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ABSTRACT: The persistence of Dimilin | (diflubenzuron), an insect growth regulator which inter- 
feres with chitin formation in the cuticle of insect larvae, has been studied using larvae of the 
estuarine brachyuran crab Rhithropanopeus harrisii (Gould) as test material. The results of the 
present investigation show that Dimilin breaks down relatively slowiy in brackish water. It took 
about 8 weeks before a 10 ppb solution of Dimilin degraded to a level which did not affect survival 
of the crab larvae. Earlier it was shown (Christiansen et al., 1978) that nearly 100 " of R. harrisii 
larvae at each of the four zoeal stages died when molting to the succeeding stage after only 3 days of 
exposure to 10 ppb Dimilin. Hence, one should be extremely cautious in using Dimilin in estuarlne 
areas where crab larvae occur. 

INTRODUCTION 

Envi ronmenta l  damage  caused by insect icides throughout  the last three decades has 
accelerated the attempts to develop agents  which will  affect target species without  
further destruct ion to the envi ronment .  The recent  discovery of a group of chemicals  with 
insect icidal  activity which  interferes with the formation of the insect  cuticle may, 
according to a n u m b e r  of authors, be a step toward achieving  this goal. These chemicals,  
inc lud ing  Dimil in  | inhibi t  formation of chit in in  the cuticle of insect  larvae and  thus kill  
insects before they mature.  Since vertebrates  do not  produce chitin, such compounds  
should be safe for h igher  animals.  Dimi l in  (difhibenzuron) was re leased for sale in  the 
Uni ted  States in  1978. It is produced by the Thompson-Hay-ward Chemical  Company  
(Kansas, USA) and  is registered for control of the gypsy moth in  the U.S. and  is be ing  
considered for control of freshwater mosquitoes and  cotton boll  weevils.  

Chi t in  is the most a b u n d a n t  organic skeletal  component  of many  invertebrates,  and  
is the characteristic polysaccharide of several  major  phyla  among  which is the Arth- 
ropoda (Dennel,  1960). Since the cuticle of all arthropods has much in  common (Dennel,  
1960), theoretical ly all arthropod larvae could be affected by Dimi l in  and  rela ted 
compounds.  Dimilin,  which has b e e n  tested both in  the laboratory and  in  field experi- 
ments,  shows relat ively few adverse effects on nontarge t  species with the except ion of 
some aquat ic  insects and  small  crustaceans (e.g. Miura  & Takahashi ,  1975; Mul la  et al., 
1975; Apperson et al., 1978). Marx (1977) ment ions  that some species of nontarge t  

�9 Biologische Anstalt Helgoland 0017-9957/80/0033/0327/$ 02.00 



328 M . E .  Chr i s t i ansen  & J. D. Costlow, Jr. 

aqua t ic  insects  ,and srn~ll c rus taceans  are  qui te  sensi t ive  to Dimil in,  which  causes  
t ransi tory  dec l ines  in thei r  popula t ions .  Chr i s t i ansen  et  al. (1978) found severe  effects on 
l a rvae  of two es tuar ine  crabs (Rhithropanopeus harrisii [Gould] and  Sesarrna reticulatum 
[Say]} w h e n  exposed  to Dimil in.  Lethal  doses  (7-10 ppb) for crab la rvae  were  s imi lar  to 
those wh ich  are  also le tha l  to severa l  t a rge t  species.  The mode  of dy ing  r e s e m b l e d  that  
desc r ibed  for insect  l a rvae  accord ing  to Chr i s t i ansen  et  al. {1978). W h e n  l a rvae  of the  
crab R. harris11 were  exposed  to 10 ppb  Dimi l in  dur ing  the ent i re  in termol t  pe r iod  {about 
3 days} of the  four different  zoea l  s tages,  nea r ly  100 % of the  la rvae  d i ed  w h e n  mol t ing  to 
the  succeed ing  stage.  In the  controls, 97 to 99 % survived.  Chr i s t i ansen  et  al. also found 
that  first zoea l  l a rvae  t r ea ted  wi th  10 ppb  Dimi l in  on th ree  different  days  dur ing  the 
in te rmol t  pe r iod  showed  a g rea te r  sens i t iv i ty  to the  po l lu tan t  on the  th i rd  d a y  than  on the 
o ther  two; i. e., w h e n  the first layers  of the  n e w  (pre-ecdysial )  cut ic le  are  formed. Cost low 
{1979} obse rved  that  zoea l  l a rvae  of hienippe mercenaria, the  stone crab, could  not 
survive 0.5 ppb  Dimil in.  The to le rance  of the  m e g a l o p a  of Calllnectes sapidus, the  b lue  
crab, was  s l ight ly  h igher ,  wi th  less  than  5 % survival  at  3 ppb  and  6 ppb.  In a s tudy on the 
u l t ras t ructure  of the  cuticle of crab l a rvae  expose d  to 10 ppb  Dimil in,  Chr i s t i ansen  & 
Cost low (in preparat ion} have  found deformat ion  in  both  the  p re -ecdys i a l  and  the post-  
ecdys ia l  procut icle .  

