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Z e b r a  m u s s e l s  ( D r e i s s i n a  p o l y m o r p h a )  h a v e  c a u s e d  p r o b l e m s  f o r  r a w
water  users  a long the  shores  of  the  Great  Lakes  by c logging pipes  and
decreasing water  f low within  water  sys tems of  raw water  users . T h e
mol lusc ic ide  H-130 (d idecyl -d imethyl -ammonium chloride) h a s  b e e n
proposed  to  bo th  remove  and  prevent colonizat ion of  water  sys tems by
zebra  mussels .  Br ief ly , the  water  in  the  systems would f i rs t  be  t reated
with  H-130.  Then,  jus t  pr ior  to  re leas ing i t  in to  receiving w a t e r s ,  t h e
water  would  be  t rea ted  again  wi th  bentoni te clay to neutralize H-130.
Other pesticides h a v e  b e e n  u s e d  i n  a  s i m i l a r  m a n n e r  a g a i n s t  r e l a t e d
mussels such as the asiatic clam ( C o r b i c u l a  f l u m i n e a ) .

Three  non- target  organisms were  used in  th is  s tudy to  inves t iga te  H-130
toxic i ty ;  H e x a g e n i a  l i m b a t a  ( l a r v a l mayfly nymphs), C e r i o d a p h n i a
dubia ,  and larval P i m e p h e l a s  p r o m e l a s .  H e x a g e n i a  l i m b a t a  w a s  c h o s e n
a s  a  r e p r e s e n t a t i v e  b e n t h i c  o r g a n i s m  l i k e l y  t o  c o m e  i n t o  c o n t a c t  w i t h
and ingest adsorbed molluscicide. Cer iodaphnia  dub ia  and  P i m e p h e l a s
p r o m e l a s  w e r e  c h o s e n  a s  r e p r e s e n t a t i v e  p e l a g i c  o r g a n i s m s . B o t h  t h e
toxic i ty  of  H-130 and the  ef fec t iveness  of  bentoni te  c lay  in  neutra l iz ing
H-130 toxic i ty  were  inves t iga ted  in  acute  and sub-chronic toxic i ty  tes ts
(Horn ing  and  Weber  1985) .

MATERIALS AND METHODS

Both  C. d u b i a  and  P. promelas were  taken f rom cul tures  mainta ined a t
the Ohio Environmental Protection Agency (EPA) b ioassay  labora tory .
Less than 24H old P. promelas and  C. dubia neonates were used in both
acute  and  sub-chronic tests. Reproduct ive  per formance  of  the  C. d u b i a
population was assessed by subjecting them to  qual i ty  assurance t e s t s
(Horning and Weber 1985) prior to use of neonates in the toxicity tests.
H. limbata nymphs were collected from wild populations. The  length  of
the nymphs used in the acute tests was between 12 and 33 mm.

The components used in  these  tes ts  were  the  mol luscic ide H - 1 3 0  a n d
bentonite clay. T h e  q u a t e r n a r y ammonium compound H - 1 3 0  i s
pos i t ive ly  charged. W h e n  i n  t h e  p r e s e n c e of  bentoni te clay, t h e
cat ionic  mol luscic ide  i s  a t t rac ted  to  the  anionic  charge  on the  surface  of
the clay which is the basis for use of the clay as a sorbent medium. Most
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of the test solutions were  dosed  wi th  bo th  H-130  and  bentoni te c l a y .
Water  was dosed direct ly wi th  H-130 whi le  bentoni te clay w a s  f i r s t
ac t iva ted  pr ior  to  dos ing . Act iva ted  bentoni te c l a y  w a s  p r e p a r e d  b y
adding dry clay to hard reconstituted water and mixing for 2-3 hours on
a  magnet ic s t i r r i n g  p l a t e  t o  e n s u r e  c o m p l e t e  c l a y  h y d r a t i o n . A f t e r
adding H-130 and bentonite clay, t h e  s o l u t i o n  w a s  t h e n  s t i r r e d  f o r  t e n
minutes  fo l lowed by vacuum fi l t ra t ion to  remove suspended c lay  a long
w i t h  a d s o r b e d  m o l l u s c i c i d e .  T h e  o n l y  t e s t  s o l u t i o n s  n o t  d o s e d  w i t h
bentonite clay were those used for LC 50 d e t e r m i n a t i o n .

