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Not-so-continuous VOC Monitoring: AutoGC
~1 Hour Composite Sample

» Sample Collection on Sorbent Trap (composite sample to
correlate with hourly criteria measurements)

» Chromatographic separation of target compounds
(generally separation occurs during collection of next
sample)

» Detection of separated target compounds by one or more
detection methods (FID, PID, MS)

» Data analysis to identify and quantitate separated targets
compounds (Chromatographic data system supplied with
each instrument)
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Sample Collection Methods

» Collection on a single trap
» Cryogenically cooled trap to capture C2-C12 VOCs
» Dual adsorbent trap for full range collection

» Single sample injected to multidimensional gas
chromatograph

» Separate C2-C6 and Cé6+ traps

» C2-Cé6 single adsorbent trap cryogenically cooled to
trap C2 VOCs

» C6+ single adsorbent trap for C6+ VOCs
» Each trap injected into separate gas chromatograph
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Low cost

» Stable < 2% drift over 1
month

» Response relative to
carbon content

» Linear detector
response

» Not sensitive to O,, N,
or H,0

» Possible interferences

>
>

>

NMHC Monitoring Strategies: Analytical Choices

GC-PID GC-MS

Low cost

Uses lamp which can
age and require
cleaning

Non-uniform detector
response

Reduced Linear range

Sensitive to H20
interference

Not sensitive to
interferences
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More complex da

More complex
operation

Requires more fre
calibration

Non-uniform de
response

Sensitive to O
H20 interfe



AutoGC Systems: Single Trap Systems

» Dual adsorbent cryogenically cooled trap
» Detection by Dual FID, MS or FID-MS
» Single Data System

Drier Thermal Desorber Gas Chromatograph Data System
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AutoGC Systems: Dual Trapping Systems

» Dual Chromatographic Systems - separate samples
» Detection by Dual FID, PID

» Single Data System

Drier C2-C6 Gas Chromatograph
Cryogenic Trap "\ ““““ 6 Data System
Sample —» w@-
Dry gas
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Ancillary Equipment Requirements

» Carrier gas - Helium ~10-15 mL/min
» Air supply - Compressor
» Purification Systems to supply

» Dry air or N2 < 1ppm moisture for Peltier cooler and nafion
drier ~ 350 mL/min

» Hydrocarbon-free air for FID support gas ~ 800 mL/min
» Dilution gas for dilution system ~150 - 300 mL/min
» Hydrogen if FID
» Cylinder gas or Hydrogen generator ~80 mL/min
» Sample manifold and sample pump
» Canisters and dilution system
» Calibration curves
» Check standards
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Sampling System

» Standard glass manifold systems
» Glass with blower to bring sample from outside
» Heated to eliminate condensation
» Cleaned regularly with only de-ionized water
» Sample lines from manifold
» Flow rates < 50 sccm should be 1/8” or smaller
» Heated stainless steel - chromatographic grade only
» Silco treated stainless steel
» Problems associated with sample lines
» Losses of heavy compounds - inadequate humidification
» Contaminations - inadequately cleaned tubing

» Carry-over of heavy compounds - inadequate humidification or
condensation (may require heating)
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Chromatography Data Systems

Requirements:
» Data portability
» Ability to reconstruct the original processing method from result

» Use of Retention time references to accommodate diurnal shifts

» Use of response factors and calibration by reference for unidentified HCs

» Ability to name files for easy identification of site, date, time, hour and
sample type

» Ability to schedule and control introduction of routine quality control
samples

» Ability to recover from simple power failures and continue hourly samp

» Remote operation
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Method Development
TotalChrom Chromatography Data System
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Calibration

Carbon Response Factor Target Specific Regression

» Single Response factor for » Linear regression for each

each column target component
» Response factor based on » Response based on ppbv
response (peak area) per » Requires standard

ppbC

» Requires certified standard
for only Propane and

containing all targets

» Required on PID and MS
systems which do not have

Benzene uniform response across
» Used only on FID systems targets
» Easy for validators to » Difficult to achieve and

check for errors validate
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Calibration

Mass Spectrometry or Photoionization Detector:

» May require calibration across larger dynamic range due to non-linear
response (6 points)

» Generally requires target specific calibration

» Will require standards for each target to be calibrated

FID Detector
» Has mostly uniform response based on Carbon-Hydrogen bonds
» Extremely linear and may be calibrated with fewer points (1 - 3)

