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ASSESSMENT OF TOXICITY OF FIPRONIL AND ITS 

RESIDUES TO HONEY BEES
FİPRONİL VE REZİDÜLERİNİN BAL ARILARI ÜZERİNDEKİ TOKSİSİTESİNİN 

BELİRLENMESİ

Marwan Keshlaf1*, Albert Basta2, Robert Spooner-Hart2

Summary:Laboratory bioassays were conducted to assess the toxicity of ipronil to seven-day-old wor-
ker honey bees, using topical and oral applications duplicating likely ield exposure. In addition, residual 
effects of ipronil were assessed after potted cotton plants were sprayed with full and half recommended 
ield rates, exposed to ield conditions, then bees were exposed to different age residues. The acute dermal 
LD

50
 was 1.9 ng / bee, and acute oral LC

50
 was 0.4 ng / bee. The residual toxicity of ipronil on cotton 

leaves remained high for an extended period of 25 d and 20 d for full and half recommended rates of ip-
ronil, respectively. These studies show that ipronil is highly toxic to honey bees via direct spray contact, 
ingestion, and contact with residues. The application of ipronil in lowering cotton is, therefore, unlikely 
to be compatible with use of managed honey bees.

Keywords:  Apis mellifera, ipronil, toxicity, residual activity, cotton

Özet: Arazi ortamında iki tekrarlı olarak topikal ve oral uygulamalar ile ipronilin 7-günlük bal arıları 
üzerindeki toksik etkileri saptanmıştır. Buna ek olarak, ipronilin rezidüel etkileri; arazi ortamında uy-
gulanan dozun tamamı ve yarısının pamuk bitkileri üzerinde uygulamak üzere, farklı yaş aralıklarındaki 
arılara rezidüler uygulanmıştır. Akut dermal LD50 değeri 1.9 ng/arı ve akut oral LC50 değeri ise 0.4 ng/
arı olarak tespit edilmiştir. Fipronilin pamuk bitkisi üzerindeki toksisitesi 25 günlük bir sürede, dozun 
tamamı ve yarısının uygulanması ise 20 günlük bir sürede yüksek seviyelerde devam etmiştir. Bu çalış-
malar, ipronilin direkt spray ile sıkılması, yenmesi ve rezidüler ile temas edilmesi suretiyle bal arıları 
üzerinde yüksek derecede toksik etkileri saptanmıştır. Çiçek veren pamuk üzerinde ipronil uygulaması-
nın ise bu nedenle üretimi yapılan bal arıları ile uyumlu olması beklenmemelidir.
Anahtar kelimeler: Apis mellifera, ipronil, toksisite, reziduel aktivite, pamuk 
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Introduction   
Cotton, Gossypium hirsutum L., a major agricultural 

crop grown world-wide, including in Australia, his-

torically received multiple treatments of pesticides 

during the growing season to manage a range of pests 

attacking the cotton buds and bolls. Although cotton 

is primarily self-pollinated, cotton lowers visited by 
the European honey bee, Apis mellifera L., have been 

reported to produce heavier bolls (Moffett et al., 1980; 

Vaissiere, 1991; Free, 1993; Keshlaf, 2009) with im-

proved lint quality (Rhodes, 2002) and seed-oil con-

tent (El-Sarrag et al., 1993). Unfortunately, insecticide 

applications during the lowering period often kill 
honey bees, Apis mellifera L., and other pollinators, 

which contact the insecticide-treated lowers or foli-
age causing high bee mortality (Waller 1982; Estesen 

et al. 1992; Robertson and Rhodes 1992). Therefore, 

many beekeepers avoid providing bees for the pol-

lination of cotton crops (Bennett 1993; Stace 1994). 

With the introduction of transgenic cotton express-

ing Cry genes for Bacillus thuringiensis (Bt) toxins, 

it was anticipated the level of pesticide use would be 

signiicantly reduced (Perlak et al. 2001; Qaim 2003; 
Fitt 2004), possibly to the extent that it might be safe 

to honey bees. However, infestations of some non-lep-

idopterous pests unaffected by the toxin in the plants 

have increased, probably due to reduced use of broad 

spectrum pesticides to control Helicoverpa spp. (Fitt 

2000). In particular, sucking insects have become an 

increasing problem in the USA (Greenplate et al. 2001) 

and Australia (Ward 2005). In Australia the green 

mirid, Creontiades dilutus, feeds on small squares, 

lowers and young bolls, causing bolls to drop (Pyke 
and Brown 1996; Ward 2002; Whitehouse et al. 2007).

