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Aqua t i c  sed iments ,  p a r t i c u l a r l y  those of  h igh o r g a n i c  con ten t ,  
tend toward a h igher  a f f i n i t y  fo r  many o rgan i c  and i no rgan i c  
con taminants .  Depending upon the ambient phys i ca l  and chemical 
c o n d i t i o n s  (e .g .  tempera tu re ,  pH, 0=, redox p o t e n t i a l )  a t  a 
p a r t i c u l a r  s i t e ,  the s o r p t i o n  to sediments can a f f e c t  the 
p e r s i s t e n c e ,  t o x i c i t y ,  uptake and t r a n s p o r t  of  con taminants  
( B r e t e l e r  and Saksa 1985; Burton e t  a l .  1987; Landrum et  a l .  
1987; Lewis and Mclntosh 1986; Malueg e t  a l .  1984; Nebeker e t  a l .  
1986; P r i t c h a r d  e t  a l .  1986; Seelye e t  a l .  1982; Wolfe e t  a l .  
1986). In 9 e n e r a l ,  con taminants  i nco rpo ra ted  i n to  sediments are 
more p e r s i s t e n t ,  less m o b i l e ,  and occur a t  h igher  c o n c e n t r a t i o n s  
than those in the o v e r l y i n g  wa te rs .  The method of  t o x i c i t y  
assessment desc r ibed  h e r e i n  u t i l i z e s  the a f f i n i t y  o f  contaminants  
for  sediments to deve lop  and r e f i n e  sampl ing s t r a t e g i e s  used in 
the p r e l i m i n a r y  assessment of  s i t e  c o n t a m i n a t i o n  by e v a l u a t i o n  of  
the presence or absence of  e x t r a c t a b l e  t o x i c  components in 
a q u a t i c  sediments c o l l e c t e d  in d i f f e r e n t  areas of  the s i t e .  

Big Lake Sissabagama is a r e l a t i v e l y  deep, recky lake Iocated in 
no r thwes te rn  Wisconsin (sec F ig .  I ) .  The su r round ing  watershed 
is p r i m a r i l y  f o r e s t  and sphagnum bog. Most res idences  on the 
lake are seasonal and lake use is u s u a l l y  l i g h t  r e c r e a t i o n a l .  
8etween the mid 1960's to the p resen t ,  a c ranbe r r y  farm has 
opera ted in the sou theas t  r eg ion  of  the lake.  In accordance w i t h  
a 1867 Wisconsin s t a t e  l e g i s l a t i o n ,  commonly r e f e r r e d  to as " the  
Cranber ry  Law", water  may be pumped from a su r face  wa te r ,  used 
for  i r r i g a t i o n ,  h a r v e s t i n g  and f r o s t - p r o t e c t i o n  o f  c r a n b e r r i e s ,  
then re leased  back i n to  t ha t  same waterbody.  Th is  process is 
suspected in the t r a n s p o r t  of  m a t e r i a l s  a p p l i e d  to farms in to  
some lakes.  In recen t  years ,  severa l  o rgan i c  p e s t i c i d e s  bave 
been repo r t ed  to occur in water  and sediments near the e f f l u e n t  
of  a c ranbe r r y  farm (Larson 1986; Wisconsin Department o f  
Natura l  Resourcese, u n p u b l i s h e d ) .  The p o s s i b l e  occur rence of a t  
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l ea~ t  12 p e s t i c i d e s  or m e t a b o l i t e s  based upon use, m o b i l i t y  and 
p e r s i s t e n c e  has been p r o j e c t e d .  No o the r  i n f o r m a t i o n  is 
ava i lab le  on the e x t e n t  of  p o t e n t i a l  p e s t i c i d e  c o n t a m i n a t i o n  over 
the lake as a who le .  Beoause of  the l a rge  number o f  p o t e n t i a l  
con tam inan t s ,  the u n c e r t a i n t y  about  Iowest  d e t e c t a b l e  l i m i t s  f o r  
each, e s p e c i a l l y  in o r g a n i c  sed imen ts ,  and the h igh  cos t  of  
ana ly t i ca l  s e r v i c e s ,  i t  was de te rm ined  t h a t  a s c r e e n i n g  p rocedu re  
shou ld  be deve loped to assess the lake as a whole to  d e t e r m i n e  
what con tam inan ts  were most l i k e l y  to  occur and where.  The 
method d e s c r i b e d  i d e n t i f i e s  sed iment  samples c o n t a i n i n g  
s o l v e n t - e x t r a c t a b l e  components wh ich  are t o x i c  to  the 
c l a d o c e r a n ,  Daphn!a magne. To da te  no subsequent  s i t e  ana l yses  
have been comp le ted .  

