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Summary 
North American subterranean termites have become a major factor limiting the service life of wood 
products in southwestem Ontario. If preservative treatment can be demonstrated to prevent termite 
attack, the market for wood products could be maintained and expanded. With the assistance of the town 
of Kincardine, Ontario, Forintek set up a groimd-contact termite test site in 1988. The material used 
included red pine, lodgepole pine, jack pine, hemlock, white spmce and mixed spmce-pine-fir. The 
preservatives were chromated copper arsenate (CCA-C), ammoniacal copper arsenate (ACA) and 
ammoniacal copper quat (ACQ). Both incised and unincised lumber was included in the tests where 
possible. Also used was CCA-treated hem-fir plywood. 

The material was inspected in the summer of 1999. Treated material was generally performing well, with 
some pieces starting to show signs of superficial surface feeding, or cosmetic damage. Some samples that 
had lower assay retentions and preservative penetrations showed more than just trace nibbles and termites 
appeared to have actually penetrated through the outer treated zone. It appeared that termite entry 
occurred in areas on the wood surface where defects may have facilitated such entry. Material that came 
close to meeting CSA O80 standards for ground contact generally suffered only minor damage. 

Forintek expanded the test in 1996 to include borate-treated material above-ground, protected fi-om rain. 
This method simulates the sillplate, or dodai, used in traditional Japanese housing constmction. The 
material included hemlock and amabiUs fir lumber treated with borate and chromated copper arsenate 
(CCA). When it was inspected in the autumn of 2000, the treated material was generally foimd to be 
performing well, with some pieces starting to show signs of superficial feeding or cosmetic damage. 
Attack was moderate on imtreated controls. 



List of Reports 
1. Performance of Treated Lumber Against Termites After 11 years of Test in Ontario 

2. Performance of Borate-treated Wood Against Subterranean Termites Under Above-ground 
Protected Conditions in Canada 

Appendix- IRG Papers 
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This report is an internal Forintek Canada Corp. (Forintek) document, for release only to Forintek 
members and supporters. This distribution does not constitute publication. The report is not to be copied 
for, or circulated to, persons or parties other than Forintek members and supporters, except with the prior 
permission of Forintek. Also, this report is not to be cited, in whole or in part, unless prior permission is 
secured from Forintek. 

Neither Forintek, nor its members, nor any other persons acting on its behalf, make any warranty, express 
or implied, or assume any legal responsibility or liability for the completeness of any information, 
apparatus, product or process disclosed, or represent that the use of the disclosed information would not 
infringe upon privately owned rights. Any reference in this report to any specific commercial product, 
process or service by fradename, trademark, manufacturer or otherwise does not constitute or imply its 
endorsement by Forintek or any of its members.' 

©(2001), Forintek Canada Corp. All Rights reserved. 

No part of this published Work may be reproduced, published, stored in a retrieval system or transmitted, in any 
form or by any means, electronics, mechanical, photocopying, recording or otherwise, whether or not in translated 
form, without the prior written permission of Forintek, except that members of Forintek in good standing shall be 
permitted to reproduce all or part of this Work for their own use but not for resale, rental or otherwise for profit, 
and only if Forintek is identified in a prominent location as the source of the publication or portion thereof, and 
only so long as such members remain in good standing. 

This published Work is designed to provide accurate, authoritative information but it is not intended to provide 
professional advice. If such advice is sought then services of an appropriate professional should be retainedfor this 
purpose. 



Summary 
North American subterranean termites have become a major factor limiting the service life of wood 
products in southwestern Ontario. If preservative treatment can be demonstrated to prevent termite 
attack, the market for wood products could be maintained and expanded. With the assistance of the town 
of Kincardine, Ontario, Forintek set up a termite test site in 1988. The material used included red pine, 
lodgepoie pine, jack pine, hemlock, white spruce and mixed spruce-pine-fir. The preservatives were 
chromated copper arsenate (CCA-C), ammoniacal copper arsenate (ACA) and ammoniacal copper quat 
(ACQ). Both incised and unincised lumber was included in the tests where possible. Also used was 
CCA-treated hem-fir plywood. 

The material was inspected in the summer of 1999. Treated material was generally performing well, with 
some pieces starting to show signs of superficial surface feeding, or cosmetic damage. Some samples that 
had lower assay retentions and preservative penetrations showed more than just trace nibbles and termites 
appeared to have actually penetrated through the outer treated zone. It appeared that termite entry 
occurred in areas on the wood surface where defects may have facilitated such entry. Material that came 
close to meeting CSA O80 standards for ground contact generally suffered only minor damage. 
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1 Objectives 
The objectives of this project are to: 

• provide long-term durability data on Canadian wood products to support industry marketing programs 
and appropriate codes and standards; and 

• develop an understanding of the factors affecting performance of treated and untreated wood 
products. 

The Eastem subterranean termite, Reticulitermes flavipes (Kollar), is probably the most widespread and 
destmctive termite species native to North America and is the only species that has gained a significant 
foothold in Canada, at present limited to an isolated local infestation in Winnipeg, Manitoba, and parts of 
southwestem Ontario. An initial infestation was reported as early as 1929 in Point Pelee National Park 
(Kirby 1967). Metropolitan Toronto, where termite activity was first reported in 1938 in the vicinity of 
the waterfront, has become the site of a major urban infestation (McLaughlin 1983). 

