
Bull. Environ. Contam. Toxicol. 0992) 49:656-662 
�9 1992 Springer-Verlag New York Inc. i enviro.~.~. '  ConCarn i rmCion 

arml Toxicology 

Evaluation of Toxi-Chromotest Direct Sediment Toxicity 
Testing Procedure and Microtox Solid-Phase 
Testing Procedure 

K. K. Kwan and B. J. Dutka 

River Research Branch, National Water Research Institute, Canada Centre for 
Inland Waters, Burlington, Ontario, L7R 4A6, Canada 

The appl icat ion of biological  and microbiological tests 
to evaluate the b i o a v a i l a b i l i t y  of toxicants in 
environmental so l id  phase samples (sediments, suspended 
sed iments ,  s o i l s ,  and s ludges)  has inc reased 
s i g n i f i c a n t l y  d u r i n g  the l a s t  decade (Dutka and G o r r i e  
1989; Tung e t  a l .  1991; Brouwer e t  a l .  1990). In the 
sc reen ing  o f  s o l i d  phase samples f o r  t o x i c a n t s ,  the  
m a j o r i t y  o f  b ioassays  used are a p p l i e d  to  aqueous or  
o r g a n i c  e x t r a c t s  o f  these samples ( B i t t o n  and Dutka 
1986). However, i t  is often d i f f i c u l t  to detect the 
presence of toxicants in extracts due to the i r  low 
concentrations and the necessity of d i l u t i ng /ex t rac t i ng  
solvents to the i r  Maximum Allowable Concentrations (MAC) 
(Kwan and Outka 1984, 1986 and 1990; Dutka e t  a l .  1989). 
The e f f e c t i v e n e s s  o f  these b ioassay  t e s t s  i s  o f t e n  
n u l l i f i e d  by the f r e q u e n t  r e p o r t s  o f  n e g a t i v e  or  non- 
t o x i c  responses ma in ly  due t o  c o n c e n t r a t i o n  and d i l u t i o n  
problems. S y n e r g i s t i c  and perhaps a n t a g o n i s t i c  responses 
between t o x i c a n t s ,  s o l v e n t s  and e x t r a c t i n g / c o n c e n t r a t i n g  
processes a lso  may p lay  i m p o r t a n t  r o l e s  whenever samples 
are man ipu la ted  f o r  b ioassay  t e s t i n g .  A l so ,  b ioassays  
us ing  b e n t h i c  organisms ( e . g .  Chironomus Centans) or  s o i l  
organisms ( e . g .  Eisenia andre i )  t o  screen s o l i d  phase 
samples f o r  t o x i c a n t s  are u s u a l l y  cumbersome, t ime 
consuming and expens ive  (Wiederholm 1984; Dutka 1989). An 
awareness o f  these problems has led to  research and 
development f o r  s imp le ,  qu i ck  and i n e x p e n s i v e  d i r e c t  
so l id  phase t o x i c i t y  test ing procedures .  Recen t l y ,  two 
non-extractive sol id phase test ing procedures, Microtox 
Solid-Phase Test (Microbics 1991) and the DSTTP (Kwan 
1991), have been developed for  test ing the t o x i c i t y  of 
sol id phase samples. These tests can detect the overall 
t o x i c i t y  of soluble and insoluble, organic and inorganic, 
v o l a t i l e  and non-volat i le contaminants in sol id phase 
samples without d i s to r t i ng  the results due to chemical 
manipulations or solvent synergism. This paper presents 
the results from the appl icat ion of these tests to a 
var ie ty  of samples. 

Send r e p r i n t  reques ts  to  K.K. Kwan a t  the above address.  
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METHODS AND MATERIALS 

E i g h t  sed iment  samples were c o l l e c t e d  f rom Hami l t on  
Harbour  (Lake O n t a r i o ) .  Th i s  i s  a h e a v i l y  i n d u s t r i a l i z e d  
h a r b o u r  wh ich  r e c e i v e s  o r g a n i c  and i n o r g a n i c  con tam inan t s  
f rom s u r r o u n d i n g  i n d u s t r i e s ,  i n c l u d i n g  Canada 's  two 
l a r g e s t  s t e e l  p r o d u c i n g  companies.  Four a d d i t i o n a l  
sed iment  samples were a l s o  c o l l e c t e d  f rom the  lower  
A thabasca R i ve r  in  n o r t h e a s t e r n  A l b e r t a .  Th i s  a rea  
c o n t a i n s  an e x t e n s i v e  o i l  sands d e p o s i t .  

