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Abstract: Diflubenzuron is an insecticide that, besides being used in the agriculture, has been
widely used in fish farming. However, its use is prohibited in this activity. Diflubenzuron is not
in the list of Brazilian legislation establishing maximum permissible limits in water bodies for
the protection of aquatic communities. In this paper, according toxicity data of diflubenzuron in
non-target organisms, it was calculated an hazardous  concentration for only 5% of the species
(HC5) of the aquatic community. This parameter value was estimated to be about 7 x 10 -6 mg
L-1. The low value is due to the extreme high toxicity of diflubenzuron to daphnids and to the
large  variation  in  sensitivity  among  the  species  tested.  Two  relatively  low  cost  and  inert
materials  were  efficient  in  removing  the  diflubenzuron  from  solutions  containing   this
compound.  Among  these  materials,  expanded  clay  shown  to  promote  reduction  of
approximately 50% of  the  toxicity  of  a  solution containing diflubenzuron.  The results  may
contribute  to  the  establishment  of  public  policies  in  Brazil  associated  to  the  definition  of
maximum permissible  limits  of  xenobiotics  in  the  aquatic  compartment.  This  study is  also
relevant to the search of low cost and inert materials for xenobiotics removal from aquaculture
or agricultural effluents. 

Key words: insecticide, aquaculture, hazardous concentration, non-target organisms, toxicity
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Resumo.  Predição  da  concentração  de  baixo  risco  de  diflubenzuron  para  organismos
aquáticos e avaliação da argila e brita na redução da toxicidade.  O diflubenzuron é um
inseticida que além de ser usado agricultura, tem sido amplamente empregado na piscicultura,
apesar do seu uso ser proibido nesta atividade. Este composto não consta na lista da legislação
brasileira que estabelece limites máximos permissíveis em corpos de água para a proteção das
comunidades  aquáticas.  No  presente  trabalho,  a  partir  da  toxicidade  do  diflubenzuron  em
organismos  não-alvo,  foi  calculada  a  concentração  de  risco  para  somente  5% das  espécies
(HC5). O valor deste parâmetro foi estimado em aproximadamente 7 x 10-6 mg L-1 . Este baixo
valor  é  devido à  extremamente  alta  toxicidade do diflubenzuron para  dafnídeos e  à  grande
variação de sensibilidade entre as espécies testadas. Dois matérias de relativamente baixo custo
se mostraram eficientes na remoção da toxicidade do diflubenzuron de soluções contendo este
composto. Dentre esses materiais, a argila expandida promoveu a redução em aproximadamente
50%  da  toxicidade de  uma solução  contendo  diflubenzuron.  Os resultados podem contribuir
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para   políticas  públicas  no  Brasil  relacionadas  ao  estabelecimento  de  limites  máximos
permissíveis  de  xenobióticos  no  compartimento  aquático.  Também,   para  a  pesquisa   de
matérias  inertes  e  de  baixo  custo  com potencial  de  remoção de  xenobióticos  presentes  em
efluentes da aqüicultura ou da agricultura.

Palavras  chave:  inseticida,  aquacultura,  concentração  de  risco,  organismos  não-  alvo,
despoluição

Introduction
According  to  the  latest  FAO  report  (FAO

2014),   aquaculture  is  demonstrating  a  substantial
growth,  with  the  increment  of  an  average  annual
growth rate equal to 6.1%. Therefore it is necessary
that  the  downstream  impacts  of  aquaculture
activities  be  minimal.   That  is,  the  quality  of
effluents must be the best possible in order that the
changes  be  minimized  on  water  bodies  of
surrounding  areas  (Ruiz-Zarzuela  et  al. 2009). In
Brazil, fish farming has been developed a lot as an
economic  activity;  on  the  other  hand,  it  was
observed an increment of problems associated with
ectoparasites diseases (Zago et al.  2014). 

The  pesticide  most  commonly  used  in  fish
farming in Brazil is diflubenzuron (Figure 1). Its use
is  also  beneficial  in  agriculture  farming  against
several insect species. This insecticide belongs to the
benzoyl-urea group and has an inhibitory action of
chitin  synthesis  during  the  immature  stage  of  the
insect.  Despite  its  not  allowed  to  be  used   in
aquaculture,  it  has  been  applied  by  several  fish
farmers to control ectoparasites like the crustaceans
Lernaea  cyprinacea and  Dolops  carvalhoi
(Maduenho & Martinez  2008).

Figure  1. Molecular  structure  of  diflubenzuron
(1-(4-chlorophenyl)-3-(2,6-difluorobenzoyl)  urea;
N-(((4-chlorophenyl)amino)carbonyl)-2,6-difluorobenza
mide).

The  legislation  establishing  maximum
permissible  limits  of  chemicals  in  water  bodies  in
Brazil  (BRASIL 2005)  reports  a  small  number  of
agrochemicals,  although  a  large  amount  of
compounds  are  currently  used.  The  diflubenzuron,
among many other agrochemicals, are not included
in  the  list  of  this  legislation.  So,  is  necessary  to
collect  data  upon its  adverse  effects  to  implement

public  policies  regarding  the  establishment  of
maximum permissible  levels  in  water  bodies.  The
distribution of species sensitivity against a pollutant
is  an  approach  used  in  risk  analysis  to  predict
harmful concentrations ("Hazardous Concentrations"
- HC) that affect a certain percentage of species in a
community.  Typically,  this  approach  is  used  to
determine a preliminary concentration level with 5%
uncertainty (HC5), that is,  the concentration in the
environment that would protect 95% of the species
( Aldenberg & Slob  1993,  OECD  1995).  In this
context,  the use and determination of toxicological
endpoints  in  several  representative  species  of
different trophic levels is an important tool in risk
analysis.  In order to estimate the HC5 from small
number of toxicity data, procedures were developed
to correct for uncertainty due to small sample size
(Aldenberg & Slob   1993).  Such methods  can  be
applied if toxicity data are available for at least five
different species (OECD  1995).

