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One approach to  c o n t r o l l i n g  growth of  a q u a t i c  p l a n t s  
has been to  reduce l i g h t  p e n e t r a t i o n  by the a p p l i c a t i o n  
of l i g h t  a t t e n u a t i n g  dyes.  E iche r  (1947) r e p o r t e d  t h a t  
n i g r o s i n e  was e f f e c t i v e  in  c o n t r o l l i n g  c u r l e y  l e a f  
pondweed.  B u g l e w i c z  (1972 )  t e s t e d  t he  e f f e c t s  o f  
va r i ous  brown and blue dyes in an e u t r o p h i c  Nebraska 
pond. He repo r ted  t h a t  Potamogeton spp. were 
e l i m i n a t e d  by a p p l i c a t i o n  of  e i t h e r  brown or b lue dyes,  
whereas Chara spp. were on ly  c o n t r o l l e d  by the b lue 
dye. White et a l .  (1975) r e p o r t e d  t h a t  the b lue dye 
Aquashade decreased growth of  4 spec ies  of  submerged 
p l a n t s ,  and Osborne (1979 )  o b s e r v e d  t h a t  Aquashade 
prevented r e i n f e s t a t i o n  of  h y d r i l l a  f o l l o w i n g  i n i t i a l  
t r e a t m e n t  w i t h  Hydro tho l  191 in a small F l o r i d a  pond. 

Aquashade is  a b l ue ,  l i q u i d  m i x t u r e  of ac id b lue 9 and 
ac id y e l l o w  23. Aquashade has a peak absorbance at 630 
nm (Osborne 1979) and a p p a r e n t l y  i n d i r e c t l y  i n h i b i t s  
p h o t o s y n t h e s i s  by reduc ing  the  l i g h t  a v a i l a b l e  to 
photosystem I I  l i g h t  h a r v e s t i n g  pigments (Spencer 
unpub l i shed  d a t a ) .  Aquashade does not appear to  be 
d i r e c t l y  t o x i c  to a lgae .  The dye components of  
Aquashade are food c o l o r s ,  and based on feed ing  s t u d i e s  
w i t h  r a t s ,  m i c e ,  and d o g s ,  t h e y  are b e l i e v e d  to  be 
non tox i c  to  mammals (Radomski 1974) .  There i s  l i t t l e  
p u b l i s h e d  i n f o r m a t i o n ,  h o w e v e r ,  on the  t o x i c i t y  o f  
these compounds, e i t h e r  a lone or t o g e t h e r ,  on 
i n v e r t e b r a t e  s p e c i e s  wh ich  wou ld  l i k e l y  be exposed 
du r i ng  the r o u t i n e  use of  Aquashade. The purpose of 
t h i s  s tudy  was to examine the t o x i c i t y  of  Aquashade to  
the c r a y f i s h  Orconectes p rop inquus  ( G i r a r d )  which is  
w i d e l y  d i s t r i b u t e d  t h roughou t  the eas te rn  Uni ted S ta tes  
(Hobbs 1976) .  

MATERIALS AND METHODS 

C r a y f i s h  were c o l l e c t e d  from Fa l l  Creek (Mar ion County,  
IN) upstream from the I n d i a n a p o l i s  Water Company 
Pumping S t a t i o n  on August I i ,  1983. The c r a y f i s h  were 
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F i g .  1. Oxygen u p t a k e  u p t a k e  r a t e  vs .  f r e s h  w e i g h t  f o r  
O r c o n e c t e s  p r o p i n q u u s  wh ich  s e r v e d  as c o n t r o l s .  

p laced  i n  p o l y e t h y l e n e  b u c k e t s  i n  a e r a t e d  t a p w a t e r  at  
room t e m p e r a t u r e  ( c a .  24 C) .  Tapwate r  was used in  t he  
f o l l o w i n g  e x p e r i m e n t s .  The c r a y f i s h  were i d e n t i f i e d  as 
O r c o n e c t e s  p r o p i n q u u s  ( G i r a r d )  u s i n g  t he  keys i n  Pennak 
(1953)  and Hobbs ( 1 9 7 6 ) .  The o r g a n i s m s  used i n  t h e s e  
e x p e r i m e n t s  were 0 .9  - 3 .3  g f r e s h  w e i g h t .  