MATERIALS AND METHODS 

Sediment samples were c o l l e c t e d  a t  9 s i t e s  on Big Lake 
Sissabagama on October  4, 1986. S u p e r f i c i a l  sed iment  was 
c o l l e c t e d  by dredge to a maximum depth  of  2-3 cm and p laced  in 
p o l y e t h y l e n e  sample bags. Bags were p laced  on ice and r e t u r n e d  
to the l a b o r a t o r y  fo r  subsequent  a n a l y s i s .  

A known volume of  each sed iment  (250-500 cm �87 ) was e x t r a c t e d  w i t h  
two - 50 mL a l i q u o t s  of  ana ly t i ca l  grade p e t r o l e u m  e t h e r .  
A p p r o x i m a t e l y  2 g of  reagen t  grade NeCI was added to each 
sed imen t  sample.  E x t r a c t i o n s  were conducted in I - L  Er lenmeyer  
f l a s k s .  Samples were shaken v i g o r o u s l y  f o r  15 min.  and e t h e r  was 
decanted o f f .  A f t e r  the second e x t r a c t i o n ,  samples were f r ozen  
e t  -30 ~ C a f t e r  which any r e m a i n i n g  e the r  was decanted o f f .  
E x t r a c t s  were combined and evapo ra ted  under m i l d  a i r  f l o w  to  
d ryness ,  and r e s i d u e s  were r e d i s s o l v e d  in ana ly t i ca l  grade 
ace tone .  Acetone s o l u t i o n s  were a i l  b rough t  up to an equal 
volume (25 mL e t  25 ~ C) and s t o r e d  in the da rk  a t  -30 ~ C u n t i l  
used in t o x i c i t y  t e s t s .  Subsamples of  each sed iment  were 
r e t a i n e d  and ~ o r g a n i c  c o n t e n t  of  each was e s t i m a t e d  by 
combus t ion .  

C ladocerans  (Daphnia ma@na) used in acute t o x i c i t y  t e s t s  were 
f rom c u l t u r e s  m a i n t a i n e d  e t  the Center  f e r  Lake S u p e r i o r  
Env i ronmenta l  S t u d i o s ,  U n i v e r s i t y  of  W i s c o n s i n - S u p e r i o r ,  
S u p e r i o r ,  Wl. R e c o n s t i t u t e d  hard wa te r  (Tab le  I) was used as 
both the c u l t u r e  wa te r  and d i l u t i o n  wa te r  in t o x i c i t y  t e s t s .  
Grav id  females were i s o l a t e d  in 250 mL Er lenmeyer  f t a s k s  
c o n t a i n i n g  200 mL of  r e c o n s t i t u t e d  wa te r  f o r  24 h rs ,  a f t e r  wh ich  
o f f s p r i n g  were sepa ra ted  by p i p e t t e .  Only e a r l y  i n s t a r  (<24 h r .  
o l d )  neonates of  D. ma~na were used in t o x i c i t y  t e s t s .  

