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Review from last time 

•  Last time we covered particle filtration 

•  HW 4 was assigned, due today 

•  Next assignments coming up: 
–  Blog post #2 due Tuesday October 24 
–  Take home exam will be released on October 31, due November 7 
–  Final project report due Nov 28  

•  With a blog post summarizing your project due as well 
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Indoor environment: Mass balance 
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SEMI-VOLATILE ORGANIC 
COMPOUNDS 
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What are semi-volatile organic compounds? 

•  Semi-volatile organic compounds (SVOCs) are organic molecules that 
can have meaningful abundances in both the gas phase and condensed 
(particle) phases 
–  Sometimes called particulate organic matter (POM) 
–  Compounds with boiling points from 240 to 400°C 
–  Compounds with saturation vapor pressures from 10-2 to 10-7 kPa 

•  SVOCs are generally under-studied relative to VOCs and aerosols 
–  Doesn’t mean they’re not important à largely due to analytical limitations 

•  We’ve already touched on some of these 
–  e.g., polycyclic aromatic hydrocarbons (PAHs) originating from combustion 

•  SVOCs also occur as active ingredients in pesticides, cleaning agents, 
and personal care products  
–  And as major additives in materials such as floor coverings, furnishings, and 

electronics components 

6 
Weschler and Nazaroff, 2008 Atmospheric Environment 

Generally: as pvap,sat ↑ BP ↓ à More likely to be in gas phase than solid phase 



What are semi-volatile organic compounds? 

•  Most SVOCs have a slow rate of release from sources 

•  Exposures can occur via inhalation 
–  Both gases and SVOCs adsorbed onto particles 

•  Exposures can also occur via dermal and ingestion pathways 

•  Some are known to be toxic 
–  Dioxins, benzo[a]pyrene, pentachlorophenol 

•  Many have been removed from production over the years 

•  Others have emerging indicators of concern 
–  More than 100 SVOCs have been found in the US population’s blood in large 

biomonitoring studies 
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Some SVOCs of emerging concern 

•  Phthalate esters (BBzP, DEHP) (often used as plasticizers) 
–  Allergic symptoms in children 
–  Slowed male reproductive development 
–  Altered semen quality 

•  Perfluorooctane sulfonate (PFOS) and perfluorooctanoate (PFOA) 
–  Was a key ingredient in Scotchgard 
–  Low birth weight, chronic kidney disease 

•  Polychlorinated biphenyl (PCBs), brominated flame retardants (BFRs), 
di-2-ethylhexyl phthalate (DEHP), bisphenol A, and some pesticides 
–  Have been linked to endocrine disrupting (ED) activity 
–  SVOCs that have chemical structures similar to those of human hormones 

and can either mimic or block endocrine (hormonal) activity 
–  EDs may be important contributors to neurodevelopment and behavioral 

problems ranging from autism to attention deficit disorder 
•  Incomplete and sometimes controversial evidence 8 



SVOC classifications, sources, and potential health effects 
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Xu and Zhang 2011 ASHRAE Journal 



SVOC classifications, sources, and potential health effects 
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Semi-volatile organic compounds found indoors 
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Weschler and Nazaroff 2008 Atmos Environ 



Semi-volatile organic compounds found indoors 
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SVOC ‘partitioning’ 
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φ =
particle phase concentration

total gas + particle phase concentration
=

k ∗SAparticles

pvap,sat + k ∗SAparticles

ϕ = concentration of a compound in the particle phase relative to the 
total air concentration (gas + particle) [dimensionless] 
k = constant that depends on MW of compound 
SAparticles = aerosol surface area per volume [cm2/cm3] 
pvap,sat = saturation vapor pressure of compound (mm Hg) 

SVOCs can exist in both gas and particle phases 

Generally: as VP ↑ BP ↓ à More likely to be in gas phase than solid phase 

And: the more PM 
there is to adsorb/
partition on to, the 
more you’ll have in 
the particle phase 



Organic gases: VOCs 

•  VOCs, VVOCs, SVOCs, and POM are all categorized by 
their boiling points 
–  Lower molecular weight (and low boiling point) compounds are more 

likely in the gas-phase 
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SVOC ‘partitioning’ 
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Remember: as VP ↑ BP ↓ à More likely to be in gas phase than solid phase 

Kp =
F /TSP( )
cg

=
cp
cg

Kp = thermodynamic particle-gas partition coefficient [m3/µg] 
F = equilibrium particle phase concentration of a compound [ng/m3] 
TSP = concentration of total suspended particles [µg/m3] 
cg = equilibrium gas phase concentration (ng/m3) 
cp = concentration within the particle phase (ng/m3) 

F
cg
= Kp(TSP)

How do we get Kp? 

