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Abstract — To identify priority control Hazardous and Noxious Substances (HNS), in terms of marine ecosystem
protection, ecological risk was evaluated according to the worst and alternative spill incident scenarios in the top
three ports (Ulsan, Gwangyang and Daesan) of the HNS volume. For exposure evaluation, the predicted environ-
mental concentration (PEC) was calculated using the MAMPEC-BW model. Predicted no effect concentration
(PNEC) was derived from the ecotoxicity database of the priority HNS. Marine ecological risk was characterized
by calculating the hazard index (HQ=PEC/PNEC). Based on the results of the risk evaluation, priority control HNS
that require risk reduction measures, in terms of protecting the marine ecosystem, were presented for each port.
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Allyl alcohol and Ethylenediamine have an acute toxic effect on the aquatic ecosystem in alternative scenarios, so
attention is required in accident management. In future studies, it is necessary to update the priority HNS group,
supplement ecotoxicity information, apply the species sensitivity distribution (SSD), and improve the environmen-
tal exposure evaluation model. Furthermore, it will be necessary to conduct an marine ecological risk assessment
for all HNS-handled ports in Korea and derive the priority control HNS for each port.
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o] Ha= a1 glom o]F F3l $-A¥e] HNS A7 (Kim et al.
[2015], Kim et al.[2016]), SNV 271 Y180/ H7H(Kim et al.
[2019]) & ARl oiv], of-& 9 ARS-E] 7)<zl ket oeket A
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Fig. 1. A Schematic diagram of the chemical ranking and scoring
system (Kim et al.[2016]).
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Table 1. Information on risk database and numerical rating criteria for prioritizing hazardous and noxious substance

Aquatic Ecological

Exposure Human (Crew and response personnel) Toxicity Toxicity
Rating Torllnage Persistence Bio- . Acute Chronic Carcinogenic Other Toxicity Acute  Chronic
Shipped accumulation

ton'  Half-life (d) BCF LD;” LCs® NOAEL* IARC’ IRIS® ACGIH’ M®* R’ D' N" 1" L(E)Cs'"” NOEC"

5 >10° >100 >4000 <5 <0.5 <1 1 A Al <0.1 <107
B .

4 <10 <100 <4000 <50 <5 <10 24 gy A2 1 1111 S <10”
3 <10t <50 <500 <300 <10 <100 2B C L U O
2 <10° <20 <100 <2000 <20 <1000 3 D A4 <100 <1
1 <10? <4 <10 >2000 >20 >1000 4 E >100 >1

'"Tonnage shipped for two consecutive years (2014-2015), *Oral LDs, (mg/kg rat), *Inhalation LC, (mg/L, 4hr-rat), ‘Inhalation NOAEL (mg/
kg), ’TARC (International Agency for Research on Cancer), *IRIS (Intergrated Risk Information System), ’ACGIH (American Conference
of Governmental Industrial Hygienists), *Mutagenicity or genotoxicity, "Reproductive, '“Developmental, '"Neurobehavioral, “Immunotoxicity,

mg/L: Test species are fish, algae, invertebrates and others.

