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ABSTRACT 

In early 2010, information was received regarding the possible involvement of scented 
oils containing glycol ethers in intentionally set and accidental fires. Based on 
comparisons of mass spectral library search results and information from Material Safety 
Data Sheets from scented oils, it was discovered that a case that had been recently 
analyzed in the authors’ forensic laboratory may have contained these compounds. 
Consumer products containing glycol ethers – mostly plug-in room fresheners and 
vehicle deodorizers – were purchased for analysis. Additionally, reference standards of 
several glycol ethers were obtained from The Dow Chemical Company (“Dow”)2. The 
consumer products and the glycol ether reference standards were subjected to flame 
tests and analyzed by gas chromatography – mass spectrometry (GC-MS). Some of the 
glycol ether reference standards showed agreement in retention times and mass spectra 
to the consumer products and to the case samples. In the last three years, several case 
samples containing oxygenated solvents consistent with glycol ether reference 
standards have been encountered. Identification of these compounds may provide arson 
investigators with probative information in regards to crime scene observations and/or 
fire causation. 

Keywords: Fire debris, Oxygenated solvents, Glycol ethers, DOWANOL™, Scented oils, Air 
fresheners, GC/MS 

INTRODUCTION 

The ignitable liquid classification scheme within ASTM International3 E1618-11 [1] 
encompasses most ignitable liquids that are encountered in the forensic analysis of fire 
debris. Laboratories often develop reference collections of ignitable liquid consumer 
products for comparison to fire debris samples. Occasionally, a fire debris analyst 
comes across compounds that may be classified by the ASTM scheme, but are not 
similar to any liquids within the laboratory reference collection. For an oxygenated 
solvent to be identified, each major oxygenated compound must be identified by gas 

1 Michigan State Police Grand Rapids Laboratory, 720 Fuller Ave NE, Grand Rapids, MI 49503 
2 The Dow Chemical Company, 2030 Willard H. Dow Center, Midland, MI 48674  
3 ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959 
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chromatography retention time and mass spectral characteristics [1]. Without a 
reference sample containing these compounds, a comparison of retention times cannot 
be performed; therefore, identification of that oxygenated solvent is not possible. If an 
ignitable liquid is present, but the threshold for its identification is not met, the fire 
investigator does not receive information that may be probative to the investigation. 
This was the situation for a fire debris case in 2009, in which a fire investigator 
submitted two fire debris samples from the area in which the fire originated. The fire 
had self-extinguished, causing minimal damage and leaving a clearly defined origin 
area. The fire was determined to have originated inside of a kitchen cabinet at or near 
floor level. In the course of the fire scene examination, the fire investigator eliminated 
all accidental and other potential causes except for intentional activity.  

Gas chromatography – mass spectrometry (GC-MS) analysis of a passive headspace 
adsorption extraction of each submitted sample produced a cluster of strong peaks 
(Figure 1). Initial mass spectral library searches indicated the presence of tripropylene 
glycol methyl ether (TPM) (Figure 2). However, without a reference standard to which to 
compare the retention time and mass spectrum, an identification was not possible. An 
online search of ignitable liquid consumer products [2] at the time of analysis did not 
yield any products containing similar components. With no reference samples containing 
these compounds, the samples were reported as containing no identifiable ignitable 
liquid residues. 

In the ensuing months, information was received regarding the possible involvement of 
scented oils in intentionally set and accidental fires. This information was contained 
within a forwarded e-mail message that originated from an organization associated with 
insurance and law enforcement. The message indicated that the scented oils are not 
petroleum based, are difficult to detect in the laboratory, and are not detected by arson 
dogs. Pictures were included demonstrating the ignitability of several of the scented 
oils. Contact with the author of the message was made, and it was determined that no 
chemical analysis of the scented oil products had been conducted [3]. 

Literature searches and discussions with ignitable liquid analysts and researchers 
yielded no studies conducted in regards to the identification of glycol ethers in fire 
debris samples. It should be noted, however, that one sample containing a glycol ether 
(a brick and stone cleaner) has been added to the online ignitable liquid consumer 
product database [2] since the initial casework encounter. 
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Figure 1. GC-MS data of two casework samples of fire debris and of n-alkane standard.   

