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ABSTRACT

Diflubenzuron (DFB, trade name dimilin® 25 WP) is a chitin synthesis inhibitor widely used against forest insect pests
in Algeria. Prior to implementation of these products as chemical agents for mosquito control, knowledge on their po-
tential effects on non-target organisms and its behaviour in water are needed. Therefore, the present study was focused
on DFB and aimed to use an HPLC procedure developed previously in order to obtain information on its degradation in
freshwater and its bioconcentration in adult females of the fish Gambusia affinis (Cyprinodondiformes, Poeciliidae),
which is one of the best candidates for biological control programs against mosquitoes. The adult females were exposed
to dimilin® (initial concentration 312 ng a.i./ml) for 28 days and residues analysis determined at different exposure
times (0, 7, 14, 21 and 28 days). The concentration of DFB in freshwater decreased with exposure time while the
amount of residues detected at the surface of the fish body increased progressively to reach a maximum at day 14 (162.7
+ 14.0 ng/fish) and declined thereafter during the exposure period. In addition, DFB incorporation into body increased
with decreasing DFB concentration in water at each exposure time. The following average distribution was noted at the
end of experiment (28 days): about 33% of the applied concentration was detected on the surface of fish body and was
recovered by simple rinsing, and about 67% was found inside the fish body. A degradation in water and surface of fish
occurred starting day 14 during the experimental period. Thus, about 40% of the initial concentration was degraded in
freshwater after 28 days. The results are discussed to develop a better understanding of the degradation of dimilin in
water and their potential effect on non-target organisms for its application for controlling mosquito.
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1. Introduction hibitors as diflubenzuron (DFB) and flucycloxuron (FCX)
are widely used against pest insects in forestry, particu-
larly in Algeria. DFB is more potent than, FCX for mos-
quito control [11,12]. Prior to implementation of these
products as chemical agents for mosquito control in
natural conditions, knowledge on their behaviour in wa-
ter and on their potential effects on non-target organisms
are needed. Above all, it appears important to examine
the IGR effects on the fish Gambusia affinis (Cyprino-
dondiformes, Poeciliidae), which is one of the best can-
didates for biological control programs against mosqui-
toes in the world [13,14] and seems more efficient than
two autochthonous Cyprinidae species, Pseudophoxinus
callensis (Guichenot, 1850) and P. guichenoti (Pellegrin,
1920) [15]. Recent results have suggested that FCX and,
to a lesser extent, DFB, exhibit low toxic effects on this
*Corresponding author. non-target fish species [16]. Several procedures have

Mosquitoes are the most important vectors of pathogens
causing human and animal diseases [1]. Culex pipiens L.
(Diptera, Culicidae), one of the most investigated organ-
isms in Europe [2] and Algeria [3,4]. It is generally con-
trolled by organophosphate, carbamate and/or pyrethroid
insecticides [5,6]. However, the intensive use of conven-
tional insecticides causes secondary effects on the envi-
ronment [7] and alternative methods are needed [8]. In
this context, the search for new insect-selective insecti-
cides with minimal ecotoxicological risks is relevant.
Insect growth regulators (IGRs) seem promising because
of their specific mode of action on insects and their lower
toxicity against non-target organisms than conventional
insecticides [9,10]. Among IGRs, chitin synthesis in-
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been developed for the analysis of DFB or related com-
pounds using high-performance liquid chromatography
(HPLC) [17-22].

Thereafter, this procedure was routinely applied for
evaluation of DFB residues in different organs and tis-
sues from several insect pests [23-25], and also to study
DFB degradation in seawater [26]. These toxicity and
degradation studies were limited almost exclusively to
acute exposure of DFB. Therefore, the present study was
focused on DFB and aimed to use HPLC in order to ob-
tain information on its degradation in freshwater and its
bioconcentration by adult females of this larvivorous fish,
G. affinis in long-term tests (28-day) under laboratory
conditions. These data will permit us to evaluate the pos-
sible field application of this potent insecticide for con-
trolling mosquito pullulations in an integrated manner.