O n l y  C. d u b i a  and  P.  p rome las  were subjected to  s ta t ic  renewal ,  sub-
chronic toxic i ty  tes ts  s ince  es tabl ished methods  for  those  two species
h a v e  b e e n  d e v e l o p e d  ( H o r n i n g  a n d  W e b e r  1 9 8 5 ;  N o r b e r g  a n d  M o u n t
1985). Endpoints were the mean number of neonates produced per adult
for C. dubia  and final mean replicate weight for P. p r o m e l a s .  All  three
organisms were subjected to two sets of 24H acute toxicity tests. In the
f i rs t  se t  of  acute  tes ts ,  the  dose  response r e l a t i o n s h i p  ( L C5 0)  b e t w e e n
each organism and H-130 was determined. T h e n  i n  t h e  s e c o n d  s e t  o f
acute tests, the  effect iveness o f  t h e  c l a y  i n  n e u t r a l i z i n g t h e  a c u t e
toxicity of H-130 was determined.

Sub-chronic test solutions were prepared to give bentonite clay to H-130
concentrat ion ratios of 5:1. Five replicates of  f ive  indiv iduals w e r e
exposed  to  each  of  the  fo l lowing concent ra t ions , i n  m g / L  H - 1 3 0 / m g / L
bentonite clay, 0.5/2.5, 5/25, and 15/75. Two controls were used, one of
undosed water and one of water dosed with clay at a concentration
m g / L .

of 75

T w o  d o s i n g  s c e n a r i o s  w e r e  u s e d  i n  t h e  s u b - c h r o n i c toxicity t e s t s  t o
represent  two poss ible  exposure  s i tuat ions  in  the  f ie ld .  In  scenar io o n e
(bulk  prepara t ion  method) ,  the  exposure solut ion  used to  s tar t  the  tes t
and  for  da i ly  water  changes  was  prepared  in  bulk  a t  the  beginning  of
the test. This  method represented  potent ia l  exposure  of  the  organism to
degraded H-130 and clay. In  scenar io  two (dai ly  preparat ion m e t h o d ) ,
the  exposure  so lu t ion  used  for  water  changes w a s  p r e p a r e d  d a i l y .  T h i s
represented dai ly  exposure  of  the  organism to undegraded H - 1 3 0  a n d
c l a y .

Dissolved  oxygen,  conduct iv i ty ,  tempera ture ,  and  pH were  recorded  for
e a c h  c o n c e n t r a t i o n a t  t h e  b e g i n n i n g and conclusion of each s u b -
chronic tes t .  The same water  parameters w e r e  m e a s u r e d  d a i l y  f o r  t h e
highes t  tes t concentration and cont ro ls .

Test  solut ion concent ra t ions for the first set of acute tests were
determined by  range  f inding  assays . The  so lu t ion  concent ra t ions  of  H-
130 used in  the  second set  of  acute  tes ts  were  arbi t rar i ly c h o s e n  t o
considerably exceed previously d e t e r m i n e d  L C50 v a l u e s . H o w e v e r ,  t h e
proportion of clay to H-130 was the same as in the sub-chronic tests ( i.e.
5 parts clay to 1 part H-130). Due to the potential for toxicant sorption to
food in  the  acute  tes ts ,  the  organisms were  not  fed dur ing t h e  a c u t e
tests. The ability of the organisms to survive 24H without being fed was
evaluated prior to both sets of acute tests.



The method of solution preparation in the acute tests for C. dubi a  and  P .
promelas  was the  same as  descr ibed previously . H o w e v e r ,  s o l u t i o n
preparat ion in the acute tests for H. l imbata  d i f f e r e d . B e n t o n i t e  c l a y
was not filtered from the test solution since nymphs in  the  f ie ld  would
l i k e l y  c o m e  i n t o  c o n t a c t with settled clay. Therefore, a c t i v a t e d
b e n t o n i t e  c l a y  a n d  H - 1 3 0  w e r e  a d d e d  d i r e c t l y  t o  t h e  t e s t  a q u a r i a  a n d
were both part of the test solution.

Since H. limbata  n y m p h s w e r e  o f t e n  m o t i o n l e s s  i n  o r  o n  t h e  a r t i f i c i a l
substrates, H - 1 3 0  a f f e c t s  u p o n  t h e  n y m p h s  w e r e  d e t e r m i n e d  b y  g e n t l y
p r o d d i n g  t h e m  w i t h  a  g l a s s  s t i r r i n g  r o d .  E i t h e r  n o  a t t e m p t  o r  a  w e a k
at tempt  to  escape indicated adverse  affects . They were  considered dead
if there was no gill movement in response to prodding.