Since Dimi l in  has  a ra ther  h igh  toxic i ty  to the  la rvae  of Rhithropanopeus harrisii, 
Sesarma reticulatum, Menippe  mercenaria and  Callinectes sapidus, w e  were  in te res ted  
in e x a m i n i n g  the pe rs i s t ence  of this  compound  in b rack i sh  water .  Factors  affect ing the 
s tabi l i ty  of Dimi l in  in var ious  types  of f reshwater  and  the pe rs i s t ence  of Dimi l in  in  the  
f ie ld  (freshwater} have  b e e n  s tud ied  by  Schaefer  & Dupras  {1976) and  Appe r son  et  al. 
{1978} but, to our knowledge ,  no th ing  is k n o w n  about  the  s tab i l i ty  of Dimi l in  in es tuar ine  
waters .  The  purpose  of this s tudy has, therefore,  b e e n  to examine  the pe rs i s t ence  of 
Dimi l in  in  b rack i sh  wate r  us ing  la rvae  of the  es tuar ine  crab R. harrisii as test  mater ia l .  

A. W. Bourquin and  P. H. Pr i tchard  (United States  Envi ronmenta l  Protect ion Agency ,  
Env i ronmenta l  Research  Laboratory,  Gulf  Breeze,  Florida} have  d e s i g n e d  labora tory  
expe r imen t s  to assess  the  fate of Dimi l in  in  an es tuar ine  enviromnent .  Thei r  resul ts  are  
unpub l i shed ,  bu t  they  have  g iven  us pe rmiss ion  to repor t  some of the i r  resul ts  in our 
study. 

MATERIALS AND METHODS 

The expe r imen t s  car r ied  out  in the  p resen t  s tudy were  u n d e r t a k e n  in  J u l y - O c t o b e r  
1977 and  J u l y - A u g u s t  1978. The me thods  desc r ibed  b e l o w  app ly  to both years .  

