneous,
Inhalation, Skin irritation/
corrosion, Eye irritation/
corrosion)
-Chronic(Carcinogenicity,
Mutagenicity, Reprotoxicity,
Sensitizing, Aspiration
hazard, Target organ
systemic toxicity, Lung
injury, Neurotoxicity,
Immunotoxicity)

Subject to
application

-General chemical
substances

-General chemical
substances (for High
production volume

-Hazardous chemicals
of surfacewater (159
species)

chemicals)

-For prevent spill
incidents of HNS (23
species)

-For prevent spill
incidents of HNS
(585 species)

-Selected HNS (24 species)
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Step 2: the selection of major factors for priority
selection of toxicity and exposure.
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Step 3: scoring and calculating rankings by each
factors.

v
Step 4: Risk communication to efficiently express of
the derived results, including uncertainties in the
analysis process

Fig. 1. Four categories and step-by-step development systems for
the development of CRS systems for HNS emissions

from marine industrial facilities.
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AFHAA A WE AT AENS)e] $A

Total score Social interest
(100) and issues (20)

Has it been leaked/discharged into the environment
Detected frequency has been exceeding 2.5% in
marine environments (or effluent)

Has it been exceeding environmental standards(or
effluent limitation).

+ - Social interest(socially and economical effect)
- Management status at domestic, Leakage accident
status
- Usage(Emissions)
4.{ Exposure (3 0) ‘ - Shl]fpmg. Transportation
- Persistence
+

Bioaccumulation/Biodegradation

Toxicity (35)

- Human effect (Oral, Dermal, Inhalation, Skin and
eye irritation and corrosion, Carcinogenic)
Marine ecological effect (Acute/Chronic tosicity)

x

Behavior (10)

- The behavior of HNS in Marine Environments(or
effluent) (follows the SEBC or GESAMP. Mainly

classifies into five families such as Gases,

+

E Floaters, Dissolvers, Sinkers)

Interference with
marine uses (5)

Marine organisms and bottom habitat interference
Potential secondary accidents

Fig. 2. Five major considerations of the priority selection system

for emission HNS of marine industrial facilities.
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Table 2. Scoring scheme of social interest and issues assessment factors presented for HNS prioritization

Domestic Issue . . o Produced quantities Chemical Standard
Score (incident) No. of regulation Detection rate(%) (mt/year) available
5 =20 >16 =20 >10° Chemical standard
exist
4 10-20 8 10 - 20 10° - 10*
3 5-10 4 5-10 10> - 10°
2 1-5 2 25-5 10" - 107
<25 0_ 10!
! ! ! (at least detected once) 10°-10
0 0 0 no detected <100 Chemical standard
(or data non exist) non-exist
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Table 3. Scoring scheme of toxicity assessment factors presented for HNS prioritization. Since different effects are expected to object

depending on the each single HNS, the behavior factors are obtained multiplied by human health

factors to derive the final value

and marine ecological

Human health (Mammalian toxicity) Marine ecology
Score . Oral toxicity Dermal toxicity h:giliitiion Skin irritation ©  Eye irritation | Carcinogenic Acute (ECCII)rrOIIl\Ii((:)EC
(LCso, mg/kg) i (LCso, mg/kg) (LCq, m g/]il/ A1) and corrosion : and corrosion | (IRIS, IARC) | (ECsy, mg/L) Somg/L) ’
5 <5 <50 <0.5 - - Al <0.01 <0.001
4 5-50 50 - 200 05-2 - - B(B1, B2), 2A: 0.01 -0.1 0.001 - 0.01
3 50 -300 200 - 1,000 2-10 Corrosive Corrosive C, 2B 0.1-10 0.01 -0.1
2 300 -2,000 | 1,000 - 2,000 10-20 Irritating Irritating D, 3 10 - 100 01-1
1 >2,000 >2,000 >20 Mildly irritating: Mildly irritating E 4 100 - 1,000 1-10
0 Not irritating Not irritating >1,000 >10