» Only requires standard with propane and benzene for calibration
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Analytical Blank
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- PLOT Column
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Ambient Air - Boiling Point Column
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Daily Check Standard at 0.5 ppbv

n

Recoveries

Check Standard % Recovery - C3/Cé Average Response Factor

BP Column

PLOT Column
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Sources of Data Losses and Poor QC Results

Poor QC Result

» Power failures » Canisters
» Sample collection time » Sample lines

errors » Sample pumps/flow
» Shelter AC failures » Trap icing
> Compressor failures » Losses of l]ght gases
» “Wet” air » Failure of trap cooling

» Sample or dry purge flow
too high

» Contaminants in Blank
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Sources of Carry-over and Interferences

Carry-over Interferences

» Extremely high ambient » Canisters
» Nafion Driers » Failing Air system
» Sample lines » Site specific interferences
» Heated S5 » Leak testing solutions
> Treated Steel » Baseline issues
» Trap failure resulting in » Detector ferrules
trap material in system i sy
» Ferrules » Electrical
» Vibration
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Sources of Carry-over and Interferences
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Sources of Carry-over and Interferences
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Sources of Carry-over and Interferences
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Sources of Carry-over and Interferences
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Data Quality Objectives

» Data completeness
» Data representative of ambient concentration
» Minimize contributions from the system

Data Validatior

» Well defined Operating » Well defined Data Quality
Procedures Objectives
» Well documented )
instrumental parameters » Real-time data transfer and
review

» Fully automated system to
reduce errors in operator » Well defined validation

activities operating procedures

» Easily identifiable and

transportable data files » Good annual audits to review

> Full t ted Qualit instrument performance
ully automated Quality
Checks across network.
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Network Quality Control

Quality Control Check Composition

Retention Time Standard

Mixture containing all

Purpose

To help assess

Frequency

Twice a month

Acceptance Criteria

100% of the compounds are

precision

(RTS) target compounds retention time shifts or weekly identified correctly in the
ideally between 1-5 and optimize multicomponent RTS
ppbC processing methods
Calibration Verification Mixture of 15 reference |To assess the Daily 1) Propane and Benzene %
Standard (CVS) compounds including instrument drift and recoveries within 75% - 125%
Propane and Benzene |ensure continued and all other calibrants
used for calibration instrument calibration within 55 - 145%
2) Data must be bracketed
by valid CVS
Method (Analytical) Blank Humidified, clean air  |To assess system Daily 1) All target compounds <
contribution to the 2.0 ppbC
measurement 2) TNMHC < 20 ppbC
3) Data must be bracketed
by valid blanks
Precision Check Mixture used for CVS To assess analytical Weekly Propane and Benzene %RPD

20% in two consecutive CVS
runs

Laboratory Calibration
Standard (LCS)

Mixture of 15 reference
compounds including
Propane and Benzene
used for calibration

Second source
standard, statically
blended 5 ppbv

Twice a month
or weekly

Propane and Benzene %
recoveries within 70-130%

National Ambient Air Monitoring Conference - PAMS Workshop
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Data Review - Data Validation

Data Review - Daily Data Validation - Monthly

» Site Operations » Review of Quality Controls

» On-time collection » Passing check standard
recoveries - flagging

» Correct identification
» Passing blanks - flagging

» Equipment parameters failed targets
» Quality Controls » Retention time checks
» Passing Blanks » Chromatography review
» Passing check standard » Review of high hours or
recovery other issues
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Electronic Logbooks

AutoGC Operator Log Entry
Siter |
Operator:

LUre Growmrize, Rhone, or AureGC Validation ID, nenally formartsd
az firsr initial folloved by Iheﬁ: ot seven lenters of last name.
Ex.J Mgianie Horchiizs = mhorchia

Exmmws,mdo‘therchmh
Updare the igformarion as

Helimm:
Hydrogen 1:
Hydrogen 2
Zero Amr:
(CVS:

LCS:

RTS:

Andit:

MNafion Flow:

(Orther:

[l
TOC Flowmeter: [l ¢
TD Sample Pump: [ |mlmn €
TD Outlet SplitFlow: [ |mlmm €
TD Desorb Vent Flow:| [mlmn €
TD Cohmm Pressre: [ |psig  C
GC Midpoint Pressre:[  [piz €
L | «

WDL:

GCCut . Power Faihwre

[ |em
S‘tzmmTemp I S B

o et s

Verified sample collection within the

‘Canister Installation

Update information below vwhen canizters are installed / replaced;

pieaze incinds "CC", LM ste. on cylindsr igformarion jf applicabls
CVS Can#| | oyl | Tst|

