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Abstract The Bayesian network (BN) model was applied to analyze the characteristic
variables that affect compliance with safety inspections of farmed eel during the
production stage, using the data from 30,063 cases of eel aquafarm safety
inspection in the Integrated Food Safety Information Network (IFSIN) from 2012 to
2021. The dataset for establishing the BN model included 77 non-conforming
cases. Relevant HACCP data, geographic information about the aquafarms, and
environmental data were collected and mapped to the IFSIN data to derive
explanatory variables for nonconformity. Aquafarm HACCP certification, detection
history of harmful substances during the last 5 y, history of nonconformity during
the last 5 y, and the suitability of the aquatic environment as determined by the
levels of total coliform bacteria and total organic carbon were selected as the
explanatory variables. The highest achievable eel aquafarm noncompliance rate by
manipulating the derived explanatory variables was 24.5%, which was 94 times
higher than the overall farmed eel noncompliance rate reported in IFSIN between
2017 and 2021. The established BN model was validated using the IFSIN eel
aquafarm inspection results conducted between January and August 2022. The
noncompliance rate in the validation set was 0.22% (15 nonconformances out of
6,785 cases). The precision of BN model prediction was 0.1579, which was 71.4
times higher than the non-compliance rate of the validation set.

Keywords farmed eel, aquafarm survaillance, Bayesian network model, conditional
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] Water environment information v
Data point name VARCHAR(40)
Data point code VARCHAR(10)
latitude DECIMAL(7,5)
longitude DECIMAL(8,5)
Year YEAR(4)
Month INT(2)
Water temperature FLOAT
Total coliform bacteria FLOAT

Total organic compounds FLOAT

i "] Eel Fishfam List ¢ v
Fishfarm name VARCHAR(15)

Fishfarm address VARCHAR(45)

Fishfarm scale INT

Latitude DECIMAL(7,5) 4
Longitude DECIMAL(8,5)

Bussiness Permission date DATE

Licence Number INT

] HACCP List v
| »HAccp Registration No VARCHAR(10)
Registered fishfarm name VARCHAR(15)
Registered Fishfarm address VARCHAR(45) |,
Registered date DATE
Product name VARCHAR(10)

"] Farm water environment v
! Fishfarm name VARCHAR(15)

! Fishfarm address VARCHAR(45)

! Water temperature FLOAT

! Total coliform bacteria FLOAT

! Total organic compounds FLOAT

~] Aquafarm HACCP
» Registered fishfarm name VARCHAR(15)

-7 » Fishfarm name VARCHAR(15)
o HACCP BINARY(4)

2
A(nfgs.go.kr)d] FHPARE JALAYAE Ao xgH
%A% HACCP Atz 9 sHg By RA A 4

)
)
r
i
o
=,

2" A& (water.nier.go.kr) 5 FAFESS
oJE|E Q& APl FHZE |85ttt
FARERPAG ALY 8 FAEFE2 AlRHE, AATE,
59, 2AA, RAREY, AZdE, AYd, A, A
FGA};, GAA, AT, AHEAY, B, ERT
o9, BAAELA], BASEGA, AT, A7, &£
A7), A, Y, By Solth AR &
AZRE %% YHUIHE FAREPAAARAL B4
ArgsE7] 915 2t Hlolel 9] AAIR} EAJHR] g Higt
IS Fig. 10 ZASHAT 4R PR A FHY

—| Analysis Results v
Sample IDINT
Testitem name VARCHAR(25)
Institution VARCHAR(15)
Test result FLOAT
Minimum compliance limit FLOAT
Maximum compliance limit FLOAT
compliance Y/N BINARY(4)

*—ﬂf

—] Variables from Analysis Results v
! Previous detection history BINARY (4)

T Previous noncompliance history BINARY(4)

! Compliance Y/N BINARY(4)
>

%—k

—| Cultured eel safety inspection v
Sample IDINT
ploduct name VARCHAR(10)
Sampling date DATE
Sample quantity INT
! Fishfarm name VARCHAR(15)
! Fishfarm address VARCHAR(45)
! HACCP BINARY(4)
v ! Previous detection history BINARY (4)

