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THE SUBJECTIVITY OF THE ESTIMATION OF NATURAL
WOOD’S RESISTANCE TO DESTRUCTION BY TERMITES
BASED ON VISUAL ASSESSMENT IN LABORATORY
TESTS

This study concerns visual assessment of the degree of damage done to Pinus
sylvestris L. wood blocks by Reticulitermes lucifugus Rossi, in an experiment
conducted according to ASTM D 3345-08:2017. The six evaluators made their
assessments individually. The differing results obtained from the evaluators are
a cause for concern. Visual assessment of the degree of wood damage can vary
significantly from person to person. Measurement of weight loss seems to be
a better way of evaluating the degree of damage done to wood samples by
termites in laboratory tests.
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Introduction

The subterranean termite is considered to be the most dangerous to building
constructions [Forschler and Jenkins 2000; Shupe and Dunn 2000], because this
insect destroys not only wood and wood-based materials, but also electrical
installations and air-conditioning devices. Two types of tests are used to estimate
the resistance of wood to subterranean termite attack: field tests [Grace et al.
1996; Ncube et al. 2012; Shanbhag and Sundararaj 2013] and laboratory tests
[Schultze-Dewitz 1958; Becker and Petrowitz 1971; Becker et al. 1972; Unger
1978; Grace and Yamamoto 1994; Forschler and Jenkins 2000; Shupe and Dunn
2000; Kard et al. 2007; Krajewski et al. 2015]. Laboratory tests on subterranean
termites are conducted according to two basic procedures: ASTM D 3345-
-08:2017 and PN-EN 117:2013. In both procedures, Reticulitermes sp. is given
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as the test species. The procedure described in ASTM D 3345-08:2017 is
suitable mostly for laboratory estimation of the resistance of wood and other
cellulose-based materials. The procedure described in PN-EN 117:2013 is
typically applied to the testing of wood preservatives used against R. lucifugus.
In both laboratory procedures, a visual estimation of the degree of damage to
wood samples is made. The problem of the subjectivity of such estimation has
been noted in earlier research [Krajewski et al. 2015; 2016; 2018]. The present
study was undertaken with the aim of addressing this problem.

Materials and methods

The experiments were performed according to the ASTM D 3345-08:2017
standard. Sapwood of Scots pine (Pinus sylvestris L.), of medium grain and with
average density 0.498 g/cm? (0.416-0.575 g/cm?), was used. Samples 25.4 x 6.4
mm in size were extracted from groups of samples taken from seven different
trees. The moisture content of the wood was 7%.

In the experiments, each sample was placed individually at the bottom of
a testing container (a glass container 450 ml in volume) and covered with 200 g
of screened, washed and heat-sterilized white sand. The sand was humidified
with distilled water, in accordance with the procedure in ASTM D 3345-
-08:2017. The only deviation from the procedure was the non-use of
benzalkonium chloride solution as an antiseptic.

Biological experiments were conducted on the subterranean termite
Reticulitermes lucifugus Rossi as a forced test, in accordance with the procedure
of ASTM D 3345-08:2017. 1 + 0.05 g of termites were placed in each testing
container with one wood sample. Over 90% of the individuals in each container
were pseudergates. The containers with the termites and the wood samples were
kept for 4 weeks in an incubator at a temperature of 27°C, and the humidity of
the sand in the containers was supplemented weekly.

The degree of wood damage, a decisive factor in the evaluation of wood’s
resistance or susceptibility to termite attack, was classified based on the visual
rating system and photos given in ASTM D 3345-08:2017, namely: 10 — sound,
surface nibbles permitted; 9 — light attack; 7 — moderate attack, penetration; 4 —
heavy attack; 0 — failure. The estimation of the degree of wood damage in the 21
samples was performed independently by six evaluators. In ambiguous cases, a
midpoint index was taken, e.g. 10/9 = 9.5, 7/4 = 5.5, 4/0 = 2. The average
degrees of wood damage for the 21 samples were calculated based on the
estimations of each evaluator (No. I-VI). The significance of the differences
between the calculated average values of the estimations of each evaluator was
statistically verified using Chebyshev’s inequality. If the difference between the
average values resulting from two evaluations was greater than or equal to three
times the standard error of the average values of wood damage, i.e.:
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then the difference between the two evaluations was classified as statistically
significant. Otherwise, it was classified as accidental. In addition, the mass loss
of dry wood caused by termite attack was determined.