o

Ak kg o1de1d A, 10 - 100kg 3L W HAHE
tH, 10kg v o 0S wjH ot =T ¢
ol kg ol wl HHS wiAlskaL, 1-10kg
HAHS s 1kg VIRE 0 :
7 el f4¥ HNSE 274 ol e AR
T30l AR o] WH7H7](Halflife in water)E 7]
L R s R v =2 17} 602 o] Aol 1%
L7590 olshd HaAe WAl 45T A
712 Qldle] AFS F Qv AE AEZAA
== sy 949 5 F 23+ ¢lx}o]
: A4 9] 7% BCFak# Log Pow#k o2 45 b=
™ BCF#te] 4,000 = Log Powgtol 5 o]’d<l - #
4 widetaL, 1- 1001714 1-291 A HAAHS i
1 vgkolH 08-S wld3ste] H4E AFESHK(Table 3).
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Table 4. Scoring scheme of exposure potential assessment factors presented for HNS prioritization

Emission factors Bioaccumulation
— - Persistence
Score Emission Emission to ~ Waste water Shipped (Halflife in Biodegradation
(keyear) water transport transport water (days)) BCF Log Pow
(kg/year) (kg/year) (t/year)
5 >10° >2,500 >10° >10* >60 >4000 >5 Not readily
- 7 - - - - - biodegradable
4 10° - 10° 1,250 - 2,500 10* - 10° 10° - 10* 30 - 60 50%(; 40 4-5
3 10* - 10° 625 - 1,250 10° - 10* 10%-10° 15-30 10007 0 3-4
2 10° - 10* 312 - 625 10 - 10° 10" - 107 75-15 10-100 2-3
3 1102 0 _ 10l ~ _ _ readily
1 <10 <312 10" - 10 10°- 10 <75 1-10 1-2 biodegradable
0 - - <10 <10° <1 <1

o B2 CRSAAY =27 =

FE EEste] AE9E A ETHKim, 2017). SFAINE 2
Aol A THEE HNSE A5 540] dolgh 248 40l
o= shar glo], B4 Al mE o] thEA
el 4= Tk ool A 17 G Y AH G FAAL]
AL A e EdY AEEF wE HF5e 55
T3 HF 540K AFE AbESY] S A AR
SHCH(Table 4).

U NS 2 el el sty

(2%, 715 &alle F)ol o) 75l gt & 3o &
A B AAE =E87] $lsk] 7Hbﬂ HNS &
NE54E Wgsh= Aol B RSITHGESAMP, 2002; EMSA,
2007; Bonn agreement, 2015; Kim et al., 2015). ¥ ool A=
324 ASARE AR FES &2 F JdE
SEBC(Standard European Behavior Classification) 7| & L& 3t

v} 9l 2™, GESAMP(Group of Experts on the Scientific Aspects
of Marine Environmental Protection)ol] 4] #4374 S
AE] AR A4 J3e 2As] flste] shetEd

o ATAE B 1 AAE 1312 T2t Agsta Ak
B QoldE NSO AFS WE, 2719, Sl weh
7}2~(G; Gas), 5 (E; Evaporator), -r(F; Floater), -&3l(D;
Dissolver), 3 Z1(S; Sinker)2] T 72 -3} 2.1 (Table 5),
HNSO| 75 HFibg o] A9 it WAl A 2 5E 5]

e R

= st Eds gt 2 A AAsE Alege 7)ukst
& TH(Harold et al., 2019).
|, dk, 2 718k @S B8 sEtEd e Ass

Table 5. Scoring scheme of behavior assessment factors presented

for HNS prioritization

Score
Behavior
Human health Marine ecology

Gas 4 1
Evaporator 4 1
Floater 3 2
Dissolver 2 3
Sinker 1 4

Since different effects are expected to object depending on the each
single HNS, the behavior factors are obtained multiplied by human
health and marine ecological factors to derive the final value.

