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Analytical Characteristics of GC/MS and HPLC
according to the Concentration Distribution of PAHs

Jwa-Ryung Hong - Kwang-Min Choi

Samsung Health Research Institute, Samsung Electronics Co. Ltd.

ABSTRACT

Objectives: The purpose of this study was to determine the best method to analyze PAHs at extremely low concentrations. To this
end, 16 PAHswere analyzed simultaneously by GC/MS, HPLC/FLD and HPLC/UVD, and the analytical characteristics of HPLC
and GC/MS were compared.

Methods: This study was conducted by GC/MS and HPLC/FLD/UVD, and evaluated linearity, precision and detection limit.
Standard solutions were prepared for 21 samples in the range of 0.00001~1.0 1g/mL and the samples were divided into four
groups. All samples were made in three sets and analysis was replicated seven times.

Results: Sixteen PAHs could be simultaneously separated by HPLC and GC/MS, and the adequate equipment was HPLC/FLD. The
retention times by HPLC were shorter than GC/MS, and HPLC had better separation for most PAHs than GC/MS. The peaks of
naphthalene and naphthalene-D8 partially overlapped for GC/MS. HPLC/FLD had a 20-2000 times lower limit of detection than
GC/MS and UVD. However FLD was not adequate for analyzing acenaphthylene because it has too low a fluorescence quantum
yield to be detected. The precision of HPLC/FLD/UVD and GC/MS showed less than 20% at 0.001 xg/mL PAHs and when the
concentration was higher, the coefficient of variation was decreased. HPLC/FLD was better for the overall detection of limits.
Conclusions: The results indicate that the HPLC/FLD method has good linear range, precision and a detection of limits from
0.00001~0.0001 pg/mL for all 16 PAHs. This study contributes to providing useful data for analysis technology and can be
applied to occupational exposure measurement for PAHs in workplaces.

Key words: PAHs, HPLC/FLD, HPLC/UVD, GC/MS
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Table 1. Molecular weight and structure about compound of PAHs

Compound CAS no. Formula Molecular weight Structure (I}/?(i(p:*
Naphthalene 91-20-3 CioHs 128.8 2B
Acenaphthylene 208-96-8 CHg 152.2 O‘O -
Acenaphthene 83-32-9 CiHyo 154.2 0.0 3
Fluorene 86-73-7 CisHyo 166.2 Q.O 3
N
Anthracene 120-12-7 CiaHio 178.2 3
Phenanthrene 85-01-8 CisHio 178.2 OO‘ 3
Pyrene 129-00-0 CigHio 202.3 O‘o‘ 3
Fluoranthene 206-44-0 CiHio 202.3 O‘% 3
Benz[a]anthracene 56-55-3 CisHiz 228.3 %O N 2B
=
Chrysene 218-01-9 CisHiz 228.3 i N O 2B
N
Benzo[b]fluoranthene 205-99-2 CyoHi2 252.3 0&0 2B
Benzo[k]fluoranthene 207-08-9 CaoHiz 2523 00.8 2B
@
Benzo[a]pyrene 50-32-8 CyHiz 252.3 OO‘O 1
Indeno[1,2,3-cd]pyrene 193-39-5 CpHiz 276.3 O 2B
|
S
Benzo[ghi]perylene 191-24-2 CpHi 276.3 ?Q‘ 3
Dibenz[a,h]anthracene 53-70-3 CpHis 278.4 ‘ 2A

“Group 1-carcinogenic to human; 2A-probably carcinogenic; 2B-possibly carcinogenic; 3-not classifiable as to carcinogenicity to

human(IARC Monographs, 2010)

0.25 um id)ZHE& A&
Ionization) mode& ©|-&
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Table 2. Conditions of GC/MS system

== 2z 2

GC/MS2} HPLCS| 244

Variables Conditions
GC GC(Agilent 7890A), MS(Agilent 5975C)
Column HP-5MS(60 mx0.25 mm, 0.25 um ID)
Oven 90C-10C/min(200C, 5 min hold) - 5C/min(250C, 5 min hold) - 5C/min(300C, 15 min hold)
Injection 1 10(Splitless mode)
Injector temp. 275C
Carrier gas He(99.999%)
Tonization mode EI(70 eV)
Ton source temp. 230C
MS Quad 150°C

TIC scan range 45~550(m/z)

£ Table 22} Zt}.

