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Summary

White pine and douglas fir plywood, pressure impregnated with 

CCA type C wood preservative, was ground into powder and pyrolyzed in 

a tube furnace. The pyrolyses were performed at three temperatures:

450, 600 and 750°C with 16.7 cc/s of air containing 18, 21 and 24 percent 

oxygen being provided to support sample combustion. All of the combustion 

gases produced were passed through cotton fiber filters and three air sampling 

impingers filled with solutions of hydrochloric and nitric acids. The 

quantities of arsenic in the wood before pyrolysis and in the combustion 

gases after pyrolysis were measured using atomic absorption spectro-

scopy.

Due to the number of technical problems encountered, the test 

results were generally inconclusive. The causes-of these problems were: 

the instrumentation employed in this study was not sufficiently sensitive 

to measure the minute quantities of arsenic; there was no totally effective 

scrubbing procedure for collecting the arsenic in the combustion gases; 

and the pyrolytic combustion of CCA-treated wood, even under carefully 

controlled conditions, was not reproducible. However, in spite of all of 

these problems a few conclusions could be made. When the CCA-treated wood 

contained 0.05 to 0.3 percent arsenic, the amount of arsenic volatilized 

during combustion was relatively constant. When CCA-treated wood was 

pyrolyzed under the conditions employed in this test, about 59 percent 

of all the arsenic volatilized was entrapped in the solid smoke 

particles. Unlike the findings of previous researchers, there was no 

evidence that the amount of arsenic volatilized was dependent upon the 

amount of oxygen supplied to the burning CCA-treated wood. However, the
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key question concerning any hazards presented by smoke from burning 

CCA-treated wood could not be answered because of the inconclusive 

nature of the test results.
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Conclusions and Recommendations

When CCA treated wood was pyrolyzed under very carefully controlled 

conditions, the amount of arsenic volatilized and carried off in the 

combustion gases remained constant irrespective of the initial amount 

of arsenic in the wood. In addition, about 59 percent of that volatized 

arsenic was entrapped in the solid smoke particles. There was no 

evidence that the availability of oxygen affected the volatization of 

arsenic from burning CCA treated wood. Unfortunately, most of the test 

results were quite inconclusive due to the many technical problems 

encountered in this project. Previous researchers had encountered these 

problems, and as' a result, the techniques employed in this study were 

generally improvements over those previously used; but, they were still not 

adequate. Because of the problems, the key question concerning the 

degree of hazard presented by burning CCA-treated wood could not be 

answered.
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Introduction/Background

The use of lumber and plywood treated with the wood preservative commonly 

called chromated copper arsenate (CCA)-type C has increased dramatically 

in recent years, especially for construction purposes such as preserved 

wood foundations and patio decks attached to houses. While only 6 million 

pounds of this preservative was used in all of the United States in 1967, 

that quantity had risen to nearly 25 million pounds by 1977. Today, the 

consumer can obtain "Wolmanized" or "All Weather" or some other trade 

named lumber at any local lumber yard for their own personal use. With 

this increased availability has come a concern over the toxicity of the 

product, specifically the toxicity of the combustion products formed 

during the burning of CCA-treated wood. Therefore, Forintek Canada Corp. 

carried out a research study in order to determine if a hazard could be 

created by the volatilization of arsenic during combustion of CCA-treated 

wood.
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Experimental/Method

Pieces of eastern white pine lumber and douglas fir exterior grade 

plywood (152 x 64 x 13 mm) were pressure impregnated with solutions contain-

ing various concentration levels of CCA-type C. The treatments were 

performed using equipment and conditions typical of those used 

commercially to treat wood with CCA. The treating solutions contained 

approximately 1, 2, 3, 4, 5 and 6 percent of Wolmanac-C, a wood preserva-

tive manufactured by Koppers Inc. and containing the equivalent of about 

50 percent CCA:

23,75% CrO3 

9.25% CuO 

17.00% As205

Following treatment, the pieces were air dried for 24 h and then 

oven dried at 103 i  3°C for 12 h.

The dry, treated material was then ground into a powder that would 

pass through 425 ym openings in a seive.

