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Toxic Organic Compounds of Ambient Air
Listed in TO 15 Method

CONTEXT & CHALLENGES

TO 15 is a performance-based method prepared by the United States
Environmental Protection Agency (EPA) as a guidance document for
monitoring subsets of those Volatile Organic Compounds (VOCs) mentioned
in Clean Air Act Amendments of 1990.

This method uses data obtained by GC MS analyzer with spot sampling
collection using canister. GC MS needs to work with calibration reference that
is not easily obtained on site. This application note describes the results
obtained with Chromatotec® GC specific analyzers when monitoring the
molecules listed on TO 15.
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OUR SOLUTION

Chromatotec® provides its specific airmOZONE analyzer with configuration
including following configuration:

- airmoVOC 624 & airmoVOC C,Cs

- airmoVOC C2-C6 & airmoVOC Cs-Cy,

- airmoVOC C2-C6 & airmoVOC Cs-Ci, &airmoVOC 624

Configuration is set up according to the specifications: molecules present in
ambient air and expected sensitivity.

These analyzers are gas chromatographs equipped with FID detectors (Mass
Spectrometry is also available upon request).

Light and heavy VOC compounds can be analyzed by combining
chromatographs’ configurations.

Separation and sensitivity can be lowered to ppt concentration level by using
an embedded trap, a FID detector and H2 as carrier gas.

The equipment has TUV, mCERTs approval on Benzene. Following
determinands have been analyzed: n-hexane, 2,2A4-trimethylpentane, n-
heptane, toluene, n-octane, ethyl-benzene, m-xylene and p-xylene, o-xylene,
1,3,5-trimethylbenzene, 1,24-Trimethylbenzene, 1,2,3-trimethylbenzene.

Instruments are calibrated with certified primary gas standard using permeation tube which is a major
advantage compared to the mass spectrometer. In compliance with EN 14 662-3 (list of the 10
compounds which could potentially interfere with benzene), there is no interference with Benzene.

The analyzer is LINEAR: range 0/ 100 ppb (0/325 ug/m?)®

The instruments are fully automated thanks to internal calibration. The VISTACHROM software controls the
analyzers and enables storage and display of chromatograms thanks to Peak Viewer.

It is possible to transfer data to a data logger with the following communication protocols: MODBUS RTU,
JBUS or German PROTOCOL.

airmOZONE is the solution for in situ VOC analysis.

) SirmoBTX / airmoVOC Ce-Ci, Linearity and repeatability Test available under request)
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The analyses have been performed with a cylinder containing the following 63 molecules:

No. - [Component - |Chemical Formula -~ No. - [Component - |Chemical Formula -
1|Propene C3HE 34| Trichlore Ethylene C2HCI3
2|Dichlore Difluore Methane CCLERR =F12 A512-Dichloro Propane 1.2-CAHECI2
3|12 Dichlorotetrafluore Ethane C2CL2F4 =F114 36| Methyl Methacrylate CH2 CICHIICOOCHS
4 hlore Methane CH3-CI 371 4-Dioxane C4HZ02
a|%inyl Chloride CAHICI 38|Bromo Di Chloro Methane CHERZIZ
G|13-Butadiens 1,3-C4HG 381t-13-Dichlore Propens trans—1,3-CaH4CI2
7|Bromo Methane CH3-Br 40|4-Methyl-2-Pentanon = MBEK |C4HICOGHI
Z|Chlore Ethane C2HI-CL 4 |Teluene CTHE
A Trichlore Fluoro Methane CoLI-F =F11 42 l=—13-Dichlore Propens cis—1,3-CaHAC2
10]Ethanc! C2HI-0H 43|112-Trichlore Ethane 1,1,2-C2HICH
11]Acrolein CH2:CHCHO 44| Tetrachloro Ethene C2C1d = PER
12]11-Dichloro Ethens 1 1-C2H2C 2 45|2-Hexanons = MBK  |CHIICH2) 3COCHA
131112 Trichlorotriflucre Ethane C2CLARS =F113 45|00 Eromo Chloro Methane CHEr2CL
14|Acetone (CHAkCO 4712-Dibromo Ethane 12-CH2CH2EBr2
15]|Carbon Disulfide C352 48]Chlorohenzens CEHICI
16]|2-Propancl [ IPA) —CaH=0H 48|Ethylherzens CHHAC2HS
17|Dichlore Methane CHaCl2 50[p-Xvlene p=CEHAICHI )2
18t-12-Dichloro Ethene t—12-C2H2C12 A0|m—Xylene m-CEHACHS )2
18[Methyl-Tert-Butyl Ether (MTBE) |tert-C4HBQCHI 51|o=Xylene o~CBHA(CHI)2
20|MN-Hesane n—-CHEH14 =CH 32| Styrene CHHICHCH?
2111-Dichloro Ethans 11-C2HAC 2 G3|Bromoform CHE
22|Winyl Acetate CHICOOC2H3 34|1122-Tetrachlore Ethane 1,12 2-C2H2CI4
23|c—12-Dichloro Ethene cis—1,2-C2H2CI2 35|4-Ethyl Toluens p—(O2H5)OGH4OH3
24|Ethyl Acetate CH3COOC2HS 96]135-Trimethy| Benzens 1.3 5-CEHICHIIE
25|2-Butanone (MEK) CH3ICOC2Hs 57|124-Trimethyl Berzens 1,2, 4-CEH3(CHI)3
28| Tetrahydrofuran (THF) (CH2J40 58|13-Dichloro Berzene 1,3-CBH4CI
27|Chloroform CHCL3 3911 4-Dichlore Benzene 1.4-CEHACI2
28|111-Trichloro Ethane 11 1-C2H3CI3 60|Benzy| Chloride CEHRCH2C!
28| Cvclohexans CH2)G G1]12-Dichloro Benzene 1.2-CgH4C)2
30| Tetrachlore Methane o4 621124-Trichloroe Benzene 1.2, 4-CaHICI3
31|Benzene CEHE 63 |Hexachloro=13-Butadiene 1.3-C4CLE
32|12-Dichloro Ethane 1.2-CeHACI2
Ja|MN-Heptane n—io7H1G = o7

Table 1 - list of molecules in standard gas bottle
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LIST OF COMPOUNDS

The list of compounds is defined in the VISTACHROM Software. It allows an automatic calculation of
the concentration for each molecule by taking into account a response factor determined with the
internal calibration reference. This provides a strong advantage: gas cylinders of specific standards
are no more required, it is no more necessary to perform calibration for each molecule. A screenshot
of the software is given hereafter.