The  microalgae  Pseudokirchniella
subcapitata and  the  microcrustacean  Daphnia
similis are two bioindicators organisms listed in the
"Manual  of  tests  for  evaluation  of  ecotoxicity  of
chemical agents" (IBAMA 1988), used in studies for
the registration of chemicals in regulatory Brazilian
agencies. 

The  microcrustacean  Artemia  salina is
another phytoplanktonic arthropod which effectively
responds  to  the  insecticidal  action  of  several
compounds (Gartenstein  et  al. 2006,  Hassarangsee
et al. 2015). Although this organism is representative
of marine ecosystems, it has been used together with
freshwater organisms in  HC predictions (Nunes  et
al 2014, Minguez et al. 2014).

The  aquatic  insect  Chironomus  sancticaroli
(Diptera:  Chironomidae),  in  its  larval  stage,  is  a
native Brazilian freshwater organism that has been
used to assess the toxicity of sediments (Morais et
al. 2014, Rebechi et al. 2014).  Despite the fact that
this  organism  is  a  benthic  invertebrate,  HC
predictions included toxicity parameters of the genus
Chironomus  together  with  organisms living  in  the
water column (Heijerick et al. 2012, Rodrigues et al
2013). Insecticides have been shown to be extremely
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toxic to Chironomus (Le Blanc et al. 2012). 
The fish  Oreochromis niloticus (Nile tilapia)

is a species of economic importance and is widely
disseminated in aquaculture (Santos et al.  2007). It
inhabits  national  water  resources  (Miranda  et  al,
2010;.  Sarmento-Soares  et  al. 2008)  and has  been
used  in  ecotoxicological  tests  (Assis  et  al.  2012,
Jordaan et al. 2013).

Natural  treatment systems using filters filled
with low-cost materials are increasingly used to treat
effluents  from  agro-industry  and  pesticide  run-off
(Augusto  2011, Al Hattab & Ghaly  2012). Thus,
materials like clay and gravel, has been studied due
its effectiveness in reducing the degree of toxicity of
effluents  contaminated  with  various  pollutants
(Stearman et al. 2003, 2012,  Nkansah et al. 2012).

The  clays  are  natural  materials  with  earthy
texture  and  low  granulometry.  Its  basic  unit  has
surfaces charged negatively which are neutralized by
cation exchange. This is where adsorption occurs by
the  adsorbed  water  molecules  or  exchange  of
cations, such as Ca2 +,  Mg2+,  Na+.  Or toxic cations
such  as  Pb2+ contained  in  industrial  effluents
(Tomasella 2013).  However, the literature has also
reported  about  the  use  of  clays  in  the  removal  of
organic  compounds  (Dordio  &  Carvalho  2013,
Tahar  et al. 2014). Thus, for example, Suciu  et al.
(2011) found a high yield (~96%) at removing the
fungicides  penconazole   and  cyazofamid  by  a
commercial clay.

The  gravel  is  a  material  classified  as  an
basaltic aggregate, widely used in the manufacture
of concrete, highway ballast and other constructions.
This material has also been used in the removal of
toxic  compounds  of  wastewater  from  agricultural
sources (Stearman et al. 2012, Ibrahim et al. 2015).

The  Resolution  No 357  of  the  National
Council  of  Environment  (Brasil  2005),  besides
establishing maximum concentration limits for some
chemicals  ,  considers  the  need  to  reformulate  the
classification of waters by a better specification of
the required quality standards . Also it considers the
pollutant  launch control  on  harmful  levels  for  the
aquatic  life  and  the  establishment  of  treatment
systems  for  this  release  by  the  entrepreneurs  .
According to the Resolution ,  these arguments are
based on the Article 90 of the Federal Law No 6938
on the National Environmental Policy (Brasil 1981),
which promotes the establishment of environmental
quality  standards  and  the  implementation  of
technologies to improve the environmental quality. 

Therefore, on the basis of the exposed above,
this study evaluated the toxicity of diflubenzuron in

different  species  of  aquatic  organisms  in  order  to
obtain  toxicological  endpoints  that  were  used  to
estimate an HC5 for this compound. For that, it was
used the criterion of species sensitivity distribution.
Because of the need to develop technologies for the
efficient treatment of aquaculture wastewater at low
cost,  it  has  also  been  studied  the  effectiveness  of
gravel and expanded clay as potential materials for
use  in  reducing the toxicity  of  effluent  containing
diflubenzuron.