Toxicity data obtained from both chronic and acute  tes ts  were subjected
to chi-square analyses to determine significant mortality. L C50 v a l u e s
were determined by probit analysis (Finney 1973). Single factor ANOVA
was used to determine significant d i f f e r e n c e s  b e t w e e n  t r e a t m e n t s  f o r
mean larval weight of P. promelas  and mean number of young for adu1t
C. dubia.

RESULTS AND DISCUSSION

Considering t h e  L C5 0  v a l u e s  f o r  a l l
presence of bentonite clay appeared
lethality of H-130 (Table 2).

three o r g a n i s m s  ( T a b l e  1 ) ,  t h e
to effectively d e c r e a s e  t h e  a c u t e

Table 1. 24 Hr. LC50 Values for C . dubia, P. promelas,  and H. limbata

Lethality w a s  n o t  t h e  o n l y  e n d p o i n t of note in the acute t e s t s .  A
behavioral effect was observed for H.  l imba ta . Nymphs h a v e  b e e n
shown to  leave  the i r  burrows and crawl  or  swim around when s t ressed
(Henry  e t  a l .  1986) .  This  behavior  was  observed for  nymphs  fo l lowing
15 to  30  minutes  of  exposure  to  h igher  H-130 concent ra t ions  when they
were observed crawling around outside of the substrates. A  2 4 H  E C50 o f

5.2 mg/L (95% C. I. of 4.2 to 6.2 mg/L) was determined for this behavior.

However, bentoni te  c lay’s  ef fect iveness  in  neutra l iz ing H-130 le thal i ty
i n  t h e  s u b - c h r o n i c tes ts  was unclear . T h e  c l a y  a p p e a r e d  t o  r e d u c e
lethality in  the  bulk  preparat ion method  ( top  graph  of  F igs .  1  and  2) ,
but  was  less  e f fec t ive  in  the  da i ly  prepara t ion  method (bot tom graph of
Figs. 1 and 2). H-130 concentrations in the chronic tests were all at least
the same as the LC5 0. Perhaps H-130 was not effectively removed by



Table  2 . Percent mortality for C. dubia, P. promelas, and H.  l imba ta
following 24H of exposure to solutions t rea ted  wi th  H-130 and  bentoni te
clay. An asterisk (*) next to the % mortality value indicates the
organisms were exposed to an H-130 concentration greater than its LC 5 0.

bentoni te  c lay  in  the  dai ly  preparat ion method thereby resu l t ing  in  the
observed toxicity. However, l e t h a l i t y  w a s  o b s e r v e d  i n  o n l y  t h e  d a i l y
preparat ion method, not in t h e  b u l k  p r e p a r a t i o n method. T h i s
inconsis tency is  diff icul t  to  explain considering t h e  c l a y ’ s  a p p a r e n t
ef fec t iveness  in  reducing H-130 le thal i ty  in  the  acute  tes ts .

I t  was  not  c lear  whether  larval  P.  p r o m e l a s  g r o w t h  w a s  a f f e c t e d  b y
chronic exposure to  H-130 . Mean larval weight d i d  n o t  v a r y
significantly between t rea tments in  the  bulk  preparat ion m e t h o d ,  n o r
d i d  i t  v a r y  b e t w e e n  t r e a t m e n t s  a n d  c o n t r o l s  ( F i g .  3 ) .  T h i s  i n d i c a t e d
solu t ions  t rea ted  wi th  both  H-130 and bentoni te  c lay  had  no  af fec t  upon
larval  growth.  Complete  mor ta l i ty  in  the  da i ly  prepara t ion  method did
not allow comparison of larval weights in that method.

Bentoni te  c lay  may adverse ly  af fec t  C. d u b i a  r e p r o d u c t i o n . F i r s t ,  n o
s igni f icant difference in fecundi ty was evident between t h e  l o w
concent ra t ion  of  e i ther  so lu t ion  prepara t ion  method,  nor  was  i t  ev ident
between the  low concentra t ions  of  e i ther  method and the  water  contro1
of the daily preparation method (Fig. 3). However, fecundity i n  t h e  c l a y
controls was significantly reduced r e l a t i v e  t o both the low
concentrations and water control (Fig. 3). Both  the  c lay  cont ro l  and  the
low concentration solut ions  were  t rea ted  wi th  c lay ,  however , t h e  c l a y
control was treated with clay at a concentration 200 fold greater relative
to the low concentration solution. Even though i t  was  not  s igni f icant ly
toxic to C. d u b i a  (Table  2) ,  water  dosed  wi th  h igh  c lay  concent ra t ions
d e c r e a s e d  f e c u n d i t y .

