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The m i c r o b i a l  i n s e c t i c i d e  B a c i l l u s  t h u r i n g i e n s i s  i s  g e n e r a l l y  
c o n s i d e r e d  to be more e n v i r o n m e n t a l l y  a c c e p t a b l e  than  many 
b r o a d - s p e c t r u m  chemica l  i n s e c t i c i d e s  ( L a i r d  e t  a l .  1990) ,  and 
B a c i l l u s  t h u r i n g i n e s i s  v a r .  k u r s t a k i  (Btk)  i s  now wide ly  used in 
f o r e s t  management f o r  c o n t r o l l i n g  d e f o l i a t i n g  i n s e c t s  (van  
Frankenhuyzen 1990).  B r o a d s c a l e  a p p l i c a t i o n s  of  Btk to f o r e s t e d  
a r e a s  may r e s u l t  in  c o n t a m i n a t i o n  of  w a t e r c o u r s e s ,  and may pose  
some haza rd  to  a q u a t i c  o r g a n i s m s .  Al though the  impact  o f  B. 
t h u r i n g i e n s i s  v a r .  i s r a e l e n s i s  (a  d i p t e r a n - a c t i v e  s e r o t y p e  used 
f o r  b i t i n g - f l y  c o n t r o l )  on n o n - t a r g e t  a q u a t i c  f auna  has  been 
e x t e n s i v e l y  i n v e s t i g a t e d  ( e . g . ,  M e r r i t t  e t  a l .  1989),  few 
p u b l i s h e d  s t u d i e s  have r e p o r t e d  the  e f f e c t s  o f  Btk ( t h e  v a r i e t y  
used in  f o r e s t  p e s t  management) on a q u a t i c  i n v e r t e b r a t e s .  
P r e v i o u s  r i s k  a s s e s s m e n t s  of  Btk to  a q u a t i c  i n v e r t e b r a t e s  have 
been l a r g e l y  based on s t a t i c  b i o a s s a y s  ( E i d t  1985) and 
u n p u b l i s h e d  d a t a  from f i e l d  i n v e s t i g a t i o n s  (Su rgeone r  and Fa rkas  
1989). 

Our objective was to improve the risk assessment for stream 
insects exposed to Btk by providing further toxicity data for an 
array of insect taxa under more natural exposure regimes and 
environmental conditions. We conducted experiments to measure 
the acute lethal response of aquatic insects to Btk (Dipel 8AF) 
in recirculating laboratory bioassays, and to determine lethal 
and behavioural (drift) effects of Btk on aquatic insects in 
outdoor stream channels. 

MATERIALS AND METHODS 

Test organisms were collected from streams with an electroshocker 
and acclimated at the test sites for 24 hr before the treatments. 
No attempt was made to determine specific stages of development 
for the specimens, but most (except Taeniopteryx nivalis and some 
groups of Lepidostoma sp.) were in late or final instar. Btk was 
applied as formulated product (Dipel 8AF, Abbott Laboratories, 
Chicago, IL) at a maximum concentration of 600 IU/mL. As a means 
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of standardizing the expression of potency of Bt, the 
insecticidal activity of Bt formulations is expressed in 
international units (IU) per volume, as determined in bioassays 
against the cabbage looper, Trichoplusia n_~i (van Frankenhuyzen 
1990). Dipel 8AF has a potency of 16.9 BIU (billions of 
international units)/L, and this was diluted with water to a test 
concentration of 600 IU/mL in our experiments. This was 
considered to be 100 X the expected environmental concentration 
in 50 cm of water as a result of direct overspray of Btk applied 
at a rate of 30 BIU/ha. 

