Sl SR #2248 (A143) 242~250, 2019
Journal of Environmental Analysis, Health and Toxicology
DOL https:/doi.org/10.36278/jeaht.22.4.242

FHEtd = rClatuekEElsiA (PAHs) 2A8H XAIS 98 o7
DS . QE%?
e stell SR, 2ADKOTITN 8274

A study on Polycyclic Aromatic Hydrocarbons Analysis Presented
in the Residential Environment

Sang-Ho Ko!" and Tae-Sook Lim?

Environmental Measurement & Analysis Center, National Institute of Environmental Research Environmental,
Research Complex, Incheon 22689, Korea

2KOTITI Testing and Research institiute, Sagimakgol-ro, Jungwon-gu, seongnan-si, gyeonggi-do, 13202, Korea
Received September 17, 2019 / Revised December 3, 2019 / Accepted December 4, 2019

In this study, methods of extraction, purification, and instrumental analysis are validated for 16 types of poly-
cyclic aromatic hydrocarbons (PAHs) defined by the United States Environmental Protection Agency (US EPA),
to analyze their occurrence during cooking in residential environments. Accelerated solvent extraction (ASE),
which is more efficient than other extraction methods, are used and the recovery rate of gaseous samples (excluding
NaP) and particulate samples was 80-110% with a relative standard deviation (RSD) of 0.6-19.8%. The purification
method was compared with the column and the cartridge purification, with recovery rates of 80-110% and 60-
100%, respectively. Through this process, a high recovery rate of the 16 substances was confirmed by the column
purification method after ASE. The rate was 78-102% (RSD: 0.3-10%) for the gas samples and 73.7-101.7% (RSD:
0.7-20%) for particulate samples, respectively. The recovery rate of the analytical method used in this study was
66.6-80.2% (RSD: 4.7-8.3%) in the gas phase samples and 72.5-97% (RSD: 5.1-10.1%) in the particulate samples.
As a result, it seems reasonable to apply the analytical method proposed in this study to real sample analyses.
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E3}7] flsto] PAHs #5895 ARS8l #89)
[e]

+ Polynuclear Aromatic Hydrocarbons (Accustandard,
USA) £5191E AMgalsith. Selslan sk Bae o
719 AFHAE7IFE  ES 01505.1'"Y 2 US EPA(Y|=
SAAIM AT AN FEE] 1650lth 16
Zo TR BN 9 GOMSE ol gsigion, 7]
714 e Tefslel U olgsiRch vl
FFEH ARSE BTEZE T3 (Chemservice, USA)
2 Naphthalene-d8, Acenaphthene-d10, Phenanthrene-
d10, Chrysene-d12, Perylene-d120.2 3t kS A
Foll FYatsiet. &g, dAAe] SARl FE3 Al
o|27|7kA] AldWR e &S HESH] st
Fluorene d-103} Pyrene d-10S WA RF=2S A3}
ATk 7+ EZo] A HE= Table 10 YeRN ST

2.2 A EF 2y

NEE Y B4 73 B2 78 8] Als
AHE sReH, dAVY =48 ANFHE7] 1 Filter
(Whatman 47 mm)= 500°ColA 16417F o3 &= 31

, 7k 228 AFAS] 2181ed XAD-29K(Supelco,

USA) PUF(Puf material, Used in URG-2000-30PUF)
& A8 3H9Y. XAD-2& Dichloromethane(DCM)
(Wako, Japan)o.Z2 24A17F &5l &2 3192
PUFE= Acetone(Wako, Japan)© 2 24A|7F &9 —z,%
< 3t JIEEo e f71E5 AAS] PUF Aol
ol XAD-2 A& F3(&F 5g) T AR sIKith A18A
SRS 10Lmin® =2 607 T 600 LE E3Hith
(Fig. 1).
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o] AF AT JAPFS FilterS: o]-8-31900H, 71243
2 PUFE ol&3iith. iadat 71Ade= AFe 2
El9} PUFE ASEZ ol&3le] &3t el 217
B YA 22 ASE cell 10 mLel B F<r3kah
EFS 9o 358 FHAs) sk purel F3E
PAHs®] E2& F&317] $JalA ASE celloll F734F

EFES ¥ PUFE 30mL cellol] go} F=3k3th
ASE cellell OIAIEFEZS Yol 2] ZAelMe] g
TE&S HEstaA st

AAHS A7 A S5 29
ZA A vlw AAS 7Y sto] WEEFEES A
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Table 1. List of characteristic ions for target PAHs analysis

