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TREATMENT OF CROSSTIES REMOVED FROM TRACK TO PREVENT
THE SPREAD OF THE ‘FORMOSAN SUBTERRANEAN TERMITE

Evidence indicates that at least one source of movement of formosan subterranean termites
(Coptotermes formosanus) from areas of infestation to non-infested regions is via used crosstics
(Forschler ef al., 2000). This being the case, it is imperative that both railroads operating in regions
known to be infested by C. formosanus and tie producers supplying ties to those regions develop
strategies for dealing with this problem before state/federal regulations dictate how they will do
business. Regions of immediate concern are the southern third of Louisiana, Mississippi, Alabama,

and all of Florida. Other regions likely will be added to this list.

Borates are known to have both insecticidal and fungicidal properties as well as having the capacity
to diffuse through non-seasoned wood. This was the basis for an carlier study that I did in
cooperation with the Raitway Tie Association. In that study, ties were dip-treated with borates prior
to being placed in an air-drying facility to protect them from insect and fungal deterioration during
storage and to protect the centers of ties after subsequent treatment with creosote. This technology

should be used to protect ties being placed in C. formosanus - prone regions.

Fumigation has been used to treat a variety of products to control insect infestations. This
technology could be used to eliminate the possibility of transporting C. formosanus in used ties to

other regions of the country.

A. New crossties

New crossties should be treated with borates, seasoned, re-treated with creosote, and placed
in-line in regions such as southern Louisiana. Permanent test sites should be established and
monitored for C. formosanus activity annually for a minimum of five years. Unireated wood
stakes could be placed adjacent to the test ties to “bait”

C. formosanus. Each site should be established as follows:

a. 10 borate-creosote treated white oak
b. 10 creosote treated white oak



¢. 10 borate treated white oak

d. 10 borate-creosote treated red oak

e. 10 creosote treated red oak

f. 10 borate treated red oak

g. 10 borate-creosote treated gum

h. 10 creosote treated gum

1. 10 borate treated gum

Two untreated southern pine stakes will be driven between the ties after every third tie.
These will be monitored annually for C. formosanus activity. If stakes become colonized,
ties adjacent to them will be removed from track after two years and sectioned to determine
if they have become colonized. If no stakes become colonized, the fifth tic in each treatment
group will be removed and sectioned to determine possible interior deterioration. The

remaining ties will continue to be monitored annually.

B. Borafe- | ties in Ii

Records will be searched to determine if anyone has borate-treated ties in line in regions
known to be infested by C. formosanus. If such ties are found, permanent test sites should
be established to include both the borate treated ties and adjacenf ties treated with only
creosote . Two borate-treated and two creosote-treated ties should be removed, sectioned,
and examined for internal deterioration at year one. Untreated southern pine stakes should
be driven between both borate-treated and creosote-treated ties and monitored annually for
C. formosanus activity. Continued monitoring and/or tie removal will be as discussed under

“new ties.”

C._Stake test
Stakes (approximately 2 x 4 x 18-inches) of white oak, red oak, and gum will be pressure
treated with creosote, borate, or borate followed by creosote. Untreated stakes of all three
species groups will serve as controls. Following treatment, the stakes will be exposed

horizontally at a test site known to be infested with C. formosanus. The stakes will be

monitored annually for five years to determine extent of colonization by C. formosanus.



D. Used crossties
Ties removed from track in regions known to be infested with C. formosanus will be
examined for signs of active infestation. Infested ties will be accumulated at one location,
tarped, and fumigated. Terminix has agreed’ to cooperate with this project and to do the
necessary fumigations. Fred Strickland, Director of Technical/Training Division for
Terminix has given verbal approval for their cooperation. Douglas Webb will be in charge

of all fumigation activities.

Following fumigation, representative ties will be sectioned and examined for live
C. formosanus.
Cost
If RTA is interested in any or all of the studies described, a detailed budget will be fumished.
Literature Cited
Forschler, B.T., J. Harron, & T.M. Jenkins. 2000. Case histories involving attempts at identifying

infestations, determining the source and controlling the formosan subterranean termite in Atlanta,
Georgia, USA. International Research Group on Wood Preservation, paper IRG/WP 00-10342.
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/ Repeated exposure of borate-treated

Douglas-fir lumber to Formosan subterranean

tarmites in an accelerated field test

J. Xanneth Grace

=cpin 7. Yamameoto

Abstract

Douglas-fir boards (ca. 74.5 g) pressure treated
with disodium octaborate terahyvdrate {DOT) to reten-
rions of O (controls). 0.88, 1.23, 1.60. or 2.10 percent
swerght/weight) DOT were sequentially exgosed 10
four active fieid colonies of Formosan subterranean
rermites, Coprotermes formosanus Shirakd {Isoptera:
Rhinotertnitidael. in an aboveground fleld test. Sam-
ples were placed in contact with each colony for 10
weeks, with ovendry weignt losses determined be-
~veen exposures, for a total termite exposure period
of 40 wesks, Feeding acrivity differed among termite
cslonies. The two lower borate retentions {0.88% and
1.23% DOT) were virtually equal in efficacy, with mean
wood weight losses during each individual 10-week
excosure ranging from 1.2 to 4.6 percent. Feeding was
negligibie on wood treated to the two higher borate
rarentions. Mean wood weight losses from termite
fesding during each 10-week period ranged irom 0.7
:0 1.3 percent with an initial retention of 1.60 percent
DOT. and 0.3 to 0.9 percent with 2.10 percent DOT.
Total cumulative wood weight losses over the 40-week
axposure were: 10.2 percent (0.88% DOT]. 8.7 percent
11.23% DOT). 3.6 percent (1.60% DOT). and 2.4 per-
cent (2.10% DOT). Under conditions of high termite
nazard, wood treatment to retentons greater than 1
percent DOT can be expected to provide protection
ram serious structural damage, although minor feed-
ing may still occur. Treatment to higher retentions can
e expected to progressively minimize the possibility
of munor cosmetic damage.

Douglas-fir (Pseudotsuga menziesii [Mirb.| Franco)
lumber. pressure treated with various wood preserv-
atives, is used extensively in building-constructon in
western North America and Hawaii (9). In Hawaii.
termites {Isoptera) are generally more destructive than
decay fungl to wood in service. and the most desuruc-
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tive termite species is the Formosan subterranean
termnite. Coptotermes formosanus Shirakt (Famuly Rhi-
notermitdae). Recendy. disodium octaborate tetrahy-
drate (DOT. as TIM-BOR®) has become available in
Hawail as a pressure treatment for Douglas-fir (1).
Lumber stamped with the HI-BOR® qualtty mark has
a minimum retendon of 1.1 percent DOT {1.32% boric
acid equivalent (BAE)) by weight in an 0.6-inch assay
zone (4}

A previous 23-week field test established that a
cross-sectional retention of 0.85 percent DOT (1.02%
BAE) was sufficient to restrict wood weight loss from
termite feeding to less than 3 percent of the initial
weight (3). These results raised the question of
whether this very minor feeding could be further
minimized by treatment to even higher DOT reten-
dons: that is, whether any retentton of DOT was
sufficient to guarantes that minor cosmetic damage
would not accur, We aiso wished to determine whether
repeated termite invasions over the life of a structure
and attempts to feed on the treated wood by different
Formosan subterranean termite colonies could lead to
greater cumulative damage to the wood.

In the present study. Douglas-fir lumber pressure-
treated to cross-sectional retentions from 0.88t0 2.10
percent DOT {1.06% to 2.52% BAE)} was exposed

The authors are, respectively. Assistant Professor and
Research Associate, Dept. of Entomology. Univ. of Hawail.
3050 Maile Way, Honolulu. HI 96822-. 271. Funding “é%s
partially provided by USDA Specif, Coop. rt:t:rm:ml -
6615-9-012. Mcintire-Stennis funds. and U.5. Boraxf nmcc.
Results were reported to the 1993 Annual Meesung @ his
lnternational Research Group on Wood Prcscrvar.ggrs;é nis
is Journal Series No. 3813 of the Hawall Institute o pl 2

culture and Human Resources. Mention of trade ng.ttrlll 2
is for informadonal |‘pu ses only and does not ccta_r;ISa !
an endorsement by funding agencies or the Univ. 10993
This paper was received for ublicadon in April .
© Forest Products Society 1994.
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TABLE 1. — Weight losses of borate-treated Douglas-fir boards fca. 74.5 g} durtng each sequendal 10-week ure o Fi .
termite fleld colontes. s Jour Formosan subterranean

Wood wetght losses during each [0-week termite exposure

oot BAE 1st 2nd 3ed 4t

....... LTy R -] ) @ {361 @ (%6} -] 19%)
2.10 2.52 075024 08202 04:03A 0604 03:02A 04203 052024 07:03
1.5 1.92 062014 0701 07:z05AB 08205 08:04AB 09205 10:04A 13:05
1.23 1.48 13:07A 20:l0 07202AB 12204 27:21B 44234 09:08A 15-13
0.88 1.06 16124 20:l4 1.0205AB 1.2:05 25222aB 31227 3421288 46z17
0 0 1092438 151259 L1204B 16205 10210AB 13204 10121048 141-147

“£ach mean (50! represents four boards pressure impregnated with disodium octaborate tetrzhydrate (DOT {expressed as cross-secy
weight/ weight percent DOT or Seric acid equivalents (BAE). New control boards were used during each expaosure. Mea;‘; within a coiu;:ns;:cl;‘:}:
Yy the same capital letter are not sigriflcanty different (ANOVA. Duncan’s Multiple-Range Test. p = 0.05). -

“ABLE 2. ~— Cumuintine weight losses of borate-rreated Douglas-fir boards fca, 74.5 g} durtng four 10-week exposures o Formosan subterranean
termite fleid colonies.

