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2 o o] AP ES FRAF AL § AAFUE] e AR AT A fa=E Hrist
71 918k, 7k z et v A @A 7] (GC-MSD)E 188t fF-fiE Ao FUE0] A3 A &
TYg FHE T S ES AR (PAHs) 1655 248 AlE = KOHE 7H-E3 8t
Methylene chloride® F%31Th F29 39] 16712 PAHs= Ag7hZ284 FALHE o] &3l
Methylene chloride : n-8]2K(1:9) £g-8N o2 &3 GC-MSD2] SIMS o]&3le] 4311t} 16
N2l PAHse| Ht 3]4&2 79-85%C19.2H, 1267]2] A|FolA 0.17-6.04 ngkg 502 HEHAL,
Benzo(a)pyrene2] 5435 7HI4~(TEF)E 283t Benzo(a)pyrene 52357 H(TEQpp)S 0~0.91 pgTEQ/kg
FolAdnk B fF-RE A FHES Wxge] dd Hit =ETE 5.5¢10° mgkg bw/day ©]%1
T, PAHs 99 Ha =SS 13x107° mgTEQ/kg bw/dayol Attt 28] 3 SHAu(MOE)) Z2ba
A== 22 1.8x10°, 9.8x107 "2 AbgellA] Sl dFLA 987 w2 oIk

Abstract: To assess health risk for the intake among residents after the Hebei Spirit oil spill, 16 Polycyclic
Aromatic Hydrocarbons (PAHs) in seafood samples from oil contaminated bay were determined by Gas
Chromatography-Mass Spectrometry (GC-MSD) and samples were personally collected and purchased by
residents. Samples were hydrolyzed with KOH and extracted with methylene chloride. The extracted solution
were cleaned up using silica/florisil column and 16 PAHs were eluted by methylene chloride : n-hexane (1:9)
mixture and determined by GC-MSD in Selected Ion Monitoring (SIM) mode. The mean recoveries for 16
PAHs ranged from 79% to 85%. The 16 PAHs levels in 126 samples ranged from 0.17 to 6.04 ng/kg and

the TEQg.p (Toxic EQuivalents) levels in 126 samples were calculated using benzo(a)pyrene toxic equivalency
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factor for individual 16 PAHs and ranged from 0 to 0.91 pugTEQ/kg. The average Benzo(a)pyrene dietary

exposure of residents was 5.5x1078 mg/kg bw/day and the average PAHs chronic dietary exposure was 1.3x107

mg TEQ/kg bw/day. The margin of exposure (MOE) and the excess cancer risk and were 1.8x10° and 9.8x107,

respectively. Therefore, the assessment result was considered as low concern for health risk.

Key words: PAHs, oil spill, seafood, TEQg,», MOE
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Valdez f+F#Z ©|F= TEQps W2 o2 4E
FHEIA e 29 ol Axses &5
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7( ]}v] ?—‘-Q ].OdI:}— )\]E B tﬂ ﬂ_;qu_—o—]_ 20
°Ce] ol Hate] 4 oﬂ AF-3HA T

20 A2 F PAHs Q9T 24
221 EAMHAEE

PAHs 4] naphthalene (NA), acenaphthylene (ACL),
acenaphthene (AC), fluorene (FL), phenanthrene (PHE),
anthracene (AN), fluoranthene (FA), pyrene (PY), benzo-
(a)anthracene (BaA), chrysene (CRY), benzo[b]fluoran-
thene (BbF), benzo[k]fluoranthene (BKF), benzo[a]pyrene
(BaP), dibenzo[a.hJanthracene (DahA), indeno(1,2,3-cd)
pyrene (IcdP), benzo[g,h,iJperylene (BghiP) & 16%2
thd oz 3192 ™, phenanthrene-d,y2 WFE 5
2 ARSIt AdAA A AR RE EF
9 EFA S "Ele] 20 °Co ¢4
nsiel AHgsHlTh.

