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Summary 
Due to its leachability, Japanese authorities deem disodium octaborate tetrahydrate (DOT) unsuitable for 
use as a preservative treatment for sill plates. Although the sill plates are not in direct ground contact, and 
are usually protected from the elements by siding, some authorities suggest that the preservative will 
diffuse into the damp concrete sill, or that condensation or occasional flooding will compromise the 
treatment. Due to a lack of data on the extent of boron loss under these circumstances, a test was 
designed to investigate borate losses from DOT-treated sill plates. This project set up sill plates on wet 
sills under conditions of high humidity/light condensation, with and without a sill gasket, and with and 
without water spray (simulating extreme condensation) or occasional flooding. 

End-matched samples of DOT-treated 105mm squares were prepared and analyzed for the penetration 
and retention of preservative. Each sample was placed on a concrete sill contained in polyethylene 
containers and kept at high humidity (100% relative humidity) with light condensation occurring. A 
controlled water spray was applied to two sets of test samples. In another set the samples were 
individually flooded in a separate container for 24 hours once each month. Weighing the samples and 
analyzing the water for borate content enabled monitoring of moisture uptake and loss of borate over a 
six-month period. Following completion of the six-month test, the moisture content, preservative 
penetration, and preservative retention of the test samples were again determined. 

The test with high humidity and light condensation alone gave conditions which resulted in sill plates 
comparable to the wettest sill plates observed in Japanese houses. The data showed that negligible borate 
leaching occurred from DOT-treated sill plates stored under these conditions. The effect of placing a 
gasket between the sill plate and the sill could therefore not be determined because of the negligible loss. 
This work confirmed that significant borate loss only occurred when DOT treated sill plates were washed 
with large quantities of liquid water, either by spraying or flooding. Spraying resulted in sill plate 
moisture contents which were double those found in service in older houses in Japan. Modem house 
construction has dramatically reduced crawlspace moisture contents. Consequently, wetting to this extent 
would not occur during normal modem house construction and service. The presence of a sill gasket did 
not stop loss of borate following spraying indicating that the water was dripping off and not passing into 
the concrete. 
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1 Introduction 

Traditional Japanese houses are post and beam structures supported on sill "plates" which in turn rest on a 
perimeter concrete sill. Japanese sill plates are wood squares of various sizes, a common one being 
105mm squares (called dodai). These squares, usually hem-fir (a mix of westem hemlock, Tsuga 
heterophylla Raf Sarg. and amabiiis f i r , Abies amabilis), form an important export market for BC coastal 
sawmills. Under Japanese building and preservation standards siil plates are regarded as in the K3 (Above 
ground - frequent wetting hazard) end-use and are normally pressure-treated with a preservative. Until 
1997 chromated copper arsenate (CCA) was the dominant preservative but C C A has recently been 
replaced with copper azole, ammoniacal copper quatemary preservative (ACQ), or Celbor-P (a 
combination of a quatemary ammonium salt and a borate salt). Although not legislated, in practice, 
Japanese Agricultural Standard (JAS) require preservatives to be recognised by the Japan Wood 
Preservers' Association (JWPA). The JWPA requires preservatives to be: a) capable of preventing decay 
in a standard laboratory test after the treated wood has been subjected to a severe water leaching protocol; 
and b) to remain effective in a two year ground contact stake test. Fixed preservatives (such as C C A ) can 
easily pass such tests, while partially fixed/partially ieachable preservatives (such as A C Q or Celbor-P) 
can pass providing sufficient biocide remains after the leaching. However, unfixed preservatives (such as 
disodium octaborate tetrahydrate [DOT]), which are known to readily leach in the presence of liquid 
water, will not pass the laboratory testing and therefore are not registerable under JAS criteria. 