Test  chambers were 100 mL beakers .  A p p r o p r i a t e  volumes of  each 
acetone e x t r a c t  were t r a n s f e r r e d  to t e s t  chambers c o n t a i n i n g  3-5 
mL d i l u t i o n  w a t e r .  Such t r e a t m e n t  was though t  to  reduce 
a d s o r p t i o n  of  r e s i d u e s  to g l a s s .  Acetone was thon evapo ra ted  
under g e n t l e  a i r  f l o w  fo r  15 min.  Each t r e a t m e n t  wa5 run in 
dupl i c a t e  or t r i p l  i c a t e .  Both acetone and non-ace tone  c o n t r o l s  
were run.  Aoetone c o n t r o l s  c o n s i s t e d  of  an evapo ra ted  
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T a b l e  1. Q u a n t i t i e s  o f  r e a g e n t - g r a d e  c h e m i c a l s  used to  p r e p a r e  
r e c o n s t i t u t e d  hard  w a t e r  and w a t e r  q u a l i t i e s  (ASTM 1980) .  

Chemioa l  o r  Q u a l i t y  mg/L  

NaHC03 192 
CAS04 120 
MgS04 120 
KCI 8 . 0  
pH 7 . 8 - 8 . 0  
har  dness  160-180 
a l k a l  i n i t y  110-120 

" S t a n d a r d  pH u n i t s .  

e t h e r / a c e t o n e  vo lume equa l  to  t he  h i g h e s t  e x t r a c t  vo lume t e s t e d .  
C o n t r o l  s u r v l v a l  e t  48 h r .  in a i l  t e s t s  was l© 

A f t e r  a d d i t i o n  o f  t he  a c e t o n e  e x t r a c t ,  d i l u t i o n  w a t e r  vo lume was 
b r o u g h t  up to  80 mL, t e s t  s o l u t i o n s  were  s t i r r e d  by a g l a s s  rod  
and a l t o w e d  to  e q u i l i b r a t e  f o r  a t  l e a s t  15 m i n .  Ten n e o n a t e s  
were  then  t r a n s f e r r e d  to  each t e s t  chamber .  No food  was p r o v i d e d  
f o r  t he  d u r a t i o n  o f  t he  t e s t s .  T e s t s  were  c o n d u c t e d  e t  20 ~ C 
and under  c o n s t a n t  i l l u m i n a t i o n .  D i s s o l v e d  oxygen c o n c e n t r a t i o n s  
were  measured  in each t r e a t m e n t  a t  48 h r .  A i l  DO l e v e l s  were  
g r e a t e r  than  60% s a t u r a t i o n .  Neonate  s u r v i v a l  and b e h a v i o r  was 
o b s e r v e d  a t  24 and 48 h r .  E n d - p o i n t s  were  a f f e c t e d  n e o n a t e s  
( o r g a n i s m s  u n a b l e  to  m a i n t a i n  t h e m s e l v e s  in t he  w a t e r  co lumn,  
y e t  s t i l l  m o t i l e ,  in a d d i t i o n  t o  m o r t a l i t i e s )  and m o r t a l i t y  
( d e f i n e d  as t hose  n e o n a t e s  n o t  r e s p o n d i n g  t o  p h y s i c a l  p r o d d i n g ) .  
T e s t s  were  ended a f t e r  48 h r s .  

Vo lumes o f  s e d i m e n t  e x t r a c t e d  v a r i e d ,  t h e r e f o r e  the  vo lume o f  
e x t r e c t s  used in each t r e a t m e n t  was n o r m a i i z e d  t o  a s e d i m e n t  
vo lume o f  1,000 cm = by the  f o i l o w i n  9 e q u a t i o n :  Mo i .  o f  e x t r a c t  
used (uL) x v o l .  o f  s e d i m e n t  e x t r a c t e d  ( c m 3 ) / I , O 0 0  cm = = 
n o r m a l i z e d  v o l .  ( u L ) .  In t h o s e  t e s t s  w h i c h  p roduced  s u f f i c i e n t  
e f f e c t s ,  a t r immed  S p e a r m a n - K a r b e r  method was used to  d e t e r m i n e  
4 8 - h r  EC and LC50s and t h e i r  c o n f i d e n c e  l i m i t s .  