LCS Canzl | Gyl | Tstz]
ETS Canz| | Col= | Tst=]
Audit Cans| | cyll | Tst]
MDL Can| | cyl= | Tt
Other Can 2| | cyl= | Tst

QC Sample Check

Update information belmr az needed Selsct the checkboxes az appropriate when CTS, LS
Elank, or dudit Failires acenr **Please note thar Propans and Benzene % Recovery baves
may be used sven if the OC did nor fail

CVSFailed Propane:|  [% Bemzene:| % Commemt|
LCSFailed Propme:  [% Benzene  [% Comment| s
Blaxk Failed Comment] @
) Audit Failed Comment|  Jw
Other Cmmeut:l:lﬂ

National Ambient Air Monitoring Conference - PAMS Workshop

ICmentl:A

Hardware CI
LUlpdate inform
1 Nafion

- Flot Colun

BP Cohom

. Trap

TOC
CPU date't
Other

Preventive Maintenance (PM) Fleare docimenr start dare time and end daretime of PAS
mvddyyyy  00-23 dd vy

00-22

T

- Al Routine PM Start date: | Enddate:
Calibration: Lpdare the informarion below ac needed; BF =Responce Factor; RED=Relarive Standard Deviarion

P Updated Plot Method with BF |:|
. Smglepomt PLOTEF; | BPEF] ] Updated BP Method with RF Comumnent: ]
. - PLOTRF | BPERF{ | Updated Plot Method with RF ]
Ahbulzpomt Curve=Cap pop ! | ®oRSD{ | | Dipdated BE Method with R —oomment: ®

ler Settingzs:
Lpr.im? the informarion below az nesded Select the Reser checkboxes ar appropriate when
SEAN for Zeva) iz rezet. *“Please note thar the "To" inpur bax may be used fo record
crurent pressioe even if the SPAN or ZERQ was nor reset.

 Feset SEAN From: psiz To (eurrent): pig Comment:| @
- Fesst ZERO From|  lpsig To(ewwen)|  psig Conment| 4w
New Blede Serialt [ ] 1
' New Blend Ratio 1 Comment] . @
. Other Comment| 4w
Method & Sequence Optimization
Updars the informarion belov when anwﬁnisa\qmzn;e is c:em‘eﬁ:}éimﬂnﬁa\d -
' New Saquence Snndt::Ihr:I:IEma :
. Plot Method Coroment: B
© BP-1 Method pr: I
 Modified Sequence Comment:| _______4|®
I Other: C'omment: [ s
Batch Reprocessing
Updare the ingormarion belove when dara iz barch reprocessed

nmyad vy

PlotData Start date: mml&h: Comment| |8
'BP Data Sﬁﬂdﬂe:h’: Enddate] || | Cowmenm|

Other Comments

00-23
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Electronic Logbooks

AutoGC Operator Log Report

Pressurss, Flows, and other Cheacks
_ || Ferified Somple Timimg:  [svstem is on time with filss ending @@5:32) and correct row (175)]

A0 |(@720 2006 0722 || Ince Femote Visit QC Sample Check Mlethods and Blank= look good
CT5: Propane=100, Benzene=00  [2D*CG19C)
Methods loak good
Funrter zimnal: £ lights
Pressures, Flows, and other Checks All green lishts on rowter
Heliume 1100 psiz  [@60]
Hidrogem 1: 300 peiz  [@43] NIzmmihelic pressurs: 55
Zero dir- 1300z [@E3]
C¥E: 25z [37804] FME noize
LCS: 16psig  [33019] EP-1: 755
RTS: 30psiz  [14440] Plot: 8.84
GC Cur Tome: 10,00 min
Staricw Temgp: 73 °F  [High 79 Low 70 Humidiry: 48% Hizh 8% Low 25%)] AFid: 22mV
Nigflon Flow: 23 slp B-Fid: 22 mV
TOC Flowmeter: 49:p  [{2B0 psi]
2D |[O72R2016 10:40 || Irice Site Visit I Sample Pump: 15 mlisin G inlat pressure: 44.5 psi
T Colunes Pressure; 414 peig
GC Midooine Presoume:  18.5 mig TOC: ereen light

Other: Bipsi  [mero air cutpud]
Terified Somple Timimg:  [system is on time with files ending (@(:32) and comrect row (155)] || Variac: 33 volts