! Previous noncompliance history BINARY(4)
! Water temperature FLOAT

! Total coliform bacteria FLOAT

! Total organic compounds FLOAT

> ! Compliance Y/N BINARY(4)

Fig. 1. Derivation of characteristic variables for the Bayesian network model of cultured eel safety inspection from raw data sources.

https://www.ekosfop.or.kr

461



Bayesian network for farmed eel safety inspection

og:/_n_]';g- iXHX] UJ ol:x]x]-m;‘(ﬂtﬂg_ key%}gi o}:A];d—g]
3RE AARNAG. 4 aAe] 3

A2 Y 245 PHE FHol AU delsto] o
% $2a= At M ke &
2AA719) U2 ARt o
s} =4 _/F7<1Q.7g ZA-T |

\__
Sl SR, A, S0 5 5

Hg mgata .

2.2. Ljjoje Zx{2]

o] AAhA bR 2AL HlolAIt HEYA HdZS

TFgote ZF B9} o]9] HF3HE A E Table 100 AA|
Sttt WiRpo] Al F43tol| B HeER WY
o19] FAA YA(Farm_Location)= ¥i7o] AJAtgro] &
2 AEAI(Region 1), AEAH(Region 2), 7|EHAY
(Region 3)0.& ¥F3sFolqitt. HACCP 959t 2A 547t
AFAAFES] HAZEolg(Detection_History) & AA 5
U7t F43to|g 2 77 2aA R HEsletglon, 4 &
2(Water_Temp) 1A whe} 3GA 2 &5k} o
714 A 53zt SlgAAeEo] AZoleo|gt HE B
oﬁgﬂ o] ZQ x]}‘f O;-o} S| oLo]7] o]-;(]u}
NFAANS FEo] AFote] EHE0] ofd Ff-oltt.
g, 859 LA4ESE YEl= €587 (Water_Env)
2 77} 3A|E MFESIE S S2(Ecoli_Lv)<t %

3t zoz 9

Table 1. Variables (nodes) and states of nodes of Bayesian network model for farmed eel safety inspection at the production stage

Node name Description State level Number of data counts
Eel_Compliance Cultured eel safety inspection compliance Pass 29,986
Fail 77
Farm_Location Location of aquafarm Region 1 (Jeonnam) 14,172
Region 2 (Jeonbuk) 8,488
Region 3 (other areas) 7403
HACCP HACCP certification HACCP 15,619
NonHACCP 14,444
Detection_History Previous detection history of hazardous materials Detected 1,079
among the compliant results in 5 years Nondetected 28,984
Previous_Noncompliance Previous non-compliant history in 5 years Yes 2,380
No 27,683
Water_Temp Water temperature High (027°C) 2,682
Medium (15-27C) 15,906
Low ((157) 11,475
Ecoli_Lv Coli form bacteria level EColiLv1 (¢500/100 mL) 9,573
EColiLv2 (€5,000/100 mL) 7,968
EColiLv3 (=5,000/100 mL) 6,937
TOC Total organic compound TOCLV1 (€3 mg/L) 12,351
TOCLV2 (K6 mg/L) 11,811
TOCLV3 (=6 mg/L) 5,539
Water_Env Water environment Moderate 18,829
Poor 10,928
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201295E 202197H4] FAIREA o] ABArA| QA=
Al A YERE BA7E ARIEZS benzopyrene $43 1
A& AlQlRt 76710] &8 dE T FARollH. 5=
OoRE A FARY Al Foll= ARgol EAE o] AEEolA
+ oY== 4%l nitrofurans, ofloxacin, norfloxacin,
pefloxacin 5°] & 183 H&E[9oH, A 5 7[Et 7I&
A& 23t FELOFEOZ enrofloxacin/ciprofloxacin,
oxolinic acid, trimethoprim, erythromycin, sulfonamides
(15%), dehydrocholic acid 5°] A&E] & 5870] X
A= AH(Table 2).