The most commonly used insecticide against 

green mirid is ipronil, 5-amino-1-[2,6 dichloro-
4-(triluoromethyl) phenyl]-4-[(1-R,S) (triluorome-

thyl) sulinyl]-1H-pyrazole-3-carbonitrile, a member 
of the phenylpyrazole insecticide class (Cox 2005), 
with broad-spectrum activity and both contact and 

stomach action. Since 2003, ipronil has been used 
more than twice as frequently in Australian transgenic 

cotton than in conventional cotton (Doyle et al. 2005).

Fipronil disrupts the nerves in the brain and central 

nerve cord of insects by interfering with the ability of 

these nerve cells to transmit nerve impulses, result-

ing in uncontrolled activity, leading to death (Tingle 

et al. 2003; Kadar and Faucon 2006; Gunasekara et al. 

2007). When ipronil is exposed to light it degrades 
to produce a number of metabolites, one of which, 

ipronil-desulinyl, is extremely stable and more toxic 
than ipronil itself (Tingle et al. 2003; Gunasekara et 
al. 2007).

The purpose of this study was to examine in the labo-

ratory and in potted plant trials, the toxic effects of 

ipronil (viz. topical, oral, and contact with fresh and 
aged ipronil residues on cotton foliage) to honey bees. 

Materials and methods
Honey bee samples

Honey bees, A. mellifera ligustica, were obtained from 

the University of Western Sydney (UWS) apiary. In 

this study all bees used in the bioassays were the same 

age. A frame of sealed worker brood from the bee hive 

was placed into an incubator (33 ± 0.25 ˚C, 40 ± 10 % 

RH). The following day all emerged bees (viz. 1-day-

old) were marked with non-toxic pilot-paint on the 

dorsal side of their prothoraces. For topical application 

bioassays, where the insecticide was applied to the tho-

rax, bees were marked on their abdomen. After mark-

ing, bees (400 - 600) were collected singly by forceps 

and transferred into small (10 × 5 × 3 cm) wire-mesh 

cages, which had an exit hole (1 cm diam.) sealed with 

bee candy. The cages were set over the top of brood 

nest frames of their original hive. The bee candy pro-

vided suficient time to enable the marked bees to be 
accepted into the hive when they left the cage visa the 

exit hole. After 6 d, all marked bees were re-collected 

from the hive using forceps, placed into the same wire-

mesh cages and transferred to the laboratory for the 

bioassay investigations. 

Bioassay techniques

Topical acute toxicity of ipronil to honey bees
Fipronil (Regent®200SC, Nufarm Australia Limited, 

Laverton North, Victoria 3026; containing 200 g/L 

active ingredient [a.i]) was dissolved in absolute etha-

nol. Preliminary range-inding tests were conducted to 
determine the approximate LC

50
 for honey bees. The 

doses tested were 3.2, 2.6, 2.4, 2.0, 1.6 and 1.0 ppm 

a.i. This procedure was repeated three times in order 
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to obtain three true treatment replicates. A wire-mesh 

cage containing seven-day-old worker bees was placed 

into a plastic bag then anaesthetized using medical 

grade carbon dioxide for 1 min, to facilitate handling 

and treatment. Seventeen bees were treated with each 

insecticide solution. 

For each bee, 1.0 μL of solution was drawn into the tip 

and gently dispensed on the middle of the dorsal side 

of its pronotum with a precision hand micro-applicator 

PAX 100-3 (Burkard Scientiic, PO BOX 55 Uxbridge 
Middx,UB8 2RT, UK). The control group was treated 

with 1.0 μL of absolute alcohol only. After treatment, 

the sub-batches of (n=17) bees were kept separately in 

50 mL Schott glass vials and placed on the laboratory 

bench. Vials were covered with muslin netting sup-

ported with a rubber band. Food was provided as a bee-

candy (a small block of hardened sugar fondant), placed 

outside the vial on the muslin. All treated vials were 

retained under laboratory conditions (25 ± 2 °C, 50 - 70 

% RH). Observations of bee mortality were recorded 24 
h after treatment. Obviously healthy, active bees were 
counted as alive; all others were deemed dead. 

