
.. Data Evaluation Record 

t 

1. Chemical: Bolero (108401) 

2. Formulation: Bolero 8EC, 84.7% active ingredient. 

3 .  Citation:  Effects  of Bolero 8EC on Survival, Growth, and Development of 
the Grass Shrimp, Palaemonetes p'ugio., EG&G Bionomics, Marine Research 
Laboratory, Pensacol a, ~ l o r i d a , ~  January, 1977. Ref. 26 in Fish and 
Wildlife Safety Data t o  Support Registrat ion o f  Bolero 10G Herbicide 
(Acc #241483). 

4. Reviewed by: A n n  Rosenkranz 
Aquatic Biologist 
HE DIE EB 

July 14, 1980 

Aauatic subchronic t ox i c i t y  tes t -es tuar ine  species, Grass 
shrimp-Pal aemonetes pugio. 

Reported Results: Survival s ign i f ican t ly  decreased a t  > 21 ugll. Growth 
s ign i f ican t ly  decreased through day 71 a t  3 36 ugll .  
Noticeable delay in metamorphosis t o  post larval  s tage 
by day 14 a t  2 36 ugl l .  

Recalculated Results: 56-day LC50=33 ug/l. Growth s ign i f ican t ly  
decreased through day 14 a t  - 36 ug/l and through 
day 21 a 2 5 2  ugl l .  

Reviewer's Conclusions: The study is s c i e n t i f i c a l l y  sound b u t  does not 
meet the requirements f o r  an aquatic tox ic i ty  
study with es tuar ine  invertebrates.  
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/ '  Test Procedure 
Materials/Methods 

i 

I The t e s t  system was a flow-through system with a 500-ml proportional di luter  

\ 
(Mount and Brungs, 1967), constructed t o  provide 50% dilution. The flow ra te  

I of 2.5 l /hr resulted in a 99% replacement of water in t e s t  containers every 5 
i; hr. Bolero 8EC was tested a t  nominal concentrations of 30, 60, 120, 250, and 
I 500 ppb. The compound was dissolved in glass-dis t i l led water prior t o  
i delivery to  the t e s t  system. i 
I 
1 

Test containers were 3-1 uncovered glass battery jars ,  the mouths of which 
were encircled by a 2-4 cm. band of Nitex with amesh opening of 274 um. The 

! water depth in the ja rs  was maintained a t  20 cm. There were 4 rep1 icate jars 
I of each of the 5 t e s t  concentrations plus 4 repl icate  control jars.  The jars  
1 were pl aced randomly in water baths in which the temperature was maintained a t  
I 25%. The photoperiod was maintained on a 16-L, 18-0 cycle. 
1 

Fif ty 4-day old grass shrimp zoea were placed into each jar ,  for  200 shrimp 
per treatment. Shrimp were fed 10 ml of newly hatched brine shrimp naupl i i  
daily. Water temperature, sa l in i ty ,  DO, and pH were recorded daily. Chemical 
analyses were determined weekly. Three shrimp from each repl icate  container 
(12 shrimp/treatment) were sampled each week f o r  growth measurements and 
preserved in 20% formalin. 

The t e s t  was terminated af ter  56 days with shrimp a t  the adult stage of 
development. To reach the adult stage, shrimp complete approximately 10 zoeal 
stages, and a postlarval and a juvenile stage. 

I 

termination of the t e s t ,  percentage survival was calculated and 
ences among the control and the treatments were determined by ANOVA. 
ize of shrimp was calculated for each sampl ing period and differences 
1 so determined by ANOVA. S t a t i s t i ca l  comparison between the control and 
reatment was made by Newman-Keuls t e s t s  of the means. Differences were 
ered s ignif icant  a t  the 95% confidence level. 

t y  ranged from 20 to  30 ppt with a mean value of 27 p p t .  Temperature 
from 25 t o  30°C with a mean value of 25.g°C. D.O. varied from! 3.2 
ppm (47-100% of saturation).  The p a  ranged from 7.9 to  8.5 with no 

n t  effect  due to  the presence of Bolero. 

1 analyses of the water samples indicated that  mean measured 
rat ions were 42 to  70% of the nominal concentrations. 

Concentration (ug/l; ppb) 

16-91 
18-130 ! 
41 -230 ) 

1 60- 3 60 



/ 

' A probable reason f o r  the  difference between nominal and measured 
/-" concentrations was t ha t  stock solutions were intended t o  be nearly saturated 
I b u t  were not. There was, apparently, some contamination of control 
i containers. This contamination occurred sporadically and i n  no par t i cu la r  
x rep1 i ca t e  container and was a t t r ibu ted  t o  human e r rors  d u r i n g  sampling and/or 
I analysis. 

i Survival of shrimp exposed t o  mean measured concentrations of 6olero)Zlppb 
1 was s ign i f ican t ly  l e s s  than survival of control sh r imp  throughout thz 56-day 
I 
I s tudy period. 