The treating chemicals in 2 to 3 g quantities of each of the ground 

materials were extracted using solutions containing sulfuric acid, 

hydrogen peroxide and water by a procedure developed at the Building 

Research Establishment of Great Britain (1). The quantity of arsenic, 

and copper extracted from each sample was measured using atomic 

absorption spectroscopy.

Three hundred and fifty milligram (350 mg) portions of each ground 

sample was pyrolyzed in a tube furnace using three different temperatures: 

750 ± 15, 600 ±  10 and 450 ±  5°C. During the various pyrolyses, mixtures 

of oxygen and nitrogen gases were supplied to the tube furnace. Although
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the total combined rate of these gases was always 16.6 ± 0.1 cc/s, their 

composition was varied so that pyrolyses was carried out in atmospheres 

containing 18 ±  0.3, 21 ±  0.3 and 24 ±  0.3 percent oxygen by volume.

All of the combustion gases produced during each test were passed 

through four high velocity air sampling impingers. The last three 

impingers were filled with 100 cc of acid solution (1 part water,

1 part 16 normal nitric acid and 3 parts 12 normal hydrochloric acid). The 

first impinger was loosely filled with four clean cotton balls (similar to 

the many products sold in drug and grocery stores for beauty and baby care, 

etc.). After each test, the inorganic chemicals entrapped by the cotton 

filters were removed by extraction with 50 cc portions of the same acid 

solutions used in the impingers. A schematic diagram of the combustion 

apparatus is shown in Figure 1.

Arsenic dissolved in the solutions filling the impingers as well 

as that extracted from the cotton ball filters, was measured by atomic 

absorption spectroscopy.

All analyses were performed using a Perkin Elmer 303 atomic 

absorption spectrophotometer. Copper was analyzed at a wave-length of 

325 nm using a hollow cathode lamp and a single slot burner for an air- 

acetylene flame. Arsenic was analyzed at 194 nm using an electrodeless 

discharge lamp and a three slot burner for argon-hydrogen flame. Back-

ground radiation in the arsenic analyses was accounted for by carrying 

out duplicate measurements using a hollow cathode deuterium lamp. All 

standard reference solutions were made using the same acid solutions used 

for the test samples (e.g. 1:1:3 water, nitric acid, hydrochloric acid; 

and the Building Research Establishment extraction solution).
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Results and Discussion

The average amount of copper and arsenic in the wood samples 

following treatment with the CCA preservative solutions are shown 

in Table 1.

Table 1.

Treating Solution 
% CCA

Chemical
Copper

%

Retention
Arsenic

%

Ratio
Arsenic/copper

pine boards

0.5 0.039 0.038 0.97

1.0 0.068 0.086 1.26

1.5 0.100 0.143 1.43

2.0 0.103 0.161 1.56

2.5 0.132 0.189 1.43

3.0 0.181 0.302 “ 1.67

fir wood

0.5 0.014 0.003 0.21

1.0 0.040 0.050 1.25

1.5 0.055 0.078 1.42

2.0 0.076 0.116 1.53

2.5 0.077 0.116 1.51

3.0 0.102 0.177 1.74

Although only arsenic was of direct interest in this project, analysis 

of copper in each sample was included in order to provide corroborating 

evidence of the quantity of arsenic impregnated into the wood. Since 

CCA-C preservative contains 14.8 percent copper and 22.2 percent arsenic, 

it was expected that there would be one and a half times more arsenic
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in each sample than copper. In this study, it was found that when wood 

was impregnated with treating solution containing 1 percent or less of the 

CCA preservative, the ratio of arsenic retention to copper was substantially 

less than 1.50. This indicates that there was selective penetration of 

copper into the wood when the concentration of chemicals in the treating 

solution were very low or that the analytical method used to measure arsenic 

was insensitive to low amounts of arsenic.

Previous research had shown that analyses for arsenic in CCA treated 

wood are difficult to perform, especially using atomic absorption spectro-

scopy. Fortunately, copper is easily measured by this procedure and is 

usually used as the reference material for evaluation of CCA treatments. 

