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Abstract

In this study, various techniques for measurement and analysis of PAHs in the ambient air were verified in order
to select a more reliable method. Sampling and analysis of PAHs were done by the EPA TO-13a method. QA/QC
of the measurement was conducted to minimize errors in sampling and analyzing processes. The linearity of
calibration curve of the PAH standards was good (R?>0.99). Audit accuracy was evaluated using 5 internal
standards of PAHs (Naphthalene-dg, Acenaphthene-d o, Phenanthrene-d,,, Chrysene-d,,, Perylene-d;,). Relative
standard deviations of the internal standard of the PAHs were ranged from 6.22% for acenaphthene-dq to 8.11%
for chrysene-d,,. To evaluate the surrogate recoveries, two field surrogate standards of PAHs (fluoranthene-d g,
benzo(a)pyrene-d,,) and two extract surrogate standards of the PAHs (fluorene-d,y, pyrene-d,,) were spiked into all
samples before field sampling and sample extraction, respectively. Recoveries of field the surrogate standards
ranged from 80.4+12.2% for fluoranthene-d,, to 66.2 +12.8% for benzo(a)pyrene-d,,. Extraction recoveries of the
surrogate standards ranged from 70.4310.2% for fluorene-d,, to 77.6 +10.8% for pyrene-d,,. The detection limit
of benzo(a)pyrene among 16 PAHs standards for quantitation was 20 pg.
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Table 1. Summary of PAHs sampling methods.
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Collection material

Method list TO-13A This study
Quartz Fiber filter & XAD-2 resin, PUF Quartz Fiber filter & PUF
Collected particle Size TSP TSP, PM, 5
0.09 (PM, 5) m*/min

Sampled air volume 0.22 m*/min greater than 300 m*

0.22(TSP) m*/min
(PM, 5)120~ (TSP) 340 m?

Filter-baking 5 hr at 400°C
Sample

pre-extraction

XAD-2-16 hr Soxhlet extraction with DCM
PUF-16 hr Soxhlet extraction with Aceton

Filter-baking 5 hr at 500°C
PUF-24 hr Soxhlet extraction with Aceton
and 24 hr Soxhlet extraction with Hexane

Filter+XAD-2(or PUF)
18 hr Soxhlet extraction with
10% diethyl ether in hexane

Sample extraction

PUF-using ASE"

25 min extraction with 10% diethyl ether in hexane
Filter-using ultrasonic

2times 15 min extraction with DCM and

2times 15 min extraction with MeOH

Analysis GC/MS (scan)

GC/MS (SIM)

" Accelerated Sorbent Extractor
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Fig. 1. Schematic diagram of sample extraction and pretreatment.
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Table 2. Comparison of extraction condition for each
individual extraction methods.

Item Variables Extraction conditions
Extraction solvent lgl?;ﬁi;thyl ether/
Temperature (°C) 100°C
Pressure 1,500 psi
Heat up time 5 min

ASE Static time 5 min
Flush volume 60%

Purge time 100 sec
Total extraction time 12 min
Total solvent volume  30mL
Processor JAC 4020 (Jinwoo Corp.,
Korea)
Net power out put 620 W
Frequency AC 220 V/60 Hz
Somica ([L“ie\‘;jf‘g) 300 X 600 X 400

-tion 2 times 15 min extraction

Extration time “flth DCM . R
2times 15 min extraction
with MeOH
Solvent volume Total 120 mL (DCM-60 mL,
MeOH-60 mL)

ol A8 Abe]FE] A9 Fol whE Ay
wal2 218 Ad} oF 92L/ming] §-akllr] At
73] 2.5um= s Aoz veh} Jbg 4%
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A (Quartz fiber filter, Whatman)E AF8-3}¢] 11, 7}~
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PUF (Polyurethane Foam, URG)E A}-£-3}it} PAHs
AR EHE AT MRS AR dAF A9 F
A2 7t (PURE 27 es I3 16 el
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ZF%7] (Accelerated Solvent Extractor, Dionex Co.)=
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Table 3. Analytical conditions of GC/MSD.

Variables GC/MSD conditions
Instrument  GC/MSD (Shimadzu GC/MS-QP5050) SIM Mode
Column DB-35MS 30 m X 0.25mm ID, 0.25 pm

Helium, 0.8 mL/min

Carrier gas  100°C for 3 min
100~200°C at 10°C/min
200°C for 5 min
Oven 200~320°C at 15°C/min
320°C for 30 min
. 320°C, splitless
Injector o
Injection Volume-1 pL
Start time  End time Primary ion
6.01 10.00 136, 128
10.01 17.00 152, 154, 164, 176, 166
Detector 17.01 20.00 188, 178
20.01 26.00 202,212
26.01 29.50 228, 240
29.51 36.00 252,264
36.01 56.00 276,278