The laboratory bioassay apparatus was modified from Rodrigues and 
Kaushik (1984), and was operated at the Lake Superior State 
University aquatics laboratory in Sault Ste. Marie, Michigan. 
The bioassay system comprised i0 test units contained in a large 
water bath for temperature control. Each test unit consisted of 
a 20-L glass aquarium, a power aquarium pump, a glass mixing 
chamber, and a two-lane, glass dosing trough which contained the 
test specimens. The units could be held in recirculation mode 
(water pumped from the aquarium, into the mixing chamber, through 
the dosing troughs, and back to the aquarium), or in a by-pass 
mode with water diverted from the end of the dosing troughs into 
the water bath, through a filtering unit, and into the laboratory 
outflow. Water lost during the by-pass mode was replaced with 
ambient laboratory water (drawn from Lake Superior). 

The Btk treatments and untreated controls were randomly assigned 
among test units. Test species were randomly assigned to lanes 
of the test units, with each species tested in duplicate (two 
separate lanes). Btk was injected from a micro-pipettor into the 
aquarium of each treated unit, mixed by hand, and allowed to 
recirculate through the test unit for 24 hr. There was no 
visible indication of formulation particles settling out in the 
aquarium during the dosing period. At the end of this period, 
the units were set to by-pass for an additional 24 hr to flush 
residual insecticide from the units (turnover time was about 5 
min), then returned to recirculation mode for the observation 
period (daily observations for a total of 9 d). Percent 
mortality of test organisms in treated units was corrected for 
mortality in the control units by the method of Abbott (1925). 
In treated units where corrected mortality was greater than O, 
the mortalit~ in treated units was tested for difference from 
control by X~ analysis with significance at = = 0.05. 

Lethal and behavioral effects (drift response) of Btk on aquatic 
insects were determined in a stream-side test system at the 
Icewater Creek Research Area north of Sault Ste. Marie, Ontario. 
This system and procedures are described in detail by 
Kreutzweiser and Capell (1992). Briefly, stream water was 
diverted through channels containing natural substrate and was 
treated with Btk dripped into the lower portions of the channels 
from Mariotte bottles. The upper (control) and lower (treated) 
sections of the channels each contained a test unit in which 
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invertebrate response was monitored. Each test unit was 
constructed of Plexiglas and was 70 cm long, 30 cm wide, I0 cm 
high, screened on both ends (l-mm mesh stainless steel), open on 
top, and longitudinally divided into three lanes. A 35-cm 
section of each lane contained the substrate where test organisms 
were placed prior to the Btk applications. Insects that 
dislodged from the substrate of each lane, could be observed 
drifting through the next 25-cm section (no substrate) and into 
the lower end (collector) of the lane. The floor of the 
collectors was recessed to allow the insects to escape the 
current, and each collector contained an irregular-shaped stone 
to provide a site for re-attachment. 

The Btk treatments in the stream channels were of 2�89 duration. 
This short-term exposure more closely resembles the transient 
nature of pesticide contamination in streams than conventional 48 
or 96-hr exposures (Muirhead-Thomson 1987). During the 
treatments, and for 1 hr after, observers recorded invertebrate 
drift (those individuals that dislodged from the substrate and 
drifted into the collectors). Total counts (alive and dead) of 
test specimens in the collectors were recorded at 1 hr after the 
treatment, and daily for 7 d. At the final observation times, 
the substrate of each lane was also searched, and the number of 
alive and dead specimens was recorded. 

This design and response monitoring procedure allowed a 
quantitative analysis of i) drift response (proportion of test 
specimens that drifted), 2) survival of insects that drifted, and 
3) survival of insects remaining in the substrate. Differences 
in drift behavior ~nd survival between control and treated groups 
were analyzed by X analysis with significance at = = 0.05. Each 
lane of a test unit was considered to be a treatment replicate. 
The response in the three lanes of a test unit were tested for 
heterogeneity (Zar 1984), and when there were no differences 
among replicates (non-significant test for heterogeneity, 
p>O.05), the t~ree replicate lanes were pooled to increase the 
power of the X test. A significant difference between treated 
and control units in terms of drift response or survival was 
considered a significant pesticide effect. 

