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Abstract

Benzene and its derivatives- toluene, ethylbenzene, and xylene-(BTEX) were analyzed in water
samples using direct aqueous injection and analyzed using Gas Chromatography-Flame
lonization Detection (GC-FID). The method was able to separate BTEX compounds and detect
in standards of ethanol and/or water. A sample preparation method was also developed to
prevent loss of analyte and for more accurate results. A sample solution of 20% water sample
and 80% ethanol was determined to produce the best results. A tap water sample was analyzed

and the presence of BTEX was not detected.
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Introduction

Benzene and its derivatives —toluene, ethylbenzene, and xylene —are major components
of mineral oil products used as solvents in industrial processes. As water-soluble compounds in
petroleum, they are usually found in the soil and groundwater near production sites and storage
facilities'. Over 2000 facilities are involved with parts of the transportation, production, or
storage of fuel in BC2. Additionally, benzene, toluene, ethylbenzene, and xylene (BTEX) can
also be found in spill zones. These spill zones can leach into bodies of water such as rivers or
lakes. Once BTEX is in bodies of water they can harm aquatic life or even humans. BTEX are

volatile organic compounds (VOCs).

VOCs have short-term health effects, such as headaches and eye or nose irritation.
Furthermore, VOCs can also have long-term health effects such as liver and kidney damage and
benzene, specifically, has been proven to be a carcinogen®. Due to these health risks, it is
imperative to develop a method that can directly analyze water samples for the presence of

BTEX.

Traditionally, BTEX are analyzed using headspace Gas Chromatography-Mass
Spectrometry (GC-MS). This is due to the volatile nature of the analyte and the difficulty of

preserving them during sample processing*. In the present study, a method to detect BTEX by

Gas Chromatography-Flame lonization detector (GC-FID) in liquid form was developed. GC-
FID was chosen for its ability to analyze VOCs. GC works by injecting a sample and converting

it to gas form, which VOCs are naturally found in, then through a column to separate compounds
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and finally to the flame ionizer for detection. The column used was a CP-Wax 57 CB, 25 m
length, 0.25 mm id, 0.20 um film thickness and was suitable for this study as ethanol could be

used as a solvent.
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Experimental

In this experiment, individual BTEX stock solutions were prepared. Then, standard solutions of

BTEX were prepared and analyzed using GC-FID. Various methods were tested, and the most

suitable one was determined and used to analyze a real sample.

Apparatus

An Agilent 8860 GC-FID/ECD (electron capture detector) was used in this study. The instrument

parameters used are shown below in Table 1. The temperature program used in this study is

shown in Table 2.

Table 1: Agilent GC conditions used in the study.

Injection Volume:

1uL

GC Column: CP-Wax 57 CB, 25 m length, 0.25 mm id,
0.20 pm film thickness
Injector: Split/splitless injector that has a split/splitless
liner
N2 Carrier Gas flow: 0.8 — 1.0 mL/min
Injector Temperature: 200 °C
Split Ratio: | 50:1
Split Flow: | 50 mL/min
FID Temperature: 250 °C
Range: | 10
ECD: OFF
Table 2: GC oven conditions used in the study for Standards
Initial Temperature: 35°C

Temperature Program:

Hold at 35 °C for 5 min

Hold time for Sample:

Ramp to 70 °C @ 5°C/min

Total Run Time:

12 min
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Stock and working standard solutions

Individual stock solutions of benzene, toluene, ethylbenzene, and m-xylene were prepared and
dissolved in ethanol. Concentrations of stock solution are shown below in Table 3. Standards of
various concentrations were prepared and analyzed. Some standards were dissolved in Ethanol,
others were dissolved in TOC grade water. Standards and their compositions are shown in Table

4. Reagent-grade Ethanol was used to prepare standards.

Table 3: BTEX stock solution concentrations (mg/L)

Analyte Concentration
mg/L

Benzene 874

Toluene 867

Ethylbenzene 867

m-Xylene 864

Instrument Runs
The runs conducted in this study are shown in Table 4.
Sample

A sample was prepared using 20% tap water and 80% Ethanol. A spiked sample was prepared by
adding 1.75, 1.74, 1.74, and 1.73 mg/L of BTEX, respectively to the sample solution. Tap water

was taken from a tap inside the science building at Thompson Rivers University (TRU).
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Table 4: Instrument Runs performed in the Study. Compositions of standards are also shown with concentrations in mg/L

