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BTEX Vapor Exposure 

 

Goal: To quantify personal exposure to gasoline (BTEX) vapors during pumping gasoline. 

 

Objectives 

1. learn air sampling and sorbent solvent-extraction GC-FID techniques  

2. pose and test a meaningful scientific hypothesis regarding gasoline vapor exposure 

3. interpret statistical test data, as appropriate 

 

 

1. Introduction 
You will recall from our last lab that BTEX compounds are the primary hydrocarbons contained 

in gasoline; BTEX have known negative human health effects, ranging from headaches to cancer. 

Exposure to gasoline vapors can result from directly gasoline related activities, such as pumping 

gas, driving cars, and mowing lawns, but also from daily activities like walking and riding bikes 

along roads.  

 

In this lab, we will investigate citizen exposure to BTEX compounds (benzene, toluene, 

ethylbenzene, and the xylenes). As a group, you will sample air for BTEX compounds both 

during active gasoline pumping and prior to pumping; the results of these samples will be pooled 

among the class, allowing you to perform statistical analysis to compare the two cases. 

 

2. Theory & Background 
 

2.1. Air sampling and BTEX collection 

Although it is theoretically possible to collect air samples and analyze them directly for BTEX, 

typical concentrations in air (g/m
3
 = ppm) are generally much too low for this approach to work. 

In fact, preconcentration of analytes is frequently required in environmental analysis. In this lab, 

you will preconcentrate the BTEX mass contained in several liters of air onto a small adsorption 

cartridge that contains a fine-grained sorbent resin using a small air sampling pump.  

 

The arrangement of the air pump and sorbent cartridge is shown in Figure 1 (next page). The 

cartridges contain two sorbent sections, as shown in Figure 2: the first, larger section is the 

analytical chamber and is intended to be used for quantitative analysis; the second, smaller, 

downstream section, is the breakthrough chamber. Because BTEX analytes travel through the 

sorbent cartridge similarly to how they would travel through a GC column, if you draw too much 

air through the cartridge, the BTEX originally trapped in the analytical chamber will be carried 

into the breakthrough chamber, and if pumping continued, out the other side of the sorbent 

altogether. Thus, air sampling flowrate and sampling duration is determined by the competing 

requirements of collecting enough BTEX mass for quantitative analysis, while avoiding analyte 

mass loss via “breakthrough”.  
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The breakthrough volume, the volume of air you can pass through without carrying analyte into 

the second tube chamber, is analyte-specific, because each analyte has a different attraction for 

the sorbent phase. Additionally, if analytes are present at high concentrations, the sorbent can 

become “saturated”, rendering it unable to absorb more analyte from the air and causing 

breakthrough. Thus, the compound that determines the effective breakthrough volume for a 

given collection is generally either the most weakly retained analyte or an analyte at much higher 

concentrations than the others. Fortunately, the National Institute of Occupational Safety and 

Health (NIOSH) publishes a database of air sampling methods, which report breakthrough 

volumes (expressed as the maximum volume of air to be sampled) for various analytes on 

various sorbents. This lab is based on NIOSH Method 1501 for aromatic hydrocarbons 

(attached as Appendix). 

 

2.2. Solvent extraction of BTEX from the sorbent 
The sorbent cartridge pre-concentrates the BTEX from the approximately 6 L of air we will 

sample. In order to ultimately quantify the BTEX, you must extract the BTEX compounds off 

the sorbent into a solvent that can be injected into the GC for analysis. We will use CS2 (carbon 

disulfide) for analytical reasons; however, CS2 is a particularly nasty solvent (look up its MSDS 

and learn about the hazards it poses!), so observing all safety precautions is critical.  

 

You will transfer the sorbent resin (analytical and breakthrough sections) from the cartridge of 

the sorbent cartridge into a vial, add 1 mL CS2 and vortex the sealed vial to extract the BTEX. 

The BTEX compounds in 6 L of air are now contained in 1 mL of solvent, a 6000-fold increase 

in concentration!  

 

Figure 2. Schematic of the adsorption tube for BTEX air sampling. 