Concentrat ion Survival (%) 
I 

I (ug/l;ppb) ! 
I Nominal Measured Observed the  control 

Control 2 2 6 2 1 00 
2 8a 4 5 
3 3a 54 
20a 32 
1 4a 23 
0 a 0 

s than control 

b~h r imp  sampl ed fo r  growth measurements were disregarded 
i n  survival calculat ions.  

ty-seven percent of the  grass shrimp zoea exposed t o  218 ug/l were dead 
r 7 days. All observed mor ta l i t i e s  except f o r  one in a control tank 
r red within the  f i r s t  21 days of exposure. 

survival of control shrimp, disregardi ng those sampled f o r  growth 
viva1 r a t e  i s  in agreement with Sandifer (op. 

who found 60% control survival ,  Tyler-Schroeder ( 1975) who found 65%- 
G&G, B i  onomics ( 1975a) who found contro 1 survival 
in three 35-day studies.  ( In  the  s tudies  c i ted ,  no 
those which were sampled were disregarded when 

are two reasons fo r  the  accountable sh r imp  a t  the  end of the  study not 
ing 200 i n  a l l  concentrations and the  control .  

Number of Number 
1 ive shrimp accountable 

led observed dead (day 56) (of 200) 

6 5 167 
29 127 
35 133 
2 1 120 
15 115 
0 55 
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, ,'z F i r s t ,  du r i ng  t h e  f i r s t  week o f  development when the  zoea were very small, a 
/I ' dead l a r v a  cou ld  e a s i l y  go undetected o r  d i s i n t e g r a t e  r a p i d l y .  The second 

reason f o r  the  unaccoun tab i l i t y  of shrimp i s  t h a t  a f t e r  t he  shrimp 
i metamorphosed t o  pos t l a rvae  (approximate ly  day 14) they  had the  a b i l i t y  t o  
i jump. Evidence o f  t h i s  was seen when two c o n t r o l  shrimp jumped ou t  o f  the  
I water and were found dead on the  screen c o l l a r  o f  a t e s t  conta iner .  

Through day 21 o f  t h e  exposure, shrimp la rvae  i n  several  t e s t  concentrat ions 
( ) 36ppb) were s i g n i f i c a n t l y  smal ler than c o n t r o l  shrimp, bu t  t h i s  e f f e c t  was 
n o t  apparent on day 28. However, on day 35, shrimp exposed t o  105 ppb o f  
Bolero were s ign  i f  i c a n t l y  smal l e r  than c o n t r o l  shrimp. For shrimp exposed t o  
21 ppb, t he re  was no s i g n i f i c a n t  e f f e c t  on growth u n t i l  day 28, a t  which t ime 
t h e  shrimp were s i g n i f i c a n t l y  l a rge r  than c o n t r o l  shrimp. Shrimp exposed t o  
21 ppb were a lso  s i g n i f i c a n t l y  l a r g e r  than c o n t r o l  shrimp on day 56,, as were 
shrimp exposed t o  105 ppb. The reason f o r  t h e  growth enhancement i h  the  
lowest concent ra t ion  (21 ppb) o f  Bolero i s  n o t  understood, bu t  t h e  growth 
enhancement i n  t h e  105 ppb concent ra t ion  may have r e s u l t e d  f rom a decrease i n  
t he  number o f  animals competing f o r  a constant food supply. 

e s t a r t  o f  t h e  t e s t ,  a l l  l a r vae  ( 4  days o l d )  were i n  e i t h e r  the  second o r  
zoeal stage. A l l  l a r vae  were between the  f o u r t h  and e igh th  zoeal stage 

y 7. No no t i ceab le  de lay  i n  development was seen u n t i l  day 14, when the  
rence between those shrimp i n  n i n t h  or  t e n t h  zoeal stages and those which 
l ready  metamorphosed t o  pos t la rvae was apparent. Based on t h e  'shrimp 
ed on day 14, t h e  f o l l o w i n g  r a t i o s  o f  zoea:postlarvae were observed: 
01, 3:9; 21 ppb, 0:12; 36 ppb, 6:6; 52 ppb, 8:4; 105 ppb, 7:5; and 

ppb, 2:O. Thus, development was apparent ly r e l a t e d  t o  growth. Shrimp 
posed t o  21 ppb grew and developed more r a p i d l y  than d i d  c o n t r o l  shrimp, 
i l e  growth and development o f  shrimp i n  a l l  o the r  concentrat ions was slower 
an t h a t  o f  c o n t r o l  shrimp. 