Cumulative percent wood weight loss®

20T BAE 10 weeks 20 weeks 30 wesks 40 weeks Final wood weight loss
..... PP P T T T TR LT g

2.10 2.52 0.9=02 14202 1.8£05 2.4+08 19=03A

1.60 1.92 0.7=01 1.5=20.5 2.4t 1.0 36:x08 3.1 0.7 A8
1.23 _Las 20=z1.0 dlz08 7.4:3.0 87=z23 562158

0.88 1.06 2.0z 1.4 3.1508 6.1 =3.4 *. 102 3.6 a5=31C

3 cach mean {=SD} represents four boards pressure-tmpregnated with disodium octaborate tetrahydrate {DOT) {expressed as the cross-sectional
weight/weight percent DOT ar boric acid equivalents (EAE)). Means within the last column followed by the same capital letter are not sigruficantly

different (ANOVA. Duncan's Multiple-Range Teat. p = 0.05),

sequentially to three separate C. formosanus fleld
colontes, and twice to the first termite colony. for a
total of four sequential 10-week fleld tests. We used a
rigorous feid test protocol, in which the wood samples
were placed directly into active termite feeding sites
within traps established to monitor and collect ter-
mites from each of these colonfes (2.7.8).

Experimental procedure

Douglas-fir heartwood boards (nominal 1 by 4 in.
lumber) measuring 8.5 by 8.5 by 1.8 cm (averaging
74.5 g each) were pressure impregnated with DOT
{TIM-BOR. United States Borax and Chemical Corpo-
ration. Los Angeles, Calif.) by a modified full-cell
process {4). DOT retentions were determined by weight
gain, and confirmed by ashing selected samples, ex-
tracting the residue, and using inductively coupled
plasma (ICP} spectroscopy to determine boron in
solution {4). Four wood samples each were pressure
impregnated to retentions-of 0.88, 1.23, 1.60, or 2.10
percent DOT.

Four sequential 10-week aboveground field tests
{total 40-week exposure) were conducted using For-
mosan subterranean termite colonies located on the
Manoa campus of the University of Hawatl. and at the
Poamoho Expertment Statlon near Waialua on the
island of Oahu, Hawail. Boards were ovendried (80°C
for 72 hr.) before and after each termite exposure to
determine weight losses from termite feeding. Each
board was placed over the dpen end of a rectangular
box (termite trap) constructed of untreated Douglas-fir
and placed on the soil surface, protected by a covered
5-gallon metal can with the bottom removed. This trap
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design was first described as a means of collecting
termites (7). and has been used {n fleld evaluations of
ACZA (8) and DOT (3). In 2ll cases, termites had been
actively foraging on an untreated wood box placed
within each can immediately prior to its replacement
with a new box and the test sample.

After three sequential 10-week exposures, each to
a different termite colony. the samples were exposed
again for 10 weeks to the first colony tested. since this
colony was noted to have fed considerably more on the
control (untreated) samples than either of the other
two termite colonies. Differences in feeding acuvity
among termite colonies have been documented in
other studies (6), although the basts for these differ-
ences is not understood. The foraging populations of
the three colonies were estimated, using a mark-re-
Jease-recapture method (2). to be approxymately 1.0,
1.6, and 2.4 million.

Weight losses of the test samples after each 10-
week termite exposure and cumulative weight losses
after 40 weeks were subjected to analysis of vari-
ance (ANOVA) and means significantly different at the
0.05 level were separated by Duncan’s Multipie-Range
Test {5}

Results and discus.'.'ion

At least minorevidence of termite feeding was noted
on all test boards. and the degree of cosmetic damage
was negatively correlated with DOT retenton. with
wood treated to the highest retention of 2.10 percent
DOT (2.52% BAE), extremely shallow feeding depres-
otons were visible on the wood surface at the end of
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the 40 weeks of termite exposure. However. weight
losses from termite “tasting™ at 2.10 percent DOT
averaged less than 1 percent of the (nitial wood wetght
during each 10-week exposure, for a curnulative
weight loss of only 2.4 percent after 40 weeks (Tables
1 and 2} -

With wood treated to the lowest preservative reten-
ton of 0.88 percent DOT (1.06% BAE), the mean
cumulative wood weight loss after 40 weeks of 10.2
percent (Table 2) exceeded the 2.5 percent weight loss
recorded (n our previous fleld test with wood treated
to a comparable retention (0.85% DOT) after 23 weeks'
of exposure to a single C, formosanus colony (3). These
results indicate that increasing damage to DOT-
wreated wood can occur from repeated exploratory
artacks by different termite colonies. although each
attack may be of brief duraton. However, it must be
emphasized that this was an extremely rigorous feld
test in which wood samples were physically moved
from colony to colony. In practice, the likelihood of
attack on wood in service In structures by multiple
Formosan subterranean termite colonies should.be
much less than was the case in this field test, and such
attacks would likely occur over a period of many years.
It 1s also possible that the repeated drying cyles to
which our wood samples were exposed mught modify
boron distribution in the wood samples to some extent.
The affects of such rigorous conditions on boron
distribution in pressure-treated wood are currently
under invesdgation (4).

In our view, it is prudent to consider any preserv-
ative-treated wood as “termite resistant” rather than
“termite proof.” and as one component of a termite
management program. Termite-resistant architec-
tural design, frequent butlding inspections, and the
nresence of chemical or physical bartiers in the soil

FOREST PRODUCTS JOURNAL Vol. 44, No. L

beneath and around the structure ars fmportant n
reducing termite pressure on both the treated wood
and other cellulosic materials within the structure.
Under conditions of high Formosan subtarranean
termite hazard, wood treatment to retentions greater
than 1 percent DOT can be expected to provide pro-
tection from serious structural damage, although
some termnite feeding may sull occur. Qur results
demonstrate that wood treaument to progressively
higher DOT retentions can be expected to progres-
sively minimize. although not completely eliminate,
the possibility of minor cosmettc damage to the wood
surface.
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Review of Recent Research on the
Use of Borates for Termite Prevention

| T. Kenneth_ Grace

Abstract

This paper presents a critical review of recent
research on the use of borates for prevention and
conuol of termites. This includes studies of borates
as insecticidal dusts, baits for subterranean termite
control, insecticides for soil treatment, and solutions
for application to structural lumber. It also includes
more traditional uses as preservatives for composite
and solid wood products. Although it is not without
controversy, research performed within the past few
years allows us to draw some general conclusions
concerning the potential for the use of borates in
these various applications,. the relative toxicity of
borates to different termite species, and the thresh-
old retentions required for protection of wood prod-
ucts from destruction by termites.

Introduction
Inrecent years, a number of authors have reviewed
the development of borate wood preservatives and
their efficacy against insects and decay fungi (2,4,28,
32,52). This paper presents a czitical review and

Grace:
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of Hawaii at Manoa, Honolulu, Hawaii
The author thanks Mark J. Manning (U.S. Borax Inc.), Paul
L. Morris, and Tony Byrne (Forintck Canada Corp.), and
Alan E Preston (Chemical Specialities Inc.) for various help-
ful discussions; and M.]. Manning and BI. Morris for their
collaboration in regression analysis of the results of field
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referenced in this review was provided by Mcintire-Stennis
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analysis of recentlii published research on the use of
borates for termite control. Emphasis is given to
wood preservation, either by the application of bo-
rate solutions to the surface of lumber; diffusion,
pressure, or vapor treatment of wood products; or by
incorporation of borates into wood composités or
exterior coatings. However, I also include a discus-
sion of other possible borate applications of interest
to the pest control industry: insecticidal dusts, soil
treatments, and baits for termite control. Papers
delivered by members of that industry at this con-
ference demonstrated a great deal of creativity in
exploring remedial applications of borate products
within termite-infested or termite-threatened struc-
tures. [t is hoped that this summary of the available
technical literature on borate efficacy will be of value
both to individuals interested in wood preservation
and to those whose focus is pest control in buildings.

Insecticidal dusts

Insecticidal dusts such as Paris green, arsenic tri-
oxide, and mirex have a history of use in termite
control (6,27,55). These dusts are either blown into
termite galleries in infested lumber; or termites are
trapped in cardboard or wood placed in the vicinity
of the infestation, dusted by topical application of
the insecticide powder, and then released back into
the gallery system to be groomed by (and thus kill)
other members of the termite colony Grace et al.
(10,14,15) and Myles and Grace (37) investigated
such applications of boric acid, barium metaborate,
zinc borate, and disodium octaborate tetrahydrate
(DOT). Of these, boric acid and barium metaborate
proved most effective, while zinc borate was slightly
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more effective than DOT with Reticulitermes flavipes,
but not with Coptotermes formosanus. To achieve satis-

factory control of the eastern subterranean termite,
( R. flavipes, it was necessary to directly treat at least
,? 10 percent of the total termite population with boric

acid or barium metaborate dusts; or about 15 percent
of the population with zinc borate or DOT (10,14,

15). However. Myles and Grace (37) found that this

proportion could be reduced by about 50 percent

when an adjuvant (sticker) was also applied to in- -

crease adhesion of particles to the insect cuticle.
Borates are less toxic to the Formosan subterranean
termite, C. formosanus, than to R. flavipes (47,49) and
dust treatment of about 20 percent of the population
was necessary to control this termite species. Cer-
tainly, borate dust applications may have application
in some field situations, but the very large size of
many subterranean termite colonies, numbering into
the millions of individuals (11), would appear to
make it difficult to trap and treat a large enough
proportion of the population to have a significant
impact in terms of pest control.

Soil treatment

Despite potential difficulties posed by their move-
ment in liquid water and phytotoxicity in high con-
centrations, borates have also been investigated as
soil insecticides to prevent or remediate subterra-
nean termite infestation in structures (7,9,10,25). In
this type of application, soil insecticides are applied
as a termite barrier to the soil immediately adjacent
to the perimeter building foundation (either by dig-
ging and then treating a narrow trench, or by injec-
tion through holes drilled through exterior concrete
walloways or an interior concrete slab), around piers,
and within any earth-filled porches or planters ad-
joining the structure. However, in laboratory tests
both R. flavipes and C. formosanus tunneled through
soil containing as much as 15,000 ppm zinc borate
or DOT, due to the lack of repellence and the delayed
mode of action characteristic of borates (7,9,10).
Reticulitermes flavipes was more sensitive to borate
toxicity, possibly due to a difference in the tunneling
behavior of R. flavipes and C. formosanus, and these
high borate concentrations in the soil caused 70 to
90 percent termite mortality after | week of exposure
(10). Although borates cannot be relied upon as a
traditional insecticide barrier treatment, these results
suggest that relatively insoluble borate salts could
indeed be applied to the soil around stumps and
other cellulosic termite food materials to reduce the
population of foraging termites in the vicinity Al-
though it seems impractical today due to costs and
logistics, this integrated pest management approach

B6 Crace

to termite control could be taken still further in a
zone approach by treating the soil immediately ad- )
jacent to the structure with a repellent insecticide
such as a pyrethroid, and then treating a second outer
concentric zone around the structure with a nonre-
pellent but toxic borate (7).