Air flow 
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Flow meter 
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Sorbent cartridge 

Figure 1. Schematic of air sampling pump and sorbent cartridge setup. 
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2.3. GC with flame ionization detection (FID) 

You will use the same reverse-phase (i.e., hydrophobic column) GC column (HP5) that we used 

for the fuel fingerprint lab. The GC method used in this lab, however, differs in several important 

ways, as compared to our pattern recognition lab. Our GC conditions (e.g., flows and 

temperature) will be a slightly different, so the BTEX compounds will have different retention 

times as compared to our last lab. We will run standard solutions to determine the retention times 

for each analyte under these new conditions. 

 

An autosampler will be used to inject the samples. Autosampler injection dramatically improves 

between-run reproducibility, which is essential for accurate quantification. This also allows us to 

analyze a large number of samples unattended.  

 

Rather than using MS detection, we will use a flame ionization detector (FID). An advantage of 

FID that is important for this analysis is that it helps overcome the fact that benzene elutes quite 

early, often during the large solvent peak. How does FID get around this? The FID has much 

higher sensitivity to hydrocarbons (our analytes!) than it does to non-hydrocarbons like CS2 (our 

solvent!); this combination means that the solvent peak is largely “invisible” to the FID, allowing 

us to see and quantify the early benzene peak. There is no straightforward means of making a 

solvent peak “invisible” to the MS detector; thus, you were unable to see benzene in the fuel 

fingerprinting lab.  

 

FID is often called the “universal detector” because it is able to detect an incredible array of 

compounds. The only requirements for flame ionization sensitive detection of a compound is the 

presence of C and H in your analyte; thus, FID works well for the hydrocarbons we will quantify 

in this lab, and in fact, works well for almost any organic compound that can be separated by GC. 

 

FID (flame ionization detector) is aptly named: it works by establishing a flame in which ions 

are produced and detected. A flame is created by flowing air and hydrogen, a flammable mixture, 

to the detector. Additionally, an electrical current is established across the flame by applying a 

voltage differential to two electrodes. The current with just the flame lit provides the detector 

background signal. When hydrocarbon analytes enter the flame, they are fragmented and ionized 

into CHO
+
. These ions are then attracted toward the negative electrode, effectively increasing the 

electrical current, and hence, the signal. The more ions are created, due to an increase in analyte 

concentration, the greater the increase in current. Thus, the FID response is proportional to 

analyte concentration.  

 

Unlike in MS, which allowed us to identify analytes by their MS fragmentation pattern and a 

library search, FID does not provide fingerprint information by which to identify the compound. 

In GC-FID the only means of identifying a compound comes not from the detector, but from GC 

retention time and comparison to retention times of known standards. 

 

The final, and quite important, change for this lab is that we will use GC-FID quantitatively. To 

do so, we must calibrate the detector response.  
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2.4. Calibration curves and internal standards 

Once you have separated and detected the compounds in your samples, you must determine their 

concentrations. To do this, you will create a 5-pt calibration for each analyte using an internal 

standard. Calibration allows you to correlate the FID signal (area counts of the analyte peak) to 

the actual analyte concentration. While most of you have probably had experience with 

calibration curves for other instruments, the concept of an internal standard is likely new to many 

of you; it is an important tool in environmental analysis. Although more time consuming up front 

(another solution to make!), its advantages make the time well spent. 

 

You may be more familiar with external calibration curves (even if you never called them that), 

so we will start there and then explain how internal calibration differs. Figure 3 depicts the 

external calibration approach outlined here. 

1. make up multiple standard solutions with known concentrations of each analyte.  

2. analyze each standard under the same conditions as you will run your unknowns.  

3. plot the FID response (area under the peak) (y-axis) produced for each analyte versus the 

concentration (x-axis) that produced it. If you used 4 standards, you’d have a 4-pt 

calibration curve (one curve for each analyte).  

 

 
External calibration works very well, as long as its major assumption is satisfied: that your 

standards have been run identically to your unknown samples. For GC, however, the conditions 

involve a variety of flowrates (e.g. carrier flow, purge flow, split flows, make-up and detector 

gases) and extremely small sample injection volumes (e.g., 1 L), which are not perfectly 

reproducible every time. Instrumental drift also occurs over time, as temperature and other 

factors effect the detector electronics. Such factors make it difficult to achieve the assumption 

required for external calibration. Internal calibration effectively eliminates these issues, by 

relying not on absolute values of detector response, but rather on response (area count) ratios.  

 

The following hypothetical example demonstrates the usefulness of response ratios instead of 

absolute responses. Imagine the case where two “replicate” injections of the same standard 

time 

Std 4 
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Std 2 

Std 1 

Overlay of 4 chromatograms, 
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Area 

counts 

Concentration 

y = mx + b 

4-pt calibration curve & 

bestfit line. 

