
Data Eva lua t ion  Record 

1. Chemical: Bolero 
I 

\ 
2. Formulat ion: Technica l  (SX-1127), 95.2-95.9%ai i' 

/ 
3. C i t a f  ion: Daphnia magna Chronic Study Test ing, Bolero Technical ,  Union , 

Parb lde  co rpo ra t i on  Environmental  Services, Tarrytown, New York, November , 
8, 1979. Ref. 27 i n  F i s h  and Wild1 i f e  Safety Data t o  Support R e g i s t r a t i o n  of Bolero 10G Herb i c i de  (acc X241483). 

4 

1 

4. Reviewed by: Ann Rosenkranz I Aquat ic  B i o l o g i s t  

i HED/EEB 

t e  f l o w  through c h r o n i c  study, Daphn i a magna 

NOEL = o.ooj 
C O F L  = QsOOT 

d meets EPA 



Test Procedure 
Mater i a1 s/Me t h  ods 

i Parameter 

i 1. Test material.  

I 

I 2. Test type. 
i 
I 3. Test dates. 
J 

I 4. Physical t e s t  apparatus, 
toxicant in ject ion system. 

I 

I 
I 5. Toxicant stock solution 

contentrat  ion. 
I 

I 6, Mean measured t e s t  water 
concentrat ion. 

Test vessels. 

D i  l u t  ion water and volume. 

water ch arac- 
= 4; tempera- 

oassy organism. 

- -  --- 

Measurement, Sett inq or Condition 

601 ero Technical ( SX-1127), 95.2-95.9% 
purity;  o i ly ,  pale amber l iquid.  

Daphnia magna flow-through chronic. 

4 t o  25 October 1979, 21 days exposure. 

Proportional d i l u t e r  of Mount and Brungs 
design. Dilution fac tor  of 0.5 delivering 
approx. 4.0 ml/hr. 

/ 

0.038 mg/l ( X ,  n = 5 ) .  Acetone solvent. 

0.035, 0.016, 0.006, 0.003, and QOOl mg/l, 
plus control and solvent control (n  = 7) .  
Each t e s t  treatment and controls  analyzed 
f o r  Bolero concentrations on days 0, 3, 7, 
11, 14, 18 and 21. 

Twenty-eight g lass  battery j a r s  12.5 cm diam. 
15.5 cm high, holding 1.7 l i t e r s ,  covered 
with #405 Nitex. P a r t i a l l y  immersed in 
waterbath. 

UCES s i t e  well water, 8.8 min cycle time, 
125 ml per t e s t  r ep l i ca t e  per cycle. 

Total hardness 212 mg/l as CaC03, t o t a l  
a l ka l i n i t y  141 mg/l as CaC03, t o t a l  
ac id i ty  8 mg/l as CaC03, pH range 
7.65-8.13, temperature 20.9 (range 
18.9-24.3)OC, conductivity 600 umhos/crn, 
dissolved oxygen 9.2 mg/l . (hard qua1 i t y )  

Continuous darkness due t o  photolabi l i ty  of 
t e s t  materi a l l  except 3 hours l ight  each 
counting period and 30 mins twice weekly 
col lect ing water samples. 

Daphnia magna Straus. I n i t i a l  no. per t e s t  
vessel; 15 f i r s t  i n s t a r s  20 hrs old. 4 
rep1 icates/concentration. 60 daphn ids/ 
concentrat ion. 



12. Feeding ra te ,  food. 0.5 ml prepared suspension 4 times daily,  
1.0 ml once da i ly  on weekends (10 g t r ou t  
mash, 3 g Cerophyl, in 500 ml well water). 

13. Mortality and productivity Counts made on days 1, 2 ,  3, 4, 6 ,  8, 11, 
counts. 13, 15, 18 and 21. Dead individuals and 

ins ta r s  produced removed on these days. 

S t a t i s t i c a l  Analysis 

Adult mortal i ty and young production in rep1 i ca t e  t e s t  vessels were analyzed , by standard analysis  of variance (ANOVA) according t o  Steel  and Torr ie  (1960) 
and Duncan's (1955) mult iple range t e s t  f o r  differences among treatment 
means. All differences were considered s t a t i s t i c a l l y  s ign i f ican t  a t  p 4 0.01. 

Before calculating LC50's f o r  4, 8, 15 and 21 days exposure, cumulative 
mor ta l i t i e s  were subjected t o  Abbott's formula (Amer. Publ. Health Assoc., 
1975) t o  correct  f o r  control mortal i ty,  as t ha t  induced by handling, weak 
or anisms, aginq and chronic exposure t o  the  solvent. In Abbott 's formula, P 
= ? p i  - C )  1 - c )  , where P and P ' are the corrected and observed proport ions 
esponding t o  the  t e s t  materi a1 f o r  a given treatment, and C i s  the  proportion 
esponding in the  solvent control .  Mean cumulative Bolero Technical 
nalyt ical  values were used t o  compute LC50ts; e.g., data from t e s t  days 0, 
, 7, 11 and 14 were averaged fo r  day 15 LC50 calculations.  LC50 values and 
ssoci  ated 95% confidence 1 imi t s  were calculated by the  Spearman-Karber 
stimator a f t e r  Finney (1971). 