Baits for termite control

The very properties that are problematic in terms _
of using borates for soil treatment (lack of repellence
and slow toxic action) favor their use in baits to
suppress termite populations. In Japan, pulverized
newspapers mixed with g-boric acid and borax have
been applied in a layer under buildings for C. for-
mosanus and Reticulitermes speratus control (35). It was
observed that R. speratus activity ceased in less than
| month, while C. formosanus activity disappeared in
6 months to I year (35), although few experimental
details were provided. Other researchers have tried
to define, in labbratory or field tests, the concentra-
tions of borates in bait matrices that would allow
continued termite feeding and slow toxicity without
stimulating any avoidance behavior on the part of
the termite foragers. In a 2-week laboratory test,
Jones (24) observed that the desert termite Hetero-
termes aureus fed slightly less on predecayed wood
containing 0.96 percent boric acid equivalents (BAE)
than on untreated control wood, although there was
still extensive feeding on wood containing as much
as 1.7 percent BAE. The use of decayed wood, which
contains compounds that encourage termite feeding,
may account for this relatively high level of borate
acceptability since H. aureus was inhibited by 1.2
percent BAE in field tests with treated paper, al-
though readily feeding upon paper with 0.6 percent
BAE. From these studies, the author concluded that
concentrations of 0.25 to 0.5 percent DOT were
optimal for baiting F. aureus. These are comparable
to the concentrations in treated paper of 0.1 to 0.5
percent barium metaborate (8) and 0.25 percent
DOT(15), identified in laboratory studies as accept-
able bait dosages for R. flavipes. In a laboratory study
with vacuum-treated wood wafers, Su and Schef-
frahn (45) observed much lower thresholds for bo-
rate avoidance, and suggested appropriate targets for
bait development to be 0.045 to 0.09 percent DOT
with R. flavipes, and 0.045 to 0.18 percent DOT with
C. formosanus. Differences in the borate avoidance
thresholds suggested by different researchers may be
attributable to the use of different bait matrices,
since it is more difficult to obtain uniform impreg-
nation of wood wafers than of paper.

A difficulty in the use of borates as termite baits
is the relatively large quantity of boron required for
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termite mortality and thus the slow mode of action
of baits containing small amounts of boron in com-
parison to other possible bait toxicants (16). Field
studies have demonstrated a reduction in the
number of termites present following application of
borate baits (5,23,24), but the effects may be too
subtle to detect for many months or even years when

. large termite colenies such as those characteristic of

C. formosanus are involved (22). Thus, as with soil
treatment, borate baits would undoubtably be help-
ful in the long term, but do not appear sufficient as
a sole method of structural protection. Given the
dramatic effects of termite infestation, it is debatable
whether subtly helpful techniques are of real value
in control efforts.

Remedial applications
to structural lumber

Another borate application of interest to the pest
control industry is the use of water-based or glycol-
based solutions of DOT for in situ applications to
structural lumber. In laboratory tests in small con-
tainers under conditions of fairly high humidity
where termites were very likely to contact the DOT-
treated wood surface, both types of DOT solutions
caused high termite mortality (18,21,46,50). There
was more rapid mortality with glycol-based solu-
tions, possibly due to termite grooming behavior
after contact with the treated surface, and a single
application of DOT/glycol or multiple applications
of DOT/water solutions could prevent termite pene-
tration of the treated surface. However, diffusion of
boron into lumber was found to be extremely slow
under normal field conditions, and even multiple
applications of DOT solutions to the surface pro-
vided negligible protection to interior wood further
than 6 mm beneath the surface {2!). Thus, one or
two applications of DOT/glycol or three to four
applications of DOT/water-based solutions can pro-
vide a protective shell treatment to the wood surface,
but pest control professionals should remember that
untreated board surfaces and the interior wood are
still vulnerable to termite attack. One simply cannot
obtain results equivalent to pressure impregnation or
dip-diffusion by spraying structural framing with
DOT solutions. By the same measure, field tests
indicate that termites already tunneling in the inte-
rior wood are relatively unaffected by solutions ap-
plied to the wood surface (21,44). Despite these
limitations, preventing direct termite penetration of
the board surface certainly has utility in termite
cantrol, possibly in preventing drywood termite
alates (swarmers) from colonizing structural lumber.

Toxicity and mode of action
The mechanism of borate toxicity to termites is
poorly understood. Although the numbers of symbi-
otic protozoa harbored in the termite gut decrease in
borate-exposed termites, termite mortality occurs
more rapidly than can be reasonably explained by

defaunation and starvation, and toxic action more

likely occurs at the cellular level (22,38,39,48). Cer-
tainly, different termite species exhibit different lev-
els of susceptibility to borates, which has implica-
tions for both pest control treatments and wood
preservation, particularly within geographic regions
where a number of different pest species occur. The
LDsp (dose required to kill 50% of a test population})
of boric acid is between 264 to 370 ug/g BAE for
R. flavipes and between 560 to 722 pg/g BAE for
C. formosanus, indicating that boric acid is 1.5 t0 2.7
times more toxic to R. flavipes than to C. formosanus
(47,49). Tokoro dnd Su {49) found DOT to be
somewhat more toxic than boric acid alone to ter-
mites, with LDsg values of 168 ug/g BAE for
R. flavipes and 486 ug/g BAE for C. formosanus.

Protection of composite products

The greatest role of borates in termite control is
likely to continue to be in pretreatment of wood
products used in construction. Certainly, initial re-
sults incorporating borates, and particularly less-sol-
uble borates, into composite products are promising.
Aspen waferboard incorporating DOT at a concen-
tration of | percent BAE showed no evidence of
termite feeding in a 32-day laboratory test with
R. flavipes (36). Similar laboratory tests against
Reticulitermes lucifugus with OSB vapor-treated with
trimethyl borate produced similar results above
about 0.18 percent BAE, although slight attack was
noted on almost all of the test samples, even with
retentions as high as 1.16 percent BAE (40). In field
tests with C. formosanus in Hawaii, waferboard con-
taining zinc borate at target retentions of 0.5 percent
BAE showed very little feeding after 4 years, and
boards with zinc borate retentions of 1.5 percent
BAE were essentially untouched (26). Waferboard
treated with DOT did not perform well in this field
test, however, due to leaching of the boron under the
conditions of at least 300 cm of rainfall found at this
test site. Although the test boards had been placed
on hollow concrete blocks above soil grade and
covered by a wooden box, chemical analyzes of the
test samples after 4 years demonstrated leaching of
about 85 percent of the boron from the DOT samples
due to water wicking up the concrete blocks from the
damp soil (26). Under such rigorous environmental
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conditions, the low solubility of zinc borate was a
distinct advantage.

Protection of solid wood products
Dip-diffusion and pressure treatment of solid
wood products are currently, and historically, the
most popular applications of borates in wood protec-
tion. Although the knowledge base on termite per-

formance from laboratory and field studies contin.’

ues to expand, and is not without controversy,

sufficient information is available to allow us to draw -

some general conclusions concerning the threshold
boron retentions required for protection from Reticu-
litermes and Coptotermes. Given the differential toxic-
ity of borates to these two different termite genera
(47,49), it is not surprising that greater retentions
are required for Coptotermes. On the other hand lower
concentrations appear to be effective against the
dampwood termite Zootermopsis angusticollis (30).

In laboratory studies with Reticulitermes, a 0.3
percent BAE retention in banak held wood mass loss
to 2.5 percent or less (53); while in two additional
studies, treatment of southern pine to 0.1 to 0.3
percent BAE (depending upon the particular test)
(33), and to 0.11 to 0.43 percent BAE (45) was
sufficient to hold wood mass loss to less than 3
percent. In an additional laboratory study, filter
papers impregnated with 0.6 percent BAE sustained
an average 6.5 percent mass loss, but their placement
in direct contact with damp sand likely led to deple-
tion of boron from the papers during the test and
lower actual BAE levels than reported (15).

Effective values from field tests with Reticulitermes
fall well within the range of retentions indicated by
the laboratory tests. Southern pinetreated to a target
0.13 percent BAE was protected from significant
damage for at least 16 months (42); while in another
field test, pine treated to 0.1 percent BAE received
an average visual rating of 7.5 on the 0-10 AWPA
scale after [8 months, and 0.3 percent BAE resulted
in almost no visible termite feeding (rating of 9.6) in
this same period (33).

Higher threshalds than those recorded with Reticu-
litermes termites are reported from laboratory and
field studies with C. formosanus. In laboratory studies,
0.64 percent BAE was required in banak for a maxi-
mum 2.5 percent mass loss (53), while 0.54 percent
BAE (33) and 0.43 to 0.8¢ percent BAE (again,
depending upon the particular test conditions) were
needed in southem pine to hold mass loss to 4
percentor less (45). In laboratory tests with Douglas-
fir heartwood, 0.8 percent BAE resulted in a 3.6
percent mass loss, and 1.18 percent BAE held mass
loss to less than 3 percent (22.48). Treatment of sugi
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(Cryptomeria japonica) sapwood to the slightly lower
retention of 0.67 percent limited wood mass loss
from C. formosanus feeding to 2 percent (51 ).

In field studies with treated southern pine, no
visible cvidence of attack was noted on samples
treated to 1.24 percent BAE after 2 years of exposure
at a site infested by C. formosanus. Samples treated
to 0.54 percent BAE had minimal damage in this
same period (rating of 9) (43). A S-week field test of
hoop pine and slash pine against the Australian
species Coptotermes acinaciformis led Moffat and Pe ters
(34) to fit a dose-response curve to these data,
indicating that approximately 0.5 percent BAE was
necessary for 3 percent or less wood mass loss. These
authors cautioned that the large degree of variation
in borate distribution within treated boards and in
the pattern of attack by different termite species
make values based upon average borate retentions in
the treated material somewhat misleading (34). In-
deed, the distribution of boron in treated boards, and
subsequent redistribution or depletion of boron with
moisture flux, are important concems both in evalu-
ating the results of field tests and in commercial
treatment of refractory species.

