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1. INTRODUCTION

Wood, natural material with various strengths, 

has been used in construction for a long time. 

Because of the nature of the material, wooden 

buildings are damaged by insects and fungi, 

particularly termites. Reticulitermes speratus 

kyushuensis is a subterranean termite distributed 

throughout Korea that damages wooden build-

ings (Park et al., 1997; Han et al., 1998; Lee 

et al., 2000; Lee et al., 2001; Lee and Jeong, 

2004; Park et al., 2013), and the scale of this 

damage is increasing gradually because of glob-

al warming.

Soil termiticides are conventionally used to 

prevent damage from subterranean termites. 

Since the 1990s, environmentally friendly ter-

mite bait has been widely used to protect 

against subterranean termites (Su, 1994; Jordan 

et al., 2013), whereas fumigant and soil termiti-
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type of subterranean termite, and the scale of this damage is increasing gradually because of global warming. 
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cide were used in the past to prevent termite 

damage in historical wooden buildings in 

Korea. In the late 1990s, termite bait was first 

used to conserve the royal Joseon dynasty 

shrine Jongmyo (Jeong et al., 2002; Chung, 

2013). When cultural heritage sites are damaged 

or weathered, their authenticity is also de-

graded, unlike common wooden structures or 

buildings, which means that faster treatments or 

methods of termite colony removal are needed.

Because different termite species have distinct 

ecological characteristics, the most appropriate 

chemical must be selected to use as bait for 

each species (Grace et al., 1996). Previous 

studies that have eliminated R. s. kyushuensis 

colonies have shown that treatment with hexa-

flumuron, which is a type of chitin synthesis 

inhibitor, takes 8 - 12 months to completely 

control colonies (Tsunoda et al., 1998; Jeong et 

al., 2002). Fipronil is a phenylpyrazole class in-

secticide that kills insects by inhibiting their 

central nervous system (Cole et al., 1993), and 

it is toxic through direct contact and ingestion. 

Fipronil has slow-acting termiticidal effects 

against subterranean termites (Henderson and 

Forschler, 1997; Bagnéres et al., 2009), and can 

be transferred to unexposed individuals, which 

makes it suitable for use as termite bait 

(Bagnéres et al., 2009). Tests with several spe-

cies of subterranean termites, such as 

Odontotermes formosanus existing primarily in 

South China (Huang et al., 2006) and 

Microtermes mycophagus in Pakistan (Naeem 

et al., 2016), have demonstrated the efficacy of 

fipronil as termite bait, and a fipronil applic-

ability study in R. s. kyushuensis eliminated or 

reduced activity of termite colonies (Chung et 

al., 2015). However, no quantitative test of tox-

icity sensitivity was performed in that applic-

ability study. Therefore, this study was con-

ducted to quantitatively assess firponil ingestion 

toxicity in R. s. kyushuensis in a laboratory fol-

lowed by an outdoor on-site applicability test.

2. MATERIALS and METHODS

2.1. Materials

2.1.1. Test termites

The termites used in this study were collected 

from a hill near the Korea National University of 

Cultural Heritage in Gyuam-myeon, Buyeo-gun, 

Chungcheongnam-do, Korea (126.92°E, 36.31°N). 

The timber inhabited by the termites was trans-

ported to the laboratory, cultured in a dark 

room maintained at a temperature of 22 ± 3℃ 

with relative humidity of 50 ± 10%, and 

sprayed with distilled water at regular intervals. 

Soldiers were fixed in FAA (formalin : acetic 

acid : 50% methyl alcohol = 1 : 1 : 18) for 2 

weeks before observing of their morphological 

characteristics with the naked eye and under a 

stereoscopic microscope (SZX7, Olympus, Tokyo, 

Japan). To verify the identity of the colony, the 

labrum and pronotum were separated from the 

head of a test soldier with tweezers and measured. 

