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Application of Adsorption Sampling and Thermal Desorption
with GC/MS Analysis for the Measurement of
Low-Molecular Weight PAHs in Ambient Air
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Abstract

Polycyclic aromatic hydrocarbons (PAHs) have been of particular concern since they are present both in the
vapor and particulate phases in ambient air. In this study, a simple method was applied to determine the vapor
phase PAHs, and the performance of the new method was evaluated with a conventional method. The simple
method was based on adsorption sampling and thermal desorption with GC/MS analysis, which is generally
applied to the determination of volatile organic compounds (VOCs) in the air. A combination of Carbotrap (300
mg) and Carbotrap-C (100 mg) sorbents was used as the adsorbent. Target compounds included two rings PAHs
such as naphthalene, acenaphthylene, and acenaphthene. Among them, naphthalene was listed as one of the main
HAPs together with a number of VOCs in petroleum refining industries in the USA. For comparison purposes, a
method based on adsorption sampling and solvent extraction with GC/MS analysis was adopted, which is in
principle same as the NIOSH 5515 method. The performance of the adsorption sampling and thermal desorption
method was evaluated with respect to repeatabilities, detection limits, linearities, and storage stabilities for target
compounds. The analytical repeatabilities of standard samples are all within 20%. Lower detection limits was
estimated to be less than 0.1 ppbv. In the results from comparison studies between two methods for real air
samples. Although the correlation coefficients were more than 0.9, a systematic difference between the two groups
was revealed by the paired t-test (=0.05). Concentrations of two-rings PAHs determined by adsorption and
thermal desorption method consistently higher than those by solvent extraction method. The difference was caused
by not only the poor sampling efficiencies of XAD-2 for target PAHs and but also sample losses during the solvent
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extraction and concentration procedure. This implies that the levels of lower molecular PAHs tend to be

underestimated when determined by a conventional PAH method utilizing XAD-2 (and/or PUF) sampling and

solvent extraction method. The adsorption sampling and thermal desorption with GC analysis is very simple, rapid,

and reliable for lower-molecular weight PAHs. In addition, the method can be used for the measurement of VOCs

in the air simultaneously. Therefore, we recommend that the determination of naphthalene, the most volatile PAH,

will be better when it is measured by a VOC method instead of a conventional PAH method from a viewpoint of

accuracy.
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Table 1. Physical characteristics of target compounds.
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No. Compounds Cas No. MW Molecular Formula B.P(°C)
1 Benzene 71-43-2 78.11 CeHg 77
2 Toluene 108-88-3 92.14 C¢HsCH; 110-111
3 Ethylbenzene 100-41-4 106.17 C¢HsC,Hj; 136
4 m-Xylene 108-38-3 106.17 C¢H,(CH,), 138-139
5 Styrene 100-42-5 104.15 C¢HsCH=CH, 146
6 1,2, 4-Trimethylbenzene 95-63-6 120.19 C¢H5(CHj); 169
7 1,3,5-Trimethylbenzene 108-67-8 120.19 CgH;(CH;); 165
8 1,2,4-Trichlorobenzene 120-82-1 181.45 C¢H;Cl;4 214
9 Bromobenzene 108-86-1 157.01 CeH;Cl, 156
10 p-Isopropyltoluene 99-87-6 134.22 CH;C4H,CH(CHj), 176-178
11 n-Butylbenzene 104-51-8 134.22 C¢Hs(CH,);CH; 183
12 Naphthalene 91-20-3 128.17 C,oHg 218
13 1,2,3-Trichlorobenzene 87-61-6 181.45 CeH;Cly 218-218
14 Acenaphthylene 208-96-8 152.19 C,Hg 280
15 Acenaphthene 83-32-9 154.21 C,H, 279
Table 2. Internal standards and characteristic ions to determine the target compounds.
Internal standard Target compound
Compound 1st Ion Compounds 1st Ion
dg-Benzene 84 Benzene 78
dg-Toluene 98 Toluene 91
Ethylbenzene 91
d,,-Ethylbenzene 98 m-Xylene 91
Styrene 104
Bromobenzene 77
1,3,5-Trimethylbenzene 105
1,2, 4-Trimethylbenzene 105
p-Isopropyltoluene 119
n-Butylbenzene 91
ds-Bromobenzene 82 1,2,4-Trichlorobenzene 180
Naphthalene 128
1,2,3-Trichlorobenzene 180
Acenaphthylene 152
Acenaphthene 153

