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EXECUTIVE SUMMARY 
 
The main wood preservative used in the recent past in Canada for residential applications is 
chromated copper arsenate (CCA).  CCA-treated wood is used in a wide range of consumer 
applications and has been in use since the 1940s.  Wood preservatives are pesticides and must be 
registered with the Pest Management Regulatory Agency (PMRA) of Health Canada.  
 
The United States has phased out the use of CCA-treated lumber for residential uses as of 
January 1, 2004 because of its arsenic content and related negative publicity over the possible 
health risks as arsenic is a known human carcinogen.  
 
Wood preservatives are broadly classified as either water-based or oil type, depending on the 
chemical composition of the preservatives and the carrier used during the treating process.  The 
new generation of wood preservatives are water-based and include alkaline copper quaternary 
(ACQ) (sometimes referred to as ammonium or ammoniacal copper quaternary), copper azole 
(CBA), and sodium borate (SBX).  Creosote, pentachlorophenol, copper naphthenate, and zinc 
naphthenate are all examples of oil-based preservatives. 
 
This project focussed on volatile organic emissions testing of wood samples using the new and 
old wood preservatives.  Eight treated samples and one untreated sample were tested. 
 
The SRC environmental chamber testing facility was used to conduct the emissions testing.  The 
ASTM Standard D5516-90 "Standard Guide for Small Scale Environmental Chamber 
Determination of Organic Emissions From Indoor/Material/Products" was used.  
 
Nine different wood samples were tested for volatile organic compound emissions.  The 
specimens included eight treated with different wood preservatives and one untreated wood 
specimen.   Emission factors varied from 366 mg/m2.hour to 0.03 mg/m2.hour.  The highest 
emission factor was for copper naphthenate with the reason being only one day of conditioning 
of the product occurred following the application in the laboratory of the liquid.  It is expected 
that the value would be much lower with more conditioning. 
 
The creosote specimen emission factor was second highest.  This specimen was of unknown age 
but assumed to be a minimum of a few years according to the supplier.  Degradation of the heavy 
hydrocarbons is slow resulting in a higher emission factor. 
 
Copper azole (CBA) ranked third highest with the two ACQ products ranked fourth and fifth 
highest.  The zinc naphthenate was next highest (also applied in the laboratory).  The untreated 
wood specimen was ranked seventh highest which was higher than both the sodium borate and 
CCA specimens. 
 
This testing shows that the untreated wood specimen has measurable volatile organic compounds 
emissions. 
 
The VOC emissions from water-based preservatives are but one aspect of the possible risks.  
Other risk factors could include dusts or direct skin contact.  These skin and inhalation factors 
were not examined in this study. 
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RÉSUMÉ 
 
Le principal produit de préservation du bois qui s'est utilisé à des fins résidentielles au Canada 
ces dernières années était l'arséniate de cuivre chromaté (ACC). Le bois traité à l'ACC 
s'employait pour une vaste gamme de produits de consommation depuis les années 1940. Comme 
il s'agit de pesticides, les produits de préservation du bois doivent être enregistrés auprès 
l'Agence de réglementation de la lutte antiparasitaire (ARLA) de Santé Canada.   
 
Les États-Unis abandonnement graduellement l'emploi du bois de construction traité à l'ACC 
depuis le ler janvier 2004 en raison de sa teneur en arsenic et de la publicité négative connexe 
entourant les risques pour la santé, vu qu’il s’agit d’une substance cancérigène reconnue.   
  
Les produits de préservation du bois se rangent en grandes catégories selon qu'ils sont à base 
d'eau ou à base d'huile, compte tenu de la composition des produits de préservation et du solvant 
employé pendant le procédé de traitement. La nouvelle génération de produits de préservation du 
bois sont à base d'eau et s'entend du cuivre à l'ammonium quaternaire (ACQ), de l'azole de 
cuivre (AC) et du borate de sodium (BS). La créosote, le pentachlorophénol, le naphténate de 
cuivre (NC) et le naphthénate de zinc (NZ) sont tous des exemples de produits de préservation à 
base d'huile.  
 
La recherche a porté sur les émissions de composés organiques volatils rejetés par les 
échantillons de bois traités à l'aide de nouveaux et d'anciens produits de préservation. Huit 
échantillons traités et un échantillon non traité ont fait l'objet d'essais.  
 