Observations indicated that the length-to-width ra-

tio of the labrum was 1.24 (Table 1; Fig. 1) ver-

ifying that the colony was of R. s. kyushuensis 

Morimoto (Kim, 2007; Morimoto, 1968).
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2.1.2. Chemical

The phenylpyrazole insecticide fipronil was 

evaluated in this study. Fipronil (technical 

grade, purity: 97%, Ruina Int. Co., Beijing, 

China) was dissolved in acetone (99.5% EP 

grade, Daejung Chemical & Metals Co. Ltd., 

Shiheung-city, Gyeonggi-do, Korea) and applied 

to circular filter paper (diameter 8 mm, 

Advantec, Tokyo, Japan) at concentrations of 1, 

5, 10, 50, 100, 500, and 1,000 ppm (w/w). 

Each batch of solution was dyed with Nile 

Blue A (Sigma Aldrich Co., St.Louis, MO, 

USA) so that it could be easily determined 

without a microscope if the termites had in-

gested the chemical. The dye concentration was 

0.1% (w/w), which has been shown to have no 

effect on termite survival or feeding behavior 

(Kim et al., 2014).

Common 

name
IUPAC name CAS No. Chemical formula

Molecular 

weight
Melting point

Fipronil

(RS)-5-Amino-1-[2,6-dichloro-4-(trifluoromethyl)

phenyl]-4-(trifluoromethylsulfinyl)pyrazole-3-

carbonitrile

120068-37-3 C12H4Cl2F6N4OS 437.14 200.5℃

Table 2. General properties of fipronil

Body part Length (mm) Width (mm) Ratio (length: width)

Head 2.57 1.11 2.13

Labrum 0.29 0.24 1.24*

Pronotum 0.50 0.81 0.61

*Classification Standard of Reticulitermes sp. (Morimoto, 1968)

Table 1. Morphological characteristics of test termites

Fig. 1. Length and width of the labrum (left) and pronotum (right) of a representative test Reticulitermes sper-

atus kyushuensis termite.
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2.2. Methods

2.2.1. Ingestion toxicity assessment of fipronil

Ingestion toxicity was assessed using a 

no-choice feeding test and applying the standard 

methods of the Japan Wood Protection Association 

(JWPA, 2011) with some modifications.

The termites were cultured in cylindrical 

acrylic containers (D × H × T = 8 cm × 6 cm 

× 0.5 cm) the floors of which were made by 

mixing 20 g dental plaster (Yoshino Co., 

Tokyo, Japan) with 6 mL distilled water. 

Absorbent cotton was laid at the bottom of a 

rectangular plastic container (W × L × H = 50 

cm × 40 cm × 30 cm) and sprayed with dis-

tilled water before placing the culture containers 

on top so that moisture could enter through the 

plaster. Five small sheets of filter paper with 

the same concentration of fipronil were spaced 

evenly in a culture container, and 100 workers 

were placed in each container and cultured un-

der the same conditions as described above 

(Fig. 2). A control group was included under 

the same culture conditions but without fipronil. 

After counting the number of dead insects 

every day, they were removed to prevent any 

residual fipronil from being transferred to other 

insects through cannibalism or other means. 

Each treatment was replicated three times.

2.2.2. Field applicability assessment

The fipronil field applicability test was per-

formed where the test insects were collected. 

The three logs (logs A, B, and C) that the ter-

mite colonies were feeding on, were applied in 

the field test. A target control method (Jones, 

2003) was used to test the three wooden logs 

inhabited by the termite colonies. Log C was 

designated the control and no termite bait was 

installed. For the other two logs (logs A and 

B), 5 - 6 colony elimination systems (HGM, 

HGM Co. LTD., Seoul, Korea) were placed at 

30 cm intervals around the timber where the 

termites were living so that the termites could 

be easily attracted (Fig. 3) (Su and Scheffrahn, 

1996). The distance among log A, B, and C 

was approximately 70 m, suggesting that, the 

termite colonies feeding on logs A, B, and C 

Fig. 2. Experimental set up for the Ingestion toxicity assessment.
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were not the same because foraging territory of 

R. speratus colony is 6.0 - 56.6 m2 (Tsunoda et 

al., 1999).

Initially, filter paper (filter paper No. 53, 

Hyundai Micro, Seoul, Korea) was placed in 

the bait to attract the termites, and the baits 

were monitored every 2 weeks. Once foraging 

workers were attracted, the filter paper was re-

placed whenever monitoring was performed. 