The sed iment  samples were c o l l e c t e d  w i t h  an Ekman dredge 
and p laced  i n t o  i n d i v i d u a l  s t e r i l e  p l a s t i c  bags,  iced and 
r e t u r n e d  t o  the  l a b o r a t o r y  f o r  t o x i c i t y  s c r e e n i n g  t e s t s .  

In addi t ion,  I uncropped soi l  sample (WTC-13), 1 cropped 
soi l  sample spiked with 10 mg/Kg of PCB (WTC-14), I pulp 
and paper mi l l  anaerobic sludge (WTC-15), 1 inc inerator  
ash (WTC-16), and 4 metal f i n i sh ing  sludges (WTC-17, WTC- 
18, WTC-19 WTC-20) were used in  t h i s  s t u d y .  These 
samples were s u p p l i e d  by the  Wastewater  Technology 
Cen t re ,  Canada Cen t re  f o r  I n l a n d  Waters,  B u r l i n g t o n .  

The direct sediment toxicity testing procedure (DSTTP) 
was used as described by Kwan 1991. The DSTTP is a 
toxicity bioassay used to detect toxic contaminants in 
solid phase environmental samples such as sediments, 
suspended sediments, soils, and solid wastes. A bacteria 
reaction mixture is mixed with 0.5 gm of sediment and 
incubated at 37~ for 120 minutes. After a 120 minute 
incubation period, the mixture is reacted with a 
chromogenic  s u b s t r a t e  f o r  30 m inu tes  at 37"C. The 
b i oassay  i s  based on the  a b i l i t y  o f  t o x i c  con tam inan t s  t o  
i n h i b i t  de novo s y n t h e s i s  o f  i n d u c i b l e  enzyme B- 
g a l a c t o s i d a s e  in  a s p e c i a l  b a c t e r i a l  s t r a i n  o f  E. c o l i ,  
which  i s  h i g h l y  s e n s i t i v e  t o  a wide spec t rum o f  t o x i c  
subs tances .  The b a c t e r i a l  response t o  t o x i c  
c o n t a m i n a n t ( s )  i s  measured by the  i n t e n s i t y  o f  y e l l o w  
c o l o u r  deve loped.  The h i g h e r  the  i n t e n s i t y  the  lower  the  
tox ic  level is .  Conversely, the most toxic level is 
represented by no yellow in tens i ty .  

The M i c r o t o x  S o l i d - P h a s e  t e s t i n g  p rocedu re  was used 
f o l l o w i n g  the  p rocedure  d e s c r i b e d  by Tung e t  a l .  1991 and 
1991a. The M i c r o t o x  Reagent m ic roo rgan isms  are exposed 
d i r e c t l y  t o  an aqueous suspens ion  o f  the  sample.  A f t e r  
incubating for  20 minutes at room temperature, the 
organisms are separated with a f i l t e r  column for  analysis 
using the Microtox Toxic i ty  Meter (Model M500). 

RESULTS AND DISCUSSION 

Table I presents data obtained from so l id  phase samples 
using the Direct Sediment Toxic i ty  Testing Procedure 
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(DSTTP) and t h e  M i c r o t o x  S o l i d - P h a s e  t o x i c i t y  t e s t i n g  
p r o c e d u r e .  Data o b t a i n e d  f rom the  DSTTP are  e x p r e s s e d  as 
minimum c o n c e n t r a t i o n  o f  sample (%) t h a t  i n h i b i t s  100~ 
p r o d u c t i o n  o f  B - g a l a c t o s i d a s e  a c t i v i t y  measured by ye l  low 
c o l o u r  deve lopmen t .  Data o b t a i n e d  f rom t h e  M i c r o t o x  
S o l i d - P h a s e  P rocedure  a re  e x p r e s s e d  in  EC50'e, d e f i n e d  as 
t h e  e f f e c t i v e  c o n c e n t r a t i o n  o f  a t e s t  sample t h a t  causes 
50 p e r c e n t  dec rease  i n  l i g h t  o u t p u t  (Qu resh i  e t  a 1 . 1 9 8 4 ) .  
Due t o  t h e  d i f f i c u l t y  o f  f i n d i n g  "CLEAN" o r  r e f e r e n c e  
s o i l s ,  t he  "CLEAN" s o i l  used in  t h e  s t u d y  wee p r o v i d e d  by 
t h e  M i c r o b i c s  C o r p o r a t i o n .  The "CLEAN" s o i l  i s  a 
s y n t h e t i c  s o i l  sample p repa red  by t he  U.S. EPA and has an 
ECs~ v a l u e  > 19,000 ppm. A "CLEAN" o r  u n c o n t a m i n a t e d  
s o l l  sample i s  d e f i n e d  as a r e f e r e n c e  s o i l  wh ich  has an 
ECso v a l u e  a t  o r  above 2~ u s i n g  t h e  M i c r o t o x  S o l i d - P h a s e  
t o x i c i t y  t e s t i n g  p r o c e d u r e  (Tung e t  e l .  1991) .  

