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This study aimed to quantitatively analyze the risk using data from 329 safety accidents that occurred in aquaculture fisheries

management vessels over the recent five years (2018-2022). For quantitative risk analysis, the Bayesian network proposed

by the International Maritime Organization (IMO) was used to analyze the risk level according to the fishing process and

cause of safety accidents. Among the work processes, the fishing process was analyzed to have the highest risk, being

12.5 times that of the navigation, 2.7 times that of the maintenance, and 8.8 times that of the loading and unloading. Among

the causes of accidents, the hull and working environment showed the highest risk, being 1.7 times that of fishing gear

and equipment, 4.7 times that of machinery and equipment, and 9.4 times that of external environment. By quantitatively

analyzing the safety accident risks for 64 combinations of these four work processes and four accident causes, this study

provided fundamental data to reduce safety accidents occurring in aquaculture fisheries management vessels.
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Table 1. Annual safety accident occurrence rate (2018-2022). Unit: persons, number, (%)

Items 2018 2019 2020 2021 2022 Total
Number of insured boat 1,065 1,090 1,108 1,105 1,158 5,526
Number of insured aquaculture workers 2,343 2,427 2,463 2,518 2,746 12,497
Number of safety accident 73 74 59 66 57 329
Safety accident occurrence rate (%) 3.12 3.05 2.40 2.62 2.08 2.63
Table 2. Annual safety accident outcomes. Unit: number, (%)
Safety accident 2018 2019 2020 2021 2022 Total (%)
Injury 68 73 53 62 49 305 (93.0)
Disease 4 0 3 3 7 17 (5.2)
Fatality 1 1 3 1 1 7 (1.8)
Total 73 74 59 66 57 329 (100.0)
Table 3. Number of safety accidents by work processes and cause of accidents. Unit: number
Safety accident Sailing Fishing Maintenance Loadmg' and Others Total
unloading

Hull and working environment 12 73 32 16 12 145

Fishing gear and equipment 2 72 10 0 0 84
Machinery and equipment 0 9 20 1 1 31
External environment 1 11 2 2 0 16
Others 0 22 6 2 23 53

Total 15 187 70 21 36 329
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Table 4. Safety accidents by type in recent S5 years (2018-2022). Unit: number, (%)

Type of safety accident 2018 2019 2020 2021 2022 Total (%)
Slip/trip 25 31 25 25 17 123 (37.4)
Stuck 15 20 12 14 13 74 (22.5)
Bump/hit 14 8 8 11 10 51 (15.5)
Exposure and contact with
hazardous substances 6 7 3 7 3 28 35
Diseased 3 1 4 3 5 16 (4.9)
Unnatufral posture and excessive 3 5 4 1 4 14 (4.3)
orceful movements
Fall 3 4 1 2 2 12 3.7)
Exposure and contact with 0 0 1 5 0 3 (0.9)
abnormal temperatures
Explosion 0 0 1 0 0 1 (0.3)
Others 4 1 0 1 1 7 (2.1)
Total 73 74 59 66 57 329 (100.0)
Assjolole oj4le] A7), A1d, oA, o U Wol 1271(3.7%) 5O| <o WA, B,
oft 5ol Aolste] JFoll wheh thdet Fefe] oA Table 29}Table 49| AR 2) =7} AJo|gh 212 thE 2y
Wb AAgel Sick S5, Allel A, slaF, W Fehel ofs) el Bgsgont, AnHow 3
F. olF 5 pAEe] uet b Fejo] olgT Mol o ojojzl Aotk
AREEAL Qlonw Asfojly) o]t Q& Alem
AREIO] Aol HARE QRIS il el HE HSRIAS OIgE Wy e
AwRE FAgH AIH= Table 42} Tt obHA}ILe] B ubgRIE o} AR o] 23 93]
okalo] o] ojAFate] Ao A] BRAEl= oFH AT ThoF Ir+= Table 58} T}, Table 504 He+= Aol 1282
gk FelR UEREANE, 53], vjmedsdeld 1234 7P fleeh 208 e ojAlel aigdstel whE AA
(37.4%), 7191 7471(22.5%), F-S13/9kS 5171(15.5%) Al A7Fe|7E Hasgt Ao g vk, 7)903 g
3712 elloll oF 75% olAke] ebdAla whale] Mol Aol 9, 71 9] Wolyuk ¥ug Fol 602 ekt
o, fal- HE wdk M5 287108.5%) AW 167 AN thE ARdTre) ARl vlaie el
(4.9%), FApA e 2Py 9 st 3 E2b 147(4.3%), ol 7F¢ =7l WERtal(Choi et al,, 2019; Lee et al.,

