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During an indoor air quality (IAQ) evaluation, industrial hy-
gienists may measure total volatile organic compounds (TVOC)
without considering which individual volatile organic com-
pounds (VOCs) make up the TVOC level. TVOC measurements
are a good indication of IAQ: higher TVOC levels generally in-
dicate more VOCs in the air, increasing the overall level of in-
door air pollution and the likelihood of poor IAQ.
But the TVOC level alone doesn’t help industrial hygienists

discover the sources of indoor air pollution. Nor does it help
determine the presence of hazardous or irritating individual
VOCs. Identifying all VOCs is a critical step in resolving IAQ is-
sues related to elevated chemicals and odors and assessing the
risk to building occupants.

Study Results
VOCs are among the most prevalent indoor air pollutants. As
many as 1,000 different VOCs can be found in the air of homes,
offices or schools at any one time. The level of VOCs is typically
two to five times higher in indoor than in outdoor air. New
buildings may have significantly greater TVOC or in-
dividual VOC levels because of emissions from con-
struction materials and furnishing products. Building
occupants who are exposed to VOCs can feel so un-
comfortable, distracted or sick that their symptoms in-
terfere with their work.1 Missed work days or days
with reduced activity can cost businesses billions of
dollars in lost productivity.2-4

Exposure to individual VOCs and mixtures of VOCs
can aggravate allergies and asthma and cause a wide
variety of health concerns, including skin, eye, nose
and throat irritation; coughing; headaches; and gen-
eral flu-like illnesses. When continually present at el-
evated levels, exposure to some VOCs can lead to
more chronic concerns, including neurological, en-
docrine (hormonal) and reproductive effects. Some
VOCs may even cause cancer. Other VOCs may be ir-
ritants and produce unacceptable odors when present
at very low levels.
A recent data study of 3,000 air samples collected

from 2003 through 2008 from a variety of building
types revealed a wide range of VOCs with potential
health concerns. Of the 3,000 samples, 44 percent were
classified as odorants or irritants; 21 percent as car-
cinogens; and 12 percent as reproductive toxins. Other
health effects accounted for the remaining 23 percent
of the samples. The data were obtained from independ-
ent IAQ investigations or green building commission
projects conducted by Air Quality Sciences building
consultants or other independent consultants who use

the AQS laboratory for analysis. Data from this study is presented
in this article. Table 1 lists the most frequently found VOCs
among the 3,000 samples and their typical air concentration lev-
els. The most common VOCs found in schools are shown in Table
2. Finally, typical levels of TVOC and formaldehyde in various
building types are shown in Figures 1 and 2.

Specialized Testing
Individual VOCs that cause serious health problems (such as
cancer) or adversely impact neurological, endocrine and repro-
ductive systems (reproductive toxins) need to be eliminated
from the indoor environment. VOCs that are classified as odor-
ants/irritants need to be minimized to reduce complaints.
Keep in mind, however, that 23 percent of the VOCs studied

fall into the “other” category. These VOCs may or may not be
hazardous when considered individually; health researchers have
not yet determined whether they can cause health problems. Also
unknown are the synergistic effects within the body from these
VOCs reacting together, potentially forming new compounds.

Identifying Individual VOCs Is a Key Step in IAQ Studies

Table 1. Twenty of the Most Common Chemical Pollutants Found in Indoor Air

Rank Chemical
Average
Concentration
(µg/m3)

Maximum
Concentration
(µg/m3)

1 Toluene (Methylbenzene) 140 36970

2 Xylene (para and/or meta) 46 6955

3 Ethanol 126 21796
4 Undecane 54 24110
5 Xylene, ortho 33 3694

6 Benzene, ethyl 28 3767

7 Benzene, 1,2,4-trimethyl 37 4931

8
Limonene (Dipentene; 1-Methyl-4-
(1-methylethyl)cyclohexene)

119 53235

9 Hexanal 48 46850
10 Heptane 19 2911

11 Cyclopentasiloxane, decamethyl 43 1213

12 Nonane 48 16202

13 Benzene, 1-ethyl-4-methyl (4-Ethyltoluene) 27 3568

14 Acetone 42 6606

15 Dodecane 42 50849

16 Benzene 24 5249

17 Hexane 33 5511

18 2-Propanol (Isopropanol) 132 11479

19 Decane 66 5959

20 Cyclohexane, methyl 15 3123
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For these reasons, industrial hygienists should
continue to focus on keeping the TVOC level
as low as feasible while also identifying indi-
vidual VOCs.
Measuring and identifying all VOCs in in-

door air samples requires specialized testing fa-
cilities and protocols. Traditional occupational
VOC sampling and analysis methods are inef-
fective for identifying VOCs that are present at
low levels. Analysis following the procedures of
EPA’s TO-17 method, with full identification of
all measured VOCs, will enable detection of all
VOCs present in an air sample, even at part-
per-trillion levels. Air samples are collected on
solid sorbents and analyzed using thermal des-
orption and sophisticated gas chromatogra-
phy/mass spectrometric techniques. High
performance liquid chromatography is used to measure specific
VOCs, including phthalates, formaldehyde and other aldehydes.
The results provide a complete picture of the indoor air, which fa-
cilitates finding the source of the problem or reducing the overall
chemical level. For a list of primary VOC sources, see the sidebar.
By far, the most effective way to lower the TVOC level and

improve IAQ is through source control—removing hazardous or
odorous VOCs. Use of only low-emitting products to construct,
furnish or maintain buildings is a proactive way to eliminate
VOCs. Reactive source management requires identifying sources

of specific VOCs and removing the sources from the building. In
some cases, buildings may be aired out or flushed out with
clean outdoor air to reduce VOC levels, but this approach is less
effective and may be costly to implement. Measurement and
identification of all VOCs will enable building investigators to
identify the presence of atypical VOCs, determine whether odor-
ants or hazardous VOCs are present, and take appropriate steps
to remove or lower VOC levels.

Marilyn Black, PhD, LEED AP, is chief scientist and CEO of Air Quality Sciences,
Inc., in Atlanta, Ga. She can be reached at (770) 933-0638 or mblack@aqs.com.
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VOC Source(s) VOC Source(s)

Toluene
Cleaners, construction
materials

Hexanal
Cleaners, adhesives,
deodorizers

Xylenes
Cleaners, construction
materials

2-Butoxyethanol
Wood cabinetry, cleaners,
paints

Siloxanes
Waxes, polishes,
deodorants

Ethanol Cleaners, paints

Formaldehyde
Furniture, ceiling tile,
wood shelving, cabinetry

TXIB Paints and coatings

Hexane Markers, cleaners Acetaldehyde Plastics, paints, insulations

Acetone Markers, art supplies Longifolene
Cleaners, wood products,
flooring

1,4 Dichlorobenzene Cleaners, deodorizers Naphthalene Adhesives, rubber mats

VOC Sources
Primary VOC sources may include the following:

Adhesives and sealants
Beds and bedding
Carpets and flooring
Cleaning
Cooking
Doors
Fireproofing
Furnishings
Furniture
Insulation
Office machines

Outdoor air
Paints and coatings
Personal care products
Plastics
Seating
Wall coverings
Wallboard wood panels
Wood burning fireplaces
Wood cabinets
Workstations
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Figure 1. Airborne levels for formaldehyde (µg/m3).

Table 2. Common VOCs Found in Schools and Their Sources

Figure 2. Total VOC airborne levels (µg/m3).


