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SUMMARY

Relative toxicities of selected insecticide formulations were 

determined for eastern subterranean termites, Reticulitermes flavipes 

(Kollar), maintained in the laboratory. For concentrations of 0.01, 

0.10 and 1.00%, permethin was as or more toxic than chlordane when 

applied as surface treatments on red pine sapwood wafers. The addition 

of spent sulphite pulping liquor (25% solids final concentration) did 

not affect retention nor toxicities of the insecticides. Formulations 

should therefore be developed containing such lignin derivatives, which 

could increase the persistance of insecticides on wood surfaces or in 

the soil.
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INTRODUCTION

On a world basis, termites are the major insect pests of wood 

in service. In Canada, they are occasionally pests in southern 

British Columbia and, more frequently, in southern Ontario, where 

the eastern subterranean termite, Reticulitermis flavipes (Kollar), 

is a major problem. While termite research carried out in Canada 

should lead to the development of improved control methods for 

Canadian termite pests, it can also lead to increased foreign markets 

for Canadian wood products, by providing safe, effective and economical 

wood and soil treatment methods to protect Canadian wood products in 

countries where termites are more prevalent.

Many types of rearing containers and media or substrates have 

been used to maintain subterranean termites in the laboratory (Becker 

1965, 1969; Becker and Lenz 1970; Lenz et al 1976; Esenther 1977; 

Haverty 1979). While it is difficult to separate termites from 

vermiculite when needed (Haverty 1979), separation from sand is easier 

but also time consuming. Termites can also be maintained on slabs 

of wood separated by moistened crumpled papers (G. Esenther, USDA 

Forest Products Laboratory, Madison, Wisconsin, pers. comm.). How-

ever, attempts at using such an arrangement have shown that it is 

difficult to maintain constant humidity, and that moulds can occasion-

ally become a problem.

Termites were also maintained in our laboratory in sterile 15 cm 

Petri dishes in which 15 to 25 15 cm qualitative grade, creped, coarse
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porosity filter papers (Fisher Scientific Co., No. 9-790-12) were 

placed and moistened to 170 to 220% with distilled water. About 50 

termites were added per Petri dish. Addition of water on a weekly 

basis permits maintenance of moisture content within 5% of the original 

moisture content. Termites eat and tunnel readily into the filter 

papers. By using plastic Petri dishes, hot cork borers can be used 

to pierce holes in the bottom of the dishes; by stacking pierced dishes 

containing moistened filter papers, termite colonies can expand into 

other dishes as they grow. Such colonies have been maintained for more 

than six months in our laboratory with almost complete termite survival 

and no mould problems. Termites can be easily obtained by peeling 

successive filter papers from the dishes. The use of several small 

colonies rather than a few large ones minimizes dangers of major 

termite losses as a result of disease. This method has therefore 

been selected for maintenance of termites in our laboratory.

Evaluation of the effectiveness of preservative treatments 

against termites involves the exposure of treated material to large 

numbers of termites, since sufficient damage must be done to susceptible 

material to permit visual estimation of damage (Sen-Sarma and Chatterjee 

1970; Fougerousse and Lucas 1972; ASTM 1980). Toxicity studies require 

fewer termites, since evaluation is based primarily on the percentage 

of termites surviving exposure (Smith 1979) . As pointed out by Smith 

(1979), toxicities of insecticides to subterranean termites have seldom 

been established in the laboratory, and techniques developed against
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other insects cannot be used for screening against subterranean termites. 

Techniques developed to determine the toxicity of insecticides to 

subterranean termites include those of Osmun (1956) , Ebeling and 

Pence (1958), Kaschef et al (1971) , Lewis et al (1978), and Smith 

(1979) .

At the present time, chlordane and aldrin are the only chemicals 

registered for use against termites in Canada. Since they are broad 

spectrum, persistent organochlorine compounds with a limited market, 

their continued use has come under question, and work has been under-

taken to identify suitable alternatives (Beal 1980; Beal and Miller 

1980). Recently developed synthetic pyrethroids have been shown to 

be effective against certain termites (Inoue et al 1977; Berry 1977; 

Berry and Baker 1980) and have the advantage of having very low 

mammalian toxicity (Elliott 1977). While some pyrethroids such as 

permethrin are persistent, they are degraded rapidly in the soil 

(Kaufman 1977). If suitable formulations could be developed to in-

crease its persistance in the soil, permethrin could be a useful 

compound for termite control.