AAs7] Yal- = S719¢] 1013 kPa(at 20C)o] ™ &3 =7}
10% ©]3lel EdL G&, Z7]%°] 3kPac]ld 10kPa ©]3}F¢!
Edoly &3=7 1% ©l8t) E4& EE, €37 0.1 %
oA aFEe] W(1,025kgm) T & BEHe SE, fal e
7} 10% olstel WA w7t dfe] dEnn) 2Ede Fa,
S =7F 100%E 2dehs =22 D2 Tt 7A1e°] G,
E, F, D, S2 &% Table 59} Zo] t’d-3(Human health,
Marine ccology)ll whel =5 widatn], Zb el M =
BAHE7RAL Aol wate] HF 5A4JAA o] AFEel A}
Eokiams

3.4.5 3| o[29 HEF

S Gk A = HE HNS7F ui = =
of FA=EW A om 2xpAFaLo} sﬁczl,% o] g 3h=
L AMA Aol g o] fEEE
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oh wgk A ES A A
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Table 6. Scoring scheme of Interference with marine uses

assessment factors presented for HNS prioritization

Potential. secondary Man]';z t;rfal?; Z?:Zt and
Score accidents interference
Flashpoint Temperature (°C) Behavior
5 <23 -
4 23 - 60 -
3 60 - 93 Floater, Sinker
2 >93 -
1 R -

=
B ATAY BEY FaAA4E ANA BT ol ¥
-

AT, wF, 54, A% oledle) 9T il AR el
ool & 87 W Rk, £4 AE W AESH 57
PsA, 7 AR HA ke B4, EhRel o 77,

S, FY A, T R el AT, A B, o
A, oA, Tk, AGAE L AN

¢ AXBAL FHAL ol g3 A
[e)
=

o2
o=
o
2
=
o, ot

HAA e

NG 0-408 o2 AAHAG. el gt

Wi &5 = HNSO| J @

-3 ©] Uk(Shin,
flate] ALgslh AlF-QIAPE A=
2 ZZk(Measured data)o] o} 2} =7 Zh(Estimated data)S! 73 -$-

45 397 - ol

2

R4

Ao

dlolg o] 2ol 2pol7h vpebd & vt Hgk A =Tt
= AZ X (No available data)®] 7 -F- % Ah(default value)S
oS AWH(Choi et al.,, 2005), H4-H o2 Hrlste] iy
0137 Lk(Shin, 2014; Snyder et al., 2000), Z A& H-of
+ &(Kim et al,, 2015) ThF3F 2o A2 HH S
A SHEE Agske wao] dEA 9l

olelgh d A7l FAH AR F& AS5A 9 EAl= B
AAE TUHAA Ao ARAE AsHAl7IE ajle] H
ULt olo B AFdAM = ASA 9 T
Ao wrdsty] flate] ARQIAPE Hojmi e Folsta
(Baik et al., 2010; Shin, 2014; Snyder et al., 2000) =224 =
TE HMER BEste] Ao ESAAS HAasstaat
At B34 A< (Uncertainty Score)e] 4% T2 <1}
Ha g Havld e xke] wkgka A Al QIAF din
2 AZA A4 B34 H S (Uncertainty Ratio)2]
2 EEeta, 78 AE Adgde] 35 HE ¢4
% v AE Fete] Ay EFAAAS F
stazt shoith EEAg vE 2 B He =

< g ALAE oFgiot B THEquation 1).

off o o 4 30

N

F min
US= M’””Z x UR(%)
UR((y>_ N2+Nﬂ(l
N,

Equation 1. Calculations to derive an uncertainty score (US:
Uncertainty Score, UR: Uncertainty Ratio, Fyx:
Max score of major factor, Fp,: Min score of
major factor, N.: No. of estimated data, N,,: No.
of no available data, Nr: No. of total factors)

S aEstaa Ed AeE vdsitste
A AGAAE T8 AR de EEever =9
A g EE BE B 9258 AAT £ 9l 4
£ 5ol TR =Fo X3 wiEF 22 AR
o] A5 BauAe] AEA B % =AY 22 v S
of F7H4l Wy AET 4 glon], AT o]l HNSO
35 dlellgt 79970 9] Fral A= E FFE ] 3o &4
5S40 e 7 vhedtrE =dS ddew 9t
st e Fhehe Tl vt dad Aotk o9
= e ARAAE Sl AdEd A 2 e AR
7F Ao AAH BrkE EE BEEAS Hastele 49
L ks ofof & Flojth
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Table 7. Summary table of the overall scheme of HNS prioritization and uncertainty assessment