Canister Installation Manifold tube heater is working
RTS: 12240, CC-328584 [Removed Can =12247]
Blender Settings Campressar water trap drained
SPAN Nor Reser: o 5.0 puig Chutpnat: 25 pai
ZERC Not Reset- to 40.0 psig Tank cutoff: 135 pai
Method & Sequence Optimization Auwto drain is working
JMbdified Sequence:  [zetup RTS (=pike) in zequence]

Al cataly=t fesl wanm

Semp BTE (zpiks) in sequence
Pressures, Flows, and other Checks

0 || 07272006 08:32 | e Femote Visig|| /o cd Sample Toming:  [system is on time with fles ending @(3Z) and comectrow (12801 |y o5 o Pt Took z00d

QC Sample Check
CFE: Propanse=102, Benzene=102 [2D*CG2TC)
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Electronic Logbooks

06/09/2016 14:15 /gcoldwell

Rerouted output of zero air to feed blender and gc detector flows

IVleasure relative humidity off the blender output after the zero air source was rerouted:
IVieasure as follows :

20psi= 37.3

40 psi 31.0

60 psi 27.0

Checked for moisture in dropout and also ballast tank all looks good so far .

06/10/2016  15:00 gcoldwel

Performed 3 pt curve using 16 component CC-344433

results :Plot 6140 3 % rsd BP 5979 4 % rsd

Enter into methods | HOPE

When modifying sequence saved ezchrom sequence all appeared to be correct but when files
were written ezchrom did not change the file extensicn to reflect the file changes that were made

06/14/2016 12:15/gcoldwell

HE = 550 psi

System has lost power td was stuck trap purge and software was not responding so cyc ed power
on TD and all loocks good now

Corrected rows on both sequences and set up another round of QC

National Ambient Air Monitoring Conference - PAMS Workshop August 8, 2016

Markes LOgbOOk m airqualitytexas@gmailcom «
File Edit View Insert Format Tools Table Addons Help Insert DTS Comments m
= e~ P 100% - Normaltext - | Arial - 1 + | More - F S

1 1 2 3 4 i L] i




Tools to Monitor Performance

» Automation of routine quality control samples
» Remote Access via broadband connections

» Applications for remote control (remote desktop)

» FTP - polling and file transfer automation
» Email alerts

» Power failures

» No data (polling)

National Ambient Air Monitoring Conference - PAMS Workshop August 8, 2016




Tools to Monitor Performance: Control Charts
LEADS® Leading Environmental Analysis & Display System

CVYS Recoveries - All Calibrants

DISH Airfield C1013 (Site 2D}
06/29/2016-07/30:2016

@ Ethane

W Propane

O n-Butane

O Acetylene

B n-Pertane

O 1,3-Butadiens
| Z2-Methylpentan
O n-Hexane

LCS Recoveries - All Calibrants

DISH Airfield C1013 (Site 2D)
06/29/2016-07/30/2016

|k

-
5 70.0%
d
g s00%d
&
50.0%
F
40.0%
30.0%
130.0%
20.0%1 120.0%
10.0% 110.0%
D%Im . . 100.0%
24:00 0200 22:00 —
06/29/201 6 070272016 070420 :
> 80.0%
>
2 70.0%
[&]
B 60.0% g
£ 500%
40.0%
30.0%
20.0%
10.0%
0%
21:00
070272016

National Ambient Air Monitoring Conference - PAMS Workshop

T T
21:00 21:00
070952016 O7HMER2016

LCS Samples

August 8, 2016

21:00
07232016

(1

@ Ethane
B Propane

0O n-Butane

O Acetylene

B n-Pertane

O 1,3-Butadiene

| 2-Methylpertan

0O n-Hexane

W Benzene

B Toluene

O p-Kylens + m-Aylene
O n-Propylbenzene

| 12 4-Trimethylbenzene




SITE-2E CVS Recovery (%)
01 Sep 2015 to 30 Nov 2015

Percentage 09
@
3

3
o)
=
<
=
0
wn

SITE-2E LCS Recovery (%)
01 Sep 2015 to 30 Nov 2015

Percentage 00

05 Sep 2015 12 Sep 2015 19 Sep 2015 26 Sep 2015 02 Oet 2015 10 Cet 2015 17 Oct 2015 24 0ct 2015 31 Oer 2015 07 Nov 2015 14 Nev 2015