12
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IEH 05 ppleo] HES BEGAE Arl3i
WEEFEH 5.0 pgkes A 7}0}04 2 uLE GC-MSD
o %ea}ﬁu} #2435 YR EFE L} Fo)=
WA v R2RE TFER Zzbe] ARHIAES ZA )
3 A=A olstel A g Pt

223 A& Hxz|

WE AR NEE Ao dF5d F oF 5 gs
A 233 1 M KOH-ethanol €< 100 mLe} &7 =
gtaze Y WEEFEEZ | mLE F718it o
|A g #Ase & 7} Tgﬂ(so °C)o A A7 5
QF e A7 A& WA AT o] &4 &
Bl zu) 7)o &7 F, methylene chloride 20 mLZ

Table 1. Analytical condition of GC/MSD

= o=

H3lFa (PAHs) 4 B 9187} 189

3L 1027k 23] wbE Z1® &6k Methylene
chlorlde 2zl BiglEZO R B2 T 3
[¢]

A3t 2 mL7kRA] &A1) 2
n-35F 10 mLE A Az vE] n-Ftew M2
A7HA-F2E A o) A7 AA & Fa}st
o] Ao j—"”\]?h_ methylene chloride : n-3]4k
(1:9) £-49 80 mLE 1671¢] PAHsE £ZA AT}
2zae g@q HePs%7)2 AM45te 2 mL7A

RNy Eav= Ol%o}@l 0.2 mL7HA] &34

& Fqi3ke] 243,

B2 294557

i

C-MSDell 44 =S

224. 7|1712M =A

Agilent 7890 Gas Chromatography(GC)®ll direct
interface® AZAE 5975 MSDE A3t 2E Al
F+ HP 7673A autosamplerE AFE-3le] GCol Y
3} data system© 2= HP GG1701AA MSD chem-
stationS ©]-§3tATh. o] 23} AME-gF AAUA] =
70 eV ©] 3L electron multiplier= autotune %}t =.-T} 300
V ] S7HAA AFEEA 21 dwell time= 50 m sec
2 AT AXEE ANBEES BA57) st &
g 2 EY Yo BEA o](characteristic ion)¥HS 41
gl 5lo] E2]3}= Selected Ton-Monitoring (SIM)
< o] &3 THTable 1, 2).

=
o 4HE F benzo(a)pyrene A A o]
wpE zbzte] fabge] tid A QPR X5
el AEzAbe] we B AFHF 2L vt 4
Ql et AF 60kgS WHF3ted A AFREL] benzo(a)-
pyrene 19 QIA=EFS AEHATH2 1).° &%
A BE FRAEAY FUS 19 B HAFS
o] F 65.43 g/day, 5 41.18 g/day, 71€} FAHE- 446

Gas chromatography
-Mass spectrometry

Agilent 7890 GC-Agilent 5975MSD

Column

HP-5 ms (Cross-linked 5% phenylmethylsilicon, 30 mx0.25 mm

1.Dx0.25 pm, film thickness)

He at 1.0 mL/min
Split ratio (1:2)
300 °C

Carrier Gas flow
Injection mode
Injection port temp.
Oven temp. program
Ion Source

Transfer line temp. 280 °C

50 °C (1 min)=10 °C/min—>1805 °C/min—>310 °C
El mode, 230 °C, 70 eV
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Table 2. Monitoring ion of target compounds

Quantification  Qualification

Compounds ion, m/z ion, m/z
Acenaphthene 154 153, 152
Acenaphthylene 152 151, 153
Anthracene 178 176, 179
Benzo(a)anthracene 228 229, 226
Benzo(b)fluoranthene 252 253, 125
Benzo(k)fluoranthene 252 253, 125
Benzo(g,h,i)perylene 276 138, 277
Benzo(a)pyrene 252 253, 125
Chrysene 228 226, 229
Dibenz(a,h)anthracene 278 139, 279
Fluoranthene 202 101, 203
Fluorene 166 165, 167
Indeno(1,2,3-cd)pyrene 276 138, 227
Naphthalene 128 129, 127
Phenanthrene 178 179, 176
Phenanthrene-d;((ISTD) 188 188
Pyrene 202 200, 203

g/day =010, 1Y 724 F] 3H(95th percentile)S ©]
TFAHE 19.66
g/day FEol ATk HESF PAHsO 7ol 5Yg 5471H
< 7H SRHES] SAI=ZO ik SEEvE
12415 167 PAHs Z}2Fe] @ 9=l benzo (a)pyrene]
548 7IELRE & A7e AuEAAS (Toxic
Equivalency Factors, TEFs)E 3} benzo(a) pyrene =
357 3K (Toxic EQuivalents, TEQgp)S AHE3}S T