Chemical(Abb) Type Primary ion Secondary ion CAS No.
Naphthalene(NaP) STD 128 129, 127 91-20-3
Acenaphthylene(Acy) STD 152 151, 153 208-96-8
Acenaphthene(Ace) STD 152 153, 152 83-32-9
Fluorene(F1) STD 166 165, 167 166.22
Phenanthrene(Phe) STD 178 178, 176 85-01-8
Anthracene(Ant) STD 178 179, 176 120-12-7
Fluoranthene(Flu) STD 202 101, 203 206-44-0
Pyrene(Pyr) STD 202 101, 203 129-00-0
Benzo(a)anthracene(BaA) STD 228 229, 226 56-55-3
Chrysene(Chr) STD 228 226, 229 218-01-9
Benzo(b)fluoranthene(BbF) STD 252 253, 126 205-82-3
Benzo(k)fluoranthene(BkF) STD 252 253, 126 207-08-9
Benzo(a)pyrene(BaP) STD 252 253, 126 50-32-8
Indeno(1,2,3-cd)pyrene(InP) STD 278 138, 277 193-39-5
Dibenz(a,h)anthracene(DaA) STD 276 139, 279 53-70-3
Benzo(g,h,i)perylene(BghiP) STD 278 138, 277 191-24-2
Naphthalene-d8 ISTD 136 68, 137 1146-65-2
Acenaphthene-d10 ISTD 164 162, 165 15067-26-2
Phenanthrene-d10 ISTD 188 94, 189 1517-22-2
Chrysene-d12 ISTD 240 241 1719-03-5
Perylene-d12 ISTD 264 260, 265 1520-96-3
Fluorene d-10 SS 176 88, 177 81103-79-9
Pyrene d-10 SS 212 106, 213 1718-52-1

ISTD : Internal Standard, SS : Surrogate
KEE A o)A A& HE &1]E Pesteide Residue and Polychlorinated Biphenyl analysis 2% 2F5(1000) &S A}

&3t

Fig 1. Collection of sample material. (a) Fish, (b) Meat
Ao rtaazetEad AHEA7(GC/MS)E A 8t 23.1 7¥58EE

gdor, AxE WHS =238 sl thee] agoew PAHs & WHOoZe 259 FF, vlo]a=d 0|2
YeRAthFig. 2). =, 5 7=, €2 Uy Tl o, & AHY
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Pretreatment Method(PAHs)

—— Sampling LS

Filter, PUF&XAD-2

— Extract >

Using by ASE

——  Clean-up |—>

Comparison between silica gel clean-up method

(Column, SPE)

——  Analysis -

Using by GC/MS

Fig. 2. Flow chart of Pretreatment of PAHs.

Table 2. Extraction conditions of ASE

Variables Extraction conditions
Instrument Dionex 2000
Extraction solvent DCM
Temperature 100°C
ASE Pressure 2000 psi
Static time 7 min
Heating time 7 min
Purge time 100 sec

M 71E8mFS7] (Accelerated Solvent Extractor,
ASE)= Dionex(Dionex 200, USA)S A8}t ASE
FEe] o= B FEUW o] ARS-&le]
o] Hom, We FEAIF %

FZo Agd gul= DCMelH 19
=

AHAA WES US EPA Method 3630C' Y90 &
APHE AR sk A2l 7 (70~230 mesh, Merck)
QEA 130°CNA 16A17F o) & A ALE 3}
2, Ag7H 10 g2 DCMS o]8-3to] &ajg] A

Table 3. GC/MS conditions of PAHs

UHE & GAIZH(OD:28 mm, Length:137 mm)<
EQt}. 71327 A7A] A wHEelxl Az A9
o] Ao AREEE BulE o83t &43t A%
Pentane(JT, Canada) 40 mLe} DCM3} Pentane &3}
(V/V=4:6)30 mLS A 02 F94310] 2 mL/min <
T2 324 3t FHE A 2P 1659
PAHs ZTEZ 9 JAZTZEZS Hrisle] A A3
TE ERIEI old ARRE FEE ATE H ALE

=
%% 717} 20 pg, 100 peo] =S FAsigic.

[41:1
> 12 ol

ot

rr

2.3.3 7FE2]A|(SPE) 841

FIEZIX = Agilent AF] Bond Elut(HF Mega BE-
SI 5g, 20 mlyS AHE- sISATE 7HEEAIE o83 AA)
e gyEo A @47] wEel EPA Method
3630C] HARA WS 7Ivke g2 2718 dylslaa)
sich guje] E3lE 2 8&0] 42 AP ¢
3 4 Hlgel wE 35gn 8§59 gl e 3¢

&2 Vst

24 717|8M =A
PAHSE #41317] SlallA] 7= zZnfeE 1l ARk
71(GC/MS)E AHE- 31Tt GCE= Agilent 7890, MSE

Injection mode

300°C, splitless

Type DB-5ms (60 m x 0.25mm x 0.25 um)
GC Carrier gas  Helium 99.999%
Column . .
Flow(mL/min) 1 mL/min
Oven Temp.  120°C(3min)—8°C/min—240°C(0 min)—20°C/min—280°C(5min)—20°C/min—300°C(19min)
MS Ionization mode Electron lonization Positive Mode(EI+)

Ton source Temp. 170°C
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Agilent 5975C MSDE Ab&-3t3low A2 DB-
5ms(60 m x 0.25 mm x 0.25 um)S AR&3II ek 243k
71712712 Table 39| YeRJATH

