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Analysis of Formaldehyde in Fisheries Products

Hyun-Ah Kim*, Jin-Wook Jang, Do-Hyeong Kim, Hwee-Jae Lee, Soo-Min Lee, Ho-Won Chang,
Kwang-Soo Lee, Chang-Hee Lee, Young-Mi Jang, and Chan-Soon Kang
Busan Regional Korea Food & Drug Administration

Abstract In this study, formaldehyde in various fisheries products was previously derivatized with acetylacetone and
subsequently analyzed by using HPLC-PDA. The formaldehyde contents ranged from 0.07 to 73.74 mg/kg. The compound
was significantly higher in both mollusks (0.34-12.38 mg/kg) and crustaceans (0.09-73.74 mg/kg) than in fish (0.07-3.35
mg/kg) and shellfish (0.50-3.90 mg/kg). This difference was due to storage time and temperature. In general, fish and
shellfish are sold live or in refrigerated form with shorter a shelf-life, but mollusks and crustaceans are distributed in cold
or frozen systems with a longer shelf-life. Using food intake data from a report of the National Health and Nutrition
Survey, the daily human exposure level to formaldehyde was 0.58% of the ADI. The results from this study might provide
fundamental information to confirm naturally-originating or fraudulent formaldehyde treatment in fisheries products.
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formaldehyde™= Sigma Aldrich Co.(St. Louis, MO, USA)Oﬂ*i ?
st FRFR A5t AN A & AdeRE
phosphoric acid®} acetylacetone<> Junsei Chemical Co.(Tokyo,
Japan)oll 4], ammonium acetate®} acetic acid= Sigma Aldrich
Co.(St. Louis, MO, USA)IA] ulj3te] ARS-3F3AL, AJoF Alx8}
AR g, 717152 9= chromatography -8 Merck Co. (Darmstadt,
Germany) AF FFTE Tl AR&sish
AE 24

AFE AEE 7PFAI=], W, WS AQg 25hE
2213t #27](Omni Int. Omni Macro Homogenizer, Georgia,
USA)Z #Zstste] 7hsgh whE AJZF o] 240l ARS-3H S

(Shiseido Co.,
Japan)S A3l 20% acetonitrileS
o] zo® B3

Ltd, Shiseido Nanospace SI-2, Chou-ku, Tokyo,
°]F4e 2 % | mL/min
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Table 29 YERAE G4He 5 oFollAe] d&ke Ha 129
(0.07-3.35) mg/kggi Zol 1.09 (0.07-2.46) mgkg, $2 135
(0.20-3.12) mg/kg, FFE 130 (0.20-2.73) mgkg, o] 1.45 (0.30-
3.35) mgkg 2 Fo] 133 (0.60-2.42) mgkgl E o}FHE=E B3}

FolATt. HFox ] EFLH = TR 1.70 (0.43-3.90) mg/
kg2 2 BEXE 144 (0.55-3.24) mgke, 3 1.87 (0.60-3.90) mg/
kg, =& 1.79 (0.43-2.78) mg/kg, & o] 1.75 (0.50-3.53) mgkg
FELE A

zbeel A S 790 (0.09-73.74) mgkgl E A 3.71
(0.09-21.77) mgkg, E£A 1527 (2.26-73.74) mgkg, WA 6.78

o, &, A duE WS d3Fske A9 oiAs %-‘?—Pr (0.56-45.97) mgkg o™, A FolME FaFe] 3.06 (0.34-12.38)
oF WAR9E FEste] 743t stk #23F ® AR °F 10g mgkgl 2 A0] 442 (0.71-12.38) mg/kg, T 1.75 (0.34-3.52)
= —o—TrJJrOH FHslal SRS 80mL, A4HEN 40 mLS 7}0}04 5 mg/kg® F7HAATE A, WA, =A F AN TE oF
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Al %] acetylacetone A1 } }04 15%-7F 7hesta Wy2st Z}z}F 790, 3.06 mgkgl E oA o7 =it}
o AFLAoZ 9o, C, columno] “¢2+¥E HPLC-PDA
Table 1. Common and scientific names of fisheries products
Common name Korean name Scientific name n
Olive flounder 2o Paralichthys olivaceus 58
Black rockfish 27 Sebastes schlegeli 56
Fish Red sea bream Zh= Pagrus major 65
Common conger B2 Conger myriaster 48
Mullet & Mugil cephalus 25
Short-neck clam vl g Tapes philippinarum 49
Mussel &3 Mytilus coruscus Gould 52
Shellfish )
Oyster = Crassostrea gigas 32
Whelk =3 Monoplex australasiae 25
Shrimp A - Litopenaues vannamei 50
Crustacea Swimming crab ZA Portunus trituberculatus 33
Snow crab oA Chionoecetes opilio 30
Squid AN Lodarodes pacificus 51
Mollusk .
Octopus o] Octopus dofleini 53
Sum 627




Table 2. Formaldehyde content in various fisheries products
(mg/kg)

Samples n
Olive flounder 58

Black rockfish 56
Red sea bream 65

Mean+SD (Min-Max)
1.09+0.64"" (0.07-2.46)
1.35+0.73% (0.20-3.12)
1.30+0.57% (0.20-2.73)