Standard |Analyte Concentration | Dissolved in |Standard |Analyte Concentration |Dissolved in
# mgiL (% Ethanol) |# mg/L (% Ethanol)
1 Benzene .00 100 11 Benzene 0.44 0
Toluene .00 Toluene 0.43
Ethylbenzene 0.00 Ethylbenzene 0.43
m-Xylene 0.00 m-Xylene 0.43
2 Benzene 4.37 100 12 Benzene 1.75 0
Toluene 4.34 Toluene 1.74
Ethylbenzene 4.34 Ethylbenzene 1.74
m-Xylene 4.32 m-Xylene 1.73
3 Benzene 8.72 100 13 Benzene 1.75 0
Toluene 8.68 Toluene 1.74
Ethylbenzene 8.68 Ethylbenzene 1.74
m-Xylene .64 m-Xylene 1.73
4 Benzene 872 0 14 Benzene 1.75 100
Toluene 8.68 Toluene 1.74
Ethylbenzene .68 Ethylbenzene 1.74
m-Xylene .64 m-Xylene 1.73
5 Benzene 1.75 100 15 Benzene 1.75 50
Toluene 0 Toluene 1.74
Ethylbenzene i) Ethylbenzene 1.74
m-Xylene ] m-Xylene 1.73
& Benzene i) 100 16 Benzene 1.75 100
Toluene 1.74 Toluene 1.74
Ethylbenzene i) Ethylbenzene 1.74
m-Xylene ] m-Xylene 1.73
7 Benzene i) 100 17 Benzene 1.75 50
Toluene 0 Toluene 1.74
Ethylbenzens 1.74 Ethylbenzene 1.74
m-Xylene ] m-Xylene 1.73
8 Benzene i 100 18 Benzene 1.75 a0
Toluene 0 Toluene 1.74
Ethylbenzene i Ethylbenzene 1.74
m-Xylene 1.73 m-Xylene 1.73
9 Benzene 1.75 0 19 Benzene 1.75 80
Toluene 1.74 Toluene 1.74
Ethylbenzene 1.74 Ethylbenzene 1.74
m-Xylene 1.73 m-Xylene 1.73
10 Benzene 0.87 0 20 Benzene 1.75 0
Toluene 0.87 Toluene 1.74
Ethylbenzene 0.87 Ethylbenzene 1.74
m-Kylene 0.86 m-Xylene 1.73
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Procedure

Preparation of Standards 1-3

Using a 10 pL glass syringe, inject appropriate volumes of each BTEX stock into a glass
vial.

Fill the vial with Ethanol to 1 mL using the 500 pL glass syringe.

Cap vial.

Shake the vial by placing a finger on the cap and shaking vigorously back and forth.

Analyze

Preparation of Standard 4

Using a 10 pL glass syringe, inject appropriate volumes of each BTEX stock into a glass
vial.

Fill the vial with tap water to 1 mL using a 1 mL repeater pipette.

Cap the vial.

Shake the vial by placing a finger on the cap and shaking vigorously back and forth.

Analyze

Preparation of Standards 5-8

Using a 10 pL glass syringe, inject 10 pL of one BTEX stock into a glass vial per.
Fill the vial with Ethanol to 1 mL using the 500 uL glass syringe.

Cap the vial.
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e Shake the vial by placing a finger on the cap and shaking vigorously back and forth.

e Analyze

Preparation of Standards 9-12

e Using a 10 pL glass syringe, inject appropriate volumes of each BTEX stock into a glass

vial.
e Fill the vial with TOC grade water to 1 mL using a 1 mL repeater pipette.
e Cap the vial.
e Shake the vial by placing a finger on the cap and shaking vigorously back and forth.

e Analyze

Preparation of Standards 13-20
e Add 1 mL of TOC-grade water or Ethanol into a glass vial. If needed, add varying
amounts of Ethanol and TOC-grade water.
e Cap the vial
e Using a glass syringe, add appropriate amounts of BTEX stock through the cap of the

vial.
o Shake the vial by placing a finger on the cap and shaking vigorously back and forth.

e Analyze

Preparation of Sample

e Obtain a glass vial and add 200 pL of tap water using a repeater pipette. Then, using a

glass syringe add 800 pL of Ethanol.
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e Cap the vial
e Shake the vial by placing a finger on the cap and shaking vigorously back and forth.

e Analyze

Preparation of Spiked Sample

Obtain a glass vial and add 200 pL of tap water using a repeater pipette. Then, using a
glass syringe add 800 pL of Ethanol.

e Cap the vial

e Through the cap, use a 10 pL glass syringe to add 10 pL of each BTEX stock to the vial.
e Shake the vial by placing a finger on the cap and shaking vigorously back and forth.

