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The present study describes an analytical method for the quantification of polynuclear
aromatic hydrocarbons (PAHSs) in sea sediments by gas chromatography - mass spectrometry
(GC/MS) with use of deuterium labeled analogues as internal standards. PAHs are extracted
twice from 10 g samples of the sediments with 50 ml. methylene chloride using ultrasonic
agitation for 20 min. The extracts are purified with a 2 g silica-cartridge to remove polar
interferences. The purified extracts are analyzed by GC/MS using both selected ion monitoring
(SIM) for quantification of PAHs and partial scan mode for qualification of PAHs. The overall

recovery vielde of PAHe are ahove 0% 1nder these exnerimental conditions
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Tabie 1. Four selected ion groups used in SIM mode.

5.0 min -~ 80 min
naphtalene (m/z 128),

nanhthalene-ds (m/z 138)

dapiadianChicT UG8 UV Z 130/

Group 1.

8.0 min - 13.5 min

acenaphtylene (m/z 152),

acenaphtyne (m/z 154),
fluorene (m/z 166) and
acenaphtyne-dio (m/z 164)

{onlr 17Q)
anthracene {(m/z 178)

phenanthracene (m/z 178) and

—_ QOY
phenanthracene-dis (m/z 188)

135 min - 22.0 min
fluoranthene- and pyrene (m/z 202),
benzo[alanthracene and

chrysene (m/z 228),

chrysene-diz (m/z 240)

~ 4 220 min - 300 min

Group 4. 22.0 min - 300 min
benzo[alfluoranthene,
benzolkifluoranthene,

benzolelpyrene,

benzolalpyrene and perviene (m/z 2 252),

and perylene—diz (m/z 264),

indeno(1,2,3-cd)pyrene and

benzo(g,h,i)perylene (m/z 276),

dibenz(ah)anthracene (m/z 278)
Molecular ions, m/z values, were used in selected ion
monitoring (SIM) mode.

Group 2.

Group 3.
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Fig. 1. Total ion chromatograms of each 20 ng of
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Identify : 1) naphthalene 2) acenaphthylene
3) acenaphthene 4) florene
5) anthracene 6) phenanthracene
7) fluoranthene 8) pyrene
9) benzolalanthracene 10) chrysene
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16) indeno(1,2,3-cd)pyrene
17) dibenzo(gh)anthracene
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Table 2. Retention times (RT) and mass spectral

Al nven b et o A ~f DATTS
CRaracey lbLll_, lullb UL T AALlS.

Compound RT(min) MW. Characteristic lon(m/z, %)
1. naphthatlene 578 128 1280100
IS naphthatlene-ds 5T 136 136(100) 108(12)
2. acenaphtylene 335 152 152(100) 76(14)
3. acenaphthene 9.17 154 154(100) 153(85) 76(31)
IS acenaphthene-dio 9.14 164 164(100) 162(78) 132(12)
14. fluorene 1013 166 166(100) 165(75) 82(22)
5. anthracene 1183 178 178(100) 176(12) 83(11)
" 6. phenanthracene 1193 178 178(100) 176(12) 89(11)
IS phenanthracene-dy 1184 188 183(100) 160(20)
7. fluoranthene 143 202 202(100) 101(22) 200(15)
8. pyrene 1488 202 202(100) 101(21) 200014)
9. benzolalanthracene 1873 28 228(100) 114(20) 224(19)
10. chrysene 188 228 228(100) 226(24) 113(14)
IS crysene-dy 187 240 240(200) 120(30)
11. benzo[blfluoranthene 2342 %2 252(100) 250(22) 126(13)
12. benzolklfluoranthene 2352 252 252(100) 126(28) 250(20)
13. benzolelpyrene 2446 252 252(100) 126(25) 250(23)
14. benzolalpyrene 160 252 252(100) 126(23) 250(22)
15. perylene 2481 252 252(100) 126(24) 250(24)
IS perylene-d; 2474 4 264(100) 262(25)
16. inden(1,23-cdpyrene 2817 216 276(100) 138(33) 274(18)
17. dibenz(ah)anthracene 2834 218 278(100) 135(28)
18 benzo(ghilerylene 2899 276 276(100) 138(32) 2742D)

MW.: molecular weight, ( ):
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Table 3. Detection limits of 18 PAHs obtained

vrnth M NAC arnne s oA SQTRAA
WIlh WL —ivid~8SCail MoGeE anda —oiivi

mode at signal to noise ratio 5.