21 Nov 2015 28 Nov 2015

- ETHANE -+ PROPANE = N-BUTANE -+ ACETYLENE -+ N-PENTANE -e- 1.3-BUTADIENE 2-METHYLPENTANE & N-HEXANE -+ BENZENE TOLUENE o MA&P-XYLENE -+ N-PROPYLBENZENE = 1.2.4-TRI-M-BENZENE
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Tools to Monitor Performance
QuickLook Email Report

file ncé mecyc5  2,4dmc5  benzene cycé 2-mc6
Galena Park CONCENTRATION PPB-C  CURRENT SEQUENCE/IDX NAME NCE (DAYS IN USE| Ce30a 34.0 325 1.0
05/30/15 150515-53.seq Be30b
Se30c 5.3 2.0 0.5 2.1 1.2 1.0
i o e matne _oture _otens o e et ey 2ot utne o2 5 e 12 peniere 2nobuene 1
. T o o o popu poine |k soyar tatre_iir b2 g e e avane i iy 20 20 08 20 13 10
e Sovey 2 s
e oMy % 2is  ms 32 53 05 83 ss oo e wa 0 m |Se30e 3.9 2.0 0.6 15 1.2 1.2
Seane :
Seane %o Gs 10 108 s na  |Se30f 49 3.0 0.9 1.4 1.8 1.7
e s 0o s s as 1o n
e 0o 1es e 55 e |Se30g 3.7 2.3 1.1 1.4 1.9 1.2
Seaon .
e Moo ¥ M |Se30h 3.4 21 0.6 1.3 1.6 1.2
ek TR v |sesoi 1.2 0.8 0.6 0.6 0.6
e 0s  me e N "
Sesom 1o s sy | tosi s m |Se30) 0.8 0.6 0.5 0.4
Sea0o 1 104 see si2i 0s 45 i Se30k 0.7
e S me wms  wes by
Seaon e v |sesol 2.4 0.9 0.8 0.7 0.5 0.5
e FTRRRETI ) R
Seaoe fo 37 mwee  aws 1 i m [Sesom 13.8 7.0 8.1 3.7 3.3 2.7
e R % m |Sedon 1.7 55 10.0 3.0 28 1.3
o %o o I
s 20 w1 s 20 m |Se300 28.2 129 22.7 6.5 27
oo G o1 ar o
8 © |sesop 76.5 337 58.8 24.8 7.2
e nc6  moycS  24dmoS benzene  cyob  2-mo6 23dmoS  3mo6  2244moS  nc7 | moych  23.4-meS lobene  2me7 | 3me7 o8 elhybenzene map-ylene siyrene SeSOq 1.4 0.6 0.7 0.5
i o @5 e @s 26| Se30r 15.2 5.7 5.1 3.2 3.4 2.7
e © 30 05 20 15 o oe 1o 54 1o 1s 55 o7 I Se30s 19.6 7.8 9.1 5.0 4.0 3.7
ceaoe G 30 s 15 d2 d2 o1 s a4 21 20 o5 4o o7 o5  fo o5 2
| Se30f 49 30 09 1.4 18 17 08 1.9 31 19 38 07 59 07 08 1.0 14 46 28 Seam 306 120 87 55 72 78
Seang S7 33 41 u4 do M» o 15 a1 1o so 1 se os 07 fo oo s o
Seaon S ] 0 - -] R - - I -5 ] 1 B 1 e k=20 2.5 1.4 0.7 1.1 0.7 1.0
e v s o o o s b i Ee30v 34.1 32.0
ek o7 io 3 o8
o) 2 s os o7 o5 os 0 14 o5 s i o7 Qe30w 3.2 24 3.9 2.9 43 2.0
Sean R T T T B R B T F RN T 5 0 o Sed0x 2.4 0.9 0.7 08 0.5 0.7
Se300 ®2 129 27 - 65 27 [
e ET S ) we 72
e TR 07 o
e Be sy st ar s oy
o i 520
% s 39 a3 20
e 2 0s o7 o8 o5 o
ALY DA sonos AN
[ e
Cabon  Cone DitsCone s4tcon
N oy e
Chore 200 T e 0w o8
Propme 000 1ol lam 1esr o0
Yo 1w ae e ims
romiene 20 105 13 9% e
e 00 0% % 0% 1w
Iohedes 400 100 313 33 108
rembeie 800 100 sz sass i
Sk AN B P
G0 im w0 seos  ws Moo 00 1w wm  saos a7
e 600 103 %02 oowr 577 e 600 10 oo wes %
T 700 105 e mes  oos T 700 101 een  wes s
e a0 105 s o0 00 w800 091 s smm  iois
nPoovas 600 105 oo 4% o1 oPopeens 00 0 does ol s
1,2,4-Trimethylbenzene  9.00 1.04 5028 4142 824 1,2,4-Trimethylbenzene  9.00 1.02 50.31 4252 845
s RN B ot
a0 o omser
e Lo Sias NreLor i ArpLor 0
o1 i s i i %
fre szmots
BY 0.00 * NOTE: ppbC_ listed
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Tools to Monitor Performance
QuickLook Email Report