Materials and Methods
Test-material: It was used a commercial formulation
(Dimilin®,  Chemtura  Indústria  Química  do  Brasil
Ltda.;  wettable  powder)  of  diflubenzuron  .  The
product contained 25% of the active ingredient and
75%  of  inert  excipients,  according  the  label
information.
Effect  on  the  algal  growth:  The  unicellular  algae
chloroficea  Pseudokirchneriella  subcapitata
(formerly  Selenastrum capricornutum) was used as
test-organism.  It  was  grown  in  NPK  medium
(Sipaúba-Tavares & Pereira   2008) under controlled
temperature  at  20  ±  2  °  C  and  light  intensity  of
approximately 1,300 lux. The test was performed as
described  by  Becaro  et  al. (2015).  The  algal
suspension was distributed in Petri dishes so that the
final  volume  of  15  ml  per  dish  had  an  algal
concentration of ~105 cells ml-1. Algae suspensions
were  exposed  to  the  concentrations  of  the  active
ingredient equals to 0.0, 13.0; 20.0; 30; 45.0; 67.0
and  100  mg  L-1 These  test-concentrations  were
prepared  in  NPK  medium.  These  concentrations
were  chosen  with  basis  on  a  preliminary  range
finding test. At 0, 24, 48, 72 and 168 hours,  aliquots
were taken from the algal suspensions for evaluate
the  algal  growth.  This  was  accomplished  by
measuring  the  absorbance  (750  nm)  using  a
Shimadzu  spectrophotometer  Model  UV-1650  PC,
since  the  absorbance  is  proportional  to  cell
concentration.  The  calculation  of  the  effective
concentration that inhibited the growth rate by 10%
and  50% for  168  h  (EC10-7d  and  EC50-7d)  was
based on the exposure to different concentrations of
the active ingredient. In calculating the growth rates,
we used the slope of the linear regression values of
the  respective  growth  curves  in  function  of  time
(Grillo et al. 2015). For this, the absorbance values 
were previously processed in the respective natural
logarithms.  The data were analysed by the Simple
Regression  module  contained  in  the  Statgraphics
Plus version 5.1 program (Manugistics  2001). 
Evaluation  of  the  acute  effect  and  prolonged
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exposure in D. similis: As test-organism it was used
the  fresh  water  microcrustacean  Daphnia  similis
with age of approximately 24 hours.  The D. similis
culture and exposure media were prepared using tap
water that had been previously filtered for 48 h using
a filter containing activated carbon  (Clemente et al
2014). The invertebrates were previously cultured in
aquariums  of  40  x  25  x  15  cm  containing  the
dechlorinated and filtered water with the following
physical-chemical  characteristics:  total  hardness  =
53.58  mg  L-1 CaCO3;  pH  7.5  and  conductivity  =
111.4  μS  cm-1.  The  organisms  were  kept  under
controlled  temperature  room at  20  ±  2  °  C,  light
intensity about 1,000 lux and were fed with the algae
P. subcapitata.  Acute toxicity immobilization tests
were  performed  in  accordance  with  OECD
Guideline Part I  (OECD 1984,  Becaro  et al.  2015).
The  daphnids  were  exposed  for  48  hours  to
diflubenzuron at  concentrations  of  0.0;  9.0 x  10-5;
1.7 x 10-4; 3.0 x 10-4; 5.5 x 10-4; 1.0 x 10-3 and 1.8 x
10-3 mg L-1 of the insecticide prepared in water with
the  physical-chemical  characteristics  described
above . These concentrations were chosen based on
preliminary  range  finding  test.  The  results  of
immobility  of  the  organisms  towards  different
concentrations  of  the  chemical  were  subjected  to
probit analysis in order to determine the EC50-48h
and its confidence interval  95%. It  was performed
using  the  Statgraphics  Plus  Version  5.1  software
(Manugistics 2001 ).

Based on the EC50-48h value, it was designed
an exposure  for  7  days in  which a  neonate  of  D.
similis was placed in a beaker containing 30 ml of
diflubenzuron solution. The experiment was carried
out in 10 replicates for each test-concentration: 0.0;
1.1 x 10-5; 3.3 x 10-5; 1.1 x 10-4; 3.3 x 10-4 and 1.0 x
10-3 mg L-1.   The solutions were renewed in periods
of  48  hours  for  7  days  and  the  daphnid  of  each
container was taken periodically to assess the total
length of the individual (Johnson & Delaney 1998).
In this case it  was considered the length from the
head  to  the  end  of  the  carapace,  disregarding  the
apical  spine  (Van  Dam  et  al.  1995).  The
measurement  was  performed  using  a
stereomicroscope  which  was  coupled  to  a  digital
camera. The images analysis were performed using
the  MB-Ruler®  program  (Software  Solutions
Markus Bader,  Iffezheim,  Germany;  http:  //  www.
markus-bader.de/MB-Ruler/). The body measures in
function of time allowed to calculate the growth rate
for each concentration tested (Clemente et al. 2014).
Growth rates were compared by the “Kruskal-Wallis
Test” contained in the “One Way ANOVA” module

