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Analysis of Polycyclic Aromatic Hydrocarbons (PAHs) in Shellfishes

from Korean Coastal Area

Do Hee Hong, Eun Hye Kang, Minchul Yoon, Mi Ra Jo, Kwang Tae Son and Ka Jeong Lee*

Food Safety and Processing Research Division, National Institute of Fisheries Science, 216, Busan 46083, Korea

Polycyclic Aromatic Hydrocarbons (PAHs) were analyzed and safety evaluation was carried out in Korean coastal
area. The target congeners were benzo[a]pyrene, benzo[a]anthracene, benzo[b]fluoranthene, and chrysene. The meth-
od of analysis was significant. The highest PAHs 4 congener concentrations (12.2 pg/kg) was found in the mussel
of Gangwon area. Comparison among the average concentration of PAHs for each congener showed that, benzo[a]
anthracene was found in mussel (0.276 pg/kg), oyster (0.463 pg/kg), ark shell clam (1.92 pg/kg), and chrysene was
found in mussel (0.848 png/kg), oyster (1.36 ng/kg), scallop (0.489 ng/kg), sea squirt (3.07 pg/kg), and ark shell clam
(0.449 pg/kg). In addition, benzo[b]fluoranthene was found in mussel (0.253 pg/kg), scallop (0.244 pg/kg), and sea
squirt (1.64 pg/kg). The most hazardous benzo[a]pyrene was found in mussel (0.147 pg/kg), and scallop (0.244 ng/
kg), it was not detected in the other shellfishes. However, all the PAHs levels recorded in this study did not exceed in-
ternational MRLs. There was no significant difference among the PAHs concentration in shellfish based on sampling
area or species. Body exposure was calculated based on PAHs concentration and intake rate. The results of this study
indicated that PAHs in shellfish were within acceptable safe levels.
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Fig. 1. Sampling stations of shellfishes from the Korean coastal area. ®, Mussel; m, Scallop; A, Equilatera venus; <&, Abalone; V¥, Sea squirt;

%, Atk shell clam; 3¢, Oyster.
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Table 1. GC-MS operating conditions for the analysis of polycyclinc aromatic hydrocarbons (PAHs)

Instrument GC-MS? (6890A GC/5973N MSD, Agilent)

Column DB-EUPAH (L 60 mxI.D. 0.25 mmxThickness 0.25ym)
Carrier ga } He (1.0 mt/minp
Injection volume p
Injector temp. 20c
Connector temp. 2°¢c
Split ratio 10:1 R
Oven temp. 120°C (1 min) — 10°C/min, 240°C (0 min)—5°C/min, 300°C (15 min)

Standard soln.

Detection time (min) Selective ion (m/z)

2-Fluorobiphenyl (IS)

Chrysene-d12 (SS)
Mass spectrometer Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene

Benzo(a)pyrene

9.38 172,171
22.82 240, 236
22.76 228, 226
22.92 228, 226
27.06 252, 250
28.53 252, 250

*GC-MS, gas chromatograph-mass spectrometer.
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Fig. 2. Comparison of PAHs concentrations in shellfish samples from Korean coastal area. PAHs, polycyclic aromatic hydrocarbons.

AA(AA4), A&7 (limit of detection, LOD), %=1
(limit of quantitation, LOQ), HF&A &, H7 A 2(FE e 9 4
o), A #EEde o83t Ior& o= rade A5st
At thEhekEErsl A 455 (benzo[alanthracene, chrysene,
benzo[b]fluoranthene, benzo[a]pyrene)?] EF=2-S 2+2; 3]
H3fe] G S 3801 BAlsto] 4.8 AT A4
A4>(R?)+= benzo[a]anthracene2 0.9993, chrysene2 0.9996,
benzo[b]fluoranthene> 0.9994, benzo[a]pyrene= 0.99969]
ATk Al O] a4 75 A= table 201 YEFH QITE A
EZA(MEDS, 2019)0] 755 42 % benzo[a]pyrene®]
AEEARL 0.9 pgkg 79 FEE AR FF24 0.1 pg/

0.706-0.901 pg/kg H$& Lrepytth E3E o] o] PAHso| &
AR 2 o8 SRIE v RS st ARt 5
gt IS AA BASE] Al 9] 2 55 Thetet A}
Aol FaFe nAA] g Ao & vrebsith Almef 10 ugkg
SEo ZH7ko] REEAS WU & 73] BAste] iR A
e W AU ARGl T AT, HeE s 97.3-110%
B9, U == 2.97-4.00% W91 = w9 o] AaHE vhet
U 2ith. CODEX alimentarius commission (2008)01 A= % 7}
3 BEEA 0] w7} 0.1-10 pg/g B ol A= 80-110%, 0.01
ng/goll A= 60-115%, 0.001 pg/goll A= 40-120%2] A4S
fteka gl & St A9 Fehe= CODEX 7] 1t

kgS Fdto] FH|kaL, 73] BASko] 13t F o FEHUR
o 3.145 H3 4 LODE, 102 &3 4+& LOQ= A4st
%k H 2A o A LODE 0.222-0.283 pg/kg ¥, LOQ=