The mortality rate of the termites was estimated as follows, in accordance
with ASTM D 3345-08:2017: slight (0-33%); moderate (34-66%); heavy (67-
-99%); complete (100%). This was done based on visual estimation of the
presence of dead individuals.

Results and discussion

The results of the experiments involving visual estimation of the degree of wood
decay by six evaluators are shown in Table 1. In all variants of the experiment,
termites carved tunnels in the sand and built galleries above its surface next to
the glass walls of the containers. Dead or diseased individuals were not
observed. Therefore, the mortality rate of the termites was classified as slight
(0-33%).

Table 1. Results of visual estimation of the degree of damage done to Scots pine
(Pinus sylvestris) sapwood by Reticulitermes lucifugus, performed by six evaluators
(No. I-VI)

Evaluator  Evaluator  Evaluator  Evaluator  Evaluator  Evaluator
No. of sample

No. I No. II No. III No. IV No. V No. VI
1 9 4 7 4 10 7
2 5.5 2 4 7 7 4
3 5.5 2 0 9 9 7
4 4 2 0 7 7 0
5 5.5 0 4 7 8 4
6 8 4 4 4 10 7
7 5.5 2 4 9 7 2
8 5.5 2 4 10 9.5 7
9 5.5 2 4 10 8 4
10 5.5 2 4 10 7 4
11 8 4 4 4 8 7
12 5.5 2 0 7 5.5 4
13 5.5 0 4 7 8 4
14 5.5 2 4 7 7 4
15 7 2 4 4 7 4
16 4 0 0 4 0 0
17 5.5 2 4 2 4 4
18 4 0 0 4 2 0
19 4 0 0 4 0 0
20 5.5 0 0 4 2 4
21 2 0 4 0 0 0
Average value 5.5 1.6 2.8 5.9 6.0 3.7
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Statistical verification of the differences between each pair of estimations is
shown in Table 2.

Table 2. Statistical verification of the differences between each pair of estimations

For statistical significan
Evaluators Statistical
% —%,[>3-e(%,—x,)

No. I and No. II 39>1.35 significant
No. I and No. IIT 2.7>1.73 significant
No. I'and No. IV 0.4< 2.09 insignificant
No. I and No. V 0.5<2.40 insignificant
No. I and No. VI 1.8< 1.9 insignificant
No. II and No. III 1.2 <1.66 insignificant
No. II and No. IV 4.3>2.05 significant
No. Il and No. V 44>234 significant
No. IT and No. VI 21>19 significant
No. Il and No. IV 3.1>230 significant
No. Il and No. V 3.2>258 significant
No. III and No. VI 0.9<22 insignificant
No. IV and No. V 0.1 <2.84 insignificant
No. IV and No. VI 22<25 insignificant
No. V and No. VI 23<2.7 insignificant

As is shown in Table 1, four (No. I, II, V and VI) of the six people
performing the evaluations used midpoint indices in ambiguous cases. Two
evaluators (No. III and I'V) did not use this option in classifying wood damage.
As mentioned above, the problem of the subjectivity of the results of research on
the susceptibility of wood to termite damage based on visual evaluation of the
degree of wood damage has been noted in earlier studies [Krajewski et al. 2015;
2016; 2018]. Unfortunately, there are almost no publications investigating the
correctness of visual estimation of the degree of damage to samples, with the
exception of the above-mentioned paper by the co-authors [Krajewski et al.
2018]. The procedures of both ASTM D 3345-08:2017 and PN-EN 117:2013 are
based on visual estimation of the degree of wood damage. ASTM D 3345-
-08:2017 defines five possible degrees, while PN-EN 117:2013 defines four.
A larger number of available degrees may increase the likelihood of divergent
evaluations of the degree of damage to the same wood sample when examined
by several evaluators. The procedure of ASTM D 3345-08:2017 is thus more
suitable for examination of the subjectivity of such evaluations.