DOT (borate) has been widely known for decades as a preservative with a number of advantages over 
other preservatives (Findlay 1960). The single big drawback of DOT is that it is Ieachable by liquid 
water; however there is a perception that because of its high solubility it disappears quickly under damp 
service conditions. Empirical evidence shows that DOT treated dodai can give comparable termite (and 
decay) protection to that of CCA-treated or naturally durable dodai in simulated sill plate field tests over a 
three or four-year term (Grace et al 2000; Tsunoda et al 2000). This indicates that the borate does not 
leach out quickly from treated dodai. Findlay (1960) states that "[leaching of borate] can occur to a 
serious degree only when the treated timber remains wet throughout its cross section for a long period. 
Such a situation very rarely occurs in buildings and temporary exposure of boron treated wood during the 
construction of a building has never been found in practice seriously to reduce its content of 
preservative." There is interest in using DOT for end-uses where there is little or no leaching hazard. 
Clearly, wood which is in exterior service or in ground contact is at hazard froin wetting, and therefore 
leaching, while wood which is indoors is at little or no hazard. However for end-uses such as sill plates, 
the degree of hazard from wetting is not so well defined. Due to their closeness to the ground and the fact 
that they can be exposed to high relative humidity (RH), sill plates are the part of a building frame most 
liable to becoming damp. According to Canadian and US building codes, sill plates which are on concrete 
slabs at grade are under high hazard to wetting and decay and must be preservative treated, whereas sill 
plates which are on sills higher than 150mm are at lower hazard and will not need treatment. In service, 
Japanese sill plates are mounted on sills about 300mm above grade and are protected from rainfall by 
siding. These would not be regarded as subject to wetting using North American criteria. However, they 
are exposed to air in the crawl space which is usually not heated and can be damp. 

It is possible to predict the service conditions of sill plates based on our knowledge of ambient humidity 
and of the wetting and drying mechanisms of wood. The ambient equilibrium moisture content (EMC, 
which is the MC to which wood will move at a given temperature and relative humidity) varies seasonally 
in Japan and approaches the fibre saturation point (~ 30%) if the RH is at 100%. The condition of 100% 



RH may occur during humid summer months in parts of the country but could well prevail for more 
extended periods in the crawl space of a house, especially if wet soil or flood water are present. Under 
conditions of 100% RH, fluctuations in temperature will result in condensation on the ground, concrete 
and wood components as the saturated air cools below its dewpoint, for example on cool nights. If this 
occurs for a period of time and water gradually accumulates, M C levels of >30% could result in the sill 
plates. If the RH decreases towards a more "normal" ambient E M C the sill plates could well dry out 
again. However, even under extended exposure at 100% RH, liquid water would not normally be 
"washing" the sill plates, as could be the case for wood in an outdoor, unsheltered environment. Based on 
our understanding of the situation, leaching loss of borates should normally not occur from DOT treated 
sill plates. 

In many cases, sill plates are clearly at risk from decay. The incidence of decay and termite attack in 
subfloor wood members of Japanese houses caused investigations by govemment staff around 1980. An 
analysis of data collected was reported by Amamiya (1996). The decay was attributed to the fact that 
wood components were consistently above 25% RH in wet crawl spaces. Reported in the same reference 
is a study which was done to monitor the RH in the crawl space of a test building in Tokyo. The study 
showed that the crawl space humidity was consistently high (90% or more at 10cm above the soil and 
80-90% at 50cm above the soil) regardless of the season. Under these conditions it was suggested that 
the subfloor wood components should equilibrate at an E M C of 20-30%. The major recommendation of 
this study was to reduce the subfloor moisture level but at the same time to use treated wood in order to 
cope with "unexpected accidents such as cracks in the wall, leakage or condensation at water supply or 
drain pipes, or with condensation caused by temperature fluctuations in the crawl space" (Amamiya 
1996). 

Parallel to air humidity and temperature determinations, measurements of wood members in service were 
also done (Tanaka 1984). This work showed that, along with the bottoms of posts, floor framing and 
floorboards, sill plates are the components in Japanese buildings with the highest MCs. Depending on 
the type of house and aspect within the house the moisture content (MC) of sill plates in older houses 
(with no crawlspace vaporproofmg treatment) were reported to be in the range of 15-35%) with averages 
of 18-30% as measured by a resistance moisture meter (Tanaka 1984). These meters are not regarded as 
accurate for wood which is above the fibre saturation point (-30%)). It is unclear what season of the year 
these measurements were made. Arakawa (2000) mentioned that some even higher MCs of 40-50%o were 
found for dodai and other bottom frame members in the 1980s inspections but the data to substantiate this 
was not made available. It needs to be emphasized that these measurements were made on older (1980s 
and earlier) style housing in which there was bare earth exposed in the crawl space. As a result of the fact 
that decay was occurring in the house timber ventilation openings, charcoal layers and concrete layer or 
plastic vapor- proofing films were introduced to help reduce the M C of the frame members under the 
floor (Arakawa 2000). These measures have been widely implemented, not least because they enable the 
house buyer to obtain lower interest loans from the Guaranteed Home Loan Corporation. 