After monitoring the changes in termite colony 

activity for 3 - 4 months, the filter paper con-

taining 10 ppm fipronil, was introduced. During 

monitoring, the existing filter paper was moved 

to a separate container, and the number of for-

aging workers and the feeding rate on the filter 

paper were measured to evaluate any changes 

in activity of the target termite colonies as de-

scribed previous (Su, 1991). Activity of the 

control group (log C) was evaluated with a mi-

crowave instrument (Termatrac T3i, Termatrac 

Co. Sydney, Australia).

3. RESULTS and DISCUSSION

3.1. Ingestion toxicity assessment

In the ingestion toxicity test, termites actively 

consumed the chemically treated filter paper at 

all concentrations. Survival over time is dis-

played for each concentration in Table 3. As 

the concentration of fipronil increased, the in-

sects died faster. Termites consuming low con-

centrations (1 - 10 ppm) versus high concen-

trations (50 - 1,000 ppm) exhibited a difference 

in mortality starting 2 days after the experiment 

started, and all the insects had died after 11 

days. Some insects exposed to 1 - 10 ppm, sur-

vived for 9 days, whereas all insects exposed to 

Fig. 3. Installation of termite bait in the field.

Conc.

(ppm)
1 days 2 days 3 days 5 days 7 days 9 days 11 days

Control 90.0 ± 8.7 90.0 ± 8.7 89.0 ± 8.7  86.3 ± 10.8  84.0 ± 10.1  82.3 ± 10.6 81.3 ± 11.0

1 84.0 ± 7.5 77.7 ± 3.1 71.3 ± 4.5 55.7 ± 6.7 21.3 ± 3.5 12.7 ± 0.6 0

5 83.0 ± 8.2 75.0 ± 5.6 68.3 ± 5.0 52.3 ± 5.7 13.7 ± 8.0  2.3 ± 2.5 0

10 87.0 ± 9.5 81.0 ± 6.6 67.0 ± 4.6  50.3 ± 18.1  9.3 ± 4.9  1.3 ± 1.5 0

50  79.3 ± 12.1 69.3 ± 6.1 65.3 ± 5.1  49.0 ± 20.1  8.7 ± 8.3  0 0

100 87.0 ± 7.0 74.7 ± 5.5 65.3 ± 5.9 45.7 ± 5.1  0  0 0

500  74.0 ± 10.5  60.7 ± 10.4  44.3 ± 11.2  5.3 ± 6.8  0  0 0

1,000 83.0 ± 8.7  53.0 ± 14.0 38.0 ± 8.2  5.3 ± 3.1  0  0 0

Table 3. Survival rates of Reticulitermes speratus kyushuensis subjected to different concentrations of the in-

secticide fipronil
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100 ppm or higher died within 7 days.

The times when 50% of the individuals died 

(LT50) per treatment were 4.99 days at 1 ppm, 

4.45 days at 5 ppm, 4.43 days at 10 ppm, 3.95 

days at 50 ppm, 3.85 days at 100 ppm, 2.55 

days at 500 ppm, and 2.45 days at 1,000 ppm 

(Table 4). Hence, the LT50 was over 4 days at 

the low concentrations (1 - 10 ppm) and was 

less than 4 days at 50 ppm and higher. Because 

a certain amount of time is required after in-

gestion for the colony eliminator to be trans-

ferred by foraging workers to other individuals 

within the colony, an optimal concentration of 

10 ppm was selected for the field applicability 

tests to ensure sufficient time to transfer the 

chemical to other individuals and to demon-

strate the slow-acting effect.

These results are similar to those of previous 

studies. For example, one study assessed the in-

gestion toxicities of fipronil in workers of the 

subterranean termites Coptotermes formosanus 

and Reticulitermes flavipes and observed a 

slow-acting insecticidal effect with less than 

50% of insects dying 4 days after forced in-

gestion of 1 ppm fipronil (Henderson and 

Forschler, 1997). Another study of R. flavipes 

found that an average of 7.5% termites survived 

10 days after treatment with 10 ppm fipronil, 

and that the LT50 of this treatment was 4.92 

days (Bagnéres et al., 2009). Taken together, 

these results demonstrate that a low dose of fi-

pronil is suitable as termite bait. 