4. HPLC/FLD/UVD 24 Zt| & dhed
HPLCE AgilentAl2] 1260 Infinity LC system(USA)
AL, A7 FEHZE7I(UV/IVIS
absorbance detector, UVD)%} & 337 & 7](Fluorescence
detector, FLD)E ©]-&3}o] 4
wakgleh 28l 7hAl A
HE FZA|7FA] 254 nm
AE7= 458 Zo|7] ¢

A sl
Z} £ 9] o7 (Excitation) A1} Bl-Z(Emission) -

j_, HU U:lo||

Table 3. Conditions of HPLC system

Ao \j=245 nm/375 nm(naphthalene, acenaphthene,
fluorene), \,=260 nm /420 nm(antracene, fluoranthene),
As=254 nm/ 390 nm(pyrene, benzo[aJantracene, chrysene),
A=260 nm/ 420 nm(benzo[b]fluoranthene, benzo[k]fluoranthene,
benzo[a]pyyrene, dibenzo[a,h]anthracene, benzo[g,h,i]
perylene), As=293 nm/498 nm(indenol[1,2,3-c,d]pyrene)

2 gstect

HE7] 9 Aoy OlE*P(Mobile phase) 5 Th=

27_]._

BE FUsA A

74E~L__ 7]— %3__[_1

o] Bam=(Resolution)S SFAIA| 7] 7] 3l AgilentA}2]
PAH A& AH(C18-PAH column, 5 m x250 mm, 4.6
)2 AH2-3F ) Acetonitrilex}

=zaix=
oOIT T =

o|§5tol

Variables Conditions
Instrument HPLC(Agilent 1260)
UvVD 254 nm
13.5 min Al 245 nm/375 nm
14.8 min A2 260 nm/420 nm
Detector F LD ) )
(excitation 18.0 min A3 254 nm/390 nm
femission) 21.0 min M 260 nm/420 nm
28.0 min A5 293 nm/498 nm
Column Eclipse 4.5 x250 mm, 5 ¢m PAHs C18 column
0 min : 50% ACN
0.05 min : 85% ACN
Mobile condition 3 min : 50% ACN
(Gradient mode) 13 min : 85% ACN
15 min : 100% ACN
40 min : 100% ACN(Post time : 3 min)
Flow rate 1.0 mL/min
Injection volume 10wl
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9eE A& ](lelt of detection, LOD)= Compound Selected ion(m/z) RT(min)
o T= o z=o]
B7reraleh. A9 PAHs EEENS F115ho] Naphthalene 128, 102 8.96
doldl mae) 7} srd WA vz ol APl Acenaphthylene 152, 76 12.51
ogRE AMo ABAFR)E HESATE AY Acenaphthene 153, 76 13.01
TE 7z} 22549 Qe =Aof o3t ua A9 Fluorene 166, 83 14.62
Ayt & 2} (Relative standard deviation, RSD)Z 3 Phenanthrene 178, 152 18.81
Z¥ehgith AEAE 71717 A& 7Fs e P W Anthracene 178, 152 19.03
g BF8AS Bt A w5gfyt o]of tfsk gk Fluoranthene 202, 101 24.90
2719 A& 3] Al (Linear Regression Equation)d} ©] Pyrene 202, 101 26.02
319 WA A1 9] 3@ xK(Standard error, SE)E -5} Benzo(a)anthracene 228, 114 33.93
o AAFSFITHNIOSH, 1995). Chrysene 228, 113 34.21
HAE AJELX 0.00001~1.0 zgmL %= ®H<2]0] PAHs Benzo(b)fluoranthene 252, 126 40.56
T3 8N _4A4 o]—Oﬂ] 217H_,] A= X«"X]—‘S]._J“_T_ e Benzo(k)fluoranthene 252, 126 40.68
HE2 4 g0 2F0 7 o] gAE 319 3(Group Benzo(a)pyrene 252, 126 42.22
1: 0.00001~0.0001 gg/mL, Group 2: 0.0001~0.001 1g/mL, Indeno(1,2,3)pyrene 276, 138 49.14
Group 3: 0.001~0.1 pg/mL, Group 4: 0.1~1.0 gg/mL), Dibenz(a,h)anthracene 127, 139 49.37
E ABL 3 HER utSo] 73] BkE B Asch Benzo(g,h,i)perylene 276, 138 50.97
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Figure 1. GC/MS chromatogram of PAHs
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Figure 2. HPLC Chromatogram of 16 PAHs (a: FLD, b: UVD)
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Acetonitrile¥} Z/F429] H]L-E X435}l PAHs 16
Fo] B7 BAS Belohzt] % 4080 AR
o HE7) wE &4 23 Figure 29 Lt
UVD&} FLD H&7] ®5F 12 3]0y HEg Al
7ol A& 482 gl 22 5= MEA
FLD #lo] UVD WRe} & 2R 8 tehi 2
Q1514 t) FLDO| A= 165 &% = acenaphtylene
A| k=t acenaphthylene-> &3 <=1 ol
T2 S EE 7HA]7] "ol FLDE &A=
E7}53}o] UVDLY DAD(Diode Array Detector)
HMHS A A5} Q)T Williams et al., 1994). Chiu
al.(1997)= A 320 nm / 533 nm(ex/em) o] A] 20
ppm ©]A}+9] acenaphthylene-2> FLD=Z 1|3 SkQlo] 7[5
SChat Wt QAR 2 AT A ppb ola #2
of FABE PAHsO] tat 24| gEE Bt st
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A2700] hE 7w vag od 2AEs 24
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Table 5. Sensitivity comparison of FLD with UVD