RESULTS AND DISCUSSION 

L o c a t i o n s  o f  t he  9 samp le  s i t e s ,  a l o n g  w i t h  t h e i r  r e s p e c t i v e  
4 8 - h r  EC/LCSOs a r e  round on F i g .  I .  F i v e  s e d i m e n t  e x t r a c t s  
r e s u l t e d  in no o b s e r v e d  e f f e c t s  a t  t he  h i g h e s t  e x t r a c t  vo lume 
t e s t e d .  These vo lumes  were  1,000 uL /80  mL f o r  s i t e s  4,  6 and 8; 
and 1,500 uL /80  mL f o r  s i t e s  7 and 9. E x t r a c t  o f  s e d i m e n t  f r om 
s i t e  5 r e s u l t e d  in 40% a f f e c t e d  n e o n a t e s  and 20% m o r t a l i t y  a t  
1,200 uL /80  mL. E x t r a c t s  o f  s e d i m e n t s  f r o m  s i t e s  I ,  2 and 3 
p roduced  s u f f i c i e n t  e f f e c t s  and m o r t a l i t i e s  to  c a l c u l a t e  4 8 - h r  EC 
and LCSO v a l u e s  ( T a b l e  2 } .  The % o r g a n i c  c o n t e n t  e s t i m a t e  f o r  
each s e d i m e n t  and the  d e p t h  a t  each s i t e  i s  in T a b l e  3. 
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LC20= 1,200 

Figure  1. Loca t ions  of  sample s i t e s  (numbered) and t h e i r  
r e s p e c t i v e  48-hour EC and LC50s ( i n  uL/80 mL). NOE = no 
observed e f f e c t  a t  h ighes t  c o n c e n t r a t i o n  tes ted  ( r e f e r  to t e x t ) .  
E i n d i c a t e s  the l o c a t i o n  of  the farm e f f l u e n t .  

Table 3. Percent o rgan i c  con ten t  es t ima te  o f  sediment samples 
and depth at  each s i t e .  

S i t e  ~ Organic Depth ( f t )  

1 2 7 . 1  2 
2 23.8 6 
3 35.6 18 
4 39.7 22 
5 49.1 32 
6 39.4 23 
7 44.4 24 
8 0 . 6  3 
9 43.2 18 

Th is  method for  s i t e  e v a l u a t i o n  appeared to be e f f e c t i v e  and 
c o s t - e f f i c i e n t  as a bas is  to begin a p r imary  assessment of  the 
s i t e .  The assumpt ion is made t ha t  s i t e s  w i t h  •ediments 
c o n t a i n i n g  e t h e r - e x t r a c t a b l e  t o x i c  components have the h i ghes t  
p r o b a b i l i t y  of  p e s t i c i d e  c o n t a m i n a t i o n ,  t h e r e f o r e  these s i t e s  
should be emphasized in subsequent s i t e  assessments. Th is  method 
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does not address the ques t i on  as to whether  adverse e f f e c t s  due 
to these t o x i c  components may or may not be o c c u r r i n g  in the 
env i ronment .  

