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A Fast Run for EPA TO-15A by Using Nutech 8910

Preconcentrator System

Abstract

By Using three stage cryogenic system + GC/MS
technology (Full Scan and/or SIM) 82 VOC
compounds (TO15A Mix by Linde) in air be
analyzed in a fast single run performance. The
results shows that in 0.1-20.0ppb range the
calibration, precision, accuracy, blank and MDL
etc. are all meet EPA TO-15A requirements. The
MDL may reach 1-2ppt level in SIM mode for
those EPA selected compounds. The GC run time
can be as fast as 13.5 minutes. The Nutech
instruments system is good and fast tool for
performing TO-15A target VOCs in ambient air
analysis.

Introduction

US EPA published EPA TO-15 method on 1999
and is continuously used in USA labs from then.
The major 65 VOCs target compounds is listed .
According to USA EPA experience China
published HJ759-2015 in 2015 and the
technology is similar with USEPA TO-15. In USA,
TO-15 method is also used for Photochemical Air
Monitoring System (PAMS) witch includes 56
hydrocarbon compounds. In addition, USEPA also
published EPA TO-11 and listed 13 aldehyde
compounds by DNPH cartridge/HPLC method.
The latest USEPA published TO-15A still using the
preconcentration method to handle more VOCs
in ambient air. The new TO-15A increased 17
target compounds and make it to totally 82
target compounds. This application is trying to
develop an lab analytical application with Nutech
8910 instruments to cover all 82 VOC compounds
is a single fast run. Nutech team in both USA and
China tried in their labs by using Nutech
preconcentrator system with GC/MS.

Experiment

Configuration of Used Instruments
Preconcentration System: Nutech 8910/3610
Preconcentrator/autosampler, Nutech 2203 Static
Dilutor, Nutech 2104 Canister Clean System and 6
L Summa or Silica coated Canisters.

GC/MS: Agilent 8890/5977B (Optional Deans
Switch with FID, But not used in this application)

As Shown as flowing:

2703 Automatic
evice

AST03 fuar 3610 Autosampler 8910 Preconcentrator

2203 Precision Static Diluter 2104 Canister Cleaning System
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Standard Gases
The standard gases are all from Linde.

VOC Standards

81 Compounds TO-15A Standard, Concentration:
1.00ppm;

1 Compound (Ethylene oxide) Concentration: 1.00
ppm.

Due to stability for ethylene oxide, Linde has to
make two different bottles of standard separately.

Internal Standard/Surrogate Standard
Bromochloromethane, 1,4-Difluorobenzene,
Deuterichlorobenzene, 4- Bromofluorobenzene,
concentration are all 1.0ppm.
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Making Working Standard

Connect 2 high concentration standard and a
certified clean 6 liter Summa/Silica coated
canister to Nutech 2203 and set up 5 ppb as
working standard final concentration. Making
the working standard by following the dilutor
operation manual. Do same as
internal/Surrogate standard but concentration as
50ppb. The canisters was humidified with 50%
humidity. The another APP for how to humidify
the canister and how to make the working
standard professionally will be published
separately.

Instruments Parameters

8910 Method Set:

Trap 1 (Empty): -50°C, Trap 2:-50°C, Transfer
from Trap 1 to Trap to : 10°C, 20ml/min with 5
minutes. Trap 2 desorption: 220°C. Focuser: -
150°C, Focuser Injection impulse: Reach 80°C,
Transfer line: 40°C.

8890 GC Set:

Injection: 250°C

Split: Split/Splitless

Column: Restek Rtx-VHS,30mx0.25mmx1.4um

The Results
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Buffer =~ Column  for  Dean Switch
1.0mx0.18mmx0um (May not use it if no Dean
Switch not apply)
Temperature program :
15°C/min — 220°C (5min)
Carrier Gas: Constant flow at: 1.8 ml/m

40°C (1 min) -

5977B MS:

lon Source: 320 °C

Connect temperature: 250 °C

Scan: Full Scan/SIM

Scan range: Full Scan: 25-300 amu

SIM: (All the target compounds quantity ion and
95,128,130,114,117 amu

Initial Calibration

loading 30ml, 60 ml, 120 ml, 240 ml, 300 ml, 600
ml, Basic volume is 300 ml.

Using 5 ppb working standard gas, the related
concentration will be: 0.5 ppb, 1.0 ppb, 2.0 ppb,
4.0 ppb, 5.0 ppb, 10.0ppb, The curve will be
concentration ppb vs. Responses (Peak area).
The internal/surrogate standard is loaded 30ml
and the concentration is 5.0 ppb.

Pm using AcqMethod TO-15A VMS-1.8--4@C.M

TIC: 21050508 . D\data.ms
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Ical CcCcv

Using 0.5 ppb, 1.0 ppb, 2.0 ppb, 4.0 ppb, 5.0 ppb, Using 5ppb working standard, loading 120 ml,
10.0ppbto set up an initial calibration the linear concentration is 2.0pp. The CCV results is shown
range is 1:20. By using Bromochloromethane and in the flowing table:

Duterochlorobenzene as internal standard (IS),
Difluorobenzene and bromofluorobenzene as
surrogate standard (SS), The calibration data shown

Evaluate Continuing Calibration Report

as fO||OWS Data Path : D:\MassHunter\GCMS\1\data\210505\
. Data File : 21050507.D
Acq On  : 05 May 2021 08:38 pm
Operator
Sample 300
Response Factor Report Nutech Deans Switch tisc
ALS Vial : 22 Sample Multiplier: 1
Method Path : D:\MassHunter\GCMS\1\
Method File : TO15A-VMS-210505-iCal-40C.M Quant Time: May 06 10:10:39 2021
Title : TO-15A-VMS Quant Method : D:\MassHunter\GCMS\1\TOL5A-VMS-210505-iCal-40C.M
Last Update : Thu May 06 11:46:25 2021 Quant Title : TO-15A-VMS
Response Via : Initial Calibration Qlast Update : Thu May 06 10:09:00 2021