Les essais ont été effectués dans les installations dotées d’une chambre environnementale du 
SRC, conformément aux dispositions de la norme ASTM D5516-90, « Standard Guide for Small 
Scale Environmental Chamber Determination of Organic Emissions From 
Indoor/Material/Products ».  
 
Les essais de rejet d'émissions de composés organiques volatifs ont porté sur neuf échantillons 
de bois différents.  Les spécimens en comportaient huit traités avec différents produits de 
préservation et un non traité. Les émissions variaient de 366 mg/m2●h à 0,03 mg/m2●h. Le 
naphténate de cuivre en rejetait le plus, la raison étant que le produit n’avait subi qu’un seul jour 
de conditionnement après l’application du liquide en laboratoire. On présume qu’avec davantage 
de conditionnement la valeur serait beaucoup moins élevée.  
 
La créosote arrivait au deuxième rang quant aux rejets d’émissions. L’âge du spécimen était 
inconnu, mais on a présumé qu’il devait avoir au moins quelques années, d’après le fournisseur. 
La dégradation des hydrocarbures lourds se fait lentement, entraînant des émissions plus élevées.  
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L’azole de cuivre (AC) s’est classée au troisième rang, les deux produits traités à l’ACQ se 
classant quatrième et cinquième. Le naphténate de zinc venait ensuite (également mis en œuvre 
au laboratoire). Le spécimen de bois non traité s’est classé septième, rejetant davantage 
d’émissions que les spécimens traités au borate de sodium et à l’ACC. 
 
Ces essais indiquent que le spécimen de bois non traité enregistrait des émissions mesurables de 
composés organiques volatils.  
 
Les émissions de COV rejetées par les produits de préservation à base d’eau ne représentent 
qu’un aspect des risques, les autres étant l’inhalation de poussière et le contact direct avec la 
peau, sur lesquels l’étude n’a pas porté.  
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ABSTRACT 
 
The main wood preservative used in the recent past in Canada for residential applications 
is chromated copper arsenate (CCA). The United States has phased out the use of CCA-
treated lumber for residential uses as of January 1, 2004 because of its arsenic content 
and related negative publicity over the possible health risks as arsenic is a known human 
carcinogen.  
 
Wood preservatives are broadly classified as either water-based or oil type, depending on 
the chemical composition of the preservatives and the carrier used during the treating 
process. This project focused on volatile organic emissions testing of wood samples using 
the new and old wood preservatives. Eight treated samples and one untreated sample 
were tested. The SRC environmental chamber testing facility was used to conduct the 
emissions testing. The ASTM Standard D5516-90 "Standard Guide for Small Scale 
Environmental Chamber Determination of Organic Emissions from 
Indoor/Material/Products" was used.  
 
 Emission factors varied from 366 mg/m2.hour to 0.03 mg/m2.hour for the nine specimens. 
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1 INTRODUCTION AND BACKGROUND  
 
CCA Wood Preservative 
 
The main wood preservative used in the recent past in Canada for residential applications is 
chromated copper arsenate (CCA).  CCA-treated wood is used in a wide range of consumer 
applications and has been in use since the 1940s.  Wood preservatives are pesticides and must be 
registered with the Pest Management Regulatory Agency (PMRA) of Health Canada.  The 
corresponding regulator in the United States is the Environmental Protection Agency (EPA). 
 
A 2002 EPA document states that approximately 150 million pounds of CCA wood preservatives 
were used in the production of pressure-treated wood in 2001. 
 
Preserved wood is used extensively by consumers for residential use in decks, fences, boat 
docks, gazebos, landscaping, etc.  Increasingly, pressure-treated lumber is also being used 
indoors for bottom plates in walls or more extensively in other applications if moisture or insects 
are a concern.  The use of preservatives in wood provides a barrier to insect damage and fungal 
decay.  Under no circumstances should treated lumber be used where the preservative may 
become a component of food, i.e., cutting boards or countertops.  Treated wood should not be 
burned in stoves, fireplaces, or open fires 
(www.cwc.ca/products/treated_wood/preservatives/others.php). 
 
The United States phased out the use of CCA-treated lumber for residential uses as of January 1, 
2004 because of its arsenic content and related negative publicity over the possible health risks 
as arsenic is a known human carcinogen.  
 