Figure 3. Schematic of 4-point external calibration curve 
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response 
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resulted in very different amounts of sample being injected. The standard solution, however, 

contains two types of standards, each at known concentrations: one standard, the external 

standard (see above), is an analyte that you want to quantify in your unknowns, let’s assume at a 

concentration of 20 ppm; the other standard, an internal standard, is a compound that is not 

expected to exist in your samples, let’s assume at a concentration of 15 ppm. 

 

Injection 1 

standard analyte concentration = 20 ppm  area counts = 2400 

internal standard concentration = 15 ppm  area counts = 3000 

 

Injection 2 

standard analyte concentration = 20 ppm  area counts = 1200     

internal standard concentration = 15 ppm  area counts = 1500    

 

Even though you injected the exact same solution twice, the signals for Injection 2 are only half 

that of injection 1! If you were preparing an external calibration, these two injections would be 

disastrous! Which response should you plot on the y-axis of your calibration curve for the 20 

ppm standard? 2400? 1200? With internal standards, this situation is not a problem. Note that 

even when the two injections seem dramatically different, the ratio of the standard-to-internal 

standard signals is, in fact, exactly the same for the two injections (e.g., 2400/3000 = 0.80 and 

1200/1500 = 0.80). How can we use such ratios to construct a calibration curve? 

 

Consider the following hypothetical data for a 4-pt internal standard calibration (note: that the 

concentration of the internal standard is always the same). 

 

Standard 1 

standard analyte concentration = 5 ppm  area counts = 500 

internal standard (IS) concentration = 15 ppm  area counts = 3000 

area count ratio (analyte:IS) = 500/3000 = 0.167 

 

Standard 2 

standard analyte concentration = 10 ppm  area counts = 400 

IS concentration = 15 ppm  area counts = 1200 

area count ratio (analyte:IS) = 500/3000 = 0.333 

 

Standard 3 

standard analyte concentration = 15 ppm  area counts = 900 

IS concentration = 15 ppm  area counts = 1800 

area count ratio (analyte:IS) = 500/3000 = 0.500 

 

Standard 4 

standard analyte concentration = 20 ppm  area counts = 1800 

IS concentration = 15 ppm  area counts = 2700 

area count ratio (analyte:IS) = 500/3000 = 0.667 
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Figure 4A and B show the resulting calibration curves, using external and internal calibration 

approaches on the data above, respectively. The internal calibration curve (Figure 4B) is plotted 

as the ratio of detector signals of the analyte to the internal standard versus the analyte 

concentration. Internal calibration generally (and clearly, in this hypothetical case) provides 

better calibration results. You will similarly create both external and internal calibration curves 

for each BTEX compound to examine the potential benefits of internal calibration.  

 

Once you have plotted the calibration curve for each analyte, you will use Excel to generate a 

bestfit line for each: 

intercept  ion)concentrat alyte(slope)(anratio signal

bmxy





  (2) 

 

which you will then use to calculate the concentration of each analyte in the sample extract. 

 

 

You will then plug the signal ratio obtained for each unknown sample into Equation 3 (simply 

Equation 2 solved for analyte concentration) to calculate analyte concentrations. Remember, you 

will have a separate calibration equation for each analyte. 

 

eqn. cal. from slope

eqn. cal. from int
counts  area  IS

counts  area  analyte

][

ercept

analyte










   (3) 

 

where the intercept and slope values are taken from your bestfit calibration equation. The signal 

ratio in Equation 3 is the ratio for the sample of interest. Also note, that the square brackets (“[]”) 

are chemical shorthand to indicate the concentration (i.e., [benzene] means the concentration of 

benzene).  

 

 

External Calibration

y = 88x - 200

R
2
 = 0.793

0

500

1000

1500

2000

0 5 10 15 20 25

Standard conc. (ppm)

A
re

a 
C

o
u
n
t

Internal Calibration

y = 0.03x

R
2
 = 1.00

0.000

0.200

0.400

0.600

0.800

0 10 20 30

Standard conc. (ppm)

A
re

a 
co

u
n
t 
ra

ti
o
 

(s
ta

n
d
ar

d
:i
n
te

rn
al

 s
ta

n
d
ar

d
).