Oral acute toxicity of ipronil to honey bees
To evaluate the oral toxicity, ipronil was suspended 
in 50 % honey syrup. This stock solution was used to 

prepare further serial dilutions 1.0, 0.8, 0.6, 0.4, 0.1 a.i. 

using the same solution. This procedure was repeated 

four times in order to obtain four true treatment repli-

cates. Preliminary range-inding tests were conducted 
to determine the approximate LC

50
 for honey bees, and 

also to ensure bees fed freely on ipronil-treated honey 
syrup. In addition, several preliminary experiments 

were conducted to develop the most suitable method 

for feeding bees with this syrup, using honey and hon-

ey solution in small plastic Petri dishes (30 mm diam), 

and honey solution in a Parailm™ (Pechiney Plastic 
Packaging Chicago II) cell. The most successful feed-

ing station was the Parailm cell, which was subse-

quently used in all oral toxicity bioassays. The cell was 

set up as follows: 1 mL of the appropriate concentra-

tion syrup was poured onto a 3.5 × 3.5 cm sheet of Par-

ailm; which was then used as the lid of a small plastic 
50 mm diameter Petri dish, with the syrup located on 

the inside of the Petri dish. The remaining edges of the 

Parailm were stretched to produce a seal on the base 

of the dish, thereby forming a single transportable unit. 

The Parailm cell was perforated with an entomologi-
cal pin to produce ive holes around the location of the 
honey solution, to enable the bees to reach the honey 

solution with their mouth parts without contaminating 

their bodies. The cell was then gently placed, with for-

ceps, on the base of a 200 mL Pyrex beaker. 

Bees were starved for 4 h prior to commencement of 

the bioassay. The control group was provided with 

honey syrup only. A group of 15 bees was used as a 

replicate. These were randomly selected and anaesthe-

tized as described previously, then transferred to each 

concentration treatment Pyrex beaker. The beaker was 

then covered with muslin netting, supported with a 

rubber band. Observations on bee mortality were re-

corded 24 h after release, as previously described.

Toxicity to honey bees of ipronil residues on cotton 
foliage exposed to normal weather conditions
 At the farm of university of western Sydney, ifty 
transgenic Bt (Bollgard ІІ® Sicot 71BR) cotton plants 

were sown and grown on 5 November 2007in 8-L 

plastic pots containing composted sawdust-based 

general open potting mix (Debeco Pty Ltd, Vineyard 

2765, NSW). Plants were maintained in a pesticide-

free area in a greenhouse. After two months, plants 

were approximately 1 m high with their irst loral 
buds (squares). Eighteen plants of uniform size and 

development were selected, and randomly allocated to 

the insecticide treatments. After labelling, they were 

transferred outside the greenhouse for application of 

the insecticide treatments. Plants were thoroughly and 

uniformly sprayed with a 450 mL pressurized Plaspak 

sprayer (Plaspak Co., Jannali 2226, NSW) at the rate 

4.2 mL/plant. Six replicate plants were used for each of 

the following treatments; Full recommended rate, Half 

of the recommended rate, and Control (water only)

Calculations of rates were based on the recommend-

ed ield full rate (125 mL/ha) (Farrell 2007) and 
normal ield plant density (10 plants/m); thus at this 
rate, each cotton plant would received 125×10-5 g of 

Regent®200SC. Accordingly, a stock solution of 0.03% 

was prepared by dissolving 0.3 g of Regent®200SC in 

1.0 L of distilled water. Each plant was sprayed with 

4.2 mL of the insecticide solution. Half rate solutions 
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were similarly prepared and applied. After treatment, 

the cotton plants were left outside in separate treat-

ment batches for 2 h to ensure foliage dryness, before 

being transferred to a mesh house (2mm). 

Samples of cotton foliage with exposed ipronil resi-
dues were collected from each treated plant 1, 2, 6, 12 

and 24 d after initial application. Two mature leaves 

from each plant, approximately 200 cm2, were ran-

domly selected, cut and placed singly into plastic bags 

and taken for laboratory bioassay. Plastic Petri dishes 

(90 mm diam.) were modiied to provide ventilation 
and to facilitate bee feeding for the bioassays, by cut-

ting two circular holes (30 mm diam.) in the middle of 

the lid and covering them with nylon mesh which was 

glued to the lid. Each excised cotton leaf was direct-

ly placed onto the base of a Petri dish, to avoid hand 

contamination which may have reduced the deposited 

ipronil, then cut exactly to it in the dish on top of a 
ilter paper that was located on the base of the dish.  

One of the pair of discs from each plant was allocated 
to each of two bee exposure times. The leaf discs were 

placed so their upper surface was exposed to the bees. 