The EPA concluded after eight years of study that CCA-treated wood does not pose any 
significant risk to the public or environment, but the EPA considered any reduction of arsenic to 
be a good thing.  In February of 2002, the EPA announced a voluntary decision by industry to 
move consumer use of treated lumber products away from a variety of pressure-treated wood 
that contains arsenic by December 31, 2003, in favour of new alternative wood preservatives.  
This transition affects virtually all residential uses (play structures, decks, picnic tables, 
landscaping timbers, residential fencing, patios, and walkways/boardwalks) of wood treated with 
chromated copper arsenate (CCA). 
 
Existing structures containing CCA-treated wood are not affected by this action. 
 
The Canadian Institute of Treated Wood on their website state "if a parallel decision is reached 
in Canada by the Pest Management Regulatory Agency, it will be based on the same 
environmental and market condition that prompted the agreement between the industry and the 
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EPA in the U.S."  In the Canadian Wood Council report to the Canadian Home Builders' 
Association (CHBA) Technical Research Committee (TRC) of February 20, 2004, it states that 
CCA is still available for permanent wood foundations. 
 
Non-CCA Wood Preservatives 
 
The public desires reduced use of pesticides while also wanting wood products that last longer.  
Naturally durable wood such as cedar and redwood is becoming more expensive and scarce so 
the continued use of preserved wood provides alternative wood products. 
 
Pine is the species of choice for treated wood applications because of its strength and unique 
ability to accept pressure treatment, but some other species of wood such as Douglas fir and 
green hemlock are also used. 
 
Several arsenic-free preservatives have been around for years and some have been marketed as 
low-toxicity alternatives to traditional treated lumber.   Wood preservatives are broadly 
classified as either water-based or oil type, depending on the chemical composition of the 
preservatives and the carrier used during the treating process.  The new generation of wood 
preservatives are water-based and include alkaline copper quaternary (ACQ) (sometimes referred 
to as ammonium or ammoniacal copper quaternary), copper azole (CBA), and sodium borate 
(SBX).  Creosote, pentachlorophenol, copper naphthenate, and zinc naphthenate are all examples 
of oil-based preservatives. 
 
Alkaline Copper Quaternary (ACQ) 
 
ACQ formulations contain copper and a quaternary ammonium compound.  Three ACQ Types 
(B, C, and D) are mentioned in the literature but only two were found for this project (Types C 
and D).  ACQ is marketed under the brand name of ACQ Preserve® or Naturewood® and 
others.  The Canadian Standards Association, the American Wood Council, and major building 
codes through North America have accepted ACQ-treated wood.  The ACQ formulation is used 
in the United States, Canada, Europe, Japan, Asia, Australia, and New Zealand 
(www.chemspec.com). 
 
Copper azole 
 
Copper azoles use copper and azoles as the key fungicide ingredients.  Copper azoles are 
sometimes formulated as CBA, which contains copper, boron, and tebuconazole.  The boron in 
CBA-treated wood can leach out and therefore, CBA-treated wood is for applications where the 
wood is under cover.  The active ingredients are dissolved in a solution of 
ethanolamine/ammonia in water.  One CBA product is marketed as Wolmanized Natural 
Select®. 
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ACQ and copper azole rely on copper as the primary active ingredient with an organic fungicide 
(quaternary or azole) to protect copper-tolerant fungi.  CCA, ACQ, and CBA preservatives are 
water-based and react or precipitate in the wood substrate, thus becoming "fixed" and resistant to 
leaching.   
 
 
Sodium borate (SBX) 
 
Sodium borate (SBX) uses boron compounds which are water soluble.  Brand names include 
Advance Guard® and Smart Guard® and others.  Borates do not become fixed in the wood and 
thus are readily leached if exposed to rain or wet soil.  Thus, borate treated lumber must not be 
used where it will be in prolonged contact with soil or water, due to the risk of the preservatives 
being washed out of the wood.  It is suitable for framing lumber in new buildings located where 
there is risk of insects, e.g., termites.  It should not be used for decks or other outdoor structures 
exposed to weathering.  When used as sill (bottom) plates in framing, the borate-treated lumber 
must be separated from concrete by a cell foam gasket.  A dye is used in the treating solution so 
that treated wood can be distinguished from untreated wood.   
 