Compound scan(ng) SIM(pg) RRF
1. naphthatlene . 05 73 0.76
2. acenaphtylene 0.5 75 0.53
3. acenaphthene 05 7.2 0.61
4, fluorene 0.6 89 0.48
5. anthracene 0.2 6.7 1.01
6. phenanthracene 0.2 74 1.10
7. fluoranthene 03 8.8 0.87
8. pyrene - 0.3 94 0.79
9. benzolalanthracene 05 165 0.48
10. chrysene 04 168 049
11. benzo[blfluoranthene 06 315 0.37
12. benzol[klfluoranthene 04 331 0.35
13. benzolelpyrene 05 455 0.19

14. benzolalpyrene ’ 0.5 46.0 0.18

15. perylene 04 412 0.20

16. inden(1,2,3-cd)pyrene 16 97.6 0.028
17. dibenz(ah)anthracene 2.3 1129 0.007
18. benzo(g,h,i)perylene 1.7 92.5 0.031

Relative response factors (RRFs) were calculated by

the peak area of 10 ng of each PAH into the peak

area of 10 ng of anthracene-dy using GC-MS-partial

scan mode.

RRF = (concentration of each standard PAH /
concentration of anthracene—dio) x (area of

AT

anthracene—dio / area of each stdandard PAH)

2 Yeind, =3 dEdAEe Fd8 NEY &

whalof whehA
; B AR o2 oF
02 - 23 ng A=A, LIFF 1 6 NE Ze=

indeno(1,2,3-cd)pyrene, dibenzo(ah)anthracene 2

benzo(g hi) perylreneE° = =5
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A TIC-A: extract from sediment without copper treatment
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TIC-B: extract from sediment after copper treatnent
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Fig. 2. Total ion chromatograms obtained from
sediment extracts without copper treatment
(A) and after copper freatment (B).
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Table 4. Recovery yields of PAHs in spiked
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2 a9 PEe S A4 A4 H98 A=

sandy samples by GC-MS-SIM mode. Hgste] 5eAe 7HASYL. Fig. 3& #A H
Compound recovery + rsd (%) A AMEE 2 ﬂﬁ THex 2 % A F
-~ FAl o 2]
2. acenaphtylene 937 £ 31 Ea#elth Fig. 3914 RXel, PAHF 935
o] H}alE 7 ¥ o) 7P &5 2 B ‘
3. acenaphthene %5 = 25 1 BeEd 3] FdA w2 2 R
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4. fluorene 945 £ 25 -
m/z 1283 m/z 136914 K%e¢], GC-MS-SIM
5. anthracene 9B7 £ 76 ey o
5 oh o 62 + 62 AMolA F 19 &3+ naphthalene® 7%
X t o T .
> Pnenaracene m/z 198 ©]€ A= E A 576mind L
7. fl th 944 + 77
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R o o AzufE A 572 mindl FEH 19, 1F
_+_
9. benzolalanthracene 1068 = 28 2¢] PAH% % phenanthracene®] m/z 178 O]%
10 chrysene 942 = 36 azelEagels ¥=g A2t 1183 minlH 3
11. benzolblfluoranthene 1136 + 53 2593 19 252 AF R FEEA
12. benzolklfluoranthene 943 = 49 phenanthracene-dio®] m/z 188 ©]& =ZZwlE
13. benzolelpyrene 9.2 £ 53 oA 11,79 minolA HAESH AT 18 3dAE
14. benzolalpyrene 1071 + 42 m/z 202 ol mEulE A fluora anthene
15. perylene 918 + 53 pyrene©] Ztz} 1878% 1881 minolA HEHUL
16. inden(1,2,3-cd)pyrene 1286 + 93 benzolalanthracene®} chrysene®] m/z 228 O]%
17. dibenz(a,h)anthracene 1182 = 58 azvlEadd ASHPD 29 YR ZFEA
18. benzo(g,h,i)perylene 1130 = 1.3 ¢l chrysene-di7b m/z 240 ©]& ABRvlE W
rsd: relative standard deviation A 1872 mindilA HEHUT. IF 44 m/z
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a-—-—.—l . S— ) ’ ,. - d ; ; ; - P
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Min T 6.08  7.00 E.op|Min _ii.08 __ 13.88 Min ___ 24.80 26.06 28.00
REALEEST 2613963 18 .72 378624
- 11,79 73
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Fig. 3. Typical SIM chromatograms of PAHs detected in

a real sediment sample.
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