In a 2-1/2-year field test of treated Douglas-fir
against C. formosanus, 21 samples treated to an aver-
age 0.63 percent BAE by uptake sustained severe
feeding on 10 of the samples (rated 2 to 4 on 2 0—4
scale), while 11 of the samples were untouched (1).
The authors recently reinterpreted these data, com-
menting that individual samples up to the highest
target retention of about 1.0 percent BAE included
in this test were destroyed by termite attack after 3
years of exposure (41). Although the authors attrib-
ute these failures to lack of efficacy of the target BAE
retentions, one cannot discount the possible impacts
of nonhomogeneous distribution of boron in this
refractory species and/or depletion of boron from the
samples during the exposure period, as was docu-
mented with waferboard tested under similar condi-
tions in this same geographic location (26).

The difficulty of obtaining a homogeneous distri-
bution of boron by pressure treatment and the pos-
sibility of termite attack upon specific sections of the
treated boards where the local boron concentration
may fall below the necessary retention are key prob-
lems in commercial treatment, particularly with re-
fractory wood species (19,31,34). For example, al-
though small Douglas-fir heartwood boards carefully
treated to 1.02 percent BAE held wood mass loss to
2.5 percent in a 23-week C. formosanus field test (22),
Grace and Yamamoto (19) found that thin Cross-sec-
tional slices from a single commercially treated (tar-



ST LT

T 1A g o+ s o mehemk s o e

ey g s etk —_— g

e oy e a Pl L g o greiien e

get 1.32% BAE} 2 by 4 board actually ranged from
0.77 percent BAE to 1.34 percent BAE. Coptotermes
feeding on cross-sectional slices with retentions of
1.0 percent BAE or greater was minimal (rating of
9), while sections with retentions of 0.77 percent
BAE and 0.91 percent BAE received proportionally
greater attack (rating of 7). On 4 commercial scale,

- the difficulty of obtaining homogeneous treatment

could be addressed either by treatment to high target
retentions to insure that all portions of the treated
lumber are above the required boron threshold, or by
the use of incising technology to enhance preserv-
ative penetration.

Termites will attempt to feed when they encounter
borate-treated wood, due to the nonrepellent nature
of borates. This is true of waterborne preservatives
such as CCA as well (3,13,29), but the need to ingest
a greater quantity of boron and its slower mode of
action compared to arsenic result in slower termite
mortality and therefore a greater degree of cosmetic
damage to the wood surface. Although it has yet to
be demonstrated in the field, it is likely that termites
dying in the vicinity of the treated wood deter other
termites from foraging in the area. In a field test in
which borate-treated Douglas-fir was deliberately
exposed to different termite colonies by moving the
wood from one field site to another for a total of four
successive exposures, minor feeding occurred each
time a new colony encountered the wood, although
1.92 percent BAE held the final 40-week mass loss
to 3.1 percent (20). It should be stressed that this
was not equivalent to, and likely to be more rigorous
than, a single 40-week exposure at one field site.
Rather, the woed was placed directly in contact with
foraging termites from a series of different colonies,
each numbering in the millions of individuals, in
order to simulate the type of termite exploration that
might occur over a long period of time in a structure
invaded repeatedly by new termite colonies.

In a 2-year field test in Kagoshima, Japan, with
both R. speratus and C. formosanus, Pacific silver fir
samples treated to 1.2 percent or 2.2 percent BAE
were rated 0.3 (two out of eight rated one) and 0.1
(one out of eight rated one), respectively, on the
[UFRO scale of 0 (sound) to 4 (destroyed), in con-
trast to a rating of 2.2 for the controls (51). In a
similar l-year field test against C. formosanus in Ha-
waii, fir treated to 1.2 percent BAE sustained an

~ average mass loss of 4.5 percent, while 2.2 percent

BAE held mass loss to 1.2 percent in comparison to
the 34.7 percent mass loss of untreated control
boards (17).

When the results of a series of published C. for-
mosanus field tests performed over the past several
years by University of Hawaii researchers (17,20,22,
48) are normalized to reflect mass loss over a 52-
week period, regression of percentage wood mass loss
as a function of borate retention takes the form of
an exponential equation y = 80.33e-2-4165x wjth 2
= 0.88. This is similar in form to the exponential
relationships reported by Williams et al. (53) from -
laboratory tests with both C. formosanus and
R. flavipes, and by Moffat and Peters (34) from field
studies with C. acinaciformis. However, Preston and
colleagues (41) reported a very weak exponential
correlation (r2 = 0.31) between borate retention and
performance in a 1-year above-ground field test with
short lengths of DOT-treated Douglas-fir 2 by 4
boards. In large part, this poor correlation can be
attributed to severe damage by C. formosanus (rating
of 3 on a scale of 0—4) to three boards treated to
averall average retentions of 1.41 percent, 1.66 per-
cent, and 3.02 percent BAE. Lesser but significant
damage (rating of 2) was also noted to three boards
treated to average retentions of 1.36 percent, 1.45
percent, and 1.45 percent BAE (41).

It is interesting to note that a much stronger
exponential relationship between borate retention
and performance, and one similar to the regressions
mentioned above from other studies, can be derived
from the data of Preston et al. (4!) if the three
individual boards with the greatest amount of dam-
age are removed from the analysis. This raises the
question of whether the observed damage might be
attributable, at least in part, to heterogenous distri-
bution of boron in the wood samples and/or deple-
tion of boron by leaching in the course of the study.
It is not possible to directly assess the impact of
treatment procedures or moisture conditions on
these results, since average (whole-board) borate
retentions were based upon treating solution uptake,
and chemical analyses of within-board beron distri-
bution and post-test retentions were not part of this
particular study However, similar pressure-treatment
of short (43 to 61 cm) Douglas-fir 2 by 4s was
reported to result in a 2- to 9-fold differential in DOT
retentions from the ends to the centers of the boards
(31). The value of assessing borate retentions at the
end of the field exposure, as well as the beginning, is
emphasized by the 85 percent depletion of boron
from DOT-treated waferboard samples after 4 years
of exposure in this same geographic location (Hilo,
Hawaii), also in a protected above-ground test on
hollow concrete blocks (26). Still another variable
that can impact field results is the unpredictable
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foraging behavior of C. formasanus. This can result in
variable attack on the different test units, an effect
that can be minimized by “prebaiting” termites at a
particular field site and then placing the test samples
directly into the already established foraging loca-
tions (12).

Concluding remarks ‘
[n summary; the technical information developed
on borates in the past several years has helped to

better define their conditions of use and is generally’

supportive of their role in protecting wood from
termite attack. However, both the target termite
species and the wood species need to be considered
in wood preservative treatment. Architects and con-
tractors also need to make appropriate use of borate-
treated wood products and recognize conditions
where depletion could occur. In remedial treatments,
pest control operators need to have realistic expecta-
tions since surface applications of borate solutions
can provide protection to treated surfaces, but wood
has limited permeability under normal structural
conditions. Neither borates nor any other currently
available wood preservative nor termite control
product should be considered 2 “miracle drug” to
completely alleviate the threat of termite infestation.
Rather, a multi-tactic approach is required to con-
struct buildings that are as termite-resistant as pos-
sible and to protect existing structures. Such an
approach represents the integration of good architec-
tural design, physical barriers to termite penetration,
steps to modify environmental conditions conducive
to termite growth and survival, appropriate termite-
resistant wood products, insecticides, baits, and pos-
sibly even biological control agents. )

Literature cited
l. Archer KJ.,D.A. Fowlie, A.E Preston, and BJ. Walcheski.
1991. A termite field test with diffusion treaced lumber
Doc. No. IRG/WP/3648. Intl. Res. Group on Wood Pres.,
Stockholm, Sweden.

holm, Sweden. 16 pp.

3. Doyle, E.E. 1992, Field testing of wood preservatives in
Canada Il. Commodity testing at Kincardine termite test
plot. In: Proc. Canadian Wood Pres. Assoc. 13:9 1-106.

4. Drysdale, J.A. 1994. Boron treatments for the preserva-
tion of wood—a review of efficacy data for fungi and
termites. Doc. No. IRG/WP/94-30037. Indl. Res. Group
on Wood Pres., Stockholm, Sweden. 21 pp-

5. Forschler, B.T. 1996. Baiting Reticulitermes (Isoptera: Rhi-
notermitidae) field colonies with abamectin and zinc
borate-treated cellulose in Georgia. Sociobiology
28:459-484,

90 Grace

6.

7.

9.

10.

L

12.

13.

French, [R]. 1994. Combining physical barriers. bait
and dust toxicants in future strategies for subterranean
termite control ({soptera). Sociobiology 24:77-91.
Grace, K. 1990. Eastern subterranean termite re-
sponses to three soil pesticides. Doc, No, [RG/WP/1432.
Intl. Res. Group on Wood Pres., Stockholm, Sweden, 6 Pp-
- 1990. Oral toxicity of barium metaborate to
the eastern subterranean termite {Isoptera: Rhinotermi-
tidae). |. of Entomological Sci. 25:112-1 l6.

- 1991. Comparative response of Reticulitermes
flavipes and Coptotermes formosanus ro borate soil treat-
ments. Doc. No. IRG/WP/1486. Inel, Res Group on
Wood Pres., Stockholm, Sweden, 5 PP

- 1991. Response of eastern and Formosan
subterranean termites (Tsoptera: Rhinotermitidae) to
borate dust and soil treatments, I. of Economie Entomol-
ogy 84:1753-1757.

- 1992, Termite distribution, colony size, and
potential for damage. In: Proc. Natl. Conf. on Urban
Entomology. WH. Robinson, ed. College Park, Md. pp.
67-76.

- 1995. Termite ficld evaluations in Hawaii: a
brief reviews of methods and issues. Doc. No. IRG/
WP/95-10131. Intl. Res. Group on Wood Pres., Scock-
holm, Sweden. 4 pp.

. 1997, Termite resistance of pine wood
treated with chromated copper arsenate. Doc. No, IRG/
WP/97-30128. Intl. Res. Group on Wood Pres., Stock-

- holm, Sweden. 7 pp.