Response via : Initial Calibration
Calibration Files
1 =21050513.D 2 =21050527.D 3 =21050505.D 4 =21050506.D 5 =21050507.D0 6 =21

Min. RRF : 0.000 Min, Rel. Area : 50% Max. R.T. Dev 0.50min
Compound 1 2 3 4 5 6 Avg $RSD Max. RRF Dev : 258 Max. Rel. Area : 150%
Compound AvgRE  CCRF Doy Areat Dev(min)

nyr B! h. .. ISTI

2) m  Propene 0.885 0.935 0.877 0.854 0.827 0.817 0.866  4.99 11  Bromochloromethane (ISTD) 1,000 1.000 0.0 100 0.00
3) m  Difluorodichlo... 2.494 2.453 2.402 2.427 2.319 1.973 2.3¢5  8.15 2=  Propene 0.866  0.827 4.5 100 0.00
4) m  Dichlorotetraf... 2.582 2.563 2.509 2.526 2.409 2.443 2.505 2.70 Im Difluorodichloromethane 2.3¢5  2.319 1.1 100 0.00
5) m  Chloromethane 0.997 1.020 0.961 0.960 0.912 0.916 0.961 4.45 in Dichlorotetrafluoroethane(F 2,505  2.409 3.8 100 0.00
6) m  Vinyl Chloride  1.105 1.130 1.07¢ 1.076 1.021 1.025 1.072  4.02 5m  Chloromethane 0.912 si1 100 0.00
7) = 1,3-Butadiene 0.825 0.844 0.809 0.799 0.765 0.764 0.801 4.03 §m  Vinyl Chloride 1.021 4.8 100 0.00
8) = Ethylene oxide 0.209 0.228 0.201 0.174 0.190 0.154 0.193 13.49 T= 1,3-Butadiens 0.765 4.5 100 0.00
9) m  Methanol 0.129 0.123 0.112 0.068 0.096 0.068 0.099  26.99 8n Ethylene oxide 0.190 1.6 100
10) m  Bromomethane 0.930 0.945 0.903 0.897 0.873 0.844 0.899  4.10 9m  Methanol 0.096 3.0 100
11) m  Chloroethane 0.566 0.567 0.545 0.543 0.519 0.516 0.543 4.04 10 = Bromomethane 0.873 2.3 100
12) m  Trichlorofluor... 2.386 2.350 2.286 2.308 2.179 2.213 2.287  3.45 11 = Chlorosthane 0.519 4l4 100
13) m  Ethanol 1.249 1.360 1,303 0.877 1.237 0.914 1.157 17.92 1z = Trichlorofluoromethane 2.179 4.7 100
14) = 1,1-Dichloroet... 1.771 1.600 1.710 1.718 1.631 1.639 1.678  3.86 13 &  Ethanol 1.237 -6.9 100
15) m  Trichorotriflu... 2,050 2.028 2.001 2.014 1.915 1.952 1.994  2.53 14 = 1,1-Dichloroethene 1.631 2.8 100
16) = Carbon disulfide 3.045 3.027 2.963 2.971 2.853 2.896 2.959 2.50 5m Trichorotrifluorcethane (F11 1.915 4.0 100
1) m  2-propenal(hy...i0.325 0:268 0,329 0,330 0,320 0.22 0.317 496 16 m  Carbon disulfide 2.853 3.6 100
18) =  Isopropanol .927 1.000 0.980 0.756 0.973 0.750 0.898 12.76 17m 2-Propenal (Acrolein) 0.320 -0.3 100
19) m  Methylene Chlo... 1 365 1.407 1.300 1.289 1.223 1.219 1.301  5.76 18 m  Isopropanol 0.973 -8.4 100
20) m  Acetone 2.407 2.406 2.214 1.961 1.876 1.747 2.102  13.37 19 m  Methylene Chloride 1.223 6.0 100
21) m  Trans-1,2-Dich... 1.673 1.653 :Asss 1.612 1.513 1.544 1.598 3.85 20m  Acetone 1.876 10.8 100
22) m  MTBE 2.906 2.871 2 2,827 2.696 2.733 2.808 2.86 2lm Trans-1,2-Dichloroethene 1.513 53 100
23) m  Hexane 2.548 2.586 2 sa 2.491 2.381 2.383 2.476 3.40 2 m MIBE 2.696 4.0 100
24) m  Acetonitrile 0.682 0.743 0.680 0.632 0.665 0.641 0.674  5.87 23 m  Hexane 2.381 38 100
25) m  Diisopropyl ether 3 928 4.031 3.775 3,793 3.578 3.588 3.782  4.77 24 m  Acetonitrile 0.665 113 100
26) m  Tert-Butanol 569 3.584 3.439 3.471 3.277 3.287 3.438 3.86 25 m  Diisopropyl ether 3.578 5.4 100
27) m  Vinyl acetate 2 939 2.912 2.769 2.771 2.895 3.96 26 m Tert-Butanol 3.2n 4.7 100
28) m  2-chloro-1,3-b... 2.250 2.256 2.158 2.178 2.230  2.55 27 m  Vinyl acetate 2.769 4.4 100