Based on the authors’ experience, a visual method of evaluation of the
degree of damage to samples is easily applied in the case of wood resistant to
termite feeding. It has long been known that wood suffering from fungal decay
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may attract termites [Grace and Wilcox 1988] and may be more appropriate for
their feeding needs than undecayed wood [Unger 1973]. Sapwood of Pinus sp.,
used for comparative purposes in ASTM D 3345-08:2017, even if not exposed to
fungal decay, is among the wood types susceptible to destruction by the termite.
Unfortunately, even the photographs included in ASTM D 3345-08:2017,
showing representative examples of each degree of damage to the wood, do not
always make the evaluation easier. Some particular difficulties may arise under
certain circumstances. For some wood species it is impossible to extract samples
with annual rings situated in the manner required by ASTM D 3345-08:2017.
This is the case with narrow pieces of many tropical species of wood, as well as
the European Taxus bacatta L. Some difficulties also arise during the
examination of waterlogged wood [Krajewski et al. 2015], when in many cases
it is very difficult to extract samples without ruptures and losses, which may be
mistaken for termite damage when the condition of the wood is evaluated at the
end of the test. For wood from some species, such as hornbeam [Krajewski et al.
2016], the damage caused by the termite may appear completely different than
damage to the sapwood of Pinus sp. used as the comparative species in ASTM D
3345-08:2017.

The results of this study confirmed the problem mentioned in the earlier
paper [Krajewski et al. 2018]. Visual evaluation of the degree of damage done to
wood samples by the termite may be highly affected by subjective factors. The
evaluators in the study appear to be divisible into two groups: the first group
(No. II and III) assigning a higher average degree of damage, and the second
group (No. [, IV and V) assigning a lower average degree of damage. The first
group consisted of scientists with a high or intermediate level of experience in
the visual evaluation of certain phenomena tested in wood science, while the
second group consisted of one person with some experience with these
phenomena and two with no such experience. Within each group, the differences
between the average degrees of damage assigned by individual evaluators were
statistically insignificant. However, the differences between the average degrees
assigned by individual evaluators from two different groups were all statistically
significant. The values assigned by evaluator No. VI (with no experience) lay
between those of the two groups. The average degree of damage assigned by
evaluator VI was statistically different only from the average degree assigned by
evaluator 11, who had the greatest experience in visual evaluation of the degree
of wood damage caused by the termite. Evaluator II rated the degree of wood
damage the most severely. However, there is no possibility of verifying whether
their evaluation is in fact fully correct.

It should also be noted that visual evaluation of the degree of termite damage
to wood is more difficult than visual evaluation of resistance to the growth of
mould. In the latter case, the evaluation is performed on a two-dimensional plane
based on the percentage of the surface covered with mould, as described in, for
example, ASTM D 3273-94, ASTM D 4445-91 or ASTM G21-96. In the case of
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ASTM D 3345-08:2017, a three-dimensional loss of varying shape, placement
and segmentation is assessed based on a rather imprecise specification from the
procedure. For example, it is difficult to decide where the cut-off point lies
between light attack (9) and moderate attack, penetration (7), or between heavy
attack (4) and failure (0). Termite feeding in pine sapwood caused an average
weight loss of 34%.

The subjectivity of such evaluation can be eliminated by determining the
mass losses of samples after termite feeding. However, to avoid distortion of the
results, wood drying should be applied at a temperature of 105 °C both before
and after the test, which is inadvisable. The procedure in PN-EN 117:2013
stipulates that only wood dried at temperatures below 60 °C can be used. Other
options include freeze-drying of the samples and taking into account the impact
of wood moisture content on the results. Freeze-drying may, however, also cause
evaporation of some components of the wood (e.g. terpenes). The possibility of
applying such methods should thus be the subject of further research.

Conclusions

The results obtained in this study confirm the doubts expressed by the authors in
earlier work, and lead to the following conclusions:

*  Visual evaluation of the degree of damage to wood caused by termites
may be strongly affected by subjective factors.

* Not only minimal experience in visual evaluation (or lack of such
experience) can lead to incorrect results. It seems that the innate ability to
perform visual evaluation may also play a role in the process. A method based on
the mass loss of wood samples is proposed as a way of excluding the influence
of subjective factors on the evaluation.
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