A B 

Figure 4. Calibration data plotted as A) external calibration and B) internal calibration. 
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2.5. Calculating environmental exposure levels  

Once you have performed your calibration, run your samples, and calculated the BTEX 

concentrations in your sample extract, you still need to calculate the concentration in the air you 

and other citizens are exposed to while pumping gas. To calculate exposure levels (ppm), you 

will need to consider (for each analyte) 

1. extract concentration 

2. extract volume 

3. time duration of air sampling 

4. air sampling rate 

5. desorption efficiency 

 

Items 1 and 2 allow you to calculate the total mass of each analyte in your extract. Items 3 and 4 

allow you to calculate the volume of air sampled. Item 5, desorption efficiency, refers to the fact 

<100% of the analyte mass desorbs from the sorbent tube. You will help conduct experiments to 

determine the desorption efficiency for this particular batch of desorption tubes and our exact 

analytes, solvents, desorption time, and sample agitation.  

 

2.6 Student’s t test for comparing means 
It may seem self-evident that 4 ppm is bigger than 3 ppm, but this is only true if you “know” 

these two values exactly. What happens if these concentrations have uncertainty associated with 

them? What if the two samples have concentrations of 4.0 ± 0.7 ppm and 3.0 ± 0.5 ppm? One 

way to view this situation is on a number-line, as shown in Figure 5. 

 

You can see in Figure 5 that given the uncertainty associated with these two samples, that there 

is some chance that the “true” concentrations of the samples are both 3.4. How do scientists 

decide whether one value is greater than another, despite the inherent uncertainty associated with 

sampling, extraction, and calibration? One way is through the use of the Student’s t Test. 

 

 

Although there are more detailed mathematical descriptions out there, for us, it will suffice to say 

that the Student’s t Test tests the probability that two sets of data are the same with respect to 

some variable. For example, you might want to know whether men and women differ with 

4.0 3.3 

2.5 3.0 3.5 

3.0 ± 0.5 

4.0 ± 0.7 

The uncertainty ranges for 

the two values overlap. 

Figure 5. Number-line representation showing how the ranges of uncertainty in the two values 

overlap. Can we say with 100% certainty that one sample has a higher concentration than the other? 

4.7 
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regard to the height (the variable). There is a “true” answer out there, if only you could measure 

the height of every single person on the planet. When you can’t measure an entire population, 

you make do with a smaller “sample” – let’s say you measure height data on the women and men 

in this class. You can use the t Test to decide whether there’s “a good chance”, based on your 

small sample, that men are significantly different than women with regard to height. A 

probability of 0.4 would mean that there is a 40% chance that the two average heights are not 

significantly different. A cutoff value that is often used in the sciences is a probability (also 

called a p-value) of <0.05, in which case, you could safely conclude that the difference between 

the averages is “real” and would be likely observed if you were to measure the entire population 

of Earth. In more formal terms, you would state “the heights of men and women are significantly 

different (p < 0.05)”. Keep in mind that here is still a 5% chance you are wrong! But that’s about 

the best we can do in science! 

The t test can be performed knowing just the means (i.e., averages), standard deviation, and 

number of data points. A t test yields a calculated t value 
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where x (pronounced “x-bar”) is the average of a given sample set (set 1 or 2), n is the number of 

individual measurements in each sample set (set 1 or 2), and spooled is the pooled (over both 

datasets) standard deviation, defined as 
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   (5) 

where s is the sample standard deviation of a given sample set (set 1 or 2).  

 

Note that x  portion of the Equation 4 numerator is the difference between the means of the two 

sets of data you are comparing. The larger the difference between means, the more confident you 

would be that the two sets are, in fact, different. The denominator (standard deviation term) is a 

measurement of experimental error or uncertainty in the two groups combined. The smaller the 

uncertainty you have, the more confident you would be that the two sets are, in fact, different.  

 

Also, notice in both Equations 4 and 5 that higher n values lead to higher t values. The higher the 

value of t, the greater the confidence that there is a “significant” difference.  

 

So let’s summarize. The following conditions lead to greater confidence in calling the two sets of 

data different: 

1. larger difference between the means of each dataset 

2. smaller standard deviation within each dataset 

3. larger number of measurements within each dataset 

 

So a higher t value is “better” for calling datasets different, but when is t high enough to truly 

call the two sets of samples significantly different with respect to BTEX concentrations?  
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We must convert from the calculated t value to a probability, or a p-value. The p-value reflects 

the relationship between the t you calculate for your samples and a tcritical value (constants 

provided in statistics books and on the web) for the number of measurements you make. We will 

not get into where these tcritical and p values come from – we’ll leave that to your statistics course, 

but you will make use of and interpret the values – the p-value in particular. In class, we will 

learn to use Excel software to perform the t-test on your sample means to arrive at p-values.  