e Analyze
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Data and Results

Week 1

In week 1, a sample containing 100% Ethanol was analyzed (Figure 1.). Then, standards
containing varying concentrations of BTEX with Ethanol were analyzed (Figure 2, 3), see Table
4 for concentrations of standards. 4 peaks were observed when BTEX was added. When
concentration of BTEX increased, an increase in peak height was also observed. Finally, a
standard containing BTEX with tap water was analyzed (Figure 4.). It was observed that the
ethanol peak became much sharper at the base and the second BTEX peak was observed to have

an improved baseline.
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Figure 1: Chromatogram of Blank Standard obtained using GC-FID
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Figure 2: Chromatogram of Standard 2 obtained using GC-FID
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Figure 3: Chromatogram of Standard 3 obtained using GC-FID
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Figure 4: Chromatogram of Standard 4 obtained using GC-FID
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Week 2

In week 2, retention times of BTEX were determined (Figures 5-8). Additionally, standards of

decreasing concentrations were analyzed (Figures 9, 10). Finally, a sample preparation method

for standards was developed (Figure 11-13).

Table 5: BTEX retention times as determined by using standards 5-8 and analyzing using GC-FID.

Analyte

Retention Time

ID

(min)

Benzene

4.726

Toluene

7.297

Ethylbenzene

9.855

m-Xylene

10.231
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Figure 5: Chromatogram of Standard 5 obtained using GC-FID
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Figure 6: Chromatogram of Standard 6 obtained using GC-FID
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Figure 7: Chromatogram of Standard 7 obtained using GC-FID
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Figure 8: Chromatogram of Standard 8 obtained using GC-FID
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Figure 9: Chromatogram of Standard 9 obtained using GC-FID
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Figure 10: Chromatogram of Standard 10 obtained using GC-FID
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Figure 11: Chromatogram of Standard 12 obtained using GC-FID

.
3
0.751 k= ¥
0.50-
0.25-
1 -
7

s B0 85 90 95 100 105 110 115 120

FID1A

T 24
g 0,855
10,229

8
025 i

J

05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 B0 B85 90 95 100 105 110 115 120
Tirme [rén]

Figure 12: Chromatogram of Standard 13 obtained by GC-FID
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Figure 13: Chromatogram of Standard 14 obtained by GC-FID
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Week 3

In week 3, standards with varying amounts of ethanol were analyzed for the lowest amount of

ethanol required to contain the analyte (Figure 14-18). Table 6 shows the results tabulated. Then,

the data from Table 6 was plotted (Figures 19-22) to obtain graphs to visualize data and select

the best ratio of ethanol:water. The ratio of ethanol:water determined to be the best was used to

analyze a real sample (Figure 23). A spike sample was produced and analyzed using the same

ratio (Figure 24).

Table 6: Standards of varying concentrations of fraction ethanol and corresponding peak areas

Benzene Toluene Ethylbenzene m-Rylens
Feethanol Rt Area Yethanol Rt Area Yethanol Rt Area Yethanol Rt Area
{min) (min) {rnin) {min)

100 4.736 2.4617 100 7.363 2.5263 100 10.023 2.5768 100 10.46 2.2623

80 4.729 2.2503 90 7.342 1.9052 90 9.941 2.1831 20 10.401 2.2578

80 4.73 2.1529 80 7.345 2.0772 80 9.898 2.1348 80 10.341 2.4234

50 4.73 1.934 50 7.322 1.8828 50 9.858 2.0746 50 10.258 2.1266

0 4.733 1.5673 0 7.297 1.6363 0 9.85 1.5509 0 10.228 1.7924

4.25
.00
3.754
3.50
3254
3.00
2.757
2.50
< 2257
2.004
1.757
1.50
1257
1.004
0.757
0.50
0.25

FID1A

)

05 10 15 20 25 ap 35 40 45 50 55 60
Tirme [rmin]

65 70 75 B0 85 90 95 100 105 110 115 120

Figure 14: Chromatogram of Standard 16 obtained by GC-FID
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Figure 15: Chromatogram of Standard 17 obtained by GC-FID
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Figure 16: Chromatogram of Standard 18 obtained by GC-FID
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Figure 17: Chromatogram of Standard 19 obtained by GC-FID
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Figure 18: Chromatogram of Standard 20 obtained by GC-FID
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Figure 19: Plot of Benzene signals with varying fraction of Ethanol in BTEX standards analyzed by GC-FID
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Figure 20: Plot of Toluene signals with varying fraction of Ethanol in BTEX standards analyzed by GC-FID
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Figure 21: Plot of Ethylbenzene signals with varying fraction of Ethanol in BTEX standards analyzed by GC-FID
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Figure 22: Plot of Xylene signals with varying fraction of Ethanol in BTEX standards analyzed by GC-FID
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Figure 23: Chromatogram of Sample obtained by GC-FID
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Figure 24: Chromatogram of Sample spiked with BTEX obtained by GC-FID
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Discussion

Week 1

The goal for the first week of my project was to test a method obtained from the literature and
see if it could detect the presence of BTEX. Using a method that is detailed in Table 2, with a
total run time of 29 minutes on the GC-FID with parameters that are found in Table 1, I ran a

blank and a standard containing BTEX.