S area® UHE gtoz gGrisigich S4dnioh 3
& atole AT & AFolA = &7l weEt =24
1508 7}A] =}po|7} WAISI =0, £3| acenaphthene
2 A&7 WE F=A7F 7HE %190 naphthalene,
fluorene, benzo(k)fluoranthene, benzo(a)pyrene= 20~
508} 7}2] FLD7} Z%=7} =kth(Table 5). Chen et al.
(1996)2- PAHs 22 E40]| 4] FLD7} UVDX.C} 20320
v A =7} =ohar 31990, Guilbault(1990)2] &
Lo A= FLD7} UVDXT} 100~10004] =2 7He= 7}
Zokal Husiglok HE7lo] vhe 548 w= el
ALE7] = A}ol= Table 59F At

Group 19] 5= += UVDYA HEE A &1, Group
benzo(a)anthracene,
chrysene, benzo(k)fluoranthene 50| ZHZE o] 0.95
ool MEAS U S8 Awsh we
acenaphthene2 Group 321 0.004 ug/mLo]3loA =
AEHA FUAN U 2] E852 Group 3, 404
HF HEE0] 0999 oo & AAAES Hlth

FLD+= Group 19] W32 52712 H&0] 7Fs8HA|qt
dibenz(a,h)antracene, benzo(g,h,i)perylene, indeno(1,2,3)-
pyrene 3%0] tha) ZHE7} Wekom, S5 benzo(gh,i)
peryleneX} dibenz(a,h)antracene-> UVDL} ZFE=x}o|7}

2= phenanthrene, antrathene,

Compound Group 1 : Group 2 Group 3t Group 4
Naphthalene - - 51.99 33.17
Acenaphthylene - - - -
Acenaphthene - - 134.95 158.60
Fluorene - - 20.38 20.55
Phenanthrene - 10.42 9.15 9.23
Anthracene - 2.11 4.80 5.20
Fluoranthene - - 3.29 3.39
Pyrene - - 15.26 14.52
Benzo(a)anthracene - 10.47 14.33 13.56
Chrysene - 11.35 9.79 9.55
Benzo(b)fluoranthene - - 12.26 9.71
Benzo(k)fluoranthene - 28.00 48.19 45.82
Benzo(a)pyrene - - 34.12 33.78
Indeno(1,2,3)pyrene - - 10.86 11.40
Dibenz(a,h)anthracene - - 1.36 1.31
Benzo(g,h,i)perylene - - 1.27 1.28

*0.00001~0.0001 xgmL, * 0.0001~0.001 pg/mL,
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Table 6. Detection limits of 16 priority PAHs using GC/MS and HPLC/FLD/UVD

Limit of Detection(zg/mL)

Compound

GC/MS HPLC/FLD HPLC/ UVD
Naphthalene 0.38 x 107 0.04 x 107 3.12 x 107
Acenaphthylene 2.60 x 107 - 2.34 x 107
Acenaphthene 8.09 x 107 0.03 x 107 33.85 x 107
Fluorene 19.75 x 107 0.03 x 107 1.79 x 107
Phenanthrene 298 x 107 0.04 x 107 0.43 x 107
Anthracene 7.70 x 107 0.02 x 107 0.82 x 107
Fluoranthene 2737 x 107 0.43 x 107 3.65 x 107
Pyrene 16.23 x 107 0.02 x 107 224 x 107
Benzo(a)anthracene 3.69 x 107 0.25 x 107 3.41 x 107
Chrysene 9.70 x 107 0.35 x 10° 2.60 x 107
Benzo(b)fluoranthene 3.52 x 107 0.28 x 107 3.54 x 107
Benzo(k)fluoranthene 1541 x 10° 0.03 x 107 4.04 x 10°
Benzo(a)pyrene 1.60 x 107 0.03 x 107 3.01 x 107
Indeno(1,2,3)pyrene 13.24 x 107 239 x 107 8.88 x 107
Dibenz(a,h)anthracene 1430 x 107 1.99 x 107 6.64 x 107
Benzo(g,h,i)perylene 48.43 x 107 220 x 107 2.50 x 107