Activated bentonite clay is likely to be most effective in neutralizing H-
130 toxicity. Act iva t ion  increases  the  l ike l ihood of  contac t  be tween the
c l a y  a n d  t o x i c a n t  b y  i n c r e a s i n g  t h e  c l a y ’ s  e f f e c t i v e  s u r f a c e ,  t h e r e b y
increasing available s i t e s  f o r  t o x i c a n t adsorption. Adding d r y
inactivated clay to water is not likely to be as effective. I n  t h i s  s t u d y ,
dry clay clumped together and either floated on the surface or sank to



F i g u r e  1 .  Sub-chronic  le tha l i ty  of  the  tes t  so lu t ions  to  C.  d u b i a .  T h e
t o p- f igure  i s  % survival  in  so lu t ions  prepared  by the  bulk  prepara t ion
method, while the bottom figure is  % survival  in  solut ions  prepared by
the daily preparat ion method. Legend values are s o l u t i o n
c o n c e n t r a t i o n s  ( m g / L  H - 1 3 0 / m g / L  b e n t o n i t e  c l a y ) .

the bottom of the beaker. The clay would likely do the same in the field,
either settling into eddies or floating on the surface.

For  the  purposes of  these tests, t h e  c l a y was act ivated t o  e n s u r e
maximum effect ive surface area. T h e  a c t i v a t e d  c l a y  w a s  t h o r o u g h l y
mixed with H-130 to maximize contact time between the clay and H-130.
Utilizing this method, the clay appeared to be effect ive  in  neutra l iz ing
acute lethality of H-130, but it appeared to inconsistently reduce toxicity
in  chronic  tes ts .

Some of the variability may be  expla ined  by  ca t ionic  exchange o f  t h e
molluscicide by other dissolved cations. Clay is  character ized by cat ion
exchange capaci ty  (Menzer  and Nelson 1986) .  Severa l  ca t ions i n  t h e

solutions used for these tests were Na + , K+ ,  Ca2 +,  and Mg 2+ f r o m  N a H C O3,

K C l ,  C a S O4,  and MgSO 4 respectively used to prepare water for these tests.



Figure 2. Chronic lethality of the test solutions to P. promelas. The top
figure is % survival i n  s o l u t i o n s  p r e p a r e d  b y  t h e  b u l k  p r e p a r a t i o n
method, while the bottom figure is  % survival  in  solut ions  prepared by
t h e  d a i l y  p r e p a r a t i o n method. Legend values are test s o l u t i o n
c o n c e n t r a t i o n s  ( m g / L  H - 1 3 0 / m g / L  b e n t o n i t e  c l a y ) .

This  resul ted in  a  large  concentra t ion o f  N a+ ,  C a2 +,  a n d  M g2 +  i n  t h e
water  which  may have  competed  wi th  the  mol lusc ic ide  for  anionic  s i tes
on the clay. These cations are also common e n v i r o n m e n t a l
components. Road salts have large amounts of these cations. Soil  and
b e d r o c k  a l s o  c o n t a i n t h e s e  a s  w e l l  a s  o t h e r  c a t i o n s (Spos i to  1989) .
Rains torms and snowmel t  would  therefore  resul t  in  f lux  of  ca t ions  f rom
roads, soils, and bedrock into lakes and streams where exchange of  H-
130 by available cations could re-release the molluscicide into solution.

If bentonite clay is proposed to be used as a sorbent medium for H-130,
the  method of  c lay  adminis t ra t ion  should  be  an  impor tant  cons idera t ion .
Clay should be activated prior to its use as a sorbent medium. Otherwise,
d issolved H-130 in  the  receiving waters may result in s i g n i f i c a n t
t o x i c i t y  f o r  n o n - t a r g e t organisms. Also ,  fur ther i n v e s t i g a t i o n  o f
bentoni te  c lay is  recommended to  e lucidate  both  i t s  ef fec t iveness as a
sorbent  medium and i t s  potent ia l tox ic i ty  upon  p lankton ic o r g a n i s m s
such as C. dubia .



F i g u r e  3 . Final  average w e i g h t s  ( b o t t o m  g r a p h ) o f  s u r v i v i n g  P .
p r o m e l a s  larvae, and mean number neonates produced by adult C. d u b i a
( t o p  g r a p h )  d u r i n g  c h r o n i c  t e s t s . E r r o r  b a r s  a r e 9 5 %  c o n f i d e n c e
intervals. Mean weights  were  not  s igni f icant (p=0.219). R e d u c t i o n  i n
mean number of C . d u b i a  y o u n g  p r o d u c e d in clay controls w a s
s igni f icant  (p<0.01) .
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