Additional measurements were recently made by the Japanese Institute of Building Energy Conservation 
(1999) in houses which were energy efficient and in which bare soil was not exposed in the crawl space. 
The MC of wood components in these crawl spaces were found to be highest in summer but did not go up 
into the range where decay would be a risk. This study appears to reflect the current situation in which 
sub-floor crawlspace moisture is generally managed to be below that required for decay to be initiated. It 
has also lead to the claim by some builders that preservative treatment is no longer needed (Arakawa 
2000). Considering the high cost of Japanese housing and the recent trend to guarantee durability in new 
houses, forgoing preservative treatment of the sub-floor framing members could be short sighted. With 



the apparent lower risk of wetting in these houses and the desire to have a healthy house free of volatile 
organic chemicals, treatment with DOT may be more likely to be considered by Japanese authorities. 

The work reported here is part of a research program to determine the boundaries within which borate-
treated Canadian softwoods can be successfully used. Data and trends in house building practices suggest 
that the hazard to which new sill plates are subjected may be less severe than assumed by Japanese 
authorities and that the K3 category may not be the appropriate designation. There is also a need to 
determine more information about the leachability of DOT in Japanese sill plates held under conditions 
which simulate normal practice and worst case scenarios. Even though the high RH of the crawl space 
atmosphere should not itself cause borates to leach, some Japanese authorities have suggested that the 
preservative will diffuse into the damp concrete sill and also that condensation or occasional flooding can 
occur. Unfortunately there is no data on the extent of boron loss under these circumstances. In order to 
generate such data, this project set up sill plates on wet sills under conditions of high humidity/light 
condensation, with and without a sill gasket, and with and without water spray (simulating extreme 
condensation) or occasional flooding. 

2 Objective 

To determine the extent of leaching of boron from borate-treated sill plates due to condensation or water 
spray or occasional flooding during service. 

3 Staff 

Dave Minchin 

Ken Binnie 

Tony Byme 

Paul Morris 

Wood Protection Technologist 

Wood Protection Technologist 

Wood Protection Scientist - Project Leader 

Group Leader - Durability and Protection 

4 IVIethod 

4.1 Sample Preparation and Initial Analyses 

DOT-treated, green, 105mm hem-fir squares, 3.05m in length, were used as source material for this 
experiment. The squares (dodai) had been prepared for a previous project and were treated to 
approximately 1.5% B A E (boric acid equivalent) in the total cross section. The material had been in 
storage for eight months, close piled, and covered (on top and two sides) with a commercial lumber wrap 
as used to protect kiln-dried lumber. Maximum pre-service diffusion of preservative would have 
occurred during this storage period. Twelve of the source dodai were selected as being from the amabilis 
fir) component and the species identification was confirmed by examining the anatomy of thin wood 
sections of under a microscope. Six of the amabilis fir dodai were each cut into four end-matched 400-



mm long samples, and, to ensure conformity in test assembly, each was marked to identity top and 
bottom (both tangentially sawn) faces. The cutting pattem (Figure 1) also involved preparing a 50-mm 
thick section sawn at each end of the 400-mm samples. These sections were for pre-test determination of 
preservative penetration and preservative retention. One end-matched sample from each of the six 3.05m 
long squares was allocated into four sets (A-D). 

3.05 meter square 

bottom zone - 10 depth assessment 

Figure 1: Cutting of Test Samples and Analysis Sections 

All 400-mm long samples were end-sealed with two coats of a two-part epoxy resin to simulate the centre 
of a full length square, weighed, and set in a stickered pile to air dry in a heated covered shed at 20°C and 
approximately 50% RH. The drying process resulted in shrinkage of the cross section to about 100mm 
square. 

A fifth set of six 400mm long samples (Set E), to test the effect of occasional flooding, was incorporated 
into the protocol later and Set E was thus not end-matched with the other sets. These samples were cut in 
a similar way from an additional six squares, one sample from each, with 50-mm sections for analytical 
work as previously described. They were end-sealed and dried as described. 