The Canadian Wood Council Report to the Canadian Home Builders' Association Technical 
Research Committee of February 20, 2004 stated that "as of December 31, 2003, the new 
generation of preservatives (ACQ and CA) has been officially registered by Health Canada for 
residential uses:  play structures, decks, picnic tables, landscape timbers, gazebos, fencing, 
patios, walkways, etc.    The Canadian treating industry has made great strides in shifting 
production to these new preservatives in a short time frame, and retailers have embraced the 
change:  the new treated wood is currently available in retail outlets.  CCA, the traditional wood 
preservative treatment, was not banned; it was withdrawn by the industry from certain uses.  
CCA-treated wood is still available for permanent wood foundations and many other 
applications."  No mention is made of sodium borate treated wood  in this February 20, 2004 
report. 
 
The transition away from CCA is proceeding steadily but many consumers and builders and 
lumber yard staff may not even realize that a major change in the supply of treated wood is 
occurring.  With the retirement of CCA in the United States, the production, availability, and use 
of the alternative preservative treatments will increase.  In Saskatoon, the major type of treated 
wood available is alkaline copper quaternary (ACQ).  The preservatives and the lumber prices 
are higher for the new generation of treated lumber but it is expected that prices will decrease 
when treatment mills are fully on-line. 
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This project focuses on volatile organic emissions testing of wood samples using the new and 
old wood preservatives.  One concern is the safety of the new preservatives regarding airborne 
contamination. 
 
This study will provide a small database of products and their volatile organic emissions 
enabling CMHC to provide the public scientific-based data on exposures.  Plant-to-plant and 
product-to-product variations will exist, but these variations are outside the scope of the study.  
The information/data gained from the chamber testing will provide building 
scientists/builders/consumers with knowledge of the wood preservatives before using pressure 
treated lumber. 
 
1 OBJECTIVES 
 
The objective of the project is to measure the volatile organic compound emissions from the 
various treated wood samples.  The information will be limited to results from a limited number 
of samples but will provide information to building scientists/builders/consumers of the wood 
preservatives.  
 
 
2 SCOPE 
 
The original scope of the project was limited to eight samples of preservative-treated lumber that 
were to be analyzed for emissions.  Two samples each of alkaline copper quaternary (ACQ), 
copper azole (CBA), and sodium borate (SBX) were to be tested.  In addition, two samples of 
chromated copper arsenate (CCA) preservative-treated lumber were to be tested.  
 
Following discussions with the CMHC Project Officer on June 17, 2004, the scope of the project 
was to remain the same at eight samples of treated lumber to be tested, but the types of 
preservative-treated lumber were changed.  
 
The CMHC Project Officer had requested pentachlorophenol be tested but no source of the 
product was located in spite of extensive searching.  Similarly, copper dimethyldithiocarbamate 
(CCDC) was on the June 17 list of products to be tested but no source was found as the only 
facility using the treatment has been closed.  ACQ - Type B was on the list but no source was 
found.  The final list of tests included:  One sample each of ACQ - Type C, ACQ - Type D, 
creosote-treated lumber, copper naphthenate, zinc naphthenate, copper azole, sodium borate, and 
CCA.  One untreated sample of spruce wood was also tested as a control test making a total of 
nine samples tested.   One chamber air sample from each wood product was taken providing a 
"snapshot" of the emissions. 
 
Retention levels which refer to the amount of preservative that remains in the wood after the 
treatment is complete, and wood densities are not addressed in this project. 
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4 METHODOLOGY 
 
Wood samples were obtained from local suppliers and other sources.  The samples were obtained 
from the inner part of a lift rather than from the edge so as to eliminate cross-contamination from 
other sources.  A saw blade that had been cleaned with a four-step process was used to cut 
appropriate sized specimens.   
 
Specimens were then cut from the larger sample pieces for the proper chamber loading ratio and 
stored in TedlarR bags until conditioning and testing took place.  A common loading ratio was 
used for most of the specimens.  Thirty-eight mm x 140 mm (2" x 6") dimension lumber was 
used for most of the testing as this is a common lumber size.  The creosote specimen was round 
as it was cut from a treated pole. 
Identifying sources for some of the samples was time-consuming and difficult.  The types of 
treated lumber to be tested were changed during the project according to the availability.  ACQ - 
Type C, CCA, creosote, copper naphthenate, zinc naphthenate, and the untreated wood sample 
were obtained locally in Saskatoon.  Other samples were obtained after a great deal of phoning, 
faxing,  and e-mailing across North America. The copper azole sample was obtained from 
Ontario using an independent third party agency.  The ACQ - Type D and borate samples were 
obtained from an Ontario supplier recommended by Dr. Paul Morris of Forintek, Vancouver.   
 