In summary, we will pose a comparative hypothesis – that one set of conditions (pumping gas) 

will lead to higher ambient BTEX concentrations than another set of conditions (not pumping 

gas), and assess that hypothesis using the concentrations we determine via GC-FID and t-tests. 

 

3. Schedule 
 

Week 1  

Before lab (in your lab notebook) 

1. Read lab handout and answer pre-lab questions (last page of handout) 

2. Define the terms: preconcentration, breakthrough, and desorption efficiency 

3. View MSDSs and record the important health/safety hazards and precautions for BTEX 

and CS2.  

 

In lab 

4. Calibrate pump flowrates, prepare sampling cartridges. 

5. Collect samples at the fuel depot on campus. 

6. extraction vials, syringes for desorption efficiency spikes 

 

Week 2  
 In lab 

7. Spike cartridges for determination of desorption efficiency. 

8. Extract samples 

9. Load samples on autosampler, run GC-FID analysis. 

10. Prepare calibration curves (calibration data will be provided by Prof. Robinson) and set 

up spreadsheets for GC-FID data. 

 

Week 3  
Meet in Chemistry computer lab, MBH 546 

11. Use calibration curves to calculate concentrations in the extracts of samples you are 

responsible for (data will be made available on Classes server). 

12. Accounting for desorption efficiency, calculate BTEX concentrations in air for your 

samples 

13. Add your results to the Google docs spreadsheet file, so everyone has access to all data. 

14. Perform Student’s t tests (use the full class dataset) to compare no-pumping versus 

pumping treatments. 

15. Perform post-lab analysis and prepare to discuss next week. 
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4. Methods 
 

4.1. Week 1  

Aside from the background information presented above, most of the methods will be 

demonstrated in lab. This is to allow you to practice your powers of observation and commitment 

to capturing all the essential details of what you do in your lab notebook. The GC-FID analysis 

will be quite similar to what we did for the previous laboratory. You will each have the 

opportunity to practice collecting air samples while we are together as a group.  

 

4.2. Week 2  
1. Remove stored sample tubes from walk-in freezer. 

2. Score and break the sorbent tube using the tube cutter (as demonstrated in lab) or 

tweezers, being careful not to lose any material, pour the sorbent into a labeled 2-mL 

autosampler vial. 

a. Include the glass wool plug at the front with the analytical sorbent 

b. Discard the foam dividers, but try to capture any sorbent particles 

3. Use a 1-mL volumetric pipette to deliver exactly 1 mL of desorption solution (CS2 

containing the internal standard, decane). 

4. Cap the vial and vortex the sample for 1 minute. 

5. Repeat for each of your samples. 

6. Let all samples stand 30 min at room temperature, vortexing the sample for 1 minute 

every 10 minutes (4x total). 

7. Add your sample vials to the autosampler tray on the GC and to the sequence table in the 

Chemstation software. Be careful to note the autosampler location correctly in the 

sequence table and to name your samples appropriately. Naturally, be sure to record this 

information in your lab notebook. 
 

5. Waste disposal 
All extraction solvents, calibration standards, and liquid waste should be placed in the waste 

container provided. The spent sample tubes should be disposed of in the broken-glass container. 
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Pre-lab Questions 

 

1. Given what you know about BTEX compounds, is the charcoal sorbent  

hydrophobic or hydrophilic? Briefly explain. 

 

2. Why might it be so important to connect the sorbent cartridge upstream  

(rather than downstream) from the pump, as shown in Figure 1? 

 

3. Use your gasoline chromatograms from the previous experiment to predict  

which BTEX compound might determine the effective breakthrough  

volume in this analysis? Briefly explain. 

 

4. Despite being fairly toxic, explain why we are using CS2 to extract our 

samples. 

 

5. Use dimensional analysis and your understanding of this experiment to come 

up with a single equation that converts your GC extract concentration into an 

air exposure level. 

 

6.  Explain why we sometimes need statistics to determine whether observed 

differences are “real”. 

 

 

 

 