All 50-mm sections for determination of borate penetration and retention were dried overnight in a forced 
air oven at SO^C. Two 10-mm slices were removed from the centre of each section: one for assessment of 
preservative penetration, and one for zonal analysis of preservative retention (Figure 1). The face of one 
slice was sprayed with a two-part boron indicator, based on curcumin, to determine preservative 
penetration (Borax Consolidated Ltd. 1960). The preservative treated area revealed by the curcumin 
reagent was delineated with a fine pen. Penetration was measured from the centre of the heartwood face 
and also as the maximum and minimum at any point from any face. The second slice was cut into three 
analysis zones: the top zone consisting of the first 10 mm from the top surface; the bottom zone 
consisting of the first 10 mm from the opposite bottom face, and the middle zone consisting of the 
remainder of the slice (Figure 1). Wood from these zones was ground in a Wiley mill to pass a 40-mesh 
screen. The borate was extracted from a known weight of ground wood by hot water extraction at 97''C 
for four hours. A mannitol titration method was used to determine the boric acid content of the extract, 
allowing the borate content (as %BAE) of the wood to be determined (Johnson and Ingram 1992, 
Winters undated). 

4.2 Test Assemblies 

The thirty test samples were individually placed on concrete blocks in plastic containers partially filled 
with water as summarised in Table 1. 

Table I: Summary of Installation and Test Conditions for the Five Sets of Six Samples 

Set Chamber conditions Water Spray Flooding Gasket 
A 100% RH + condensation Yes No No 
B 100% RH + condensation No No No 
C 100% RH + condensation Yes No Yes 
D 100% RH + condensation No No Yes 
E 100% RH + condensation No Yes No 

These assemblies were contained in polyethylene storage containers (Rubbermaid Roughneck brand: 610 
X 406 x 420mm, 68.1 L, #2215) with tight fitting lids (Figure 2). Because of the commercial 
unavailability of solid concrete blocks, the sills, 400mm (wide) x 200mm (high) x 105mm (thick), were 
custom poured in plywood/lumber moulds using concrete premix (Target). Installation was done as 
shown in Table 1 and Figure 2. Prior to installation rolls of closed cell foam sill gasket were obtained at a 
local building supply store and trimmed to the same width of the concrete block for those assemblies 
requiring a gasket (Sets B and C). One concrete block was placed inside each container to simulate a 
foundation sill onto which one wood sample was placed. Water (5L) was added to each container to 
reach a level of approximately 50mm above the bottom of the concrete block so that the sill plate bottom 
was 150mm above the waterline. Our initial trial of the assembly confirmed that the RH was 100% and 
that the bottom half of the concrete block was fully saturated. The assemblies were stored in a room at 
20°C +/- l.5°C. Under conditions of I00%)RH small fluctuations in temperature would be expected to 
produce condensation as the air cools below the dewpoint. The chamber conditions were therefore 
vapour saturated, with light condensation occurring. 



Concrete block 

Figure 2: Test Assembly 

4.3 Water Spray 

Extreme condensation was simulated by using a glass laboratory chromatography sprayer to apply a fine 
mist of distilled water to the wood surfaces (Figure 3). The spray was applied to Sets A and C each 
working day. Each sample was sprayed on the top and one specified side for 90 seconds, moving the 
spray around the surfaces to obtain equal wetting. To ensure consistent application, air pressure was 
adjusted during daily trial sprays before application to the samples and the weight of n̂ ,̂ mulated 
in a glass flask after 90 seconds was checked. An average of 35g of spray resulteu m aoout 16g of 
"condensation" hitting each block while overspray was collected in the bottom of the container. At the 
beginning of the test 16g was sufficient water on the samples to ensure a small amount of runoff from the 
side of the samples. As the sample became wetter during the course of the test, greater quantities of run 
off occurred. A total of 1720g of distilled water impinged on each sample over the course of the test. 
This simulated extreme "condensation", more akin leaving the dodai out in rain (equivalent to 21mm), 
than to the simple condensation that would occur in a poorly insulated wall cavity or floorspace. 



Figure 3: Sample from Set C (with foam gasket between concrete sill and test sample) 
Showing Application of Water Spray 

4.4 Flooding and Test Assessment 

At monthly intervals, for six months (five months for flood samples. Set E), the test samples were 
removed from the assemblies, weighed, and an estimate of the MC calculated using the weight, sample 
volume and book density values (Jessome 1986). The water in the containers was also analyzed monthly 
for boric acid content. Each month the samples in Set E were individually submerged in fresh water in 
separate containers for 24 hours. They were then removed from the 'flood' water, weighed and returned to 
the appropriate storage assembly. Water in the bottom of the assemblies and the flood water were 
analyzed for boron content and the cumulative borate loss was calculated. 

