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Levels of Polycyclic Aromatic Hydrocarbons in Fish,
Shellfish and their Processed Products

Soojung Hu, Meehye Kim, Nam Su Oh, Jin Ha, Kwang Sik Choi, and Ki-Sung Kwon*
Department of Risk Analysis, National Institute of Toxicological Research

Cocentrations of PAHs [benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene,
dibenzo(a,/i)anthracene, benzo(g,iiperylene, indeno(1,2,3-c,d)pyrene] in fish (n=120), shellfish (n=50) and their products
(n=35) were estimated by saponification and extraction with n-hexane, clean-up on Sep-Pak Florisil Cartridges
and HPLC/FLD. Overall recoveries for eight PAHs spiked into samples ranged from 90 to 106%. Mean level of
benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,//)anthracene,
benzo(g,h,i)perylene and indeno(1,2,3-c,d)pyrene were not detected, 0.01, 0.04, 0.07, 0.05, 0.004, 0.0008 and 0.06
ng/g, respectively, similar to those reported by other countries.
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PAHs®| F-AHHE2-S benzo(a)anthracene, chrysene, benzo(b)
fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, dibenzo(a,h)
anthracene, benzo(g A iperylene, indeno(1,2,3-c.d)pyrenc®] 8%

PAHsZ dA 81 ch(Fig. 1).
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Table 1. List and average consumption of food samples

Food group Food item Daily intake (g/day) Lipid (%) Sample No.

Squid (£ o) 6.1 1.0 10

Mackerel (Z5°) 5.6 20.8 10

Alaska pollack (4 €)) 53 1.5 10

Yellow croaker (Z71) 4.0 6.2 10

Anchovy ("2 ) 3.1 49 10

Fish Hair tail (2 X]) 25 7.5 10

Flatfish (4 &) 1.5 1.7 10

Spanish mackerel (% 3]) 1.1 10.6 10

Tuna (GH&HoY) 1.0 1.0 10

Pacific saury (¥ ]) 0.9 19.4 10

Pacific cod (X 7+) 0.9 1.1 10

Herring (%4 ©1) 0.0 19.0 10

Subtotal (average) 32.0 (7.9) 120

Short-necked clam (¥}=} 2H) 20 1.1 10

Oyster (=) 1.1 2.1 10

Shellfish Granulated ark (229} 0.4 1.5 10

Kind of clam (¥ &) 0.3 1.0 10

, Sea mussel (&) 03 1.7 10

i Subtotal (average) 4.1 (1.9 50

Tuna can (FH A F2H) 2.0 2.1 5

Mackerel can (L5 &3 ¥) - 9.9 5

Saury can (B X £%9) - 18.8 5

Processed products Whelk can (W0l 5% 7)) - 0.7 5

Pollack slice (5 Bl ) 1.0 24 5

Squid slice (2.7 ©] ) 0.9 2.7 5

Dried file fish fillet (7} % ) 0.3 - 5

Subtotal (average) 42 (5.2) 35

Total 24% 403 205
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Fig. 1. Lists and structures of PAHs.

A= EAated 05, 1, 5, 10, 20, 50, 100 ng/g®} EgHEF&

g FAL BREE sl AFIS ST

AE Hx2| Ly

Fe e, me, g, W 5 AAS NS FHs
blender® 3o dAFeE 7RIFE FHal ZE 9AA
AREEHEE e THAE F wToleh ¥ BxEe WE
AAE & ok 7RAE 22 RISl blender® 4 SHAH
RE ANBE g AdY F A AFse E8 - Estet
o] shtel composite ABEE ZA|SIHOH BEA Az WE
BHA30°C)skait. AAE] 8L Fig 29 Zrom WY B
& NEE Ao HET F oF 10g2 FFHL IM KOH:
ethanol &2 100 mL2} $7 flaskel] ¥ W FEEE2(100 ng/
o) 1mLE H7Fetdet. o] W FAIF (blank)st thEAE(QC)e]
% 1M KOH - ethanol £ 100 mLe} WX EFE2(100 ng/g)
ImLE 93 A 8ol EFFEEEN(1 ug/e) 100 pgs H7F
gt 5 R ARANE B 282 FERE7180°C)l

9

=



868

Homogenized sample 10 g
100 mL 1 M KOH/Ethanol
Spike ISTD (3-Methylcholanthrene)

l

Boil under reflux for 3hat 80 T

!

Add 50 mL nHexane,
EtOH : n~Hexane (1:1) 50 mL

|

Transfer to the seperatory funnel
With 50 mL deionized~water

l

Extraction with 7~Hexane 50 mL,
(2 times)

|

Wash with 50 mL DI-water
(3 times)

l

Dehydrate with
Sodium sulfate anhydrous

l

Concentate to near dryness(2 mL) on a rotaty evaporator

l

Purify by Sep-Pak Florisil Vac 6 cc(1 g) Cartridge
* Activation : DCM 10 mL~> n-hexane 20 mL
* Elution : n~hexane 10 mL— n-hexane/DCM(3:1) 8 mL

!