300°C2 AAsta ¥k (He)ol H-3-2 100 mL/
ming A3k 25849 3832 GC syringe =
UAF (A ul)E F9)ste] F2AT] FHA - "H—r
Fua0) gHe 2EEAL 7Y
stelen], ohAl 3027k & 5 FABE velat
o mzEAe) FHAL
3022 o]folAA stk Alsg HYo= FUT
LH—‘?‘E—’?E'J‘-/] Aol TY9% 5 2713}lA
9o} 2 o g 3027 T3 ol Al
Azl BAL 2% ks 2] (UNITY/ULTRA,

2 N o

X

Markes, UK)$} GC/MSD (HP 6890/5973)A] AEl-&- A}
L3l om, 2AsE B2 = 3o Ve
AT AFE AlEE AE AR AANA 15}
o= 1087 dekzsled.on (300°C, 50 mL/min),
tgl Al2E o] —10°CE ASHEQ L 53
2 F oF 6% ool 320°C7HA] F4 7HdEE
a2} debat IS Ed GC Fstgch 2348
} HAA 7 P33 GC/MSDe] ZznleTae] o
g 23 14 Jepdeh
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Table 3. Operating conditions of ULTRA/UNITY and GC/MSD analysis.

UNITY / ULTRA (Markes, UK)

GC/MSD (HP6890/5973, Hewlett Packard, USA)

Oven temp. 300°C GC column Rtx-1(0.32 mm, 105m, 1.5 um)
Desorb time and flow 10 min, 50 mL/min Initial temp. 50°C (10 min)
Cold trap holding time 5min Oven ramp rate 5°C/min
Cold trap high temp. 320°C Final temp. 280°C (14 min)
Cold trap low temp. -10°C Column flow 1.5 mL/min
Cold trap packing Tenax TA/Carbopack B Detector type Quadropole
Min. pressure 15 psi Q-pole temp. 150°C
Inlet split No MS source temp. 230°C
Outlet split 10 mL/min Mass range 35~300amu
Flow path temp. 180°C Transfer line temp. 280°C
Abundance
| s @
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Fig. 1. Typical GC/MS chromatograms for standard and field samples analyzed by thermal desorption method.
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Table 4. Physical characters of target PAH compounds.

PAHs CAS No. MW Molecular Formula B.P(°C)
dg-Naphthalene (SS) 1146-65-2 136.22 Cy0Ds -
Naphthalene 91-20-3 128.17 C,oHg 218
dg-Acenaphthylene (IS) 93951-97-4 160.24 C,Dy 280
Acenaphthylene 208-96-8 152.19 C,Hg 280
d,o-Acenaphthene (SS) 15067-26-2 164.27 C.Dy 277~279
Acenaphthene 83-32-9 154.21 C,Hyo 279

double take sampler (SKC, USA)E Hi3)3s}lo] A}4-3} 7} Ao SolrlA] dxE FE2F 4u|E xA5 w
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Fig. 2. Typical GC/MS chromatograms for standard and field samples analyzed by solvent extraction method.

Table 5. Operating conditions for PAHs analysis with

GC/MSD.
GC/MS Parameter Specification
Inlet mode Splitless, 1 uL injected
Inlet temp. 300°C
GC column DB-5MS (0.32 mm, 30 m, 1.0 um)
Column flow 1.0 mL/min
Oven initial temp. 70°C (1 min)

15°C/min for 9 min and

Oven ramp rate 8°C/min for 15 min

Final temp. 325°C (15 min)

Detector type Quadropole

Q-pole temp. 180°C

MS source temp. 300°C

Mass range 100~ 350 amu

Transfer line temp. 280°C
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Fig. 4. Linearity of GC/MSD analysis for standard samples by the thermal desorption method.
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0% A= oz vehdoh =3 vl$ A=z
7123 naphthalene®] RSD*: 21.8%, acenaphthylene
31.6%, acenaphthene 17.2%=2 el u)= EPA
TO-17 Aol F2AAATY A 30% ol HE
Ast=s Jaskar & Aelehd £ A7 A=

Fxq $3 Aoz BH

oEL}l
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ZAEA A (lower detection limits; LDL):= v} 7]

Table 6. Analytical repeatability for standard samples an-
alyzed by thermal desorption method.