29) m  2-propenenitrile 2.250 2.256 2.158 2.178 2.230 2.55 28m 2-chloro-1, 3-butadiene 2.158 3i2 100
30) m  1,1-dichloroet... 2.006 1,946 1.835 1.848 1.934  4.08 29 m  2-propenenitrile 2.158 iz 100
31) m  2-ethoxy-2-met... 3.569 3.471 3.277 3.287 3.438 3.86 30 m 1,1-dichloroethane 1.835 5.1 100
32) m  cis-1,2-Dichlo... 1.529 1. 0 1.455 1.392 1.409 1.461 3.83 31 m  2-ethoxy-2-methylpropane (ET 3.2m 4,7 100
33) m Chloroform 2.310 2.311 2.221 2.223 2.104 2.125 2.216 3.97 2m cis-1,2-Dichloroethene 1.392 4,7 100
34) m  Cyclohexane 1.793 1.847 1.773 1.770 1.679 1.686 1.758  3.69 33m  Chloroform 2.104 5.1 100
35) m Ethyl acetate 3.105 3.121 2.879 2.841 2.679 2.673 2.883 6.82 3¢ m  Cyclohexane 1.679 4.5 100
36) m  Tetrahydrofura... 1.310 1.213 1.136 1.090 1.041 1.018 1.135 9.76 35 m  Ethyl acetate 2.679 7:1 100
37) m  Carbon Tetrach... 2,022 2.085 2.054 2.136 2.031 2.110 2.073  2.19 36 m  Tetrahydrofuran (THF) 1.041 8.3 100
38) m  1,1,1-trichlor... 2.116 2.078 2.018 1.988 1.930 1.948 2.013 3.63 37 m  Carbon Tetrachloride 2,031 2,0 100
39) m  2-Butanone 2.529 2.357 2.188 2.243 2.119 2.120 2.259  7.05 38 m  1,1,1-trichloroethane 1.930 4.1 100
40) m  Heptane 2.076 2.162 2.031 2.048 1.928 1.926 2.028 4.46 39 m  2-Butanone 2.119 6.2 100
41) m  Benzene 3.527 3.483 3.406 3.339 3.188 3.186 3.355  4.32 40 m  Heptane 1.928 4.3 100
42) m  2-methoxy-2- 3.216 3.212 3.112 3.164 3.013 3.041 3.126 2.76 4l m Benzene 3.188 5,0 100
43) m  1,2-dichloroet... 1.423 1.447 1.361 1.356 1.273 1.283 1.357 5.21 42 m  2-methoxy-2-methylbutane 3.013 3i6 100
44) s 1,4-difluorobe... 3.965 3.974 3.871 3.946 3.877 3.962 3.932  1.17 43m  1,2-dichloroethane 1.273 6.2 100
45) m  Trichloroethylene 1.353 1314 1.318 1,329 1.274 1.303 1,315 2.00 44 s 1,4-difluorobenzens (Surroga 3.877 1.4 100
46) m  1,2-dichloropr... 1.335 1.318 1.254 1,267 1.197 1.215 1.264  4.33 45 m  Trichleroethylene 1.274 31 100
47) m  Bromodichlorom. 2.327 2.260 2.299 2.199 2.240 2.270  2.05 46 m  1,2-dichloropropane 1.197 5.3 100
48) m  Methyl methacr. 1.471 1,407 1.456 1,379 1.422 1.425 2.36 41 = Bromodichloromethane 2.19% 3.1 100
49) m  1,4-Dioxane .287 0.310 0,315 0.250 0.295 0.243 0.283  10.69 49 m  Methyl methacrylate 1.379 3.2 100
50) m  eis-1,3-dichlo... 1.929 1.933 1.873 1.906 1.819 1.872 1.889  2.290 49 m  1,4-Dioxane 0.295 -4.2 100
51) m  Toluene 4.775 4.663 4.576 4.599 4.391 4.425 4.572  3.17 50 m  cis-1,3-dichloropropene 1.819 37 100
520 m  {-methyl-2-pen... 2.259 2.330 2.231 2.286 2.140 2.189 2.239  3.04 $1m  Toluene 4.391 4.0 100
53) m s-1,3-Dich... 1.715 1.728 1.684 1.714 1.645 1.681 1.695  1.80 52 m  4-methyl-2-pentanone 2.140 4.4 100
549) m Tetxach.\oxoelh +s 1.665 1.634 1.597 1,613 1.549 1.586 1.607 S3m trans-1, 3-Dichloropropene 1.645 2.9 100
55) = 1.324 1.278 1.249 1.264 1.203 1.222 1.257  3.39 54 m  Tetrachloroethylene 1.549 3.6 100
56) = ves 1.958 1.946 1.976 2.041 1,967 2.054 1.991 2.27 S m 1,1,2-trichloroethane 1.203 4.3 100
57) m  1,2-Dibromoethane 1.921 1.895 1.876 1,921 1.632 1,874 1.887  1.78 56 m  Dibromochloromethane 1.967 1.2 100
58) = 2-Hexanone 1.986 2,031 1.946 1.990 1.857 1.891 1.950  3.37 57 m  1,2-Dibromoethane 1.832 2.9 100