Concentrate to near dryness
on a Turbo-Vap evaporator

}

} Dissolve in of ACN |

!

| HPLC/FLD ‘

Fig. 2. Flow diagram of PAHs analysis in fish, shellfish and their
processed products.
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Table 2. Operating condition of HPLC/FLD

Supelcosil LC-PAH column (25 ¢cm X 4.6 mm) with

Column Supelguard LC-18
Flow rate 1 mL/min
ACN H,0
0 min 80% 20%
Solvent system 20 min 100% 0%
25 min 100% 0%
27 min 80% 20%
40 min 80% 20%
Injection volume 20 ulL
0-15min 254 nm/390 nm
“E%Vj]g;g;h 15-26min 260 n420 nm
26-40min 293 nm/498 nm

Table 3. Limits of detection (LOD), mean recoveries (R) and
coefficients of variation (CV) of PAHs spiked to tuna samples
(n=10)

PAHs LOD (ng/g) R (%) CV (%) R’
Benzo(a)anthracene 0.02 106.3 5.1 0.9998
Chrysene 0.02 102.8 5.4 0.9998
Benzo(b)fluoranthene 0.002 103.4 39 0.9998
Benzo(k)fluoranthene 0.005 104.2 5.1 0.9998
Benzo(a)pyrene 0.013 103.9 37 0.9997
Dibenzo(a, hyanthracene 0.03 99.1 6.2 0.9998
Benzo(g, A, i)perylene 0.03 89.6 5.8 1.0000
Indeno(1,2,3-c,d)pyrene 0.5 100.6 4.7 0.9995

mLE 33] A33 3 ¥4 NaSOS EFAA &pA7] 7 o]
Ae WP EE7IG5C, F8F)S AHESl oF | mL7|
&%k}, Sep-Pak florisil cartridge(Waters, USA)E dichlo-
romethane 10 mL} n-hexane 20 mLE 4315t & ARg-319) o).
GASAIZl Sep-Pak florisil cartridgedl] A @LAE 713le] p
hexane 10 mL9} n-hexane : dichloromethane(3 : 1) 8 mLE 3}
2 3T AV Bl £E39e F2EE0)0IA AA
7IEE FES T AN acetonitrile® HoJA M | mLE
ate] ©o]E 045 um membrane filter® E#4]# HPLC/FLD4
Nggelo s AaslthFig 2).
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Fig. 3. HPLC/FLD Chromatogram of PAHs.

BaA: benzo(a) anthracene, CRY: chrysene, BbF: benzo(b)fluoranthene, BKF: benzo(k)fluoranthene, BaP: benzo(a)pyrene, DahA: dibenzo
(a,h)anthracene, ISTD: 3-methylcholanthrene BghiP: benzo (g, /,/)perylene, IcdP: indeno(1,2,3-c,d)pyrene.
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Table 4. Concentration of PAHs in fish, shellfish and their processed products (unit: ng/g)

BaA Chry BbF BiF BaP DahA BghiP IedP Total

Squid 0.00" 0;00 0.00 0.00 0.56 0.05 0.00 0.00 0.61
(ND-ND) (ND*-ND) (ND-ND) (ND-ND) (ND-1.05) (ND-049) (ND-ND} (ND-ND) (ND-1.41)

Mackerel 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND)

Alaska Pollack 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01
(ND-ND) (ND-ND) (ND-ND) (ND-0.14) (ND-ND) (ND-ND) (ND-ND} (ND-ND) (ND-0.14)

Vellow Croaker 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.09
(ND-ND) (ND-ND) (ND-0.93) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-0.93)

Dried Anchovy 0.00 0.00 0.01 0.01 0.03 0.00 0.02 0.65 0.72
(ND-ND) (ND-ND) (ND-0.09) (ND-0.07) (ND-024) (ND-ND) (ND-0.23) (ND-3.08) (ND-3.08)

Hair Tail 0.00 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.03
(ND-ND) (ND-ND) (ND-ND) (ND-0.09) (ND-0.23) (ND-ND) (ND-ND) (ND-ND) (ND-0.32)

Flatfish 0.00 0.00 0.00 0.10 0.07 0.00 0.00 0.00 0.16
(ND-ND) (ND-ND) (ND-ND) (ND-0.97) (ND-0.66) (ND-ND) (ND-ND) (ND-ND) (ND-1.63)

Spanish Mackerel 0.00 0.00 0.00 0.00 0.00 0.001 0.00 0.00 0.001
(ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-0.001) (ND-ND) (ND-ND) (ND-0.01)

Tuna 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00 0.57
(ND-ND) (ND-ND) (ND-ND) (ND-1.64) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-1.64)