 226.00 g/day, = F 123.33 g/day, 71E}F

915}

Qe - 248 - WA - A5 - 0BT - o] FY

=

=

A7 7oA S FE ol F 5 PAHs A

S THE =&7)7F 1038 H83 Al 59
s Zhekelal ol ik e Aabe] B As|Rt
DHREHQF 12,547 kL) X192 B4 52 7493t
o & AFAME FFAEE A% PAHs =Z717F 10
d, 71d58 70, HdAlS 60 kgs 312181 PAHS 1
A v QA =E S AHESITHE] 2).1416

2 Cix IR1
Benzo(a)pyrene2] 19 AU =Z Z (1)

to do

p==
o

E

i s
Ci 54} Q
IRi : AEio 4 19 B34 3 F(g/day)
BW : HIAF (60 kg)

PAHs 3IgHE9] v 1Y A =Z

—Z BW x AT @
i=1
i cwdE oulF F R
Ci :2#Fi9] Q9% (ug TEQKkg)

IRi :2%&io i 1Y Ha4 3 F(g/gay)
ED : =277+ (101)

BW : HaA5F (60 kg)

AT B7|5H (70)

232 gl ZX

(Tuble 3). 2F&E TEQppol P1=+2] Exxon Valdez &7 WHO/JECFA®] Wl z= &l 337 d=zs &8¢
Table 3. TEFs of 16 PAHs
Compounds Abbreviation CAS No. EPA TEFs

1 Naphthalene NA 91-20-3 -

2 Acenaphthylene ACL 208-96-8 -

3 Acenaphthene AC 83-32-9 -

4 Fluorene FL 86-73-7 -

5 Phenanthrene PHE 85-01-8 -

6 Anthracene AN 120-12-7 -

7 Fluoranthene FA 206-44-0 -

8 Pyrene PY 129-00-0 -

9 Benzo|a]anthracene BaA 56-55-3 0.1

10 Chrysene CRY 218-01-9 0.01

11 Benzo[b]fluoranthene BbF 205-99-2 0.1

12 Benzo[k]fluoranthene BKF 207-08-9 0.1

13 Benzo[a]pyrene BaP 50-32-8 1

14 Dibenzo[a,h]anthracene DahA 53-70-3 1

15 Benzo[g,h,i]perylene BghiP 191-24-2 -

16 Indeno[1,2,3-c,d]pyrene IedP 193-39-5 0.1
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Fig. 1. Chromatogram of PAHs.
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Table 4. Linearity and limit of quantification for 16 PAHs

273 - 9 g - A5 -

ol gE

- olEw

c d y=ax+b MDL* LOQ**
ompomne a b = (ngke) (ngke)
Naphthalene 0.2022 0.0370 0.9917 0.01 0.03
Acenaphthylene 0.1781 0.0221 0.9943 0.01 0.04
Acenaphthene 0.1096 0.0180 0.9947 0.01 0.04
Fluorene 0.1221 0.0117 0.9954 0.01 0.02
Phenanthrene 0.1928 0.0283 0.9938 0.01 0.04
Anthracene 0.1680 0.0025 0.9965 0.01 0.03
Fluoranthene 0.2100 0.0103 0.9957 0.01 0.03
Pyrene 0.2244 0.0285 0.9938 0.01 0.03
Benz(a)anthracene 0.1504 -0.0014 0.9998 0.01 0.04
Chrysene 0.1866 -0.0002 0.9976 0.01 0.04
Benzo(k)fluoranthene 0.1493 -0.0153 0.9947 0.01 0.04
Benzo(b)fluoranthene 0.1293 0.0020 0.9974 0.01 0.05
Benzo(a)pyrene 0.0296 0.0018 0.9986 0.01 0.04
Indeno(1,2,3-cd)pyrene 0.0832 -0.0060 0.9964 0.02 0.05
Dibenz(a,h)anthracene 0.0857 -0.0050 0.9943 0.02 0.05
Benzo(g,h,i)perylene 0.0922 -0.0090 0.9955 0.01 0.05
*MDL: Method Detection Limits
**LOQ: Limit of Quantification (SD*10, n=7)
Table 5. Recovery for 16 PAHs in seafood (n=5)

