Odor Investigations

Analytical Methods for Odor Investigations: Carboxylic Acids, Amines, Reduced Sulfur Compounds
and VOC Screen

Columbia Analytical’s air quality laboratory offers several different
sampling and analytical methods to address compounds with
very low odor thresholds. Many of these chemical agents are
also noxious orirritating at low levels. The target compound lists
include amines, carboxylic acids, reduced sulfur compounds and
odorous volatile organic compounds (VOCs).

Increased public awareness about air quality, urban sprawl,
and changing agricultural practices has resulted in the need for
methods that address concerns about odorous emissions from
municipal waste treatment facilities, landfills, concentrated
animal feeding operations and industrial processes. Addressing
a community’s odor concerns presents many challenges, since
these odors are typically a complex mixture of many chemicals.
Furthermore, the compounds that are significant contributors to the odorous sources often have very low olfactory
thresholds. For some time, investigators have utilized odor panels to assist them in evaluating human perceptions
of odor. However, this approach does not identify the compounds present in the environment, which is required to
facilitate source identification and odor emission control.

Many of the compounds generated by biogenic and industrial processes are either nitrogenous or sulfur-containing.
However, some VOCs, such as carboxylic acids (also known as volatile fatty acids or organic acids), as well as higher
molecular weight alcohols and aldehydes, may also contribute to the perceived odor.

Due to the chemical and physical properties of these odorous compounds, a single method often will not adequately
address all of the compounds of concern. In response to this need, Columbia Analytical offers several methods that
may be used independently or in combination to provide highly useful information for odor investigations.

The sampling and analytical methodologies included in the package address many of the malodorous compounds
of interest to those conducting community odor investigations. Individuals conducting indoor air quality evaluations
will also find the package of value due to the variety of compounds included and the low levels of detection achieved.
Classes of compounds, as well as specific target compounds, were selected based on a review of the scientific
literature.
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Reduced Sulfur Compounds

The reduced sulfur target list includes 21 compounds that are associated with
wastewater treatment, petroleum refining and pulp and paper processes, as well
as landfill, composting and agricultural activities. When produced biogenically,
these compounds are typically generated by anaerobic decomposition.

Many sulfur compounds are not stable in stainless steel canisters, such as
Summa canisters. Therefore, air samples for this analysis should be collected
in Tedlar bags. Samples are analyzed by gas chromatography with sulfur
chemiluminescence detection following ASTM D5504. Due to the unstable and
reactive nature of many sulfur compounds, samples should be analyzed within
24 hours of collection.

Carboxylic Acids

Carboxylic acids (also known as volatile fatty acids or organic acids) are associated with agricultural activities, landfills,
wastewater treatment plants and, in particular, composting operations. Compounds such as acetic, propanoic, butyric,
valeric and isovaleric acids may be generated during the anaerobic decomposition of vegetable materials.

Samples are collected on a treated silica gel tube (SKC 226-55) at a flow rate of 1 L/min using a personal sampling
pump. The method involves the derivitization of carboxylic acids, with subsequent analysis by gas chromatography/
mass spectrometry (GC/MS). A library search may be performed to tentatively identify other carboxylic acid esters in
the samples. Based on the recommended sample volume of 100 liters, it is possible to achieve a limit of quantification
(2.5-5.0 ug/m3) that approaches or is below the odor threshold for most compounds.

Amines

These nitrogenous compounds are produced by high temperature processesand by microbial decomposition ofamino
acids. Amines often accompany ammonia. The 13 compound target list includes trimethylamine, dimethylamine
and butylamine.

Columbia Analytical has developed a specially treated sorbent to collect the target amine compounds. The fully
validated method can detect the target amines present at levels as low as 2 pg/m3 (based on a 100-liter sample
volume). Sample tubes are desorbed and analyzed by gas chromatography using a nitrogen phosphorus detector.

Ammonia

Ammonia is an odorous contaminant of concern for a wide variety of facilities including landfills (a product of
decomposition); wastewater treatment plants (in untreated sewage); composting operations (a product of both
aerobic and anaerobic decomposition); and hog, dairy, and poultry farms (in animal waste).

Collection of airborne ammonia may follow the OSHA ID-188 method, which uses sulfuric acid-coated Anasorb-747
(carbon bead) tubes and a personal sampling pump for collection. This form of sample collection is much easier and
safer than the traditional collection technique of sulfuric acid solution impingers. Analysis may follow the OSHA-ID
164 analysis, which utilizes an ion-specific electrode (ISE) to detect ammonia.