Therefore, some selective penetration of copper, rather than arsenic, 

into the wood may have occurred; but, it is more probable that the 

analytical procedure could not detect the low levels of arsenic which 

resulted from treatment with solutions containing 1 percent or less of CCA.
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Many researchers have previously attempted to study the volatilization 

of arsenic during combustion of CCA-treated wood (2,3,4); none of which 

had been completely successful. Dobbs and Grant, when explaining their 

findings noted -

«After some abortive attempts... a glass fiber plug was used as a 

filter and the effluent (smoke) was passed through this into two water 

cooled condensers with collection flasks and then through two dreschel 

bottles containing 250 ml of 1 M HC1... and finally through a vacuum 

pump inlet and condensing in the tube so it is very unlikely that the 

arsenic was collected with 100 percent efficiency.

The distribution of arsenic in the different volatile components 

is not sufficiently repeatable to permit a definite interpretation 

but it was observed that the second dreschel bottle consistently 

contained more than twice as much arsenic as the first, suggesting 

some arsenic escapes and that the percentage of arsenic volatilized 

is an under estimate of the true value»...(2).

For this study, three high velocity air sampling impingers were used, 

instead of two dreschel bottles, in order to trap more of the volatilized 

arsenic. For this same reason, the impingers were filled with concentrated 

solutions of nitric and hydrochloric acid since these solutions were 

found to trap more arsenic than any others in a series of preliminary trials.

Although the instrumentation used for atomic absorption spectroscopy has 

improved greatly over the past twenty years, arsenic is still recognized 

as one of the more difficult elements to measure. The instrument used for 

this research was sixteen years old. Even though its optics had been
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polished and adjusted prior to these analyses and despite the fact that it 

had been equipped with a new burner, argon-hydrogen flame and electrodeless 

discharge lamp (EDL); its sensitivity to low levels of arsenic in acid 

solution was not adequate. The problem was further compounded by the 

excessive background radiation produced by the use of strong acid 

solutions to dissolve the arsenic. In an attempt to partially compensate 

for this latter effect, all measurement were repeated using a deutrium 

lamp and the resulting absorbance values were then subtracted from those 

previously obtained with the EDL arsenic lamp.

There was no evidence that the three large volume, high velocity, 

acid-filled impingers were completely effective in collecting all of the 

volatilized arsenic produced in each test. In a few trial tests, up to 

six impingers were connected in series and arsenic was found in each 

of them, albeit in only small amounts. In some cases, there was more 

arsenic found in the last impinger in the series than in the first one.

Table two presents the results of the combustion tests and the 

quantities of arsenic volatilized in each test.
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Table 2.