As the infestation in Ontario spreads, property losses resulting from termite attack continue to grow. 
Although pressure treatment with wood preservatives is known to confer protection against termites, there 
has been very little data on the performance of treated Canadian species. Municipal building inspectors 
thus have not been confident that the product available in Canada will give the desired performance. 
They have also expressed concem over the lack of compliance with CSA O80 standards of most treated 
wood on the market. Because of these concems, the Buildings and Inspections Department of the City of 
Toronto stated that "use of pressure-treated wood is probably not an effective safeguard against termites" 
(McLaughlin 1983). 

In an attempt to ensure the continued growth of markets for treated wood products in the termite-infested 
areas of southem Ontario, it was necessary to demonstrate that wood treated to the requirements of the 
CSA 080 standard will provide effective termite protection. With the assistance of the town of 
Kincardine, Ontario, Forintek set up a termite test site in 1988 (Doyle 1990). The performance of test 
material after three to four years' exposure was reported by Doyle (1992). Results were also reported 
after the 1996 evaluation of test material (Morris and Motani 1997). In late 1996, the test was expanded 
to include material out of ground contact. This report summarizes performance of the in-ground material 
after 11 years of exposure. 

2 Introduction 

3 Staff 
P.I. Morris 
J.K. Ingram 
K. Motani 
E.E. Doyle 

Group Leader, Durability and Protection Group 
Wood Preservation Technologist 
Consultant 
Consultant 

WW 



4 Materials and Methods 
Most of the material for installatioti in the test plot was provided by wood treating plants in Canada. This 
material consisted of various commodities: nominal 2" x 4" (50 x 100 mm), 2" x 6" (50 x 150 mm), 4" x 
4" (100 x 100 mm) and 6" x 6" (150 x 150 mm) of four species (jack pine, red pine, lodgepoie pine and 
white spruce) treated with either chromated copper arsenate (CCA-C) or ammoniacal copper arsenate 
(ACA) preservatives, reportedly to the requirements of the CSA 080.2 standard (Canadian Standards 
Association 1997a) for ground-contact applications. Incised as well as non-incised lumber was included. 
Samples of hem-fir plywood treated with CCA-C to the requirements of the CSA 080.15 standard 
(Canadian Standards Association 1997b), and one lot of hemlock (2" x 6") treated with an experimental 
ammoniacal copper/quaternary ammonium compound (ACQ) preservative were also installed. Finally, 
along with the material provided by the industry specifically for this test, additional pieces of CCA-C 
treated lumber (2" x 4", 2" x 6", 4" x 4"and 6" x 6") were purchased at local lumber retailers to represent 
material available to the homeowner. This particular material could have been treated to either an above-
ground (4.0 kg/m )̂ or ground-contact (6.4 kg/m )̂ specification. Also, since species identification was not 
carried out on every piece of this material, the species was simply reported as spruce-pine-fir (SPF). 

Test specimens measuring 3 feet (0.91 m) in length were cut fi-om each piece of treated lumber for 
installation in the test plot. The remaining length of the lumber was then cut to provide a 1-foot (0.3-m) 
assay section and a 4-foot (1.22-m) end-matched piece for installation in Forintek's field test site at 
Petawawa, Ontario. Cores were removed from the assay section to determine treatment penetration and 
assay retention. Treatment penetrations were measured directly once the cores were first split 
longitudinally and then sprayed with chrome azurol S solution to stain the treated zones (American Wood 
Preservers' Association 1997a). To determine assay retention, assay zones specified in the CSA O80.2 
standard were cut from each core, combined for each set of replicates (termed a " lof) and then ground to 
40 mesh in a Wiley mill. The resulting sawdust was then analysed for chromium, copper and arsenic by 
energy dispersive x-ray spectrometry (American Wood Preservers' Association 1997b). Results were 
reported on an oxide basis. ' 

The cut end of each piece of lumber intended for installation in the test plots was given a double brush 
coating of commercial copper naphthenate field-cut preservative and each piece was identified with a lot 
and sample number. The lumber was installed in the termite plot in an upright position approximately 
18" (450 mm) into the soil, using a spacing of 24" (600 mm) between rows and about 18" (450 mm) 
between samples. Half of the pieces in each lot were planted with the pressure-treated ends down, while 
the remaining samples were placed with the cut and brush-treated ends down. Untreated controls 
consisted of red pine, jack pine and white spruce (2" x 3", 2" x 4"). All samples were installed in a 
randomized pattern throughout the test plot area. The row and position of each piece of test material was 
recorded and subsequently entered into a database. ' 

The initial batch of test material (lot numbers 4245-4280) was installed in August 1988, filling all 
available space within the compound. To accommodate the remaining test material, a request was made 
to Kincardine town council to increase the size of the plot by extending the original fencing. The request 
was granted and the remaining test material (lot numbers 4283-4307) was installed in May 1989 in this 
annex. 

I 
Test material has been rated annually by visual examination for signs of termite attack. Each sample was 
carefully removed from the ground, examined and then assigned a rating using the 0-10 scale of the 

I 
i 



American Wood Preservers' Association (AWPA) given in Table 1. All ratings were subsequently 
entered into a database. In 1999, the stakes were reset to the appropriate depth, because frost heave over 
the years had gradually pushed them partially out of the ground. 