58 m 2-Hexanone 1.857 4.8 100

59) I Chl Taiss

60) m  Ethylbenzene 1.382 1.348 1.357 1,332 1.201 1.312 1.337  2.46 59 I Chlorobenzene-d5(ISTD) 1.000  1.000 0.0 100
61) » Chlorobenzene 0.811 0.783 0.789 0.782 0.764 0.778 0.785 2.01 60 m Ethylbenzene 1.337 1.291 3.4 100
62) 1,1,1,2-Tetrac... 0.415 0.404 0.409 0.402 0.394 0.407 0.405  1.69 61 =  Chlorobenzene 0.785  0.764 2.7 100
63) m  mip-Xylenes 1.017 0.995 1.010 0.991 0,961 0.960 0.989  2.45 62m  1,1,1,2-Tetrachloroethane 0.405  0.394 2.7 100
64) m  o-Xylene 1.014 0.987 1.005 0,988 0.962 0.981 0.990 1.84 €3 m  mép-Xylenes 0.989  0.961 2.8 100
65) m Styrene 0.710 0.694 0.731 0.737 0.725 0.763 0.727 3.24 64 m o-Xylene 0.990 0.962 2.8 100
66) m Bromoform 0.476 0.466 0.501 0.514 0.507 0.544 0.501 5.53 65 m Styrene 0.727 0.725 0.3 100
67) = 1.356 1.379 1.355 1.321 1.347 1.362  2.29 66 m  Bromoform 0.501  0.507 -1.2 100
68) s . 0.745 0.735 0.733 0.725 0.137 0.735 0.89 67 m 1sopropylbenzene (Cunene) 1.362  1.321 3.0 100
69) m n-Propylbenzene 1.717 1.678 1.699 1.684 1.621 1.639 1.673  2.17 68 s Bromofluorobenzene(surrogat 0.735 0.725 1.4 100
70) a  1,1,2,2-tetrac... 0,721 0.711 0.721 0.704 0.682 0.694 0.706  2.20 69 m  a-Propylbenzene 1,673 1.621 3.1 100
71) m p-Ethyltoluene  1.326 1.294 1.331 1.317 1.283 1.313 1.311  1.43 70 m  1,1,2,2-tetrachloroethane 0.706  0.682 3.4 100
721 = 1,3,5-Trimethy... 1.052 1.023 1.050 1.041 1.014 1.040 1.037 1.46 71 m  p-Ethyltoluene 1.311  1.283 2.1 100
73) m  2-Chlorotolueme  1.131 1.106 1.105 1.088 1.053 1.065 1,091  2.62 72m  1,3,5-Trimethylbenzene 1.037  1.014 2.2 100
7418 festiatylbenzece 0.9690.936 9,063 0957 0,900 0.910.0.838 1.6 73m  2-Chlorotoluene 1.091 1,083 3.5 100
75) m  1,2,4-trimethy 0.989 1.022 1.022 0.992 1.021 1.012  1.67 74 m  Tertbutylbenzene 0.955  0.938 1.8 100
76) m  Sec-Butylbenzens 1 sso 1.497 1.529 1.526 1.484 1.815 1.517  1.57 75 m  1,2,4-trimethylbenzene 1,012 0.992 2.0 100
M mn 0.651 0,637 0.655 0.657 0.642 0.672 0.653 1.85 76 m Sec-Butylbenzene 1.517 1.484 2.2 100
78) m 0.653 0.634 0.656 0.668 0.646 0.681 0.656  2.49 77 m  1,3-Dichlorobenzene 0.653  0.642 1.7 100
79) m 1.117 1.094 1.119 1.133 1.106 1.140 1,118  1.50 78 m  1,4-dichlorobenzene 0.656  0.646 1.5 100
80) m  n-butylbenzene  0.260 0.256 0.272 0.276 0.272 0.286 0.270  3.98 79 m  O-Cymene 1.118  1.106 1.1 100
81l m Benzyl chloride 0.172 0.167 0.179 0.182 0.179 0.190 0,178 4.47 80 m n-butylbenzene 0.270 0.272 =-0.7 100
82) m  1,2-Dichlorobe... 0.592 0.583 0.595 0.598 0.582 0.610 0.593  1.74 8l m  Benzyl chloride 0.178  0.179 -0.6 100
83) m  Hexachlorobuta... 0.276 0.265 0.223 0.264 0.280 0.298 0.268  9.47 82 m  1,2-Dichlorobenzene 0.593  0.582 1.9 100
84) m 1,2,4-Trichlor... 0.269 0.257 0.251 0.309 0.328 0.347 0.293 13.66 83 m  Hexachlorobutadiene 0.268  0.280 -4.5 100
85] m  Naphthalene 0.520 0.507 0.557 0.653 0.702 0.746 0.614  16.32 84 m  1,2,4-Trichlorobenzene 0.293  0.328 -11.9 100

85 m  Naphthalene 0.614  0.702 -14.3 100

(#) = Out of Range
TO15A-VMS-2...5-1Cal-40C.M Thu May 06 11:49:23 2021 (#) = Out of Range SPCC's out = 0 CCC's out = 0

TO15A-VMS-2...5-iCal-40C.M Thu May 06 14:23:12 2021
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Recovery % (Accuracy %)

TO-15A listed about 20 labs recovery report with
the selected target compounds.

The concentration level is from 0.2 to 0.9 ppb.
Here we spike 0.5 ppb a an average and report
the recovery for those same selected compounds.

Spike Recovery and RPD Summary Report - WATER

Method Path : D:\MassHunter\GCMS\1\
Method File : TO15A-VMS-210505-iCal-40C.M
Title : TO-15A-VMS

Last Update : Thu May 06 11:48:16 2021
Response Via : Initial Calibration

Datafile Path:

+\MassHunter\GCMS\1\data\210505\

21050512.D

Name : Blank 300 Acq Time: 06 May 2021 12:13 am

Acq Time: 05 May 2021 10:06 pm

--Spike Duplicate--
File : 21050510.D

Name : BSD Acq Time: 05 May 2021 10:48 pm
Compound sample Spike Spike Dup Spike Dup RPD  OC Limits
Conc Added Res Res BRec ¥Rec RPD % Rec
Propene 1001 21 21 21 9| 91|01 301 70-1301
Difluorodichlorometh| 0.0 | 2 | 2| 21103 | 102 | |1 | 30 | 70-1301
Dichlorotetrafluoroe| 0.0 | 2 | 21 21101 | 100 | |0 | 30 | 70-130]
Chloromethane 1001 21 21 2 9| 97|21 30| 70-130|
Vinyl Chloride 1001 21 21 21 9 | 97 ||1] 30| 70-130|
1, 3-Butadiene 1001 24 21 2 97| 97|01 30| 70-130|
Ethylene oxide 1001 21 21 2] 50| 101 |12 | 30 | 70-130|
Methanol 1031 21 21 2| 93| 9 ||1] 30| 70-130|
Bromomethane 1001 21 21 2| 9| 9|0 30|
Chlorcethane 1001 21 21 2| 9 1100]||8] 30|
Trichlorofluoromethal 0.0 | 2 | 21 2| 100 | 99 | 1] 30 |
Ethanol 1011 21 21 2]1309] 13061/ 3]30]
1,1-Dichlorosthene | 0.0 | 2| 21 2| 301 | 200 | |1 | 30|
Trichorotrifluorceth| 0.0 | 2 | 21 2| 101 | 200 | |1 | 30 |
Carbon disulfide | 0.0 | 21 2| 2]201] 99| 1]30]}
2-Propenal (Acroledn) | 0.1 | 2 | 2| 2| 100 | 94 1|61 30|
Isopropanol 0.0 | 2| 2| 2111111051 51301
Methylene Chloride 1 0.0 | 2| 2| 2] 971 971|01301
Acetone 1031 21 2 2) s s01{11 300
Trens-1,2-Dichloroet| 0.0 | 2| 21 21 991 9 | |11 30]
MTBE 1001 21 21 2112001001 11301
Hexane 100 2| 2| 2110011001 (01} 30]1
Acetonitrile 10601 21 2] 211031 991 (31]30]
Diisopropyl ether | 0.0 | 2| 2| 21 991 981 /11301
Tert-Butanol 10.0 | 21 2| 21 991 991 (0] 30|
Vinyl acetate 10,01 21 21 21 991 91 11301
2-chloro-1,3-butadie| 0.0 | 21 21 2| 991 991 (0130 |
2-propenenitrile | 0.0 [ 21 21 21 91 91|01 30|
1,1-dichloroethane | 0.0 | 2| 2| 21 991 981 |11 30|
2-ethoxy-2-methylpro| 0.0 | 2| 21 21 99 991 |0 30 |
cis-1,2-Dichloroethe| 0.0 | 21 21| 2| 98| 98 | |01 30 |
Chloroform 1001 21 21 21 91 99| [0} 301
Cyclohexane 1001 21 2| 2| 99| 98| (1] 30]
Ethyl acetate 1001 21 21 21 9| 9] (0] 30]
Tetrahydrofuran(THF)| 0.0 | 2| 21 21 971 96| (1130 |
Carbon Tetrachloride| 0.0 | 21 2| 211011100 | (1] 30 |
1,1,1-trichloroethan| 0.0 | 2| 2| 2| 99| 99 (0 30 |
2-Butanone 1001 21 2| 2| 95 971 |2] 30|
Heptane 1001 21 21 21 97| 9| (1]30]
Benzene 1001 21 21 2| 98100/ (2] 30]
2-methoxy-2-methylbul 0.0 | 21 21 2| 98| 97| [1 30|
1,2-dichlorcethane | 0.0 | 21 21 2| 9 | 971 |1 30|
Bromodichloromethane| 0.0 | 2| 2| 21 99| 98 i|l 0 30|
Methyl methacrylate | 0.0 | 2| 2| 21 97| 96| 0] 30 |
1, 4-Dioxane 1001 21 2| 2118|115 (| 3] 30|
cis-1,3-dichloropropl 0.0 | 2| 2| 21 99| 99 | 1130 |
Toluene 1001 21 21 211001 9 (|01]30]
4-methyl-2-pentanonel 0.0 | 2 | 2| 21 98| 97 || 130
trans-1,3-Dichloropr] 0.0 | 2| 2| 21 99| 99| 0| 30 |
Tetrachloroethylene | 0.0 | 2| 2| 2100 | 200 || 0 | 30 |
1,1,2-trichloroethan] 0.0 | 2| 21 21001 99 | 1| 30|
Dibromochloromethanel 0.0 | 2| 2| 211001 99 | 1| 30 |
1,2-Dibromoethane | 0.0 | 2| 21 21001 99 | 1| 30|
2-Hexanone 1001 2| 21 21 961 9 I|1]30]
Ethylbenzene 100 21 21 2112011 9 (|3]30]|
Chlorcbenzene 1001 2| 21 211021 91|2]30]|
1,1,2-Tetrachloroel 0.0 | 2| 21 2| 102 | 99 2| 30 |
map-Xylena: 1001 4] 4| 4] 102)1001i|3]30]|
o-Xylene 1001 2] 21 211001 9 ||2]30]
Styrene 1001 2] 2| 21101 9 i|/3]|30]|
Bromoform 1001 2] 2| 2100 99| 330
Isopropylbenzene(Cum| 0.0 | 2| 2| 21102 | 99 | 4| 30 |
n-Propylbenzene 0.0 1 21 21 21102 9 |2130]
1,1,2,2-tetrachloroe] 0.0 | 21 2| 21101 | 98 | 3 30|
p-Ethyltoluene 1001 21 2] 21102100/ 21j30]|
1,3,5-Trimethylbenze| 0.0 | 21 2| 21102 | 99| 3| 30 |
2-Chlorotoluene 1001 21 2] 21201 9 || 3]30]|
Tertbutylbenzene 0.0 21 2| 2102100 2301
1,2,4-trimothylbenzel 0.0 | 2| 2| 2102 | 99 || 3| 30 |
Sec-Butylbenzene | 0.0 | 2| 2| 2102 | 100 | 2| 30 |
1,3-Dichlorobenzene | 0.0 | 2| 2| 2103 | 99| 4| 30|
1,4-dichlorobenzene | 0.0 | 2| 2] 2| 102 (100 | 3| 30 |
O-Cymene 1001 21 21 2(11203| 991|330
n-butylbenzene 100 21 21 21102101 ([1]30]
Benzyl chloride 1001 2| 2) 201021001|2130]|
1,2-Dichlorcbenzene | 0.0 | 2| 2| 2102 | 99 | 3] 30 |
Hexachlorobutadiene | 0.0 | 2| 2| 2| 110 | 107 | 2| 30 |
1,2,4-Trichlorobenze| 0.0 | 2| 2| 2| 113|110 || 2 | 30 |
Nephthalene 1001 21 21 21113)109)/|3] 30| 70-130]

4 - Fails Limit Check

TO15A-VMS-2...5-1Cal-40C.M Thu May 06 14:30:37 2021

Page 4

Replicates

The replicates are selected 0.5ppb and 2.0ppb
with 7 points, The data shows that the RSD% of
most compounds are less than 10%.