Tab le  1. T o x i c i t y  da ta  o b t a i n e d  f rom s e d i m e n t s  u s i n g  t h e  
DSTTP t h e  M i c r o t o x  s o l i d - p h a s e  p r o c e d u r e ,  

SAMPLE # DSTTP 
Sample concentration (%) 
required to  i n h i b i t  100% 
B-galactosidase production 

MICROTOX SOLID PHASE 
Sample concentration (%) 
required to  produce EC5o 

e f fec t  

HH-1 <3.13% 
HH-2 < 3 .13~ 
HH- 3 < 3.13% 
HH-4 <3.13~ 
H H - 5  <3.13% 
HH-6 <3.13% 
HH-7 12.5% 
HH-8 12.5~ 
AR-9 IOOZ 
AR-IO 12.5~ 
AR-11 50% 
AR-12 12.5~ 
WTC-13 25~ 
WTC-14 25~ 
WTC-15 NEG 
WTC-16 3.13% 
WTC-17 12 .5~  
WTC-18 25~ 
WTC-19 3 .13~  
WTC-20 3 .13~  

1.30~ 
0 .21~  
0 .06~  
0 .16~  
0 .15~  
0 .20~  
4 .11~  
0 .67~  
0.74~ 

2 ,45~  
0.68% 
1.53~ 
3 .26~  
3 .07~  
0 .96~  
0 .03~  
3.79% 
7 ,56~ 
0,05~ 

0 . 0 4 ~  

HH 
AR 
WTC 

H a m i l t o n  Harbour  
A thabasca  R i v e r  
Was tewate r  Techno logy  Cen t re  
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Compar i son  o f  t h e  r e s u l t s  o b t a i n e d  f r o m  t h e  two d i r e c t  
s o l i d  phase  t e s t i n g  p r o c e d u r e s  a re  p r e s e n t e d  i n  T a b l e  1. 
The DSTTP r e s u l t s  p r e s e n t e d  a r e  based on c o n c e n t r a t i o n s  
o f  s a m p l e s  t h a t  p r o d u c e  100~ t o x i c  r e s p o n s e  i . e .  no B- 
g a l a c t o s i d a s e  p r o d u c t i o n  o r  a c t i v i t y  t h u s  no y e l l o w  
c o l o u r  d e v e l o p m e n t .  On t h e  o t h e r  hand ,  t h e  M i c r o t o x  
S o l i d - P h a s e  r e s u l t s  a r e  based on c o n c e n t r a t i o n s  o f  
samp les  t h a t  i n h i b i t  50% o f  l i g h t  p r o d u c t i o n  i . e .  an ECso 
v a l u e .  I n  t h i s  r e p o r t i n g  f o r m a t  t h e  DSTTP r e s u l t s  a r e  
based on a g r e a t e r  t o x i c  e f f e c t  and t h u s  a g r e a t e r  
c o n c e n t r a t i o n  o f  samp le  i s  r e q u i r e d  t o  p r o d u c e  t h i s  
e f f e c t  (100~ i n h i b i t i o n )  as compared t o  t h e  EC~ v a l u e  o f  
t h e  M i c r o t o x  S o l i d - P h a s e  t e s t .  I f  t h e  c o n c e n t r a t i o n  o f  
s e d i m e n t  p r o d u c i n g  l e s s  t h a n  50~ y e l l o w  c o l o u r  i n t e n s i t y  
(+ )  end p o i n t  was chosen  f o r  c o m p a r i s o n ,  i t  w o u l d  be 
f o u n d  t h a t  t h e  c o n c e n t r a t i o n  w o u l d  u s u a l l y  be a t  l e a s t  
one d i l u t i o n  l o w e r  e . g  <3 .13~  = < 1 . 5 6 ~ ,  25~ = 12 .5~  and 
so on,  