23}tk 3t A, A& AR 2] A A 7ot FAs A g2 ER
9l chrysene-d, 0] 3488 61.2-108% H9] = S-2]utete] 3
G E Aol 775 2148 60-130%2] H 915 w3t

Table 2. Results of accuracy, precision, LOD, LOQ and recovery of the method

Analyte Fortified Samples Experimental ConcentrationtRSD® Accuracy Precision LOD® LOQ® Recovery®
(ug/kg)® (ug/kg) (%) (%) (ugkkg) (uglkg) (%)
Benzo[a]anthracene 10 11.0£0.327 110 297 0.257  0.819 -
Chrysene 10 10.2+0.318 102 31 0.241  0.769 -
Benzolb]fluoranthene 10 9.92 £ 0.397 99.2 4.00 0.283  0.901 -
Benzo[a]pyrene 10 9.73+0.320 97.3 3.29 0.222  0.706 -
Chrysene-d,, - - - - - - 61.2-108

*n=7 replicate sample. "RSD, related standard deviation. “LOD, limits of detection. ‘LOQ, limits of quantitation. *n=34 replicate sample.
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Table 3. Concentrations of PAHs (pg/kg) in shellfishes collected from Korean coastal areas.

L i Concentrations (ug/kg)
Sampling sites Shellfishes
Benzo[a]anthracene Chrysene Benzo[blfluoranthene Benzo[alpyrene Sum (PAH4)
Mussel 2.37 523 213 2.49 12.2
Scallop <LOQ <LOQ <LOQ <LOQ <LOQ
Yangyang )
Equilatera venus <LOQ <LOQ <LOQ <LOQ <LOQ
Mussel soa stoa oq ...goa o soa
Scallop <LOQ 2.45 1.22 1.22 4.89
Gang s Mussel <LOQ <LOQ <LOQ <LOQ <LOQ
won ananeing s callop <L0Q <L0Q <L0Q <L0Q <L0Q
 Mussel o <0Q o <0Q €oq . ...<oq  <oq
Scallop <LOQ <LOQ <LOQ <LOQ <LOQ
Abalone <LOQ <LOQ <LOQ <LOQ <LOQ
Samcheok
Scallop <LOQ <LOQ <LOQ <LOQ <LOQ
Abalone <LOQ <LOQ <LOQ <LOQ <LOQ
Sea squirt <LOQ 2.38 1.45 <LOQ 3.83
Uljin Sea squirt <LOQ 4.32 244 <LOQ 6.75
... Seasqut  <l0Q 14 soq 430
Gyeong Yeongdeok Seasquit <LOQ 154  oa o397
buk Mussel <LOQ <LoQ <LOQ <LOQ <LOQ
Pohang Mussel <LOQ 4.06 1.03 <LOQ 5.09
Gyeongju  Mussel <LOQ <LOQ <LOQ <LOQ <LOQ
Ulsan Mussel <LOQ 1.41 <LOQ <LOQ 1.41
Mussel <LOQ 3.72 1.14 <LOQ 4.86
Busan Mussel <LOQ <LOQ <LOQ <LOQ <LOQ
Mussel <LOQ <LOQ <LOQ <LOQ <LOQ
Geoje Mussel <LOQ <LOQ <LOQ <LOQ <LOQ
Gyeong Jinhae Ark shell clam <LOQ <LOQ <LOQ <LOQ <LOQ
nam - bay  Aksheldam 384 089 €oq .o<oa o 473
Masanbay Mussel 2% <0Q woq . ...<oq 2%
) Mussel <LOQ <LOQ <LOQ <LOQ <LOQ
Gajodo
e OYSEOT L1389 054 o onsoea 188
Jindong Mussel <LOQ <LOQ <LOQ <LOQ <LOQ
Goseong Oyster <LOQ 2.51 <LOQ <LOQ 2.51

Mussel Mytilus galloprovincialis; Oyster Crassostrea gigas; Scallop Patinopecten yessoensis; Equilatera venus Gomphina veneriformis;

