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The purpose of this study was to establish national standard method of polycyclic aromatic hydrocarbons (PAHs)
in sediment. The samples were extracted using Soxhlet extraction or accelerated solvent extraction (ASE) and
injected with benzo[e]pyrene-d,, as a surrogate internal standard. Napthalene-dg, acenaphthene-d,,, phenanthrene-
d,, chrysene-d,,, Benzo(a)pyrene-d,,, Indeno(1,2,3-c,d)pyrene-d,, were used as internal cleanup standards. P-ter-
phenyl-d,, was injected as a recovery internal standard and analyzed using gas chromatograph-mass spectrometer
(GC-MS). An interlaboratory comparison study was conducted, in which the three selected participating laboratories
quantitatively analyzed several PAHs in certified sediment samples: IAEA-383, IAEA-417, IAEA-408, NIST-1944.
Internal quality control was conducted individually. The results reported for PAHs by the three laboratories were
acceptable, with a range of relative standard deviations (RSD) of 4.0-24.0% in IAEA-383(16.0 ng/g-290.0 ng/g).
Results obtained for the IJAEA-417 (150.0 ng/g-7,700.0 ng/g) and NIST-1944 samples (390.0 ng/g-9,700.0 ng/g)
were also found acceptable with a range of RSD of 5.4-27.9% and 2.4-25.3%, respectively. Although the results of
IAEA-408(3.3 ng/g-84.0 ng/g) were slightly higher than those of other RSDs, they were acceptable with a ranged of
2.5-38.7% at two of the laboratories. The limit of quantification of this method was found to be 0.003 mg/kg, and
recovery rates ranged from 50.0% to 120.0%. The RSD was less than 25%, and the accuracy ranged from 60.0%
to 135.0% in sediment.
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Table 1. Extraction conditions of accelerated solvent extraction

(ASE)
ASE Condition
Pressure (1500.0~2000.0) psi
Temperature  140.0°C
Heating time 7 min
Static time S min (after 5min pre-heat equilibration)
Cycle 2.0
Flush volume 60.0% of the cell volume
Purge time 120.0 s at 150.0 psi
Solvent Acetone : Hexane =1 : 1
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I Sediment |
Soxhlet extraction ASE extraction Injection of internal standard
(Acetone : Hexane, 1:1) (Acetone : Hexane, 1:1) (Benzo (e) pyrend-d;,) 200 ng
[ I

Concentration
(around 5 mL)

(florisil +silica gel ) multi (florisil +silica gel)
Cleanup Injection of Clean up internal standard 200 ng
(ﬂo,"s“ ‘silica gel ) or Florisil : 15 % Diethyl ether/n-Hexane 250 mL Injection of Clean up internal standard 200 ng
multi(silica gel+alumina)
Silica gel : Dichloromethane: Pentane(2:3) 250mL 50 % Dichloromethane/n-Hexane 250 mL

1

Concentration
(final 500 uL)

l

GC/MS

Injection of recovery internal standard 200 ng

Fig. 1. Flow chart of PAHs analysis in sediment

(@) 15 mm (b) © 15 mm
Anhydrous Na,SO, Anhydrous Na,SO, Anhydrous Na,SO,
Silicagel5g
300 mm 300 mm 300 mm
Florisil§ g Silica gel 6 g Anhydrous Na,SO,
Florisil5 g
Anhydrous Na,SO, _ Anhydrous Na,SO, Anhydrous Na,SO,
Glass wool Glass wool Glass wool
Fig. 2. Clean up columns ((a) florisil, (b) silica gel, (c) multi)
sttt Al EzEd tO5EE AA Alde & 23. W7 x| ¥ ASEEEE &Y
P, MM, REPIEFS A0 AU WHAEIAS 3FIAS 34 —6}71 EEEIEE

ZR%l] gz e g (1) 2500 mL AHE 7+ 7]1%@ 770€] Sea sand AlZ 16 3E-2] PAHsE
ste] BAEIATHEFIE. 1, 2). §&92 0.5m7HA 55 27 HUkete] dAE] § GC-MSE ﬁﬁ &t wgk
sto] HAXNH7ME WEEFEEY pHAEd,E Ao AUEE II] Sl 50ng/g3'/} 20.0 ng/

HNI
\I
ol

200.0ng A7+ ¥ GC-MSE EA &1tk Table 2, 3). g ZH2F 4l A 8ol H7beta, AAE & GC-MSE
WnlEA R e FYS H“ﬂ”_i A FE0e AT
o, A5 AAYAA 2 AAAES Fig. 13} Fig. 291 A tigk eSSt ] QISHETFER

=

=21sksto] YERAATE o ANEFEE UAZTZE=Z (surrogate)?] WE[e]]



A T uRhldsHsleae]

315

Table 2. Conditions of gas chromatograph-mass spectrometer

Parameter Condition
Column DB-5MS (60 m x 0.32 mm X 0.25 pum)
Carrier gas He (1.0 mL/min)

GC Injection type

Inject temp.