I t  can be seen t h a t  o n l y  one samp le ,  WTC-15, was n o n -  
t o x i c  u s i n g  t h e  DSTTP and t h e r e  were s i x  n e g a t i v e  samp les  
(HH-7 ,  AR- IO,  WTC-13, WTC-14, WTC17 and WTC-18) u s i n g  t h e  
M i c r o t o x  S o l i d - P h a s e  p r o c e d u r e .  The most  t o x i c  samp les  
based on t h e  M i c r o t o x  S o l i d - P h a s e  p r o c e d u r e  were WTC-16 
( 0 . 0 3 % ) ,  WTC-20 ( 0 . 0 4 % ) ,  WTC-19 ( 0 . 0 5 ~ )  and HH-3 ( 0 . 0 6 ~ ) .  
S i m i l a r l y ,  t h e s e  same samp les  were  a l s o  among t h e  mos t  
t o x i c  by t h e  DSTTP e . g .  WTC-16 ( 3 . 1 3 % ) ,  WTC-20 ( 3 . 1 3 ~ ) ,  
WTC-19 ( 3 . 1 3 ~ ) ,  and HH-3 ( < 3 . 1 3 % ) .  However ,  t h e r e  were  
f i v e  o t h e r  samp les  w i t h i n  t h e s e  same t o x i c  c o n c e n t r a t i o n  
r a n g e s  ( < 0 . 3 1 3 ~  t o  3 . 1 3 ~ )  and t h e y  were HH-1,  HH-2,  HH-4,  
HH-5 and HH-6.  The m i n o r  d i f f e r e n c e s  i n  s e n s i t i v i t y  
be tween t h e  two t e s t s  a re  p o s s i b l y  e x p l a i n a b l e  by t h e i r  
d i f f e r e n t  i n d i c a t o r  s y s t e m s .  D u t t o n  e t  a l .  ( 1 9 8 8 )  n o t e d  
t h a t  B - g a l a c t o s i d a s e  a c t i v i t y  was i n h i b i t e d  o n l y  by heavy  
m e t a l s  w h i l e  B - g a l a c t o s i d a s e  b i o s y n t h e s i s  was i n h i b i t e d  
by b o t h  heavy  m e t a l s  and o r g a n i c s .  S i m i l a r l y ,  t h e  
M i c r o t o x  t e s t  r e s p o n d s  t o  b o t h  heavy  m e t a l s  and o r g a n i c s ,  
b u t  n o t  n e c e s s a r i l y  t o  t h e  same d e g r e e  as t h e  B- 
g a l a c t o s i d a s e  i n h i b i t i o n  ( D u t k a  and Kwan 1984, K i n g  
1984 ) .  

We s u r m i s e  that one n e g a t i v e  DSTTP sample  (WTC-15) ,  an 
a n a e r o b i c  s l u d g e ,  f r o m  a p u l p  and p a p e r  m i l l  w a s t e ,  
c o n t a i n e d  few ( i f  a n y )  heavy  m e t a l s ,  and t h e  o r g a n i c  
c o n t a m i n a n t s  comb ined  w i t h  t h e  a n a e r o b i c  c o n d i t i o n  d i d  
n o t  p r o d u c e  s u f f i c i e n t l y  t o x i c  c o n d i t i o n s  t o  t r i g g e r  a 
p o s i t i v e  e f f e c t  i n  t h e  DSTTP. However ,  t h e s e  c o n d i t i o n s  
were more d e l e t e r i o u s  t o  t h e  M i c r o t o x  t e s t  and r e g i s t e r e d  
as a t o x i c  e f f e c t .  Bo th  t h e  DSTTP and M i c r o t o x  S o l i d  
Phase p r o c e d u r e s  i n d i c a t e  t h a t  one o f  t h e  most  t o x i c  
samp les  was t h e  WTC-16 s a m p l e ,  an i n c i n e r a t o r  ash f r o m  a 
p l a n t  b u r n i n g  h a z a r d o u s  w a s t e s .  These r e s u l t s  s u g g e s t  
t h a t  a g r e a t e r  e f f o r t  s h o u l d  be made t o  e v a l u a t e  a l l  
i n c i n e r a t o r  ashes  f o r  t h e i r  c o n t e n t  o f  b i o a v a i l a b l e  
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t o x i c a n t s  be fo re  they  are d isposed i n t o  s a n i t a r y  l a n d f i l l  
s i t e s .  La te r  chemical a n a l y s i s  con f i rmed t h a t  t h i s  
i n c i n e r a t o r  ash had h igh l eve l  o f  meta ls .  The Athabasca 
R i v e r  samples, whose main con taminan ts  are b e l i e v e d  t o  be 
o r g a n i c  i n  na tu re  from the nearby o i l  sands and 
extraction p l a n t s  and upstream pulp and paper m i l l  
e f f l u e n t s ,  i n d i c a t e  t h a t  the  DSTTP i s  e q u a l l y  s e n s i t i v e  
in  t e s t i n g  f o r  the b i o a v a i l a b i l i t y  o f  o r g a n i c  t o x i c a n t s  
as i t  i s  f o r  heavy metal t o x i c a n t s  as noted in  samples 
WTC-17, WTC-18, WTC-19 and WTC-20. I n t e r e s t i n g l y  both 
s o i l  samples ( w i t h  and w i t h o u t  PCB) were n e g a t i v e  in  the 
M i c r o t o x  So l id -Phase  procedure w h i l e  p roduc ing  a s t r o n g  
t o x i c  response in  the DSTTP. 