2. Materials and Methods
2.1. Animal Test

Gambusia affinis (Baired and Girard, 1845) were col-
lected from Kherraza River (4°04'N, 04°02'E) as previ-
ously described [27] and acclimatized for at least 15 days
before DFB exposure. Experiments were run in 50-liter
glass aquaria (60 x 30 x 30 cm) under continuous aerated
dechlorinated water. Fish were fed daily using commer-
cial food (Tetramin®, Germany). The natural photoperiod
of 14:10 (L:D) was maintained. Exposed and control
adult females (body weight 0.425 + 0.048 g; length 3.54
+ 0.32 cm) were placed in aquaria (30 fishes per aquar-
ium) under laboratory conditions: temperature 21.03°C £
0.31°C; salinity 242.00 + 33.57 mg/L; pH 8.07 + 0.09;
dissolved oxygen 2.88 + 0.12 mg/L.

2.2. Insecticide and Treatement

Dimilin® (wettable powder 25% active ingredient, a.i.),
the trade name of diflubenzuron, and technical grade
diflubenzuron (97.9% purity used as standard for quanti-
fication of residues) were kindly provided by Pr. G.
Smagghe (Ghent University, Belgium). Dimilin was
added to the rearing water at a final concentration of 312
ng a.i./mL. This concentration was chosen according to
concentrations tested on several fish species [28-31].
Fish starved for 2 days were exposed to the insecticide
for 28 days. Untreated fishes were also used as controls
(For each series, three aquaria were used, each contain-
ing 30 fishes).

2.3. Residue Extraction

DFB residues in freshwater and in fishes (surface and
tissues) were performed using high performance liquid
chromatography (HPLC) procedure as described previ-
ously [26]. At different exposure times (0, 7, 14, 21 and
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28 days), 3 mL of rearing water and 3 females were ran-
domly sampled from control and treated series (1 female
per aquarium) and analysed individually as follows. Each
female was rinsed using 3 mL of acetonitrile-water (50 -
50 by volume), then eviscerated and weighed. The re-
maining tissues were homogenised in 3 mL of acetoni-
trile-water (50 - 50) using a Sonifier cell disrupter B-30
(Branson Ultrasons, France). After centrifugation (5000
g for 10 min) and evaporation of supernatant in Speed
Vac (Varian), the various extracts from freshwater, sur-
face and tissues of fishes were stored at —10°C until
analysis.

2.4. High Performance Liquid Chromatography
Analysis

Each extract was dissolved in 200 pL of acetonitrile-
water (50 - 50) and small aliquots (10 - 20 uL) were
twice injected into a Waters HPLC (600 E) equipped with
two pumps (M6000 A), a detector (Waters 996 operated
at 254 nm), an automatic injector (WISP 710 B) and a M
740 system Controller Data module. A 125 mm x 4 mm
i.d. Merck RP18 column (7 pum particles) was used with
acetonitrile-water (50 - 50 by volume) as the mobile
phase at a flow rate of 1 mL/min. Chromatography was
performed at room temperature (about 25°C). A calibre-
tion curve was established with technical grade difluben-
zuron (99.7% purity) using a Nec Power Mate 433 com-
puter equipped with Waters Millenium Software.

2.5. Bionconcentration Factor Determination

Bioconcentration was estimated by using the bioconcen-
tration factor (BCF) defined according to [32] as the
residue concentration in the fish tissues divided by that in
the water (both in ng/mL). It was calculated for the dif-
ferent exposure times (0, 7, 14, 21 and 28 days).

2.6. Statistics

The normality of data was verified using the Kolmo-
gorov-Smirnov test, and the homogeneity of variances
was checked by Levene’s test. Data have been expressed
by the mean =+ standard deviation (m £+ SD). Data were
subjected to analysis of variance (ANOVA) followed by
Tukey’s test. All statistical analyses were performed us-
ing MINITAB Software (Version 14, Penn State College,
PA, USA) and p < 0.05 was considered to be a statisti-
cally significant difference. The number of fishes and
repeats used are given with the results.