Material Safety Data Sheets (MSDS) were requested from suppliers for each sample type and are 
presented in Appendix B. 
 
The SRC environmental chamber testing facility was used to conduct the emissions testing.  The 
ASTM Standard D5516-90 "Standard Guide for Small Scale Environmental Chamber 
Determination of Organic Emissions From Indoor/Material/Products" was used.  Chemical 
analysis was conducted by the SRC Analytical Chemistry Laboratory (CAEAL accredited) using 
gas chromatography/mass spectrometer (GC/MS) equipment.  Depending on the wood  
treatment, sampling tubes used included Carbotrap (multi-sorbent tube), charcoal tubes, or 
specific ORBO® tubes.  The test was a one point measurement after the conditioning period in 
the chamber. 
 
 
5 RESULTS 
 
The results of the chamber testing are presented in the following table as total volatile organic 
compounds (TVOCs) in milligrams per cubic metre (mg/m3).  The area of the wood treatment is 
expressed in square metres (m2).  Volatile organic compounds only were measured.  No 
measurements were made of the weight of individual elements in the wood itself, e.g., .the 
weight of the zinc in the zinc naphthenate specimen. 
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The code used in the following table is: 
 

Table 1:  Wood Product Code  
Code Product 

1 ACQ - Type C 
2 ACQ - Type D 
3 Copper naphthenate 
4 Creosote 
5 Copper azole 
6 CCA 
7 Sodium borate 
8 Zinc naphthenate 
9 Untreated wood 

 
The results of the VOC testing are presented in Table 2.  Spectra for the gas chromatography 
runs are presented in Appendix A. 
 
The chamber air exchange rate for all of the testing was controlled at 0.3 air changes per hour.  
The chamber size for all of the tests was 171 litres or 0.171 cubic metres. 
 
The formula used to calculate the emission factor is: 
 
 EF = C x N/L 
 
where: 
 
 EF  = emission factor, mg/m2.hour 
 C  = equilibrium chamber concentration, milligrams/m3 
 N  = chamber air exchange rate, ach-1 
 L  = product loading, m2/m3 
 
The product loading is calculated by dividing the entire treated wood exposed surface area of the 
product specimen by the chamber volume.  The emission factor in Table 3 represents the 
summation of all identified volatile organic compounds.  The TVOC concentration was 
calculated using the sum of all the masses of the individual chemicals identified in the analysis.  
The analyst reviewing the GC/MS output for the analysis would identify and quantify all of the 
significant peaks.  Small peaks below the mass detection level were not reported.  The analysis 
reports greater than 95% of all of the volatile mass recovered from the sample.   
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Table 3:  Emission Factors for Tested Wood Product 
 

Product 
Code 

Wood Treatment TVOC 
mg/m3 

Treated 
Area 
 m2 

Product 
Loading 
m2/m3 

Emission 
Factor  

mg/m2.hour 

Ranking 
(1 =highest) 

1 ACQ-C 5.48 0.0732 0.43 3.82 4 
2 ACQ-D 3.5 0.0809 0.47 2.22 5 
3 Copper naphthenate  270 0.0378 0.22 366.00 1 
4 Creosote 80 0.0946 0.55 43.30 2 
5 Copper azole 7.72 0.0798 0.47 4.96 3 
6 CCA 0.05 0.093 0.54 0.03 9 
7 Sodium borate 0.28 0.0821 0.48 0.18 8 
8 Zinc naphthenate 1 0.0751 0.44 0.68 6 
9 Untreated wood 0.79 0.0742 0.43 0.55 7 
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Table 2:  Treated Wood Samples and Individual Volatile Organic Compound 
Concentrations 