of the Statgraphic  Centurion XVII Version 1.17.04
(StatPoint Technologies 2014). Bonferroni test was
used for  post  hoc comparison between the control
group  (0.0  mg  L-1)  and  the  exposed  groups.The
adopted statistically significance level was p<0.05. It
was  determined  the  highest  concentration  that  did
not  manifest  significant  effect  on  the  growth  rate
compared  to  the  control  (No  Observable  Effect
Concentration - NOEC).
Evaluation  of  the  acute  effect  on  Artemia  salina:
Brine  shrimp  nauplii  were  obtained  after  48  h  of
incubation  of  commercial  Artemia  cysts  (INVE
Aquaculture  Inc.,  Ogden,  Utah)  in  30 g L-1 saline
solution "Sera Premium®" (Sera GmbH, Heinsberg)
prepared  in  a  similar  water  that  was  used  for  D.
similis.  An  intense  aeration  was  applied  to  this
suspension  cysts  through  a  porous  rock,  at
temperature  of  25±1◦C  and  light  intensity  about
6,300 lux .   The test was carried out in beakers with
50 ml capacity containing 20 ml of test-solution and
10  nauplii  in  each  container.  The  test-solutions
containing  the  insecticide  were  prepared  in  saline
solution  as  described   above.  The  test
-concentrations  evaluated  were  0,00;  0.05;  0.09;
0.153;  0.291;  0.53  mg L-1,  in  triplicate,  under  the
light intensity of 1,000 lux and temperature of 20 ± 2
°C (USEPA 1991, Becaro et al. 2015). After 48 h of
exposure to diflubenzuron, the number of organisms
was  recorded  to  calculate  the  concentration  that
affected 50% of mobility (EC50-48h), together with
the  95% confidence  interval  (Becaro  et  al. 2015).
For this,  it was used the Statgraphics Plus Version
5.1 software (Manugistics 2001).
Assessment  of  the  toxicity  in  Chironomus
sancticaroli:  Clutches  of  C.  sancticaroli  were
allocated in plastic trays (30 x 37 x 8cm) containing
~1cm height  of  sieved sand that  was  washed and
sterilized at  121°C for 30 minutes.  The organisms
were grown in 2 L of water from an artesian well
with the following physico-chemical characteristics:
pH = 7.5; conductivity = 111 μS cm-1 and dissolved
oxygen =  5.5  mg L-1.  The  containers  remained in
temperature  controlled  room  providing  a  water
temperature  of  22+ °C  and photoperiod  and 12  h
light (~500 lux) / 12h dark. The water column was
aerated  through  a  porous  stone  and  a  mini
compressor. The newly hatched larvae were initially
fed with algae (first 48 hours) and then fed once a
day with Tetramin® until  they reach the last larval
stage (4th instar) (Fonseca & Rocha 2004). A total of
30 larvae (4th instar) were allocated in crystallizers in
a total volume of 300 ml (Lee & Choi 2006, Rebechi
et al.  2014).  The  test-concentrations  of
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diflubenzuron  evaluated  were  0,0;  1,0;  10,0  and
100,0 mg L-1. These were prepared in the same water
used  for  the  culture  of  the  organisms.  The  total
number of larvae per test-concentration was divided
in triplicate. After 96 h exposure to the toxic agent,
the  mobility  of  the  organisms  was  quantified  to
determine the concentration that is effective to 50%
of  the  population  (EC50-96h),  as  described  by
Rebechi et al. (2014).
Assessment of toxicity in fish:  Fingerlings of tilapia
(O. niloticus),  (average measure and weight,  3 cm
and 6g,  respectively) were purchased from a local
supplier  (Aquaculture Brumado, Mogi Mirim, SP).
The  organisms  were  acclimated  in  plastic  tanks
during  one  week  in  a  volume  of  175  L  of
dechlorinated  water  with  the  following
characteristics:  conductivity = 160 µS cm-1;  pH =
7.2 and hardness  = 50 mg L-1 CaCO3  .  They  were
subjected to a photoperiod of 16h light (~1,000 lux) /
8h  dark  and  temperature  of  28+2  °C.  During  the
acclimation  period,  the  fish  were  fed  with
commercial feed TetraMin Plus® (Tetra Holding US
Inc.)  and  remained  under  observation  in  order  to
check  for  possible  signs  of  infection,  behavioral
changes and mortality. After  the  acclimation ,  fish
were transferred to glass tanks containing 10 L of
the  test-solution.  Ten  organisms  were  placed  into
each  container  that  remained  under  static  system.
The  test-concentrations  of  diflubenzuron evaluated
were 0.0; 0.1; 1.0; 10.0 and 100.0 mg L-1 (OECD
1992a). 

The test-solutions were prepared in a similar
water used for fish acclimatation. The total period of
exposure  to  diflubenzuron  was  96  hours,  during
which  the  fish  were  not  fed  and were  maintained
under the same environmental conditions mentioned
above. At the end of the exposure period, the number
of  dead  individuals  was  recorded  in  order  to
determine the lethal concentration that affect 50% of
the population (LC50-96h). The  study followed the
Ethical  Principles  in  Animal    Experimentation
adopted  by  the  Brazilian  Society  of  Laboratory
Animal Science (SBCAL). It  was approved by the
Ethics Committee on the Use of Animals of the State
University of Campinas (CEUA/Unicamp) under the
registration No 2756-1 (Law No.11794/2008).
Determination  of  the  harmful  diflubenzuron
concentration to 5% of the species (HC5-50%) of a
community:  In order to calculate this parameter, the
values  of  "no  observed  effect  concentration
(NOEC)" were estimated. In evaluating the effect on
algae,  the  NOEC  was  estimated  as  the  "effective
inhibitory  concentration  at  10%  of  algal  growth

(EC10-7d)" (OECD 1995). For other organisms, the
NOEC was estimated by the ratio EC50 or LC50 /
10  as  described  by  various  authors
(Gherardi-Goldstein 1990,  OECD 1995, Elmeggard
et al. 2000, Rebechi  et al. 2014). The hypothetical
environmental concentration at which the probability
of  only  5% of  species  in  a  community  would  be
affected  (HC5)  (Aldenberg  &  Slob  1993,  OECD
1995) was determined using the program ETX (ETX
2.0 RIVM;  Van Vlaardingen et al. 2004) based on
the  method of  Aldenberg & Jaworska  (2000).  For
this calculation, it was adopted the lower confidence
limit  50%  of  HC5  (HC5-50%) as  the  risk
concentration  (Aldenberg  &  Slob  1993,   OECD
1995). 