Batches of ten anaesthetized bees were randomly allo-

cated to each of the treatment concentrations, and were 

placed into their respective Petri dish. They were ex-

posed continuously to the treated leaves for two differ-

ent time periods, 3 h or 24 h. All treatments were repli-

cated six times. Thus, for each bioassay 12 Petri dishes 

were used. Bees in the 3 h exposure treatment were 

immediately transferred after this time had elapsed to 

similarly modiied, but clean, Petri dishes with a ilter 
paper on their base. They were then provided with 1 g 

bee candy which was placed on the mesh. At the same 

time, bees in the 24 h exposure treatment were also 

similarly fed. Food was not provided to bees earlier, in 

order to maximize their movement over the treated leaf 

surface rather than remaining static and eating candy. 

Mortality was assessed 24 h after initial exposure.

Statistical Analysis

Probit analysis was carried out for dose-mortality 

(topical and oral), and heterogeneity of regressions was 

determined by the Pearson χ2-test statistics (Busvine 

1971). Abbott’s (1925) formula was used to correct for 

the natural mortality prior to Probit analysis.

Data on toxicity of aged residues were analysed us-

ing mixed general linear model of analysis of variance 

(ANOVA) SPSS® for WindowsTM Version 14 (SPSS 
Inc. 2007). The age of residue, rate of ipronil and 
time of bee exposure to the residues were ixed factors 
and replicate was a random factor. The assumption of 

normal distribution was checked using P-P plot and 
homogeneity of variance using Levene’s test of equal-

ity of error variances. When the assumption of homo-

geneity of variance was met Ryan’s Q test was used 
to separate treatment means and when the assumption 

was not met Dunnett’s T3 test was used. Data for all 

analyses were arcsin (sqrt(X)) transformed. The value 

X was the proportion of dead bees. 

Results 
Topical acute toxicity of ipronil to honey bees
The results from the analysis of the acute topical tox-

icity investigation are presented in Table 1. The calcu-

lated LD
50

 and LD
90 

values were 1.9 ng/bee (15.1 ng/g 

bee weight) and 2.8 ng/bee (22.2 ng/g), respectively. 

The estimated regression line has r2 = 0.876.

Oral acute toxicity of ipronil to honey bees
The results from the analysis of the acute oral toxicity 

investigation are presented in Table 2. The estimated 

LC
50

 and LC
90

 values were 0.4 ng/bee and 1.3 ng/bee, 

respectively. The estimated regression line has r2 = 

0.710. 

Bioassay of ipronil residues on cotton foliage col-
lected from the ield
Bee mortality was consistently higher in the full rate 

ipronil treatments, and also for bees exposed to sim-

ilar age residues for 24 h compared to 3 h. For the 

full rate treatment, mortality < 100% occurred with 

1-day-old residues when bee exposure was 3 h, but did 

not reach this point for 24 h exposure until residues 

were 12 days old. With 24-day-old residues, mortality 

in all treatments was negligible.

Statistical analysis showed signiicant rate × age of 

residue interaction (F
8,155  

= 11.837, P < 0.001), and 

age of residue × time of exposure interaction (F
4,155  

= 2.385, P = 0.05); hence, analyses were performed 

for each exposure time of each rate separately. There 

were signiicant differences between effects of age of 
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ipronil residues in the half rate treatment, when bees 
were exposed to treated leaves for 3 h (F

4,20 
= 9.779, 

P < 0.001) and 24 h (F
4,20 

= 4.052, P = 0.014). When 

bees were exposed to the residues for 3 h, mortality 

was signiicantly higher in 1- and 2-day-old residues 
compared to 12- and 24-day-old ones. There were no 

signiicant differences between other aged residues. 
When bees were exposed for 24 h to treated leaves of 

the same treatment rate, 2-day-old residues were sig-

niicantly different to 24-day-old residues. There were 
no signiicant differences between other differently 
aged residues.

Table 1. Statistical summary of results for acute toxicity of topically applied ipronil (1 μL) to seven-day old A. mellifera 
workers, after 24 h.

Treatment
na

Slope ± s.e.
LD

50

b (ng/bee)

(95% CLe)

LD
90

b (ng/bee) 

(95% CLe)
χ2 df P 

Topical 270 7.61 ± 1.34 1.9 (1.6 - 2.2) 2.8 (2.5 - 7.0) c 20.97 16 0.180

Oral 360 3.63 ± 0.44 0.4 (0.4 - 0.8) 1.3 (0.9 - 2.0) d 24.24 15 0.061

a number of insects tested .

b LD
50

 and LD
90

 data were determined by probit analysis (SPSS Version 15, 2008); concentration (ppm) in alcoholc and 
honey solution d

e CL conidence limits.