Response Factor Report Nutech Deans Switch

Method Path : D:\MassHunter\GCMS\1\
TO15A-VMS-210505-1Cal-40C-replicate .M
Title : TO-15A-VMS

Last Update : Thu May 06 14:41:13 2021

Response Via : Initial Calibration

Calibration Fil

es
=21050513.D 2 =21050514.0 3 =21050515.D 4 =21050516.D 5 =21050517.D 6 =21

Hexachlorobuta... 0.278 0.272 0.286 0.269 0.278 0.274 0.287 0.278 2.49
1,2,4-Trichlor... 0.269 0.255 0.268 0.253 0.244 0.237 0.252 0.254 4.56
Naphthalene 0.520 0.501 0.516 0.486 0.476 0.478 0.488 0.495  3.55

Compound 1 2 3 4 s 6 7 Avg #RSD

1) T Bromochl 1ST
2) m  Propene 0.920 0.857 0.916 0.838 0.896 0.904 0.884  3.74
3) m Difluorodichlo. 2.517 2.675 2.552 2,510 2,941 2.634 2.560  2.66
4) m  Dichlorotetraf. 2.611 2.756 2.626 2.657 2.612 2.753 2.657  2.65
5) m  Chloromethane 1.013 1,058 1.029 1.028 1.053 1.097 1.039  3.18
6) m  Vinyl Chloride 1.100 1.201 1.130 1.152 1,155 1,193 1.148  3.44
7) m  1,3-Butadiene 0.845 0.896 0.848 0.855 0.865 0.894 0.861  3.02
8) m  Ethylene oxide 0.208 0.208 0.278 0.248 0.219 0.246 0.231  11.55
9) m  Methanol 0.124 0.135 0.139 0.143 0.148 0.146 0.137  7.14
10) = Bromomethane 0.941 0.981 0.948 0.955 0.970 1.014 0.963  2.94
11) =  Chloroethane +566 0.566 0.610 0.588 0.584 0.552 0.604 0.581  3.66
12) m  Trichlorofluor... 2.386 2.388 2.512 2.416 2.393 2,399 2.525 2.431  2.49
13) m  Ethanol 1.304 1,207 1.293 1.390 1.399 1.427 1.324  6.27
14) m  1,1-Dichloroet. 1.767 1.883 1.802 1.625 1.635 1,718 1.743  5.27
15) m  Trichorotriflu. 2.072 2.193 2.100 2.045 2.076 2.149 2.098  2.59
16) m  Carbon disulfide 3.045 3.077 3.253 3.137 3,128 3.122 3.295 3.151  2.88
17) m  2-Propenal (Acr... 0.325 0.325 0.350 0.325 0.319 0.336 0.3d6 0.332  3.53
18) m  Isopropanol 0.927 1.006 1.037 1.024 1.001 1.053 1.053 1.015  4.30
19) m  Methylene Chlo. 1.411 1,402 1.418 1.489 1.422  3.32
20) m  Acetone 2 2.406 2.389 2.424 2.441 2.424  1.33
21) m  Trans-1,2-Dich... 1.673 1.661 1.762 1.700 1,672 1.692 1.777 1.705  2.70
22) = MTBE 2.906 2.934 3.103 2.996 2.969 2.940 3.077 2.989  2.50
23) m  Hexane 2.548 2.578 2.725 2.605 2.616 2.654 2.701 2.632  2.45
24) = Acetonitrile 0.682 0.734 0.761 0,737 0.732 0.761 0.785 0.742
25) m  Diisopropyl ether 3.928 3.977 4.221 4.067 4.030 4.128 4.279 4.090
26) m Tert-Butanol 3.569 3.601 3.834 3.642 3.621 3.640 3.794 3.672  2.75
27) = Vinyl acetate 2.939 2.989 3.205 3.030 3.060 3.085 3.232 3.077  3.50
28) m  2-chloro-1,3-b... 2.250 2.289 2.455 2.373 2,359 2.3B2 2.445 2.365  3.18
29) m  2-propenenitrile 2.250 2.289 2.455 2.373 2.359 2.382 2.445 2.365  3.18
30) m  1,1-dichloroet... 2.006 2.036 2.146 2.047 2.060 2.055 2.133 2.069  2.48
31) m 2-ethoxy-2-met... 3.569 3.601 3.834 3.642 3.621 3.640 3.794 3.672 2.75
32) m  cis-1,2-Dichlo... 1.529 1.520 1.636 1.548 1.542 1.562 1.638 1.568  3.12
33) m  Chloroform 2.352 2,358 2.365 2.494 2.386  3.12
34) m  Cyclohexane 1.881 1.881 1.890 1.968 1.888  3.18
35) m  Ethyl acetate 3.069 3.173 3,145 3.311 3.138  3.09
36) m  Tetrahydrofura. 1.358 1.338 1.237 1.417 1.321  4.44
37) m  Carbon Tetrach. 2,078 2.061 2.080 2.161 2.087  2.59