Figure 2. Structure of tripropylene glycol methyl ether (TPM) [pubchem] 

MATERIALS AND METHODS 

Twelve room and vehicle air fresheners with a liquid component were obtained for 
analysis. An additional product (adhesive remover) was obtained from an analyst who 
was analyzing a case containing similar compounds. These products were labeled as 
letters A through M. 
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Fourteen liquids were obtained from Dow.  These included 13 glycol ether reference 
standards in the DOWANOL™ product line and dipropylene glycol (DPG). According to 
Dow’s website [4], DOWANOL™ products are hydrophilic glycol ethers used in a broad 
range of applications, including coatings, cleaners, and printing inks. 

Each of the 27 samples was subjected to a flame test.  In addition, four liquids that may 
be encountered in typical fire debris samples (gasoline, charcoal lighter fluid, kerosene, 
and diesel fuel) were tested in order to provide context to the flame test results. For this 
purpose, a cotton-tipped swab was soaked with the liquid and introduced to an open 
flame. The noted observations included ignition speed, flame color, and smoke 
characteristics. Table 1 displays the published flash points and classifications of the 
reference samples, the four additional liquids, and the consumer products. 

The 27 samples were then diluted with carbon disulfide (20 µL sample added to 2 ml 
carbon disulfide) and analyzed by GC-MS using the following instrument configuration 
and parameters: 

Autosampler: CTC Analytics4 PAL; 1.0 µL injection volume 

GC: Thermo Finnigan5 Trace GC 2000; Phenomenex6 Zebron ZB-1MS Guardian 
column (30m plus 5m guard, 0.25mm inner diameter, 1 µm film); split injection 
(50:1) at 220°C; temperature program of 40 °C isothermal for 3.7 min, ramp 
12°C/min to 100°C, ramp 25°C/min to 250°C for 1 min, ramp 25°C/min to 280°C, 
isothermal for 3 min; helium carrier gas at 2.0 ml/min 

MS: Thermo5 DSQ: electron ionization, full scan 30-500 m/z, 4 scans/sec 

The glycol ether reference standards were compared to the consumer products, and the 
identified components in the consumer products were added to Table 1.  

Case samples were processed using a passive headspace method. The fire debris 
samples were received in nylon bags or metal cans. An activated carbon strip7 was 
suspended by a wire and inserted into the headspace of each bag or can. The samples 
were placed into an oven set to 80⁰C for approximately four hours and then allowed to 
cool to room temperature. Half of each carbon strip was eluted with carbon disulfide.  
The eluate was analyzed by GC-MS using the same conditions described previously.  
Case samples were compared to the consumer products and reference standards. 

4 CTC Analytics AG, Industriestrasse 20, CH-4222 Zwingen, Switzerland 
5 Thermo Fisher Scientific, 81 Wyman Street, Waltham, MA 04254, United States 
6 Phenomenex, 411 Madrid Avenue, Torrance, CA 90501, United States 
7 Albrayco Technologies, Inc., 38 River Road, Cromwell, CT 06416, United States 

Page 20 of 42



JASTEE, Vol. 4, Issue 2                  Ernst & Streeter: Glycol Ethers 
 
 
 
 
Table 1. Information regarding the liquids in this study. 

Reference DOWANOL™ Product Name Flash 
Point (⁰C) 

GHS# Flammable Liquid 
Classification Category 

ASTM E1618-11 
Classification> 

DPM Dipropylene glycol monomethyl ether 75† 4† Medium Oxygenated Solvent 

DPMA Dipropylene glycol methyl ether acetate 86† 4† Medium Oxygenated Solvent 

DPnB Dipropylene glycol n-butyl ether 100† not classified† Heavy Oxygenated Solvent 

DPnP Dipropylene glycol n-propyl ether 88† 4† Medium Oxygenated Solvent 

EPh Ethylene glycol monophenyl ether 119† not classified† Heavy Oxygenated Solvent 

PGDA 1,2-Propanediol, diacetate 86† 4† Medium Oxygenated Solvent 

PM Propylene glycol monomethyl ether 31† 3† Light Oxygenated Solvent 

PMA Propylene glycol monomethyl ether acetate 46† 3† Medium Oxygenated Solvent 

PnB 1-Butoxy-2-propanol 63† 4† Medium Oxygenated Solvent 

PnP 1-Propoxy-2-propanol 48† 3† Medium Oxygenated Solvent 

PPh Propylene glycol phenyl ether 115† not classified† Heavy Oxygenated Solvent 

TPM Tripropylene glycol methyl ether 121† not classified† Heavy Oxygenated Solvent 