Table 2. Statistical summary of results for orally toxicity of orally applied ipronil to seven-day old A. mellifera workers, 
after 24 h.

na Slope ± s.e.
LC

50

b (ng/bee)

(95% CLc)

LC
90

b (ng/bee) 

(95% CL)
χ2 df P 

360 3.63 ± 0.44 0.4 (0.4 - 0.8) 1.3 (0.9 - 2.0) 24.24 15 0.061

a number of insects tested .

b LD
50

 and LD
90

 data were determined by probit analysis (SPSS Version 15, 2008); concentration (ppm) in honey solution.

c CL conidence limits.

Table 3. The percentage of bee mortality ± SD after 24 h of coninement in a Petri dish with treated cotton leave, at ield 
rates of ipronil, for periodically (3 h) or continuously (24 h). 

Age of residues (day)

Mean Percentage Mortality (n = 6) ± s.e.

Half rate ipronil Full rate fipronil

3 of exposure (h) 24 of exposure (h) 3 of exposure (h) 24 of exposure (h)c 

1 75b ± 13.3 aa 60.0 ± 20.0 ab 100.0 ± 0.0 a 100.0 ± 0.0 a

2 60 ± 13.1 a 86.7 ± 4.9 b 70.0 ± 17.5 a 100.0 ± 0.0 a

6 40 ± 17.8 ab 61.7 ± 19.5 ab 66.7 ± 16.8 ab 100.0 ± 0.0 a

12 8.3 ± 4.7 b 35.0 ± 20.6 ab 31.7 ± 14.4 b 33.3 ± 13.8 b

24 6.6 ± 4.9 b 0.0 ± 0.0 c 0.0 ± 0.0 c 0.0 ± 0.0 c

a Values in a column followed by the same letter are not signiicantly different (P < 0.05).
b Mean percentage mortality (n=6) ± SE
c Data could not meet assumption of normal distribution even after transformation so data analysis was   not performed
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There were signiicant differences between the dif-
ferent age residues with full rate ipronil, when bees 
were exposed to treated leaves for 3 h (F

4,20 
= 10.073, 

P < 0.001). Mortality of bees exposed for 3 h to 1-day-

old residues was signiicantly higher than for 12- and 
24-day-old residues. Two-day-old residues were sig-

niicantly different from 24-day-old residues. There 
were no signiicant differences between other dif-
ferently aged residues. When bees were exposed to 

1-day-old residues, data analysis could not be per-

formed because there were no variations between rep-

licates in four out of ive tested age residues and so the 
assumptions of analysis of variance could not be met.

Discussion 
The combination of residual and oral toxicity studies 

provided valuable information on the highly hazard-

ous nature of ipronil to honey bees. The data show 
high mortality, via acute toxicity, of worker bees when 

they were exposed to direct contact (e.g. via topical 

application; viz., equivalent to spray application in 

the ield), oral (e.g., ingestion of nectar, contaminated 
pollen and honey), and to fresh and aged residues of 

ipronil.

In the current study, the LD
50 

of ipronil, when 1 μL 

was applied topically to the dorsal prothorax of 7-day-

old A. mellifera workers, was 0.002 µg / bee. This ig-

ure is similar to, but slightly lower than, that reported 

by Anon (2000, cited in Cox 2005) of 0.004-0.005 µg/

bee, 0.006 µg/bee (Decourtye 2002, cited in Hassan 

et al. 2005; Roper 2002, cited in Chauzat et al. 2006), 

0.0037-0.006 µg/bee (Anon 2002, cited in Colin et al. 

2004), 0.004 µg/bee (Anon 1995, cited in Tingle et al.) 

and < 0.005 µg/bee (Hassan et al. 2005). However, it 

differs greatly from the irst reported igure of 0.013 
µg/bee by Mayer and Lunden (1999), which is much 

higher than all subsequent reports.

Differences between our results and those of others 

may be a result of the amount applied (for instance, 

Mayer and Lunden [1999] applied 2 µL), the carrier 

8 

 
Fig  Mortality of honey bees, after 3 h exposure to aged residues of half field rate (    ) and ful

rate (   ) of fipronil, on cotton leaves (mortality recorded 24 h after commencement of exposure). 
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Figure 1 Mortality of honey bees, after 3 h exposure to aged residues of half ield rate (    ) and full ield rate (   ) of 
ipronil, on cotton leaves (mortality recorded 24 h after commencement of exposure).
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(Mayer and Lunden [1999] used acetone, and we used 
ethanol), or the age of bees tested (Chauzat et al. 2006). 
Both life stage and age impact on insect response to in-

toxicants (Busvine 1971). We used veriied 7-day-old 
workers which were maintained in hives, so that we 