First, a blank was analyzed (Figure 1.). In the blank, a peak at 2 minutes can be seen, this is
likely due to impurities in ethanol. Then, a peak at 5 minutes is observed, this is determined to be

the ethanol peak.

Next, two standards with different concentrations of BTEX were run (Figures 2 and 3). This
showed that the method could, in fact, detect BTEX and was sensitive to different
concentrations. This is proven by the appearance of 4 peaks that were not present in the blank.
The methanol peak had a very large baseline and interfered with the second unknown peak that
appeared. Therefore, | ran a standard that was made to 1 mL using tap water instead of ethanol as
the previous two standards that were run. This sharpened the base of the ethanol peak, and the
baseline for the second unknown peak was much clearer and visually looked better for
quantitative purposes in the future. Some sources of error in the first week could be errors in
preparing the sample and using tap water instead of TOC-grade water. Using tap water could
introduce peaks as there is organic material present, whereas, in TOC grade water, there is no

organic material, so it should prevent any unknown peaks from appearing. Additionally, having a
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30-minute run time is wasteful for the environment when all my analytes are eluting within 12

minutes.

Week 2

My goal for week 2 was to identify the peaks as either benzene, toluene, ethylbenzene, or xylene.
| also wanted to develop standards of decreasing concentration until I could no longer detect

BTEX.

| was able to identify each peak as either benzene, toluene, ethylbenzene, or xylene. As seen in
Figures 5-8, when running standards that contained only one of the analytes at a time, | was able
to identify each peak. Additionally, as seen in Table 5, we can see that the elution order followed
the BTEX name. When running standards of decreasing concentration, | was able to detect
standards at the 1.7 mg/L level (Figure 9), and unable to detect standards at the 0.87 mg/L level

(Figure 10).

During this process, an issue arose. The sample preparation process that was being conducted
was not optimal. There was a lot of analyte loss occurring during my standard preparation. When
the standard preparation process was adjusted, and a standard of the same concentration was run
again, we can see the difference in signal (Figures 9 and 12). Then, this new process was used
for a standard that was dissolved in ethanol (Figure 13). Here, we can see the largest signal.
However, there is a large ethanol peak, which has a poor baseline. Additionally, having a sample
in 100% ethanol is not realistic for real-world applications. Thus, the next goal was to determine

the smallest amount of ethanol we could get away with while also obtaining a large signal.
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Week 3

The goal for this week was to prepare standards with varying amounts of ethanol and then use

the best ratio of ethanol:water and apply it to a real sample.

| examined various ratios of ethanol:water as shown in Table 4, standards 16-20. The results of
the analysis shown in Figures 14-18, are summarized in Table 18. It was expected that at higher
levels of ethanol the signal would be larger as the BTEX was able to be contained in ethanol
better than in water. However, as shown in Figures 19-22, there was lots of variation in results
between all 4 analytes in all 5 standards analyzed. More analysis needs to be done to get a better
average. Additionally, the 80% ethanol, 20% water was the best ratio determined at the time and

was used to analyze real samples.

My method was unable to detect BTEX in a real sample (Figure 23). | was able to detect BTEX

when spiked (Figure 24).
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Future Work

Developing a method using the GC-MS to detect static headspace in water samples should be
investigated as it may allow detection of lower concentrations of BTEX. Integrating a purge and
trap when preparing samples may allow the retention of VOCs to allow for more accurate

analysis.

I would also like to create each standard in triplicate. This would allow me to test reproducibility
in sample preparation. This would also allow me to have more accurate results that | can use to

make better decisions.
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Conclusion

This study was able to develop a method that involved direct aqueous injection to detect BTEX
in standards. This method was also able to detect each BTEX individually and separate each
compound. A sample preparation method was also developed for the prevention of loss of

analyte and for more accurate results.
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Appendix

Single Injection Report

Instrument 1D 1107b5az2-08f8- FIDtA
4915-9643- e
4eeeBfa58cBa a0

Instrument Nama BBEOGC 375

350

Sequence Acquired 2024-10-01 EEDS

Date 10:06:41-07:00 a0

Sequence Name SingleSample :;:

g %

Injection Data File Name  Std 1 Method 2,00
1dx

Sample Description ;g‘;
e
038
Sample Name Std 1 5 1
IEEEREEEREEEREEEEEEEEEEEEEEEEEEEEXE]
T (il
Sample Name Name RT Area  Peak Width 10 Perc Peak Width 50 Pere  Helgit (pA)
st 1 5845 1213652964 5555.204