Compounds Found Conc. (ng/kg) Recovery+SD*
Naphthalene 73.8, 84.9, 85.7, 77.0, 86.4 81.6+5.8
Acenaphthylene 69.6, 80.7, 79.4, 74.0, 91.7 79.1+8.3
Acenaphthene 74.2, 85.0, 84.9, 77.8, 88.4 82.0+5.8
Fluorene 77.8, 89.6, 86.0, 77.7, 88.1 83.8+5.7
Phenanthrene 77.4, 86.5, 87.7, 84.0, 89.9 85.1+4.8
Anthracene 71.1, 81.7, 82.0, 73.7, 85.1 78.7+6.0
Fluoranthene 75.1, 84.2, 82.3, 78.4, 86.3 81.3+4.5
Pyrene 77.8, 80.7, 84.3, 80.5, 90.4 82.744.9
Benz(a)anthracene 74.8, 78.5, 81.1, 77.3, 89.0 80.1+£5.4
Chrysene 76.0, 78.5, 83.1, 77.5, 90.9 81.2+6.0
Benzo(k)fluoranthene 73.6, 84.2, 86.5, 78.4, 92.8 83.1£7.4
Benzo(b)fluoranthene 76.3, 84.0, 88.6, 81.2, 86.8 83.4+4.8
Benzo(a)pyrene 717.6, 85.0, 80.9, 74.4, 89.0 81.4+5.8
Indeno(1,2,3-cd)pyrene 75.0, 84.1, 87.9, 78.9, 95.2 84.2+7.9
Dibenz(a,h)anthracene 78.5, 84.7, 82.8, 82.3, 89.9 83.6+4.2
Benzo(g,h,i)perylene 73.1, 83.9, 88.0, 80.4, 87.8 82.6+6.2

*SD : standard deviation
**Spiked concentration is 100.0 pg/kg.

= 1.78~4.68% 301U tH(Table 6). «1714 A=
= E3FEAS AU ANEE B4 = (Cawst
A71eA] 22 ABE B4E TE (Cote 2}01011
E HA7bsE (Ce A MEEzA YeR L

H, AdEE 43 JUEFHZH% RSD)E 74]
2HsHA T

32 ARREAY =22 PAHs 2¥E
12670 €] A& FE3F] GC-MSD SIM)E 4 &F
2438 A= Table 72+ 23T naphthaleneJ
= 0.12~3.98 pglkg FFOZ2 AEH ﬂuorene——
271 E~0.38 ngkg, anthracene> &7 §~0 12 pglkg,

i=)