Table 2. Maritime transportation of HNS at major ports in 2014 and 2015

SRR TRADE SIS AL St

Port  Ulsan Gwangyang Daesan Pyeongtaek Incheon Masan Gunsan Busan Yeosu Pohang Mokpo Jeju  Total
No. 108 91 32 45 19 10 55 34 3 1 2 158
10°ton 38,274 21,368 14,940 6,696 4,035 2,144 451 414 370 66 62 35 89,354
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MAMPEC-BW (Ver. 3.1.0.2, Deltares, Netherlands) & 22 o] &
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Table 3. List of the HNS with basic information for marine environmental risk assessment at the top three ports of traffic quantity
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Group Chemical name CASRN MARPOL Physical Traffic quantity from 2014 to 2015. (ton)
pollution category behavior Ulsan Gwangyang Daesan
Sulphuric acid 7664-93-9 Y D 5,755,058 112,072
Acrylonitrile 107-13-1 Y DE 1,920,831 738,100
Ethyl Alcohol 64-17-5 V4 D 1,713,238 67,438 4,400
Methyl alcohol 67-56-1 Y DE 1,532,453 3,017,909 7,497
Sodium hydroxide solution 1310-73-2 Y D 982,568 2,961,273 8,000
Acetic acid 64-19-7 z D 830,501 281,671 76,743
0 Ammonia aqueous (<28%) 7664-41-7 Y DE 499,320 574,871
Ethylene dichloride 107-06-2 Y SD 361,407 954,278
Vinyl acetate 108-05-4 Y ED 306,461 28,100 330,152
Nitric acid (<70%) 7697-37-2 Y D 188,765 292,676 117,702
Acetone 67-64-1 z DE 180,971 208,989 607,170
Phosphoric acid 7664-38-2 z D 117,191 28,153
Methyl methacrylate 80-62-6 Y ED 94,975 94,444 17,850
Hydrochloric acid 7647-01-0 Z DE 32,000
Propylene glycol 57-55-6 z D 437,560 51,668 376,543
2-Ethylhexanoic acid 149-57-5 Y FD 330,120
Propylene oxide 75-56-9 Y DE 252,782
tert-Butyl alcohol 75-65-0 z D 225,690 123,399 77,923
Methyl ethyl ketone 78-93-3 z DE 219,187 29,263
Methyl tert-butyl ether 1634-04-4 z ED 214,093 308,118 87,175
Isopropyl alcohol 67-63-0 Z D 160,439 462,744
Dimethylformamide 25174 Y D 152,053
Butyl acrylate (all isomers) 141-32-2 Y FED 139,736 40,530
1 Epichlorohydrin 106-89-8 Y D 137,128 6,000
Tetrahydrofuran 109-99-9 Z DE 111,200
Butylene glycol 110-63-4 z D 89,093 1,024 70,222
Butyl acetate (all isomers) 123-86-4 Y FED 63,156 15,100
Methyl isobutyl ketone 108-10-1 z FED 63,011 95,551
Ethyl acetate 141-78-6 z DE 42,310 4,707
Chloroform 67-66-3 Y SD 41,598 1,000
Isobutyl alcohol 78-83-1 Z D 14,312
Acetic anhydride 108-24-7 Z D 12,987
Aniline 62-53-3 Y FD 4,600 49,036
Propylene glycol methyl ether acetate 108-65-6 Z D 84,291 14,114
Allyl alcohol 107-18-6 Y D 64,941
Ethylenediamine 107-15-3 Y D 29,070
n-propyl alcohol 71-23-8 Y D 24,262 38
Dichloromethane 27639 Y SD 23,188
Magnesium chloride solution 7786-30-3 Z D 22,866
Ethyl acrylate 140-88-5 Y ED 11,690 8,421
N-Methyl-2-pyrrolidone 872-50-4 Y D 10,185
Propionic acid 29102 Y D 9,747
2 Dipropylene glycol 25265-71-8 Z D 6,913
Hexanol 111-27-3 Y FD 5,968
Butyl alcohol 71-36-3 z D 5,125
Methyl butyl ketone 591-78-6 Y FED 1,000
Nitrobenzene 98-95-3 Y SD 65,950
Methacrylic acid 79-41-4 Y D 1,000
Polypropylene glycol 25322-69-4 Z D 74,578
Glycerine 56-81-5 Z D 9,000
o-toluidine 95-53-4 Y FD 5,000
Acrylic acid 29135 Y D 7,720
Ethylene glycol monoalkyl ethers - Y D 38,488
Poly(2-8) alkylene glycol monoalkyl(C1-C6) ethe - Z D 34,806
Poly(2-8) alkylene glycol monoalkyl(C1-C6) ether acetate - Y D 10,314
3 MOLASSES 68476-78-8 os D 4,000 10,000
Potassium chloride solution 7447-40-7 Z D 6,060
Paraldehyde 123-63-7 zZ D 48,490
Diethylene glycol dibutyl ether 112-73-2 V4 FD 546
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Fig. 4. Map on the monitoring stations of water quality and tidal current at each port with the graph of 30 days real-time tide observations.
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PNEC = [Lowest L(E)Cs, or NOEC|/AF