A2l 1ich Group 18] ¥A|4= 0.940]%4, Group
2+ 0.990]4, Group 33} 45 0.9990]4F9] =2 AMt
AaE e ek

4= F7tol A FLDS ARE-3E 7% Group 12
2.37~17.42%, Group 2+ 1.60~13.11%, Group 3+
0.85~8.70%, Group 40| A= 0.43~2.2 4%9] W 9|& W
ot UVDZ #4512 i, Group 2094
phenanthrene, anthracene, benzo(a)anthracene, chrysene,
benzo(k)- fluorantheneWt HEE| UL 8.38~12.97%2]
HEATE YEFIE Group 3-2 3.54~11.49%, Group
4= 0.85~6.60%2 s Eds HHRE Ao ok ¥
F Fo] Agton, e FE=HolA UVDEL:
FLD2] WHolA4=7} ZFkth Chiu et al.(1997)9] A2
ol A= HPLC/FLDE EA19S ] 4.9~10.5%2] A
=5 YeY 1L GCITD+ 3.2~12.3%9] HE5Z=S 712
TRl BAISHG T EPAC A= AU 2] 3ol 30%
O[S fAFHES Awsti glov], B e Hu
2k 20% ollE FEF 4% Ao wehEc
(EPA, 1999).

fu

3. GC/MS&} HPLC/FLD/UVD H|
v 1 thal B4 A % HPLC/FLD7} 7]7) 453t
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A7F 7H w@ekon], GC/MSQ} HPLC/UVD= EZut
ot ZE7t =31 2Sof Zpo]z) 9l 21} naphthalenex}
acenaphthene2 A 9J5}32 HPLC/UVD7} B4 &7}
o =g

Chiu et al.(1997)%= 162 PAHso| tjat HPLC/UVD,
HPLC/FLDS} GC/ITD®] M| o4 UVD:=
0.03~1.54 ng, FLD+= 0.8~6.0 pg(acenaphthylene A £J),
ITD+= 5~25 pgo AETA & Uetl o] FLD7}
7 & A=E yehdokal 2ashgity PAHs S
FHAYEL ] digh wizHd wjZo] HPLC/FLD7}
GC/MSHT} oF 10008} H = e HE3AE vehd
CHHu et al.,, 2006). Crete et al.(2004)= chrysene=-
GC/MS&} HPLC/FLDZ EA3S o FLD7} GC/MS
Hop 13 vt wrkar sk, & Aol Al
= fARE AeFS HAdh

o)X ol FLof|A] GC/MS7} HPLC/FLDET} =2 7}

£ 7FAttar B 135} tH(Gerbino&Castello, 1993;
Gratz et al., 2000). 3t B2 EZ] o) 3~47[19] WAL
gE 7H WS frlEdEe] S A WeledE
2h-g-sto] Aol ofEfe wo] lo](Crete et al,
2004) matiz} B3ke AlZol A Aoke 44 @
AR S S GOMSE ol 85t Ao] Fxh
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Table 7. Precision of PAHs by concentration

GC/MS(%) HPLC/FLD(%) HPLC/UVD(%)

Compound P 7 S " T pe N T ; s
Group 2 Group 3 Group 4° Group 1 Group 2= Group Group 4§ Group 2 Group 3" Group 4

