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Evaluation of the Measurement of Trace Phenols by
Adsorption/Thermal Desorption/Gas Chromatography/
Mass Spectrometry (ATD/GC/MS) in Artificial Air
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Abstract

Phenolic compounds in air are toxic even at their low concentrations. We had evaluated a total of five phenolic
compounds (Phenol, o-Cresol, m~-Cresol, 2-Nitrophenol and 4-Chloro-3-methylphenol) in artificial air using a
combination of ATD/GC/MS. To compare the adsorption efficiency of these phenolic compounds, three
adsorbents (Tenax TA, Carbotrap and Carbopack B) were tested. Tenax TA adsorbent was most effective of all the
adsorbents used for the efficiency test. Five phenolic compounds were found to be very stable on adsorbent tubes
for 4 days at room temperature. Detection limit of five phenolic compounds ranged from 0.05 to 0.08 ppb (when
assumed to collect 10 L air). The calibration curve was linear over the range of 22~ 164 ng. The reproducibility
was less than 4%. Sampling of duplicate pairs (DPs) was made to demonstrate duplicate precision and sampling
efficiency.
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Table 1. Physical properties of five phenolic compounds.
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No. Compounds Formula CAS No. Molecular weight(g)  Boiling point (°C)

1 Phenol CeHeO 108-95-2 94.11 182

2 m-cresol C7Hs0 108-39-4 108.14 202

3 o-cresol C/HsO 95-48-7 108.14 191 ~192

4 2-nitrophenol CeHsNOs 88-75-5 139.11 214~216

5 4-chloro-3-methylphenol C7H:Cl0 59-50-7 142.59 235
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Table 2. Operating conditions of ATD/GC/MS.

Thermal desorption apparatus

~-400

Model A(Tlgrkig—mmer, UK)
Desorption temp. 250°C
Desorption time 10 min
Valve temp. 175°C
Cold trap temp. -30°C
Cold trap desorption temp. 280°C
Cold trap desorption time 10 min
Transfer line temp.

(from ATD to GC) 200°C
ATD Head pressure 8 psi
Desorption flow 25 ml/min

Inlet split flow
Outlet split flow

Splitless (NO)
3 ml/min (YES)

Cold trap adsorbent Tenax TA (60/80 mesh)
GC/MS

Model GCQ .GC/MSD
(Finnigan, USA)
Supelco SPB-1

Column (60m x0.32mm X | um)

Column split vent flow 15 ml/min

Column flow 1 ~2 ml/min

First temp. 80°C (5 min)

Final temp. 250°C (2 min)

Ramp rate 7°C/min to 250°C

Detector MSD (Ion trap)

Ion source temp. 190°C

Transfer line temp. o

(from GC to MS) 200°C
Mass range 45~350 amu

Ionization mode EI (Electron ionization) mode
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Table 3. Evaluation of detection limit for five phenolic
compounds.

Spiked M.W. Quant. RS.D.(%) MDL

Compounds (ng) (g/mol) ion(m/z) (n=7) (unit: ppb}’
Phenol 11 94 94 6.5 0.05
o-Cresol 11 108 108 6.5 0.05
m-Cresol 20 108 108 6.8 0.08
2-Nitrophenol 16 139 139 10.5 0.08
4=Chloro-3= 17 14 142 71 006

methyl phenol

a) Detection limit was estimated on the assumption of 10 L of air sam-
pling.
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Fig. 1. Calibration curves of five phenolic compounds obtained from ATD/GC/MS.
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Fig. 2. Comparison of desorption efficiency for five phenolic compounds using three adsorbents.
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Table 4. Comparison of ARF for five phenolic compo-
unds using three adsorbents.

Injected  Tenax  Carbotrap Carbopack
Compounds mass(ng) ARFY ARF B ARF
Phenol 1020 9092 10433 10424
o-Cresol 1150 22074 23683 23314
m-Cresol 1080 25614 27219 27881
2 -nitrophenol 1070 8428 3641 6078
4-Chloro-3- 1070 17861 20284 2400

methyl phenol

a) Absolute Response Factor (8 T ¥-2-7} £ ): Area/Injected mass (ng)

phenol®) 73-9-= Carbotrap, Carbopack B, Tenax TA
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1 A3}, Phenol, o-cresol @ m-cresol A %2]
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E‘Ol oft r_Yl = _ﬂ.