Assessment
Data-set T

Lowest L(E)Cs, from freshwater or marine species
. . 10,000
representing one or two tropic levels

Lowest L(E)Cs, from three freshwater or marine species

representing three tropic levels 1000

Lowest L(E)Cs, from three freshwater or marine species
representing three tropic levels + at least two L(E)Cs, from
additional marine taxonomic groups

100

Lowest chronic NOEC from one freshwater or marine
species representing one tropic level, but not including
micro-algae

100

Lowest chronic NOEC from two freshwater or marine
species representing two tropic levels, which may include 50
micro-algae

Lowest chronic NOEC from three freshwater or marine
species representing three tropic levels, which may include 10
micro-algae
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HNS Eco-Toxicity Database

Chemical name : Aniline
Chemical Refence Number : 5
CAS Number : 62-53-3
Chemical Group : Y

Physical and Chemical Properties

Property

X Value Reference
Parameter Unit

Molecular weight (Dalton) 93.13 EPI Suite
Melting point °C) -6.16 EPI Suite
Boiling point Q9] 184.1 EPI Suite
Density (g/em’) 1.022 g/mL http://www.chemicalbook.com/CASEN_62
Vapour Pressure (Pa) 105 EPI Suite
Water Solubility (mg/L) 2.082E+04 EPI Suite
Henry's Constant (Pa m"/mol) 1.93E-01 EPI Suite
Log Kow 0.90 EPI Suite
Log Koc 1.401 EPI Suite

Ecotoxicity Data

Selected Values used in Risk Assessment Calculations
Acute Ecotoxicity Data

Phylum Species (?1,111;1;) Duration  Effect Refence
Fish Oryzias latipes 22 2d LC50  Ecotox database (EPA)
Crustacea Ceriodaphnia dubia 0.044 2d LC50  Ecotox database (EPA)
Algae Pseudokirchneriella subcapitata 19 4d EC50  Ecotox database (EPA)
Other Tetrahymena thermophila 0.38 2d EC50 Ecotox database (EPA)

Chronic Ecotoxicity Data

Phylum Species (:127;) Duration  Effect Refence
Fish Pimephales promelas 0.422 32d NOEC Ecotox database (EPA)
Crustacea Daphnia magna 0.04 21d NOEC Ecotox database (EPA)
Algae Pseudokirchneriella subcapitata 0.25 14d EC50  Ecotox database (EPA)
Other No data

Other Ecotoxicity Data (Calulate PNEC)
Property Value Selected Justification or Reference

Selected Value used for Risk Assessment (mg/L’  0.04 Lowest chronic value
Assessment Factor 10 Rule 6
PNEC (ng/L) 4 Calulate Value and Assessment Factor

Fig. 5. Assignment rule of assessment factors (AF) used for deriving PNEC values (IMO[2017]) and the template for HNS eco-toxicity database.

Table 4. Classification of the results on marine environmental risk characterization

Class Hazard Quotient Risk description
A <1 Harmful effects are not likely
B 1-10 Harmful effects cannot be ruled out. Further testing and assessment required
C 10-100 Immediate further testing and assessment required
D >100 Major concern, risk reduction measures should be required
E - Harmful effects cannot be assessed in current situation
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Table 5. Results of marine environmental risk characterization of group “0 and 1” substances in Ulsan, Gwangyang, and Daesan port at neap tide

Hazard quotient (PEC/PNEC) value and risk classification (A/B/C/D/E)