TPnB Tripropylene glycol monobutyl ether 126† not classified† Heavy Oxygenated Solvent 
DPG Dipropylene glycol 138‡ not classified† Medium Oxygenated Solvent 

 Reference Liquid Flash 
Point (⁰C) 

GHS# Flammable Liquid 
Classification Category 

ASTM E1618-11 
Classification> 

 Unleaded Gasoline -38‡ 2‡ Gasoline 

 Kingsford Odorless Charcoal Lighter 41^ 3^ Medium Isoparaffinic Product 

 Kerosene 82‡ 4‡ Heavy Petroleum Distillate 

 No. 2 Diesel Fuel 80‡ 4‡ Heavy Petroleum Distillate 

Reference Consumer Product Name  
Components 

(from GC-MS analysis) 
ASTM E1618-11 
Classification> 

A Plug-in room freshener (Glade)  DPM Medium Oxygenated Solvent 
B Crystal air freshener (Snuggle)  not identified none 

C Scented oil (Elegant Expressions)  
diethylene glycol 
monobutyl ether Medium Oxygenated Solvent 

D Scented oil (aromafresh)  DPnB Heavy Oxygenated Solvent 
E Vehicle air freshener (Liquid Aire Xtreme)  DPMA Medium Oxygenated Solvent 
F Plug-in room freshener (febreze)  DPM Medium Oxygenated Solvent 
G Vehicle air freshener (Refresh your car)  DPM Medium Oxygenated Solvent 
H Vehicle air freshener (Arometrics)  DPMA Medium Oxygenated Solvent 
I Vehicle air freshener (Fragrance Pendant)  DPG Medium Oxygenated Solvent 
J Scented oil (Home Essense)  DPG Medium Oxygenated Solvent 

K Plug-in room freshener (Air Wick)  DPM and TPM Medium/Heavy Oxygenated 
Solvent 

L Plug-in room freshener (Yankee Candle)  DPM Medium Oxygenated Solvent 
M Solvent (Goo Gone Painters Pal)  TPM Heavy Oxygenated Solvent 

#: Globally Harmonized System of Classification and Labeling of Chemicals by Society for Chemical Hazard  
(http://www.schc.org/pdf/fact_sheets/SCHC_GHS_FS2_Flammable_Liquid.pdf, accessed 12/28/2012)  

>: Ref [1]. Due to overlapping ranges of subclasses in E1618-11, the subclass designations used in this table 
correspond to the following n-alkane ranges: Light: <C8; Medium: C8-C13; Heavy: >C13 
† : Information from Material Safety Data Sheet (MSDS) provided by Dow 
‡: From Sigma-Aldrich MSDS (http://www.sigmaaldrich.com/safety-center.html, accessed 12/28/2012) 
^ : From The Clorox Company MSDS  
(http://www.thecloroxcompany.com/downloads/msds/charcoalproducts/kingsfordodorlesscharcoallighter.pdf; 
accessed 12/28/2012) 
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RESULTS 

All of the glycol ether reference standards ignited and supported a flame, but varied in 
how quickly they ignited. This confirms that, if identified in fire debris samples, these 
compounds can be described as ignitable. The flame test observations of most of the 
reference standards were generally similar to flame test observations of kerosene or 
diesel fuel. 

Eleven of the 13 consumer products ignited and supported a flame (see Table 2). The 
flame test results did not always correspond between the consumer products and the 
components identified in those products. Notably, one of the products (Goo Gone 
Painters Pal) did not ignite even when held in a flame despite containing a component 
(TPM) that does ignite and support a flame. This product was not miscible in diethyl 
ether or carbon disulfide, indicating that it was aqueous. These results demonstrate that 
the ignitability of the products may be influenced by other components. A searchable 
consumer product website [5] demonstrated that at least one of the other tested glycol 
ethers (DPM) is present in some aqueous products (e.g., StoneTech Stone and Tile 
Cleaner). 