could use uniform organisms for the bioassays. Mayer 

and Lunden (1999) used presumably 4-5-week-old 

bees, and Hassan et al. (2005) used bees of unknown 

age because they “caught worker bees through a hole 

in the top of the hive”. Decourtye et al. (2005), on the 

other hand, used 14-day-old bees which were reared 

under artiicial conditions in an incubator. The young-

est stages of larvae are generally the most susceptible, 

and newly emerged adult bees are more susceptible to 

DDT and carbaryl (Davis 1989), and aldicarb, sulfone 

and methomyl (Atkins and Kellum 1986). In contrast, 

older bees are more susceptible to endosulfan and 

malathion (Atkins and Kellum 1986). With foraging 

adult bees, it is also dificult to distinguish between 
mortality due to natural ageing or exhaustion due to 

intense foraging activity and mild poisoning. While 

older foraging workers would be more likely to be di-

rectly exposed to ipronil, contaminated bees, nectar 
and/or pollen would potentially expose younger bees 

and larvae in the hive to the pesticide. Acute toxicity 

of ipronil for honey bees was < 2.0 ppm and, accord-

ing to the basis of pesticide classiication (Johansen 
1977; Anon 2005), it is highly toxic product.

 

Fipronil was also highly toxic to honey bees when in-

gested. In the current study, the LC
50 

of ipronil, when 
provided in contaminated honey syrup to 7-day-old 

A. mellifera workers after 24 h, was 0.0004 % a.i. 

It was not possible to assess the LD
50

, as we did not 

measure the intake of individual bees. However, the 

LD
50

 has been reported to be 0.006 µg/bee after 48 h 
(Decourtye 2002), and 0.004 µg/bee after 24 h (Roper 
2002). Fipronil has been detected in some pollen sam-

ples (Chauzat et al. 2006; Jimenez et al. 2007), and 

can thus pose a risk to larvae and young, non-foraging 

bees. 

The above igures relate to direct mortality of honey 
bees. The effects on bee foraging have occurred at 

even lower exposures (Colin et al. 2004). Decourtye 

et al. (2005) compared the sub-lethal effects of nine 

pesticides on olfactory learning performance (probos-

cis extension response) in A. mellifera, and concluded 

that even doses lower than 5% of the LD
50

 could im-

pact negatively. Hassan et al. (2005), however, report-

ed that concentrations of ipronil approximately an or-
der of magnitude below the LD

50
 did not interfere with 

the locomotive activity of honey bees regardless of the 

route of administration (topical at 0.1, 0.5 ng/bee, and 

oral at 1 ng/bee). They also recorded that while these 

concentrations impaired olfactory learning they did 

not impair learning or memory retention (Hassan et 

al. 2005).

The potted plant bioassays to assess activity of ipronil 
residues, in the current study, indicate that ipronil is 
highly toxic to honey bees for an extended period af-

ter its initial application. Fipronil applied at the full 

recommended rate (0.025 kg a.i.ha-1) was still toxic to 

bees between 12 and 25 d after application, and at half 

recommended rate for more than 12 d. This residual 

activity could be shorter under full ield conditions, 
where treated plants would be exposed to rain, irri-

gation and other agricultural practices. Considering 

normal honey bee foraging behaviour, 3 h exposure 

to ipronil residues is a realistic timeframe to assess 
likely toxicity in the ield. 

There are very limited published data with which to 

compare our results. Mayer and Lunden (1999) report-

ed that mortality of honey bees, when exposed for 24 

h to 2-h- and 8-h-old ipronil ield residues applied at a 
rate of 0.22 kg/ha-1 to canola leaves, was 76% and 46%, 

respectively. They concluded that ipronil at rates of 
0.11 kg/ha-1could be considered as non-hazardous to 
honey bees, and could be applied only in the evening 

to lowering crops where bees are foraging. Based on 
our results, this conclusion is incorrect. Our data are 

supported by Mulrooney (1999) who recorded 100 % 

mortality in cotton weevil after exposure to 3-day-old 

residues of ipronil on ield cotton, initially applied at 
0.056 kg a.i. ha-1. It is also consistent with the cur-

rent label recommendations for a 28 d period between 

use of ipronil and likely managed honey bee forag-

ing (Nufarm Australia Limited 2006). While it was 

not obvious in our investigations, it is reported that 

ipronil residues increase their toxicity several days 
after their initial application (Cox 2005; Anon 2006). 
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A number of insecticides can be repellent over a 

range of concentrations (Mamood and Waller 1990), 

reducing likely ield toxicity, especially to non-target 
species. This is not the case with ipronil in canola 
(Mayer and Lunden 1999), which suggests that its res-

idues in cotton are unlikely to be detectable by honey 

bees. These studies show that ipronil is highly toxic 
to honey bees via direct spray contact, ingestion, and 

contact with residues, and toxic also to young adult 

bees and maybe larvae. The use of ipronil in lower-
ing cotton is, therefore, unlikely to be compatible with 

use of managed honey bees. 