Fish Common conger 48 145078 (0.30-3.35)
Mullet 25 1.330.53 (0.60-2.42)
Total 252 1.29+0.67 (0.07-3.35)
Short-neck clam 49 1.44+0.56" (0.55-3.24)
Mussel 52 1.87+0.79% (0.60-3.90)
Shellfish ~ Oyster 32 1.79+0.66™ (0.43-2.78)
Whelk 25 1.75£0.80% (0.50-3.53)
Total 158 1.70£0.72 (0.43-3.90)
Shrimp 50  3.71+4.45%(0.09-21.77)
Swimmingcrab 33 15.27+15.60° (2.26-73.74)
Crustacea g0 crab 30 6.78+10.06° (0.56-45.97)
Total 113 7.90+11.10 (0.09-73.74)
Squid 51 44242 68 (0.71-12.38)
Mollusk Octopus 53 1.75+0.91% (0.34-3.52)
Total 104 3.06+2.39 (0.34-12.38)

YMeans with different alphabets within a column are significantly
different at a=0.05 by Duncan’s multiple range test.
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Table 3. Formaldehyde content in various fisheries products by circulation conditions (mg/kg)

Refrigerated Live Frozen
Samples
n Mean+SD (Min-Max) n Mean+SD (Min-Max) n Mean+SD (Min-Max)
Olive flounder 0 - 58 1.09+0.64 (0.00-2.46) 0 -
Black rockfish 4 1.4240.35 (1.07-1.88) 52 1.3440.75 (0.00-3.12) 0 -
Fish Red sea bream 5 1.59+0.55 (1.06-2.38) 60 1.28+0.57 (0.00-2.73) 0 -
Common conger 17 1.76+0.97 (0.26-3.35) 31 1.2940.61 (0.00-2.69) 0 -
Mullet 0 - 25 1.3340.53 (0.00-2.42) 0 -
Short-neck clam 27 1.37+0.44 (0.55-2.11) 22 1.53+0.67 (0.56-3.24) 0 -
Shellfish Mussel 48 1.80+0.77 (0.00-3.90) 0 - 4 2.5940.67 (1.69-3.23)
SIS Oyster 25 1.720.66 (0.43-2.78) 0 . 7 2.06+0.66 (0.92-2.58)
Whelk 11 2.1340.83 (0.52-3.53) 3 1.53+1.33 (0.00-2.38) 11 1.44+0.46 (0.86-2.13)
Shrimp 11 2.04+0.45 (1.10-2.63) 2 0.86+0.38 (0.59-1.13) 37 4.36+5.02 (0.09-21.77)
Crustacea ~ Swimming crab 9 23.00+£10.80 (7.48-35.56) 5 6.27+3.32 (2.42-10.67) 19 13.99£18.01 (2.26-73.74)
Snow crab 3 3.83+1.21 (2.51-4.91) 27 7.1149.43 (0.56-45.97) 0 -
Mollusk Squid 22 5.01£3.29 (0.71-12.38) 11 3.04+0.98 (1.64-4.95) 18 4.54+2.34 (1.23-10.49)
oS Octopus 17 1.74+0.95 (0.48-3.52) 27 1.66+0.95 (0.34-3.19) 9 2.18+0.57 (0.78-2.60)
Total 199 323 105
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Table 4. Formaldehyde contents in wild and cultured fisheries products (mg/kg)

Wild Cultured
Samples
n Mean+SD (Min-Max) n Mean+SD (Min-Max)
Olive flounder 13 1.06+0.75 (0.70-2.12) 45 1.09+0.62 (0.07-2.46)
Black rockfish 12 1.59+0.79 (0.49-3.12) 44 1.28+0.71 (0.20-2.88)
Red sea bream 21 1.39+0.31 (0.60-2.04) 44 1.26+0.66 (0.20-2.73)

Table 5. Formaldehyde contents in fisheries products by origin (mg/kg)

Domestic Imported
Samples - -
n Mean+SD (Min-Max) n Mean+SD (Min-Max)
Short-neck clam 49 1.44+0.56 (0.55-3.24) 0 -
Mussel 50 1.87+0.79 (0.60-3.90) 2 2.33+0.90 (1.69-2.96)
Shellfish
Oyster 32 1.79+0.66 (0.43-2.78) 0 -
Whelk 22 1.79+0.84 (0.50-3.53) 3 1.44+0.56 (1.22-1.70)
Shrimp*" 15 1.72+0.70 (0.28-2.63) 35 4.56+5.09 (0.09-21.77)
Crustacea Swimming crab 26 16.75£16.51 (2.37-73.74) 7 9.80+10.85 (2.26-31.63)
Snow crab 13 6.24+4.03(3.43-15.53) 17 7.19+11.57(0.56-45.97)
Mollusk Squid 49 4.30+2.59 (0.71-12.38) 2 7.38+4.39 (4.28-10.49)
otus Octopus 51 1.73+0.91 (0.34-3.52) 2 2.32+0.34 (2.08-2.57)

YMeans with different alphabets within a column are significantly different at a=0.05 by Duncan’s multiple range test.
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Table 6. Formaldehyde contents in different parts of crustacea
and fish (mg/kg)
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Table 8. Exposure assessment of formaldehyde through fisheries products with ADI

Exposure assessment (mean) Exposure assessment (99th percentile)
Mean content
(mg/kg) Food intake Estimated daily intake Food intake Estimated daily intake
(g/day) (mg/day) (g/day) (mg/day)
Olive flounder 1.09 1.465 0.002 28.00 0.031
Black rockfish 1.35 0.897 0.001 4.00 0.005
Short-neck clam 1.44 1.977 0.003 39.11 0.056
Mussel 1.87 0.324 0.001 3.54 0.073
Oyster 1.79 1.110 0.002 39.26 0.070
Shrimp 3.71 1.456 0.005 33.80 0.125
Swimming crab 15.27 1.976 0.030 48.23 0.736
Squid 442 5.867 0.026 108.00 0.478
Sum 0.070 1.574
% of ADI (12 mg) 0.58% 13.12%
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