oA FAEl= WAoloN= Edwardsiella sp.\t
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Hlo] Ay Aol F2 LAY =tl(Kim 5, 2019),

25zt Hy=0/

Aeromonas sp.
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Table 2. Annual number of nonconforming cases detected in farmed eel safety inspection at the production stage from 2012 to 2021

Test items

Number of nonconformity counts/number of inspection counts

2012 2013 2014 2015

2016 2017 2018 2019 2020 2021 Total

Veterinary drugs with illegal levels

Enrofloxacin/ciprofloxacin 1/61 0/51 0/84  0/90 1/103  1/131 0/153  2/174  2/238  0/107  7/1,183
Erythromycin 0/15 0/12 0/16 0/21 0/19 0/29 1/72 0/174  0/238  0/107 1/703
Trimethoprim 0/61 0/22 0/79 0/90 0/19 0/29 1149 0/174  2/238  0/107  3/968
15 Sulfonamides 0/12 0/28 0/80 1/90 0/102 1/126  2/149  0/174  4/238 0107 8/1,106
Oxolinic acid 1/24 0/42 1/85 3/90 2/103 4131 5/153  3/174 11/238  3/107  33/1,147
Dehydrocholic acid 0/0 0/0 0/0 0/0 0/0 0/0 1/7 2/74 0/88 3/57 6/290
Praziquantel 0/10 0/18 0/12  0/18 0/33 0/21 0/57 0/58 0/98 0/57 0/382
Banned substances
Ofloxacin 3/64 0/52 0/85  0/90 1/1010  0/127  0/149  0/174  0/228  0/97 4/1,167
Norfloxacin 1/60 0/52 0/85  0/90 0/101  0/126  0/149  0/174  0/228  0/97 1/1,162
Pefloxacin 5/61 1/51 2/85 1/91 1/103  0/126  0/149  0/174  0/228  0/97 10/1,165
Nitrofurans 0/57 0/47 0/85  0/90 0/28 0/29 2/151  1/261  0/227  0/97 3/1,072
Methylene blue 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/38 0/75 0/95 0/208
Benzopyrene 0/15 1/13 0/23  0/84 0/101  0/29 0/148  0/73 0/227  0/98 1/811

Annual nonconformed counts/ 11/1,112 2/945

inspection counts

3/1,351 5/1,632 5/1,594 6/2,049

12/4,496 8/5,741 19/7,142 6/4,001 77/30,063

0|2} #B&3}o] Table 20 SE80Jokx HASHIE Al

T ol=fes, JEREuAY, A 5«] Al A9
Ag X002 AHEEE FABA oxolinic acidd] JF
FAGA 7 33402 FRAMAN 7779 43%E AHA|
Skl 3HH, ARGFAIE O] ojAoA HEEHH ofUE= &
E-8-9]9FE 9] ofloxacin, norfloxacin, pefloxacin®] 7
ZEo] EAYEE= A7t 20164 o] A7MA = HAE AL
U ojzole dEd A7 e, ot 20183 2019
A nitrofuranse] A&% vl AT 2021+ 20164
7|520] AdE dehydrocholic acid®] &3t At 3710]

MEA A=A

3.2. Ho/xIoF IERT BEo 75

Hizto] ABAabeA Qb4 A AFHEel_Compliance)E
Al o]t YEYT 2de HACCP o3#(HACCP)
oF At 5|7 sig AARFES HEol¥(Detection_
History), A& 549zt ofd FaPgolxe] FHF ol
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(Previous_Noncompliance), 12|11 44343 A4
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A HeE JER A%, SdTs FE7E o
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Eel Compllance |