Table 1: Termite attack grading system 

AWPA Rating Description 
10 Sound 
9 Trace of attack 
7 Moderate attack 
4 Heavy attack 
0 Failure from termite attack 

5 Results and Discussion 
At the time of the 1999 inspection, the original group of test material (lot numbers 4245—4280) had been 
in service for approximately 11 years, while the second group located in the annex {lot numbers 4283-
4307) had been in test for approximately 10 years and 4 months. Morris and Motani (1997) observed that 
activity in the annex area was comparable to activity in the main plot, which had not been the case in 
1992 (Doyle 1992). The 1996 and 1999 ratings are given in Table 2, together with the percentage 
compliance of each lot with the 5-mm above-ground contact standard (CSA 080.32) and 10-mm ground 
contact (CSA O80.2) penetration requirements. 

Heavy attack had occurred on the untreated controls, with mean ratings ranging from 0.3 to 3.5 for lumber 
and 0.0 for plywood (Table 2). Attack was fairly uniform in the main test area and attack of the controls 
in the annex had advanced considerably since the last inspection in 1996. 

Most of the treated material was performing well, but some pieces were starting to show signs of surface 
grazing or more serious termite attack. In a few of the samples that had lower assay retentions and 
preservative penetration, termites had penetrated the outer treated shell. Termite entry often occurred 
where defects such as checks may have facilitated it. However, in several cases, termites had tunnelled 
directly through the treated zone to access the untreated interior. Comparing ratings from 1996 and 1999, 
it should be noted that the degree of attack in most cases had not increased greatly during the three years 
(Table 2). 

Copper naphthenate field-cut preservative was also generally performing well, although, like a small 
number of the pressure-treated ends, a few ends that were brush-treated with copper naphthenate had 
started to show signs of termite attack and end-grain decay. For the most part, there was no difference 
whether the treated end was up or down, indicating that this oil-based field-cut preservative is quite 
effective against termite attack, possibly because of the insect repellant characteristics of naphthenates.. 

Although termite attack was still relatively limited, it is worth looking in more detail at the individual 
types of treatment. Over half (18 of the 33 lots) of the CCA-freated samples were in excellent condition, 
with mean ratings of 9.0 or more, representing just a frace of attack. Twelve lots had mean ratings 
between 8.0 and 9.0, indicating a frace to moderate attack. Only three lots had mean ratings less than 8.0, 



and these lots were not incised. This overall good performance was despite low compliance with the 10-
mm or 5-mm penetration requirements in the CSA standards. Of the 11 incised CCA-treated lots, just 
three had a mean rating less than 9.0, and these ranged from 8.8 to 8.9. Of the 22 unincised CCA-freated 
lots, 12 had mean ratings less than 9.0. 

Very little of the test material met the CSA O80 commodity standards. One lot of lodgepoie pine (lot 
4279) met the above-ground standard and had a mean rating of 9.3. Four lots of red pine (lots 4287, 
4289, 4290 and 4291) met the CSA 080.15 permanent wood foundation (PWF) standard, and these had 
mean ratings of 9.0, 9.1, 8.9 and 9.1, respectively. Among the CCA-freated lots where the wood species 
was identified, all species had a similar range of mean ratings, with the exception of jack pine where 
fewer lots of unincised material were installed. 

All the unincised ACA-freated lumber had mean ratings greater than 9.2, possibly because every set had 
60% or more pieces with over 5 mm of penefration. 80% of the ACQ-freated hemlock contained over 5 
mm of penetration and had a mean rating of 9.5. Residual ammonia in the freated lumber may also have 
played a role in repelling termite attack. 

6 Conclusions 
• There is a high level of termite activity throughout the plot area, shown by the severe attack on 

untreated controls. 

• Lumber treated with CCA is susceptible to surface grazing — that is, cosmetic (non-structural) 
damage. 

• Termites can penetrate through a CCA-treated shell if it is only a few millimefres deep. 

• Commercial copper naphthenate field-cut preservative provides protection against termites. 

• Treated lumber that meets or comes close to meeting the CSA O80 standards has suffered negligible 
damage from termites after 11 years of exposure. 

7 Recommendations 
• To ensure it meets CSA O80 standards and thus provides effective protection from termite attack, 

pressure-freated wood for use in termite-infested areas should be produced under a third-party quality 
assurance program. 

• Testing of material at the Kincardine termite plot should continue, with annual inspection. Additional 
test material should be installed as necessary to support the ongoing program of work in field testing. 
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Summary 
Forintek Canada Corp. set up a ground-contact termite test site in 1988 witli tlie assistance of tlie town of 
Kincardine, Ontario. In 1996, the test was expanded to include borate-treated material above-ground, 
protected from rain. This method simulates the sillplate, or dodai, used in traditional Japanese housing 
construction. The material included hemlock and amabilis fir lumber treated with borate and chromated 
copper arsenate (CCA). When it was inspected in the autumn of 2000, the treated material was generally 
found to be performing well, with some pieces starting to show signs of superficial feeding or cosmetic 
damage. Attack was moderate on untreated controls. 
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1 Objective 
The objectives of this project are to: 

• provide long-term durability data on Canadian wood products to support industry marketing 
programs and appropriate codes and standards; and 

• develop an understanding of the factors affecting performance of treated and untreated wood 
products. 