Pacific Saury 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.76 0.76
(ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-2.62) (ND-2.62)

Pacific Cod 0.00 0.00 0.00 0.03 0.03 0.04 0.00 0.00 0.11
(ND-ND) (ND-ND) (ND-ND) (ND-0.17) (ND-0.21) (ND-044) (ND-ND) (ND-ND) (ND-0.62)

Herring 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND)

Subtotal 0.00 0.00 0.008 0.06 0.06 0.008 0.002 0.12 0.26
(ND-ND) (ND-ND) (ND-0.93) (ND-1.64) (ND-1.05) (ND-0.49) (ND-0.23) (ND-3.08) (ND-3.08)

Short-necked Clam 0.00 0.21 0.32 0.19 0.28 0.00 0.00 0.00 1.01
(ND-ND) (ND-0.86) (ND-0.66) (0.08-0.30) (ND-0.56) (ND-ND) (ND-ND) (ND-ND) (ND-1.42)

Oyster 0.00 0.00 0.16 0.30 0.07 0.00 0.00 0.00 0.54
(ND-ND) (ND-ND) (ND-0.58) (ND-0.81) (ND-035) (ND-ND) (ND-ND) (ND-ND) (ND-1.13)

Granulated Ark 0.00 0.00 0.21 0.08 0.02 0.00 0.00 0.00 0.31
(ND-ND) (ND-ND) (ND-2.12) (ND-0.52) (ND-0.18) (ND-ND) (ND-ND) (ND-ND) (ND-2.82)

Kind of Clam 0.00 ) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND)

Sea Mussel 0.00 0.00 0.40 0.05 0.00 0.00 0.00 0.00 0.45
(ND-ND) (ND-ND) (ND-4.00) (ND-0.44) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-4.00)

Subtotal 0.00 0.04 0.22 0.12 0.07 0.00 0.00 0.00 0.46
(ND-ND) (ND-0.86) (ND-4.00) (ND-0.81) (ND-0.56) (ND-ND) (ND-ND) (ND-ND) (ND-4.00)

Tuna Can 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND)

Mackerel Can 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND)

Saury Can 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND)

Whelk Can 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-ND)

Pollack Slice 0.00 0.00 0.00 0.17 0.20 0.00 0.00 0.00 0.38
(ND-ND) (ND-ND) (ND-ND) (ND-0.31) (ND-0.52) (ND-ND) (ND-ND) (ND-ND) (ND-0.33)

Squid Stice 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.04
(ND-ND) (ND-ND) (ND-ND) (ND-0.19) (ND-ND) (ND-ND) (ND-ND) (ND-ND) (ND-0.19)

Dried File Fish Fillet 0.00 0.00 0.02 0.01 0.01 0.00 ’ 0.00 0.00 0.03
(ND-ND) (ND-ND) (ND-0.08) (ND-0.05) (ND-0.03) (ND-ND) (ND-ND) (ND-ND) (ND-0.16)

Subtotal 0.00 0.00 0.003 0.03 0.03 0.00 0.00 0.00 0.06
(ND-ND) (ND-ND) (ND-0.08) (ND-0.31) (ND-0.52) (ND-ND) (ND-ND) (ND-ND) (ND-0.83)

Total 0.00 0.01 0.04 0.07 0.05 0.004 0.0008 0.06 0.23

(ND-ND) (ND-125) (ND-4.00) (ND-L64) (ND-105) (ND-0.49) (ND-023) (ND-3.08) (ND-4.07)

"The values indicate mean (min-max) of data.
IND: Not detected.
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USA)E Z#A1Z] LC-PAH column(25cmX4.6 mm, ILD. 5,
Supelco, USAYS- AME-31%1 3L autosampler®} fluorescence detec-
tor7} “&2-d HPLC/FLD(model 1100 series, Agilent, USA)E
AH&-3te Table 29 2702 Bl

WHEEEEE A - A% 2498 4229 83 PAHsO
g HPLC/FLD o] IAZul=ade Fig 33 294tk #3%%
A= PAHs w2} 0.002-0.5 ng/ge)om HAjubie] Hslwol
PEREE & F e 3ees WA 2 9F 90-106%}
6.2% ©ol8l= RN pEolr) 3 o5 B YRES
2E AR AEA A A 0999 o] AdATE Ye
YA tH(Table 3).