Weschler 2003 Atmos Environ 

We can also describe particle/gas partitioning as a function of the total 
aerosol mass concentration suspended in the air (TSP): 



SVOC ‘partitioning’ 

•  Ratio between organic compound’s particle phase concentration and its 
gas phase concentration: 
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F
cg
= Kp(TSP)

Kp = thermodynamic particle-gas partition coefficient [m3/µg] 
F = equilibrium particle concentration of a compound [ng/m3] 
TSP = concentration of total suspended particles [µg/m3] 
cg = equilibrium gas phase concentration (ng/m3) 

log(Kp) is higher for lower log(pvap,sat) 
 
Kp is therefore higher for lower pvap,sat 
 
Higher Kp means greater fraction F in 
the particle phase 
 
Lower vapor pressure more likely to be 
in solid phase… makes sense, right? 

Weschler 2003 Atmos Environ 



SVOC ‘partitioning’ 

•  Rule of thumb: higher MW compounds will have lower vapor pressures 
and thus be more likely to be in the particle phase (higher Kp, F, and cp) 

17 
Weschler 2003 Atmos Environ 



SVOCs in indoor environments 

18 
Weschler and Nazaroff 2008 Atmos Environ; Xu et al. 2009 Environ Sci Technol 

Mass balance. SVOCs emitted from indoor materials exist as: 
•  Gases 
•  Attached to particles 
•  Adsorbed to surfaces 



Predicted gas, particle, and surface concentrations of 
different SVOCs 

19 
Weschler 2003 Atmos Environ 



What are typical indoor SVOC concentrations? 
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Weschler and Nazaroff 2008 Atmos Environ 



What are typical indoor SVOC concentrations? 
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Weschler and Nazaroff 2008 Atmos Environ 



Indoor SVOC behavior 

22 
Xu and Little 2006 Environ Sci Technol 



Indoor SVOC behavior w/ different sample areas 

23 
Xu and Little 2006 Environ Sci Technol 



Indoor SVOC behavior w/ material/air partitioning 
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Xu and Little 2006 Environ Sci Technol 



Indoor SVOC behavior w/ surface area 
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Xu and Little 2006 Environ Sci Technol 



Indoor SVOC behavior w/ suspended particles 
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Xu and Little 2006 Environ Sci Technol 



Transdermal uptake of DEHP and DnBP 

27 
Weschler et al 2015 Environ Health Persp 



Transdermal uptake of DEP and DnBP 

28 
Weschler et al 2015 Environ Health Persp 



Indoor and outdoor connections 

•  What do flame retardants in polar bears have to do with 
indoor air pollution?? 
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Muir et al., 2006 Environ Sci Technol 



Indoor and outdoor connections 
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Björklund et al., 2012 Environ Sci Technol 

For one of the first times we’re aware of, indoor air pollution in modern countries is 
linked strongly to outdoor air pollution in remote regions of the world! 
•   Potential effects go beyond human beings 



IAQ MEASUREMENT TECHNIQUES 
Attribution: The majority of this material came from a 2012 graduate 
course at UT-Austin taught by Dr. Atila Novoselac, with help from 
Drs. Jeff Siegel, Neil Crain, and Richard Corsi 

31 



Motivation 

•  Throughout this course we’ve described a variety of indoor 
airborne pollutants 

•  Most can be categorized into: 
–  Inorganic gases (e.g., O3, CO, CO2, NOx) 
–  Organic gases (e.g., VOCs, aldehydes, SVOCs) 
–  Particulate matter 

•  Mass 
•  Number 

•  But we haven’t discussed how to measure all of these yet 
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AEROSOL SAMPLING TECHNIQUES 
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Measuring particulate matter 

•  Sampling methods distinguish between: 
–  Particle counting 

•  No sizing 
–  Particle sizing 

•  Count + size information 
–  Particle mass 
–  Particle composition 

For biological particles:  
–  Viable and non-viable bioaerosols 
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Gravimetric (mass-based) particle sampling 

•  Particles have very low masses 
•  Need to collect many particles to have measureable mass 
•  Most mass-based techniques are integrated samples 

–  Sample onto filters at known airflow rate for known period of time 
–  Weigh filters before and after 
–  Calculate concentration 
–  Correct for RH 
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Gravimetric (mass-based) particle sampling 
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SKC PEM sampler 