2 Introduction 
In an attempt to ensure the continued growth of markets for Canadian treated wood products in termite-
infested areas, it is necessary to demonstrate that treated wood can provide effective termite protection. 
Disodium octaborate tetrahydrate (DOT) is recognized as an effective wood preservative against decay 
fungi and termites. However, DOT is not fixed in wood and is easily leached out in ground-contact. The 
major commercial application for this preservative is therefore above-ground, protected from liquid water. 

One such application is the sillplate, or dodai, used in traditional Japanese construction, where the wood 
is separated from the soil by a concrete foundation. A test method was designed using simulated dodai 
situated above-ground, and protected from the weather, while still being exposed to termites (Grace et al. 
1995). Experiments are underway in Hawaii (Grace et al. 2000) and Japan (Tsunoda et al. 2000), where 
the Formosan subterranean termite, Coptotermes formosanus Shiraki, presents an extreme hazard. This 
termite has in the past few years become established in the southem United States, particularly Louisiana 
where property losses have amounted to billions of dollars (City of New Orleans 2001). 

The Eastern subterranean termite, Reticulitermes flavipes (Kollar), is the only termite that has gained a 
significant foothold in eastern Canada, at present limited to parts of southwestem Ontario. As the 
infestation in Ontario spreads, property losses resulting from termite attack continue to grow (Rose 
2000). Although pressure treatment with wood preservatives is known to confer protection against 
termites, there has been very little data on the performance of treated Canadian species. 

With the assistance of the town of Kincardine, Ontario, Forintek set up a ground-contact termite test site 
in 1988 (Doyle 1990). In late 1996, the test was expanded to include material which was out-of-ground-
contact, using residual test samples from trials being set up in Hawaii and Japan. This report summarizes 
performance of this material after four years of exposure. 
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4 Materials and Methods 
Test specimens, 100 x 100 x 400 mm, were prepared from westem hemlock (Tsuga heterophylla (Raf) 
Sarg.), Pacific silver fir {Abies amabilis (Dougl.) Forbes), and western redcedar {Thujaplicata D. Donn.). 
Ten western hemlock pieces were selected from a larger number of specimens which had been pressure-
treated with an aqueous solution of disodium octaborate tetrahydrate (DOT) to achieve a mean retention 
of 3.3 kg/m^ B2O3 (boric oxide) in a 25-mm shell treatment. This met the requirements of CSA 080.34 
for borate-treated lumber used out of ground contact (Canadian Standards Association 1997b). Ten fir 
replicates through-treated to a mean of 2.5 kg/m^ B2O3 in the full cross-section were also selected. Ten 
hem-fir pieces, treated to a mean of 3.2 kg/m^ B2O3 in a 25-mm shell with DOT to which a small amount 
of didecyldimethylammonium chloride (DDAC) had been added to improve penetration, were also 
included. 

To compare the performance of borate to another preservative, five each of hemlock and fir samples were 
prepared from incised lumber pressure-treated with chromated copper arsenate (CCA-C) to retentions of 
4.0 and 5.0 kg/m ,̂ respectively, and preservative penetrations of 10 mm or more. These CCA-treated 
samples met the retention and penetration requirements of CSA O80.2 for lumber exposed above ground 
(Canadian Standards Association 1997a). The cut end of each CCA-treated piece of lumber was given a 
coating of commercial copper naphthenate field-cut preservative. Borate retentions were determined by 
mannitol titration (Winters ca. 1965), and CCA was analysed by energy dispersive x-ray spectrometry 
(American Wood Preservers' Association 1997). Ten untreated samples of westem redcedar, a naturally 
durable species, were also included, along with five each untreated hemlock and fir. 

The test method (Grace et al. 1995) was designed such that the wood samples would rest on top of 
concrete blocks standing on the soil surface, covered with a box to protect them from rain and to maintain 
high humidity. There was no direct contact between the samples and the soil, other than that brought by 
the termites to construct shelter tubes (Figure 1). The covering boxes were constructed from CCA-treated 
plywood, 600 mm wide x 350 mm high x 1000 mm long with an open bottom. The exterior and interior 
were painted with exterior primer and two coats of white paint to prevent excessive interior build-up of 
heat. Within each box, six hollow concrete blocks purchased from a local lumber yard were placed 
directly onto the leveled soil in a 3 x 2 array, 50 mm apart. 



Figure 1: Collection of test assemblies with cover box removed 

Through the two perforations in each bloclc, 25 x 25 x 300 mm pine heartwood feeder stakes were 
hammered into the ground so that the top of the stake was within 2-5 mm of the top of the concrete block 
(Figure 2). The feeder stakes were prepared from moderately durable wood to remain free from decay 
and mould long enough to be discovered by a foraging population of termites. In November 1996, one 
replicate from each treatment plus two of the untreated controls — a total of six samples — were placed 
in each of ten test boxes. The test samples were situated one per block such that they covered the holes in 
the block but were not in direct contact with the feeder stake. This was to prevent direct tunneling from 
the untreated wood stakes into the test samples. The position of each piece of test material was recorded 
and a database was prepared. 

^ Wood Sample 

Concrete block 

Feeder stake 

Soil 

Figure 2: Cross-section of test assembly 



To encourage even distribution of termite attack tliroughout the test plot, feeder strips were installed in 
November 1998, linking the ten individual test boxes. To accomplish this, the concrete support blocks 
were lifted, leaving the feeder stakes in place. Small trenches, 25 mm deep, were dug to join the feeder 
stakes of one test unit to the feeder stakes of adjacent test units and to bait stations or termite nests. Pine 
heartwood feeder strips, 10x10 mm in size, were installed end-to-end in the trenches, which were then 
filled in with soil. After that, the support blocks, samples, and shelter boxes were replaced. 