Kraft lignin (Dellicolli 1977, 1980) and lignosulphonates from 

sulphite pulping (Sarkanen and Ludwig 1971) have been used in various 

pesticide formulations, either as emulsifiers or to permit slow release 

of the pesticides. The use of such formulations could increase per-

sistence of permethrin, which could be used either as a wood surface 

treatment or as a soil treatment. As a preliminary step to developing
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suitable formulations, it was necessary to determine if these com-

pounds would inhibit or synergize insecticides'toxicities towards 

termites. This work was therefore undertaken to verify if any 

such effects exist, using both chlordane and permethrin applied with 

or without LignosQl B (Lignosol Chemicals Ltd), a product obtained 

from spent sulphite pulping liquor, containing calcium lignosulphon- 

ates as well as hexose and pentose sugars, sugar acids, and other minor 

constituents (Figure 1).
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METHODS

Test wafers were cut from the sapwood of a 42 year old red pine 

(Pinus resinosa Ait.) from Chalk River, Ont., with a dbh of 21 cm.

They were cut to 40 x 24 x 5 mm in the transverse direction and 

allowed to condition for 6 weeks at 24 C and 45% relative humidity.

Exact dimensions (± 0.1 mm) and number of annual rings per cm were 

measured for a random sample of 10 wafers.

Treatment solutions were prepared from 72% chlordane emulsifiable 

concentrate (Velsicol Chemical Corp.) and 50% permethrin emulsifiable 

concentrate (Chipman Chemicals Ltd.) diluted in water or in aqueous 

Lignosol B. Dilutions were used to obtain chlordane and permethrin 

concentrations of 0.01, 0.10, and 1.00% and Lignosol B solids content 

of 25%. One water and one Lignosol B treatment solution without in-

secticides were also prepared.

Labelled wafers were weighed to the nearest mg and were dipped for 

5 seconds in a treatment solution, removed from the solution for 5 seconds, 

and dipped once more for 5 seconds. After dripping from the wafers for 10 

seconds, excess treatment solution was wiped from the surface of the wafers 

and these were immediately reweighed. Five replicate wafers were prepared 

for each of the treatments. Wafers were left to air dry at 24 C and 45%

relative humidity for 4 to 6 weeks.

About 65 hours before beginning a test, necessary termites were 

separated from the main colony and placed on moistened filter papers in 

sterile petri dishes, from which they could be easily dislodged and 

placed into test. Test containers were prepared about 70 hours before 

the start of the tests.
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Three tests were carried out. In tests I and III, treated 

wafers were stood up against the sides of clean autoclaved 250 ml 

glass containers with metal screw caps, one wafer per container, 

pne hundred g of clean ovendried sand and 16 ml of distilled water 

were added to each container (quantity of water to be added was 

determined using ASTM (1980) Method D3345). For each replicate 

series, one container was prepared with sand and water but without 

any sapwood wafer. During the testing period, containers in test I

were covered with loosely screwed tops, while containers in test III

were left uncovered in order to verify if insecticides exhibited fumiga- 

tory activity. For test II, 50 ml of 2% agar were used as substrate in

each container; a treated wafer was laid flat on the cooled agar

surface with one end of the wafer touching the container wall. Wafers 

were pushed down lightly to ensure even contact with the agar. For 

each replicate series for test II, one container was prepared with 

the agar but without a test wafer. Containers were loosely covered 

with screw caps.

Two containers from each replicate series were randomly selected 

and were weighed to permit determination of the rate of water loss.

For tests I and II, these were reweighed on a daily basis, while for 

test III they were reweighed at 800, 1200 and 1600 every day and also 

at 2000 for the first two days of testing. Distilled water was added 

to all containers of a test series when the average moisture content of 

the sand of the two containers which were weighed for that series dropped
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more than two percent below the original moisture content. Water 

could not be added to the test II (agar) containers. During the 

duration of these tests, it was necessary to add water only to the 

test III containers.

During the first week of testing, one replicate series was 

carried out for each of the 3 tests. Two weeks later, another 

replicate series was done for each of test I and test II.

At the beginning of testing, 5 active undifferentiated worker 

termites were placed into each test container. Containers were kept 

at 24 C and 75% relative humidity for the duration of the test.