Repeatability (%)"

Target compound

Within-a-day Between days

Benzene 2.7 2.8
Toluene 1.6 34
Ethlylbenzene 3.0 5.0
m-Xylene 3.6 3.2
Styrene 2.9 6.6
Bromobenzene 2.5 6.7
1,3,5-Trimethylbenzene 7.2 9.0
1,2,4-Trimethylbenzene 5.7 7.7
p-Isopropyltoluene 7.3 14.0
n-Butylbenzene 7.3 9.1
1,2,4-Trichlorobenzene 8.7 11.2
Naphthalene 11.0 11.6
1,2,3-Trichlorobenzene 8.6 12.0
Acenaphthylene 15.6 18.1
Acenaphthene 13.4 22.1

Drelative standard deviation (RSD) of 8 replicate analysis

A%} PAHs 24< 918 §3-923-GOMS Be] A8 371

23174 (method detection limits, ¢]3} MDL)Z A
ste] s371sldet (USEPA, 1999). o] 5 flste] =14
GC/MS Zz2ulE g e S/N H] 2.58 & 83}e] 7]
NNAERAE FAAL o) & vl 773 &3
o] of 5uf 2] FEE 2 spikingd EFAIRE
A=tstdel. Ao or 74 24| =7k 10ng/ul
o] A= 2EFLY 1uLE F /N9 A= X3}
o H7}stdet. MDLel High 57} A= & 8ol
efiglon, #ME Aol AZFng)I AAl A=A
F=F(F 120)2 A 438te] AARE F=3k (ppb) S T
7 v}el ¢t} Naphthalene®] 7-$- MDL-2 Z 7]
Foz ¢ 12ng, 7] F == 3haksbd 0.02 ppb
Axz vepge o]9e] BE gEe| gk MDL
A 7]Fo2 o 5Sng o3}, A7) F =& d=F 0.1
ppb ]38} FFo = vehdl. Faz w3 EPA TO-

Table 8. Estimation of lower detection limits for the ther-
mal desorption method.

Compounds MDL MDL MDL
(g)”  (epb)?  (ng/m’)?

Benzene 1.8 0.04 150.0
Toluene 2.4 0.05 200.0
Ethlylbenzene 0.9 0.02 75.0
m-Xylene 1.8 0.03 150.0
Styrene 1.4 0.03 116.7
Bromobenzene 2.0 0.03 166.7
1,3,5-Trimethylbenzene 22 0.04 183.3
1,2 4-Trimethylbenzene 1.9 0.03 158.3
p-Isopropyltoluene 2.7 0.04 225.0
n-Butylbenzene 33 0.05 275.0
1,2,4-Trichlorobenzene 1.8 0.02 150.0
Naphthalene 1.2 0.02 100.0
1,2,3-Trichlorobenzene 5.6 0.07 216.7
Acenaphthylene 4.5 0.06 375.0
Acenaphthene 4.2 0.05 350.0

D average of 8 replicate analysis; > Assuming 12 L air sampling at 0°C,

1 atm condition.

Table 7. Triplicate precision of the thermal desorption method at different air volumes for field samples.

Compounds Sample 1 Sample 2 Sample 3 Mean Standard RSD
(ppb) (ppb) (ppb) (ppb) deviation (%)
Benzene 0.34 0.30 0.29 0.31 0.03 8.6
Toluene 1.85 1.98 1.96 1.93 0.07 35
Ethlylbenzene 0.12 0.12 0.15 0.13 0.01 10.3
m-Xylene 0.19 0.21 0.23 0.21 0.02 10.0
Naphthalene 0.02 0.02 0.02 0.02 <0.01 18.0
Acenaphthylene <0.01 <0.01 <0.01 <0.01 <0.01 -
Acenaphthene <0.01 <0.01 <0.01 <0.01 <0.01 -
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Fig. 5. Variations of spiked PAHs on adsorbent tubes during storage under 4°C before analysis.
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Fig. 6. Linearity of GC/MSD analysis for PAH standard solutions.

Table 9. Analytical repeatability for standard samples
analyzed by solvent extraction method.

Repeatability (%)

Target compound

Within-a-day Between days

dg-Naphthalene (SS) 2.4 3.8
Naphthalene 22 4.4
Acenaphthylene 33 7.3
d,o-Acenaphthene (SS) 4.6 54
Acenaphthene 3.9 8.6

acenaphthene2- Hx}7} v|mA ZA Jehdt} o=
T BA HApL A vehd A AR B
Auche Addes ¥4 2ot =27 g 3
o2 kg

3.2 B3-BUjF5-GC SWury MEua

3.2.1 M3y It
Naphthalene, acenaphthylene, acenaphthene 3%
Wyoz AANE PPN G 2EAE o) 43

NS 2Fgd7 PN sE oz Frls)
Ak & 408 2ELN(FA Ingul) M F
7387 4= (response factor)zhe o] 43led A mzEw
Az rhstedch. 2 A2 & 9o Jehd ule} o]
A2 ANHAPL BE 5% oo Fzdt AFES et
Weolom dzk AL AdFA PN ETGE 22 9

Table 10. Precision for 3 PAHSs (in ng/m® measured by the
solvent extraction method at different air vol-
umes.