The  distribution  of  normality  of  the  NOEC
values  was  previously  analyzed  by  the
Kolmogorov-Smirnov  test  contained  in  the
Statgraphics  Centurion  XVII  Version  1.17.04
program. (StatPoint Technologies 2014).
Removal  of  the  diflubenzuron  toxicity  by  inert
materials:  Gravel and expanded clay were used as
inert materials. The former was a crushed stone n. 02
measuring  9.5  to  31.5  mm  in  diameter.   The
expanded clay was equivalent to the grit n. 02  with
a  diameter  between  22  to  32  mm  and  apparent
density of 450 kg / m³. Each  of these substrates were
placed  within  an  external  aquarium  filter  type
hang-on (Eheim Liberty 2040, EHEIM GmbH & Co.
KG, DE) which was coupled in  a  glass  container.
The filters had a volume of 650 cm³ to deposit the
substrate  and  flow  capacity  of  380  L/h.     Five
hundred grams of  the  material  were placed in  the
filter  through  which  was  recirculated  2  L  of  the
insecticide solution containing 1 mg L-1 of the active
ingredient.

Freshwater  from  an  artesian  well  with  the
same characteristics described above in “Evaluation
of  the  acute  effect  and  prolonged  exposure  in  D.
similis”  was  used  for  the  preparation  of  the
diflubenzuron  solution.  Each  recirculation  system
related  to  each  inert  material   was  assessed  in
duplicate.  A  system  evaluated  without  the  inert
material was considered as a control. After 24 h of
recirculation, the salinity of the recirculated solution
was adjusted by adding 30 g L-1 "Sera Premium®"
salt (Sera GmbH, Heinsberg) so as to be compatible
with  the  survival  of  A.  salina.  This  solution  was
diluted  with  various  proportions  of  30  g  L-1  Sera
Premium  salt  medium  in  order  to  obtain
test-solutions  with  concentrations  of  0.0  (control);
5.3; 9.5; 17.0; 30.0; 55.0 and 100.0% of recirculated
solution.
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The toxicity  evaluation of  the  diflubenzuron
solution  passed  through  each  filter  system  was
performed by transferring five  A. salina nauplii  to
beakers  containing  30  mL  of  the  above
test-solutions.  Each recirculation  system related  to
each inert material was assessed in duplicate. 

The  toxicity  assays  were  carried  out  in
quadruplicates, performing a total of 40 organisms
for  each test  dilution.  The EC50-48h and its  95%
confidence  interval  was  evaluated  as  described  in
"Evaluation of the acute effect on  Artemia salina".
These  values  were  compared  and  considered
significantly  different  from  each  other  (p<0.05)
when their confidence intervals showed no overlap
(Yang  et  al. 2002,  Bejgarn et  al. 2015).  This  was
performed  by  the  module  “Probit  Analysis”
contained  in  the  Statgraphics  Plus  Version  5.1
software which calculated the confidence intervals at
a given significance level (Manugistics 2001 ).

The EC50 values were transformed into Toxic
Units (TU) by the ratio 100/EC50-48h (Araujo et al.
2005).  TU  values  were  used  to  calculate  the
percentage of removal of toxicity by the following
equation (Araujo et al. 2005, Megateli et al. 2009):

Toxicity  removal  (%)  =   [(TU  control  -  TU
material) / TU control)] x 100

where :
TU  material:  toxic  units  of  the  diflubenzuron
solution  recirculated  (24  h)  through  the  system
containing the filter filled with inert material.
TU control: toxic units of the diflubenzuron solution
recirculated (24 h) through the system with the filter
without the inert material.

Results 
Toxicological  evaluation:  The  order  of  toxicity

according  to  the  EC50  or  LC50  values  for  the
different organisms was  D. similis > A. salina> P.
subcapitata > C. sancticaroli = O. niloticus  (Table
I). The toxicity of diflubenzuron for  P. subcapitata
and for  A. salina was approximately 60,720 and 80
times lower than the observed for D. similis  (Table
I).

D. similis was the more sensitive organism to
the  diflubenzuron  effects  which  presented  an
EC50-48h value equal to 0.97 x 10-3 (0.65 x 10-3 -
1.62  x  10-3)  mg L-1 (Table  I).  This  result  allowed
outlining a long exposure experiment (7 days) with
this organism in order to estimate an NOEC based
on the EC50-48h value.

Figure  2  shows  the  results  of  the  effect  of
diflubenzuron  on  microcrustacean  growth  rate.  At
the concentrations of 1.1 x 10-3 and 3.3 x 10-4 mg L-1,
it  was  no  possible  to  evaluate  growth  after  the
second day  because the organisms died after  this
time.  It was found a significant decrease (p<0.005)
in  the  growth  rate  from 1.1  x  10-4 mg  L-1 to  the
higher concentrations, compared to the control. So it
was estimated an NOEC equivalent to 0.033 x 10 -3

mg L-1 since this was the highest concentration that
not affected (p>0.5) the test-organisms.