\COSProjects'4400\Report
P Printad: 2024-40-01

Figure 25: Chromatogram of Blank Standard obtained using GC-FID

Single Injection Report

Instrurnent ID aB7ecBEd-34et- FID1A
4aTe-bodd- e
6343bbABdI2 00
Instrurnent Name BBE0GC AT
a5
Sequence Acquired 2024-10-01 325
Date 10:41:53-07:00 200
Sequence Name SingleSample :::

Injaction Data File Name  Std 2 Methed B 200
1dx

Sample Description ;:‘;
D5
Sample Nama Std 2 ::: | 1
IR EEEEER N NI I
Sample Name Name RT Area PeakWidth 10 Perc  Pesk Width 50 Pere  Helgit (pA)
Std2 5857 1200109644 5525.959

DSProjectské400iReport
4400 o 20241001 1

Figure 26: Chromatogram of Standard 2 obtained using GC-FID
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Single Injection Report

Instrument 1D Bfb36e13-10a7- FID1A
43ab-alab-
TafTf2al4103

Instrument Mame B860GC

Sequence Acquired 2024-10-01
Date 11:35:48-07.00

Sequence Name SingleSampla

Injection Data File Name  Std 3 Method
1dx

Sample Description
Sample Name Sd3 |
12 % 4 B & T & B 0 11 12 13 14 6 8 17 18 18 20 21 22 23 2 25 2w 2 2 20
Time [min]
Sample Name HName RT Area Peak Width 10 Perc Peak Width 50 Perc  Helght (pA)
Std 3 5.652 120726.4962 5536.764

Printed: 2024-10-01 i Page i of 1

Figure 27: Chromatogram of Standard 3 obtained using GC-FID

Single Injection Report

Instrument ID 896a7 df-Bbal- FID1A

4799-Bac- .
Gedf54d0M52 o
Instrument Name 8860GC 375
50
Sequence Acquired 2024-10-01 225
Date 11:52:368-07.00 EL
Sequence Name SingleSample ::
g 22
Injection Data File Name  Std 4 Method 200
175
150
1.25
Sample Description ;::
50

Sample Nama Std4 - | | ”

IR EEREEEEEEEEEEEEE E E EE EEEEEEE)
T [rmin]
Sample Name Mame RT Area  Peak Width 10 Perc Peak Width 50 Perc  Helght (pA)
Std 4 5.264 3274.4866 B01.662

Printed: 2024-10-01 i Page1of1

Figure 28: Chromatogram of Standard 4 obtained using GC-FID
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Single Injection Report

_-Agilenl

Instrument 1D 5b24a714-ff1b-
dafd-aSaf-
bdbal9ee2fsf

Instrument Name BEE0GC

Sequence Acquired 2024-10-DB

Date 08:38:06-07.00

Nama
Injection Data File Name  Benzene.dx
Sample Dascription
Sample Name Benzena
Sample Name Name
Benzena
Banzena

FiD1a

425

g 22

1L

05 10 15 20

25 30 35 40 45 S0 55 80 65 7O 75 A0 &5 80 85 104 W5 W0 115 120
Tier [rmin]

Area  Peak Width 10 Perc
0.9937

Peak Width 50 Perc  Helght (pA)
0.379

350,699

1108.6333

Figure 29: Chromatogram of Standard 5 obtained using GC-FID

Single Injection Report

Instrument ID 991ee%al-e5e3-
4229-blea-
DefdeSidblal
Instrument Name BAE0GC
Sequence Acquired 2024-10-08
Data 08:43:20-07:00
Sequence Name SingleSample
Injsction Data File Name  Toluens dx
Sample Description
Sample Name Toluana
Sample Name Mame
Taluene
Taluene

FDtA

X ]

RT
5208
7207

W 15 20 25 30 35 40 45 &0 65 70

55 80 75 80 85 90 95
Tierw ]

WO IS MR 1S 120
Area  Peak Width 10 Perc
1150.2775
1.2814

Peak Width 50 Parc  Helght (pA)
384.700

0435

Figure 30: Chromatogram of Standard 6 obtained using GC-FID
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Single Injection Report

- Agilent

Instrument ID 0815290-682¢- FIDA
4918-9(76- .25
9202ffaff344 e
Instrument Name BEE0GC 3,75
.50
Sequence Acquired 2024-10-08 3.25
Date 08:48:49-07:00 .00
Seguence Name SingleSample :;:
2.25