Aside from the dif ferences between the two t o x i c i t y  
test ing procedures i .e .  enzyme production i nh ib i t i on  
versus luminescence i nh ib i t i on  and sample tes t ing 
organism contact time 120 minutes (DSTTP) versus 25 
minutes (Microtox Solid-Phase), a major var ia t ion between 
these t e s t s  is that the DSTTP t e s t s  a maximum sample 
c o n c e n t r a t i o n  o f  50~ w h i l e  the M i c r o t o x  So l i d -Phase  

Table 2. Comparison of DSTTP and the Microtox so l id -  
phase procedure 

DSTTP SOLID-PHASE 

$46.00 $45.00 Cost per sample 
(based on a k i t  & 
d i sposa l  m a t e r i a l s )  
Sample s i z e  
H ighes t  t e s t  conc. 
I n t e r f e r e n c e s  

Instrument 

Cost of instrument 
Bacteria 

Incubation temp. 

Tota l  assay t ime 
Type o f  t e s t  
S e n s i t i v i t y  
Endpo in t  

Labour 

0.5gm 
50~ 
None 

35"C i n c u b a t o r  
Vortex (option) 

Low ($500) 
F r e e z e - d r i e d  
(eng inee red )  
Room Temperature 
35"C 
3 hours 

0.4gm 
I0~ 

Colour,Turbidi ty 
(Colour correct ion 

needed) 
Microtox M500 
Pr inter  (opt ion) 
Computer(option) 
High ($25000) 
Freeze-dried 
(non-engineered) 
Room Temperature 
15"C 
1 hour 

Semi-quantitative Quantitat ive 
High Moderate 
B - g a l a c t o s i d a s e  Luminescence 
i n h i b i t i o n  i n h i b i t i o n  
miminum moderate 

procedure t e s t s  a maximum sample c o n c e n t r a t i o n  o f  I 0 ~ .  
Th is  f a c t o r  may he lp  e x p l a i n ,  in  s p i t e  o f  t e s t i n g  f o r  an 
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ECho e f f e c t ,  the  fewer  n e g a t i v e  responses  e ] i c i t e d  by the  
DSTTP as compared t o  the  M i c r o t o x  S o l i d - P h a s e  t e s t i n g  
p rocedu re .  Tab le  2 p r e s e n t s  a b r i e f  summary compar ison 
o f  the  two p rocedu res .  

This study has shown that the DSTTP and the Microtox 
S o l i d - P h a s e  t e s t i n g  p rocedu res  are p r a c t i c a l ,  r a p i d ,  
s imp le  and i n e x p e n s i v e  p rocedu res  t o  sc reen  s o l i d  phase 
samples f o r  the  b i o a v a i l a b i l i t y  o f  o r g a n i c  and i n o r g a n i c  
c o n t a m i n a n t s .  These s o l i d  phase t o x i c i t y  t e s t i n g  
p rocedu res  would be e x t r e m e l y  u s e f u l  in  t he  m o n i t o r i n g  o f  
sed imen ts ,  l a n d f i l l  s i t e s ,  e f f l u e n t  s t reams f rom 
b i o l o g i c a l  and chemica l  t r e a t m e n t  p l a n t s  as w e l l  as 
c o l l e c t e d  a i r  samples.  These p rocedu res  cou ld  p r o v i d e  
sewage t r e a t m e n t  p l a n t  o p e r a t o r s  w i t h  r a p i d ,  s e n s i t i v e  
means o f  a s s e s s i n g  the  t o x i c i t y  o f  s o l i d  was tes  ( s l u d g e s )  
prior to their d i s p o s a l .  
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