38) m  1,1,1-trichlor. 2.120 2.116 2.108 2.204 2.144  2.95
39) m  2-Butanone 2.387 2.456 2.373 2.478 2.415  3.92
40) m  Heptane 2.196 2,223 2.205 2.277 2.202  3.34
41) m  Benzene 3.546 3.608 3.560 3.736 3.613  2.42
42) m  2-methoxy-2-me. 3.273 3.269 3.249 3.457 3.307  2.82
43) m  1,2-dichloroet. 1.466 1.420 1.449 1.509 1.455  2.66
44) s 1,4-difluorobe 4.003 3.964 3,988 3.931 3.979  0.68
45) m  Trichloroethylene 1.369 1.389 1.350 1.433 1.394  2.50
46) m  1,2-dichloropr. 1.346 1.345 1.348 1.393 1.360  2.61
47) m  Bromodichlorom... 2.343 2.348 2.354 2.487 2.377  3.12
48) m  Methyl methacr... 1.466 1,446 1.478 1.531 1.477  3.36
49) m  1,4-Dioxane £ 0.307 0.330 0.300 0.309 0.302  5.30
50) m  cis-1,3-dichlo... 1.929 1.933 2.073 1.970 1,927 1.977 2.057 1.981  3.07
51) m  Toluene 4.775 4.774 5.050 4.865 4.790 4.825 5.060 4.877  2.58
52) m  4-methyl-2-pen... 2.258 2.286 2.430 2.358 2.329 2.347 2.476 2.355  3.25
53) m  trans-1,3-Dich... 1.715 1.723 1.850 1.776 1.731 1.772 1.839 1.772  3.07
54) m  Tetrachloroeth... 1.665 1.661 1.772 1.685 1.687 1.683 1.731 1.698  2.36
55) m  1,1,2-trichlor... 1.324 1.303 1.397 1.340 1.313 1.325 1.391 1.342  2.78
56) m  Dibromochlorom... 1.958 1.961 2.108 2.007 1.992 1.995 2.081 2.014  2.89
57) m  1,2-Dibromoethane 1.921 1.929 2.036 1.950 1.926 1.972 2.025 1.966  2.43
58) m  2-Hexanone 1.986 1.970 2.122 2.032 2.050 2.023 2.154 2.048  3.30
59) I chl (v 18T
60) m  Ethylbenzene 1.362 1.382 1.474 1.419 1.408 1.406 1.482 1.422  2.85
61) m  Chlorobenzene 0.811 0.808 0.860 0.813 0.812 0.812 0.870 0.826  3.18
62) m  1,1,1,2-Tetrac... 0.415 0.409 0.441 0.413 0.410 0.417 0.436 0.420  3.08
63) m  m&p-Xylenes 1.017 1.018 1.083 1.035 1.023 1.030 1.087 1.042  2.90
64) m  o-Xylene 1.014 1.010 1.075 1.031 1,023 1.034 1.081 1,038  2.73
65) m  Styrene 0.710 0.696 0.748 0.706 0.706 0.702 0.742 0.716  2.88
66) m  Bromoform 0.476 0.466 0.498 0.474 0.469 0.475 0.492 0.479  2.46
6 m Isopropylbenze 1.413 1.382 1.477 1.404 1.385 1.388 1.469 1.417 2.81
68) s  Bromofluoroben... 0.737 0.735 0.737 0.743 0.743 0.743 0.738 0.739  0.51
€9) m  n-Propylbenzene 1.717 1.706 1.825 1.727 1.742 1.122 1.825 1.752  2.92
70) m  1,1,2,2-tetrac... 0.721 0,725 0,767 0.736 0.731 0.731 0.773 0.741  2.81
71) m  p-Ethyltoluene 1,326 1.326 1.405 1.344 1.338 1.344 1.399 1.355  2.46
72) m  1,3,5-Trimethy... 1.052 1.030 1.099 1.056 1,052 1,042 1.100 1.062  2.57
73) = 2-Chlorotoluene 1.131 1.112 1.191 1.128 1.138 1.139 1.203 1.149  2.99
74) ®  Tertbutylbenzene 0.969 0.965 1.011 0.970 0.962 0.968 1.025 0.982  2.61
75) = 1,2,d4-trimethy... 1.026 1.000 1.085 1.024 1.022 1.026 1.076 1.037  3.01
76) m  Sec-Butylbenzeme 1.550 1.537 1.630 1.549 1.531 1.560 1.614 1.568  2.47
M= 0.659 0.651 0.662 0.678 0.663 2.09
78} m 0.658 0.649 0.647 0.675 0.662  2.93
79) B X 1.117 1.100 1,106 1.165 1.125  2.81
80) m  n-butylbenzene  0.260 0.256 0.273 0.267 0.265 0.266 0.275 0.266  2.55
81) m  Benzyl chloride 0.172 0.171 0.178 0.169 0.167 0.171 0.179 0.172  2.59
82) = 1,2-Dichlorobe... 0.592 0.581 0.613 0.596 0.580 0.591 0.625 0.597  2.78