sence o f  one ovigerous female a t  52 ppb on day 56 i nd i ca tes  t h a t  t he  
had reached the  a d u l t  stage of development. 

e-Cycle T o x i c i t y  

cou ld  n o t  be conducted on any o f  the da ta  s ince  the  r e s u l t s  were n o t  
n terms o f  t h e  i n d i v i d u a l  rep1 ica tes .  



/ 
J / Resul ts/Di scuss ion 

2J 

, The explanation that  the sporadic contamination in some of the control 
j replicates was caused by human error during sampling and/or analysis i s  
1 plausible and does not necessarily invalidate the study. Neither does the 
, fact  that  there were large variations between nominal and measured 
1 concentrations. However, both f ac t s  indicate that  greater care should have 

been taken during the research. 

Prior t o  calculation of the percent survival the percent of larvae that were 
recovered on day 56 was calculated fo r  each concentration. 

Conc .( ug/l, ppb)  Recovered (dead & a1 ive/#start  - #s amp1 ed) 
Nominal Measured Number Percent 

71/104 68.3 
31/104 29.8 
38/105 36.2 
24/ 104 23.1 
21/106 19.8 
49/194 25.3 

upon the actual number of larvae that  were al ive a t  56 days and the 
ed fo r  56 days b u t  minus the number sampled for  growth 
01 lowing mort a1 i t y  values are obtained. 

%Alive %Dead %Dead using Abbott's formula 

62  38 0 
28 7 2 54.8 
33 6 7 4 6.8 
20 80 67.7 
14 86 77.4 
0 100 100 

the mortality values which were correct d or contb 1 mortal ' ty  an 
alue was derived by the method of ~ i t c h ? i e  f d and wi?coxon. ? o r  the 
exposure period, the LC50 value i s  33 mg/1 ( p p b ) .  

searcher i s  jus t i f ied  in counting the missing larvae as dead since they 
be disregarded. Based on personal experience i t  i s  known that ' ear ly  

larvae are so f r ag i l e  tha t  they disintegrate a f te r  dying; therefore, 
nes as dead i s  a common technique. However, Dana Beth 
ory a t  Gulf Breeze told me that  the recovery r a t e  for  

than the rates  she normally obtained in bioassays with 
overy) . I t  i s  possible that  some l ive and or/deiad 
gh overflow. Another possibli ty i s  contaminatioh of the 

, b u t  t h i s  phenomenon only occurred sporadically. The raw data in 
1 ive animal s/repl icate/day are needed to know what i s  responsible for  



iJ 

Without the  raw data i t  i s  d i f f i c u l t  t o  account fo r  some of the peculiar / observations in the  growth data. The data f o r  growth in the control shrimp 
indicate t h a t ,  as expected; growth increased from day 0 t o  day 35 (3.7 t o  
14.0mm), b u t  decreased from day 35 t o  day 42 (14.0 t o  13.2mm) and day 49 t o  
day 56 (17.0 t o  15.9rnm). Therefore what appears t o  be greater  growth on day 
56 i n  the shrimp exposed t o  21 and 105 ug/l (18.6 and 18.2 mm, respectively) 
as compared t o  the  controls  may actual ly  be re f lec t ing  an inaccuracy in the  
control measurements. The increased growth on day 28 i n  the  shrimp exposed t o  
21 ug/l as compared t o  the  controls  may only be an anomaly s ince  the growth 
measurements f o r  t h i s  group are s t a t i s t i c a l l y  equivalent t o  those of the  
control group a t  the  other sampl ing times. Therefore, i t  appears t ha t  
exposure t o  Bolero causes a negative e f f ec t  on growth only through the  f i r s t  
21 days a t  concentrations greater  than or eaual t o  52 ug/l and through the  
f i r s t  14 days a t  concentrations greater  than or equal t o  36 ug/l. 

The more rapid development on day 14 in shrimp exposed t o  21 ug/l as compared 
t o  the  controls may be due t o  the  f a c t  tha t  low concentrations of pes t ic ide  
inh ib i t  fungal and bacter ia l  diseases t ha t  can adversely a f fec t  development. 

Conclusions: 
1. Category: Suppl menta l  
2. Rationale: Use of formulated product instead of technical product. 
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