I n d i v i d u a l  O r c o n e c t e s  p r o p i n q u u s  were p l a c e d  i n t o  300 
ml g l a s s  BOD b o t t l e s .  Tapwa te r  or  t a p w a t e r  t r e a t e d  
w i t h  t h e  a p p r o p r i a t e  c o n c e n t r a t i o n  o f  Aquashade was 
used to  f i l l  t h e  b o t t l e s .  Each b o t t l e  was capped w i t h  
a p l a s t i c  cap and a e r a t e d  c o n t i n u o u s l y .  The b o t t l e s  
were p l a c e d  i n  a g row th  chamber wh ich  m a i n t a i n e d  24 C 
in  t h e  d a r k .  B o t t l e s  were removed i n d i v i d u a l l y  and 
oxygen c o n s u m p t i o n  r a t e  measured u s i n g  an O r i o n  model 
97-08  oxygen e l e c t r o d e  i n  c o n j u n c t i o n  w i t h  an Or i on  
model  901 i o n a l y z e r .  A Commodore 64 c o m p u t e r  was 
i n t e r f a c e d  w i t h  t h e  901 i o n a l y z e r .  A B A S l C  program was 
e x e c u t e d  and f o l l o w i n g  a 10 m i n u t e  d e l a y ,  t h e  d i s s o l v e d  
oxygen c o n c e n t r a t i o n  i n  t h e  BOD b o t t l e  was r e c o r d e d  
e v e r y  t h r e e  m i n u t e s  f o r  27 m i n u t e s .  The c o m p u t e r  
p r o g r a m  p r i n t e d  t h e  d a t a  and c a l c u l a t e d  t h e  l i n e a r  
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r eg ress ion  c o e f f i c i e n t  accord ing  to the method o u t l i n e d  
by Sokal and Rol f  (1969) .  Measurements were made at 24 
C. Oxygen consumption ra tes  were c a l c u l a t e d  by 
d i v i d i n g  the reg ress ion  c o e f f i c i e n t  by the f resh  weight  
ra i sed  to 0.69 power. The c a l c u l a t e d  oxygen 
consumption ra tes  were analyzed s t a t i s t i c a l l y  using 
re lease 82.2 of  the S t a t i s t i c a l  A n a l y s i s  System (SAS 
I n s t i t u t e  Inc 1982) r u n n i n g  on the  Decsystem 2060 
computer at IUPUI. 

Two exper iments  were per formed.  Each i n v o l v e d  a 
two-way a n a l y s i s  of  va r i ance  design w i t h  t ime of 
exposure and Aquashade c o n c e n t r a t i o n  as the main 
e f f e c t s .  There were t h r e e  r e p l i c a t e s  f o r  each 
combinat ion of  t r e a t m e n t s .  The f i r s t  exper iment  ran 
f o r  t h ree  days and used Aquashade c o n c e n t r a t i o n s  of O, 
5, I 0 ,  and 15 ppm. Oxygen consumption was measured 
f o l l o w i n g  I ,  2, and 3 days exposu re  to  the  v a r i o u s  
l e v e l s  of  Aquashade. The water  in the BOD b o t t l e s  was 
replaced each day a f t e r  the oxygen consumption ra te  was 
measured. The second exper iment  was s i m i l a r  except  
t h a t  oxygen consumption was measured a f t e r  I ,  3, and 5 
days of exposure to Aquashade. In these exper iments  
one o f  the  c o n t r o l  o r g a n i s m s  d ied  on day 2. Th is  
r e s u l t e d  in an unbalanced s t a t i s t i c a l  des ign .  