phenanthrene2 &7 £~0.88 ug/kg, fluoranthene> &
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Table 6. Accuracy and precision for 16 PAHs analysis in seafood (n=5)
Cingeners Estimated Conc. Accuracy Precision
(ng/kg) (%) (%)
Naphthalene 4.81, 5.10, 4.96, 4.74, 4.73 97.4 3.20
Acenaphthylene 4.54, 4.84, 4.59, 4.56, 5.02 94.2 4.48
Acenaphthene 4.84, 5.10, 4.91, 4.79, 4.84 97.8 2.50
Fluorene 5.07, 5.37, 4.98, 4.78, 4.82 100.0 4.75
Phenanthrene 5.05, 5.19, 5.07, 5.17, 4.92 101.6 2.15
Anthracene 4.64,4.90, 474, 4.54, 4.65 94.0 2.89
Fluoranthene 4.90, 5.05, 4.76, 4.83, 4.72 97.0 2.67
Pyrene 5.07, 4.84, 4.88, 4.95, 4.95 98.8 1.78
Benz(a)anthracene 4.88, 4.71, 4.69, 4.76, 4.87 95.6 1.82
Chrysene 4.96, 4.71, 4.81, 4.77, 4.97 96.8 2.40
Benzo(k)fluoranthene 4.80, 5.05, 5.01, 4.83, 5.08 99.0 2.63
Benzo(b)fluoranthene 4.98, 5.04, 5.13, 5.00, 4.75 99.6 2.78
Benzo(a)pyrene 5.06, 5.10, 4.68, 4.58, 4.87 97.2 4.68
Indeno(1,2,3-cd)pyrene 4.89, 5.05, 5.09, 4.86, 5.21 100.4 291
Dibenz(a,h)anthracene 5.12, 5.08, 4.79, 5.07, 4.92 100.0 2.75
Benzo(g,h,i)perylene 4.717, 5.03, 5.09, 4.95, 4.81 98.6 2.85
Table 7. Contaminated PAHs level (ug/kg) in seafood
Seafood NA ACL AC FL AN PHE FA PY BaA CRY BkF BbF BaP IcdP DahA BghiP TOTAL
oyster 0.28 N.D.*N.D. N.D. 0.01 0.23 0.11 0.25 0.29 1.33 096 2.02 0.57 N.D. N.D. N.D. 6.04
anchovy 3.15 N.D. N.D. 031 0.03 0.33 N.D. N.D. 0.05 1.11 N.D. N.D. N.D. N.D. N.D. N.D. 498
slice of rock fish  3.98 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 3.98
flounder 1.99 N.D. N.D. 0.09 0.01 0.31 0.01 0.08 0.22 0.67 N.D. N.D. N.D. N.D. N.D. N.D. 3.34
gizzard shad 1.40 N.D. N.D. 0.38 0.12 0.88 0.01 0.01 0.01 0.02 N.D. N.D. N.D. N.D. N.D. N.D. 2.82
manila clam 0.86 N.D. 0.16 0.29 0.05 0.41 042 0.16 0.05 0.09 N.D. 0.07 0.04 0.06 N.D. N.D. 2.65
chub mackerel 1.88 N.D. N.D. 0.13 0.04 0.24 0.02 0.07 0.07 0.08 N.D. N.D. N.D. N.D. N.D. N.D. 252
hairtail 2.06 N.D. N.D. 0.16 0.02 0.26 0.00 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 249
eel 2.18 N.D. N.D. N.D. N.D. 0.10 0.01 0.18 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 2.46
shellfish 0.26 N.D. N.D. N.D. 0.01 0.23 0.07 0.16 0.22 0.54 N.D. N.D. N.D. N.D. N.D. N.D. 1.49
greenling 0.44 N.D. N.D. 0.11 0.01 0.24 0.02 0.12 0.06 0.10 N.D. N.D. N.D. N.D. N.D. N.D. 1.09
mackerel 0.68 N.D. N.D. 0.13 N.D. 0.27 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 1.08
conch 0.36 N.D. N.D. N.D. 0.01 0.19 0.02 0.12 0.06 0.15 N.D. N.D. N.D. N.D. N.D. N.D. 0.90
gastropod 0.22 N.D. N.D. N.D. 0.02 0.24 0.02 0.12 0.12 0.09 N.D. N.D. N.D. N.D. N.D. N.D. 0.82
yellow corbina 0.58 N.D. N.D. 0.06 N.D. 0.08 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.73
sea mussel 0.21 N.D. N.D. 0.0l 0.01 0.16 0.01 0.09 0.06 0.15 N.D. N.D. N.D. N.D. N.D. N.D. 0.70
large-eyed herring 0.60 N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.01 0.09 N.D. N.D. N.D. N.D. N.D. N.D. 0.70
rock fish 0.33 N.D. N.D. 0.06 N.D. 0.14 0.01 0.05 0.04 0.05 N.D. N.D. N.D. N.D. ND. N.D. 0.67
goby 0.48 N.D. N.D. 0.02 N.D. 0.12 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.62
whelk 0.39 N.D. N.D. 0.04 N.D. 0.05 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.48
blue crab 0.28 N.D. N.D. N.D. N.D. 0.07 N.D. N.D. N.D. 0.04 N.D. N.D. N.D. N.D. N.D. N.D. 0.40
abalone 0.24 N.D. N.D. 0.01 N.D. 0.08 N.D. 0.02 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.34
crayfish 0.24 N.D. N.D. 0.03 N.D. 0.05 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.32
sea cucumber 0.14 N.D. N.D. N.D. N.D. 0.07 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.21
flatfish 0.12 N.D. N.D. 0.01 N.D. 0.05 N.D. 0.02 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.19
fleshy prawn 0.12 N.D. N.D. 0.02 N.D. 0.03 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.17
squid 0.12 N.D. N.D. 0.02 N.D. 0.03 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.17

* N.D. : Not detected
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Fig. 1. Chromatogram of PAHs (9.39 min : Naphthalene, 13.11 min : Acenaphthylene, 13.57 min : Acenaphthene, 14.78
min : Fluorene, 17.05 min : Phenanthrene, 17.16 min : Anthracene, 19.92 min : Fluoranthene, 20.40 min : Phenanthrene-
d,o(ISTD), 20.44 min : Pyrene, 23.36 min : Benzo(a)anthracene, 23.46 min : Chrysene, 25.81 min : Benzo(b)fluoranthene,

25.86min : Benzo(k)fluoranthene, 26.48 min :
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: Indeno(1,2,3-cd)pyrene, 29.42 min :
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