Injection Data File Name  Ethylbenzena. = 2.00
dx 1.75

1.50¢
1.25
Sample Description ;g: #
I'I:H'l I
Sample Name E o2 A
00 T T T T T T T T T T T T T T T T T T T T T T T T
05 10 15 20 25 30 35 40 45 S0 55 A0 65 7O 75 A0 85 80 85 00 WS 100 115 120
Tieres [rmin]
Sample Name Mame RT Area Peak Width 10 Perc Peak Width 50 Perc  Helght (pA)
Ethylbenzens 5213 1160.1301 3681.401
Ethylbenzens 9.855 1.3585 0.535

CACOSProjects\a4004 heh . o .
4400 report_zoom scale. A Printed; 2024-10-08 09:25:07-07:00

Figure 31: Chromatogram of Standard 7 obtained using GC-FID

Single Injection Report

Instrument ID ealeseb2-ETa2- Fizia
49a7-bdaf- .
1d81ai5idcad 4100
Instrument Name BBE0GC 3.75
350
Sequence Acquired 2024-10-08 3.25
Data 08:52:12-07:00 3.00
Sequence Name SingleSample :;;
g 225
Injection Data File Name — m-xylana.dx 200
175
1.50
Sample Description i
1100 5
075
050
Sample Name m-xylene p ]
n. )
U5 10 15 20 25 30 35 40 45 50 S5 80 65 70 75 B0 85 80 85 0 W8 e 15 120
Tieres [rwin]
Sample Mame MName RT Area Peak Width 10 Perc Peak Width 50 Pere  Helght (pA)
m-xylene 5204 1006.4758 341.963
m-xylana 10231 13668 0.541

Printed: 20241008 10:09:01-07 Page 1of 1

Figure 32: Chromatogram of Standard 8 obtained using GC-FID
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Single Injection Report

Instrument ID ©096665¢-c9d9- Fow
4125-9084- o
dB5e518148b4 P
Instrument Name 8860GC ]
3501
Sequence Acquired  2024-10-08 215
Date 10:25:21-07:00 220

Sequence Name SingleSamplo 250

2259
Injoction Data Fie Neme  Standard 5.dx ® 2.0]

‘Sample Description 1] [
o |
Sample Name Standard 5 ol g H 18
L 3 b4 33
s 15 15 20 25 30 35 o 45 %o 85 66 5 70 75 80 85 %0 45 w0 w5 Wo w5 @0
Tiwe foin]
Sampie Name Name RT Area  Peak Width 10 Perc Peak Width 50 Perc  Height (pA)
Standard 5 4730 0.4213 0052
Standard § 5208 8705418 285548
Standard § 7.306 0.1644 0066
Standard 5 9.849 0.1818 0073
Standard & 10233 0.1753 0064
CACOSProletsiadtoitapert Tumpistesichem Printad: 20241008 11:22:12.67.00 Poge 1011

4400 ropoct

¥ (.

Figure 33: Chromatogram of Standard 9 obtained using GC-FID

Single Injection Report

Instrument 1D 4a49a0-1bb7- FID1A

4Bbc-B40B- e
f170b18cTaca i
Instrument Name BEBE0GC 375
350
Sequence Acquired 2024-10-08 2.25
Date 08:55:34-07:00 a0
" 275
ama 250
5 238
Injection Data File Name  Standard G.dx 2004
175
150
Sample Description i
el iptio 1.00]
075
Sample Name Standard 6 :::

L T T T |l ™ T T T T T T T T T T T T T T T T T T

05 10 15 20 25 30 35 40 45 50 55 B0 65 70 75 0 85 S0 85 100 WS W0 115 120

Tieres [reir]
Sample Name MName RT Area Peak Width 10 Perc Peak Width 50 Perc  Helght (pA)
Standard & 5.193 544.1100 180,866

CACDSProjects/d400y wrll"f;.l‘n_n‘l?u'ﬂhim Printed; 2024-10-08 1 Pags 1 of 1

4300 report_zoom scale.

Figure 34: Chromatogram of Standard 10 obtained using GC-FID
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Single Injection Report

Instrument ID S050125c-5965-
4c19-2477-
bdc2682a0540

Instrument Name BBE0GC

Sequence Acquired 2024-10-0
Date 10:49:44-07:00

Sequence Name SinglaSampla

Injection Data File Name  Standard 8.dx
Sample Description

Sample Name Standard B

Sample Mame MName
Standard &
Standard &
Standard &
Standard &
Standard &

rt Templates'cham
[Rev. 1]

E 225

FIDA

4.35

525]"

. i

0
8852
0.230

%

RT
4.730
5251
7.301
9852

10,230

10 15 20 25 30 35 40 45 S0 55 B0 65 70 75 A0 85 60 95 100 W5 N0 15 120
Tieme [min]

Area Peak Width 10 Perc  Peak Width 50 Perc  Helght (pA)