3.1 ASE(Accelerated Solvent Extractor) FE0i|
mMe s+

ASE°] tiete] A Fees HESH] 918l Filterst
PUF&XAD-29] Ezo g— Zolglo] 22 T 34
< Rl FYE 8 Z'H’::E
%= 100 pg7t Eﬂﬂﬂ FZ3IAth(Fig. 3).
o] AFEE& Filterd] 7% A -
80%°17de] 3l&S vrERlnh gk 3yt
ANEFHAR= NaPS #9381 0.5~7.8%=
=5 B3tk NaPe] 7§ dHEsdapt A - alske
oA ZHz} 19.82%, 13.89%=2 WA 27} F 71Ql NaP
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Fig. 3. Recovery rates of ASE between different matrix;
(a) Filter, (b) XAD-2 and PUF.
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Fig. 4. Comparison of recovery rates by elution volume.
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a2 A EFN 2:3 oM Acys IGEA] 2ot
3200 M= 75.05% FTES HATH ETF Acees 2:390
A1 30mL ol’de] SEAIHS W 53.95% WHA 1:1004
£ 20mL £& A] 88.55%2] 34E&S R ol &
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Fig. 6. Recovery rates by combined polarities (DCM : pentane). (a) (V:V=2:3), (b) (V:V=5:5), (¢) (V:V=3:2), (d) Total
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N 0~35 mL
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Fig. 7. Recovery rates by elution volume.
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N{N-

TE 100pg WL F= 9 GAE e 7171%
A A}t Herst ek W Z¥7; 78~102%, 81~96%
9 e R AUEEHARE AsEolA NaP

(RSD:25%)& A 3FL 0.3~9.95%, ILFENE 2.0~
73%94 AUEZ Yepdth NaPe] 724 94 233
ZME 19%°] E= FAE JeSledl, AsE
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Fwolx ZF2b 74.57-96.13%, 73.7~101.7%= et
Utk AEEALE ATE 6.93~19.99%, L%
0.7~7.0% A& HATh NaP= AELolA HHeHA
HRie s BHE HeH, o—l—oﬂj"l% 41.9%, 23Th
BFHARE 40.95%2 BT PUFS] 739 Al va) 2
71¢l NaP, Acy, Ace 5 USEPAOIA] XMEP 3l
HA= 35% ©l3HAITHUSEPA, TO-l3A) Od%oﬂ/\ﬂ
= Acy, Ace 0| 75%7F ¥& 5% A4S g
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e 2 9 5SS Holy] Weow Alsd
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Fig. 8. Recovery rates by a combination of ASE and column
clean up ; (a) Filter, (b) XAD-2 and PUF.
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Table 4. Calibration parameters and LOQ

Caribration LOQ(ng/m?)

Compound name(Abb) Slope Intercept R? Filter XAD
Naphthalene(NaP) 3.867 —0.028 0.99961 0.97 34.26
Acenaphthylene(Acy) 1.325 0.005 0.99999 1.47 1.38
Acenaphthene(Ace) 1.343 0.006 1.00000 1.34 0.68
Fluorene(F1) 0.897 —0.001 0.99996 1.70 1.87
Phenanthrene(Phe) 1.232 0.013 0.99998 0.54 2.01
Anthracene(Ant) 0.750 0.000 0.99998 2.56 2.53
Fluoranthene(Flu) 1.433 0.000 0.99987 1.46 2.04
Pyrene(Pyr) 1.553 —-0.007 0.99992 1.74 1.77
Benzo(a)anthracene(BaA) 0.807 0.008 0.99993 0.71 2.39
Chrysene(Chr) 1.258 -0.010 0.99987 2.03 1.37
Benzo(b)fluoranthene(BbF) 1.650 -0.010 0.99988 3.04 2.60
Benzo(k)fluoranthene(BkF) 1.624 —-0.027 0.99975 1.35 2.63
Benzo(a)pyrene(BaP) 1.132 -0.012 0.99946 2.85 3.05
Indeno(1,2,3-cd)pyrene(InP) 1.199 -0.010 0.99994 1.17 3.20
Dibenz(a,h)anthracene(DaA) 1.334 —-0.024 0.99966 0.92 1.47
Benzo(g,h,i)perylene(BghiP) 1.549 —-0.015 0.99990 2.14 0.91

Table 5. Recovery rates and RSD of Surrogate
TO-13A Fluorene-d10 Pyrene-d10
Recovery(%) RSD(%) Recovery(%) RSD(%) Recovery(%) RSD(%)
Filter 72.48% 10.09% 96.77% 5.07%
60~120% below 30%
PUF&XAD-2 66.6% 8.31% 80.2% 4.7%

AP 7rdoll A 22k 72.48%(RSD:10. 09%), 66.60%
(RSD:8.31%)% YEFITE Pyrene-d102] 3482 UA}
A 7oA ZbzE 96.77%(RSD:5.07%), 80.20%
(RSD4.70%)% LERITH(Table 5). WAz 2~371=
TFAE EFLe Fgo] AfFo=w A vsgkor}
65% o]’ 3]+ JJr 10% wele] ojEFazs B
o] EPA TO-13ASIA A|Ae grach $5=319c).

4.4 B

H Ao AN 2] Foll HAI=E PAHs
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