References
Abbott W.S. 1925. A method of computing the effectiveness 

of an insecticide. Journal of Economic Entomol-
ogy, 18: 265-267.

Anon. 1995. Atelier international ipronil/lutte antiacri-
dienne. Lyon 3-5 May 1995. Unpublished report. 

Rhone-Poulenc Agrochimie, Lyon, France.

Anon. 2000. Base de données sur les substances actives 

phytopharmaceutiques: ipronil. Institue National 
de la Research Agronomiqe, Paris, France. http://
www.inra.fr/agritoxhttp/php/iches.php. (Query 

for ipronil.)

Anon. 2002. Liste des substances actives. Institue National 

de la Research Agronomique, Paris, France. http://

www.inra.fr/agritox.

Anon. 2005. Pesticide toxicity to bees.  http://en.wikipedia.

org/wiki/Pesticide_toxicity_to_bees.

Anon. 2006. The WHO recommended classiication of pes-

ticides by hazard and guidelines to classiication 
2004. World Health Organization. http://www.who.

int/ipcs/publications/pesticides_hazard_rev_3.pdf.

Atkins E.L. and Kellum D. 1986. Comparative morphologen-

ic and toxicity studies on the effect of pesticides 

on honey bee brood. Journal Apiculture Research, 

25: 242-255. 

Bennett G.J. 1993. Pollination is big business in Arizona. Bee 

Culture, 121: 646-649.

Busvine J.R. 1971. A critical review of the techniques for 

testing insecticides. Commonwealth Agricultural 

Bureaux, UK.

Chauzat M.P., Faucon J.P., Martel A.C., Lachaize J., Cou-

goule N. and Aubert M. 2006. A survey of pes-

ticide residues in pollen loads collected by honey 

bees in France. Journal of Economic Entomology, 

99: 253-262.

Colin M.E., Bonmatin J.M., Moineau I., Gaimon C., Burn S. 

and Vermandere J.P. 2004. A method to quantify 

and analyse the foraging activity of honey bees: 

relevance to sublethal effects induced by systemic 

insecticides. Arc Environt.  Contam Toxicol, 47: 

387-395. 

Cox C. 2005. Fipronil. Journal of Pesticide Reform, 25: 10-

25.

Davis A.R. 1989. The study of insecticide poisoning of honey 

bee brood. Bee World, 70: 163-174.

Decourtye A. 2002. Etude de l’impact des produits phytop-

harmaceutiques sur la survie et l’apprentissage as-

sociatif chez l’abeille domestique (Apis mellifera 

L.). PhD Thesis, University Paris X.I., d’Orsay.
Decourtye A., Devillers J., Genecque E., Menach Le., Budz-

inski H., Cluzeau S. and Pham-Delegue M.H. 

2005. Comparative sublethal toxicity of nine pes-

ticides on olfactory learning performances of the 

honey bee Apis mellifera. Arch Environ Contam 

Toxicol, 48: 242–250.

Doyle B., Reeve I. and Coleman M. 2005. A survey of cotton 

growers’ and consultants’ experience with Boll-

gard in the 2004-2005 season. Cotton Research, 

Institute for Rural Futures, University of New 

England.

Estesen B.J., Buck N.A., Waller G.D., Taylor K.S. and Ma-

mood A. 1992. Residual life and toxicity to honey 

bees (Apis mellifera L.) of selected insecticides ap-

plied to cotton in Arizona. Journal of Economic 

Entomology, 85: 700-709.

Fitt G. 2000. An Australian approach to IPM in cotton: inte-

grating new technologies to minimise insecticide 

dependence. Crop Protection, 19: 793-800.

Fitt G. 2004. Implementation and impact of transgenic Bt 

cottons in Australia. In: Cotton production for the 

new millennium, Proceedings of the Third World 

Research Conference. 9-13 March 2003, Cape 

Town, South Africa. pp 371-381. (Agricultural Re-

search Council Institute for Industrial Crops: Pre-

toria, South Africa). 

Greenplate J.T., Turnipseed S.G., Sullivan M.J. and May O.L. 
2001. Treatment thresholds for stink bugs (Hemip-

tera: Pentatomoidae) in cotton. Journal of Eco-

nomic Entomology, 94: 403-409.