During the test, containers were examined at regular intervals, 

as indicated in Table 1. At each inspection, the condition of the 

termites, sapwood wafers, and containers (eg. mould growth) were 

verified. The LT50 (mean lethal time: time in hours at which 3 or 

more of the 5 termites in a container were dead) and KT50 (mean knock-

down time: time in hours at which 3 or more of the 5 termites in a 

container were subjected to uncontrolled twitching) were noted at the 

appropriate time for each container. After 120 hours, the percent 

termite survival and condition of the termites, wafers and containers 

were noted, as were the number of termite tunnel entrances in the 

substrate and the estimated length of the tunnels, using standard 

recording forms (Figure 2).

At the end of the tests, containers were autoclaved prior to 

disposal. Control containers were kept for three weeks after the end
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of the tests prior to autoclaving and disposal, in order to verify 

survival over a four week period.

An effectiveness rating (ER) was calculated for each of the 

treatments, based on the sum of survival (%), LT50 and KTso» For 

containers in which termites had not reached the LT50 or KT50 by the end 

of the test period, these were considered as 120 hrs (total duration of 

test). Thus,

(survival + LTso + KT50)maximum - (survival + LT50 + KT50)
ER " (survival + LT50 + KT50)maximum

340 - (survival + LT5 0 + KT5 0)
340

A t-test was used to verify if the presence of Lignosol B in treat-

ment solutions affected retention. Two t-tests were done to verify 

differences in the ER's between the 3 experimental groups. One t-test 

was done for each experimental group to compare the ER's of insecticides 

for treatments with compared to without lignosulphonate solids, in 

order to verify if these affect insecticide toxicity.
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RESULTS AND DISCUSSION

Number of growth rings per cm on the wafers averaged 5.9 

(standard deviation of 0.4). Average wafer dimensions were 39.0 x 

23.5 x 5.0 cm, with a mean wafer surface area of 24.53 cm2 (standard 

deviation 0.10 cm2). The retentions of treatment solutions, of insect-

icides, and of Lignosol B solids per wafer and per m2 of wafer surface 

area are given in Table 2. Retentions of solutions containing Lignosol 

B did not differ significantly from those without Lignosol B (t-test,

P>0.10).

Results of termite testing are shown in Table 3. While ER's were 

not significantly different for tests I and II (t-test, P>0.10), ER's 

from test III were lower than those in tests I and II (t-tests, P<0.01), 

indicating some fumigatory activity for both chlordane and permethnn. 

For each of the three tests, ER's for the 7 treatments with Lignosol B 

were not significantly different from the 7 treatments without Lignosol

B (t-tests, P>0.10).

Use of Lignosol B (25% solids) did not affect retentions nor 

toxicities of the insecticides in our tests. For the Lignosol B 

control treatments (retention of 117 g solids per m2), 24 of 25 ter-

mites survived the 5 day test. Survival over a four week period for 

this treatment closely matched survival for termites exposed to the 

water control treatments (12 surviving compared to 14).

Since similar results were obtained for tests I and II, it appears 

that agar can be a suitable substrate for short term tests. Termites
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tunneled readily through the agar, and their behaviour was similar 

to that of termites with the sand substrate. Extent of tunneling and 

presence and behaviour of termites in the tunnels were easier to evaluate 

with the agar substrate. Mould growth was not more prevalent on the 

agar than on the sand. These factors, along with the ease of preparation 

of containers with agar substrate, make agar preferable to sand for such 

short-term testing.

For all 3 test groups, permethrin appears more toxic than the 

equivalent concentration of chlordane (Table 3). Even the lowest con-

centration of permethrin (0.01%) was highly effective,though its high 

KT50 for test III reduced its ER for that test. While chlordane was 

generally very effective, some termite survival was seen for 0.01 and 

0.10% chlordane in test III, resulting in fairly low ER's. Complete 

termite survival was seen in test III for the 0.10% chlordane with 

Lignosol B; termites in this treatment constructed a tunnel away from 

the treated wafer early in the test, and did not emerge from it for the 

entire test duration.

Given the high efficacy of permethrin and the apparent lack of 

detrimental effects of Lignosol B on its insecticidal activity, work 

should be undertaken to develop a suitable formulation containing permetrin 

and spent sulphite liquor which could increase the insecticide s per-

sistence when used as a wood surface treatment or soil treatment against 

subterranean termites.
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Table 1. Inspection schedule for testing toxicity of treated 
red pine sapwood wafers against termites.