§ Social Interest and .. . mterfereqce
by Issucs Exposure Toxicity Behavior = with marine
@ uses
Sl S2 S3 S4 S5 FEl E2 E3 F4 E5 E6 E7 E8 TI T2 T3 T4 T5 T6 T7 T8 Bl B2 1l 2
5 5 5 5 5.5 5 5 5 5 5 5 NR 5 5 5 5.5 5 4 1 5 5
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4
% 3 3 3 3 3 33 3 .33 3.3 3 3 3 C C 3 3 3 3 2 3 3
§ 2 2 2 2 2 24202282022 2 2 2 1 1 2 2 2 2 3 2 2
= 1 1 1 1 1 1 1 1 1 1 1 1 R 1 1 1 ML M1 1 1 1 4 1 1
0 0 0 0 0 0. 0 0.0 NI @ NI 0 0 0 0
0-25 4-40 4-96 (Human health), 040 (Marine ecology) 0-10
Multiply the sum of each factors by the conversion factor (0.485)
g Calculating uncertainty scores and summing up with existing scores
Final HNS priority score evaluation

=4 = HNSY A sy 3 el A o R & Database)®] E3S S of 29wk Fo ERE 24 AEE
A7) Bk 175“39] = ZAI 8 (Guillén et al,, 2012) T FF3FaL ATHNIER, 2018). ol &% Z3H=EA 7t ol
d Edre] e wtelyet E3Ee JHE 1y H ggo] 715 ZoR didHr.
oFghtt. HEgh %lﬂ‘ﬁ(ﬁﬁ & R)d X4 E HNSY 4
FFart g JHE 2dE o g, ¢AEAA 4. d £
o WS 9% 7l xvolHE 537 % oy ¢ ot
(Park et al, 2016). ¥Wrolye} Eta& ¥ =3k A B ool skt Al R E sokider o
vt golu Adgahgo] dojed 4= glo] Aty SAWT gz gngo) AAA wEls Zhom Als| A wAl 9
ofvet 54 e EFEel tiF avb= A WS o)r0)9r win, AENIE, §77)F AR, AN BE
o] H TH(Van Gestel et al., 2010; Kortenkamp et al., 2009; Guillén 24 2405, EAAZEQIA A% 3, d %349,
et al, 2012). S GESAMPA M= ASAR7PAA el 2t w2 A yeay, AR A5 o5, 5, R
AFeIxE 2 &0 i3t sNEAQ] HyPH S A A S A ABZAA, AEAA), EAATEA, AEEA, FYE
I Qo A EEE ZA] gigk S4H 7t dole 7 E4) A FE B el uloly AR FAEA, AIAE
3 A9 A F8S A /\F‘ld dolg 7 gl 4% oMY =AY, B o] &oll o AR A 2314}, Y E
4o Gl defd AR EREE AR Dol 5 g4 G e B AR mE25Y
EFE T NEEAS] oJg e V| xARE ARAA (BB g 2 g Ege AFuaEAel uNset Al Al
S44, AEsNA, AAFE, NGNS, As SHER & Ao A M0l HS wedste] B4 U AZuE, B
FeEs olFw MEEA Jg-sEaldd wEl BAE e o groizas wigdats Holn, m&¥ Fo t)
wjdste] HE A5 AHESTHGESAMP, 2019). KA FoolapE wHe] A=), 247 To ot
AA7A e e Fote] V2RI B5 TE g Baaxe wmasia Ano AFAS =oly] BE
o et s & 954 Frke st ok ol 2= ax u]% 9 B3 HeE ukdsitis Holth a3 =
o olerers TIerlele A5 Sekel el e £ Aol A AT Bkl 2 AR AL ST A
51 71 #9845 QAR BE19) Aol WAL A ie] MBI NS Aos el AA oo
AE ¥l 9O H(NIER, 2018), %ﬂ o] A5 RSt =EEY o golge swom BHo SM%e] HA Hew -
(ECHA; European chemicals agency)= 7NUt}, tl=r 532 § 9e Aoz wuHET)
25 &3 IUCLID(International Uniform Chemical Information O T EX0lxF AL 7]Eo] AAFHUE doE 7}
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