It  was assigned a  EC50-48h value >100 mg
L-1 to C. sancticaroli larvae since it was verified the
presence of mobility during all the exposure period
at 100 mg L-1 . Similarly, the diflubenzuron proved
to be practically non-toxic  to the  fish  O. niloticus
with an LC50-96h >100 mg L-1 (USEPA 1985b).

HC5-50%  determination: The  values  of  the
estimated NOECs for each test-organism, are shown
in Table I. These values were calculated by different
criteria  according  described  in  Materials  and
Methods  and  were  helpful  in  determining  the
HC5-50% value.

Table I. Acute toxicity, not observed effect concentration (NOEC) and hazardous  concentration of diflubenzuron for
5% of species (HC5-50%).
Test-organism EC50 or LC50

(mg L-1)
Calculation criteria

of NOEC
NOEC

(mg L-1)

Pseudokirchneriella subcapitata 58.90 (44.00 – 85.50) EC10 -7d 6.27
Daphnia  similis 0.97 x 10-3 (0.65 x 10-3   –

1.60 x 10-3  )
Length growth

(7 d)
0.033 x 10-3

Artemia salina 0.08 (0.03-0.12) EC50-48h/10 8.0 x 10-3

Chironomus sancticaroli >100 EC50-48h /10 10
Oreochromis niloticus >100 LC50-96h/10 10

HC5-50% = 7.3 x 10-6 mg L-1
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According to the OECD (1995) methodology,
the  NOEC  values  distribution  must  follow  a
log-logistic function (Figure 3) that can be evaluated
by the  Kolmogorov-Smirnov test.  As such,  it  was
determined a value of p = 0.2464 by this test, thus it
was  not  rejected  the  hypothesis  that  the  NOEC
values  are  from  a  log-logistic  distribution  to  a
certain level of 95%.

Figure 2. Change of Daphnia similis size as a function of
exposure time to diflubenzuron at different concentrations
(mg L-1). Results are expressed as % of body growth from
the initial time. Each point is the mean of 10 observations
for each treatment.

Figure  3.  Log-logistic  distribution  of  cumulative
sensibility  according  of  the  NOEC  values  of
diflubenzuron for the test-organisms:  ■ Daphnia similis;
●  Artemia  salina;  ♦  Pseudokirchneriella  subcapitata;
▲ Chironomus sancticaroli; ▼ Oreochromis niloticus .

Data  showed  a  high  variability  of
susceptibility of the test-organisms to diflubenzuron.
This  difference  was  approximately  300,000  times
between the more susceptible and the less sensitive
specie.  This  fact,  together  with  the  extremely low
NOEC  value  for  D.  similis,  given  a  HC5-50%

equivalent to approximately 7 ng L-1. So,  this is the
maximum  concentration  in  the  environmental
compartment  that  theoretically  not  would  cause
adverse effect to 95% of community species, and is
associated  with  an  uncertainty  factor  that  is  the
lower confidence interval limit at 50% of confidence
(Aldenberg & Slob 1993) .
Reduction  of  diflubenzuron  toxicity  by  inert
materials: Table II indicates that the removal rate of
diflubenzuron toxicity by expanded clay and gravel
was approximately 50% and 30%, respectively.

There was an increase on the EC50-48h value
for  A.  salina equivalent  to  51.36%.  This  was
observed  after  recirculating  the  diflubenzuron
solution through the filter containing expanded clay
in  comparison  to  the  solution  recirculated  through
the filter  free  of  this  inert  material.  Such increase
was  significant  at  the  95%  level  (p<0.05),
demonstrating that  there  is  strong evidence on the
propriety of expanded clay in reducing the toxicity
of effluents containing diflubenzuron.

For  gravel,  the  increase  on  the  EC50-48h
value  was  44.29%  which  was  not  significant
(p>0.05). However, it was significant at the 93.5%
level  (p  <0.065)  because  the  93.5%  confidence
intervals did not overlap (Yang et al. 2002,  Bejgarn
et al. 2015). This fact also states that the presence of
this other material in the filter systems can reduce
the adverse effects of the insecticide in organisms.

Discussion
Our results showed slightly toxicity effect of

diflubenzuron on P. subcapitata and are partially in
agreement  with the data published by WHO (2005)
that reported EC50 values (growth inhibition) higher
than 80 mg L-1 for such compound in microalgae.

The body growth rate measure of daphnids is a
parameter that has been suggested by several authors
because the good correlation with the reproduction
effect studies (Johnson & Delaney 1998, Santojanni
et al. 1998). In our study, NOEC value derived of
the body growth rate of  D. similis was 0.033 x 10-3

mg L-1. 
In consonance with our findings, the literature

cited very low NOEC values  of  diflubenzuron for
daphnids. As reported by WHO (2005), the NOECs
values  calculated  for  Daphnia  magna were
equivalent to 0.45 x 10-3 mg L-1 and 0.38 x 10-3 mg
L-1.  However these reported values were from 48 h
exposures. According an  USEPA (1997) report, the
NOEC values <0.06 x 10-3 mg L-1 and <0.09 x 10-3

mg L-1 were obtained from life cycle studies with D.
magna.
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Table II.  Toxicity to Artemia salina of the recirculated diflubenzuron solution (1 mg L-1)  through the inert materials.