14,

L5,

le.

7.

18.

19,

20.

21.

22,

and A. Abdallay 1990. Termiticidal activity
of boron dusts (Isoptera, Rhinotermitidae). J. of Applied
Entomology 109:283-288.
. .and J.M. Sisson. 1990. Prelimi-
nary evaluation of borate baits and dusts for castern
subtemranean termite control. Doc. No. IRG/WP/1433,
Ind. Res. Group on Wood Pres., Stockholm, Sweden. 7 pp-

.CHM. Tome, TG. Shelton, R.]. Oshiro, and
J.R. Yates III. 1996. Baiting studies and considerations
with Coptatermes formosanus (Isoptera: Rhinotermitidae)
in Hawaii. Sociobiology 28:51 [-520.

- K. Tunoda, T Byrne, and PI. Morris. 1995,
Field evaluation of borate-treated umber under condi.
tons of high termite hazard. In: Wood Pres. in the '90s
and Beyond. Proc. No. 7308. Forest Prod. Soc., Madison,
Wis. p. 240.

and RT Yamamoto. 1992. Termiticidal ef-
fects of a gtycol borate wood surface treatment. Forest
Prod. [. 42(11/12):46—48.

and - 1994. Natural resistance of
Alaska cedar, redwood, and tezk. to Formosan subterra-
nean termites. Forest Prod. J. 44(3):41—45.

and - 1994, Repeated exposure of
borate-treated Douglas-fir lumber to Formosan subterra-
nean termites in an accelerated field test. Forest Prod, J.
44(1):65-67.

and - 1994. Simulation of reme-
dial borate treatments intended to reduce attack on
Douglas-fir lumber by the Formosan subterranean ter-
mite (Isoptera: Rhinotermitidae). J. of Economic Ento-
mology 87:1547-1554.

. »and M. Tamashiro. 1992. Resis-
tance of borate treated Douglas-fir to the Formosan
subterranean termite. Forest Prod. J. 42(2):61-65.




e e .
W ora Rl

L

L P .

29.

30.

31.

32

33

34.

3s.

36.

37.

- Jones, S.C. 1990. Borate baiting systems for subterra-

nean termite control. In: 1st Intl, Conf. on Wood Protec-
tion with Diffusible Pres. Proc. 47355. Forest Prod. Soc.,
Madison, Wis. pp. 128-129.

. 1991. Field evaluation of bomon as a bait
toxicant for control of Fetervtermes aureus (Isoptera: Rhi-
notermitidae). Sociobiology 19:187-209.

. Kard, B.M. [990. Borate treatment to soil: effects on

subterranean termites. fr: st Ind. Conf. on Wood Pro-
tection with Diffusible Pres. Proc. 47355, Forest Prod.
Soc., Madison, Wis. p. 127.

- Laks, PE. and M ]. Manning, 1995. Preservation of wood

composites with zinc borate, Doc. No. IRG/WP/95-
30074. Intl. Res. Group on Wood Pres., Stockholm,
Sweden. 12 pp.

. Lin, 5.-Q. 1987. Present status of Coptotermes formosanus

and its control in China. [n: Biology and Control of the
Formosan Subterranean Termite. M., Tamashiro and N.-Y,
Su, eds. College of Tropical Agri. and Human Resources,
Univ. of Hawaii. HITAHR Res. Extension Series
083:31-36.

- Lloyd, ].D. and M.]. Manning. 1995. Developments in

borate preservation technology fn: Record of Annual
Conv. of the British Wood Preserving and Damp-Proof-
ing Assoc. 7 pp.
Lund. A.E. 1958. The relationship of subterranean ter-
mite attack to varying retentions of waterborne preserv-
atives. [n: Proc. Amer. Wood-Preservers’ Assoc. 54:44-53.
Mankowski, M.E. and ].]. Morrell. 1993. Resistance of
dampwood termites to preservative-treated wood. Forest
Prod. ]. 43(9):58-60.
Manning, M.J. 1995. Pressurc treatment of Douglas-fir
lumber. Unpub. rept. submitted by U.S. Borax Inc. to
Building Dept., City and County of Honolulu, Hawaii.
5 pp.

and LT Arthur 1995. Borates as wood
preservatives. In: Wood Pres in the '90s and Beyond.
Proc. No. 7308. Forest Prod. Soc., Madison, Wis. pp.
[80-186.
Mauldin, ].K. and B.M. Kard. 1996. Disodium octabo-
rate tetrahydrate treatments to slash pine for protection
against Formosan subterranean termite and eastern sub-
terranean termite (Isopeera: Rhinotermitidae). J. of Eco-
nomic Entomology 89:682-688.
Moffat. A.R. and B.C. Peters. 1993. Chemical evaluation
of borate treated pine sapwood attacked by the subter-
rancan termite Coptotermes acinaciformis. Doc. No, [RG/
WP/93-20003. Intl. Res. Group on Wood Pres., Stock-
holm, Sweden. 6 pp.
Mort, H. 1987. The Formosan subterranean termite in
Japan: its distribution, damage, and current and poten-
tial control measures. I Biology and Control of the
Formosan Subterranean Termite. M. Tamashiro and N.-Y,
Su. eds. College of Tropical Agric. and Human Resources,
Univ. of Hawaii. HITAHR Res. Extension Series
083:23-26. _
Myles, TG. 1994. Use of disodium octaborate tetrahy-
drate to protect aspen waferboard from termites. Forest
Prod. ]. 44(9):33-36.

and J.K. Grace. 1991. Behavioral ecology of
the eastern subterranean termite in Ontario s a basis for
conuol. /n: Proc. Ontario Ministry of the Environment
Tech. Transfer Conf. ISSN 08254591, pp. 547-554.

38.

39.

40.

41,

42,

43,

44,

45,

46.

47.

48.

49,

50.

Nunes, L. and D.J. Dickinson. 1995, The influence of
boric acid on respiratory quoticnts and methane produc-
tion of subterranean termites. Doc. No. [RG/WP/95.
10136. Intl Res. Group on Wood Pres., Stockholm,
Sweden. 9 pp.

and D.]. Dickinson, 1996. The effect of boric
acid on the protozoan numbers of the subterranean
termite, Reticulitermes lucifugus. Doc. No. IRG/WP/96.
10148. Int. Res. Group on Wood Pres., Stockholm,
Sweden. 11 pp. ’

. .and R.J. Murphy 1995, Volatile -

borates in the treaument of wood and wood based panel
products against subterranean termites. Doc. No. IRG/
WP/95-30094. Inul. Res. Group on Wood Pres., Stock-
holm, Sweden. 9 pp.
Preston, AE, L. Jin, and K.J. Archer 1996. Testing
treated wood for protection against termite attack in
buildings. In: Proc. Amer. Wood-Preservers’ Assoc.
92:205-220.

. PA. McKaig, and PJ. Walcheski. 1985, Ter-
mite resistance of treated wood in an above ground fieid
test. Doc. No. IRG/WP/2241. Intl. Res. Group on Wood
Pres.. Stockholm, Sweden.

. .and . 1986. Termite
resistance of treated wood in an above ground field test.
Doc. No. IRGWP/1300. Intl. Res. Group on Wood Pres..
Stockholm, Sweden. 6 pp.

Scheffrahn, R H., N.%. Su, and P Busey 1997. Labora-
tory and field evaluations of selected chemical ueat-
ments for control of drywood termites (Isoptera: Kalo-
termitidae). . of Economic Entomoiogy 90:492-502.
Su, N.Y and R.H. Scheffrahn. 1991. Laboratory evalu.
ation of disodium octaborate tetrahydrate ( Tim-bor®) as
awood preservative or a bait-toxicant against the Formo-
san and eastern subterranean termites (Isoptera: Rhi-
notermitidae). Doc. No. IRG/WP/1513. Intl. Res. Group
on Wooed Pres., Stockholm, Sweden, 12 pp.

and - 1991. Remedial wood pre-
servative efficacy of Bora-Care™ against the Formosan
subterranean termite and eastern subterranean termites
(Isoptera: Rhinotermitidae). Doc. No. IRG/WP/1504.
Intl. Res. Group on Wood Pres., Stockholm, Sweden. 8 pp.

. M. Tokoro, and R.H. Scheffrahn, 1994,
Estimating oral toxicity of slow-acting toxicants against
subterranean termites ([soprera: Rhinotermitidae}. ]. of
Economic Entomology 87:398-401.

Tamashiro, M.. R.T. Yamameto, and [.K. Grace. 1991,
Treatment of Douglas-fir heartwood with disodium oc-
taborate tetrahydrate (Tim-bor®) 1o prevent attack by
the Formosan subterranean termite, Doc. No. IRG/WT/
1487, Intl. Res. Group on Wood Pres., Stockholm, Swe-
den. 9 pp.
Tokoro, M. and N.-Y. Su. 1993, Oral toxicity of Tim-bor®,
Bora-Care™, boric acid and ethylene glycol against the
Formosan subterranean termite and the eastern subter-
rancan termite. Doc. No. IRG/WP/93-10045. [ntl. Res.
Group on Wood Pres., Stockholm, Sweden. 6 pp.

and . 1993. Wood protection Ez
surface treatment of two borate preservatives, Tim-bo
and Bora-Care™, for the Formosan subterranean termite
and eastern subterranean termite. Doc. No. IRG/WP/93-
10044. Ind. Res. Group on Wood Pres., Stockholm,
Sweden. 7 pp.

Grace o1



5L

52,

33

Tsunoda, iC 1996. Personal communication to J.K. Grace
from K. Tounoda, Wood Res. Inst., Kyoto Univ
Williams, LH." 1990. Potential benefits of diffusibie
preservatives for wood protection: an analysis with em-
phasis on building protection. In: st Intl. Conf. on Wood
Protection with Diffusible Pres. Proc. 47355. Forest
Prod. Soc., Madison, Wis. pp. 29-34.

Williams, L.H., TL. Amburgey, and B.R. Parresol. 1990.
Toxic thresholds of three borates and percent wood
weight losses for two subterranean termite species when

feeding on treated wood. [n: 1st Intl. Conf. on Wood.

34,

33.

Protection with Diffusible Pres. Proc. 47355. Forest
Prod. Soc., Madison, Wis. pp. 129-133.