RESULTS AND DISCUSSION 

During laboratory toxicity testing, dissolved oxygen (DO) ranged 
from 8-10 mg/L, pH was 6.6-7.5, and hardness (CaCOR) was 
approximately 45 mg/L. Temperatures ranged from 8-I0~ -In the 
stream channels, DO was lO-12 mg/L, pH was 6.2-7.0 and hardness 
was 20-30 mg/L CaCO 3. Average daily stream temperatures ranged 
from 9-14nC. 

Twelve insect taxa (two instars of Lepidostoma sp. for a total of 
13 tests) were exposed to Btk in the recirculating laboratory 
bioassays at 600 IU/mL for 24 h. Eleven species exhibited no 
significant mortality after 9 d (most were <5% when corrected for 
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c o n t r o l  m o r t a l i t y ) ,  h p t  T a e n i o p t e r ~ x  n i v a l i s  shoved an a v e r a g e  
mortality of 30~ (X" p<O.Ol, 27Z and 33Z mortality in two 
replicates) by the end of the 9-d observation period (Table 1). 

T a b l e  i .  M o r t a l i t y  (mean o f  tvo  r e p l i c a t e s )  o f  t e s t  organisms 
exposed to 600 IU/mL of  Dipel 8AF (24-hr exposure, 9-~ observation)  
i n  rec ircu la t ing  bioassays .  S i g n i f i c a n t  m o r t a l i t y  (X ~ a n a l y s i s )  i s  
i n d i c a t e d  by ** (p<O.01) .  

No. per  Ac tua l  C o r r e c t e d  . 
T e s t  o rgan i sms  r ep .  Z m o r t a l i t y  Z m o r t a l i t y  I LCSO 

Ephemeroptera 
Ephemerella sp. 15 
Heptagenia flavescens 15 
Isonychia sp. 15 
Paraleptophlebia ontario 15 
Rithro~ena sp. 15 
Stenonema vicarium 15 

Plecoptera 
Acroneuria abnormls 13-15 
Iso~enoides sp. 15-17 
Taeniopteryx nivalis 15 

Trichoptera 
Hydropsyche sp. 15 
Hesperoph~lax dwsignatus 15 
Lepidostoma sp.~ 15 
Lepidostoma sp. 15-17 

20 0 >600 IU/mL 
26 15 >600 IU/mL 
0 0 >600 IU/mL 
7 0 >600 IU/mL 

26 0 >600 IU/mL 
7 7 >600 IU/mL 

31 10 >600 IU/mL 
58 4 >600 IU/mL 
30** 30 >600 IU/mL 

I0 0 >600 IU/mL 
0 0 >600 IU/mL 

30 4 >600 IU/mL 
25 0 >600 IU/mL 

1 
M o r t a l i t y  in  t r e a t e d  u n i t s  c o r r e c t e d  f o r  m o r t a l i t y  in  c o n t r o l  

~ n i t s  ( s e e  me thods ) .  
l a t e - i n s t a r  Lep idos toma 
e a r l y - i n s t a r  Lep idos toma 

T. nivalis was one of two species tested in the final bioassay 
just before the project was terminated, and no further testing 
could be conducted to determine a no-effect level. The 30Z 
mortality at the maximum concentration indicates that the LC50 
for T. nivalis is greater than 600 IU/mL. 

The Btk treatments at 600 IU/mL in the outdoor stream channels 
did not affect invertebrate drift (Table 2). The Z drift by 1 hr 
after the 2�89 applications was slightly higher than control in 5 
of I0 species tested, but these were not significant (p>O.05). 
The survival of drifted insects by~l hr after the applications 
was likewise unaffected. Very few died and none of the mortality 
was significantly different from controls (p>0.05). 

By 7 d after the treatments in the stream channels, the survival 
of invertebrates in the collectors (those that drifted during the 
7-d period) and in the substrate was not affected by the Btk 
applications (Table 3). Mortality in the treated units was low, 
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Table 2. Effects of Dipel 8AF on drift (mean % of 3 replicates and 
I SE), and survival of drifted insects in stream channels I br 
after a 2.5-hr exposure at 600 IU/mL. None of the drift increases 
or mortalities were significantly different from controls (X- 
p>O.05) .  