3. Results
3.1. Determination of Residue in Freshwater

According to previous data, the response of the UV de-
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tector was linear from 2 ng to 1000 ng of DFB [22]. Un-
der over experimental conditions, the retention time of
DFB was about 8.30 min (Figure 1(a)). DFB was de-
tected in extracts recovered from rearing water (Figure
1(b)), rinsing water (Figure 1(c)) and body of treated
fish (Figure 1(d)). The results of residues analysis in
rearing freshwater, surface and inside fish body are
summarized in Tables 1-3. DFB was not detected in
control water. The concentration of DFB in water de-
creased with exposure time and our data show that 60%
of initial DFB was still present after 28 days exposure
(Table 1).

3.2. Determination of Residue in Fish

The amount of DFB residues detected on surface of the
fish body increase progressively to reach a maximum
within 14 day exposure (162.7 = 14.0 ng/animal) and
declined thereafter during the exposure period (Table 2).
In addition, the increase of body DFB incorporation was
mirrored by a simultaneous decrease of DFB concentra-
tion in water with increasing exposure times. This body
accumulation ranged from 54.2 + 4.5 ng/fish after 7 days
of exposure to 160.0 = 11.3 ng/fish at the end of experi-

found inside the fish body. In our study, there was a pro-
gressive incorporation into fish body and a degradation
in water and surface of fish occurred starting day 14 dur-
ing the experimental period. Thus only about 40 % of the
initial dose was degraded in water after 28 days. In addi-
tion, under the laboratory conditions the half-life of DFB
in freshwater determined from the regression curve
showing the degradation as function the time (Y = —2.72
+1.52X; R* = 0.979) was 34.71 days. The bioconcentra-
tion factor (BCF) (Table 3) calculated as DFB concen-
tration in the organism divided by the DFB concentration
in the water vary from 0.462 + 0.089 (minimum value at
day 7) to 3.115 £ 0.710 (maximum value at day 28).

4. Discussion

G. affinis remains one of the best candidates for biologi-
cal control programs against mosquitoes [13,14]. This
fish has been the subject of several studies including be-

Table 1. Concentrations (ng/mL) of dimilin residue detected
by HPLC in freshwater and degradation as function the
exposure time (m £ s; n = 3).

Exposure time Concentration

Degradation (%)

ment (Table 2). (days) (ng/mL)

This increase was rather low, and it is only after 21 0 312.0 0.0 0.0+0.0
days of exposure that t.hlS amount became higher than ; 2072492 484114
that found on the fish skin.

At the end of experiment (28 days), the following av- 14 2598+11.2 16.8+0.72
erage distribution was noted: about 33% of the applied 1 215.0 £ 8.7 3114125
concentration was detected on the surface of fish body
and was recovered by simple rinsing, and about 67% was 2 187.286 4001383
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Figure 1. High performance liquid chromatographs from: (a) 10 ng of standard (DFB); (b) Extract from the rearing water
(20 pL); (c) Extract from rinsing water (20 uL); (d) Extract from the fish body (20 puL) after 28 days of exposure.
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Table 2. Amounts (ng/fish) of dimilin residue detected by HPLC and its distribution (% of initial concentration) on the sur-
face and inside the body of Gambusia affinis as a function of exposure time (m = s; n = 3).

Exposure time Amount on surface Amount in body Level on surface Level in body Total quantity
(days) (ngffish) (ngffish) (%) (%) (ngf/fish)
0 0.0£0.0 0.0£0.0 0 0 0.0£0.0
7 156.0 +£45.1 542 +4.5 74 26 210.2 +£45.1
14 162.7 £ 14.0 101.5+3.3 62 38 264.1+12.9
21 120.0 £22.6 132.6 +£14.3 48 52 252.0+15.2
28 78.7+8.3 160.0+11.3 33 67 238.6 £ 15.6

Table 3. Bioconcentration factor (BCF) of diflubenzuron in
a freshwater fish Gambusia affinis as function the exposure
time (m+s; n=3).

Exposure time Tissue concentration

(days) (ng/g) BCF
0
7 137+ 30 0.462 +0.089
14 221430 0.850 +£0.087
21 430 + 38 2.007 £0.261
28 586 £ 157 3.115+0.710

havioural ecology, histopathology, reproductive biology,
endocrinology and toxicology [33-35].