Table 5. Analysis of safety accident types using risk matrix. Unit: number, won

Tvoe of safety accident Number of Frequency Number of Average compensation for Severity Estimated
yp y safety accident rating (F) fatality safety accidents (Won) rating (S) risk level
Slip/trip 123 3 0 11,005,740 2 6
Stuck 74 3 1 21,820,921 3 9
Bump/hit 51 3 0 11,838,101 2 6
Exposure and contact with 28 3 0 10,361,624 5 6
hazardous substances
Diseased 16 3 3 19,360,120 4 12
Unnatural posture and
excessive forceful 14 3 0 7,713,324 2 6
movements
Fall 12 3 1 45,573,613 3 9
Exposure and contact with 3 3 0 5.235.389 5 6
abnormal temperatures
Explosion 1 1 0 62,140,000 2 2
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Fig. 1. Constructing a Bayesian network for safety accident risk analysis in aquaculture management vessel.
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Safety
Worki accident
orkin i
J | 260% vEs b
process causes
L 13.00% YES isardosE No L 17.90% VES
L87.00% NO L.B210% NO
Hull and Fishing gear . |
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Fishin i : a o
Sailing s Maintenance unloading e ST eq 1t envir
| 0.67% VYES || 8.30% VYES | 3.10% VYES | 0.94% VYES || 9.40% YES | 5.50% VYES | 2.00% VES | 1.00% YES
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Bump/Hit Fall
| 0088% YES | 0035% VYES |  0025% VYES | 0.0048% VES
99.912% NO  [[199.965% NO |[L.99975% NO [1199.9952% NO

Fig. 2. Quantitative risk assessment of aquaculture management vessel safety accidents analyzed by Bayesian network.

Table 6. Quantitative risk assessment of work processes and accident causes by Bayesian network. (%)

Type of safety Processes Loading and

accident Causes Sailing Fishing Maintenance unloading
Hull and working environment 3.74E-06 8E-04 7.4E-05 5.3E-06
o Fishing gear and equipment 0 7E-05 1.2E-06 0
Slip/trip . .
Machinery and equipment 0 0 0 0
External environment 0 3E-06 3.6E-07 0
Hull and working environment 1.6E-06 1E-04 5.5E-06 0
Stuck Fishing gear and equipment 2.2E-07 2E-04 8E-06 0
Machinery and equipment 0 0 2.9E-06 0
External environment 0 SE-06 0 4.5E-08
Hull and working environment 5.2E-07 1E-04 8.3E-06 6.6E-06
. Fishing gear and equipment 2.2E-07 1E-04 1.2E-06 0
Hit/bump . .
Machinery and equipment 0 2E-06 3.6E-07 9.3E-08
External environment 0 3E-06 0 4.5E-08
Hull and working environment 5.2E-07 4E-05 5.5E-06 7.4E-07
Fall Fishing gear and equipment 0 0 0 0
Machinery and equipment 0 0 3.6E-07 0
External environment 3.2E-08 0 0 0

Fefoll mbE FRORL Yol Q/m| e K(0.088%),  Table 6] AHAuHgut Ak 1elo] wE QbrAk
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