Gravimetric particle sampling: Cascade impactor 
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Gravimetric particle sampling: Cascade impactor 
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Bioaerosol sampling 

•  Impactors 
–  Collect on filter, extract DNA from filter 
–  Advantages and disadvantages of various filters 

•  Impingers 
–  Collect aerosol in liquid suspension 
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Bioaerosol sampling 
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Bioaerosol sampling 
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Optical measurements 
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Extinction: 



Optical particle counter 

•  Similar to photometer, but particles are isolated 
–  May require dilution 

•  0.065 – 20 µm 
–  Practically 0.1 – 5 µm 

•  Some devices just count and don’t size 

43 



Optical measurements 
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Optical measurements: Mie/Rayleigh Theory for Scattering 
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Scattering of electromagnetic radiation 



Measuring particle “mass” optically 
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•  Photometers 
–  Typically relative instruments 
–  Sensitive to particle speed  

•  Nephelometer 
–  Measure scattering for aerosol sample (~ 1L) over wide 

range of angles (θ) 
•  Particle density is function of the light reflected into the detector  

–  Scattered light depends on properties of the particles such as their 
shape, color, and reflectivity 

–  Determines mass concentration much more accurately 
than photometer 

–  Often calibrated to single particle composition 



Condensation nuclei counter (CNC) 
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•  Subject aerosol stream to alcohol (or water) vapor 
•  Cool air stream to cause condensation 
•  Count particles with an optical particle counter 

•  Closely related to a condensation particle counter 
(CPC) 



Condensation nuclei counter (CNC) 

•  Particles are passed through a wick 
and grown with either water or butanol 

–  Aerosol stream saturated and temperature 
equilibrated 

–  Heterogeneous condensation on 
condensation nuclei (the particles) 

–  Grown to 2 to 3 micrometers 
–  Individual particles passed through light 

beam and scatter light onto a 
photodetector 
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Condensation nuclei counter (CNC) 

49 



Aerodynamic particle sizer 

•  One of many time-of-flight instruments 
–  Two laser beams separated by known distance 
–  Particle is accelerated between beams 
–  Time between beams being broken is calibrated to a test aerosol 
–  Particles exiting the jet have a velocity related to their aerodynamic 

diameter (assume spherical particles and unit density) 

•  Measures 0.5 - 20 µm 

50 



Aerodynamic particle sizer 
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•  Small particles move at the air velocity 
•  Large particles lag air velocity 
•  Problems 

–  Small particles not-Stokesian 
–  Larger density is sized as a larger particle 
–  Shape also influences drag 
–  Multiple particles in sizing chamber (same as other devices) 



Particle mobility analyzer 

•  Particles entering the system are 
neutralized using a radioactive source 
–  Yields equilibrium charge distribution 

•  Particles then enter a Differential 
Mobility Analyzer (DMA) where the 
aerosol is classified according to 
electrical mobility 
–  Only particles of a narrow range of mobility 

exit through the output slit.  

•  This monodisperse distribution then 
goes to a Condensation Particle Counter 
which determines the particle 
concentration at that size 

•  Measures 0.001 – 1 µm  
–  0.002 – 0.4 µm most accurate 52 

Electrical mobility: 
Ability of charged 
particles to move 
through medium in 
response to electric field 
(inversely proportional 
to diameter) 



Particle mobility and charge distributions 
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Scanning Mobility Particle Sizer (SMPS) 
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1.  Electrostatic classifier (EC) 
2.  Differential mobility analyzer (DMA) 
3.  Condensation particle counter (CPC) 

1 

3 

2 



SMPS: EC and DMA 
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EC 
•  Kr-85 bipolar charger 
DMA 
•  2 laminar flows 

–  Sheath and aerosol 
•  2 concentric cylinders 

–  Center negative voltage 
–  Electric field 

•  Positive particles attracted  
     through sheath air 
•  Location depends on electrical mobility, flow rate, and geometry 

–  Cycles through different voltages to capture different size particles 



Cost of particle sensors 

•  Relatively inexpensive  
–  Gravimetric for particle mass 
–  Light scattering for large particle mass 
–  Condensation nucleus counter (CNC) for counting small particles 
–  Cascade impactor for size-resolved mass 

•  Mid-range 
–  Optical particle counters 

•  Expensive 
–  Aerodynamic particle sizing for large particles 
–  Differential mobility analyzer for small particles 
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Other issues with particle measurements 

•  Sampling line losses 
–  Generally an issue for large (>1 µm) and small (< 0.05 µm) particles 