At the completion of the test, the test samples were analyzed for MC, preservative penetration, and 
preservative retention. Two 50-mm slices were removed from each end of the test samples for 
assessment of preservative penetration and retention following the same procedures as for the initial (pre
test) analyses. In addition, one 50-mm section was removed from the mid-point of each sample and 
processed in the same way. Post-exposure results were compared to the initial results and to the amount 
of borate detected by analyses of the water to determine loss or redistribution of borate from the test 
samples. To compare moisture contents and borate losses a paired T-test was used on these data. 



5 Results and Discussion 

5.1 Moisture Content 

The initial, and final MCs, at the cohipletion of the test, are shown in Table 2. Al l samples increased in 
M C over the duration of the test. Samples subjected to the high humidity/light condensation only, with 
and without a gasket, increased in M C , to about 50% after 6 months. Thus, and somewhat unexpectedly, 
the MCs of the samples were higher than the highest measured values (Tanaka, 1984). This can be 
attributed to the fact that the RH remained at 100%) and light condensation continued for 6 months 
whereas real house measurements indicate that it would not be so high for so long, even in the older 
houses with no soil vapor barrier. 

Samples receiving the water spray, regardless of the presence of a gasket, increased in M C from below 
fibre saturation (21%) - 26%>) to about 100%o. This is about double those recorded in dodai in service and 
therefore cannot be regarded as simulating service conditions. 

Samples that were flooded monthly increased their MCs roughly in parallel with the ones subject to high 
humidity/light condensation alone. The difference would be that while the latter had a.more or less 
constant fdm of liquid water on the surface the flooded samples were totally submerged five times. 

Table 2: Summary of Sample Moisture Contents 

Set 
Estimated Average Percent Moisture Content (n=6) 

MC by 
Oven 

Drying Set 

Initial Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month 6 
A 
100% RH/ Light 
Condensation/Water 
Spray 

26 (7)* 38 (4) 50 (7) 65(11) 76 (14) 85 (17) 101 (22) 99 (23)̂  

B 
100% RH/ Light 
Condensation 

21 (1) 26 (2) 31 (3) 34 (3) 37 (4) 40 (5) 46 (6) 48 (6)̂  

C 
100% RH/ Light 
Condensation/Water 
Spray/ Gasket 

21 (5) 39 (8) 53 (14) 69 (20) 79 (23) 87 (25) 101 (29) 100 (25)̂  

D 
100% RH/Llght 
Condensation/ 
Gasket 

23 (3) 29 (3) 34 (4) 38 (4) 41 (4) 44 (5) 49 (6) 51 (5)2 

E 
100% RH/Llght 
Condensation/Flood 

20 (3) 25 (3) 31 (5) 35 (6) 41 (7) 46 (8) - -

standard deviation in bracliets 
Moisture contents bearing same superscript are not statistically different (p=0.05) from each other; MCs bearing different 
superscripts are significantly different 



5.2 Borate Penetration 

Using the curcumin indicator, boron preservative was demonstrably present in all samples before and 
after the test. Near total penetration (50mm) in samples both at the beginning and at the completion of the 
test was indicated (Table 3). The three individual minimum penetrations that were <50mm at the 
beginning of the test were 50mm upon completion. This suggests that borate redistributed during the test 
to give full penetration of previously untreated portions of the samples. 

Table 3: Summary of Initial and Final Borate Penetration 

Set 

Average Penetration (mm) (n=6) 

Set 
Initial Final 

Set 
Centre of 

Heartwood 
Face 

Maximum Minimum 
Centre of 

Heartwood 
Face 

Maximum Minimum 

A 
100% RH/ Light 
Condensation/Water 
Spray 

50 (0)* 50 (0) 50 (0) 50 (0) • 50 (0) 50 (0) 

B 
100% RH/ Light 
Condensation 

50 (2) 50 (0) 49 (3) 50 (0) 50 (0) 50 (0) 

C 
100% RH/ Light 
Condensation/Water 
Spray/ Gasl^et 

50 (0) 50 (0) 46 (9) 50 (0) 50 (0) 50 (0) 