Williams, L.H. and M.E. Mitchoff. 1990. Termite feed--
ing on borate-treated wood after exposure to 145 inches
of rainfall. In: 1st Intl. Conf. on Wood Protection with
Diffusible Pres. Proc. 47355, Forest Prod. Soc., Madison,
Wis. pp. 136-141.

Zimmerman, E.C. 1948. Insects of Hawaii, Vol. 2: Ap-
terygota to Thysanoptera Inclusive. {Order Isoptera).
Univ. of Hawaii Press, Honolulu, Ha. pp. 159189,



Summary of the Efficacy of Borate Pressure-Treatment in Protecting Wood from Attack by
2 Formosan Subterranean Termites

J. Kenneth Grace
Associate Professor of Entomology
University of Hawaii at Manoa
3050 Maile Way, Room 310
Honolulu, HI 96822

March 1, 1996

As requested by the Director and Building Superintendent, here is a brief summary of relevant
laboratory and field evaluations of the efficacy of borate treatment in protecting wood from attack
by Formosan subterranean termites, Coptotermes formosanus. For each study, I have given the
affiliation of the principle author, and the date that the report was published or distributed.

ratory T

There is no single accepted laboratory measure for determining if a wood preservative treatment
is effective against termites. In practice, researchers tend to consider preservatives “effective” if
the wood test pieces suffer less than about 5% weight loss, or are rated close to 9 on the AWPA
visual rating scale of 0 - 10. I have indicated the borate retentions in percent boric acid .
equivalents, or % BAE. 1% BAE is equivalent to 0.83% DOT (disodium octaborate tetrahydrate,
or Tim-Bor, the preservative used to treat Hi-Bor wood in Hawaii), or about 0.23 pcf Tim-Bor.

L. K. Tsunoda; Wood Research Institute, Kyoto University; 1996 (personal communication):
Laboratory tests (165 termites for 3 weeks) with Sugi sapwood (Cryptomeria japonica)
indicated that borate retentions of 0.67% BAE and 0.83% BAE held wood weight losses
to 2.0% and 1.4%, respectively. Termite feeding on wood treated to 0.24% BAE resulted
in 2 6.0% weight loss.  This study was based upon a Japanese standard method. On the
basis of this test, retentions equal or greater than 0.67% BAE would be considered
acceptable for wood protection. :

2. L.H. Williams, T.L. Amburgey, B.R. Parrésol; USDA Forest Service (Gulfport, MS);
1990: Laboratory tests (100 termites for 6 weeks) with banak wood (Virola spp.)
indicated that 0.89% BAE limited wood weight loss to 1%. These researchers suggested
that a retention nearer to 1.24% BAE would probably be necessary to prevent damage
under field conditions.

3. J.K. Grace, R.T. Yamamoto, M. Tamashiro; University of Hawaii; 1992: Laboratory tests
(400 termites for 4 weeks) with Douglas-fir heartwood indicated that 0.80% BAE and
1.18% BAE held wood weight losses to 3.6% and 2.9% respectively. This suggested that
retentions of at least 0.80% BAE would be needed for field tests. This study was based
upon the AWPA (and ASTM) standard methods. [Results of this study were also
distributed to members of a wood research society in 1991 in a report by M. Tamashiro,
R.T. Yamamoto, J.K. Grace].



Field Tests:

As with laboratory tests, there is no universally accepted time period for the study, nor level of
damage that clearly determines whether or not a wood preservative treatment is considered
“effective.” The longer the test period and the less the damage, the better. Test pieces are rated
either by visual inspection (using the AWPA scale of 0 - 10, a different regional or organizational

“standard” scale, or a scale developed by that particular researcher), or on the basis of the weight
loss due to termite feeding. As in laboratory tests, acceptable weight losses are usually less than
5% - although the length of the field exposure, the size of the test pieces, and other factors will
obviously have an effect on this.

All of the field tests described below, except for the last test (#8), were performed in Hawaii.

1. A'F. Preston, P.A. McKaig, P.J. Walcheski; Michigan Technologica!l University; 1986 [an
earlier report on the test was also distributed in 1985]: In a 2-year field test with southern
pine, test pieces treated to 0.54% BAE (about 0.10 pcf Tim-Bor) received an average
visual rating of 9.0, indicating minor damage; while 1.24% BAE (about 0.24 pcf Tim-Bor)
provided protection from any damage (rating of 10). -

2. K.J. Archer, D.A. Fowlie, AF. Preston, P.J. Walcheski, Laporte Timber Division; 1991:
In a 2.5-year field test with Douglas-fir, 10 of 21 test pieces treated by dip-diffusion to an
average retention of 0.63% BAE (about 0.14 pcf Tim-Bor) were badly damaged (visual
ratings of 2-4 on a 0-4 scale, with 4 indicating destruction), while 11 of the 21 pieces
received little or no feeding (visual rating of 0-1). The average visual rating was 1.95.

3. T X. Grace, R.T. Yamamoto, M. Tamashiro; University of Hawail; 1992: In a 23-week
(162 days, or about 6 months) field test with Douglas-fir 1x4 lumber, wood pressure-
treated to 1.02% BAE (about 0.85% or 0.24 pef Tim-Bor) sustained a small 2.5% weight
loss from termite feeding . Results of this study were also distributed to members of a
wood research society in 1991 in a report by M. Tamashiro, R.T. Yamamoto and J K.
Grace. An earlier report to the preservative manufacturer (U.S. Borax) on the test from
M. Tamashiro was provided to the Building Dept. by the manufacturer to support
approval of a target retention of 1.10% Tim-Bor (0.31 pef Tim-Bor, or 1.32% BAE) in
treatment of Hi-Bor wood in Hawaii.

4, T K. Grace, R.T. Yamamoto; University of Hawai; 1994: In a 40-week field test with
Douglas-fir 1x4 lumber, wood pressure-treated to retentions of 1.06% BAE, 1.48% BAE,
1.92% BAE, or 2.52% BAE was exposed to four different termite colonies, each for 10
weeks. This test was performed to determine (1) whether repeated attacks by different
termite colonies invading a building during the life of the structure would cause greater
and greater damage to borate-treated lumber, and (2) whether higher levels of borate
treatment could completely stop termite fesding on the wood and prevent even cosmetic
damage. At the highest two retentions, termites caused only very minor surface scarming
of the wood in 40 weeks; although the borate treatment did not repel the termites, and
about the same amount of termite attack occurred with each new termite colony.
Individual termite colonies appeared to initially attack, and then retreat from the treated



wood. At the two lower borate retentions, the wood suffered total weight losses from
8.7%t0 10.2%: It was felt that this test was more rigorous than would normally be the
case for treated lumber in buildings, that treatment to borate retentions higher than 1%
Tim-Bor would protect wood from serious damage, and that greater borate retentions
could be used to further reduce (although not completely eliminate) termite scarring of the
wood surface. :

IK. Grace, R.T. Yamamoto; University of Hawaii; 1994: In a 6-week field test, termite
attack on cross-sectional “slices” from locally-obtained Douglas-fir 2x4 boards treated
with either CCA, ACZA (Chemonite), or Hi-Bor was compared to feeding on untreated
control boards and teak wood. Because teak was the wood of interest in this test and it is
difficult to compare woods of different densities on a weight basis, the test pieces were
visually rated by the AWPA 0-10 scale. There was no visible termite feeding on any of the
teak or ACZA samples, nor on 9 of the 10 CCA samples. Termites penetrated the center
of 1 CCA sample (rating of 7). Two of the Hi-Bor samples were fully penetrated by
termites (rating of 7), while the other 3 suffered surface scarring (rating of 9). Chermnical
analysis indicated that the two samples suffering the most damage contained 0.64% and
0.76% Tim-Bor, and the other three samples contained 0.83%, 0.96%, and 1.12% Tim-
Bor. The authors suggested that this degree of variation in boron content within a single
Hi-Bor board indicated that a greater safety factor than the current 1.10% (0.31 pcf)

Tim-Bor target retention might be necessary to obtain more uniform treatment of Hi-Bor
tumber.

A. Preston, L. Jin, K. Archer; Chemical Specialities Inc.; 1995: In a I-year field test with
pressure-treated Dougtas-fir 2x4 boards, three boards treated to retentions of 0.33 pcf,
0.39 pef, and 0.71 pef Tim-Bor were severely damaged. In treating the boards, the
authors also noted a great deal of variation in the solution uptake of different Douglas-fir
boards and their resulting borate retentions, [A report on variation in borate
concentrations within similarly-prepared test boards was submitted to the Building Dept.
by U.S. Borax; and comments on the Chemical Specialities Inc. test were submitted to the
Building Dept. by JK. Grace and by M. Tamashiro].

IK. Grace, K. Tsunoda, T. Byme, P.IL. Morris; University of Hawaii; 1995: Ina l-year
field test with pressure-treated Pacific silver fir (Abies amabilis) 4x4 boards, boards
treated to an average retention of 1.2% BAE (0.9-1.8% BAE) or 2.2% BAE (2.0-2.8% -
BAE) sustained weight losses of 4.5% and 1.2%, respectively, while untreated control
boards suffered a mean weight loss of 34.7%.

K. Tsunoda, J.X. Grace, T. Byrne, P.I. Morris; University of Kyoto; 1996 (personal
communication): In a 2-year field test in Japan identical to that described above (#7), none
of the borate-treated boards were damaged by termites.
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Resistance of

borate-treated Douglas-fir
{0 the Formosan subterranean termite

J. Kenneth Grace
Robin T. Yamamoto
Minoru Tamashiro

Abstract .