# [Name RTMin  |RTMax | Select Peak GC Result formula With X=
1 | PROPENE 14 2 Midde % hreals
2 | FREONA2 ) ® Midde 125X | trea/BS
3 | FREONA14 % S Midde B | reals
4 | CHLOROMETHANE ) % Midde 3 | reals
5 | VINYLCHLORIDE % 9 Midde 15°% | rea/BS
§ | 1-3BUTADIENE & 54 Midde 036°X ears
7 | BROMOMETHANE ) & Midde 2% | reals
8 | CHLORDETHANE 9 Y Midde % ArealBS
9 | FREON-1 2 12 Mdde T125%x | rea/BS
10| ETHANOL a4 150 Midde 2437 reals
11 | ACROLEN 82185 Midde 177X | reals
12|1DICHLOROETHENE 166 176 Midde 3% frealBS
13| FREON-13 M 1B Mdde 0K | rea/BS
14| ACETONE 84194 Midde 229" | breals
15| 52 84 1% Midde 97y | realts
16 |4 M 22 Mdde 211K | reals
17| DICHLOROMETHANE 233 241 Midde 3% | rea/BS
18| T1-2DICLETHENE % Mdde 457X | reals
19 | MTBE ® & Mdde 3 brealts
20| NHEXANE W0 Mdde 108K | reals
20| 1IDICHLORGETHANE 310 318 Midde 32K | frealBS
|22 | viNvL AcETATE MW Mdde T3 | reals
23| C1.2DICLETHENE B W Mdde Y brealts
24 | ETHYLACETATE 0w Mide 285K | reals
25 | MEK %3 Mdde 184K | frealBS
% | THF 48 Mdde 2% | reals
27 | CHLOROFORME @ 5 Mdde 0% | brealBs
28 | 11-TiCLETHANE 6 4B Midde 75°% | frea/BS
29 | CYCLOHEXANE B 4B Mdde 106K | ArealBS
0 | cou 20 Mdde 9% | rea/BS
(31 | BENZENE a3 Mdde % \healBs
32| 12DICHLORCETHANE 434 434 Midde 433K |heaBs
33 [ NHEPTANE W S0 Midde [1.05°% frealBs
3 |TRICHLOROETHENE 553 561 Midde l431% frealBs
3 | 12DICLPROPANE W 55 Midde 3% frea/B
% |MEMETHACRYLATE 604 610 Midde [29°% frea/BS
37 | 14 DIOXANE BT B9 Midde 2% frealBs
3 |BROMODICLMETHN 621 628 Midde 55 freals
3 | T1-3DICLPROPEN &7 65 Midde 419K freals
40 | MiBK W8 Midde 2% freals
41| TOLUENE N9 Mdde 105°% freals
42 | C1-3DICLPROPEN w0 Midde 515°% frealBs
43 | 2 THCLETHANE m T Midde 1539°K frealBs
44 |TETRACHLOROETHENE 771 779 Midde BES frea/Bs
15 | MK B2 89 Midde (2% frealBs
46 | DIBRCLMETHANE TR Midde [5:x Arealis
7| 12DBROMOETHANE 827 835 Midde 9y freals
48 | CHLOROBENZENE L Midde 147°% freals
43 | ETHYLBENZENE a1 A Midde 11 freals
(50 | MiPSYLENES o594 Mdde 11 frealBs
51 | DXVLENE B0 %8 Midde 11e% frealBs
52 | STYRENE & %5 Midde 11 frealBs
53 | BROMOFORM 79 W Midde l9:x frea/BS
54 | 1122TetraCLETHAN 1038 1046 Middle ‘B“X Area/BS
55 | PETHYLTOLUENE W 1082 Midde 104K freals
5 |135THB W6 1083 Midde 115K frealBs
57 | 126ThB MmO M0 Midde [115°% freals
|58 | 1:3DICLBENZENE NE 14 Mdde |23 frealBs
(59 | 14DICLBENZENE N7 NS Midde [23:% Area/BS
60 | BENZYLCHLORIDE M MR Midde [12%% frealBs
81 | 12:DICLBENZENE e MY Midde [237% frea/BS
62 | 124-TACLBENZENE W 1 Midde 34K brea/B
63 | HexCL1-38UTADIEN 113 Midde 63X frealBs

Figure 1 - list of molecules / substances table from VISTACHROM
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CHROMATOGRAMS

The chromatograms illustrates the capabilities of the equipment to monitor the list of compounds.
Analysis is done in 40 minutes

With special application, the methanol may be identified and quantified at retention time (RT) of 75

seconds
We can note that Vinyl acetate is located after 1-1 di-chloroethane with a RT of 320 seconds.

Retericn Time = 46.38 + Detector vaha = 12606
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Figure 2 - Chromatogram - area 1
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Figure 3 - chromatogram area 2
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RESULTS

The following table shows that the Chromatotec® solution is able to identify and quantify the list of
molecules. It gives details about the type of instruments offering the best separation.
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On the list, we can discover:
- 13 new Oxygenated Volatile Organic Compounds (OVOQ)
- 4 new Halogenated VOC (XVOQ)

More than 7 compounds are analyzed on airmo VOC C,Cs and 7 couples of molecules may offer
coelution effect with same RT. In spite of this coelution, the quantification is very good for m- and p-

xylene analyzed with airmoVOC CeC..