3.2. Assessment of field applicability

Foraging workers from the two chemically 

treated termite colonies began consuming the 

filter paper 2 and 6 weeks after start of the 

experiment. Subsequently, in colony A, 23 - 46 

termites were observed, and 0.476 - 0.745 g fil-

ter paper was consumed in a 2-week period; the 

rate of filter paper consumption is indicative of 

termite activity. In colony B, 55 - 90 termites 

were observed and 0.741 - 1.153 g of filter pa-

per was consumed every 2 weeks.

After exchanging the initial bait with the fi-

pronil-containing bait, 33 termites from colony 

A were present 2 weeks later, but no termites 

remained after 4 weeks. A total of 0.533 g fil-

ter paper was consumed 2 weeks after baiting 

and 0.121 g at 4 weeks; however, no feeding 

was observed after 6 weeks, suggesting that the 

termite colony had been eliminated (Fig. 4). 

Similarly, in colony B, 45 termites were dis-

covered after 2 weeks, but none were present 

after 4 weeks. A total of 0.436 g filter paper 

was consumed 2 weeks after baiting, 0.236 g at 

4 weeks: however, no feeding was observed af-

ter 6 weeks, suggesting that it took approx-

imately 4 weeks to eliminate the colony (Fig. 

5). Colony C was observed feeding throughout 

the entire experiment. Foraging workers were 

1 5 10 50 100 500 1,000

LT50 values 4.99 4.45 4.43 3.95 3.85 2.55 2.45

Table 4. LT50 values in days for seven concentrations of fipronil consumed by Reticulitermes speratus kyushuensis
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observed in the untreated control colony after 

activity at the two chemically treated colonies 

ceased. 

The results of the field applicability test show 

a decrease in the number of foraging workers 

and in the feeding rate at 2 - 4 weeks after 

baiting, and no termite activity was apparent af-

ter 6 weeks. At the same time, the untreated 

control group remained active, suggesting that 

weather was not the cause for activities to stop 

in the chemically treated colonies. This ob-

servation also suggests that 10 ppm fipronil is 

effective for eliminating termite colonies living 

outdoors.

Insect growth regulators that are convention-

ally used to eliminate colonies are suitable for 

eliminating larger termite colonies, which re-

quire a longer time to spread the chemicals 

within the colony (Su, 1994). However, R. s. 

kyushuensis colonies have various population 

sizes depending on habitat conditions and the 

time of colony formation; colonies can be as 

small as a few thousand to as large as a few 

ten-thousand individuals (Lee and Ryu, 2003). 

In a study using the triple mark-re-

capture-release method to evaluate the number 

of foraging workers of R. speratus (Kolbe), 

109,400 - 466,400 termites were observed per 

colony (Tsunoda et al., 1999), which is far 

fewer than other subterranean termite species 

such as C. formosanus. 

4. CONCLUSION

This study assessed ingestion toxicity and 

field applicability of fipronil as a termite bait 

for more effective control of R. s. kyushuensis, 

which damages historical wooden buildings 

throughout Korea. We assessed the sensitivity 

of termites residing in South Korea to fipronil 

at concentrations of 1-1,000 ppm and found 

that the insects did not avoid fipronil at any 

concentration. LT50 values decreased with in-

creasing concentration, meaning that it took less 

time to kill the insects as they consumed a 

higher concentration of the insecticide. The 

LT50 was 4.43 days at 10 ppm, and some in-

sects survived up to 9 days, indicating a 

slow-acting insecticidal effect. Molting fre-

quency and termite metabolism decrease at low 

temperatures (Van et al., 2002; Spomer and 

Kamble, 2005) as the activity of insect growth 

Fig. 4. Change in activity in termite colony A dur-

ing the field applicability test.

Fig. 5. Change in activity in termite colony B dur-

ing the field applicability test.
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regulators is related to temperature. This means 

that the effect of growth regulators also de-

creases in low temperature, and in Korea, there 

are only 3 - 4 months with mean temperatures 

above 20℃. Thus, it is thought that fipronil 

may eliminate R. s. kyushuensis colonies more 

rapidly than conventional insect growth regu-

lators because it is well suited to the Korean 

climate and the unique ecological characteristics 

of the subspecies. By shortening the time re-

quired to eliminate termite colonies, we hope to 

aid in the preservation of valuable historical 

wooden buildings.
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