c-n-c-n  ~,( )~-cl 
5 5 

Fig. 1. Structural formula of Dimilin | 

The compound D imi l in  | or diflubenzuron (l-[4-chlorophenyl]-3-[2,6-difluoroben- 
zoyl]-urea) (Fig. 1) was obtained f rom the Thompson-Hayward Chemical Company, 
Kansas,  USA. It is a whi te  crys ta l l ine  sol id  wh ich  has  a low solubi l i ty  in  wa te r  (0.2 p p m  at 
20 ~ bu t  which  is mode ra t e ly  so luble  in  organic  solvents.  Ace tone  was  used  as a 
car r ie r  in the  p resen t  inves t iga t ion .  
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A solut ion of 1 pp t  Dimi l in  was  p r e p a r e d  by  d i sso lv ing  a i rmi l l ed  t echn ica l  Dimi l in  
in  acetone.  The  1 p p t  so lu t ion  was  d i lu t ed  in f i l te red  seawa te r  to 0.1 p p m  Dimil in.  
Amount s  of the 0.1 p p m  solu t ion  were  then  a d d e d  to f i l te red  seawa te r  to g ive  a 
concent ra t ion  of 10 ppb.  The l a s t -men t ioned  solut ion was  s tored  in  15-1 c lear  g lass  
carboys  at  24-26 ~ u n d e r  na tu ra l  l ight  condit ions.  The  sa l in i ty  of the  s eawa te r  was  
20 %0 and  the p H  6.5 in a n e w l y  p r e p a r e d  10 p p b  solut ion of Dirnilin. A wa te r  s amp le  
from the  a rea  w h e r e  ovigerous  Rhithropanopeus harrisii crabs were  co l lec ted  h a d  a 
sa l in i ty  of a p p r o x i m a t e l y  17 ~ and  a p H  of 6.9. This p lace ,  however ,  is a sha l low wa te r  
a rea  in  Neuse  River, nea r  Havelock ,  North  Carol ina ,  USA, w h e r e  sa l in i ty  and  p H  vary  
wi th  t ide  and  w e a t h e r  condi t ions.  

The  me thod  for ob t a in ing  l a rvae  was  as de sc r ibed  by  Chr i s t i ansen  & Cost low (1975). 
Fifty n e w l y  ha t ched  l a rvae  of Rhithropanopeus harrisii were  e xpose d  to 10 p p b  Dimi l in  
the  same day  the solut ion was  p repa red .  This  concent ra t ion  was  se lec ted  b e c a u s e  it h a d  
ea r l i e r  b e e n  shown to b e  le tha l  to R. harrisii l a rvae  (Chr is t iansen  et  aft., 1978). Fur the r  
exposure  of fifty n e w l y  ha t ched  l a rvae  was  s ta r ted  1, 3, 5, 7, 9, 12, 16, 21, 29, 42, 50 and  59 
days  after  p r epa ra t i on  of the  10 ppb  solution. Two or th ree  rep l i ca tes  were  run  at  the 
same t ime,  and  l a rvae  in different  r ep l i ca tes  a lways  came from different  female  crabs.  
F i l t e red  s eawa te r  was  used  as control  med ium,  s ince  Cost low (1977) has  shown that  
ace tone  in  concent ra t ions  up  to 1 pp t  does  not  affect l a rva l  d e v e l o p m e n t  of R. harrisii. 
The zoeae  were  r e a r e d  in smal l  glass  bowls  ( inside d i a m e t e r  8 cm) wi th  a p p r o x i m a t e l y  
60 ml m e d i u m  pe r  bowl.  Ten  l a rvae  were  kep t  in  each  bowl,  and  n u m b e r  and  s tage  of 
d e a d  l a rvae  were  r eco rded  dai ly.  Every day  al l  l iv ing  l a rvae  were  t ransfer red  to c l ean  
bowls  wi th  r e p l a c e m e n t  m e d i u m  from the glass  carboys  conta in ing  the s tored Dimi l in  
solution. Thus, n e w l y  ha t ched  larvae,  wh ich  were  exposed  to a n e w l y  p r e p a r e d  10 ppb  
solution,  were  exposed  the nex t  day  to a one day  old solut ion and  the  th i rd  day  to a two 
days  o ld  solut ion and  so forth. The age  of the  solut ion refer red  to in this s tudy is the  age  
the  day  exposure  s ta r ted  on a ser ies  of n e w l y  ha t ched  larvae.  Al l  l a rvae  were  fed da i ly  
wi th  r ecen t ly  ha t ched  Artemia salina naup l i i  from cysts ob t a ined  from the San Francisco  
area.  M e g a l o p a  la rvae  were  p l a c e d  i nd iv idua l ly  in  p las t ic  c o m p a r t m e n t e d  boxes  to 
avo id  cann iba l i sm,  and  were  m a i n t a i n e d  in the  same box wi th  da i ly  changes  of m e d i u m  
unt i l  the  first crab s tage.  The l a rvae  were  r e a r e d  in  cul ture  cab ine ts  at  a constant  
t empe ra tu r e  of 25 ~ and  a pho tope r iod  of 12 h l ight  and  12 h dark.  The  day  the  las t  la rva  
in  an  expe r imen t a l  ser ies  died,  the  n u m b e r  of l iv ing  l a rvae  in  the  cor respond ing  control  
was  counted.  This n u m b e r  ind ica tes  the  n u m b e r  of survival  in  the  controls. 