9] =83} 22 (Sonics-JAC 4020, Jinwoo Co.)-& gt
5 ofahsel Abgsleh 2t 220 Alae ImL
2 FE 35 T AL WEEFEH (Intermnal stan-
dard) 5% (Naphthalene-dg, Acenaphthene-d,,, Phenan-
threne-d,o, Chrysene-d,,, Perylene-d,,, Supelco Co.)&
Fsherh
/\]E_E/‘ﬂ, ° YRz F (Internal standard method)
AL-2-3le] GC/MSD SIM (selected ion monitoring)
2= $A3Ige ofd o] At 7k (Carrier gas)E
HAE-e A3, 0.8 mL/mine 2 F3lgdc) 5
A F (Injecton)?} 7 &7) (Detecor) 5= 320°Ce}
300°Cz AAstd L, A2 B 23 (split-
less)©o.2 Alg 1uL¥ 254559 7] (Shimadzu,
AOC-20i/208)E o] &3}l Fddlyr) &= =21
L Zevtr e Fis-S 7t Fz 100°C
G 337 AT F B 10°CH 2000071 A
AlA 582F fAEEE, A B 15°Ce) == F
22wl 320°C7HA] AFsA1A 3087 §Ask e
AR & & B 568 Ax A9 EgH TICY
scan mode°ﬂ/\1 PAH 257) EAe] Agk ~9=xlg
Qs seld Mg AmeddN 7P Bwst
7Fat o] 1708 AAste] SIM modez ¥4 ¥ A
23t el SIM mode¥-4] ], Scan modeol| 4] &2l X
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Table 4. List of characteristic ions for analytical PAHs.

WS

A(PAHs)S] &4 - B4 Af= 3o #¢ 12 519

Compound name Type Primary ion Secondary ion Retention time (min)
1 Naphthalene-d, ISTD 136 68, 137 7.763
2 Naphthalene Target 128 129,127 7.827
3 Acenaphthylene Target 152 151,153 12.637
4 Acenaphthene-d ISTD 164 162, 165 12.947
5 Acenaphthene Target 154 153,152 13.057
6 Fluorene-d,, ESS 176 88, 177 14.623
7 Fluorene Target 166 165, 167 14.727
8 Phenanthrene-d,, ISTD 188 94, 189 19.585
9 Phenanthrene Target 178 179, 176 19.746
10 Anthracene Target 178 179, 176 19.883
11 Fluoranthene-d, FSS 212 106,213 23.833
12 Fluoranthene Target 202 101,203 23.893
13 Pyrene-d,, ESS 212 106,213 24.573
14 Pyrene Target 202 101, 203 24.633
15 Benzo(a)anthracene Target 228 229,226 27.667
16 Chrysene-d,, ISTD 240 120, 241 27.773
17 Chrysene Target 228 226,229 27.864
18 Benzo(k)fluoranthene Target 252 253,126 31412
19 Benzo(b)fluoranthene Target 252 253,126 31.507
20 Benzo(a)pyrene-d,, FSS 264 132,265 33.123
21 Benzo(a)pyrene Target 252 253, 126 33.263
22 Perylene-d,, ISTD 264 260, 265 33.673
23 Dibenzo(a,h)anthracene Target 278 139,279 10.327
24 Benzo(g, h, i)perylene Target 276 138,277 40.368
25 Indeno(1, 2, 3-cd)pyrene Target 276 138,227 43.113

ISTD: Internal standard (5%-); FSS: Field surrogate standard (2%); ESS: Extraction surrogate standard (2%); EPA TO-13A Second Edition p. 50~ 51.

PAHs 257 &2} YdxpaaFo]2 (primary ion)g 7}
239) RFoleoz Hyshd AdTos g
S RAE BN T P02 vl 7

AW 72 oo Aalkel Aoz st

B Aol AMeEl 2FE2-2 FEPA 610 PAH Mix
(Supelco Co., USAYE A14-3l913, 2FEAL 6%H
=S4l Qe sk w0 Y 25
A 2= 1}z=ehal (Naphthalene-dg), o4 vhZEl(Ace-
naphthene-d, ), ¢+ E 2 (Phenanthrene-d, ), Z2}o] Al
(Chrysene-d,,), ] @l (Perylene-d,,) (Supelco Co.,
USAYE AH£3i3ieh. ol 7k PAHs 435 o
™ RE2] 7} (Retention time)3 Q2P aFol2. Wl o]}
Agoloz NHY o8 = 4o Askeln.

I ETE

PAHsE= A97] Foll FdeiabA 2=z glo
o 97 F ARY F=e AEsEd oA

BRI FoH BAT BAo) BB HEY 7}
$Ael FAS, YA F Aok % AR 2
&8 5ol ol R FEE A2A)7 oI,
aheha Age) BAT Aok W 2AFE] Helu )
2ogel A 29Am sepiy, A=AARH)
24 2 A 4% Bk AAEFEAL o8
g7k AFVASA, AR BB 5
o) Wy A= shodch