No. dead / 
No.per % drift total drift 

Test organisms rep. control treated control treated 
Ephemeroptera 
Epeorus vitrea 15 15.6 • 2.2 II.I • 4.4 0/7 1/5 
Heptagenia flavescens 15 4.4 • 2.2 0 0/2 0/0 
Isonychia sp. 15 II.I • 5.9 15.6 • 5.9 0/5 0/7 
Stenonema vicarium 15 4.4 • 2.2 6.7 • 0 0/2 0/3 

Plecoptera 
Acroneuria abnormis 
Isogenoides sp. 
Pteronarcys sp. 

Trichoptera 
Hydropsyche sp. 

Odonata 
Boyeria grafiana 
Ophiogomphus carolus 

12 8.3 • 8.3 2.8 _+ 2.8 1/3 0/I 
15 2.2 • 2.2 2.2 • 2.2 0/I I/I 
14 2.4 • 2.4 4.8 • 4.8 0/I 0/2 

15 0 0 0 /0  0 /0  

15 26.7 • 7.7 31.1 • 5.9 0/12 0/14 
15 2.2 • 2.2 4.4 • 2.2 0/I 0/2 

T a b l e  3. E f f e c t s  o f  D i p e l  8AF on s u r v i v a l  o f  i n s e c t s  i n  t h e  
c o l l e c t o r  and s u b s t r a t e  s e c t i o n s  o f  t e s t  u n i t s  i n  s t r e a m  c h a n n e l s  
7 d a f t e r  a 2 . 5 - h r  e x p o s u r e .  Emerged o r  p u p a t e d  i n s e c t s  were  no t  
i n c l u d e d  i n  m o r t a l i t y  c o u n t s  ( e x c e p t  E. v i t r e a ) .  None o f  t he  
m o r t a l i t i e s  i n  t ~ e a t e d  u n i t s  were s i g n i f i c a n t l y  d i f f e r e n t  from 
c o n t r o l  u n i t s  ( X -  p > O . 0 5 ) .  

Test organisms 

Total in No. dead/total No. dead/total 
three in collectors in substrate 

replicates control treated control treated 
Ephemeroptera . 

. I 
Epeorus vltrea 45 
Heptagenia flavescens 45 
Isonychia sp. 45 
Stenonema vicarium 45 

Plecoptera 
Acroneuria abnormis 
Isogenoides sp. 
Pteronarcys sp. 

Trichoptera 
Hydropsyche sp. 45 
Pycnopsyche guttifer 45 

0 d o n a t a  
Boyeria grafiana 45 
Ophiogomphus carolus 45 

1/17 0/Ii 0/2 0/3 
0/32 0/41 0/9 0/I 
0/19 0/33 1/25 1/12 
0/41 0/43 0/4 0/2 

36 4/11 1/8 0/25 0/25 
45 8/36 4/32 1/7 1/9 
42 3/39 0/27 0/3 0/12 

3/16 1/29 7/25 1/13 
0/45 3/42 0/0 0/0 

0/II 1/7 0/34 0/38 
2/12 2/17 0/30 0/23 

1 Total of 25 emerged in control and 27 emerged in treated units 
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and the frequency of mortality was not significantly different 
from the rate of mortality in control units (p>O.05). 

Results from the laboratory bioassays and the stream channel 
treatments indicated that contamination of watersheds with Btk is 
unlikely to directly affect aquatic insects~ even at 100 X the 
expected environmental concentration in 50 cm of water (600 
IUImL). A significant effect (30Z mortality) was observed in 
only 1 of 12 species exposed to 600 IU/mL, but this concentration 
represents a considerable margin of safety. Our results concur 
with those of Eidt (1985) who tested 9 taxa of aquatic 
invertebrates in static bioassays, and found effects only on 
Simulium sp. and only at the maximum test concentration of 430 
IUImL. 
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