To monitor conditions inside the test assemblies, a HOBO data logger, programmed to record temperature 
and humidity once per hour, was installed on the interior north wall of one of the boxes in August 1999 
and removed a year later. Temperature and relative humidity data monitored during that time were 
downloaded into a program designed to summarize these data (Figure 3). 

-20 -

Aug-99 Sep-99 Oct-99 Nov-99 Dec-99 Jan-OO Feb-OO Mar-OO Apr-OO May-OO Jun-OO Jul-00 Aug-OO 

Month 

- R H (%) Temperature (*C) 

Figure 3: Conditions inside Kincardine test box during 1999-2000 

Test material has been rated annually by visual examination for signs of termite attack. Each sample was 
carefully removed, examined and assigned a rating using the 0-10 scale of the American Wood 
Preservers' Association (AWPA) given in Table 1, and then replaced in the same location. All ratings 
were subsequently entered into the database. 

B Forintek 



Table 1: Termite attack grading system 

AWPA Rating Description 

10 Sound. Surface grazing (nibbling) is permitted, but such cosmetic damage must be 
noted in the report. 

9 Trace of attack. For example, surface erosion up to 5 mm deep, or up to two termite 
penetrations of up to 10 mm deep. 

7 Moderate attack. For example, surface erosion over 5 mm. Penetrations over 10 mm 
deep or ramifying tunnels present. 

4 Heavy attack. For example, extensive tunneling of up to 50-75% of the cross-
section. 

0 Failure due to termite attack. 

5 Results and Discussion 
Ratings of termite attack in October 2000, after four years of exposure, are given in Table 2. The level of 
termite activity was relatively even among the ten test boxes. Attack on the untreated controls was well-
established. Mean ratings for untreated wood ranged from 8.7 for the naturally durable western redcedar 
(one sample rated 10, seven samples rated 9, and two rated 7); to 7.8 for amabilis fir (three of five 
replicates rated 7 and the other two rated 9); to 7.0 for western hemlock (all five samples rated 7). The 
untreated feeder stakes were also deemed to need replacement at the next inspection. 

No preservative-treated sample received a rating less than 9 at the four-year evaluation. While these 
results are still preliminary, some observations can be made. Treated amabilis fir and hemlock were 
performing better than untreated samples. Borate treatments were performing as well as CCA treatments. 

Figure 3 illustrates that the relative humidity inside the boxes remained at 100%) virtually all year. As a 
result, condensation formed on the lid of some boxes and dripped onto the samples. This might be 
creating a leaching hazard for the borate-treated samples, although no detrimental effects are apparent at 
this stage. 



Table 2: Performance of above-ground samples at the Kincardine termite test plot 

Species Treatment Mean AWPA Rating 

hemlock none 7.0 
hemlock 3.3 kgW B2O3 shell 10.0 
hemlock 4.0 kg/m^ CCA shell 9.2 

amabilis fir none 7.8 
amabilis fir 2.5 kg/m^ B2O3 through 9.4 
amabilis fir 5.0 kg/m^ CCA shell 9.0 

hem-fir 3.2 kg/m^ B2O3 + DDAC sheU 9.5 

western redcedar none 8.7 

In a parallel test situated at the Wood Research Institute in Kagoshima, Japan, where C. formosanus 
[Shiraki] and Reticulitermes speratus (Kolbe) are established, attack of untreated wood after four years 
was comparable to that found at Kincardine (Tsunoda et al. 2000). Untreated amabilis fir had a mean 
rating of 6.4, while untreated hemlock was rated 7.6. Attack of preservative-treated samples appeared to 
be less pronounced than at the Canadian site. This may be the result of different personnel performing the 
evaluations or of lower borate retentions in the Canadian test. In Japan, samples shell- and through-
treated to 2% BAE (boric acid equivalent) remained free of attack and rated 10; one borate/DDAC and 
one CCA-treated sample were rated 9. 

In contrast to test results in Canada and Japan, untreated dodai in Waimanalo, Hawaii (where the climate 
is favorable to termite activity throughout the year) were destroyed within one to two years (Grace et al. 
2000). However, comparable preservative-treated material in Hawaii was still in good condition after 
three years of exposure, with mean ratings of 9.3 or above. 

6 Conclusions 
• Although termite attack after four years of exposure was limited, there was a high level of termite 

activity throughout the test plot. 

• Borate- and CCA-treated lumber, as well as untreated western redcedar lumber, were susceptible to 
cosmetic (non-structural) damage as a result of surface grazing; untreated hem-fir controls were more 
heavily attacked. 