Ma- CCA 
terial Treatment 

%

Arsenic
in

Material
mg

Pyrolysis
Temperature

°C

Oxygen 
Content 
of Air 

%

Improper 
Cotton Filter Impinger 2 Impinger 3 Impinger 4 Volatile

Arsenic

%

Volatile
Arsenic

in
Particu-
lates

%

Arsenic
Collected

mg

Arsenic
Collected

mg

Arsenic
Collected

mg

Arsenic
Collected

mg

18 0.6 0.1 0.1 0.1 100 67

450 21 0.5 0.2 0.2 0.1 111 50

24 0.4 0.4 0.3 0.1 133 33

Pine 1.0 0.9 18 0.2 0.3 0.2 0.1 89 25

600 21 0.2 0.3 0.2 0.2 100 22

24 0.3 0.2 0.2 0.1 89 38

18 0.1 0 0 0 11 100

750 21 0.2 0 0 0 22 100

24 0.6 0 0 0 67 100

18 0.5 0.3 0.4 0.3 108 33

450 21 1.0 0.3 0.5 0.4 158 45

24 0.7 0 0.2 0.2 79 64

18 0.1 0 0 0 7 100

Pine 1.5 1.4 600 21 0.1 0 0 0 7 100

24 0.1 0 0 0 7 100

18 0.8 0.3 0.3 0.3 121 47

750 21 0.7 0.3 0.2 0.5 121 41

24 0.4 0.2 0.1 0.1 57 50



Table 2

Arsenic
in

Material

Pyrolysis
Temperature

Oxygen 
Content 
of Air

Improper 
Cotton Filter Impinger 2 impinger 3 Impinger 4 Volatile

Arsenic

Volatile
Arsenic

in
Particu-
lates

Ma-
terial

CCA
Treatment

Arsenic
Collected

Arsenic
Collected

Arsenic
Collected

Arsenic
Collected

% mg °C % mg mg mg mg % %

18 0.5 0.6 0.5 0.4 124 25

450 21 0.5 0.4 0.3 0.2 87 36

24 0.9 0.2 0.1 0.1 81 69

Pine 2.0 1.6 18 0.2 0 0 0 12 100

600 21 0.1 0 0 0 6 100

24

m
•

o

0.1 0.2 0.1 44 43

18 0.5 0 0 0.1 37 83
H-»
O 750 21 0.7 0.3 0.3 0.3 100 44

24 0.5 0.4 0.3 0.3 93 33

18 0.2 0.1 0 0 16 67

450 21 0.4 ' 0.1 0 0 26 80

24 0.6 0 0.1 0 37 86

Pine 2.5 1.9 18 0.2 0.1 0.2 0.2 37 29

600 21 0.2 0.1 0.1 0.1 26 40

24 1.0 0.3 0.2 0.1 84 63

18 0.4 0.2 O ■ to 0 42 50

750 21 1.0 0.2 0.1 0.1 •74 71

24 0.5 0 0 0 26 100



Table 2

Ma- CCA 
terial Treatment 

%

Arsenic
in

Material
mg

Pyrolysis
Temperature

°C

Oxygen 
Content 
of Air 

%

Improper 
Cotton Filter Impinger 2 impinger 3 Impinger 4 Volatile

Arsenic

%

Volatile
Arsenic

in
Particu-
lates

%

Arsenic
Collected

mg

Arsenic
Collected

mg

Arsenic
Collected

mg

Arsenic
Collected

mg

10 0.3 0 0 0.1 13 75
450 21 0.2 0.2 0.1 0 8 40

24 0.3 0 0.1 0.2 20 50

Pine 3 3.0 18 0.2 0.1 0.2 0.2 23 29
600 21 0.2 0.1 0.1 0.1 20 40

24 1.0 0.3 0.2 0.1 53 63

I—* 18 0.4 0.2 0.2 0 27 50
»—* 750 21 1.0 0.2 0.1 0.1 47 71

24 0.5 0 0 0 20 100

18 0.2 0.2 0.2 0.1 140 29
450 21 0.2 0.3 O « to 0.1 160 25

24 0.2 0.2 0.3 0.3 200 20

Fir 1.0 0.5 18 0.1 0.1 0 0.1 60 33Plywood
600 21 o • tvj 0.3 0.2 0.2 180 22

24 0.3 0.1 0.1 0.2 140 43

18 0.4 0.3 0 C
M•o 180 44

750 21 0.4 0.3 0.1 0.1 180 44
24 0.4 0.3 0.2 0.2 220 36



Table 2

Ma-
terial '