Toxicity of disodium octaborate tetrahydrate {DOT
as TIM-BOR%)! to Formosan subterranean termites
and termite fesding on treated Douglas-fir heartwood
were evaluated in laboratory and feld tests. Feedingon
filter papers (mpregnated with borate solutions re-
duced but did not eliminate tarmite gut protozoan
populations. In a forced-feeding laboratory assay,
Douglas-fir heartwood treated to retentions 20.35 per-
cent boric acid equivalents (BAE) drasticaily reduced
lermnite feeding and resulted in 100 percent termite
mortality within 3 weeks, Gradual and significant mor-
ity (499%) after ¢ weeks of feeding at 0. 16 percent BAE
suggesis that this or lesser concentrations may be
useful in baits for remedial termite control. After 162
days of fieid exposure to an active termits colony,
moderate feeding was noted at 0.65 percent BAE
(13.8% weight loss) and 0.73 percent BAE (16.9%
welizht Idss), and only slight damage (2.5% weight loss)
at (e highest retention fleld-ts3ted of 1.02 percent
SAZ. These results indicate that treatment with DOT
provides protection from Formosan subterranean ter-
Inite attack, but that some cosmetic darnage occurs
even at high retentions, This cosmetic damage Is un-
likely to creats a structural hazard, but additional field
evaluations are needed-to determine whether borate
“eatments will provide protection to visible ttmbers
that will be acceptable to the consumer.

The use of preservative-treated lumber in building
consiruction {s an {mportant cormnponent of {ntegrated
Pest management of termites (Isoptera) in Hawall

' Menten of trade names is for tnformational purposes only and

docs not consttute an endorsement by funding agencies or by the
Untversity of Hawall, - -
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(21.23). The termite species involved are the highly
destructive Formosan subterranean termite, Copro-
termes formosanus Shirald (Family Rhinotermitidze),
and the West [ndian drywood termits, Cryptotermes
brevts Walker (Family Kalotermnitidae). Untreated or

{nadequately treated lumber can be quickly destroyed
by these termites.

Douglas-fir (Pseudotsuga menziest [Mirb.] Franco)
heartwood is the principal construction lumber used
In Hawail (25). Unfortunately, Douglas-fir is both
highly susceptible to Formosan subterranean termite
attack (18) and resistant to preservative penetration.
Treatment with ammoniacal-copper-zinc-arsenate
(ACZA) has been demonstrated to provide protection
against Formosan subterranean termites (22}, but the
required incistons and discoloration of the treared
wood prevent the use of ACZA for exposed building
timbers. Moreover, arsenical wood treatments in gen-
eral have ratsed environmental and pubilic health con-
cerns {3},

Wood treatment with disodium octaborate tetraty-
drate (DOT. as TIM-BOR®)! has no aesthetic drawbacks,
low mammalfan toxicity, can provide adequate pene-
tration of Douglas-fir heartwood (2,12.26), and has
been demanstrated to be toxic to termites (5.7.27-29).

The authors are, respectively, Assistant Professor, Re-
search Associate, and Emeritus Professor, Dept. of Ento- .
mology, Univ, of Hawait, Honolulu, HI 968%2. The authors

ratejully acknowledge financial sugport of USDA-ARS

pecillc Coop. ent 58-6615-9-012 and the U.S.
Borax & Chemical Corp. Results {n this paper were pre-
sented to the 1891 Annual Meeting of the International
Research Group on Wood Preservation. This ts .J, Series No.
3592 of the Hawail Inst. of Tropical . and Human
Resources. This paper was recelved for publication in April
1991,
© Forest Products Research Sociery 1992,

Forest Prod. J. 42(2):61-85.
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although leachability of borates from wood exposed to
high molsture levels could be a problem. This study
was performed to determine the effectiveness of DOT
in protecting Douglas-fir heartwood from feeding by
Formosan subterranean termites, This required 1) de-
termining the toxicity of DOT to Formosan subterra-
nean termites and thelr intestinal protozoa: and
2) evaluating its effectiveness as a treatment for Doug-
las-fir heartwood In laboratory and fleld studies.

Experimental procedure

Toxicity test

Borates are considered stomach poisons. and tox-
lcity was assessed by placing Formosan subterranean
. terrnites on treated filter paper (Whatman No. 2). A
stock sclution was made by dissolving 120 g DOT
(TIM-BOR. United States Borax and Chemical Corp..
Los Angeles, Calif.) in 1 Uter of distilled water. Aliquots
were further diluted to achieve test concentrations of
120. 12.0,and 1.2 g/1, or 14.4. 1.40, and 0.14 percent
BAE (weight/volume).

Each filter paper was completely saturated by dip-
ping in a solution of a particular concentration, and
air-dried. It was then placed in a glass petr1 dish and
2 ml of distilled water was added to moisten the paper.
Thirty termite workers, collected tmmediately before
use from an active field colony (20), were introduced
into each dish. The dishes were held {n an unlighted
incubator at 29°C and checked daily for mortality and
symptoms of toxicity. Eight replicates were prepared
of each solution concentration: five were monitored for
tertnite mortality and the remaining three were used
to determine the effect of DOT on the symbiotic gut
protozoa Pseudotrichonympha grasst Koidzumi, Holo-
mastigotoldes hartmannt Koidzumi, and Spirotricho-
nympha leidyt Koidzumit,

After 1, 2, 4, 7, 9, 11, 16, and 18 days of DOT
exposure, three termites from each solution concen-
tration were dissected and the protczoa in the hind gut

identified by species and counted (10}. Due to large.

individual and daily variations in protozoan numbers,
the daily counts were grouped for analysis over days 1
w11 and 16 to 18, Data within each of these groups
were subjected to analysis of varfance (ANOVA) blocked
by day. and means were separated by the Ryan-Einot-
Gabriel Welsch multiple F test (16).

Laboratory test of treated wood

Laboratory-tests on the efficacy of DOT as a wood
treatrnent for Douglas-fir heartwood were conducted
using 1.9 by 1.9 by 1.9 cm cubes (approx. 2.5 g
pressure-impregnated with TIM-BOR by a modified
full-cell process {13). Wood pieces were placed {n a tray,
weighted down, and tmmersed in the appropriate TIM-
BOR solution. The trays were then placed tn 2 pressure
cylinder and subjected to 1 hour of vacuum (28 in. Hgl
and 18 hours of pressure (140 to 150 psi). After
treattnent, the wood was dried (50°C) to constant

welght. and selected pieces were assayed for boron
content

DOT retentions were determined by ashing selected

62

pieces. extracting the residue with diute HCL. and

- analyzing the residue {or boron content with a spec-

trophotometric method using the complexing agent
azomethine-H (4.6). A small number of samples were
also assayed using a hot water extraction method. and
results were consistent with those obtatned from ash-
ing {13).

The Douglas-fir cubes were treated to 6 DOT reten--
tions: 0.08, 0.13. 0.29, 0.45, 0.67, and 0.98 percent
twelght/weight percentage). There were five replicates
for retentions of 0.13 percent and higher, and four
replicates for 0.08 percent and the untreated controls,

The force-feeding assay with Formosan subterra-
nean termites was a modification of the ASTM D3345-
74 (Reapproved 1980) (1) method (stmiflar to AWPA
M12-72). The method was modified as follows: 1)
ovendry weight loss Instead of visual estimation was
used to measure damage: and 2) more termitas ware
used In the test and termite mortality was evaluated.
The treated cubes were ovendried (63°C for 7 davs).
weighed, placed Individually in plastic containers (9.5
cm dlameter by 3.5 cm highl, and covered with 150 g
coral sand (washed and ovendried). This was a suffi-
cient amount of sand to cover all but the upper surface
of the test block. Thirty mi of distilled water was added
to each container before adding the termites. Termites
were collected as described previously, 400 Workers
were placed in each container, and the containers were
held in an unlighted incubator at 29°C.

Containers were examined wesekliy to visually esti-
mate termnite mortality. Four weeks after the initiation
of the test, the cubes were removed, cleaned, oven-
dried, reweighed, and total tarmite mortality was de-
termined. Data were subjected to ANOVA and means
were separated by Duncan’s muitipie-range test (16).

Field test of trested wood

Nonleaching. aboveground field tests were con-
ducted in a vigorous colony of Formosan subterranean
termites located on the Manoa campus of the Univer-
sity of Hawall. This colony Is monitored on a regular
basis and the foraging population is periodically as-
sessed using mark-release-recapture methods
{11,19).

Douglas-fir heartwood boards 2.5 by 10.2 by 20.4
cm (approx. 165 g were pressure impregnated with
DOT as described previously te four retentions: 0.18,
0.54. 0.61, and 0.85 percent (wt/wt). Although these
boards were not assayed for boron content in a zonal
fashion. analysis in thres egual layers of similarily
treated boards demonstrated essentially uruform re-
tention for the three layers {13).

Rectangular traps or test boxes (10.2 by 10.2 by
20.4 cm) were constructed using two 2.5- by 10.2- by
20.4-cm boards treated to the same retention and two
untreated 2.5- by 5.1- by 20.4-cm boards as sides. as
described by Tamashiro et-al. {22}. Each test box was
placed within a covered 5-gallon metal can {with the
can bottom removed) on the soll surface. Termites had
been actively foraging on untreated wood boxes placed
within these cans for several years. To muinimize jeach-
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ing of the preservative. a small hollow concrete block
(5.1 cm high) was first placed on the sof] surface within
the can. A short wood stake was driven through the
hollow center of the block inta the soll (and the termite
foraging galleries), and a 6-mil polyethylene sheet {with
a hole for the stake) was laid over the top of the block.
The test box was then placed on the plastic sheet, with

-~

TAGLE 1, = Mean cumulurive perceruage mortality of Formosan subter-
rusten termite workers fed fliter paper impregnated with DOT.*

Solution concentmtion g/l

Day 0.0 1.2 12.0 120.0
................ () evrscasccsnanncan

1 1.3 2.7 1.3 0.0
2 1.3 3.3 2.0 10.0
3 5.3 4.7 aa 473
4 8.0 9.3 6.7 70.0
5 10.0 17.3 133 90.0
a 1.3 29.3 24.7 96.7
7 14.0 38.0 38.7 100.0
8 18.7 42.7 44.7
9 20.7 46.7 55.0

10 24.0 4.7 8G.7

1l 25.3 64.7 95.3

12 28.0 72.7 100.0

ik

14"

15 36.6 88.7

16 39.3 92.0

17 44.0 9353

18 46.0 96.7

* Mean of 5 groups of 30 Lermnite workers.
® Data not collected on days 13 and 14.