Aldehydes

Aldehydes are a class of odorous compounds found in building materials and are often an indoor air quality concern.
Buildings pursuing Leadership in Energy and Environmental Design (LEED) certification may achieve one point for
conducting baseline indoor air testing (for aldehydes, VOCs, and other indoor
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Collection of aldehydes is achieved with an acidified 2,4-dinitrophenylhydrazine (DNPH)-coated sorbent tube or
coated passive badge sampler. Subsequent analysis for the DNPH derivates is via reverse phase high performance
liquid chromatography (HPLC) with ultraviolet detection.

Summary of Odor Methods Sampling and Reporting Information

Sampling
Target Method Reporting
Compounds  Reference Media Volume | FlowRate Sampling | |imits
(L) (L/min) Interval
Reduced Sulfur ASTM D5504-01 Tedlar bag N/A N/A N/A 2.5 -5 ppbV
Carboxylic Acids = CAS AQL . 100 minutes ) S
Method 102 Treated silica gel 100 1 (Thr 40 min) 2.5-5pug/m
. CAS AQL Specially treated 100 minutes s

Amines Method 101 sorbent 100 ! (Thr 40 min) 2 pg/m
VOC Screen NIOSH 2549 3-bed multi-sorbent 4 0.1 40 minutes | 0.5 -5 pg/m?

Tenax TA

Volatile Organic Compound Screen (VOCs)
A targeted mass spectral library search is performed to identify odorous VOCs. The search focuses on compounds
with low odor thresholds such as terpenes, phenols and higher molecular weight aldehydes and alcohols.

Samples are collected on thermal desorption tubes packed with application-specific sorbents. At the laboratory, the
samples are thermally desorbed and analyzed by gas chromatography/mass spectrometry. Up to twenty compounds
are identified by comparing the spectra with those from the NIST library that contains over 120,000 compounds.
Results are reported as tentatively identified compounds (TICs).

Table 1. Examples of Odorous Compounds Associated with Industrial, Municipal and Agricultural Sources.

Source Odorous Compounds

Acetaldehyde, mercaptans, ammonia, indole, skatole, butylamine, ethylamine,

Wastewater Treatment ; . .
methylamine and trimethylamine

Reduced sulfur compounds, ammonia, dimethylamine, trimethylamine, organic acids
Biosolids and Composting (acetic, butyric, valeric), 2-pentanone, terpenes (a- and B-pinene, d-carene,
d-limonene)

Hydrogen sulfide, ammonia, dimethyl sulfide, dimethyl trisulfide, carboxylic

Livestock Operations .
P acids, indoles, skatole, phenols

Petroleum Refining Mercaptans, organic sulfides, aldehydes, phenolic compounds

Pulp and Paper Methyl mercaptan, dimethyl sulfide, dimethyl disulfide, hydrogen sulfide, terpenes
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Compound Lists (Not including Ammonia or VOC Screen)

Amines
Butylamine

s-Butylamine
t-Butylamine
Diethylamine
Diisopropylamine
Dimethylamine
Dipropylamine
Ethylamine
Isobutylamine
Isopropylamine
Propylamine
Triethylamine
Trimethylamine

Aldehydes
Formaldehyde

Acetaldehyde
Propionaldehyde
Crotonaldehyde, Total
Butyraldehyde
Benzaldehyde
Isovaleraldehyde
Valeraldehyde
o-Tolualdehyde
m,p-Tolualdehyde
n-Hexaldehyde
2,5-Dimethylbenzaldehyde

Carboxylic Acids
Acetic Acid

Butanoic acid (Butyric acid)

Heptanoic acid

Hexanoic acid

2-Methyl butanoic acid

3-Methyl butanoic acid (Isovaleric acid)
2-Methyl propanoic acid (Isobutyric acid)
2-Methylpentanoic acid
3-Methylpentanoic acid
4-Methylpentanoic acid

Octanoic acid

Pentanoic acid (Valeric acid)

Propanoic acid

2-Ethyl hexanoic acid

Nonanoic acid

Sulfur Compounds
n-Butyl mercaptan

tert-Butyl mercaptan
Carbon disulfide
Carbonyl sulfide
Diethyl Disulfide
Diethyl Sulfide
Dimethyl disulfide
Dimethyl sulfide
2,5-Dimethylthiophene
Ethyl mercaptan

Ethyl methyl sulfide
2-Ethylthiophene
Hydrogen sulfide
Isobutyl mercaptan
Isopropyl mercaptan
Methyl mercaptan
3-Methylthiophene
n-Propyl mercaptan
Tetrahydrothiophene
Thiophene

With locations across the United States, we continue to exceed client expectations by providing sound analytical
science, unsurpassed testing quality and excellent customer service.
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