G las sware  wh ich  came in contact  wi th  Dimi l in  was  w a s h e d  in ace tone  and  r insed,  
then  w a s h e d  wi th  a non- toxic  c l ean ing  agen t  and  r insed  again .  

RESULTS AND DISCUSSION 

In an  ear l ie r  study,  Chr i s t i ansen  et al. (1978) found that  more  than  95 0/0 of 
Rhithropanopeus harrisii l a rvae  d i ed  dur ing  mol t ing  to the  second  zoeal  s tage  w h e n  
exposed  to 10 ppb  Dimi l in  from ha tch ing .  No l a rvae  surv ived  b e y o n d  the  second  zoea l  
s tage.  This  concent ra t ion  was  not  only  l e tha l  for the  l a rvae  of the  first zoea l  s tage,  bu t  
also for the  la rvae  of each  of the  th ree  succeed ing  zoea l  s tages.  

In the  p resen t  s tudy,  100 % of the  l a rvae  d i ed  in the  zoeal  s tages  both  in a n e w l y  
m a d e  10 ppb  solut ion of Dimi l in  as wel l  as in solut ions up to 42 days  old. In compar ison,  
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t h e  su rv iva l  i n  t h e  con t ro l s  w a s  b e t w e e n  88 a n d  980/0 w h e n  all  e x p o s e d  i n d i v i d u a l s  w e r e  

d e a d  (Table  1). Af t e r  b e t w e e n  42 a n d  50 d a y s  t h e  c o m p o u n d  h a d  d e g r a d e d  to s u c h  a n  

e x t e n t  t h a t  s o m e  of t he  l a r v a e  s u r v i v e d  to t h e  first  c r ab  s t age ;  i.e.,  14 0/0 su rv iva l  in  a 50 

d a y s  o ld  so lu t i on  c o m p a r e d  w i t h  92 % in  t he  con t ro l  (Table  1). Af t e r  50 days ,  t h e  

c h e m i c a l  m u s t  h a v e  b r o k e n  d o w n  qu ick ly .  As  s e e n  in  T a b l e  1, t h e  su rv iva l  of l a r v a e  to 

t h e  first  c rab  s t a g e  in  a 59 d a y s  o ld  so lu t ion  i n c r e a s e d  to 95 ~ w h i c h  w a s  e v e n  h i g h e r  

t h a n  t h e  88 % su rv iva l  in  t h e  control .  

Mor t a l i t y  of l a rvae  w a s  a l w a y s  h i g h e s t  d u r i n g  m o l t i n g  to t he  s e c o n d  z o e a l  s t a g e  

(Table  1). As  m e n t i o n e d  e a r l i e r  b y  C h r i s t i a n s e n  e t  al. (1978), al l  l a r v a e  l o o k e d  c o m p l e -  

t e ly  h e a l t h y  a n d  s w a m  a n d  f e d  n o r m a l l y  d u r i n g  the  w h o l e  i n t e r m o l t  p e r i o d  un t i l  t h e  

s h e d d i n g  of t h e  e x u v i a e  s t a r t ed .  M o s t  of t h e  l a r v a e  w e r e ,  h o w e v e r ,  u n a b l e  to cas t  t h e i r  

mo l t s  c o m p l e t e l y  a n d  d i e d  w i t h i n  l e ss  t h a n  o n e  or a f e w  hours .  In  m a n y  s p e c i m e n s  the  

do r sa l  s p i n e  w a s  on ly  pa r t l y  f r e e d  of t h e  o ld  cas t  b e f o r e  t he  l a rv ae  d ied .  T h e  n e w  cu t ic le  

of t h e  e x p o s e d  s p e c i m e n s  a lso  l o o k e d  w e a k e r  t h a n  t h e  n e w  cu t i c l e  of t he  con t ro l  

i n d i v i d u a l s .  M o s t  of t he  s p e c i m e n s  w h i c h  s u r v i v e d  b e y o n d  t h e  first  z o e a l  s t a g e  in  

so lu t ions  b e t w e e n  0 a n d  42 days  o ld  w e r e  a b n o r m a l  w i t h  d e f o r m e d  s w i m m i n g  se tae .  