7 Recommendations 
The above-ground material at the Kincardine termite plot should continue to be inspected annually and 
the results compared to the two sites in Japan and Hawaii. 
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Abstract 

A protected above-ground field test simulating the sill plate (dodai) used in conventional 
Japanese housing construction was established in both Hawaii and Japan to examine the efficacy 
of disodium octaborate tetrahydrate (DOT, 2% and 3% shell and through) wood treatments. In 
Hawaii, chromated copper arsenate (CCA, 4 kg/m )̂ and ammoniacal copper zinc arsenate 
(ACZA, 4 kg/m )̂ were included in the test, along with untreated western hemlock and Pacific 
silver fir controls. Both field sites support active Formosan subterranean termites, Coptotermes 

formosanus Shiraki, although termite pressure is greater in Hawaii probably due to the imiformly 
favorable environmental conditions. After three years, minor damage (visual rating of 7) has 
been noted to four individual treatment dodai (out of a total of 10 boards per treatment) as 
follows: 2% BAE shell treatment (1 board), 2% BAE + DDAC through treatment (2 boards), 
and CCA treatment (1 board). These same individual boards had been also rated 7 in the second 
year of the study; and, although at Year 3 temutes are still present on the boards in each case, 
there has been no fiirther visible deterioration. This supports an hypothesis of delayed deterrence 
from termite exposure to these nonrepellent treatments. In contrast, untreated control boards in 
Hawaii were completely destroyed within one to two years. Overall, all treatments have 
provided very good protection from termite attack over the three years of the study, with 9.3 
representing the lowest mean rating. These results support the use of DOT, CCA or ACZA 
treatments to protect dodai from termite attack. 

Key Words: Coptotermes formosanus, disodium octaborate tetrahydrate, sill plate, dodai 

Introduction 

As described by Grace et al. (1995), a protected above-ground field test was devised to evaluate 
the efficacy against Formosan subterranean termite {Coptotermes formosanus Shiraki) attack of 
disodium octaborate tetrahydrate (DOT) wood treatments of hem-fir intended for use as sill 
plates (dodai) in conventional Japanese building construction. With only minor variations, this 
test is replicated in Waimanalo (Island of Oahu), Hawaii, and in Kagoshima Prefecture (Island of 
Kyushu), Japan. Both test sites support active Formosan subterranean termite populations. 
Grace et al. (1995) and Tsunoda et al. (1998) have described the test design and preliminary 
results from Hawaii and Japan, respectively. In addition to 2% and 3% BAE borate shell and 
through treatments, each test plot also includes chromated copper arsenate (CCA, 4.0 kg/m )̂. 



untreated control samples of both westem hemlock (Tsuga heterophylla) and Pacific silver fir 
(Abies amabilis) (commercially sold as hem-fir, a mixture of these two species), and a locally-
used timber considered to be termite resistant. In Japan, this locally-used wood is untreated 
hinoki (Chamaecyparis obtusa), a naturally durable softwood representative of the greater 
reliance on natural durability in Japanese construction (Grace 1999, 2000; while in Hawaii it is 
Douglas-fir (Pseudotsuga menziesii), incised and treated with ammoniacal copper zinc arsenate 
(ACZA, 4.0 kg/m )̂. 

The results of four years of field exposure in Japan are reported by Tsunoda et al. (2000). In the 
present paper, we report the results of three years of field exposure in Hawaii. 

Materials and Methods 

As described by Grace et al. (1995), test samples ca. 10 by 10 by 40 cm in size (ca. 2 kg) were 
each placed on a concrete building block 19 cm above soil grade. Untreated softwood feeder 
stakes within the block hollows extend into the soil. Each replication of 8 wood samples 
(complete block design) is covered with an untreated plywood box. Design of the concurrent test 
in Japan is essentially the same, except that plastic covers are used rather than plywood. In 
Hawaii, the plywood covers are replaced as necessary due to termite damage and weathering. 

Treatments included in the field study in Hawaii are ACZA (Douglas-fir, 4.0 kg/m\ incised); 
CCA (hem-fir, 4.0 kg/m-', incised); and DOT (hem-fir, disodium octaborate tetrahydrate) at 2% 
boric acid equivalent (BAE) shell treatment, 2% BAE through treatment, 2% BAE + DDAC 
(didecyldimethylammonium chloride) through treatment, 3% BAE shell treatment, and 3% BAE 
through treatment. Each of the 10 test units also contains an untreated westem hemlock or 
Pacific silver fir control board. 

Annual inspections are non-destmctive, utilizing a visual rating scale: 10 (sound), 9, 7, 4, 0 
(complete failure). In Hawaii, untreated control boards must be replaced at 1-2 year intervals 
when they evidence complete failure, in order to ensure that an acceptable control is present in 
each replicate to monitor termite activity. In the present report, control boards were replaced 
after Year 2 when all had failed completely. For the sake of consistency, we have carried over 
the ratings of 0 for the original controls to the third year. However, many of the newly-placed 
control boards were completely destroyed by the Year 3 inspection, and the mean rating was 3.0, 
after only 10 months of field exposure. 

Results and Discussion 

Results of the 3-year inspection in Febmary 2000 are presented in Table 1. Due to the size of 
the wood pieces (ca. 2 kg), it should be pointed out that a visual rating of 7 (significant attack, 5 
or more deep penetrations) likely represents a very small mass loss due (perhaps ca. 1-5%). 



During the first two years of the study, termites were active in all test units except #5. Since 
there was no attack on the untreated control in this unit, nor any evidence of termite exploration, 
this unit was not included in calculating the average visual damage ratings during these first two 
years. However, termites discovered and attacked the wood in this test unit during the third year 
of the test to the point where the control was rated 0, and ratings for unit #5 are included in the 
Year 3 averages. On the other hand, termites unexpectedly vacated test unit #2 between the Year 
2 and Year 3 inspections. In this case, we have included ratings of the treated wood samples in 
this unit in the Year 3 average ratings, since they were previously attacked and it is likely that 
termites will return to this unit. Unlike wood decay fiingi, termites are mobile and appear 
capricious in their foraging behavior, factors that must be taken into consideration in designing 
and evaluating field tests (Grace 1995). 