Naphthalene 11.374£6.63 5.18+4.64 1.74+2.10 2.37+0.89 1.60+0.84 1.96+2.31 0.82+0.83 - 8.39+3.87 2.86+5.87
Acenaphthylene 12.99+5.26 8.75+2.20 1.26+1.47 - - - - - 11.49+5.30 3.73+3.52
Acenaphthene 15.39+4.38 11.69+2.89 2.19+3.32 17.42+£9.85 7.82+4.75 3.73+6.45 0.54+0.38 - 8.36+4.51  6.60+8.93
Fluorene - 10.86+4.62 1.93+1.98 14.42+2.89 9.55+4.12 2.7745.13 1.46+3.37 - 5.2846.23  2.00+2.20
Phenanthrene - 5.8543.20 2.48+3.00 8.324+3.86 3.73+1.27 1.50+2.81 0.43+£0.61 8.96+6.58 6.81+£5.86 1.54+3.19
Anthracene - 7.9944.07 1.71£3.10 14.65+14.20 7.45+7.38 2.16+4.76 0.76+0.43 8.38+7.35 3.54+7.43 1.60+4.26
Fluoranthene - 9.89+4.23  2.86+3.39 5.64 9.43+3.79 7.40+£7.06 2.43+3.52 - 10.64+8.88 2.57+3.40
Pyrene - 8.2645.84 3.46+4.45 5444233 4.54+1.67 2.35+1.25 0.73£0.91 - 7.66+6.80 4.67+7.16
Benzo(a)anthracene - 7.73+5.44  2.94+3.67 - 13.1149.58 2.39+5.83 0.73+£0.73 11.81£5.10 7.91+£8.60 1.57+4.19
Chrysene - 9.67+4.40 2.65+4.40 - 11.7049.98 2.02+7.47 1.16+2.11 11.46+9.44 3.73£6.10 0.85+2.05
Benzo(b)fluoranthene - 10.15+3.65 3.07+3.65 - 8.54+9.30 3.06+4.92 1.33£2.92 - 9.03+£8.76  2.03+2.62
Benzo(k)fluoranthene - 13.20+£3.69 1.97+2.61 11.75+3.43 4.65+3.67 0.85+0.97 1.17£1.68 12.97+8.04 6.68+6.14 1.60+4.21
Benzo(a)pyrene - 8.9544.81 2.28+2.71 13.28+7.05 6.55+4.15 8.70+2.42 2.24+5.08 - 10.21+£3.41 3.19+6.32
Indeno(1,2,3)pyrene - 10.84+4.49 2.90+4.39 - 10.86+0.05 4.43+6.39 1.64+1.84 - 9.00+8.86  1.69+3.00
Dibenz(a,h)anthracene - 11.7147.66 2.95+4.72 - - 6.57+6.75 1.54+3.17 - 8.8349.17  1.99+3.93
Benzo(g,h,i)perylene - 9.16+3.17 2.53+3.64 - - - - - 5.01£6.00 1.22+1.66

* 0.00001~0.0001 zg/mL, ' 0.0001~0.001 pzgmL, ¥ 0.001~0.1 ggmL, * 0.1~1.0 pg/mL

Zolgtar st tHLee et al., 2005).

diHer Sew SR 4L 37 S AE 2
Hole B4 7EE Adsiels] 98 GOMSHL
HPLC/FLDE ©]-§3}= Zo| Astn, FLD= H=
E|A] ¢k+= acenapthylene> FLD&} UVD7} FA| &4
o] 7}s3tE 2 UVDQ] £4 Hlo|E & ©]-838f= 2o
A=) PAHs 4ol 22| 9] Wiwoletal deke )

U elo A AR7IA o 7HA] EH 9 PAHs &
Al Aol ohefRt WS o] AAE QlEE sHAITE A4FY
mrizopolA] Zuke] PAHs Aol et 1%
of &g Ao, w4 FulSe] that vl ol
E7h 9l9ld Ao] Abdlelth & AT BA Ault
GC/MS&} HPLCo| 3ty =]o] )31, matrix7} E3-5H
AR AE A4S oA ZRthe AlRbdel AR
PAHs®] #A4lo] Zadt 7|z golHE Alsrh=t|
oloj7t glet.

v.&d B

® AT ML A%E PAHs EAo| ek 279

http://iwww.kiha.kr

< 27] 9J8] GC/MS2t HPLCE o]-g-8o] 5.4]
EAQS v AE sglon, AuE qokstd thent
Z

:

-

=2 PAHsE FAEA87] S8l 7H 2gkel
ZFH]= HPLC/FLDZ GC/MSX.th 20~20008)7k2] 7t
=7 e w, UVDe} vlsdt s 7= =2
= QAT Zof 150081714 7t Fojytth. HPLC
A"l 71H5Al FLD9F UVDY] 54| 7Hg 2 & FLDE
HEEA] &= acenaphthylene Q| 7} B4
glo] UVDR #elo] 7153k3ith 0.001 pgml <
O] AFmollA Bl 4y AH] &R 20% ofste] 4
s Bon, AAEHY] AFAL 095 o4

AAAE e ek

PAHsE: B9 R/l B Wil ohet B3 5
o Q) BAo| TtRe B F shtoln, &
3 We BE SR Hok B4 93 54
of - Aule] 474 W 2Fpo] Fashh £ AL
AIRASE AlA] PAHsY] B7] 3w B2
2 9IF B4 ol 21e Folom, AR ol
o B4 /1% 7ZARE $§D 5 UL ol
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