•  Sampling particles in moving air stream 
–  Isokinetic and non-isokinetic sampling 

•  Particle composition 
–  Collect sample of particles on filter 

•  Analyze as you would for liquid or solid compounds 
–  SMPS or APS w/ mass spec 

•  Very expensive 

•  Bioaerosol sampling 
–  Fungi, bacteria, viruses 
–  Quantitative or presence/absence 
–  Culturable, viable, DNA-based 
–  Inhibitors 

57 



Aerosol mass spectrometry (AMS) 
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Aerosol mass spectrometry (AMS) 
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•  On-line AMS measures particle concentrations and 
compositions in real time 



Indoor AMS measurements 

60 
Johnson et al., 2016 Indoor Air 



Indoor AMS measurements 
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Johnson et al., 2016 Indoor Air 



Indoor AMS measurements: Phase-change 

62 
Johnson et al., 2016 Indoor Air 



Summary of particle measurements 

•  Wide variety of instruments available for particle 
measurement 
–  What size of aerosol are you interested in? 
–  Do you need sizing or is counting sufficient? 
–  Do you need real-time data? 
–  What type of aerosol are you trying to measure? 
–  How much accuracy do you need? 
–  How much money do you have? 
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MEASURING INORGANIC GASES 
CO, CO2, NOx, and O3 
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Techniques for measuring CO 

•  Electrochemical (common for hand held or home devices) 
–  Two electrodes 
–  Oxidize CO to CO2 à generates electric current 

•  Biomimetic (gel cell) 
–  Synthetic hemoglobin – darkens in presence of CO (color change) 

•  Semiconductor (wires of tin dioxide / ceramic base) 
–  CO reduces resistance 
–  Works for high CO concentrations 

•  Non-Dispersive Infrared Detection (NDIR) 
–  Relies on absorption band (similar for other instruments, e.g. CO2) 
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Techniques for measuring CO2 

•  Non-dispersive infrared (NDIR) à most common 

•  Electrochemical (reduce CO2 à generate current) 

•  Photoacoustic (CO2 absorbs light energy à measure 
pressure change) 
–  Photoacoustic effect relates pressure change to CO2 conc. 

•  Potentiometric (CO2 into solution – changes pH) 

•  Gas chromatography w/ MS or TCD 
–  High sensitivity 
–  High cost 
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Non-dispersive infrared (NDIR) 

•  Measures the infrared light absorbed by CO2 as it passes 
through a flow-through IR absorption cell  
–  CO2 peak absorbance @ 4.3 µm (higher CO2, higher absorption) 

•  Possible interference from other species (H2O, CO) 
•  Interferences from other IR-absorbing gases are minimized by use of a 

highly wavelength-specific detector 
67 



Dealing with interference and NDIR 

•  PP Systems SBA-5 CO2 analyzer 
•  IR beam at 4.26 µm (similar to light bulb) 
•  Positioned at one end of a tube with a sensor sensitive to 

photons at 4.26 µm at the other end 
•  The cell absorbs CO2 and the sensor reading decreases  
•  New feature: auto-zero w/ soda lime 

68 CO2 + Ca(OH)2 → CaCO3 + H2O + heat 



Electrochemical sensing 

•  CO2 diffuses into the sensor through a porous membrane to 
the working electrode 
–  Causes electrochemical reaction, oxidizes the target gas 

•  This reaction results in an electric current that passes 
through the external circuit 
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Ozone measurements: Diffusion badges 

•   Personal diffusion badges 
–  Diffusion-based; chemical coating 
–  The principle component of the coating is nitrite 

ion, which in the presence of ozone is oxidized to 
nitrate ion on the filter medium  

•  NO2
- + O3 à NO3

- + O2 
–  After sample collection, the filters are extracted 

with ultrapure water and analyzed for nitrate ion by 
ion chromatography 

–  Useful for inexpensive, long-term samples 
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Ozone measurements: UV absorbance 

•  Measure ozone by comparing transmission of light through a 
detection cell (ozone peak absorbance at 254 nm) 
–  UV, not IR 

•  Light intensity measurements are made with ozone present 
and with ozone removed 
–  Ozone measured using Beer-Lambert Law 
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UV example: 2B Technologies Model 205 