On the average, all wood treatments protected the sill plates over the three-year period, with 
mean ratings ranging from 9.3 to 10. This is in sharp contrast to the complete failure (rating of 
0) of five of the ten control boards within the first year of the test, and subsequent rapid failure of 
the remaining controls. The lowest individual board rating in Year 3 was 7, occurring with the 
2% BAE shell treatment (1 board), 2% BAE + DDAC through treatment (2 boards), and CCA 
treatment (1 board). These same individual boards were also rated 7 in the second year of the 
study; and, although termites are still present on the boards in each case, there has been no 
fiorther visible deterioration. As noted in previous work (Grace & Yamamoto 1994, Grace 1998), 
neither DOT nor CCA are repellent to termites, and minor deimage is not unexpected. In the case 
of DOT, the lack of progression of attack beyond a rating of 7 after the second year of field 
exposure, despite the location of each of these samples within the test array immediately adjacent 
to untreated controls that were completely destroyed within a single year, is consistent wdth the 
"delayed deterrence" hypothesized fi-om other studies (Grace 1997). 

Results of this field test concur with those obtained in Japan (Tsunoda et al. 2000), where minor 
surface damage (rating of 9) has been noted with a single board each in the 2% BAE + DDAC 
through treatment and the CCA treatment. As would be expected, termite activity is at least 3-
fold greater in Waimanalo, Hawaii, than in Kagoshima Prefecture. The uniformly high 
temperatures and high himiidity found in Hawaii facilitate year-round foraging and growth of the 
colonies, in contrast to the seasonality found in Kagoshima. Since Formosan subterranean 
termites are firmly established in both locations, surviving very well, and represent the major 
structural problem in both locations, the potential for broader distribution of this damaging 
species is clear and emphasizes the need for effective treatment of limiber to be used in wood-
fi-ame construction. Results to date of both the 4-year field exposure in Japan and 3-year 
exposure in Hawaii support the use DOT, CCA, or ACZA wood treatments to protect otherwise 
susceptible sill plates (dodai) from termite attack. 
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1 Wood Research Institute, Kyoto University, Uji, Kyoto 611-0011, J^an 
2 Forintek Canada Corp., Western Laboratory, 2665 East Mall, Vancouver, British 
Columbia V6T 1W5, Canada 

3 Department of Entomology, University of Hawaii at Manoa, 3050 Maile Way, Honolxilu, 
Hawaii 96822-2271, USA 

Paper prepared for the 31" Annual Meeting 

Kailua-Kona, Hawaii, USA 

May 14-19, 2000 

IRG Secretariat 

C/O KTH 

SE-100 44 Stockholm 

Sweden 





Resistance of borate-treated lumber to subterranean termites 
under protected, above-ground conditions 

Kunio Tsunoda', Akio Adachi', Tsuyoshf Yoshimura', Tony Byrnê , 
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ABSTRACT 

An e^riment to simulate the dodai (sill plate) of the Japanese houses was conducted at the termite 
field test site of Wood Research Institute in Kagoshima, Japan where two economically important 
subterranean termite ^cies [Coptotermes formosanus Shiraki and Reticulitermes speratus (Kolbe)] 
are estabUshed. DOT(disodium octaborate tetrahydrate)-1reated hem-fir samples [Tsuga heterophylla 
(Raf) Saig. md Abies amabilis (Dougl.) Forbes] in a dimension of 105 x 105 x 400 mm were placed 
on concrete blocks 19 cm above ground surface. The test samples were prepared from sound wood 
samples pressure treated to s\qjply 10 replicates of shell-treated materials at target levels of 2% BAE 
and 3% BAE. The subsequent dififvision storage produced another set of through-freated samples at 
the same target levels. Feeder stakes within the block hollows extended into the soil to facilitate the 
access of the termites to the wood samples. The assembled sets were covered with plastic boxes to 
protect the samples from the weather. Samples were visually inspected for termite attack and decay 
and rated according to AWPA standards. After 4 years' exposure, borate-freated samples (2% BAE 
shell, 3% BAE shell, 2% BAE through and 3 % BAE through treatments) were free from termite 
attack, while one replicate each of 2% BAE with DDAC (didecyldimethylammonium chloride) and 
CCA 4.0 kg/m̂  freatments, the latter included as a reference preservative, were sUghtly attacked. 
Untreated hem-fir and hinoki (Chamaecyparis obtusa Endl.) controls were slightly to heavily 
attacked during the same test period. No sign of decay was found on any sample, although moisture 
contents were well above fiber saturation points in some sanyjles. 

Key words: Borate-treatment, disodium octaborate tefrahydrate, subterranean termites, sill plate 
(dodai), above-ground use, field test 



IJNTRODUCTION 

Sodium borate is a difiusible preservative and easily leaches out of treated wood when exposed to 
liquid water. Consequently soluble borates can not the meet performance requirements demanded by 
laboratory tests which involve severe leaching cycles, and by standard ground contact field tests. 
However, sodium borate seems applicable to such end-uses where treated products are situated 
above ground and are protected from the weather. The dodai (sill plate) of conventional Japanese 
houses might exemplify this situation. 