3.3 B3 MYE2WI} Y
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7] 22404 A vhsh o), A BEE
299 GC 27 WelAle) HidhE A7k
A3 W) dBoz FABE olg3he] GC Y
‘7‘°ﬂ"1 2z e AFEEE Hrlsgo = A

FAH oz HP 5890 GCE o] &3t GC A
2] (GC packed column)t Alol] 4] Fol] -zt
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Al :‘v’:‘i’lﬂ-’:% -‘é—ﬁ—’f—‘ﬁ’q 197 F&ste uile
(injector)®] =& Zh7t AR 25°C,
50°C, 100°C 2 150°Cz Ha)sldr] BAAAAR
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A2 A GC Z T AFA =7} 389%z A
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Table 5. Transfer efficiency from packed column GC injector to sorbent tube.

Compounds Phenol m-Cresol 2-Nitrophenol 4-Chloro-3-methylphenol
GC injector 25°C  50°C 100°C 150°C 25°C 50°C 100°C 150°C 25°C 50°C 100°C 150°C 25°C 50°C 100°C 150°C
temperature

1st tube

(Peak area)

3520 4437 1,689 3021 3 0 0 0

124,319 120,145 129,763 141,371 170,801 170,253 184,456 203,915 30,937 30010 36,947 38286 26491 34490 51316 53.245

10,299 4060 1958 0O

1.5 0 0 0 0 389 118 38 0

2nd tube

(Peak area) 0 0 0 0
Memory (%)* 0 0 0 0 2.1 2.6 09
a) Memory (%) = (2nd tube peak area/lst tube peak area) x 100

J. KOSAE Vol. 18, No. 2(2002)
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Table 6. Evaluation of breakthrough (%) for five phenolic
compounds.

« Peak area®

Spiked Peak area Breakthrough

Compounds (ng) (front tube) (bé:ﬁl;;)up (%)
Phenol 1150 1668354 N.D? 0
o—Cresol 1126 2686409 N.D 0
m-Cresol 1126 2267316 N.D 0
2-nitrophenol 1090 1269526 N.D 0

4-Chloro-3-

methyl phenol 1100 1559249 ND 0

a) Mean peak area(n=3), b) Not detected
¢) Evaluation of breakthrough was conducted at room temperature
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—— 4-chloro-3-methyl phenol
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T T T
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Fig. 3. Variation of ratios for storage stability of five phe-
nolic compounds for four days.
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Fig. 4. Schematic of sampling of artificial air in Tedlar bag.
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Fig. 5. Total ion chromatogram for liquid standard mixture of five phenolic compounds was obtained from GC packed

column injector (a). Total ion chromatogram of artificial air in Tedlar bag (b). The elution order were; 1) phenol,
2) o-cresol, 3) m-cresol, 4) 2-nitrophenol and 5) 4-chloro- 3-methylphenol.
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Table 7. Results of duplicate precision for the artificial air in Tedlar bag.

Set #1 Set #2 Set #3 Set #4 Mean

Compounds duplicate
Tube I Tube2 DP(%)¥ Tubel Tube2 DP(%) Tubel Tube2 DP(%) Tubel Tube2 DP(%) precision(%)

Phenol 165766k™ 188675k 129 227330k 206492k 9.6 216396k 203800k 6.0 281608k 266843k 54 8.5
0-Cresol 14020k 122343k 136 14984k 12042k 218 16666k 13486k 21.1 6317k 6308k 0.1% 142
m-Cresol 3394k 2975k 131 3059k 2519k 194 3768k 3354k 11.6 1621k 1770k 88 132
2-nitrophenol 6515k 7027k 76 6493k 6652k 24 7982k 7296k 90 2902k 2648k 9.2 7.1
4-Chloro-3- NDY ND - ND ND -~ ND ND - ND ND - -

methylphenol

a) Duplicate precision (%)= (| Tube 1-Tube 2|/ Average(Tube 1+Tube 2)) X 100%
b) Peak area X 1000
¢) Not detected.
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