1.3058
3800.7629
21236
1.7947
13026

0472
568.707
0.653
0.659
0.477

Figure 35: Chromatogram of Standard 12 obtained by GC-FID

Single Injection Report

Instrument ID 01coaB48-c2hE-
45¢7-9f00-
3Ba38b21BA45

Instrument Narme B8B60GC

Sequence Acquired 2024-10-08

Data 11:04:4707:00

Sequence Name SingleSampla

Injection Data File Name  Standard 3.dx

Sample Description

Sample Nama Standard 9
Sample Name Name
Standard 9
Standard &
Standard 9
Standard 9
Standard 9

g 2

FID1A
4.25
400
3,75
350
225
a.00
275
2.5
225
200
.75
1.50-
1,25
1.00
0,75 e ©
050 & § 2 3
0.25°
oz \ b i
05 190 15 20 25 30 35 40 45 S0 55 B0 65 70 75 B0 &5 90 85 W0 W5 10 15 120
Tierwe [rwin]
RT Area Peak Width 10 Perc  Peak Width 50 Perc  Height (pA)
4720 04460 0158
5207 9613044 308,692
7204 04725 0.147
9856 03818 0149
10228 04280 0.168

CACDSProjects\ 44004
00 report

Figure 36: Chromatogram of Standard 13 obtained by GC-FID
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Single Injection Report

Instrument ID 04b2f903-58a3- FID1A
4ace-a349- a2
26ca3Mbi8d s
Instrument Name BBE0GC 375
350
Sequenca Acquired  2024-10-08 25
Data 11:48:01-07.00 EL
Sequence Name SingleSample :;:
g 235 -
Injection Data File Name  Standard 200 & g B
10.dx s % H
150
1,26 B ,
Sample Description ;:: - L.J
.50 e
Sample Name Standard 10 oa 1
05 10 15 20 25 30 35 40 45 S0 55 A0 €5 70 75 80 &5 S0 45 100 105 10 15 120
Tieres [rmin]
Sample Name Name RT Area Peak Width 10 Perc Peak Width 50 Perc  Height (pA)
Standard 10 4726 26848 0845
Standard 10 5.BES 1278853309 5704.106
Standard 10 7.358 29751 0782
Standard 10 10,028 29305 0826
Standard 10 10.467 26787 0.838

Printed: 2024-10-0

Figure 37: Chromatogram of Standard 14 obtained by GC-FID

Single Injection Report

Instrument ID 8b183c-017c- Fo1n
453a-Bobic- .
b40BRdSS4ceE o
Instrument Name 8B60GC a5
a5t
Sequence Acquired  2024-10-15 a5
Date 09:41:370700 o0
Sequence Name SingleSampla o
3225
Injection Data File Name ~ Baseline B.dx © zor 2 5 g
175 2 H
1.50- ¥ 3
Sample Description ‘: ]
i
Sample Name Baseline B o |
. :
05 10 15 20 25 30 55 40 45 50 55 A0 65 7O 75 KO &5 90 85 00 105 100 11§ 120
Tierws [pmin]
Sample Name Hame RT Area PeakWidth 10 Perc  Peak Width 50 Perz  Helght {pA)
Basline B 473 24817 0659
Bassline B SEED 1253715752 5650.064
Basline B 7363 25263 0607
Bassline B 10023 25768 0.838
Basline B 10,460 22623 0.740

\COSProjectsM400iRsport
port_zoom scale.rdl

Figure 38: Chromatogram of Standard 16 obtained by GC-FID
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Single Injection Report

Instrument 1D Deda0288-51ed- FIDIA
A1a7-82da- LW o a
a79TedddaT18 L3 = L -] ﬁ
Instrument Name BBE0GC o “ =
Sequence Acquired 2024-10-15 L ]
Date 09:56:02-07:00 o5
Sequence Name SingleSampla e
Injaction Data Fila Name  508.dx % o3
az{
Sample Description o
oy
Sample Name 508 bl u
o]
05 10 15 20 25 30 35 40 45 S0 55 60 65 70 75 b0 85 80 95 160 05 1.0 115 120
Tirne ferin|
Sample Name Mame RT Area Peak Width 10 Perc Peak Width 50 Perc  Height (pA)
50B 4.730 1.9340 0.675
50B 5634 58734.9726 3BE1.351
508 7.322 1.8828 D612
508 9.859 20746 0.760
508 10.258 21266 0.698