S o m e  a lso  h a d  d e f o r m e d  ros t ra l  a n d  do r sa l  sp ines .  

B e t w e e n  t h r e e  a n d  four  w e e k s  a f te r  t h e  D i m i l i n  s o l u t i o n  w a s  p r e p a r e d ,  a d e g r a d a -  

t i on  of t h e  c o m p o u n d  m u s t  h a v e  t a k e n  p l ace .  T h e r e  w a s  100 % m o r t a l i t y  of f i rs t  z o e a l  

l a rvae  in  a 21 d a y s  o ld  so lu t ion ,  b u t  in  a 29 a n d  42 d a y s  o ld  so lu t ion  mor t a l i t y  w a s  

r e d u c e d  a p p r o x i m a t e l y  2'5 % in  t he  first  z o e a l  s t age .  T h e  c o m p o u n d  was ,  h o w e v e r ,  st i l l  

Table 1. R h i t h r o p a n o p e u s  harrisii. Survival of larvae exposed to Dimilin and effect of Dimilin on 
mortality of larvae in various stages. Concentration of a newly made solution of Dimilin (= Day 0) 
was 10 ppb. All larvae were exposed from hatching and the percentage indicates the averages of the 

replicate experiments 

Age of No. of Initial Survival (%) Days after 
solution repli- no. of hatching when  

when  cates larvae all larvae 
exposure in Dimilin 

started were dead 
(days) Control Dimilin 

Mortality (%) of Dimilin-exposed 
larvae in various stages 

I II III IV Megalopa 

0 3 150 98.0 a 0 12 95.3 2.7 2.0 - - 
1 3 150 92.7 a 0 16 91.3 7.3 0.7 0.7 - 
3 3 120 97.5 a 0 8 99.2 0.8 - - - 
5 2 70 94.3 a 0 13 90.0 8.6 1.4 - - 
7 3 150 94.0 a 0 12 90.7 9.3 - - - 
9 2 100 93.0 a 0 10 99.0 1.0 - - - 

12 3 150 99.3 a 0 10 97.3 2.7 - - - 
16 3 150 94.7 a 0 9 100 . . . .  
21 3 150 89.3 a 0 9 100 . . . .  
29 3 150 93.3 ~ 0 17 72.7 24.7 0 2.7 - 
42 3 150 88.0 a 0 12 75.3 24.7 - - - 
50 3 150 92.0 b 14.0 b - 45.3 '33.3 4.0 1.3 2.0 
59 3 150 88.0 b 95.3 b - 1.3 2.7 0 0.7 0 

a Percent survival when  all exposed larvae were dead 
b Percent survival to 1st crab stage 
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very  toxic after 42 days,  s ince no la rvae  surv ived  b e y o n d  the second  zoea l  s tage  (Table 
1). A further reduc t ion  of the  po tency  of the  compound  was  obse rved  b e t w e e n  6 and  7 
w e e k s  after  p r epa ra t i on  of the  Dimi l in  solution. Accord ing  to Table  1, the  survival  to the  
first crab s tage  in  a 50 days  o ld  solut ion was  14 % which  cor responds  to the  pe rcen t  
survival  to the  first crab s tage  of Rhithropanopeus harrisii l a rvae  r ea r ed  in 5 ppb  Dimi l in  
by  Chr i s t i ansen  et  al. (1978). Abou t  e igh t  w e e k s  after the  solut ion was  made ,  the  
concent ra t ion  must  have  d e c r e a s e d  to less  than  1 ppb  Dimil in.  This was  the  lowest  leve l  
at  wh ich  Chr i s t i ansen  et al. (1978) found s ignif icant  dec rease  in survival  of R. harrisii 
l a rvae  exposed  to Dimil in .  