D 
100% RH/Light 
Condensation/ 
Gasket 

50 (0) 50 (0) 50 (0) 50 (0) 50 (0) 50 (0) 

E 
100% RH/Light 
Condensation/Flood 

50 (0) 50 (0) 50 (0) 50 (0) 50 (0) 50 (0) 

* standard deviation in brackets 

5.3 Borate Retention 

Retention analyses done before and after the test indicate large variability within and between samples in 
each set, although the initial retentions for the top, centre and bottom zones of Sets A-D, cut from the 
same source squares, were reasonably consistent (2.0%, \ . \% and 1.8% B A E respectively - Table 4). The 
total % loss data for 'flood' (Set E) and water spray (Sets A and C) indicates losses of about 50%), 20%) 
and 13%) respectively from the mid-point of the samples. These losses are similar to those given by the 
analysis of the water from the chambers. Sets B and D show an apparent 20% or 55% gain in boric acid, 
appearing inconsistently in top centre or bottom zones. While these (gains) are not statistically 
significant, they may indicate redistribution (possibly from the ends) because based on analysis of the 



water no net loss into the water is indicated. For set E (flood) samples, reduction of boron levels is similar 
in each of the analytical zones. Because of the high variability in analysis results within samples we rely 
on the water analyses to indicate the true extent of loss of borate from the test samples. 

Table 4: Summary of Initial and Final Borate Retention and Percent Losses Determined by 
Wood Analyses 

Set 

Average Retention (% BAE) (n=6) 

% 
Overall 
Loss ** 

Set 
Initial Final % 

Overall 
Loss ** 

Set 
Top 

Zone 
Centre 
Zone 

Bottom 
Zone Overall Top 

Zone 
Centre 
Zone 

Bottom 
Zone Overall 

% 
Overall 
Loss ** 

A 
100% RH/ Light 
Condensation/Water 
Spray 

2.0 (0.8)* 1.2 (0.7) 1.9(0.8) 1.4 (0.7) 1.2 (0.4) 1.0 (0.4) 1.0(0.4) 1.0 (0.4) 20 (14) 

B 
100% RH/ Light 
Condensation 

1.9(0.6) 1.0(0.3) 1.7 (0.6) 1.2 (0.4) 2.0 (0.4) 1.2 (0.4) 2.0 (1.1) 1.4 (0.4) -18(20) 

C 
100% RH/ Light 
Condensation/Water 
Spray/ Gasket 

2.1 (0.8) 1.2 (0.7) 1.8(0.7) 1.3(0.7) 1.3(0.6) 1.0(0.3) 1.2 (0.4) 1.1 (0.3) 13 (20) 

D 
100% RH/Light 
Condensation/ 
Gasket 

2.1 (0.7) 1.2 (0.3) 1.9 (0.7) 1.3(0.4) 3.1 (0.7) 1.8 (0.5) 2.8 (0.8) 2.0 (0.5) -55 (31) 

E 
100% RH/Light 
Condensation/Flood 

2.6 (0.9) 2.0 (2.0) 2.1 (0.7) 1.5(0.7) 1.2 (0.3) 0.6 (0.2) 0.8 (0.2) 0.7 (0.2) 53 (13) 

* standard deviation in bracliets 
** negative numbers indicate gain in borate content 

5.4 Water Analyses 

Table 5 summarizes the analytical data for water in the bottom of the storage containers and also from the 
floodwater used for set E. In most cases the % B A E increased as the test progressed but there were some 
slight variations in this trend despite analyses being double checked and quality control procedures being 
followed rigorously. For samples exposed to high humidity/light condensation, with or without a gasket, 
the monthly analyses of water in the bottom of the test assemblies indicate there was very little loss of 
boron (about 0.2%, Table 5) over the duration of the test (Figures 4, 5)*. There was a moderate, though 
variable, loss of boron from samples exposed to waterspray (12% and 14% on average from set A, no 
gasket, and set C, with gasket, respectively. Figures 6, 7). There was heavy, though variable, loss of 
boron from samples subjected to occasional flooding (average of 40%, Figure 8). These losses all 
occurred from the sill plates during the 24-hour soak; no significant loss occurred during storage in the 
chambers at high humidity. It was clearly the presence of an excess of liquid water (flooding) that 

Figures 4 - 8 are included at the end of the report 



resulted in the leaching of borate rather than the film of water that occurs under conditions of high 
humidity/light condensation. 