Day Time
Cumulative Time 

(Hours)

Monday 0800 0
1000 2
1030 2.5
1100 3
1200 4
1400 6
1600 8
2000 12

Tuesday 0800 24
1200 28
1600 32
2000 36

Wednesday 0800 48
1600 56

Thursday 0800 72
1600 80

Friday 0800 96
1600 104

Saturday 0800 120

Continuous observation during first 2 hours.
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Table 2. Total retentions of treating solutions and net retentions of 
insecticides and lignosulphonate solids per red pine sapwood 
wafer and per m 2 of wood surface area. Retentions per m2 are 
based on mean surface area of 25.43 cm2 per wafer. Means and 
standard deviations (SD) are for 5 wafers per treatment.

Total Retention Insecticide Retention
Lignosol B 

Solids Retention

Treatment 2
g/block g/m mg/block mg/m3

o
mg/block g/m

Mean SD Mean SD Mean SD

Water

Control 1.280 0.124 522.0

Chlordane 0.01% 1.169 0.166 476.5 0.117 0.017 47.7
0.10% 1.044 0.100 425.6 1.044 0.100 425.6
1.00% 2.896 0.157 365.4 8.986 1.573 3654.

Permethrin 0.01% 1.058 0.062 431.5 0.106 0.006 43.1
0l10% 0.972 0.163 396.3 0.972 0.163 396.3
1.00% 0.694 0.067 282.8 6.936 0. 666 2827.

Lignosol B

Control 1.143 0.143 465.9 285.7 35.8 116.5

Chlordane 0.01% 1.257 0.126 512.4 0.126 0.013 51.2 314.2 31.6 128.1
0.10% 1.189 0.077 484.8 1.189 0.077 484.8 297.3 19.3 121.2
1.00% 0.783 0.066 319.1 7.828 0.656 3191. 195.7 16.4 79.8

Permethrin 0.01% 1.193 0.120 486.4 0.119 0.012 48.6 298.3 30.1 121.6
0.10% 1.063 0.074 433.4 1.063 0.074 433.4 265.8 18.4 108.4
1.00% 0.721 0.101 293.8 7.208 1.005 2938. 180.2 25.1 73.5
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Table 3. Termite survival after 5 days (120 hrs) and treatment LT5 0 , KT5 0 ,
and effectiveness rating (ER) for covered containers with sand substrate 
(I) or agar substrate (II) or for open containers with sand substrate (III).
Values for I and II are means from 2 replicates each; single replicate for III. 
Effectiveness rating _ (Survival max + LTsnmax + KTspmax) - (Survival i + LTspi + KTspi)

Survival max + LTsgmax + KTsgmax

340 - (Survival i + LT^pi + KTspi)
340

Treatment
I II III

Survival
%

LT50
hr

KT50
hr

ER
%

Survival
%

LT50
hr

KT50
hr

ER
%

Survival
%

LT50
hr

k t 50
hr

ER
%

No wafer 100 120+a 120+ 0 90 120+ 120+ 3 80 120+ 120+ 6

Water

Control 100 120+ 120+ 0 100 120+ 120+ 0 100 120+ 120+ 0

Chlordane 0.01% 0 88 24 67 0 64 28 73 60 120+ 120+ 12
0.10% 0 26 9 90 0 64 7 79 20 120 32 49
1.00% 0 36 6 88 0 64 3 80 0 96 3 71

Permethrin 0.01% 0 30 1 91 0 34 0 90 40 96 80 37
0.10% 0 24 0 93 0 24 0 93 0 48 0 86
1.00% 0 7 0 98 0 6 0 98 0 24 0 93

Lignosol B

Control 90 120+ 120+ 3 100 120+ 120+ 0 100 120+ 120+ 0

Chlordane 0.01% 0 84 9 73 0 72 10 76 40 96 24 53
0.10% 0 64 9 79 0 76 10 75 100 120+ 120+ 0
1.00% 0 28 7 90 0 40 5 87 0 96 6 70

Permethrin 0.01% 0 7 0 98 0 9 0 97 0 48 24 79
0.10% 0 5 1 98 0 2 0 99 0 48 1 86
1.00% 0 2 0 99 0 3 0 99 0 18 0 95

aLTso or KT50 hot reached by the end of hour 120.
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Figure 1

Chlordane

Permethrin

Lignosulphonic Acid

Chemical structures of chlordane and permethrin and 
structural sketch of dominant monomer of lignosulphonic acid.
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Figure 2. Recording sheet with data selected from test I (a) 
and test II (b).
Circles show inverted projected view from top of containers 
(Small circle = substrate surface, large circle = container 
bottom). Wafers are placed vertically (a) or horizontally (b).
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