Bourquin  and Pr i tchard  (personal  communicat ion)  have  s tud ied  the env i ronmen ta l  
fate of Dimi l in  emp loy ing  a l abora to ry  fate test  sys tem conta in ing  wa te r  and  sed imen t  
from an  es tuar ine  sal t  marsh  (Pri tchard et al., 1979). They  showed  that  Dimi l in  concen-  
t ra t ion ( ini t ia l ly  at 140 ppb) s lowly d e c r e a s e d  over  a 3 - w e e k  incuba t ion  pe r iod  
(25 +-- 1 ~ g iv ing  an  e s t ima ted  half- l i fe  of more  than  17 days.  In s ter i le  controls, a 
s imi la r  d i s a p p e a r a n c e  was  obse rved  ind ica t ing  that  most  of the  loss was  due  to abio t ic  
factors. Dimi l in  was  hyd ro lyzed  to d i f luorobenzoic  ac id  and  p -ch lo ropheny l  urea.  The 
p r imary  hydro lys i s  products  were  not fur ther  metabo l i zed .  In methy l  pa ra th ion  controls,  
the  compound  rap id ly  d i s a p p e a r e d  due to hydrolys is  and  b i o d e g r a d a t i o n  from the wa te r  
co lumn and  was  u n d e t e c t a b l e  after th ree  w e e k s  incubat ion;  this co r r e sponded  to an  
e s t ima ted  half- l i fe  of 5 -7  days.  The d e g r a d a t i o n  of Dimi l in  in these  systems gene ra l l y  
ag rees  wi th  the  de toxi f ica t ion  obse rved  in the  crab la rva l  exper iments ,  i. e., a pe r iod  of 
app rox ima te ly  60 days.  We found degrada t ion ,  however ,  s lower  after  3 w e e k s  in the  crab 
expe r imen t s  than  Bourquin  and  Pr i tchard  obse rved  in thei r  study. 

Bourquin  and  Pr i tchard  found only a smal l  amount  of Dimi l in  t igh t ly  b o u n d  to the  
s ed imen t  and  most  of it  was  ex t rac tab le  wi th  solvent.  A p p e r s o n  et  al. (1978), who have  
tes ted  pers i s t ence  of Dimi l in  in  lent ic  habi ta ts ,  d id  not  f ind any res idues  in  l ake  
sediment .  They  also po in t  out that  the  pe rs i s t ence  of Dimi l in  can  be  a t t r ibu ted  to its 
s tabi l i ty  in waters  of mode ra t e  t empe ra tu r e  and  pH. Schaefer  & Dupras  (1976) found that  
Dimi l in  is leas t  s tab le  w h e n  wa te r  t empera tu re  and  p H  are  both  re la t ive ly  high.  At 24 ~ 
and  p H  7.7, 87 % of the  Dimi l in  a d d e d  to tap  wa te r  could  be  recovered  after 9 days  
accord ing  to Schaefer  & Dupras.  This pe r cen t a ge  is not  far from that  r ecove red  after 
seven  days  (more than  90 %) by  Bourquin  and  Pr i tchard  in thei r  test  systems.  The 
t e m p e r a t u r e  u sed  in the crab la rva l  expe r imen t s  is about  the  same  (25 ~ and the  p H  
m e a s u r e d  s l ight ly  lower  (6.5). Schaefer  & Dupras  (1976) also found that  pe rs i s t ence  of 
Dimi l in  was  not g rea t ly  af fec ted by  sun l igh t  or microorganisms.  

Cons ide r ing  the h igh  toxici ty  of Dimi l in  to es tuar ine  crab la rvae  from exposure  of 
only 3 days  at 25 ~ (see Chr i s t i ansen  et  al., 1978), and  the a p p a r e n t  l ack  of d e g r a d a t i o n  
of the  compound  wi th in  this  t ime,  one should  be  ex t r eme ly  caut ious  in us ing  Dimi l in  for 
insect  control  in es tuar ine  a reas  where  crab la rvae  occur. 
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