The CS, can be analyzed by Chroma S analyzer using FPD detector.

Component Chemical Formula Identified by configuration EZ:\:\::;%rlhe Remarks
compounds
1| PROPENE C3H6 airmoVOC C2C6 Egtevlv‘g'e%”the
compounds
2 | Dichloro Difluoro Methane CCL2F2 =F12 airmoVOCC2C6 TO 14 included
3 | 12 Dichlorotetrafluoro Ethane CCL2F4 =F114 airmoVOCC2C6 TO 14 included
4 | Chloro Methane CH3-CI airmoVOCC2C6 TO 14 included
5 | Vinyl Chloride C2H3Cl airmoVOCC2C6 TO 14 included
6 | 13-Butadiene 1,3-C4H6 airmoVOCC2C6 TO 14 included
7 | Bromo Methane CH3-Br airmoVOC624 TO 14 included
8 | Chloro Ethane C2H5-CL airmoVOC624 TO 14 included
9 | Trichloro Fluoro Methane CCL3-F =N airmoVOC624 TO 14 included
10 | Ethanol C2H5-OH airmov0C624 NEW OVOC
11 | Acrolein CH2:CHCHO Obtained by calculation CO_1 NEW OVOC
12 | 11-Dichloro Ethene 1,1-C2H2C12 airmoVOCCeC12 CO.1 TO 14 included
13 | 112Trichlorotrifluoro Ethane C2CL3F3 =F113 airmov0OCC2C6 NEW OVOC
14 | Acetone (CH3)2CO airmoVOC624 NEW OVOC
15 | Carbon Disulfide cs2 chromas Analyzed by
Chroma S
16 | 2-Propanol =IPA i-C3H7-OH airmoVOC624 NEW OVOC
17 | Dichloro Methane CH2CI2 airmov0C624 TO 14 included
18 | t-12-Dichloro Ethene t-1,2-C2H2CI12 airmoVOC624 CO_2 NEW XVOC
19 | Methyl-Tert-Butyl Ether = MTBE tert-C4H90CH3 airmoVOC624 CO_2 NEW OVOC
20 | N-Hexane n-C6H14 =C6 airmoVOCCeC12
21 | 11-Dichloro Ethane 1,1-C2H4C12 airmoVOCC6C12 TO 14 included
22 | Vinyl Acetate CH3COOC2H3 airmoVOC624 NEW OVOC
23 | c-12-Dichloro Ethene cis-1,2-C2H2C12 airmoVOCC6C12 TO 14 included
24 | Ethyl Acetate CH3COOC2HS Obtained by calculation CO_3 NEW OVOC
25 | 2-Butanone = MEK CH3COC2H5 airmoVOCCeC12 CO_3 NEW OVOC
26 | Tetrahydrofuran =THF (CH2)40 airmovVOC624 NEW OVOC
27 | Chloroform CHCL3 airmoVOC624 TO 14 included
28 | 111-Trichloro Ethane 1,1,1-C2H3CI3 airmoVOCC6C12 CO_4 TO 14 included
29 | Cyclohexane (CH2)6 airmoVOCC6C12 CO_4
30 | Tetrachloro Methane cc4 airmoVOC624 TO 14 included
31 | Benzene CéHo6 airmoVOCC6C12 TO 14 included
32 | 12-Dichlore Ethane 1,2-C2H4CI2 airmoVOCC6C12 TO 14 included
33 | N-Heptane n-C7H16 =C7 airmoVOCC6C12
34 | Trichloro Ethylene C2HCI3 airmoVOCCeC12 TO 14 included
35 | 12-Dichloro Propane 1,2-C3H6CI2 airmoVOC624 TO 14 included
36 | Methyl Methacrylate CH2:C(CH3)COOCH3 airmoVOCC6C12 CO_5 NEW OVOC
37 | 14-Dioxane C4H802 calcul CO_5 NEW OVOC
38 | Bromo Di Chloro Methane CHBrCI2 airmov0C624 XVOC
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Z compounds
39 | t-13-Dichloro Propene trans-1,3-C3H4CI2 airmoVOCCeC12 TO 14 included