EC50-48h (fiducial
limit 95%)

(% test-solution)

Toxic Units
(TU)

Toxicity
removal

(%)
Expanded clay test
Without  inert material (control) 30.67 (26.18-36.28) 3.26 -
With  inert material 63.06 (55.60-72.56) 1.58 51.60

Gravel  test
Without inert material (control) 47.75 (37.67-61.46) 2.09 -
With inert material 68.90 (60.42-80.01) 1.45 30.62

Also in analogy to the present  work,  0.04 x
10-3 mg L-1 was the NOEC of diflubenzuron reported
for  D. magna derived from a 21 days chronic test
(Swedish Chemicals Agency 2007). 

For  A. salina, the EC50-48h value calculated
in  our  work  is  much  higher  to  that  reported  by
Gartenstein  et  al.  (2006)  who  determined  the
EC50-48h of 3.7 x 10-4 mg L-1. However, this author
reports  that  the  LC50  of  diflubenzuron  to  brine
shrimp is  not  well  established.  Thus,  for  example,
nauplii exposed to 0.1; 1.0 and 10.0 mg L-1 had the
survival  affected,  while  those exposed to  0.01 mg
L-1 behaved like the control (Cunningham 1976).

The value of NOEC assigned to A. salina and
estimated from our acute toxicity study (Table I) is
close to that described in the report of the USEPA
(1997). In this case, it was assessed the sensitivity of
A. salina to diflubenzuron during the life cycle.

An  EC50-48h  >100  mg  L-1 rates
diflubenzuron  as  "practically  non-toxic"  for  C.
sancticaroli  in  relation  to  its  short  term  toxicity.
This  pattern  of  Chironomus  larvae  sensitivity  to
diflubenzuron is  very  different  when compared  to
other  insecticides,  although  using  Chironomus
dilutis larvae  as  test-organism.  For  the  later
organism,  the  insecticides  chlorpyrifos,  dimethoate
and  imidacloprid  showed  LC50-96h  values
equivalent to 0.63 x 10-3; 2.65 x 10-3 and 1.29 x 10-3

mg L-1, respectively (Le Blanc et al. 2012). Karnak
and  Collins  (1974)  evaluated  the  toxicity  of  15
insecticides belonging to different chemical groups
in Chironomus tentans and found that the less toxic
had an LC50-24h value equal to 9.5 x 10-3 mg L-1.
Perhaps,   the  reason  we  found  a  high  LC50-48h
value  for  C.  sancticaroli  should  be  that  the
diflubenzuron  do  not  affect  the  biochemical
mechanisms which directly affect the survival within
a short period of exposure. Such  property would be
associated to acetylcholinesterase inhibitors but not
to insecticides that interfere on chitin biosynthesis.
In  this  context,  it  was  demonstrated  that

microssomal  preparations  from  arthropods extracts
catalyze  the  transfer  of  groups
N-acetyl-D-glucosamine  from
UDP-N-acetylglucosamine  to  an  endogenous
acceptor.  The  formed  product  was  identified  as
chitin and the reaction is inhibited by diflubenzuron
(Horst 1981).

Similarly  to  this  work,  others  works  also
noted the absence of  toxicity  of  diflubenzuron for
fish.  Thus,  the  LC50-96h  values  for  P.
mesopotamicus (Lopes 2005), rainbow trout (Fischer
& Hall 1992) and catfish (Fischer & Hall 1992) were
>2000; 240 and >100 mg L-1, respectively. However,
a slight toxicity was observed for some species (EPA
1985), such as for Fundulus heteroclitus (LC50-96h
= 33 mg L-1; Lee & Scott, 1989) and trout (LC50 =
57 mg L-1; USEPA 1997).

According  to  Table  I,  the  EC50-48h  or  the
LC50-96h values  for  Chironomidae  and fish  were
not effectively set due to the lack of signs of toxicity
at  the  highest  concentration  tested.  Thus,  it  was
established an EC50-48h or LC50-96h >100 mg L-1.
However, to enable the NOEC estimation for these
organisms,  it  was  adopted  the  LC50  and  EC50
values as being equivalent to 100 mg L-1. This value
is  given as  "test  limit  value" in  the  acute  toxicity
assessment  for  fish  and  Chironomus  sp.  (OECD
1992a, OECD 2010). So compounds with LC50 or
EC50  greater  than  100  mg  L-1 are  considered
practically  non-toxic  (USEPA  1985a)  and  the
procedures  consider  that  is  unnecessary  to  test
greater concentrations.     

The  HC5-50%  value  calculated  by  the
program ETX in the present work is very close to
the HC5 estimated by applying the uncertainty factor
equal to 10.  In this way, HC5 can also be obtained
by dividing by 10 the lower NOEC value (0.033 x
10-3 /  10)   from  a  study  with  at  least  one  algae
(primary  producer),  an  microcrustacean  (primary
consumer) and a fish (secondary consumer) (OECD
1992b,  OECD 1995,  Pennington  2003).  It  is  also
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closely to the determined by the formulae described
in OECD (1995) based in Aldenberg & Slob (1993),
that is, 4.9 ng L-1.

Toxicity  tests  with  A.  salina and  others
microcrustaceans  constitute  a  promising  tool  of
relatively low cost and simplicity in evaluating the
efficiency of materials for removal water pollutants.
For  example,  Pimentel  et  al. (2009)  analyzed  the
toxicity to A. salina of a raw and treated wastewater
from  a  processing  fruit  industry.  The  authors
concluded  that  treatment  strategies  employed  to
minimize the toxicity of cardol and cardanol present
in the effluent should be reviewed. Bortolotto  et al.
(2009) observed that the leachate from landfills had
their EC50-24h values altered from 71.63 to 97.99%
in  A.  salina  .  This  fact  occurred  before  and  after
treatment  by  microbiological  degradation,
respectively.  Degradation  of  the  ethion  insecticide
by photocatalysis with TiO2 was evaluated using the
same test-organism (Hassarangsee et al. 2015).