The obv ious  b e n e f i t s  of  t h i s  methodology over o the r  sediment 
t o x i c i t y  methods ( e . g . ,  Burton and Lanza 1985; LeBlanc and 
Surprenant  1985; Swartz et  a l .  t985) are a) t e s t s  can be 
conducted f o l l o w i n g  e s t a b l i s h e d  p r o t o c o l ,  such as ASTM (1980);  b) 
t es t s  can be conducted w i t h  e x i s t i n g  equipment and personnel  in 
l a b o r a t o r i e s  conduc t ing  s t a t i c  t o x i c i t y  t e s t s .  The use of  
a l t e r n a t i v e  e x t r a c t a n t s  or methods, such as f r a c t i o n a t i o n  
( L o p e z - A v i l a  e t  a l .  1985) fo r  o the r  s p e c i f i c  c lasses  of  chemica ls  
may be e f f e c t i v e  in f u r t h e r  c h a r a c t e r i z i n g  con taminants .  As an 
example, ac id  e x t r a c t i o n s  may be a p p r o p r i a t e  fo r  s i t e s  where 
non -o rgan ic  heavy metal or m e t a l o i d  ( e . g . ,  Se) c o n t a m i n a t i o n  is 
suspected.  An a d d i t i o n a l  m o d i f i c a t i o n  to the use of  a s o f t  
d i l u t i o n  water  may a lso  be war ran ted .  The s e n s i t i v i t y  of  t h i s  
method w i l l  be enhanced i f  f a c t o r s  of  water  chemis t r y  ( e . g . ,  
hardness, pH) o f  the d i l u t i o n  water  do not  m i t i g a t e  t o x i c i t y .  

Th is  p ro toco l  appears t o b e  most a p p r o p r i a t e  for  con taminants  
w i t h  a high acute t o x i c i t y ,  e s p e c i a l l y  to a q u a t i c  i n v e r t e b r a t e s .  
C e r t a i n t y  many p e s t i c i d e s  and heavy meta ls  would be inc luded in 
t h i s  ca tego ry .  M o d i f i c a t i o n s  to as•ess t o x i c i t y  to f i s h e s  are 
p o s s i b l e ,  but would r e q u i r e  e x t r a c t i o n s  from a much g r e a t e r  
volume of sediment to accoEiTiodate the l a rge r  volume t e s t  
chamber•, which may be cumbersome. At p resent  i t  is not 
env i s i oned  t h a t  t h i s  method cou ld  e a s i l y  be adapted fo r  use �9 a 
f l o w - t h r o u g h  exposure system, aga in  p r i m a r i l y  due to the la rge  
volume of  e x t r a c t  which may be r e q u i r e d .  

For use in t o x i c i t y  t es t s  w i t h  D. ma9na, and presumably o the r  
smal l  a q u a t i c  i n v e r t e b r a t e s ,  a f i n a l  e x t r a c t  volume of  25 mL 
appeared t o b e  the most accep tab le .  Larger volumes, thereby  
being more d i l u t e ,  r e q u i r e d  l a rge r  doses o f  the e x t r a c t  to t e s t  
chambers and more r ime fo r  e v a p o r a t i o n  of  the acetone.  As the 
f i n a l  e x t r a c t  volume was reduced, the ease w i t h  which al iquo ts  of  
e x t r a c t a n t  used in Iower c o n c e n t r a t i o n s  could be measured was 
a lso  reduced. The s o l u t i o n s  in these s m a l l e r  volumes a l so  became 
t u r b i d  as m a t e r i a l s  reached t h e i r  s o l u b i l i t y  l i m i t s  in the 
acetone and p r e c i p i t a t e d ,  e s p e c i a l l y  in e x t r a c t i o n s  from 
h i g h - o r g a n i c  sediments .  No p r e c i p i t a t i o n  was observed in any 
e x t r a c t s  a t a  f i n a l  volume of  25 mL, a l t hough  sediment o rgan i c  
con ten t  was as h igh as 49.1%. Use of a l t e r n a t i v e  e x t r a c t a n t s  may 
r e q u i r e  r e - e v a l u a t i o n  of  a p p r o p r i a t e  f i n a l  e x t r a c t  volume. 