The glycol ether reference standards contained either a single peak or multiple peaks in 
a narrow retention time window (Figures 3A and 3B). The retention times for these 
samples were between the retention times for n-alkanes C6-C15; therefore, they could 
be described as light, medium or heavy oxygenated solvents. The mass spectra varied 
from sample to sample, but some ions were present in multiple samples (Figures 4A and 
4B).  Some of the prominent ions among the samples included m/z 43, 45, 57, 59, 73, 
87, 89, 94, 101, 103, and 117. Because of the differing chemical structures among the 
reference standards, a variety of prominent ions can be expected. Although not present 
in all of the samples, the m/z 59 ion may be useful as a diagnostic peak for some glycol 
ethers. Additional work elucidating the formation of the ions was not conducted. 

Eleven of the consumer products could be correlated to five of the reference standards 
based on the presence of components with similar retention times, overall appearance 
of chromatographic patterns, and mass spectral characteristics. The Air Wick brand 
room freshener displayed peaks corresponding to both dipropylene glycol methyl ether 
(DPM) and TPM, demonstrating that mixtures of glycol ethers may be encountered from 
a single product. One consumer product (Elegant Expressions scented oil) contained an 
apparent glycol ether (diethylene glycol monobutyl ether) that was not among the 
reference standards in our collection. The remaining consumer product (Snuggle crystal 
air freshener) had no components similar to the reference standards and was not 
ignitable. Most of the consumer products contained additional peaks that were not 
further characterized in this study. These peaks may be useful, however, for 
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comparisons of fire debris samples and reference liquids for sourcing or associative 
purposes. Figures 5-10 demonstrate the similarities in chromatographic and spectral 
data observed between the consumer products and the reference standards. 

Table 2. Flame test results for the liquids in this study. 

Reference DOWANOL™ Product Name 
Flame test results 

ignition speed* color smoke 

DPM Dipropylene glycol monomethyl ether medium orange/yellow none 
DPMA Dipropylene glycol methyl ether acetate medium orange/yellow none 
DPnB Dipropylene glycol n-butyl ether medium orange/yellow none 
DPnP Dipropylene glycol n-propyl ether medium orange/yellow none 
EPh Ethylene glycol monophenyl ether slow orange heavy 

PGDA 1,2-Propanediol, diacetate slow orange/yellow none 
PM Propylene glycol monomethyl ether medium orange/yellow none 

PMA Propylene glycol monomethyl ether acetate fast orange/yellow none 
PnB 1-Butoxy-2-propanol fast orange/yellow none 
PnP 1-Propoxy-2-propanol fast orange/yellow none 
PPh Propylene glycol phenyl ether slow orange heavy 
TPM Tripropylene glycol methyl ether slow orange/yellow none 
TPnB Tripropylene glycol monobutyl ether slow orange/yellow none 
DPG Dipropylene glycol slow orange/yellow none 

Reference Liquid 
Flame test results 

ignition speed* color smoke 
Unleaded Gasoline fast orange/yellow moderate 

Kingsford Odorless Charcoal Lighter fast orange/yellow moderate 
Kerosene medium orange/yellow moderate 

No. 2 Diesel Fuel slow orange/yellow heavy 

Reference Consumer Product Name 
Flame test results 

ignition speed* color smoke 

A Plug-in room freshener (Glade) medium orange/yellow moderate 
B Crystal air freshener (Snuggle) none N/A N/A 
C Scented oil (Elegant Expressions) slow orange/yellow none 
D Scented oil (aromafresh) medium orange/yellow none 
E Vehicle air freshener (Liquid Aire Xtreme) fast orange/yellow heavy 
F Plug-in room freshener (febreze) fast orange/yellow moderate 
G Vehicle air freshener (Refresh your car) medium orange/yellow heavy 
H Vehicle air freshener (Arometrics) medium orange/yellow moderate 
I Vehicle air freshener (Fragrance Pendant) slow orange/yellow moderate 
J Scented oil (Home Essense) slow orange/yellow none 
K Plug-in room freshener (Air Wick) medium orange/yellow heavy 
L Plug-in room freshener (Yankee Candle) medium orange/yellow heavy 
M Solvent (Goo Gone Painters Pal) none N/A N/A 