Pass
Fail

99.7
0.26

Water_Env HACCP Previous Noncompllance Detection_History
Moderate ~ 63.3 HACCP 52.0 Yes 7.92RH Detected 3.59 [
Poor 36.7 NonHACCP  48.0 No 92.1 Nondetected 96.4
EColi_Lv TOC
EColiLvi  39.2 jmm TOCLV1  41.5 jmm
EColiLv2  32.6 jmm TOCLV2  39.9 mm
EColiLvd  28.2 TOCLV3 186 mi
Farm_Location Water_Temp
Region1  46.7 F High 9.02 :
Region2 ~ 30.7 Medium  38.1
Region3 226 Low 52.9
Fig. 2. Bayesian network model for analysis of farmed eel safety inspection results.
AR E)EoNA AR BigkE]l 2 HEeghso] BT 4 100°] €.
5 GEE BT Aotk o]& & A7 Axr dHst Fig. 3014 S5 AARS AECld =29 3% Wgo]
W QP RAE AAT f Wio]o] BAFNEL 0.26%E A RAMEIPL A3 A9 AARES AEclEo] 9l
A4S < S on, Wio] AR F HACCP FAA2 & TE0°] 3.139%%1 W, AT HA%R] 49+ A
52.0%, HACCP Q152 7] ¢k-2 gRntekAlo] 48.0%2  &°lgo] U= &HEo] 81.013%°] €5}, o] HEo|g2
= A= & 5 Atk ole A A9 FE= *Wﬁ}‘ﬁ— RAGSEY Aol Ate A= ¢ & Sth
o 71 FA%go] HACCP AR &0l 52.0% A=
ouStE g 7} L Toj|A] AJEigte] HlE2 /\Hi%oﬂ S 3.3 SHAIHEIOf oI ZAF REIEIEIE0) O/xl= AFHTS
s} o5t
Ho|2 Heig Ba) 2 Aywsrso] Aeste] e HIoI= AR o18stol HACCP ofF, d&old, w43
Zo] BATEIE0] Ml S5l YA, o By OlE, 584, IWTT, SR7IEAF 5, 24 48
=0l Wo] QLA RA} ATo] H3t B2 2o si= Y WO wE W] PR $’ﬂ%‘ T gES At
7} AT O] A= uﬁay ol AHefo] zARSES sl  FHEE AXSIH o 219 Aigiiapgto] weh 4
of i}, o] Bui o] Aert Agt = Hagton 4 WHO] (HARA FAgRES ﬂl*}o}oq Table 3] W&t
AEw A3 g gxﬁ@ Aestol A zF AT Abglo]  HRTh HEIES RAR) g2 IFE WA HEolEHo]
HHH S-S LEo @M Ag 4 9tk o2 Hjojxet Yz S FAEY] FATLES o AW Mgt #A
939} 57 YRy Fig 33 2T 7 HojBolA e Slo] 1% mlgolAR, AZolgio] Y AL thE 4
Huwyco] Agrt 27408 FojFE uf, Ao 7 Brigre] Halo wet FAMES 4.00%°14 24.28%=
dofl Foid A7t YT A5 e MEgE el 2 AREH. tEos fAolHo] 34 = AL 8l
o0, 7t oA AAwEl] AFSES BE ik gk S8 FAY o] Qs APl Aol T 2E
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&~ Detection_History Table (in Bayes ne... [-o-|[- - [3a]
Node: Detection_History v Apply &~ Previous_Noncompliance Table (in ... [-o-|[-& @
A o |[@][=
Chance vl % Probability vl Reset Node: Previous_Noncomplian_w Apply
Node: HACCP - Apply
i =z Chance v % Probability v Reset
Chancs vl % Probability vl Reset c Eel_Compliance Detected Nondetect.. | |
Pass 3.391 96.609
8 8.987 Eel_Compliance Yes No
Eel_Compliance | HACCP  NonHA.. i SL-015 19957 Lnl
= 5 Pass 7.87 92.13
Esss 51987 42.013 Fail 27.848  72.152
Fail 39.241 €0.759
Detection_History
Previous_
¥ Noncompliance
Eel_Compliance
A o |[@]= A o |[®]=
Node: EColi_Lv v Apply Node: TOC A4 Apply
chance v | % Probabiity v| | Reset chance  w| % Probabiity v| | Reset
Water_Env | EColiLvl EColiLv2 EColiLv3 Water_Env TOCLV1 TOCLV2 TOCLV3
Moderate 55.545 44.455 0 Moderate 56.535 43.465 0
Poor 11.003 12.209 76.788 7 - Poor 15.499 33.815 50.686
SR [o®]= \
) Node: Water_Env v Apply
Chance vl % Probability vl Reset
/ Eel_Compliance Moderate Poor A
Pass €3.289 36.711
. Fail 57.692  42.308
Farm_Location - = Water_Temp
A [=®]= A BEEE