5/30/2015
Measur
Con'c
ppbC
11.99
17.49
23.71
11.01
30.02
21.10
35.76

RUN

Certif \
Con'c
ppmV
1.03
1.02
1.04
1.07
1.08
0.99
1.01

%Recov

106.2
104.3
104.0
93.9

101.5
97.2

107.7

1.00
1.01
1.01
0.97
1.00
1.02

34.09
32.03
37.28
43.28
47.31
42.52

103.7
96.5
96.2
101.8
95.9
84.5

Galena Park CONCENTRATION PPB-C  CURRENT SEQUENCE!ID;
05/30/15 150515-53.
= DALY  DATE 5302015 RUN 5PPB
i o e motns otune otjens popare popyore ot ot soayenefloune Certif Calc  Measur A
fres pren 1o e =9 Carbon  Con'c Dilute Con'c  %Recov Carbon
Een Number  ppmV ppbC ppbC Number
B o Ethane  2.00 1.06 11.39 10.57 92.8 Ethane  2.00
Een i Propane  3.00 1.01 16.28 16.27 99.9 Propane  3.00
o n-Butane  4.00 1.02 21.92 25.38 115.8 n-Butane  4.00
b Acetylene  2.00 1.06 11.39 9.62 84.5 Acetylene  2.00
B o n-pentane  5.00 0.99 26.59 30.95 116.4 n-pentane  5.00
e z 1,3-butadiene  4.00 1.03 22.13 23.34 105.5 1,3-butadiene  4.00
= o5 2-methylpentane  6.00 1.00 32.23 34.95 108.4 2-methylpentane  6.00
ey i PLOTBLANK ~ RUN B 2.43
ea0x o Hexane  6.00 1.03 33.20 34.05 102.6 Hexane  6.00
Benzene  6.00 1.03 33.23 32.47 97.7 Benzene  6.00
L e Toluene  7.00 1.05 39.48 35.84 90.8 Toluene  7.00
oy o m-Xylene  8.00 1.06 45.55 40.95 89.9 m-Xylene  8.00
S 1 n-Propylbenzene  9.00 1.02 49.31 45.93 93.1 n-Propylbenzene  9.00
= 28 1,2,4-Trimethylbenzene ~ 9.00 1.04 50.28 41.42 82.4 1,2,4-Trimethylbenzene ~ 9.00
soan 53 BP1 BLANK RUN B 3.64
oo
ek
e o8 BLEND RATIO 0.00537
e e RF PLOT 5144 NT PLOT 15 AT PLOT
e 85 RF BP1 4723 NT BP1 15 AT BP1
o 28 DATE 5/27/2015
oot 128 BY 0.00 ** NOTE: ppbC levels < 0.4 are not listed
ceoov
e o | T s 5 5 T E o
AT swmis AN
o SV
Ohto  Cate  soacew
ppbC. ppbC.
T e e
i e ok
2 wn ok
s o
M5 o0 01
0 ol 512
o w0
6w 1o s sos e Moo 500 | 1o e | s 1087
Gove 600 100 a0 s2er 977 Gavans 800 10 oo 03 oms
Too 700 f05  oods 584 08 Towne 700 | fof e s  ws
v 800 106 | 43 doss 899 mvine 600 0% o5 4  10s
nPopbeniens 000 102 ool 488 | nPobavane 800 100 doss 4181 w9
12,4-Trimethylberzene  9.00 1.04 50.28 4142 824 124-Trimethylbenzene  9.00 1.02 5031 2. 845
WK AN B Yot
e T 0537
e PLOT S1is NrpLor i AeLoT ©
" 6bl i et it et )
oate szmmis
B oo NOTE: o0
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FIFTY SIX
NON-METHANE

Carol J. Meyer HYDROCARBONS
carol@orsat.com TWENTY FOUR

:r HOURS A DAY
Orsat, LLC
SA www.orsat.com smn

DAYS AWEEK
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