MATC "effect-no e f fec t"  values were calculated from the highest concentration 
tes ted i n  which the  number of young produced did not d i f f e r  s ign i f ican t ly  from 

I t ha t  in the controls,  as determined by ANOVA and Duncan's t e s t .  11 
The RI50 (reproductive impairment) was calcul ated f o r  21 days exposure a f t e r  
Litchf ield and Wi lcoxon ( 1949), using t o t a l  productivity values. The 
corr,espondi ng Bolero Technical analytical  values were a lso  cumulative means. 

n estimated brood s i z e  per adult  daphnid was calculated fo r  each treatment, 
or each day on which young were produced. This was obtained by dividing 
ota l  young produced by t he  number of v iable  adults  present the  day the  count 
as made. This value r e f l e c t s  the  e f f ec t  on survival of the  or iginal  15 
ns tars ,  as well as reproductive impairment, resul t ing from exposure t o  the  
e s t  \material.  



r 

Resul ts/Discussion 

A .  Cumulative percent mortalities. 

Test day 
Conc , 
mg/ 1 * 1 2 3 4 6 8 11 13 15 18 2 1 

Control 0 0 3 3 5 7 8 8 8 8 10 

Sol vent 
Control 0 2 3 5 10 13 13 18 18 20 22 

/ : r - x .  

0.001 0 0 8 12 15 18 25 28 28 28 1 3 2 ) ~  
%u 

0.003 0 3 12 18 25 28 30 38 38 47 5 7 

10 28 32 37 43 45 58 63 73 78 

25 38 47 53 72 78 87 92 93 98 

(n = 7) measured concentrations. 

LC50 values, mg/l. 

Day 4 Day 8 Day 15 Day 21 

0.039 0.01 7 0.01 2 0.009 



6. ANOVA Analyses 

Since reduced productivity, most l ikely due t o  decreased illumination, was 
evident in both water and solvent control daphnids, significance in effect  was 
evaluated by comparison t o  control performance. 

Young Produced. The f i r s t  day young were present was day 11 when one ins ta r  
appeared in the control. Low numbers of young produced in the control and 
solvent control compared t o  no young produced in any t e s t  treatment .resulted 
in s t a t i s t i c a l  s imilar i ty  of a1 1 exposures for  days '11, 13 and 15. Daphnids 
i s  some replicates of the solvent control and two lowest treatments (0.001 and 
0.003 mg/l; X ,  n = 4)  contained eggs in dorsal brood chambers on day 13. 
Young were present in both solvent end water controls on day 15; f u l l  brood 
chambers were also present in adults of arl repl icates  of the two lowest 
treatments (0.001 and 0.003 mg/l; r, n = 5) and some -rep1 icates of the median 
and second highest treatments (0.006 and 0.015 mg/l; X ,  n = 5 ) .  On day 18 the 
solvent control and two lowest treatments contained s t a t i s t i c a l l y  equivalent 
numbers of young. A s ignif icant ly greater number of young were present in the 
water control a t  day 18. All replicates of the median treatment and some 
xepl icates of the second highest treatment (respectively 0.007 and 0.017 mg/l; 
X ,  n = 6 )  contained adults with f u l l  brood chambers. 

n day 21, s ignif icant ly greater numbers of instars  were present in the water 
ontrol than in the solvent control and a l l  t e s t  treatments, a l l  of the l a t t e r  
eing s t a t i s t i c a l l y  equal. Throughout the t e s t ,  young were never released in 
he three highest treatments tested and brood chambers were never observed in 
aphnids a t  the highest Bolero concentration of 0.035 mg/l. 

An ANOVA of cumulative productivity for  the exposure period indicates 
s ignif icant ly greater young were produced by the water control daphnids than 
in any other exposure. S t a t i s t i c a l l y  equivalent numbers of daphnids were 
produced by the animals in the solvent control and two lowest t e s t  treatments 
(0.001 and 0.003 mg/l; 3 ,  n = 7) .  

Conc. 
(Mg/l 
Con t ro  1 

Solvent 
Con tro 1 

*Eggs present 

TOTAL YOUNG PRODUCED 
Test Dav 

0 0* O* 33 70 

0 0* 0 * 19 1 * 
0 0 o* o* o* 

0 0 o* 0 * o* 

0 0 0 0 0 

in brood chambers of some daphnids. 



Adult mortal i ty .  No mortal i t i e s  occurred in any t e s t  concentration or control 
' groups by day 1. Using Duncan's t e s t  and comparing treatment means, morta- 

l i t i e s  in the water and solvent controls and lowest treatment were s t a t i s -  
t i c a l l y  the same through day 8. After day 8, relat ively constant control 
mort a1 i t i e s  together with slowly increasing mortali t ies in the solvent control 
and  lowest treatment (0.001 Mg/l ) maintained s t a t i s t i c a l  equivalency between 
both controls, b u t  mortali t ies in the lowest treatment remained equivalent 
only to  those in the solvent control. Mortalities in a l l  other treatment 

I groups were sign if icantly higher. 