CCA
rreatment

%

Arsenic
in

Material
mg

Pyrolysis
Temperature

°C

Oxygen 
Content 
of Air 

%

Improper 
Cotton Filter Irnpinger 2 Irnpinger 3 Irnpinger 4 Volatile

Arsenic

%

Volatile
Arsenic

in
Particu-
lates

%

Arsenic
Collected

mg

Arsenic
Collected

mg

Arsenic
Collected

mg

Arsenic
Collected

mg

18 0.4 0.5 0.3 0.3 188 27

450 21 0.5 0.4 0.3 0.2 175 36

24 0.3 0.3 0.3 0.3 150 25

Fir 1.5 0.8 18 0.1 0 0 0 13 100
Plywood 600 21 0.1 0 0 0 13 100

24 0.1 0 0 0 13 100

18 0.3 0.1 0 0.1 63 60

750 21 0.5 0.1 0 0 75 831—*ro 24 0.3 0.5 0.5 0.2 188 20

18 0.2 0.4 0.2 0.1 75 22

450 21 0.3 0.2 0.2 0.2 75 33

24 0.4 0.1 0.1 0.1 58 57

Fir 2.0 1.2 18 0.2 0 0 0 17 100
Plywood 600 21 0.2 0 0 0 17 100

24 0.2 0.2 0.2 0.2 67 25

18 0.4 0.4 0.4 0.3 125 27

750 21 0.4 0.6 0.5 0.4 158 21

24 0.5 0.4 0.3 0.3 125 33



Table 2

Ma- CCA 
terial Treatment

%

Arsenic
in

Material
mg

Pyrolysis
Temperature

°C

Oxygen 
Content 
of Air 

%

Improper 
Cotton Filter Impinger 2 impinger 3 Impinger 4 Volatile

Arsenic

%

Volatile
Arsenic

in
Particu-
lates

%

Arsenic
Collected

mg

Arsenic
Collected

mg

Arsenic
Collected

mg

Arsenic
Collected

mg

18 0.1 0 0 0 8 100

450 21 0.4 0.1 o • LJ 0 67 50

24 0.3 0.1 0 0 33 75

Fir 2.5 1.2 18 0.2 0 0 0 16 100
Plywood 600 21 0.2 0 0 0 16 100

24 0.2 0.2 0.2 0.2 67 25

18 0.4 0.1 0 0.1 50 67
►—»
OJ 750 21 0.6 0 0 0 50 100

24 0.3 0.1 0.1 0 42 60

18 0.4 0 0 0 22 100

450 21 0.5 0 0 0.1 33 83

24 0.3 0 0.2 0 28 60

Fir 3 1.8 18 0 0 0 0 0 0
Plywood 600 21 0 0 0 0 0 0

24 0 0 0 0 0 0

18 0.4 0.1 0.1 0.1 39 57

750 21 0.5 0.2 0.1 0.2 56 50

24 0.3 0 0 0 17 100



Because of the limitations of the methodology employed in the 

study, the analytical results obtained appeared quite random. However, 

a careful statistical analysis of the results did permit certain oberva- 

tions to be made.

Within the limits of the quantities of CCA preservative picked up 

by the wood in each treatment, the total amount of arsenic volatilized in 

the pyrolyses studied was fairly constant irregardless of the initial 

amount of arsenic in the wood. When the CCA-treated wood contained

0.05 to 0.3 percent arsenic, about 0.8 to 0.9 g of arsenic was volatilized 

from each kilogram of treated wood.

When CCA-treated wood was pyrolyzed at temperatures from 450 to 750°C 

in air containing 18 to 24 percent oxygen, about 59 percent of all the 

volatilized arsenic was entrapped in the solid particulates of the smoke.

Dobbs and Grant in their study (3), noted a significant increase in the 

volatilization of arsenic when the oxygen content of the air supplied to the 

burning CCA-treated wood was increased. Because of the apparent random 

concentrations of arsenic found in the combustion gases in this study, it 

was impossible to provej but, there did not seem to be a significant change 

in the arsenic levels of the combustion gases when the oxygen content 

of the air supplied to the burning CCA-treated wood was increased. Further-

more, because of the very rapid combustion which occurred during tests at 

750°C and the controlled supply of oxygen provided to the burning samples, 

the effect should have been very prominent. This is especially the case 

when that data is compared with the pyrolyses carried out at 450°C where 

the combustion rate was quite slow and only simulated smouldering conditions.

14



Acknowledgements

The author wishes to thank J. Hector and R. Dubois for their technical 

assistance and especially Mr. Hart MacPherson from the Analytical Chemistry 

Section of the National Research Council of Canada for his most valuable 

advice and assistance in establishing an analytical procedure for measure-

ment of arsenic in these solutions.

15



References

1. Williams A.I. 1972. Determination of Copper, Chromium and Arsenic 
in Preserved Wood by Atomic Absorption Spectrophotometry. Analyst. 
Vol. 97 p.104.

2. Dobbs, A.J. and C. Grant. 1976. Report on the Burning of Wood 
Treated with Wood Preservatives Containing Copper, Chromium and 
Arsenic. Building Research Establishment Current Paper CP 63/76.

3. Dobbs, A.J. and C. Grant. 1978. The Volatilization of Arsenic on 
Burning Copper-Chrome-Arsenic (CCA) Treated Wood. Holzforgchung. 
Vol. 32, No. 1.

4. Curzon, G.E. and H.S. Eisner. 1953. An Assessment of the Hazard 
Caused by Arsenics Fumos from Tmpregnated Tinber in Underground 
Fires. Ministry of Fuel and Power Research Report No.78.

16



1/2” TVGON 
TUBING-

IMPINGER
BOTTLE

TUBE FURNACE

THERMAL COUPLE

AIR SAMPLING IMPINGER (125 ml)

_CORK

THERMAL COUPLE 
READOUT

OXYGEN-NITROGEN
MIXER

Figure 1. Sample Combustion
G109