Table 5: Summary of Analyses of Water in Assemblies 

Set 
% Loss of Borate by Analysis of Water (n=6) 

Set 
Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 

A 
100% RH/ Light 
Condensation/Water 
Spray 

2.0 (2.3) 5.8 (5.0) 9.9 (6.8) 11.9 (7.8) 11.0 (7.1) 13.8 (6.9) 

B 
100% RH/Light 
Condensation 

0.08 (0.08) 0.12 (0.08) 0.18(0.04) 0.23 (0.08) 0.18(0.12) 0.23 (0.18) 

0 
100% RH/Light 
Condensation/Water 
Spray/ Gasl^et 

1.8 (1.8) 5.2 (5.2) 8.2 (7.9) 10.3 (9.1) 9.5 (8.1) 11.9 (8.3) 

D 
100% RH/Light 
Condensation/ 
Gasl^et 

0.0 (0.0) 0.05 (0.05) 0.13(0.08)' 0.2 (0.06) 0.2 (0.09) 0.18(0.08) 

E 
100% RH/Light 
Condensation/Flood 

0.0 (0.0) 0.1 (0.1) 0.2 (0.4) 0.1 (0.1) 0.1 (0.1) 0.0 (0.0) 

E 
Flood water (cumulative 
data) 

17.0 (5.4) 26.8 (7.6) 34.0 (9.1) 39.9 (10.4) 44.6(11.3) N/A 

* standard deviation in brackets 

5.5 General Discussion 

Mounting sill plate samples on low (200mm) sills in 50mm deep water and placing this assembly in a 
sealed container turned out to simulate extremely wet service conditions for a Japanese house sill plate. 
Under the humidity/condensation conditions which were required to reach the highest levels of M C 
measured in (older) Japanese houses, little or no leaching of borate occurred from DOT treated sill plates. 
Provided the initial treatment levels were sufficient to control fungal growth and termite attack DOT-
treated sill plates should therefore remain protected. 

This work confirmed that significant boron loss was only encountered when DOT treated wood was 
washed with liquid water, either by spraying or flooding. There was a moderate (about 13%), though 
variable, loss of borate from sill plates subjected to frequent applications of water spray (simulated 
extreme condensation) over six months. As explained earlier, the water spray we used to simulate 
extreme condensation turned out to be too extreme to consider realistic, and more a simulation of rain 
than of problems which occur in houses. Over the six months there was an indication of redistribution of 



borate within the sprayed sill plates, with movement from the ends to the middle, but inconsistently 
distributed within the samples. 

Water leaching depleted the preservative retention by about 45% after five flooding events. Although 
crawlspace flooding is said to occur occasionally the type of repeated heavy flooding, which totally 
submerges the sill plates for 24 hours at a time with no drying period between, would be so extremely 
rare as to be a negligible risk. Furthermore, such flooding would also result in other systemic health and 
structural problems in the house which would probably overshadow the sill plate situation alone. 

6 Conclusions 

• The test with high humidity and light condensation alone gave conditions which resulted in sill plates 
comparable to the wettest sill plates observed in Japanese houses. The data showed that negligible 
borate leaching occurred from DOT-treated sill plates stored under these conditions. 

• The effect of placing a gasket between the sill plate and the sill could not be determined because of 
the negligible loss. 

• This work confirmed that significant borate loss only occurred when DOT treated sill plates were 
washed with large quantities of liquid water, either by spraying or flooding. Spraying resulted in sill 
plate moisture contents which were double those found in service in Japan. Wetting to this extent 
would not therefore occur during normal modem house construction and service. 

• The presence of a sill gasket did not stop loss of borate following spraying confirming that the water 
was dripping off and not passing into the concrete. 
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Figure 4: Estimated % BAE Loss from High Humidity /Light Condensation Samples (Set B) 
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Figure 5: Estimated % BAE Loss from High Humidity /Light Condensation Samples (Set D-
with Gasket) 
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Figure 6 Estimated % BAE Loss from Water Sprayed Samples (Set A) 
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Figure 7: Estimated % BAE Loss from Water Sprayed Samples (Set C-with Gasket) 
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Figure 8: Estimated % BAE Loss from Flooded Samples (Set E) 