 
Concentration, mg/m3  

Compound ACQ-C 
1 

ACQ-D 
2 

Copper naphth.
3 

Creosote
4 

CBA 
5 

CCA 
6 

SBX 
7 

Zinc naphth.
8 

Untreated
9 

Alpha-pinene 4.4    2    0.074 
Camphene 0.22    1.8    0.067 

Beta-pinene 0.56    0.15     
dl-Limonene 0.21    1.8     

Toluene 0.019  0.01       
Hexanal 0.006        0.037 

Tricyclene 0.038    0.31     
C9 - C12 aliphatic 

hydrocarbons 
 3.5     0.28 1  

Hydrocarbons    80      
Benzaldehyde 0.008         

Tetramethylbenzene 0.018        0.14 
Benzene   <0.002       
Xylene   1.93       

C6-C14 hydrocarbons   267       
Ethylbenzene   0.96       
Naphthalene   0.005       
Acetic acid     0.7 0.05    

Alpha terpinene     0.75     
Gamma terpinene     0.21    0.17 

1 - Phellandrene         0.033 
Delta Carene         0.17 

C10 - C11 aliphatic 
hydrocarbons 

        0.1 

SUM =  5.48 3.5 270 80 7.72 0.05 0.28 1 0.79 
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The detection limit was less than 0.05 micrograms (<0.05 ug).  Toluene was used as the 
calibration standard for all analyses in the GC/MS.  Totals for TVOC are rounded to three 
significant digits. 
 
A calibration procedure for the thermal desorption unit (TDU) is performed.  The initial 
calibration of the TDU is done by using the TDU in the preparation mode, where a known 
concentration of the calibration gas vapour (toluene or other appropriate compound) is loaded 
onto a clean tube.  The tube is then desorbed in the operating mode into the GC/MS system.  
This calibration check is frequently done during the analysis of the sample tubes as a quality 
control check.  A traveling blank (Carbotrap tube which has not been exposed but stored with the 
sample tubes) is run with each batch of sample tubes.  The linearity of response of the calibration 
compound is checked by loading increasingly higher levels of the compound onto Carbotraps 
until nonlinearity occurs.  This will indicate the range of concentrations that are useable.  A low 
level reading is also done to check on the lower limit of detection. 
 
The sample tubes are desorbed in the TDU at 300 degrees C for three minutes.  The desorption 
chamber is directly linked to the capillary column in the GC and any eluted compounds are 
recorded on the total ion chromatogram (TIC).  Full scan mass spectra (m/e range 40 - 500) are 
required for the entire run.   
 
Any peaks in the TIC that have a signal/noise ratio greater than three are recorded and processed 
through the library search routine for compound identification.  Library matches are inspected by 
the operator to check on the quality of the matches.  The software also calculates a quality factor 
from 0 - 100%.  Any compound with >90% quality are considered excellent.  For compounds 
whose mass spectra do not give an excellent match, a code is assigned which indicates the level 
of confidence of identification (the codes range from 1 to 5).  These codes follow the scheme 
used by other testing agencies. 
 
Many of the compounds detected are naturally occurring from the wood itself.  These are part of 
the resins and substrate of the wood.  Their presence or absence in specific samples in these tests 
are likely related to the type of wood and the degree of drying and curing to which the individual 
specimens were subjected during their production, shipping, and storage.   
 
The compounds in the table that would originate from the wood include:  alpha-pinene, 
camphene, beta-pinene, dl-limonene, hexanal, tricyclene, acetic acid, alpha-terpinene, gamma-
terpinene, phellandrene, and delta-carene. Some of the other detected compounds may also 
originate from the wood.  
 
The water-soluble preservatives (ACQ, CBA, and SBX) are non-volatile salts which are not 
expected to have emissions.  From the Material Safety Data Sheets in the Appendix, one of the 
listed hazardous ingredients of ACQ-treated wood is monoethanolamine, a liquid which may be 
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volatilized.  The ACQ specimen types would have a higher emission rate at the time of 
application but the ammonia would rapidly disappear.  Ammonia cannot be detected in the 
GC/MS analysis.  Similarly, copper would not show on the GC/MS analysis as copper is a 
particulate with no vapour.  The odour of ammonia was not discernible on the specimens before 
testing took place.  Sampling and analysis for ammonia, copper, and zinc were not conducted.  
Copper azole-treated wood contains tebuconazole, a non-volatile solid and a small amount of 
ammonia. 
  
