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Residue analysis and risk assessment of ethoxyquin and
ethoxyquin dimer in farmed fish
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Abstract In the present study, liquid chromatography tandem-mass spectrometry was used to conduct a risk assessment
of ethoxyquin and ethoxyquin dimer residues in 288 farmed fish sold in wholesale and traditional markets in Seoul. The
detection range (detection rate) of ethoxyquin and ethoxyquin dimer was 0.005~0.309 mg/kg (4.9%) and 0.001~2.828 mg/
kg (69.8%), respectively. Ethoxyquin was detected only in freshwater eels, loaches, catfish, and flatfish, whereas
ethoxyquin dimer was present in all fish species. To estimate the dietary exposure levels of ethoxyquin and ethoxyquin
dimer, the hazard index, calculated using the acceptable daily intake and estimated daily intake, ranged from 0.001 to
0.300%. Our results indicate that there is no significant exposure risk to humans from these farmed fish despite 10 farmed
fish samples exceeding the maximum residue level (1.0 mg/kg as the sum of ethoxyquin and ethoxyquin dimer).
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Implementing Regulation EU 2017/962¢1 4= 2017 6€ 9l
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ol EAl¢ t}o]m(ethoxyquin dimer, 98%) ¥EFEL TRC
(Toronto, Canada)ZF-E TFYate] AREsIth cHEUEH
(acetonitrile, J.T.Baker, Phillipsburg, NI), ] &F-2(Methanol,
J.T.Baker), Primarysecondaryamine (PSA, Agilent Technology,
San Jose, CA), C, (J.T.Baker), 7HF]4t %X F(ammonium
formate, Sigma-Aldrich), ©}2~3 2 B 4HKascorbic acid, Sigma-
Aldrich), ©}&=3 28 AL U EF(sodium ascorbate, Sigma-
Aldrich), 7944+ YEF(sodium citrate, Sigma-Aldrich), &3}}
E F(sodium chloride, Junsei, Tokyo, Japan), 2 Folzu]s
(magnesium sulfate, Junsei), sodium sesquihydrate (Sigma-
Aldrich) 52 5+ Ev #48&S ARE-sIth
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(quick, easy, cheap, effective, rugged, and safe) A<} 6.5g
(sodium citrate 1g, NaCl 1g, MgSO, 4g, sodium
sesquihydrate 0.5 gy o] 1&7F X8t & 4,700xg, 4°ColA]
SEZE dAEE et 4ENE 150mg PSA, 150mg C %
900 mg MgSO,7} ‘:}ﬁﬂ 50mL Z|Z2Id 2] FHo
FHsk 3 1 27 "SI, 4,700xg, 4°ColA 587F AAlEeE]
ok AR A4S ImLE FHste] 02um PEA 2
Ei(nylon membrane filte)2 JFste] A|ggA oz Shr)

71712

N A Az vhE 2 9-E FEA 7(UPLCMSMS,  Ultra-
Performance Liquid-Chromatography/Mass Spectrometer, Waters,
Xevo-TQ, Milford, MA, USA)E ©]-&3}] Table 19] ZAL

Table 1. Analytical conditions of LC/MS/MS for ethoxyquin and ethoxyquin dimer

Instrument Parameter Condition
Column ACQUITY UPLC BEH C 4 (1.7 um, 2.1x100 mm)
Mobile phase A: 10 mM Ammonium formate, B: Acetonitrile
Flow rate 0.3 mL/min
UPLC Gradient Time (min) 0 1 8 9 9.5 12
Solvent A (%) 40 40 0 0 40 40
Solvent B (%) 60 60 100 100 60 60
Tonization mode ESI positive
Capillary voltage 3.5kV
MS/MS Desolvation Temp. 350°C
Desolvation gas flow 800 L/h
Cone gas flow 50 L/h

Table 2. MRM (Multiple reaction monitoring) condition for ethoxyquin and ethoxyquin dimer

Compound Retention time Molecular weight Precursor ion (m/z) Product ion (m/z) Collision energy (eV)
148 20
Ethoxyquin 2.97 217 218 134 20
176 18
216 25
Ethoxyquin dimer 8.77 432 433 230 25
375 29

9The bold text expressed as quantification ions.
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Table 3. Recovery rate (%) and coefficient of variation (CV) of ethoxyquin and ethoxyquin dimer