RESULTS AND DISCUSSION 

Oxygen consumption ra tes  f o r  i n v e r t e b r a t e s  i nc rease  as 
a power f u n c t i o n  of f resh we igh t  (Prosser  1973; p 190): 

M = KW b 

Where: M = t o t a l  oxygen consumed per u n i t  t ime 
W = body weight  
K,b are cons tan ts  

In order  to determine the oxygen consumption ra te  per 
u n i t  body w e i g h t ,  the value f o r  b fo r  O. prop inquus had 
to be de te rmined .  This was accomplished by reg ress ing  
the l o g a r i t h m  of oxygen uptake ra te  vs.  the l o g a r i t h m  
of f resh  we igh t  fo r  the O. propinquus which served as 
c o n t r o l s  ( F i g .  I ) .  The v~lue of b was 0.69 which i s  
s i m i l a r  to those repor ted  f o r  o ther  c rus taceans 
(Prosser  1973).  This va lue was used in the c a l c u l a -  
t i o n  of oxygen consumption ra te  (ug 02/min /g  f r  w t ) .  

Mean oxygen consumption ra tes  ranged from 7 to  10 ~g 
Op /m in /g  f r  wt in  the  f i r s t  e x p e r i m e n t  ( F i g .  2 ) .  
O~ygen consumption ra tes  fo r  Aquashade- t rea ted i n d i v i d -  
uals d id  not d i f f e r  s i g n i f i c a n t l y  from c o n t r o l s  dur ing  
the th ree  day exposure per iod  (Table i ) .  The range of 
oxygen c o n s u m p t i o n  r a t e s  was g r e a t e r  in  the  second 
exper iment  being 9 to 21 ~g 02/min /g  f r  wt ( F i g .  3 ) .  
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F i g .  2. Oxygen up take  r a t e  ( ~ g / m i n / g / f r  w t )  f o r  
Orconectes propinquus dur ing  a th ree  day exposure to 
Aquashade. The value at the base of the bar is  the 
mean uptake r a t e ,  (N=3).  
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Fig. 3. Oxygen uptake rate ( ~g/min/g f r  wt) for  
Orconectes propinquus during a five day exposure to 
Aquashade. The value at the base of each bar is the 
mean oxygen uptake rate. N=3 except for the control 
when N=2. 

376 



Oxygen consumption ra tes f o r  i n d i v i d u a l  Orconectes 
exposed to Aquashade were not s i g n i f i c a n t l y  d i f f e r e n t  
from those measured fo r  c o n t r o l  organisms (Table  2 ) .  
Based on the data presented here Aquashade app l ied  at 
the recommended ra te  ( I  ppm) should not s i g n i f i c a n t l y  
a l t e r  oxygen uptake ra tes  of Orconectes p rop inquus .  
Al though the dyes used in Aquashade have been judged to  
be safe based on feed ing t e s t s  w i th  r a t s ,  mice,  and 
dogs, t h i s  is the f i r s t  pub l ished repor t  which suggests 
t h a t  Aquashade does not adverse ly  a f f e c t  common aquat ic  
i n v e r t e b r a t e s .  

Table 1. Ana lys i s  of Var iance*  f o r  oxygen consumption 
ra te  by Orconectes propinquus dur ing exposure to 
Aquashade fo r  th ree  days. NS s i g n i f i e s  not s i g n i f i c a n t  
at alpha equal to  0.05.  

Source DF SS F SIGN. 

Aquashade 3 22.13 0.47 NS 
Day 2 4.26 0.14 NS 
Aquashade x Day 6 7.36 0.18 NS 
Er ro r  24 373.72 

*Ana lys i s  performed by PROC ANOVA of SAS. 

Table 2. Ana lys i s  of Var iance*  f o r  oxygen consumption 
ra te  by Orconectes propinquus dur ing exposure to  
Aquashade f o r  f i v e  days. NS s i g n i f i e s  not s i g n i f i c a n t  
at alpha equal to 0 .05.  

Source DF SS F SIGN. 

Aquashade 1 11.11 0.81 NS 
Day I 46.86 3.44 NS 
Aquashade x Day I 14.40 1.06 NS 
Er ro r  8 164.00 

*Ana lys i s  performed by PROC GLM of SAS 
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