Abalone Nordotis discus discus; Sea squirt Halocynthia roretzi; Ark shell clam Scapharca broughtonii; PAHs, polycyclic aromatic hydro-

carbons; LOQ, limit of quantitation.
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H](0.978 pg/kg) <=0 & b, HxIHet AR A=
FeHA olst® HEEA| Tt 2hA, PAHs 7t JiEE ¥
i 555 v|wsle] RS u, benzo[a]anthracene ] 53]
©2](0.276 uglke), 2(0.463 ugke), ) 270(1.92 pgke) 2.
2 HEHY A, chrysene A|5-3H*](0.848 ug/kg), =(1.36
ng/ke), 711 RI(0.489 pg/kg), -5 4°1(3.07 pgkg), T =7
(0.449 ug/kg) <22 AZE T} E3} benzo[b]fluoranthene
= A5 3lE(0.253 pg/kg), &7H]R1(0.244 ng/kg), +-3 <3
(1.64 ug/kg) <= o= HEE AL, flal/d 0] 7H =2 benzo[a]

Table 4. Ingestion rate (g/day) of shellfishes based on national food
and nutrition statistics

Ingestion rate (g/day)

L

=

 o)7H4

pyrene A| Sl E2](0.147 ng/kg), F7FJH](0.244 pg/kg) &
o|glom, thE sl Fol A= HEEA gt

2 Aol A i 7E AT oA HEH A Hlwstko]
Table 3o UEFH ST X HE 2 HEH A2 AEEA] g
A FE7} B AR 90, FUs A Gof| M= theFel R A
ZEo] AGHR {3t Aol = Gl AL R FRIEGl o, of
Ail= Ao Zpol 7} opd A|52] 7 Zfo|Ql A S & AbmE
o} $HA, =t dRts oA AAbE 7o) b BrHE
sto] =tu-9] 7123 2 AFATE vkl 2 Ao o
FollAl =%l benzo[a]pyrene?] X[t FEi= AU%E kel
A A FIRE AR ol A 2.49 pg/kg o= =] B EU9| 7]EH
Uhi= W9k, 4% PAHs 9| =2 X[t 12.2 pg/kg o = HE% o]
EU9| 71341 30 pg/kg o5ke] =291 A S & Yelyit.

M| =2 MES Seot fleiE7t

hellishes olel Ingeston g1 e S AHKHIDL 2016)] 23] 24}
average average Aol et 7ha Btk A AN o2 3 Ve = 7t
Mussel Mytilus galloprovincialis 1.4541 225776 A] 730l thste] ZkzF AbEstal 71 A= Table 50 e S
Oyster Crassostrea gigas 11001 38.6825 o}, A AR gk QA e S5 A FE A g2 9=
Scallop Patinopecten yessoensis 0.0614 32.4042 S Batgrol 2R A AFAell Hiet S dorr] ¢
Equilatera venus Gomphina veneriformis - - ato] 2 j;'L‘Al'oﬂ A AFHARTS do R Al =EEE
Abalone Nordotis discus discus 0.4425 18.9439 7}_§ }&%?}??}' E':JEE)%C? OOkZi/\}éIiI]-IEIﬂDI, _2L01294 E}\}i
Ses squirt Halocynthia roretzi 0.2793  72.1370 Al Hhet A ST 2t PAHSs SR AAZS HEHSL
OF HAAIS A0 T 75 mAITo] AR Afo]sto]

Ark shell clam Scapharca broughtonii 0.0710 34.8498

Table 5. Exposure assessment of PAHs in shellfishes

Acceptable daily intake (mg/kg body weight)

Shellfishes
Benzo[a]anthracene ~ Chrysene  Benzo[b]fluoranthene = Benzo[a]pyrene Sum (PAH4)
Mussel 6.25x10° 1.92x10°® 5.73x10° 3.33x10° 3.44x10®
Oyster 7.93%x10° 2.33%x10° - - 3.12x10®
Scallop - 4.68x10° 2.33%x10° 2.33x10° 9.35x1010
Total .
Equilatera
person venus - - - - -
average Abalone - - - - -
Ses squirt - 2.12x10® 1.13x10°® - 3.25x10
Ark shell clam 2.12x10° 4.97x10° - - 2.62x10°
Mussel 9.71x10® 2.98x107 8.9x10 5.17x10 5.35 107
Oyster 2.79%107 8.19x107 - - 1.1x10®
. Scallop - 2.47x107 1.23x107 1.23x107 4.94x107
Ingestion Equilatera
person vgnus - - - - -
average Abalone - - - - -
Ses squirt - 3.45x10° 1.84x10 - 5.29x10®
Ark shell clam 1.04x10® 2.44x107 - - 1.29x10°

Mussel Mytilus galloprovincialis; Oyster Crassostrea gigas; Scallop Patinopecten yessoensis; Equilatera venus Gomphina veneriformis;
Abalone Nordotis discus discus; Sea squirt Halocynthia roretzi; Ark shell clam Scapharca broughtonii; PAHs, polycyclic aromatic hydro-
carbons.
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