UV absorbance of O3, NO2, and SO2 
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Ozone measurements: UV absorbance 
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UV example: 2B Technologies Model 205 

http://twobtech.com/linked_files/Birks_Model_211_Scrubberless_Ozone_Monitor.pdf  



Ozone measurements: UV absorbance 
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UV example: 2B Technologies Model 211 (“scrubber-less”) 

http://twobtech.com/linked_files/Birks_Model_211_Scrubberless_Ozone_Monitor.pdf  



NOx measurements: UV 

•  UV example: 2B Technologies Model 405 
•  Measures NOx = NO + NO2 

–  NO2 is measured using absorbance at 405 nm 
–  NO is measured by 100% conversion of NO with O3 

•  Measured by bypassing NO2 scrubber and measuring light intensity with 
and without adding O3 to convert NO to NO2 
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NO + O3 → NO2 + O2 



NOx measurements: Chemiluminescence 

•  Reaction between NO and O3 emits light 
•  Photons produced are detected by a photo multiplier tube 

–  Output voltage is proportional to NO concentration 
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MEASURING ORGANIC GASES  
(VOC AND SVOC) 

77 



•  Two methods: 
1.  Real-time measurement/analysis 

–  Generally has a sensor (mostly FID, PID) 
–  Some have separation (w/ GC) + sensor 
–  Also: colorimetric tubes (general: MDL > 1 ppm) 
 

2.  Collect air sample for laboratory analysis 
–  Whole-volume samplers (canisters, bags) 
–  Concentration samplers (sorbents, SPME) 

•  Either case: preservation and analysis in laboratory 

Sample Collection Methods 
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Canister samples 

•  Whole volume 
•  Grab versus integrated 
•  EPA Methods TO-14/15 
•  Benefits: 

–  Inert/impermeable 
–  Lots of experience 
–  Multiple analyses can be done 

•  Drawbacks 
–  Bulky 
–  Requires cleaning 
–  Can get scratched 
–  Sample stability (reactions) 

79 

400 mL 

1 – 15 L 



•  Whole volume 
•  Tedlar = polyvinylfluoride 
•  Pump to collect (unlike canisters) 
•  Benefits: 

–  Inert / impervious (like cans) 
–  Repeat samples (like cans) 
–  Lighter than cans 
–  Lower initial cost than cans 

•  Disadvantages: 
–  Not as reusable as cans 
–  Susceptible to tearing 
–  Requires cleaning 
–  Stability with some compounds 

Tedlar bags 

0.5 – 100 L 
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Sorbent sampling 

•  VOC adsorbs to solid adsorbent 
•  Passive sampling 

–  Similar to ozone badge but w/out reaction 
–  Integrated sample over 24 hours, etc. 
–  Indoor, personal, outdoor 

•  Active Sampling 
–  Pump air through a packed tube 
–  Collect mass over known volume 
–  C = m/V 
–  Short-term vs. integrated 
–  More control, but more difficult 
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Sorbent tubes 

•  EPA Method TO-17 = TD/GC/MS (important) 
•  Various sorbents can be used 

–  TO-17 page 33  
–  Need to match VOC types/ranges with sorbent 

•  Some issues 
–  Method detection limit, precision, accuracy (pg. 28/29) 
–  Sample preservation 
–  Breakthrough volume 
–  Artifact formation (especially via ozone) 
–  Sorbent pre-conditioning / breakdown over time 

•  Use of multi-sorbent beds 
•  Focus on Tenax-TA 
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Sorbent: Tenax-TA 

•   2,6-diphenylene oxide polymer resin (porous) 
•   Specific area = 35 m2/g 
•   Pore size = 200 nm (average) 
•   Density = 0.25 g/cm3 

•   Various mesh sizes (e.g., 60/80) 
•   Low affinity for water (good for high RH) 
•   Non-polar VOCs (Tb > 100 °C); polar (Tb > 150 °C) 

•   lighter polar – Carbotrap and Carbopack-B common 

•   Artifacts w/ O3: benzaldehyde, phenol, acetophenone 
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Solid-Phase Micro-Extraction (SPME) 

•  Uses a fiber coated with an extracting phase:  
–  PDMS / DVB / Carboxen 

•   Benefits 
–  Highly concentrating for many indoor VOCs (ppt levels) 

•  Can get VVOCs 
–  Reusable 
–  Relatively low cost 
–  Small / light weight 
–  Possible use in other media 
–  Ease of injection to GC 

•  Drawbacks 
–  Less experience / acceptability 
–  Preservation issues 
–  Difficulties w/ calibration 
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Gas Chromatography (GC) 

•  GC is used to separate compounds 
–  Compounds are vaporized into an inert carrier gas through a capillary 

column 

•  Capillary column 
–  Stationary microscopic layer of liquid or polymer on inert solid support 

inside a piece of glass or metal tubing 
–  Causes compound to elute at different times 

•  Retention time 

•  Thermal program of GC oven 

•  Temporal passage to a detector 
–  Analyze “peaks” 
–  Analyze molecular fragments (MS) 
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Gas Chromatography (GC) 

86 



GC issues 

•  Type of injection? 
•  Need to cryo focus for low molecular weight volatiles? 
•  Type of column? 
•  Type of detector? 