Node: Farm_Location - Apply
Chance v % Probability v Reset

EColi_Lv Region1 Region2 Region3
EColiLv1 51.159 24.843 23.997
EColiLv2 46.682  37.16 16.159
EColiLv3 40.562  31.225  28.213

Fig. 3. Conditional probability tables (CPTs) for corresponding
results.
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Node: Water_Temp v Apply
Chance  v| % Probabilty w Reset

TOC High Medium Low

TOCLV1 4.105  44.581  51.314
TOCLV2 10.572 35.052 54.376
TOCLV3 | 16.615  30.025  53.356
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Table 3. Changes in conformity rate by explanatory variables

Detection history Previous noncompliance Water environment HACCP Conformity rate (%)

Pass Fail
Detected Yes Moderate HACCP 86.859 13.141
Detected Yes Moderate NonHACCP 79.768 20.232
Detected Yes Poor HACCP 83.945 16.055
Detected Yes Poor NonHACCP 75.719 24.281
Detected No Moderate HACCP 96.76 3.24
Detected No Moderate NonHACCP 94.685 5315
Detected No Poor HACCP 95.939 4.061
Detected No Poor NonHACCP 93.373 6.627
Nondetected Yes Moderate HACCP 99.876 0.124
Nondetected Yes Moderate NonHACCP 99.792 0.208
Nondetected Yes Poor HACCP 99.843 0.157
Nondetected Yes Poor NonHACCP 99.737 0.263
Nondetected No Moderate HACCP 99.972 0.0275
Nondetected No Moderate NonHACCP 99.954 0.04662
Nondetected No Poor HACCP 99.965 0.0348
Nondetected No Poor NonHACCP 99.942 0.0584
(Fig. 4(A)).
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(G
Eel Compllance
Pass  75.7 mm 1
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Fig. 4. Predicted probabilities of farmed eel compliance predicted by level of explanatory variables. The highest probability of
noncompliance will occur in scenario (A), while the lowest probability of noncompliance will be observed in scenario (B).

Table 4. Confusion matrix of nonconformed eel items in test data set predicted by Bayesian network model

Actual value

Fail (true)

Pass (false)

Predicted value Fail (true)

Pass (false)

3 (true positive)

12 (false negative)

16 (false positive)
6,754 (true negative)
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Table 5. Nonconformity prediction results of Bayesian network model for noncompliance cases in the test dataset

Test item Explanatory variables Model prediction
Detection history Previous noncompliance =~ HACCP

Dehydrocholic acid Not Detected Yes HACCP Not predicted
Dehydrocholic acid Not Detected No HACCP Not predicted
Dehydrocholic acid Not Detected No NonHACCP Not predicted
Dehydrocholic acid Not Detected No NonHACCP Not predicted
Dehydrocholic acid Not Detected No NonHACCP Not predicted
Dehydrocholic acid Detected No NonHACCP Not predicted
Dehydrocholic acid Not Detected No NonHACCP Not predicted
Dehydrocholic acid Not Detected No NonHACCP Not predicted
Dehydrocholic acid Not Detected No NonHACCP Not predicted
Oxolinic acid Detected Yes NonHACCP Predicted
Oxolinic acid Detected Yes NonHACCP Predicted
Oxolinic acid Detected Yes NonHACCP Predicted
Praziquantel Not Detected No HACCP Not predicted
Praziquantel Not Detected No NonHACCP Not predicted
Praziquantel Not Detected No NonHACCP Not predicted
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