=

™

®

- Out of Range
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The MDL Study

According to TO-15A reference MDL study table
this experiment shows the results of our MDL
both by full scan and by SIM method. The blank
MDL as well as reference MDL on TO-15A table is
also listed in the following table. The results show
that our MDL is as good as the TO-15A selected
lab results. At full scan the MDL for most
compounds are below 0.03 ppb (30 ppt) and for
the SIM scan the most MDL for listed compounds
as low as 1 to 2 ppt level.

MDL For the Full Scan:

Nutech 8910/Agilent 8890/5977 TO-15A VOC Compounds MDL results

MDL is based on 600mL Loading Volume with 7 replicate Run
Spike Cone. Avg. Cone.

Number Compund ooby) (ppbyy 7 RSD MDL
1 Bromochloromethanc(ISTD) 50 5.00
2 Propene 05 0351 374 003
3 Difluorodichloromethane () 055 266 002
4 Dichlorotetrafluorocthane(F114) 0.5 053 265 002
5 Chloromethanc 05 0354 318 003
6 Vinyl Chloride 05 034 344 003
7 13-Butadiene 05 054 302 003
8 Ethylenc oxide 05 060 1155 011
9 Methanol 05 070 704 008
10 Bromomethane (] 034 298 002
11 Chloroethane 05 054 366 003
12 Trichlorofluoromethanc 05 053 249 002
13 Ethanol 05 057 627 006
14 1,1-Dichlorocthene 05 052 527 004
15 Trichorotrifluorocthane(F113) 05 053 259 002
16 Carbon disulfide 05 053 288 002
17 2-Propenal(Acrolein) 0s 052 35 003
18 05 057 430 004
19 Methylene Chloride 05 055 332 00
20 Acctone 05 058 133 001
21 Trans-1,2-Dichloroethene 05 053 270 002
2 MTBE 05 053 250 002
23 Hexane 05 053 245 002
24 Acctonitrike 05 055 439 004
25 Diisopropyl ether 05 054 312 003
26 Tent-Butanol 05 053 215 002
27 Vinyl acetate 05 053 350 003
28 2-<hloro-1,3-butadicnc 05 053 318 003
29 2-propenenitrile 05 053 318 003
30 1, 1dichlorocthanc 05 053 248 002
31 2-cthoxy-2-methylpropanc(ETBE 0.5 053 275 002
32 cis-1,2-Dichlorocthene 05 054 312 003
33 Chloroform 05 054 312 003
34 Cyclohevane 05 054 318 003
35 Ethyl acetato 05 054 309 003
36 Tetrahydrofuran(THF) 05 038 444 004
37 Carbon Tetrachloride 05 050 259 002
38 1,1, 1-trichlorocthane 05 053 295 002
39 2-Butanone 05 054 392 003
40 Heptane 05 054 334 003
41 Benzene 05 054 242 002

42 2-methoxy-2-methylbutane

43 1,2-dichloroethanc

44 1 d-difluorobenzenc(Surrogate)

45 Trichloroethylene
1,2dichloropropane

47  Bromodichloromethane

48 Mothyl methacrylate

49 1,4-Dioxane

50 cis-1,3-dichloropropene

51 Toluene

52 d-methyl-2-pentanone

53 trans-1,3-Dichloropropene

4 Tetrachlorocthylene

$5  1,1,2-trichlorocthane

58 2-Hexanone

59 Chlorobenzene-dS(ISTD)
60 Ethylbenzene

61 Chiorobenzene

62 1,1,1,2-Tetrachlorocthane
63 mép-Xylenes

64 o-Xylene

65  Styrene

66  Bromoform

67 Isopropylbenzene(Cumenc)
68 Bromofluorobenzenc(surrogate)
69 n-Propylbenzenc

70 1,1,2,24etrachlorocthane

71 peEthyliolucne

72 13,5-Trimethylbenzene

73 2-Chlorotolucne

74 Terbutylbenzene

For SIM:

0.02

0.02

Nutech 8910/Agilent 8890/5977 TO-15A VOC Compounds MDL results

MDL is based on 600mL Loading Vohme with 7 replieate Run

Compound

Difluorodichloromethane
Chloromethane
Dichlorotetrafhuoroethane (F114)
Vinyl Chloride

1.3-Butadiene

2-Propenal (Arolein)
Trichloroflucromethane
2-Propenenitile
1,1-Dichloroethene
Methylene Chlonde
Tnehorotrifluoroethane (F113)
1.1-dschloroethane
eis-1.2-Dichloroethene
Chlereform
1.2-Dichlorosthane
1.1.1-Trschloroethane

ne
Carbon Tetrachloride
1.2-Dichloropropane
1.1.2-Trichlorosthene
¢is-1.3-Dichloropropene
Trans-1 3-Dichloropeopene
1,1, 2-Trichloroethane
Tolsene
1,.2-Dibromoethane
Tetrachlorocthylene
Chlorobenzene
Ethylbenzene
mip-Xylenes

Styrene

o-Nylene
1,1.2.2-Terachloroethane
135 Trnmetlrylbenzene
1,2.4-Trmethylbenzene
1.3-Dichlorohenzens
1.4-Dichlorobenzene
1.2-Dichlorobenzene

1.2 Trichlorobenzene
Hexachlorobutadiene

Splke Cone.
o)

1000
1000
10.00
10.00
10,00
1000
1000
1000
1000
10.00
1000
1000
1000
1000
10.00
1000
1000
1000
1000
10,00
1000
1000
1000
1000
1000
1000
10,00
1000
1000
1000
1000
1000
1000
1000
1000
10,00
1000
1000
1000
1000
1000

Avg Conc.
vy

9.78

1204

10.02

18.68

921

s

MDL

Blank' Blank Repart  Reference
MDL  MBL  MDL
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The Blank

After analyzed 600ml 10 ppb standard gas immediately load 300ml nitrogen blank and there is no
compound tested above MDL. The Both blank chromatography for full scan and SIM are shown as
following. The small peaks are either silica compounds or the small amount less than either full scan
or SIM MDL.

File 1D: AMassHuNter\GOMS L 1\datal21es5es1.21asas12 .o
Operator sL
Acquired : ®©6 May 28231 12:13 ar USInE ACGMeThod TO-1SA VMS-1_S--aec._ M
Insteumen -4 reutech Deans Switcn

Sample Name:
Miz=c Info : Blank 3Ge
vial Nusber: 1
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.
Conclusion

Using Nutech 8910/3610 preconcentrator system with GC/MS full Scan and/or SIM the 82 target
compounds (TO-15A) can be tested at one time performance at a fast way. The chromatography
time may be as short as 13.5 minutes and the run time from injection to next injection can be as short
as less than 18 minutes. All QA/QC meets EPA TO-15A requirements. The MDL for EPA TO-15A
selected compounds can be as low as 1 ppt by SIM with preconcentrator, which is the same as
referenced labs which listed in TO15A and the MDL for most TO-15A target compounds with full scan
may be as lower as 0.03 ppb.

The method and instrument configuration needs is just GC/MS and no Dean Switch with FID is
necessary. That give the lab to using existing instruments a good example of application. The analysis
cost can be saved by not using necessary gases supply for FID operation.

The results also shows that the linear range can be from 0.5ppb to 10ppb and is better than similar
application (1.25-10ppb). The performance is stable and no carry over is another advantage.

Nutech Instruments Inc. is one of the EPA TO-15A listed instruments manufacturers and we are
serving worldwide users with the highest quality for decades.
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