A test design to simulate the dodai-use was already developed for evaluating effectiveness of 
preservatives against subterranean termites (Grace et al., 1995; Tsunoda et al., 1998) over a long 
period of field exposure. The test method is also apphcable to the evaluation of decay resistance 
without further modification. The objective of the current investigation was to determine whether 
borate-treatments could provide wood products with a resistance against both subterranean termites 
and decay fungi imder protected above-ground conditions. 

2 JVIATERIALS AND METHODS 

Sound imseasoned hem-fir samples (105 x 105 x 1300 mm) were cut from 3500 mm long lumber so 

that 400 mm long matched samples, free of large knots and checks, were obtained following 

treatments. The wood samples were pressure treated with aqueous solutions of disodium octaborate 

tetrahydrate (DOT) or DOT with didecyldimethylammonium chloride (DDAC). Ten replicates were 

produced of both shell- and through-treated cross sections were produced to target retentions of 2% 

and 3% boric acid equivalent (BAE). Retentions of shell treated samples were detennined by 

chemical analyses of the surface 16 mm zones. 

Additional samples were also treated with chromated copper arsenate (CCA) at a retention of 4.0 

kg/m^ for comparison. For each treatment half of the hem-fir samples were westem hemlock [Tsuga 

heterophylla (Raf) Sarg.] and half were Pacific silver fa[Abies amabilis (Dougl.) Forbes]. Untreated 

samples of both of these species and of hinoki [Chamaecyparis obtusa (Endl.)] a naturally durable 

softwood, were included in the field test. 



After determining the air-dried weight of each wood sample, the samples were installed at the 

termite field test site in Kagoshima Prefecture, Japan on December 12, 1995. Each sample was 

placed on a concrete block with pine sapwood feeder stakes in the hollows of the concrete block. 

Feeder stakes were driven into the soil to encourage initial termite attack and these stakes were 

replaced after 3 years' service. The installed samples were placed in clusters of eight, one each of 8 

treatments (Table 1) and each cluster was covered with a PVC box. The rephcation of 10 resulted in 

10 boxes being installed. Annual visual inspection was conducted and the degree of termite attack 

was rated according to AWPA field stake test procedure [10: sound (no attack), 9: trace to slight 

attack (surface nibbling or shallow excavation), 7: moderate attack (obvious penetration), 4: heavy 

attack (deep penetration), and 0: failure (sample largely disintegrated). A similar rating 0-10 was 

given for decay. 

3JRESULTS AND DISCUSSION 

Progressive termite attack is shoAvn in Table 1. The first annual inspection showed that termites had 

started attacking untreated wood samples in 7 of the 10 boxes. Seven untreated hem-fir and 6 

untreated hinoki sustained slight to moderate attack, wdiile all treated samples were free from termite 

attack. 

At the end of the second season termite attack was visible in 8 boxes and one rephcate of treatment 5 

(2% BAE shell with DOT/DDAC) had been slightly attacked. The number of boxes with termite 

attack increased with time and after three years every box showed some termite attack on the 

untreated controls. The first slight termite attack on CCA-treated sample was found at the fourth 

inspection on December 16,1999. 

Wood samples, treated with DOT only regardless of borate distribution in the wood (shell or through 

treatment) or of preservative retention, showed no termite attack by the end of fourth season. 

Recent reviews indicate that the effectiveness of sodium borates to subterranean termites in 

above-ground situations varies with test methods and termite species (Drysdale, 1994; Grace, 1997; 

Tsunoda, 1999). However, borate retentions ranging from 0.5% to 2.5% BAE protected wood 

products from any subtenranean termite including that of Coptotermes formosanus (Preston et al., 

1985 and 1996; Grace and Yamamoto, 1993 and 1994; Moffat and Peters, 1993; Peters and Allen, 

1993; Peters and Fitzgerald, 1998) with a few exceptions (Archer et al., 1991; Kennedy et al, 1996). 

The present results seem to fit with the former findings. Experimental design is clearly an important 



factor in the effectiveness of non-fixed preservatives such as DOT which must be used under 

protected above-ground conditions which prevent serious leaching. Therefore, the loss of a test 

preservative during the test period must be detennined chemically to confirm the suitability of the 

test method. Unfortunately, chemical analytical data was not given for the previously reported 

investigations. Instances where sodium borate has been not protected against termites could thus be 

attributed to low levels of borate, resulting from low initial retentions or fi'om leaching of the 

preservative, or to the presence of borate-tolerant termites such as Mastotermes sp. (Peters and 

Fitzgerald, 1998) and Nasutitermes sp. (Gay et ai, 1958) . 

The ability of DOT to control decay has been well established in literature ( Drysdale, 1994) and the 
low natural durability of hem-fir to decay has also been reported (Panshin and De Zeeuw, 1970; 
Highley, 1995).Over the last 4 years' exposure in the field symptoms of decay were not observed, 
even on untreated wood samples, despite the fact that moisture contents were suitable for growth of 
wood-decaying fimgi. It is unclear why decay is not present. The test vwH be im. for several years 
and it is possible that longer exposure might result in its development so that the abihty of DOT to 
confrol decay can be confirmed in the field. 
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