Results  of  this  work  corroborate  with
literature  data  about  the  use  of  clay  for  the
withdrawal  of  xenobiotics  toxicity.  Thus  for
example, in a wastewater treatment system in which
was found 2 herbicides  and 8 pharmaceuticals, the
removal efficiency  by the expanded clay was 54,8%
to 98,4%. This was performed by the contact of this
material  with  the  contaminated  effluent  during  20
hours in the rate 35:1 (g :  L) (Tahar  et  al. 2014).
Mesocosms  experiments  containing  an  expanded
clay  layer  (35cm  depth)  flooded  until  its  surface,
removed about  52% of the initial  concentration (1
mg  L-1)  of  the  herbicide  MCPA
(2-methyl-4-chlorophenoxyacetic  acid)  after  the
contact  of  the  material  with the  pesticide  solution
during 3, in the absence of flow (Dordio et al. 2013).
According with Thiebault et al. (2015), who studied
the  adsorption  mechanisms  of  pharmaceutical
products (emerging micro-pollutants) with clay, the
adsorption of several pollutants onto  clay materials
is mainly driven by electrostatic interaction through
a cation exchange. These authors reported that  these
layered  materials  show  non-singular  hydration
properties  with  a  macroscopic  swelling,  a  cation
exchange  capacity  allowing  the  intercalation  of
micro-pollutants  within  the  interlayer  space.
Nkansah et al. (2012) reported that the main sorption
mechanism of expanded clay aggregates seem to be
based on a fast attraction of hydrophobicity or low
polarity  compounds  towards the  hydrophobic  sites
of  the  material  surface  immediately  on  exposure.
This mechanism was enhanced with contact time. It
is  possible  that  this  pollutant  removal  mechanism

may  also  be  assigned  to  diflubenzuron  due  its
hydrophobicity properties (log Kow = 3.88, Sangster
1997). 

The  gravel  is  another  material  of  relatively
low  cost  that  has  been  used  in  wastewater
decontamination  processes  in  constructed  wetland
systems. The use of gravel as a support medium for
effluent treatment systems enables the installation of
biofilms  composed  of  various  microorganisms  .
These will settle and develop on the empty spaces of
the material to degrade the organic matter (Colombo
et al. 2010). Although, there is a lack of works about
the  yield  of  removal  of  aquatic  organic  pollutants
using this material.

In this study, the percentage of removal of the
toxic  effects   by  the   gravel  was  lower  than  that
calculated for the expanded clay, nevertheless it  is
also a promising  material for   the adsorption and
consequent  removal  of  agrochemicals  from
effluents.  Stearman  et  al. (2012)  used  gravel  in
removal  systems by wetlands during  1.2 days   of
hydraulic  retention  time.  It  was  found  48.9  %
removal of the herbicide prodamine contained in the
wastewater. Removal of herbicides metolachlor and
simazine were also reported by the same author, also
assigning high efficiency to the gravel use (Stearman
et al.  2003). 

However, despite the gravel be recommended
for  water  remediation  systems  ,  it  belongs  to  the
very  low  sorption  capacity  materials  (Ahmedi  &
Pelivanoski 2011) . On the other hand the clay was
qualified  as  the  better  material  for  the  pollutant
removal due  the higher potential to trap and hold
the  contaminant  comparing  to  gravel  materials
(Ahmedi & Pelivanoski 2011). These findings are in
agreement with our results.

In conclusion, it is expected that the results of
this  work  contribute  to  support  public  policies  in
Brazil  for  the  establishment  of  maximum
permissible  limits  of  xenobiotics  in  the  aquatic
compartments,  as is  the absence of these levels in
the current legislation. It is also considered that data
presented  here  are  an  advance  in  the  knowledge
about  the  use  of  materials  to  reduce  pollutant
toxicity . Such materials could be used in effluents
output of aquaculture or agriculture systems. 

Therefore, this study represents a contribution
to  the  risk  assessment  of  the  insecticide
diflubenzuron  in  the  aquatic  compartment.
Organisms  of  different  taxonomic  groups  showed
large differences in sensitivity to the test-compound.
Both  microcrustaceans  species  were  the  more
susceptible, while fish and dipterans were the more
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tolerant. With respect to the dipterans, the resistance
to the adverse effects would be associated with the
mode of action on the chitin biosynthesis. In these
organisms and in fishes, this lack of effect was not
evidenced in the short term exposures even at very
high doses.  An extremely low concentration value
for diflubenzuron (~7 ng L-1) was assigned for the
protection  of  aquatic  communities  based  on  the
species sensitivity distribution. The extremely high
toxicity  of  diflubenzuron  to  cladocerans  found  in
this  work,  as  was  reported  in  the  literature,
contributed  to  for  determining  the  low  HC5-50%
value.

Both filter systems containing inert materials
led to a decrease of the toxic effects to A. salina. The
filter filled with expanded clay was more effective in
reducing  the  toxicity  of  diflubenzuron  when
compared with the gravel filter. Although, this last
material  as  well  as  the  clay,  showed  capacity  to
remove the solution toxicity  and could be used in
successive  filtrations  to  increase  the  removal
efficiency.
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