Splitless
290°C

Oven temp. 80°C (5 min) —~ 10.0°C/min — 300°C — 1.0°C/min — 310°C — 15.0°C/min — 325°C(7 min)
Energy of ionization 70 eV
Tonization Mode EI
MS  Mode of acquisition SIM
Transfer line Temp. 290°C
Source Temp. 290°C
Table 3. MRM conditions of mass spectrometer
No Compound RT %‘éim Relt:rfe?ce ISTD RT %‘éim R‘;f:e‘llce
1 Naphthalene 13.5  128.0 127.0  Naphthalene-dg 135 136.0 108.0
2 Acenaphthylene 17.6 152.0 151.0 18.0 164.0 162.0
3 Acenaphthene 18.1 154.0 153.0 Acenaphthene-d, 18.0 164.0 162.0
4 Fluorene 194 166.0 165.0 18.0  164.0 162.0
5 Phenanthrene 21.7  178.0 176.0 21.7 1870 187.0
6 Anthracene 219  178.0 176.0 217  187.0 187.0
Phenanthrene-d,,
7 Fluoranthene 24.6  202.0 200.0 21.7  187.0 187.0
8 Pyrene 252 202.0 200.0 21.7 187.0 187.0
9 Benzo[a]anthracene 28.1  228.0 226.0 28.1 240.0 236.0
10 Chrysene 282 228.0 226.0 28.1 240.0 236.0
Chrysene-d;,
11 Benzo[b]fluroanthene 312 252.0 250.0 28.1 240.0 236.0
12 Benzo[k]fluroanthene 313 2520 250.0 28.1  240.0 236.0
13 Benzo[a]pyrene 324 252.0 250.0 Benzo[a]pyrene-d,, 323 264.0 260.0
14 Indeno[1,2,3-cd]pyrene 369  276.0 277.0 36.8  288.0 289.0
15 Dibenzo[a,h]anthracene 37.0 278.0 139.0 Indeno[1,2,3-cd]pyrene-d;, 36.8 288.0 289.0
16 Benzo[ghi]perylene 38.0 276.0 277.0 36.8  288.0 289.0
17 Benzo[e]pyrene-d12 32.1  264.0 260.0 p-Terphenyl 25.6  244.0 245.0
d, S 200.0 ﬂﬂﬁ? 5 ASEZ FZ3lo] 379 7] 652 A8 WiEE=2e] 3482] Heleh dii
of wixE ? e HJHJ—%%?E@ AREEt] BA w5 8 47 LP%‘H -dg 7 70.0%, (50.0~118.0)%
% 7o 79 GC-MSE EA3Iith 9} 28.0%, oMHIVZRI-d,, B 73.0%, (50.0~ 116.0)%
S} 25.0%, FGEA-d, B 91.0% (59.0~120.0)%}
3. 41} 9l st 23.0%, A=t All-d,, Hit 99.0% (75.0~119.0)%2}F 10.0%,
W2 [ H-d,, Hd 79.0%, (50.0~113.0)%2} 28.0%,
3.1. Mx2| ZEAMe| S8 H| e [1,2,3-c,dPE-d, > Het 97.0%, (58.0~ 119.0)%
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Table 4. Recovery rate of sample extraction and cleanup process in the three laboratories
Internal standard Average (%)  Standard deviation (%) RSD (%) Min. (%) Max. (%)
Naphthalene-dg 70.0 20.0 28.0 50.0 118.0
Acenaphthene-d;, 73.0 19.0 25.0 50.0 116.0
Phenanthrene-d 91.0 21.0 23.0 59.0 120.0
Chrysene-d, 99.0 10.0 10.0 75.0 119.0
Benzo(a)pyrene-d;, 79.0 22.0 28.0 50.0 113.0
Indeno(1,2,3-cd)pyrene-d,, 97.0 21.0 22.0 58.0 119.0
Benzo(e)pyrene-d;, 95.0 10.0 10.0 79.0 118.0
Table 5. Method detection limit and limit of quantification of the three laboratories (n=7)
No. Analyte MDL (S) MDL (J) MDL (U) LOQ (S) LOQ (J) LOQ (U)
(ng/g-dw)  (ng/g-dw)  (ng/g-dw)  (ng/g-dw)  (ng/g-dw)  (ng/g-dw)
1 Naphthalene 0.2 1.8 0.7 0.6 5.8 23
2 Acenaphthylene 0.2 1.0 0.7 0.6 32 22
3 Acenaphthene 0.1 1.0 0.6 0.4 3.3 2.1
4 Fluorene 0.5 0.9 1.0 1.7 29 3.0
5 Phenanthrene 0.3 0.8 0.9 1.0 24 3.0
6 Anthracene 0.2 1.4 0.2 0.6 44 0.8