–  If MS, model of detection 

•  Temperature programs 
•  Instrument calibration / response 
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Detectors 

•  Flame ionization detector (FID) 

•  Photoionization detector (PID) 

•  Electron capture detector (ECD) 

 

•  Mass spectrometer (MS) 

•  These are primary detectors for VOCs in indoor air 

•  Specific uses vary considerably 

Non-specific or 
speciated (w/ GC) 

w/ speciated (w/ GC) 
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Photoionization Detectors (PID) 

•   UV light ionizes VOCs --- R + hv à R+ + e- 

•   Collected by electrodes = current 
•   VOCs with different ionization potentials 
•   Benefits 

–  Simple to use 
–  Sample non-destructive (relatively) 

•   Drawbacks 
–  No identification/speciation 
–  Highly variable responses 
–  Not all VOCs detected 
–  Lamp burnout / contamination 
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Flame Ionization Detectors (FID) 

•  Relatively simple system 
•  Hydrogen flame à ions formed  

–  Ions migrate to plate, generate a current 
–  Hydrocarbons have molar response  

 proportional to the number of carbon  
 atoms in their molecule 

•  Detection – typical to pg/s 
•  Benefits 

–  Rugged, low cost, workhorse 
–  Linear response over wide range 
–  Insensitive to H2O, CO2, SO2, CO, NOx 

•  Drawbacks 
–  No identification 
–  Lower response if not simple HC 
–  Destructive testing 
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Electron Capture Detectors (ECD) 

•  Low energy Beta emitter = 63Ni in make-up gas (Nitrogen) 
•  e- attracted to positively charged electrode (anode) 
•  Molecules in sample absorb e- and reduce current 

–  effective: halogens (e.g., SF6), nitrogen-containing compounds 
•   Benefits 

–  10-1000 times more sensitive than FID 
–  femtogram/s ----- ppt levels 

•   Drawbacks 
–  More limited linear range than FID 
–  Radiological safety requirements 
–  O2 contamination issues 
–  Response strong function of T, P, flow rate 

91 



Mass Spectrometer (MS) 

•  Bombard molecules w/ intense electron source (ionization) 
–  Generates positive ion fragments 

•  Ions accelerate to have same kinetic energy, then deflect in a magnetic 
field, where deflection is a function of molecular weight 

•  Use fragment fingerprint to identify molecule 
•  Quantify amount of fragments to determine mass 
•  Most common MS = quadrupole 
•  Benefits 

–  “Gold standard” 
–   Amount AND identification of unknowns 

•  Drawbacks 
–  Cost 
–  Complexity 
–  Maintenance 
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Quadrupole MS 
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•  Electron source 
•  Four rods (electromagnets) 

–  Applied Voltage 
–  DC/AC components 
–  Voltages = fn(time) 
–  Affects trajectory 
–  Selective M/Z to detector 
–  m/z = mass-to-charge ratio 

•  Ionization makes z = 1 
•  Cycles different M/Z 
•  Yields mass spectrum 
•  Always same for a molecule 
•  System in vacuum 
 

“Fingerprint” for CH4O:  
Isotopes for CH4O 



Total Ion Chromatogram (TIC) 
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Sum up intensities of all mass spectral peaks belonging to the same scan 



Total Ion Chromatogram (TIC) 
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limonene 

linalool 

Mondello et al., J. of Chromatography A, 1067: 235-243 (2005)  



Mass spectrum 
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Example mass spectrum (fingerprint) 



Calibration curves 
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Real VOC data w/ library compound search 
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The peak is styrene 



Summary of VOC measurements 

•  VOCs important in indoor environments 
•  Many types of VOCs 

–  Different properties 
–  Different effects 
–  Different sample collection and analysis protocols 

•  Sampling and analysis protocols NOT TRIVIAL 
–  Many types of collection methods 
–  Many types of analysis detectors and methods 
–  A lot of issues involved w/ sample/analysis decisions 
–  A lot can go wrong (difficult business) 
–  Cumbersome and costly, but very important 
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