Z 40 | 4-Methyl-2-Pentanon = MIBK C4H9COCH3 airmoVOC624 NEW OVOC
41 | Toluene C7H8 airmoVOCCeC12 TO 14 included

O 42 | c-13-Dichloro Propene cis-1,3-C3H4C12 airmoVOCCeC12 TO 14 included

— 43| 112-Trichloro Ethane 1,1,2-C2H3CI3 airmoVOCC6C12 CO_6 TO 14 included

l_ 44 | Tetrachloro Ethene C2C14 =PER alrmoVvOCC6C12 CO_6 TO 14 included
45 | 2-Hexanone = MBK CH3(CH2)3COCH3 airmoVOC624 NEW OVOC

< 46 | Di Bromo Chloro Methane CHBr2CL airmoVOC624 XVOC

U 47 | 12-Dibromo Ethane 1,2-CH2CH2Br2 airmoVOCC6C12 TO 14 included

— 48 | Chlorobenzene CeH5Cl airmoVOCCeC12 TO 14 included

- 49 | Ethylbenzen C6H5C2H5 airmoVOCC6C12 TO 14 included

D. 50 | p-Xylene p-C6HA(CH3)2 airmoVOCC6C12 Co_7 TO 14 included

0_ 50 | m-Xylene m-C6H4(CH3)2 airmoVOCC6C12 CO 7 TO 14 included

< 51 | o-Xylene 0-CoH4(CH3)2 airmoVOCC6C12 CO_8 TO 14 included
52 | Styrene C6H5CHCH2 airmoVOCC6C12 CO_8 TO 14 included
53 | Bromoform CHBr3 airmoVOC624 XVOC
54 | 1122-Tetrachloro Ethane 1,1,2,2-C2H2Cl4 airmoVOC624 TO 14 included
55 | 4-Ethyl Toluene p-(C2H5)C6HACH3 airmoVOCC6C12 TO 14 included
56 | 135-Trimethyl Benzene 1,3,5-C6H3(CH3)3 airmoVOCCeC12 TO 14 included
57 | 124-Trimethyl Benzene 1,2,4-C6H3(CH3)3 airmoVOCC6C12 TO 14 included
58 | 13-Dichloro Benzene 1,3-CeH4CI2 airmoVOCCeC12 TO 14 included
59 | 14-Dichloro Benzene 1,4-C6H4CI2 airmoVOC624 TO 14 included
60 | Benzyl Chloride CoH5CH2CI airmoVOC624 TO 14 included
61 | 12-Dichloro Benzene 1,2-CeH4CI2 airmoVOCC6C12 TO 14 included
62 | 124-Trichloro Benzene 1,2,4-C6H3CI3 airmoVOCCeC12 TO 14 included
63 | Hexachloro-13-Butadiene 1,3-C4CL6 airmoVOCC6C12 TO 14 included

Table 2 - configuration type for molecules identification

CONCLUSIONS

With the combination of airmoVOC 624 and airmoVOC CsCy, analyzers, it is possible to target 55
compounds of the 63 molecules of the list. If we focus on CS,, this molecule can be analyzed by
ChromaS. In addition this analyzer allows to measure H2S, SO2, Mercaptans, etc).

With airmoVOC 624: 55 compounds are analyzed too but considering the coelution, 48 offer peaks
with high resolution and the capability of the system to quantify in addition the Vinyl acetate.

Considering nitrogenous compounds (Amines), the Acrylonitrile (CH3CH2CN), listed on TO14 can
also be analyzed on airmoVOC CsCy.. Aniline /Phenyl amine / Amino Benzene is a Toxic organic
aromatic compound CeHs-NH2, as Nitro Benzene, it can be analyzed on airmoVOC CeCy, with RT
located after di-ethyl Benzene. With the association of the 3 technologies the capacities of these
configuration are huge for ambiance or industry markets.
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