D. WTC - 
The estimated 21-day MTC,  based on productivity and further defined by the 
21-day RI50, i s  >0.001(0.002 - mg/l. 

E .  Mean Brood Size 

Mean broad s izes  on each counting day from day 11 ,  when the f i r s t  young were 
produced, were determined as the number of instars  produced during each 
desilgnated t e s t  interval (days 0-1 1 ,  11-13, 13-15, 15-18, 18-21)/the number of 
surviving adults. Brood s ize  was low in a l l  exposures throughout the study, 
which i s  most l ikely due to  the greatly reduced illumination. Water control 
daphnids produced the greatest  number of instars.  



,.' 
J Th is  study used a f a s t e r  f l o w  r a t e  than recommended (12 volumes/24 hr. ins tead 

of 2-4 volumes/24 h r ) ,  l a r g e r  number of organisms t o  water volume (15 
"' 

i 
daphnids/ 1.7 1 ins tead o f  5 daphnidsl2 1) , d i f f e r e n t  photoperiod and 
temperature ( b a s i c a l l y  24h dark vs. 16L-80 and 20.90C vs 18OC), and 

1 

i 
d i f f e r e n t  feeding regimen ( 4  t imes d a i l y  ins tead o f  cont inuously) .  

! 

I The lack  o f  i l l u m i n a t i o n  was respons ib le  f o r  the  smal l  brood s izes.  Although 
there  were more daphnids per chamber than recommended, t he  procedure can be 

1 accepted s ince  D.O. l e v e l s  remained h igh  and c o n t r o l  m o r t a l i t y  was w i t h i n  
I 
I recommended l e v e l s  (C30%). 

S t a t i s t i c a l  Ana lys is  

The LCs0 values were re -ca l cu la ted  us ing Stephan's program w i t h  A b b o t t t s  
formula. Two-way ANOVA's (SAS)  were used t o  analyze young product ion, 
comul a t  i v e  percent  mor ta l  i t  i e s  (us ing  A rcs in  t rans format ions  of the  
percentages), and d a i l y  b r o o c e a n  size. Duncan's mu1 t i p 1  e range t e s t  was 
used t o  determine d i f f e rences  among treatment means and r e p l i c a t e  means. 
D i f fe rences were considered t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  a t  an alpha l e v e l  
o f  0.05. 

alues der ived w i t h  t h e  p r o b i t  method o f  Stephants program are s l i g h t l y  
than t h e  values c a l c u l  ated by t h e  Spearman-Karber Method. However, 

they  a l l  a re  w i t h i n  the very h i g h l y  t o x i c  range of 0.1 mg/l, t he  
f o r  t h e  same t ime per iods can be considered t o  be equivalent .  

ANOVA i n d i c a t e d  t h a t  there  were s ign  i f  i c a n t  d i f f e rences  among the  
and among the  sampling t imes (Ps 0.0001). A d d i t i o n a l l y  there  was a 
t i n t e r a c t i o n  between the  two f a c t o r s  (PL 0.0001). 



he Duncan t e s t  indicated that production basically increased with time and 
with decreasing Bolero concentrations. The numbersof young produced during 
the f i r s t  3 sampling times from days llthrough 15, regardless of the Bolero 
concentrat ion, were*?i gn if icant ly different.  However the numbers of young 
produced on days 18 and 21 -were s ignif icant ly different  from each other and 
from the production on the ea r l i e r  days. Day 21 had the greatest produc- 
t ion. The to ta l  number of young produced by the Daphnia exposed t o  Bolero 
concentrations less  than or eaual to 0.003 mg/1 were s t a t i s t i c a l l y  
equivalent. Likewise, production was s t a t i s t i c a l l y  equivalent in the solvent 
control and the group exposed t o  0.001 mg Bolero/l. Dap_hnia i n  the water 
control group were the most productive of ahy treatment group. The 
interaction between the two factors  i s  statistically~significant mainly 
because no young were produced a t  concentrations greater than or eaual t o  
0.006 Mg Bolero/l i t e r .  

Adu 1 t Mortal i t y  

The 2-way ANOVA and Duncan's t e s t  basically verify the reported results.  
dul t mortality basical ly  increased with time and with Bolero concentration. 
esu l t s  for  several of the treatment groups were s t a t i s t i c a l l y  eauivalent-- 
ontrol and solvent control, solvent control and 0.001 Mg Bolero/l., and 0.001 
d 0.003 Mg Bolero/l. Likewise resu l t s  for  several of the sampling times 
re  s t a t i s t i c a l l y  equivalent-- days 3 through 6, 4 through 8,  6 through 11, 8 
rough 18, and 13 through 21. 

I 
I rMean Brood Size 

e 2-way ANOVA and Duncan's t e s t  indicate that  any significant differences 
ong treatment groups or among sampling times regarding mean brood s ize are 
inly due to  larger production from days 18 t o  21 in the control group. 

tegory: Core 
tionale: The study i s  sc ien t i f ica l ly  sound and meets the requirements 
the EPA guidelines of 1978. 