TABLE 2. — Mean numbers of protozoa in individual Formasan subter-
ranean workers over days 1 to 11 and 16 to 18 of feeding on filter

paper impregnated with DOT.
Solution concentration (g/0

Days Lto 1l Days 1610 18

Protozoa 0.0 1.2 12.0 0.0 1.2
Pseudotnchonympha 442 A' 483A 20008 207 A 0B
grasst (85 (=79}  (85) (=51 (=0
Hoicmastigotoides 851 A 687TA 1331B 133A 80A
harmannd (£129) (21071  {:80) (46} (<53
Sptrotrichonympha 1024 A 1087 A B8S8A 3ISIA [33A
Lteidni [£1771 (2148} (2184) (2163} (£122)

* Mean count per termite. Three Lermites per trestment were dissected
each day. Means within « row. within esch day calegory, followed by
different capital letlers are significantly ¥(Terent at the p « 0.05 level.

b values In parentheses represent standard errors of the mean.
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the wood stake allowing the termites direct access from
the soll to the box.

The holiow intertor of each test box was filied with
paper toweling, and the top of each box was capped
with an untreated 2.5- by 10.2- by 10.2-cm Douglas-fir
heartwood board. Control test boxes were constructed
in a similar manner with untreated wood. Each pre-
servative retention was replicated with four test boxes,
for a total of eight boards per treatmment.

Traps were examined at weekly intervals to deter-
mirne when the termites initially attacked each test box.
Formosan subterranean termites are capriclous in
their pattern of attack, and termites were noted in
some traps within a few days, while others were un-
touched for several months. In order to standardize the
exposure peried, each test box was removed 162 days
(23 weeks) after the initial termite attack on the un-
treated wood in that particular test box was observed.
Thus. each treated board was exposed for 162 days to
actively foraging termites. After removai {from the field,
each test box was dismantled, cleaned. ovendried. and
the boards weighed to determine weight loss from
termita feeding. Data were analyzed by ANOVA and
Duncan's multiple-range test {16).

Results and discussion -
Toxicity test -

Forced feeding on DOT was toxic to Formosan
subterranean termnite workers In a concentration de-
pendent manner (Table 1). At the highest DOT concen-
tration (120 g/1). populatons of the gut protozoa P
grasst and H. hartmann{ were greatly reduced by the
fourth day. but were not all killed or eliminated unul
the termite died. Populations of S. leydel were not
affected until the seventh day, when both termnites and
protozoa were dead.

Susceptibility of the protozoa appeared to be di-
rectly proportional to their size and locadon in the
hindgut. P. grasst, the largest species, is predominant
in the antertor part of the hindgut: H. hartmannt. the
medium-sized species, {s found in the middle; and S.
leydet, the smallest and least-susceptible specles is
predominantly found in the posterior part of the hind-
gut (10). Analysis of protozoan counts for the two

TABLE 3. = Estimated rate of termite mortality. final megn percent montality. and mean amourts of DOT-trealed Douglas-fir heartwood blocks {each
- apprac. 2.5 gl eaten by Formosan subterrurent termites il a 4-ureek laboratory test

Pereent rentention

Mean percent mortality®

Wood weight loss

wDOT SBAE* Week 1 Weck 2 Week 3 Week 4 Mean weight loss®  Pereent weight loss

------------------ (Wl ovo-o-nsenenmanmen @ {9%)
0.00 0.00 0 0 o 18 1.231 A 53.4
0.08 0.10 0 0 0 23 1.339 A 47.08
0.13 0.18 o ] 0 49 0.784 B 33.4
0.29 0.35 0 a9 100 0.211C 8.4
0.45 0.54 o 73 100 0.141 C 5.4
0.67 0.80 ot 94 100 0.091C a8
0.98 1.18 o 99 100 . 0.074 C 2.9

* DOT « disodium octaborate tetmhydrate: BAE = boric acid equivaients.

® Mean of 8 replicates for 0.13 percent DOT and higher and 4 replicates for 0.08 percent and the untreated controls (400 termites per repitcatel.
© Mean welight losses followed by different capital letiers are signifieantly differcntat the p = 0.05 jevel.

4 Termites affected: actvities slowed but no mortality.
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TABLE 4. — Mmefm-mmmﬁhmnumdboardskmhapm 165 g eaten by
daysofupnsmwm'mmmwmaﬂzum

Formasan subterransan termiey durtn

Percent rentention Weight retendon® Wood welght loss
#DOT WBAE_ boT BAE DOT BAE Mean weight loss®  Percent weight
------- e e T S T g {36}
0.00 0.00 - 0.00 0.00 0.00 0.00 1159 A 70.0
0.18 0.22 0.03 0.08 0.80 0.96 103.5 A 602
0.54 0.6% 0.15 0.18 2.40 2.88 24.18 13.8
0.61 0.73 0.17 . 020 2.72 227 209 B 189 -
0.8% 1.02 - 0.24 0.29 3.84 4.61 37¢C 2.5

* DOT - dissdium octaborats tetrahydrate: BAE = boric acid equivalents,
® Mean weight losses followed by different capital letters are significantly

lowest concentrations (12.0 and 1.2 g/1) over the first
11 days. and over days 16 to 18 of exposure (.e.,
sublethal effects) demonstrated reductions in 2 grassi
and H. hartmanni numbers, but no statistically sigruf-
lcant change in S. leydef relative to the control (Table
2}. Termite meortality is not the direct result of starva-
tion due to the reduction in protozoa numbers, since
defaunated Formosan subterranean termites can sur-
vive as long as 30 days ().

From this study, we could not determine whether
DOT ts directly toxic to the protozoa. or whether the
protozoa are affected secondarily as a result of borate
toxdcity to the tarmite. Kard (8) also noted reductions
in protozoan complement in eastern subterranean
termite (Reticulttermes flavipes) workers exposed to
sofl treated with boric acid. However, frequent fluctu-
ations in intsstinal symbiont populations and the
dificulty of defining primary effects on obligative sym-
bionts have complicated other attempts to determine
the mode of action of borate toxicity (29).

Laboratory test of treated wood

At the higher DOT retentions, termites feeding on
treated Douglas-fir cubes were vistbly affected (slug-
gish) after the first week, and high mortality was
apparent at the end of the second wesk (Table 3).
Termite feeding did not differ significantly from the
controls at 0.10 percent BAE, but was significantly
reduced at 0.16 percent BAE (Table 3). However, de-
spite 48 percent termitaqmortality at 0.16 percent BAE,
a2 mean 33.4 percent weight loss was observed. At
retendons 20.35 percent BAFE, all the termites died
within 3 weeks, and wood weight losses did not excesd
10 percent. These results are in agreement with the
conclusions from sirfifiar laboratory tests of Willlams
et al. {28) that C. formosanus failed to survive for 7
weeks on banak (Virola spp.) wood with 20.125 percent
BAE, and of Willlams and Amburgey (27) that reten-
dons in banak >0.17 percent BAE were toxic to eastarn
subterranean termites (R flavipes). Su and Scheffrahn
{17} reported stmilar reductions in Formosan subter-
ranean termite feeding, although less termite mortality
in tests with DOT-treated pine blocks (DOT retentons
were estimated from treating solution uptake).

Fileld test of treated wood

All of the boards, both treated and untreatad,
exposed to a fleid colony of Formosan subterranean
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different at the p = 0.05 level. N = eight boards per treatment,

termites were attacked to some extent. with ana
Indicating three damage levels (Table 4). The can

- and those containing 0.22 percent BAE were es
tally destroyed (range of 32.8% to 94.8% weight |
Weight losses at 0.65 and 0.73 percent BAE ra:
from 4.3 to 34.9 percent. At the highest retentic
1.02 percent BAE, an average 2.5 percent weight
was recorded. with individual board weight lo
ranging from 0.2 to 6.8 percent. Although the dar
at 1.02 percent BAE was cosmetic and did not &
the structural integrity of the boards, this-damage
easlly notceable,

This was a rigorous field test. since samples
placed directly Into active termite feeding sites
then monitored to insure that foraging termits wor
contacted them. During the 162 days of exposure
untreated boards in each test box were almost «
pletely consumed, with no statistical differe
among the traps. This type of fleld test may be :
applicable to the Formosan subterranean tarmite -
more common "graveyard” style tests, since this
cles does not feed on all the available food items |
foraging territory in a homogenous fashion. For ex
ple, in tests with gravel barriers to foraging termit:
a heavily infested location in Hawall, cnly half o
control stakes have been attacked after 5 years (&

There was a good relationship between re:
obtained with the highest borate retentions teste
the laboratory {1.18% BAE) and the field {1.02% E
These results also agreed with the report of Prestc
al. (14,15) that 1.24 percent BAE was require
protect southern yellow pine from Formosan su!
ranean termite feeding. However, significant dar
occurred with 0.65 and 0.73 percent BAE in the
test, even though comparable retentions in the |
ratory killed all termites and prevented much feec
Estimation of termite populations in the fiald co
before and after this study did not Indicate a dec
in numbers. and no reduction in feeding was n
that would indicate a decline in colony vigor. Tern
feed alternately at many sites tn the fleld {19), w.
reduces the frequency of exposure of individuals
particular potsoned feeding site. Therefore. In ord
prevent any damage to the treated wood. it ma
necessary to use preservative retenitions that are ¢!
taxie or repellent on the basfs of a single exposun
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Summary and conclusions
In the laboratory test, forced feeding by Formosan
subterranean termites on DOT-treated Douglas-fir
containing Q.16 percent BAE resulted tn significant
termite mortality (4996) within 4 weeks, while concen-
trations 20.35 percent BAE killed all termites within 3
weeks, and resulted in less that 10 percent welght loss
in the treated blocks. However, laboratory tests alone,
with small confined groups of termites, cannot accu-
rately predict the retentions necessary for pmtcction

{from termite feeding under fleld conditions.

In fleld tests, 1.02 percent BAE was required to U.mlt
termite feeding on the treated Douglas-fir to the status
of cosmetic damage. These results {ndicate that DOT
can protect Douglas-fir heartwood [rom Formosan
subterranean termnite attack, but it is not possible to
predict a retention where absolutely no feeding would
occur. Fleld evaluatons of retenitions >1.02 percent
BAE are needed to determine the treatment require-
ments for visible timbers in areas of high Formosan
subterranean termite hazard. But cosmetic damage to
hidden structural imbers may not pose a problem, as

long as repesdted termite attacks on those timbers do
not occur,
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