Olii® ¥ 1 /38 § & PAHs &%

F 205719 ol MF H 2 7FFEl et g7A PAHsY] AN
2 3 F FE Table 4, Fig 469} 2t} o5 4F F A
3 PAHs9] Ha 2 023ngeel o 71 PAHs 3o
benzo(a)anthracene B &, chrysene 0.01 ng/g, benzo(b)fluoranthene
0.04 ng/g, benzo(k)fluoranthene 0.07 ng/g, benzo(a)pyrene 0.05 ng/g,
dibenzo(a Manthracene  0.004 ng/g, benzo(g A perylene 0.0008 ng/g,
indeno(1,2,3-c.d)pyrene 0.06 ng/ge1 %t} 8% PAHse & Had
ZFe oJF 026ngg, WF 048ng/g, 71FEE 0.06 ng/glE Kel-
lice S(10,1)8] A+ Ao} B8k 50|19 IF, ofF,
7Y o8 Eokth
45 (hydrophobic) 4428 zH= PAHsE B4 7448
3], Aol gk & 318kwo) o8 AEA 2 259 Hold
AHms ARkt PAHs 5 e og 328 5
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Squid I 0 61
Mackerel
Alaska Pollack 1001
Yellow Croaker HEEE 009
Dried Anchovy TSNS (.72
Hair Tail B003
Flatfish EEEEE 016
Spanish Mackerel = 0001
Tuna EEEEEEEEEEEEEER 057
Pacific Saury S 0.76
Pacific Cod mmm 0.1
Harring
Short-necked Clam EEEEEEEEEEEESShh—"— 1 01
Oyster IEEEEEEES———— 054
Granulated Ark EEEEEEEEE 031
Kind of Clam
Sea Musse! SRR 045
Tuna Can
Mackerel Can
Saury Can
Whelk Can
Pollack Slice s 038
Squid Slice =004
Dried File Fish Fillet 003
Total =S 024

Q0 04 08 12

Fig. 4. Levels of average PAHs (ng/g) in fish, shellfish and their
processed products.

stk et oife) BE AUREE o} gz e FF
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g AEHEH (biotransformation)©] HF > AF > 747K > 1)
T ooz offY Y] sbg A7) i Zow A}
SET(12,13). &3, HHEE D AE 54 2L HF7Y
MARE g gelog B 4 Qlrh(14).

°lF ¥ ¥ PAHs &%o] 7F =4 vehd X9 3 &
PAHs o] 0.76 ng/g®. 2 indeno(1,2,3-c,d)pyrencito] A&
o™ el A= F PAHs &0 0.57ng/gS & benzo(h)
fluoranthene?te] HZ =T Hl A A7|7} & o] FQl 2Fo],
3, HoloME PAH AEHA) @gkon] ol e of
Hoh JEAGEe] 27] wiel Aow ARHL E 94
olol A Ml Be PAHY HEHYEE o BHZYE
o] HEABHS AU YA 87| wRolk(12). BAe] PAHs
FHE 072ngg0 R olF F T WAE wEr ole AE
o] A 28 AAS AxAdEiolr] mEos Algent

T WHOoMM = 57d0] 743k benzo(a)pyrene®] TEF(toxicity
equivalent factor)ghe 12 3lod thE PAHso| thell A= TEF
8 27 (benzo(a)anthracene 0.1, chrysene 0.01, benzo(b)fluo-
ranthene 0.1, benzo(k)fluoranthene 0.1, benzo(a)pyrene 1.0,
dibenzo(ah)anthracene 1.0, benzo(g A i)perylene 0.01, indeno
(1.2.3-cd)pyrene 0.1)3t3L Slo} 2]F 5 PAHs &3l o} e
A8l Fieo] TEFgEE F¢ TEQ(toxic equivalent)gto 2 u}
EF A ck(Fig. 5).

oJfFell A= 2017} 0.61 ngTEQ/gL 2 7HY &9kt oj=
TEFgke] & benzo(a)pyrene?} dibenzo(a,h)anthracenee) HZES)
7] wieol™ FR= 0.076 ngTEQ/g, WA= 0.095 ngTEQ/go 2
vrebstth AFelA s 8% PAHs SolM WakEae] 71 we
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Granulated Ark B 005
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Tuna Can
Mackerel Can
Saury Can
Whelk Can
Pollack Slice s 011 |
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Dried File Fish Fillet 0005
Total HEE 007
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Fig. 5. Levels of average PAHs (ngTEQ/g) in fish, shellfish and
their processed products.
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Tuna
Pacific Saury
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Herring
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Sea Mussel
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Mackerel Can
Saury Can
Whelk Can
Pollack Slice = 020
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Total HEE 005
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Fig. 6. Levels of average benzo(a)pyrene (ng/g) in fish, shellfish
and their processed products.

Table 5. PAHs intakes of Korean from fish, shellfish and their
processed products

Concentration of benzo(a)pyrene (ng/g) 0.05
Concentration of PAHs (ng/g) 0.23
Daily intakes of fish, shellfish and their products (g/person/

40.30
day)(9)
Daily intakes of benzo(a)pyrene from fish, shellfish and their 202
products (ng/person/day) ’
Daily intakes of PAHs from fish, shellfish and their products 927

(ng/person/day)
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