Group Chemical name Physi.call » PNEC results
Behavior" (ug/L) Ulsan Gwangyang Daesan
Worst  Alternative Worst Alternative ~ Worst  Alternative
Ethyl Alcohol D 100 20 8,895.0 D 1.7790 B 8.0 B 0.0016 A 1,125.0 D 0.2250 A
Sulphuric acid D 10,000 4243,0714 D 86143 B 21,1429 D 42286 B
Acetic acid D 100 320 5578 D 0.1116 A 2241 D 00448 A 703 C 0.0141 A
Phosphoric acid D 50 4239.6 23.0 C 0.0046 A 11.3 C 0.0023 A
Nitric acid (<70%) D 50 5920 24 B 0.0005 A 03 A 0.0001 A 03 A 0.0001 A
Sodium hydroxide solution D 10,000 5.632,303.6 D 6.4607 B 15,857.1 D 3.1714 B 4,017.9 D 0.8036 A
0 Ammonia aqueous (<28%) DE 10 55 32727 D 0.6545 A 1,483.6 D 02967 A
Acrylonitrile DE 50 10 1,266.0 D 02532 A  260.1 D 0.0520 A
Acetone DE 100 495 35758 D 0.7152 A 1,2485 D 02497 A 4545 D 0.0909 A
Methyl alcohol DE 1,000 100 1,779.0 D 03558 A  672.0 D 0.1344 A 2250 D 0.0450 A
Hydrochloric acid DE 10,000 24 25.6 C 0.0051 A
Vinyl acetate ED 10,000 1.4 23571 D 04714 A 4436 D 0.0887 A 1929 D 0.0643 A
Methyl methacrylate ED 10,000 13 1941 D 0.0388 A 415 C 0.0083 A 156 C 0.0052 A
Ethylene dichloride SD 50 36.4 23.0 C 0.0046 A 42 B 0.0008 A
Epichlorohydrin D 50 1,212.6 9.7 B 0.0019 A 3.7 B 0.0007 A
Dimethylformamide D 10 100,000 1.8 B 0.0004 A
Isopropyl alcohol D 100 200 8985 D 0.1797 A 331.5 D 0.0663 A
Acetic anhydride D 10,000 26.5 8162 D 0.1632 A
Butylene glycol D - - - E - E - E - E - - E
tert-Butyl alcohol D 50 130,540 1.4 B 0.0003 A 0.6 A 0.0001 A 0.2 A 0.00003 A
Propylene glycol D 100 980 182.1 D 0.0364 A 90.6 C 0.0181 A 3462 D 0.06923 A
Isobutyl alcohol D 100 40 381.8 D 0.0764 A
Propylene oxide DE 50 1,440 715 C 0.0143 A
1 Ethyl acetate DE 50 48 2869 D 0.0574 A 744 C 00149 A
Methyl ethyl ketone DE 100 4,000 9.8 B 0.0020 A 3.1 B 0.0006 A
Tetrahydrofuran DE 100 2,160 81.0 C 0.0162 A
Aniline FD 10 4 16275 D 03255 A  780.0 D 0.1560 A
2-Ethylhexanoic acid FD - - - E - E
Butyl acrylate (all isomers)  FED 10,000 0.5 660.0 D 0.1320 A 1242 D 0.0248 A
Methyl isobutyl ketone FED 50 1,120 3.1 B 0.0006 A 1.3 B 0.0003 A
Butyl acetate (all isomers) FED 10,000 1.8 7833 D 0.1567 A 1657 D 0.0331 A
Methyl tert-butyl ether ED 10,000 672 1246 D 0.0249 A 232 C 0.0046 A 17.1 C 0.00341 A
Chloroform SD 50 36 358 C 0.0072 A 6.8 B 0.0014 A

"D: Dissolver, DE: Dissolver that evaporates, FD: Floater that dissolves, FED: Floater that evaporates and dissolves, ED: Evaporator that

dissolves, SD: Sinker that dissolves.
YAF: Assessment Factor.

#The blank part of the table means substances not transported in the port.
#The dash in the table means that it cannot be evaluated at this time due to lack of substance information (i.e. ecotoxicity data).
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Table 6. Results of marine environmental risk characterization of group ‘2 and 3” substances in Ulsan and Gwangyang port at neap tide

Hazard quotient (PEC/PNEC) value and risk classification

Group Chemical name Physif:all p»  PNEC (A/B/C/D/E,) results
Behavior" (ug/L) Ulsan Gwangyang
Worst Alternative Worst Alternative