*: Relative speed at which the liquid started to burn.  "Fast" indicates the flame started and continued 
burning at approximately the same height; "Medium" indicates the flame started low and gradually increased 
in height; "Slow" indicates the flame started only after holding in the burner's flame for a short time. 
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Figures 3A (top) and 3B (bottom). Chromatograms of reference standards. 
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Figures 4A (top) and 4B (bottom). Mass spectra of selected peaks from reference standards. 
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Figure 5. Consumer products A, F, G, and L; reference standard DPM 

Figure 6. Consumer products E and H; reference standard DPMA 
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Figure 7. Consumer product D; reference standard DPnB 

Figure 8. Consumer products I and J; reference standard DPG 

Page 27 of 42



JASTEE, Vol. 4, Issue 2     Ernst & Streeter: Glycol Ethers 

Figure 9. Consumer product M; reference standard TPM 

Figure 10. Consumer product K; reference standards DPM and TPM 
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Glycol ethers have been encountered in eight fire debris cases in the authors’ laboratory 
in the three years since learning of these products. Two of these comparisons are 
displayed in Figures 11 and 12. Seven of the cases involved dipropylene glycol n-butyl 
ether (DPnB) and one case involved TPM. In addition, DPM was encountered in an 
atmosphere control sample that was collected after the floor of the evidence processing 
room had been refinished. The attribution of DPM to this product (U.S. Chemical, Misco 
Genesis GX-2003 High Speed Floor Finish) was verified by consulting its label and MSDS. 
 

 
Figure 11. Fire debris case A, Items 1 and 2; reference standard DPnB 
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Figure 12. Fire debris case B, Items 1 and 2; reference standard TPM; consumer product M 

DISCUSSION 

This paper informs fire debris analysts of a new category of oxygenated solvents – 
glycol ethers – that may be encountered when processing fire debris using a passive 
headspace adsorption method with parameters typically employed in recovering and 
analyzing ignitable liquid residues. Several consumer products containing these solvents 
were located. By recognizing these compounds and comparing them to reference 
standards or available consumer products with known components, the identification of 
glycol ethers in fire debris samples becomes possible. A library of the mass spectra 
produced from the reference standards has been added to the searchable library list at 
the authors’ laboratory. This library has proven successful in generating hit lists with 
appropriate glycol ethers at the top when searching fire debris sample peaks 
corresponding in retention time and chromatographic pattern to the reference 
standards. 

One of the purposes of the fire debris analyst’s report is to provide information to a fire 
investigator that is attempting to determine the cause of a fire. The presence of 
ignitable liquid residues in a fire debris sample may indicate an intentionally set fire. 
Alternatively, there may be legitimate reasons an ignitable liquid was present at the 
scene of a fire [6]. Because of the intended uses of the consumer products examined in 
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this study, it would not be unusual for glycol ethers to be present as residues at a house 
or vehicle fire. However, because of their ignitability, the possibility exists for the 
intentional use of products containing glycol ethers to start or spread a fire.  

It should be recognized that the ignitability of the glycol ether-containing products may 
be influenced by other components, which may or may not also be identified in the 
report. According to information from their MSDSs [4], four of the tested glycol ethers 
(DPM, PM, PnP, and TPM) are 100% soluble in water at 25˚C; the remainder have water 
solubilities ranging from 2% (PPh) to 19% (PMA). One of the products (Goo Gone Painters 
Pal) was not ignitable and was likely aqueous. The floor finish that contained DPM was 
aqueous. It would be expected that some of these glycol ethers are present in other 
aqueous, non-flammable household products. Their solubilities in water would also 
impact their likelihood of detection if water was used for fire suppression. 

In order to provide context to the fire investigator, a statement in the report that offers 
some possible sources of glycol ethers may be included, such as, “Consumer products 
that contain this category of oxygenated solvents include but are not limited to some 
scented oils used in home and vehicle air fresheners, some paint and adhesive solvents, 
and some household cleaning and maintenance products. It should be noted that some 
of these consumer products are ignitable and some are not ignitable.”   

Based on the number of recent submissions containing a glycol ether and the ignitability 
of some of the products containing these compounds, it is conceivable that these 
compounds, or mixtures thereof, may produce fire patterns that cause a fire investigator 
to suspect that an ignitable liquid may have been used. This may be particularly true 
when the fire origin is clearly defined. The identification of a glycol ether in a fire debris 
sample may help explain the appearance of the fire scene and aid in the fire 
investigator’s assessment regarding whether the fire under investigation was 
intentionally set or accidental.      
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