Gunasekara A.S., Truong T., Goh K.S., Spurlock F. and 

Tjeerdema R.S. 2007. Environmental fate and 

toxicology of ipronil. Journal of Pest Science, 32: 



MELLIFERA 38 

189–199.

Hassan A.K.E., Dacher M., Gauthier M. and Armengaud C. 

2005. Effects of sublethal doses of ipronil on the 
behavior of the honey bee. Pharmacol. Biochem. 

Behav., 82: 30–39.

Jimenez J.J., Bernal J.L., Nozal M.J., Martiın M.T. and Mayo 

R. 2007. Comparative study of sample prepara-

tion procedures to determine ipronil in pollen by 
gas chromatography with mass spectrometric and 

electron-capture detection. J. Chromatogr., 1146: 

8-16.

Johansen C.A. 1977. Pesticides and pollinators. Annual Re-

view of Entomology, 22: 177-192.

Kadar A. and Faucon A. 2006. Determination of traces of 

ipronil and its metabolites in pollen by liquid 
chromatography with electrospray ionization-tan-

dem mass spectrometry. Agricultural Food Chem-

istry, 54: 9741-9746.

Mamood A.N., and Waller G.D. 1990. Recovery of learning 

responses by honey bees following a sublethal ex-

posure to permethrin. Physiological Entomology, 

15: 

Mayer D.F. and Lunden J.D. 1999. Field and laboratory tests 

of the effects of ipronil on adult female bees of 
Apis mellifera, Megachile rotundata and Nomia 

melanderi. Journal Apicultural Research, 38: 191-

197.

Mulroony J.E. 1999. Optimization of ipronil application. In: 
Proceedings of the Beltwide Cotton Production 

Research Conferences Orlando, Florida. National 
Cotton Council of America, Memphis, TN. pp 

1150-1151.

Perlak F.J., Oppenhuizen M., Gustafson K., Voth R., Sivasu-

peramaniams S., Heering D., Carey B., Ihrig R.A. 

and Roberts J.K. 2001. Development and com-

mercial use of Bollgard cotton in the USA- early 

promises versus today’s reality. The Plant Journal, 

27: 489-501.

Pyke B.A. and Brown E.H. 1996. The cotton pest and benei-

cial guide. CRDC, Narrabri and CTPM, Brisbane. 

pp. 51.

Qaim M. 2003. Bt cotton in India: ield trial results and eco-

nomic projections. World Development, 31: 165-

174.

Robertson L.N. and Rhodes J.W. 1992. Honey bee (Apis mel-
lifera L.) deaths near sprayed cotton and observa-

tions on bee foraging behaviour in lowering cot-

ton (Hymenoptera: Apidae). Journal of Australian 

Entomological Society, 31: 243-246.

Rogers R. 2004. Why is France banning certain pesticides? 

Bee World, 85: 40-41.

Roper M. 2002. Fipronil, résumé du dossier toxicologique. 

Bayer CropScience, 12: 1-85.

SPSS. 2007. SPSS. v14, SPSS Inc., Chicago, IL 60611.

Stace P.S. 1994. Pollen quality: yellow vine or cat’s head 

(Tribulus terrestris) and cotton (Gossypium hirsu-
tum). Bee Briefs, 10: 6-7.

Tingle C.C., Rother J.A., Dewhurst C.F., Lauer S. and King 

W.J. 2003. Fipronil: environmental fate, ecotoxi-

cology, and human health concerns. Rev. Environ. 

Contam. Toxicol., 176: 1-66.

Waller G.D. 1982. Hybrid cotton pollination. American Bee 

Journal, 122: 555-560.

Ward A.l. 2002. Cotton insect management in the Northern 

Territory: challenges ahead and research to over-

come the challenges. In: Proceedings of the 11th 

Australian Cotton Conference. Australian Cotton 

Growers Research Association, Brisbane, Queens-

land, Australia, 111-115.

Ward A.L. 2005. Development of a treatment threshold for 

sucking insects in determinate Bollgard II trans-

genic cotton grown in winter production areas. 

Australian Journal of Entomology, 44: 310-315.

Whitehouse M.E., Wilson L.J. and Fitt G.P. 2007. Target and 

non-target effects on the invertebrate community 

of Vip cotton, a new insecticidal transgenic. Aus-

tralian Journal of Agricultural Research, 58: 273-

285.    



Copyright of Mellifera is the property of Hacettepe University, Bee & Bee Products Research

& Application Centre and its content may not be copied or emailed to multiple sites or posted

to a listserv without the copyright holder's express written permission. However, users may

print, download, or email articles for individual use.