Sample (snapper) Non-sample
Concentration (mg/kg)
Recovery (%) CV (%) Recovery (%) CV (%)

0.01 99.4 1.80 96.8 5.87

0.02 924 3.76 88.5 0.22

Ethoxyquin 0.05 94.9 0.54 90.0 222
0.10 95.7 0.49 93.4 2.03

0.20 104.0 2.05 99.1 2.50

0.01 86.0 1.64 102.0 2.77

0.02 89.4 0.91 103.1 1.51

Ethoxyquin dimer 0.05 94.5 3.53 104.2 2.55
0.10 88.8 1.42 100.7 0.42

0.20 89.8 3.55 96.5 0.73
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Table 4. Detection rate and residue concentration of ethoxyquin and ethoxyquin dimer in farmed fish

Detection . Standard
Compound Species rsliﬁgéer number (ml\g/lll: Max Mean deviation
(rate, %) g) (mg/kg) (mg/kg) (mg/kg)
Freshwater eel 24 9(37.5) 0.005 0.037 0.134 0.010
Loach 19 1(0.1) 0.010 0.010 0.010 -
Freshwater Catfish 11 1(9.1) 0.309 0.309 0.309 -
fish Snakehead 9 - - - - -
Korean bullhead 7 - - - - -
Total 70 11 (15.7) 0.005 0.309 0.040 0.090
. Snapper 75 - - - - -
Ethoxyquin
Flatfish 50 2(4.0) 0.009 0.024 0.016 0.011
Rockfish 38 - - - - -
Mgg El € Bass 36 - - -
Sea bass 12 - - - - -
Diamond back 7 - - - - -
Total 218 2(2.5) 0.009 0.024 0.016 0.011
Total 288 14 (4.9) 0.005 0.309 0.036 0.082
Freshwater eel 24 23 (95.8) 0.014 1.975 0.521% 0.422
Loach 19 19 (100.0) 0.030 1.983 0.438" 0.603
Freshwater Catfish 11 11 (100.0) 0.025 1.225 0.414% 0.334
fish  Snakehead 9 4 (44.4) 0.002 0.250 0.131° 0.133
Korean bullhead 7 6 (85.7) 0.078 2.828 0.941° 1.144
Total 70 63 (90.0) 0.002 2.828 0.492 0.183
Ethoxyquin Snapper 75 52 (69.3) 0.001 0.620 0.112° 0.143
dimer Flatfish 50 39(78.0) 0.001 1.790 0.123° 0.338
~ Rockfish 38 14 (36.8) 0.002 0.580 0.074° 0.155
Mgg?e Bass 36 20 (55.6) 0.001 0.441 0.058" 0.096
Sea bass 12 7 (58.3) 0.003 0.090 0.033* 0.039
Diamond back 7 6 (85.7) 0.008 0.641 0.327 0.284
Total 218 138 (63.3) 0.001 1.790 0.109 0.662
Total 288 201 (69.8) 0.001 2.828 0.229 0.407

The small letters show difference at p<0.05 between groups based on ANOVA test

Table 5. Dietary exposure assessment of the sum of ethoxyquin and ethoxyquin dimer residued in 5 kinds of farmed fish

Farmed fish Food consumption” Average detection value? EDI® ADIY HIY
(g/day/person) (mg/kg) (mg/kg b.w./day) (mgkg bw./day) (%)
Freshwater eel 1.78 0.505° 1.5E-05 0.301
Loach 1.08 0.439° 0.8E-05 0.159
Snapper 0.07 0.079* 0.1E-06 0.005 0.002
Flatfish 1.45 0.098° 0.3E-05 0.050
Rockfish 0.58 0.029* 0.3E-06 0.007

"Korea Health Industry Development Institute (KHIDI), National nutrition statistics (2018)
YAverage detection value is calculated by the residue amount of a sum of ethoxyquin and ethoxyquin dimer.
The LOD/2 value is used for all non-detectables (ND) according to GEMS/Food-EURO

YEstimated daily intake(mg/kg b.w./day)= Average concentration (mg/kg)xdaily food intake (kg/day/person)

60 kg/person
Acceptable daily intake (mg/kg b.w./day)=0.005 mg/kg b.w./day
“Hazard index (%)=EDI/ADIx100
The small letters show difference at p<0.05 between
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