Nitrobenzene SD 1,000 2.6 588 C 0.0118 A
Magnesium chloride solution D 50 2,500 79 B 0.0016 A
Methacrylic acid D 10 5,300 1.2 A 0.0002 A
Polypropylene glycol D 10,000 65 1,366.2 D 02732 A
Propylene glycol methyl ether acetate D 50 23,242 1.5 B 0.0003 A 0.7 A 0.0001 A
Glycerine D 10,000 500 1434 D 0.0287 A
Butyl alcohol D 1,000 500 2244 D 0.0449 A
Dipropylene glycol D 10,000 500 361.8 D 0.0724 A
Allyl alcohol D 1,000 0.25 721,2000 D 14424 D

2 o-toluidine FD 10 220 6.6 B 0.0013 A
Ethylenediamine D 50 32 56,5313 D 113063 C
N-Methyl-2-pyrrolidone D 50 19,473 93 B 0.0019 A
Acrylic acid D 10 380 10.0 B 0.0020 A
Propionic acid D 50 2,579.2 692 C 0.0138 A
n-propyl alcohol D 1,000 640 28125 D 0.5625 A 126.1 D 0.0252 A
Hexanol FD 10,000 9.77 1136 D 0.0227 A
Methyl butyl ketone FED 10,000 42.8 693 C 0.0139 A
Ethyl acrylate ED 10,000 0.25 10,068.0 D 20136 B 2,136.0 D 0.0013 A
Dichloromethane SD 100 655 36 B 0.0007 A
Potassium chloride solution D 10 2,400 123 C 0.002 A
Paraldehyde D - - - E - E
Diethylene glycol dibutyl ether FD 10,000 10.1 21.0 C 0.004 A
Ethylene glycol monoalkyl ethers D - - - E - E

3
monceliol et D - B -E
iﬂiﬁ:@ﬁ ,1 _izeeﬁg: Zlcetate b . ) - E -
MOLASSES D - - - E - E - E - E

YD: Dissolver, DE: Dissolver that evaporates, FD: Floater that dissolves, FED: Floater that evaporates and dissolves, ED: Evaporator that

dissolves, SD: Sinker that dissolves
?AF: Assessment Factor.

#The blank part of the table means substances not transported in the port
#The dash in the table means that it cannot be evaluated at this time due to lack of substance information (i.e. ecotoxicity data)
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Table 7. Results of deriving priority HNS list requiring intensive management by port

Hazard quotient

Port Class No. List of priority HNS
Allyl alcohol, Ethylenediamine, Sulphuric acid, Sodium hydroxide solution, Ethyl acrylate, Ethyl Alco-
hol, Acetone, Ammonia aqueous (<28%), n-propyl alcohol, Vinyl acetate, Methyl alcohol, Aniline, Acry-
D 26 lonitrile, Isopropyl alcohol, Acetic anhydride, Butyl acetate (all isomers), Butyl acrylate (all isomers),
Ulsan Acetic acid, Isobutyl alcohol, Dipropylene glycol, Ethyl acetate, Butyl alcohol, Methyl methacrylate,
Propylene glycol, Methyl tert-butyl ether, Hexanol
C 7 Tetrahydrofuran, Propylene oxide, Methyl butyl ketone, Propionic acid, Chloroform, Phosphoric acid,
Ethylene dichloride
Sulphuric acid, Sodium hydroxide solution, Ethyl acrylate, Ammonia aqueous (<28%), Polypropylene
D 16  glycol, Acetone, Aniline, Methyl alcohol, Vinyl acetate, Isopropyl alcohol, Acrylonitrile, Acetic acid,
Gwangyang Butyl acetate (all isomers), Glycerine, n-propyl alcohol, Butyl acrylate (all isomers)
C 9 Propylene glycol, Ethyl acetate, Nitrobenzene, Methyl methacrylate, Hydrochloric acid, Methyl tert-butyl
ether, Diethylene glycol dibutyl ether, Potassium chloride solution, Phosphoric acid
D D 6  Sodium hydroxide solution, Ethyl Alcohol, Acetone, Propylene glycol, Methyl alcohol, Vinyl acetate
aesan
C 3 Acetic acid, Methyl tert-butyl ether, Methyl methacrylate

# Chemicals typed in bold style are substances that exhibit high aquatic risk in alternative scenarios
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