7 Fluoranthene 0.6 1.5 0.4 1.8 4.7 1.1
8 Pyrene 0.5 1.3 0.6 1.6 42 1.8
9 Benzo(a)anthracene 1.1 1.1 0.4 34 3.5 1.2
10 Chrysene 0.2 1.1 0.4 0.8 3.5 1.1
11 Benzo(b)fluoranthene 0.4 1.2 0.5 1.2 3.7 1.6
12 Benzo(k)fluoranthene 0.2 0.6 0.5 0.7 1.9 1.7
13 Benzo(a)pyrene 0.6 1.0 0.8 2.0 3.2 24
14 Indeno(1,2,3-CD)pyrene 0.6 0.8 0.4 1.9 2.5 1.2
15 Dibenzo(a,h)anthracene 0.8 1.2 0.3 2.7 4.0 1.1
16 Benzo(g,h,i)perylene 0.7 1.2 0.3 23 3.8 0.9
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Table 6. QC results of the three laboratories in different concentrations (5 ng/g, 20 ng/g)
No. Analyte Average (Low) RSDoflowlevel  Average (High) RSD of high
(ng/g-dw) (%) (ng/g-dw) level (%)
1 Naphthalene 4.9 20.0 18.3 16.0
2 Acenaphthylene 4.6 0.8 16.2 4.7
3 Acenaphthene 52 8.4 20.6 11.0
4 Fluorene 4.7 4.0 22.4 13.1
5 Phenanthrene 43 26.8 20.3 14.0
6 Anthracene 4.6 9.0 15.9 8.3
7 Fluoranthene 4.9 19.0 19.6 16.3
8 Pyrene 4.7 12.3 19.4 14.9
9 Benzo(a)anthracene 4.5 13.5 21.2 18.0
10 Chrysene 4.7 17.4 21.4 19.7
11 Benzo(b)fluoranthene 4.6 22.2 20.2 8.0
12 Benzo(k)fluoranthene 4.5 17.2 19.0 9.5
13 Benzo(a)pyrene 4.8 15.0 18.1 11.8
14 Indeno(1,2,3-CD)pyrene 52 17.9 18.0 20.7
15 Dibenzo(a,h)anthracene 53 17.0 18.8 14.9
16 Benzo(g,h,i)perylene 4.5 6.9 16.7 9.4
Table 7. Accuracy of the three laboratories in different CRMs (n=1 for one CRM)
Analyte TAEA-383 TAEA-417 TAEA-408 NIST-1944
Laboratory initials (n=3) S(%) J (%) U (%) S (%) J (%) U (%) S (%) U (%) S (%) J (%) U (%)
Naphthalene 870 760 1060 1190 770 119.0 8.0 1140 780 77.0 81.0
Acenaphthylene 90.0 77.0  120.0 - - - 138.0 119.0 - - -
Acenaphthene 130.0 80.0 117.0 97.0 79.0 118.0 118.0 113.0 8&9.0 77.0 117.0
Fluorene 113.0 8.0 117.0 99.0 77.0 119.0 132.0 109.0 80.0 77.0 118.0
Phenanthrene 88.0 78.0 100.0  99.0 75.0 1190 83.0 106.0 80.0 76.0 112.0
Anthracene 8.0 780 93.0 940 760 1190 106.0 111.0 88.0 76.0 112.0
Fluoranthene 83.0 80.0 1140 8.0 760 117.0 8.0 101.0 77.0 76.0 111.0
Pyrene 81.0 78.0 105.0 71.0 76.0 116.0 92.0 108.0 79.0 76.0 113.0
Benzo(a)anthracene 1150 76.0 111.0 102.0 81.0 1040 1220 111.0 83.0 78.0 103.0
Chrysene 99.0 760 1040 800 79.0 106.0 116.0 1050 83.0 75.0 110.0
Benzo(b)fluoranthene 82.0 78.0 85.0 60.0 80.0 77.0 85.0 74.0 64.0 80.0 75.0
Benzo(k)fluoranthene 870 900 760 600 880 8.0 600 780 610 81.0 79.0
Benzo(a)pyrene 98.0 77.0 1140 1120 800 70.0 99.0 103.0 113.0 78.0 75.0
Indeno(1,2,3-CD)pyrene 8.0 810 73.0 800 8.0 780 980 103.0 940 8.0 77.0
Dibenzo(a,h)anthracene 940 900 680 1060 81.0 690 1280 73.0 102.0 &7.0 71.0
Benzo(g,h,i)perylene 96.0 79.0 117.0 115.0 88.0 85.0 85.0 69.0
NIST-1944)1 thale] 7oA B9k 3= A3E  th IAEA-383 16.0 ng/g~290.0 ng/gol] thet 37 7|2
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