Sample 1 Sample 2 Sample 3 RSD
PAH (1L/min) L/min) (5L/min) M (%)

Naphthalene 190.9 238.4 246.5 2253 133
Acenaphthylene  n.d. n.d. 67.6 na. na.
Acenaphthene n.d. n.d. 54.2 n.a. na.

n.d.: not detected, n.a.: not applicable
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Table 11. Estimation of lower detection limits for the sol-
vent extraction method.

Compounds MDL (ng)” MDL (ppb) MDL (ng/m?)?
Naphthalene 0.7 1.02x 107 0.58
Acenaphthylene 1.5 1.69x 107 1.15
Acenaphthene 1.7 2.07x107* 1.42

1’5 replicate analysis; 2 detection limit for concentration unit was esti-
mated on the assumption of 1.2 m? of air sampling

3.3 SiZAE EF4a & dvlu HI}
AA 7] Foll A2l F whgel i vl Hre o
A2 AE 53 Sl o] FolHen, F )
oz FAl Alas AFAc HFHE Ala
104e2 % 209 A=g Suaic. 5
2|8k VOCs<} PAHs ZA A= = 12¢]] JePlS]
o 5 25709 Amel 92 74924 (mean
relative error, ©|3} MRE)3} A}&HA|4 & §-2o)A1 7
AR & 136] Jebisich A A PAHsS] 74
naphthalene2 & A|2o|A] ZHEE gl om, Hulx o
2 ok vl o] Sul3Zl uls)] Hd oF 50%7}
7 v e veplls o2 2AHE AT Acena-
phthylene3} acenaphthene®] 73-9-ox= fujFEwo
2 B 107 A& F 30 AlselMT AEEe
] naphthalene %2] °F 20% ©|3} $+Fo 2 el
o Zei dRpgel A o F 20e 12
A ¢Skt =3 naphthaleneol] 3] F ZAuk 7t
o) A $AE AN Azt ARASE 09642

)o

A vehtem, ARz AEEEe e fARNE

2 X J;'L'

Table 12. Comparison of PAH concentrations determined by thermal desorption and solvent extraction method.

Sample Method VOCs concentration (ppb) PAHs concentration (ng/m°)
No. Benzene  Toluene Ethylbenzene  m,p-Xylenes Naphthalene ~ Acenaphthylene  Acenaphthene
41 T.D. 0.74 6.94 0.56 0.88 317.2 n.d. n.d.
S.E. - - - - 246.5 67.6 54.2
42 T.D. 0.34 3.14 0.15 0.27 104.8 n.d. n.d.
S.E. 100.9 n.d. n.d.
43 T.D. 0.31 2.85 0.21 0.43 113.8 n.d. n.d.
S.E. 91.2 n.d. n.d.
44 T.D. 0.53 2.42 0.21 0.31 1349 n.d. n.d.
S.E. - - - - 125.7 n.d. n.d.
45 T.D. 0.66 3.717 0.21 0.34 217.5 n.d. n.d.
S.E. 147.9 n.d. n.d.
46 T.D. 0.73 4.38 0.35 0.55 293.3 n.d. n.d.
S.E. 258.1 40.2 28.4
#7 T.D. 0.65 5.14 0.32 0.45 352.3 n.d. n.d.
S.E. - - - - 186.2 n.d. n.d.
#3 T.D. 0.87 9.45 1.23 1.34 667.3 n.d. n.d.
S.E. 461.1 75.3 325
#9 T.D. 0.54 4.87 0.65 0.76 329.8 n.d. n.d.
S.E. 259.2 n.d. n.d.
#10 T.D. 0.38 2.98 0.25 0.35 153.5 n.d. n.d.
S.E. - - - - 105.2 n.d. n.d.

n.d.: not detected

27|84 83)x) A 304 45
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Table 13. Summary of Statistical tests for two sample groups.

A PAHs 34 & 918}

E2-992-GO/MS Hh o] He 375

Compound MDP" MRE I MRE II” R T-test Paired T-test
(%) (%) (%) (P ()
Naphthalene 26.9 22.8 33.3 0.964 0.290 0.009
' MDP (mean duplication precision, %)ziz < | thermal desorption conc.—solvent extraction conc.| > %100
n g mean
D MRE I (mean relative error I, %)ziz < | thermal desorption conc.—solvent extraction conc.| > %100
n “m sorbent tube conc.
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Fig. 7. Correlations and variations of naphthalene concentrations (ng/m? for two sample groups.
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