Data i n t e r p r e t a t i o n  w i l l  r e q u i r e  the e x p e r t i s e  of  severa l  f i e l d s  
o f  env i ronmenta l  sc ience i n c l u d i n g  but not  l i m i t e d  to t o x i c o l o g y ,  
env i ronmenta l  chemis t r y ,  and l imno logy .  And, as is h o p e f u l l y  
s e l f - e v i d e n t ,  a thorough e v a l u a t i o n  of  any o ther  a v a i l a b l e  data  
on the ambient c o n d i t i o n s  of the s i t e ,  i t s  watershed,  
iand-use,  f l ow  p a t t e r n s ,  h i s t o r i c a l  da ta ,  e t c . ,  should be of  
va lue  in data i n t e r p r e t a t i o n .  In the case desc r i bed ,  a c u t e l y  
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t o x i c  components in sediments occur red a t  s i t e s  1,2, and 3 (and 
p o s s i b l y  5) .  R e l a t i v e  t o x i c i t y  (based on 48-h r .  LCS0) o f  these 
sediment e x t r a c t s  were 3 > 2 >1. The depths a t  s i t e s  I ,  2, and 3 
were 2 f t ,  6 f t ,  and 18 f t ,  r e s p e c t i v e l y .  I t  cou ld  be p r e d i c t e d  
t ha t  ambient c o n d i t i o n s  fo r  sediments in deeper waters  are more 
amiab le  to the p e r s i s t e n c e  of  o rgan i c  con taminants .  These 
c o n d i t i o n s  inc lude  Iow l i g h t ,  Iower tempera tu res ,  and Iow 
d i s s o l v e d  oxu l e v e l s  (both w i n t e r  and surnmer anox ia  are common 
on Big Lake Sissabagama accord ing  to h i s t o r i c a l  r e c o r d s ) .  
The re fo re ,  i t  cou ld  be p r e d i c t e d  t h a t  a t  s i t e s  I and 2, on ly  
h i g h l y  r e c a l c i t r a n t  compounds and/or  m e t a b o l i t e s  would occur.  At 
s i t e  3, more l a b i l e  compounds mau occur and p e r s i s t ,  as we l l  as 
r e c a l c i t r a n t  spec ies .  The r e l a t i v e  order  of  t o x i c i t y  o f  sediment 
e x t r a c t s  from s i t e  I ,  2 and 3 p rov ides  a d d i t i o n a l  suppor t  for  the 
in fe rence  t ha t  parent  m a t e r i a l s ,  presumably more t o x i c  than t h e i r  
deg rada t i on  products  (w i th  no tab le  e x c e p t i o n s ) ,  are more l i k e l y  
to occur a t  s i t e  3, where ambient c o n d i t i o n s  would r e t a r d  
d e g r a d a t i o n .  

Any a d d i t i o n a l  sampte c o l l e c t i o n  and/or  subsequent ana lyses  would 
appear t o b e  most e f f e c t i v e  in the genera l  areas encompassed by 
s i t e s  I ,  2 and 3 (and p o s s i b l u  5).  A l i s t  of  cand ida te  
compounds, both parent  m a t e r i a l s  and l i k e l y  m e t a b o l i t e s  should be 
assessed to de te rmine  the l i k e l i h o c d  of  r e c a l c i t r a n c e  under 
ambient c o n d i t i o n s ,  and chemical analyses might  proceed based 
upon the Iog i c  presented above. In the case of  Big Lake 
Sissabagama, t h i s  would t r a n s l a t e  i n to  a r e d u c t i o n  in samples 
ana lyzed from 9 to 3 or 4, and would a lso  reduce the number of  
s p e c i f i c  chemica ls  assessed in each sample. I f  an adequate 
q u a n t i t y  of  sediment were c o l l e c t e d ,  and the excess has been 
r e t a i n e d  under proper s to rage  c o n d i t i o n s ,  i n i t i a l  chemical 
ana lyses  could p o t e n t i a l l y  proceed w i t h o u t  f u r t h e r  o n - s i t e  
c o l l e c t i o n s .  I d e a l l y ,  the assessment o f  sediment e x t r a c t  
t o x i c i t u  could reduce costs  bu I o c a l i z i n g  and p r i o r i t i z i n g  
sampl ing and a n a l u  s t r a t e g i e s .  
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