3.1 ﬁc‘»ﬂkl Eij}

PAHs¢] %FEA-2 Supelcorl2] EPA 610 PAHs
MixE AMg3slgl o o7]e] PAHs 167}%] B4 e]
SF 100~2000 pg/mLe) ¥ EFFeolct. B
£ mFEA o|9e YA EFEA (surrogate stan-
dards)& F8te] AaAFAAF F2349 35
& st g s AT dANA=E
&2 (Field surrogate standards) 22 (Fluoranthene-d,,,
Benzo(a)pyrene-d,,, Supelco Co)3 AF & F& 3}
Aol M) 3598 Hels A% FEAARFEHL(Ex-
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Fig. 2. Examples of calibration curve for PAHs.
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Table 5. Summary of blank test for PAHs.

o4 - a1

Compounds name

PUF field blank (n=16)

Filter field blank (n=16)

ng/mL Yng/m® ug/mL Dng/m?
1 Naphthalene 0.1232 0.38 0.0095 0.03
2 Acenaphthylene 0.0206 0.06 N.D N.D
3 Acenaphthene 0.0558 0.17 N.D N.D
4 Fluorene 0.0938 0.29 0.0047 0.0t
5 Phenanthrene 0.3258 1.00 0.0166 0.05
6 Anthracene 0.0069 0.02 0.0080 0.03
7 Fluoranthene 0.0106 0.03 0.0740 0.23
8 Pyrene 0.0150 0.05 0.0051 0.02
9 Benzo(a)anthracene N.D N.D 0.0035 0.01
10 Chrysene N.D ND 0.0030 0.01
11 Benzo(k)fluoranthene N.D N.D 0.0124 0.04
12 Benzo(b)fluoranthene N.D N.D 0.0266 0.08
13 Benzo(a)pyrene N.D N.D N.D N.D
14 Dibenzo(a, h)anthracene N.D N.D N.D N.D
15 Benzo(g, h, i)perylene N.D N.D N.D N.D
16 Indeno(1, 2, 3-cd)pyrene N.D N.D N.D N.D
" Field blank for concentration unit was estimated on the assumption of 325 m® of air sampling.
N.D: Not Detection
Table 6. Summary of analytical precision of GC/MSD for PAHs.
Name Naphthalene-dg Acenaphthene-d,, Phenanthrene-d,q Chrysene-d;, Perylene-d,,
1 46014 19571 165044 83933 54388
2 38258 16289 134840 66910 45620
3 38977 17641 143938 72272 50351
4 40033 18051 149828 76651 54588
5 37775 17187 138821 72840 52866
6 37882 17295 138469 69663 53708
Average 39823.17 17672.33 145156.67 73711.50 51920.17
SD 3146.40 1099.17 11046.37 5976.66 3448.27
RSD (%) 7.90 6.22 7.61 8.11 6.64

F5% A& B & ANk YA PAHsS] A5
WAz 2~3709 AwA LAAE e
(Naphthalene), Z3 2.9l (Fluorene) S-o] vjzf H&5]
R, WAz 4~5709) 8} BAolME wlz(a)

¢tE 2l (Benzo(a)anthracene), Hl

F(b)EF oA

(Benzo(b)fluoranthene) 0] v|gF 7 &= 9o}t 7}AAF
PAHs®] 7%, wiAdlze] 2~37) EAQ J=ekadl
(Naphthalene), #19}+= % (Phenanthrene) S-o] 7 &3
91} Nedim Vardar (2004) S| 9Js] ®R31¥ ezl 7}
2AF PAHs A3 & PUFS] A& 37} A3} PAHs
AA e 10% oo 22 3 7Hde 972
Sob gAgE & + AN =T TAYAA A5
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Table 7. Summary of duplicate analysis and method de-
tection limit of GC/MSD for PAHs.

Compounds name arll)al;SiIiZ?t‘;y) MDL (pg)
1 Naphthalene 9.5 1.51
2 Acenaphthylene 1.7 1.12
3 Acenaphthene 5.8 6.42
4 Fluorene 2.7 30.13
5 Phenanthrene 3.0 13.86
6 Anthracene 4.9 21.35
7 Fluoranthene 8.3 26.31
8 Pyrene 10.3 13.56
9 Benzo(a)anthracene 20.8 16.59
10 Chrysene 21.3 14.01
11 Benzo(k)fluoranthene 28.0 4.95
12 Benzo(b)fluoranthene 30.4 33.67
13 Benzo(a)pyrene 27.3 21.61
14 Dibenzo(a, h)anthracene 37.6 18.13
15 Benzo(g, h, i)perylene 30.2 38.74
16 Indeno(1, 2, 3-cd)pyrene 25.1 9.19

Method Detection limit (MDL)=S.D x t(n—1, 0.99)

Table 8. Summary of recovery test for ambient sample.
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STD material SS type Sampling type n Recovery test (%) Avg. SD RSD (%)
Fluoranthene-d,q FSS Gaseous 8 80.4 0.804 0.122 15.22
Benzo(a)pyrene-d,, FSS Gaseous 8 66.2 0.662 0.128 19.39

Particulate 24 70.4 0.704 0.102 14.52
Fluorene-d,o ESS Gaseous 2% 70.0 0.700 0.231 25.63
Particulate 24 77.6 0.776 0.108 13.89
Pyrene-dyo ESS Gaseous 24 783 0.783 0.140 17.93

FSS: Field surrogate standard; ESS: Extraction surrogate standard
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