The normal development of the ovaries has already
been described [27,36] and the obtained data provide an
experimental basis to study the activity of IGRs on fe-
males.

Several workers have already reported on the interac-
tions of DFB with various components of the environ
ment. Laboratory and field studies show that DFB can
have adverse impacts on aquatic organism [29,37-39].
Both the tested IGR [12] and the mosquitofish [15] are
useful for the regulation of mosquitoes. Although DFB
has low water solubility, water may represent a signifi-
cant route through which non-target organisms can be
exposed to DFB or its degradation products, particularly
if DFB is used as a mosquito larvicide. The fate and per-
sistence of DFB in pond and lake environment has been a
subject of interest of some years [40-42].

Most methods use liquid chromatography with UV
detection for the analysis of benzylphenylurea com-
pounds such as DFB [43,44]. HPLC was found to be one
of the best methods due to its sensitivity [17]. Dimilin is
degraded in the environment mainly by photodegradation
and hydrolysis [40], producing as major metabolites: 2,6-
diflurobenzamide, 4-chlorophenylurea, 4-chloroacetani-
lide, 4-chloroaniline and N-methyl-4-chloroaniline [45].
Among them, 4-chloroaniline shows a higher toxicity to
fish than the original product [46].

Copyright © 2013 SciRes.

In the present study, the rapid extraction procedure and
the analysis by a sensitive HPLC method [22] allowed
the determination of individual residue levels. Quantita-
tive analysis of DFB in rearing water and surface of fish
by HPLC indicate that there was a significant reduction
in DFB concentration. This reduction is essentially due to
degradation and in a lesser level to uptake of DFB into
the fish. Similarly, HPLC analysis of DFB residues in
seawater samples showed a degradation of 40% from the
initial concentration (0.01 ug/mL) after 14 days [26]. In
addition, under our laboratory conditions, the half-life of
DFB determined in the current study in freshwater is
higher than 4 weeks. Several factors such as pH, salinity
and water temperature may affect the toxicity and persis-
tence of DFB. Dilute solutions of DFB were not stable in
field waters and that in tap waters stability was least
when both pH and water temperature were relatively
high [18]. Previous studies show that DFB normally per-
sists for only about 2 to 3 days [18,47,48]. Low concen-
trations can persist for 7 weeks or longer in pond waters
under low pH and temperatures [49]. Thus, a half-time of
3 days at pH = 10 in freshwater was reported [46] against
a half-life of 1.5 to 2 weeks at pH between 8 - 8.5 [50].

The amounts of DFB detected inside G. affinis indicate
that there was a progressive accumulation into the fish
body. The rate of DFB uptake increased with the DFB
concentration in the freshwater. In the present study, the
bioconcentration factor (BCF) ranged from 0.462 + 0.089
(minimum value at day 7) to 3.115 + 0.710 (maximum
value at day 28), indicating that DFB has a potential to
bioconcentrate in this fish starting day 21 of exposure
period. Similarly, analysis of DFB in Oreochromis
niloticus exposed to 100 pg/mL indicated a bioconcen-
tration ratio of 29.8 fold after 48 h [42]. In addition, the
BCF of DFB in different fish species was determined.
Thus, DFB is accumulated from water into fish tissues at
levels up to 80 fold within 24 h when fish are exposed to
concentrations of 10 ng/mL [32]. In another study, O.
niloticus exposed for 21 days to DFB at 2.5 and 5 pg/mL
accumulated DFB 76 and 99 times greater than the water
concentration, respectively [30].
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In conclusion, an HPLC method for determination of
dimilin commercial formulation in freshwater and fish
body was used. At the end of the exposure period (28
days), 60% of the compound was still detected in rearing
water. According to our previous study, the compound
appears more stable in freshwater than in seawater. Thus,
dimilin can be used for controlling of mosquitoes in an
integrated manner according to its relative stability in
freshwater and its slight toxicity against this non-target
fish species as reported previously. In order to complete
the present finding, a further study is needed to deter-
mine the major metabolites of DFB resulting from its
degradation under our experimental conditions.
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