The low value for the CCA specimen may be partly due to its unknown age or to the fact that the 
treatment seals the wood.  
 
For the oil-based preservatives, copper and zinc naphthenates are made from naphthenic acids, 
which occur naturally in petroleum fractions (www.merichem.com/COPPER/main.HTM).  
Volatile emissions such as naphthalene would be expected from the specimens treated with 
naphthenate.  Naphthalene was found in the copper naphthenate-treated wood.  The fact that it 
was not detected in the zinc naphthenate may be due to the conditions that the specific specimen 
was exposed to, such as longer storage time or more exposure to heat.  Overall, the TVOC for 
the zinc naphthenate specimen was low possibly due to the above reasons.  The copper 
naphthenate TVOC was higher as the specimen was "fresh"with C6-C14 hydrocarbons 
representing almost all of the volatiles.  The hydrocarbons likely act as the dilutant or carrier to 
carry the copper to the wood.  This is needed as copper in pure form is a crystal and the wood 
treater needs to get it to a solution by dissolving the copper.  It is believed that the mid-range 
hydrocarbons were the solvent and thus were used to dissolve the copper. 
 
The copper naphthenate and zinc naphthenate were both applied in a fume hood in the laboratory 
and then placed in the chamber for conditioning.  This explains the high value for copper 
naphthenate as it cured for only one day before the chamber test was conducted.  For zinc 
naphthenate, after one day of conditioning, during chamber testing the sorbent tube was 
overloaded and the GC/MS shut down.  Two more subsequent tests were needed with decreasing 
air sample volumes before a satisfactory test could be conducted that the GC/MS could handle.  
Thirty-three days passed from the date of application of the zinc naphthenate (and the three 
chamber tests) and a successful test.  
 
Creosote, a coal tar product derived from tar produced by the carbonization of bituminous coal, 
is a complex mixture of aromatic chemicals (see Appendix), many of which would be expected 
to show up in a GC/MS analysis.  Hydrocarbons were detected from the creosote-treated 
specimen.  The age of the creosote-treated wood is unknown, but presumed to be old.  The fact 
that emissions were detected indicates the persistence of the chemicals. 
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6 DISCUSSION 
 
Table 3 presents the emission factors for products tested and the relative ranking for each with 
1 being the highest and 9 being the lowest.   
 
The highest emission factor was for copper naphthenate with the reason being only one day of 
conditioning of the product occurred following the application in the laboratory of the liquid.  It 
is expected that the value would be much lower with more conditioning. 
 
The creosote specimen emission factor was second highest.  This specimen was of unknown age 
but assumed to a minimum of a few years according to the supplier.  Degradation of the heavy 
hydrocarbons is slow resulting in a higher emission factor. 
 
Copper azole (CBA) ranked 3 with the two ACQ products ranked 4 and 5.  The zinc naphthenate 
was next at 6 (also applied in the laboratory).  The untreated wood specimen was ranked 7 which 
was higher than both the sodium borate and CCA specimens. 
 
This testing shows that the untreated wood specimen has measurable volatile organic compounds 
emissions. 
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7 SUMMARY 
 
Nine different wood samples were tested for volatile organic compound emissions.  The 
specimens included eight treated with different wood preservatives and one untreated wood 
specimen.   Emission factors varied from 366 mg/m2.hour to 0.03 mg/m2.hour. 
 
The emissions from the samples treated with water-borne preservatives are due to the aromatic 
resins from the wood and not the chemical preservatives.  The emissions from samples treated 
with zinc naphthenate and copper naphthenate included naphthalene and aliphatic hydrocarbons.  
Hydrocarbons were detected from the creosote-treated sample. 
 
This study showed that VOC emissions from the oil-based wood preservatives were detected 
from wood samples treated with copper naphthenate, zinc naphthenate, and creosote.  Higher 
emissions from the copper naphthenate compared to the zinc naphthenate specimen were due to 
a shorter curing time.  Emissions from creosote were detected from the creosote-treated 
specimen even though the sample was aged. 
 
The VOC emissions from water-based preservatives are but one aspect of the possible risks.  
Other risk factors could include dusts or direct skin contact.  These skin and inhalation factors 
were not examined in this study. 
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APPENDIX AGas Chromatography Spectra 
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APPENDIX BMaterial Safety Data Sheets 
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