Printed: 2024-10-15 1

Figure 39: Chromatogram of Standard 17 obtained by GC-FID

Single Injection Report

- Agilent

Instrument ID d5c11fa3-B2b2- Fota

Instrument Name BBEOGC

Sequence Acquired 2024-10-15
Date 10:26:50-07:00

Sequence Name SingleSample

Injaction Data File Name ~ 90.dx

ras

——q2301
— 04T

Sample Description B
Sample Name 80 | L yd
05 10 15 20 £5 30 35 40 45 S0 S5 &0 65 70 7S5 &0 85 80 65 W0 05 100 15 120
Tirm ]
Sample Name Name RT Area Peak Width 10 Perc  Peak Width 50 Perc  Height (pA)
E a720 22503 0730
20 5767 1030766809 5170.422
o0 7342 18052 0823
00 2041 2193 o713
20 10401 22578 0.755

JcosProhctsuan . Pintd: 202410-18 10:80:45 Pagatofd

Figure 40: Chromatogram of Standard 18 obtained by GC-FID
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Single Injection Report

Instrument ID ce55b4d8-chTh- FID1A
4629-bTfc- o x r =
17cBedeabdf7 ol H 3
Instrument Name BBE0GC e ° g
o]
Sequence Acquired 2024-10-15 or] |
Data 10:42:14-07:00 osd
Sequence Name SingleSampla 054 2 |
‘ 044
Injection Data File Name  B0.dx o
o] L
0.1
Sample Description oo
41
EES
Sample Name a0 EES
o4
65 10 15 20 25 A0 35 40 45 50 55 &0 &S 70 75 RO A5 60 85 0 5 10 15 120
Time frin]
Sample Name Mame RT Area  Peak Width 10 Perc Peak Width 50 Perc  Helght (pA)
B0 4730 21529 0702
B0 5768 S4577.1028 4807124
&0 7.345 20772 0.669
&0 9608 21348 075
&0 10.341 24234 0.756

CACDSProjects\d4004 Printed: 2024-10-15 11

4400 report_zoom,

Figure 41: Chromatogram of Standard 19 obtained by GC-FID

Single Injection Report

- Agilent
Instrument ID 63419527-5073- FID1A
4ed6-Sbad- Fie
4b3BcOB16411 400
Instrument Name 8BE0GC 3,75
.50
Saquence Acquired 2024-10-15 3.5
Data 10:11:28-07:00 3.00
Sequence Name SingleSample o
5 26
Injaction Data Fila Name  0B.dx 2,00
.75
.50
Sample Description =
el piol .00 8 % g g
0.5 3
Sample Name 0B o
0.25° J.
Ll T T T T T T T T T T T T T T T T T T T T T T T T
05 10 15 20 25 30 35 4D 45 S0 55 A0 65 74 75 A0 A5 80 85 W0 WS M0 NS 120
Tierme frwin]
Sample Name Name RT Area  Peak Width 10 Perc Peak Width 50 Perc  Helgit (pA)
0B 4733 1.5673 0.571
0B 5270 40530718 B18.976
0B 7207 1.6363 0.514
0B 2.650 1.5509 0.622
0B 10238 1.7924 0.691

05 Projects4400iR ShsomEes Printed; 2024~ 4 Page 1of 1

c:
4400 report_zoom sc [Rev. 1]

Figure 42: Chromatogram of Standard 20 obtained by GC-FID
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Single Injection Report

- Agilent

Instrument ID cdSd9Baa-dibe-
481e-adec-
af2e05606ab0

Instrument Name BBEDGC

Sequence Acquired 2024-10-15

Date 11:17:43-07:00

Name

Injection Data File Name  Sampla.dx

Sample Dascription

Sample Name Sample
Sample Name Name
Sample

FiDA

|

RT Area  Peak Width 10 Perc
5716

05 10 15 20 25 30 35 40 45 S50 55 60 €5 70 75 &0 &5 @0 85 W00 WS M0 105 120
Tieme frmin]
Peak Width 50 Perc  Helght (pA)

80283.2038 4523105

Figure 43: Chromatogram of Sample obtained by GC-FID

Single Injection Report

Instrument ID c16a154b-TBad-
4cB7-8bod-
614481327284
Instrument Name BBE0GC
Sequence Acquired 2024-10-15
Date 11:44:39-07:00
Sequence Name SingleSample

Injection Data File Name  Sample sp
BTEX.dx

Sample Description

Sample Name Sampla sp BTEX

Sample Name
Sample sp BTEX
Sample sp BTEX
Sample sp BTEX
Sampls sp BTEX
Sampls sp BTEX

FD1A

7341

728
E——mn.m

|

05 10 15 20 25 30 35 40 45 50 S5 B0 65 70 75 B0 85 S0 B85 K0 RS 14 15 120
Tierws [
Area Peak Width 10 Perc Peak Width 50 Perc  Helght (pA)
21263 [k al]
100850 8948 5063 947
24874 0746
26108 0.842
28379 0879

Printed: 20241045

Figure 44: Chromatogram of Sample spiked with BTEX obtained by GC-FID
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