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Many developed and developing countries today are facing serious 
ecological and toxicological problems resul t ing from the release 
of complex eff luents and toxic substances to the environment. A 
wide range of bioassays using f ish and other aquatic organisms 
from several trophic levels have been used for  biological 
monitoring and tox ic i t y  assessment (Bringmann and Kuhn 1980; 
Cairns et a l .  1976; L i t t l e  1978; Maciorowski et al .  1981). 
Unfortunately, most of these assays are re la t i ve ly  long, 
comparatively expensive, require sophisticated f a c i l i t i e s ,  and 
also require a great deal of professional competence for  data 
in terpretat ion.  Consequently, for  quick screening of ef f luents 
and chemicals for  tox ic i t y  and to determine i f  addit ional 
sophisticated tests are required, simple, rapid, sensit ive and 
inexpensive assays could be more useful. Microorganisms, bacteria 
in par t i cu la r ,  have several a t t r ibu tes  which make them at t rac t ive  
for  use in such tests for tox i c i t y  test ing (Berkowitz 1979, 
Qureshi et al .  1984). In th is  regard, a variety of microbial and 
biochemical tests has been developed for  use in determining 
chemical t ox i c i t y ;  these tests have been recently reviewed by 
Bitton (1983) and Liu and Dutka (1984). 

Two short-term bacterial t ox i c i t y  tests that have received a oreat 
deal of at tent ion during the last  few years are the Microtox and 
Spir i l lum volutans assays. The former involves monitoring changes 
in the l i gh t  output from luminescent bacteria (Photobacterium 
phosphoreum) in a temperature control led photometer when exposed 
to various concentrations of toxic substances. Toxic i ty is 
expressed as EC 50 which is the ef fect ive concentration of a 
toxicant causing 50 percent reduction of l i gh t  output during the 
designated time intervals at 15~ In the S. volutans assay, 
mot i l i t y  patterns of th is  large aquatic ba~erium are used as the 
test  endpoints. Relative tox i c i t y  is measured as MEC 90 which is 
the minimum effect ive concentration of a toxicant that causes loss 
of reverse or forward mot i l i t y  in greater than 90 percent of ce l ls  
a f ter  exposure to the toxicant for  d i f fe rent  time periods. These 
two tests have been used and compared with conventional bioassays 
for  assessment of aquatic tox i c i t y  (Bulich and Isenberg 1980; 
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Curtis et al .  1982; Chang et al.  1981; Lebsack et al.  1981; 
McFeters et al.  1983; Qureshi et a l .  1982). A good correlat ion 
between bacterial and f ish and other bioassay data was shown in 
these studies which were largely concerned with the detection of 
tox ic i t y  of certain toxic compounds. 

As part of our program in assembling and establ ishing a battery of 
short-term bacterial t ox i c i t y  tests,  we examined the use of 
Microtox and S. volutans for  determining the tox ic i t y  of a wide 
variety of enTir6nmental samples. Samples examined included 
potable and surface waters, industr ia l  e f f luents,  soi l /s ludge 
extracts and l and f i l l  leachates. Some of the resul ts are 
presented in th is  paper. 

MATERIALS AND METHODS 

Several complex ef f luent  samples were col lected from various 
industr ies including an oi l  re f inery,  chemical storage tanks, 
bui lding and chemical products, gas and f e r t i l i z e r  plants and food 
and beverage plants. In addit ion, a few sanitary l a n d f i l l ,  
sludge/soil  extracts,  l and f i l l  leachates, potable and surface 
water and mine ta i l i ngs  pond water samples were also tested. All 
samples were assayed by the two tests at the i r  observed pH. The 
pH was determined potent iometr ical ly on unmodified samples using a 
Fisher Accumet pH meter (Model 620) and standard buffers; 
bicarbonate/NaOH for pH 7.0 and phthalate for  pH 4.0. 

All Microtox assays were conducted using the model 2055 Toxici ty 
Analyzer System (Beckman Instruments, Inc.,  Carlsbad, CA) with 
reagents and lyophi l ized luminescent bacteria supplied by the 
manufacturer. The bacterial reagent was di luted with Microtox 
reconst i tut ion solut ion ( d i s t i l l e d  water free of organic 
compounds) and used fresh in a l l  assays. Test samples were 
adjusted to 2% NaCl with the Microtox osmotic adjustment solut ion 
to provide osmotic protection for  the luminescent bacteria. 
Further sample d i lu t ions were made, as required, using the 
Microtox di luent (a solut ion of 2% NaCl in d i s t i l l e d  water). 
Testing and data reduction followed the procedures described by 
Bulich and Isenberg (1980), Qureshi et al .  (1984) and detai led in 
the Beckman Operating Manual (#015-55879). I n i t i a l  l i gh t  
measurements were made for  each cuvette containing I0 ~L of 
bacterial reagent and 0.5 mL of Microtox di luent equi l ibrated to 
15~ Aliquots (0.5 mL) of sample d i lu t ions were then added to 
individual cuvettes and l igh t  measurements were made a f ter  5, 10, 
15, 20 and 30 min. However, the 5 and 15 min measurements were 
used for calculat ing EC50 values as percent of or ig inal  sample 
concentration. The Microtox di luent was used as a control to 
correct the time-dependent decrease in l i gh t  output. For a l l  
EC 50 calculat ions gamma, the rat io  of l i gh t  lost  to the l i gh t  
remaining, was used in place of simple percent l i gh t  decrease as 
suggested by Bulich (1982). Furthermore, in a l l  assays the gamma 
and sample concentration were used as the dependent and 
independent variables, respectively. 
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All S. volutans assays were performed using procedures described 
prevTously (Goatcher et al .  1984). In general, the procedure 
involved mixing 0.1 mL of Defined Test Medium (DTM), 0.8 mL sa~ le  
(or sample d i l u t i on ) ,  d i s t i l l e d  water (negative control)  or Hg 
(1 mg/L) solution (posit ive control)  and 0 . i  mL of healthy (with 
>90 percent mot i l i t y )  bacteria from a 24 h culture grown at 25~ 
in Bacto-Casitone-Succinate Salts medium. Slide preparations from 
the mixture were examined using darkf ie ld microscopy af ter  O, 5, 
15, 30, 60, 90 and 120 min incubation. The toxic response (MEC 
90) was measured as the percent concentration of or ig inal  sample 
required to cause a loss of 90% mot i l i t y  a f ter  the designated 
incubation period. 

RESULTS AND DISCUSSION 

The resul ts of the Microtox and S. volutans assays of a wide range 
of environmental samples are given in Table I .  All the samples 
tested were aqueous and of unknown composition. With the 
exception of the T3 (slough #2) sample, a l l  potable and surface 
water samples were found to be non-toxic. Simi lar ly ,  only a few 
of the eff luents were designated toxic by these tests.  Al l  four 
mine ta i l i ngs  pond water samples, however, were c lass i f ied  as 
toxic by et least one of these two tests.  

In a l l  samples the pH was not adjusted since i t  was previously 
found (Qureshi et al.  1984) that in metal sa l t  solut ions the 
dissolved components precipi tated upon pH modif ication. 
Therefore, a l l  samples were assayed at the i r  observed pH to 
include any potential and meaningful ef fect  of pH on tox i c i t y .  
However, i t  was apparent from the data in Table 1 that the pH of 
the samples examined had no detectable ef fect  on the i r  t ox i c i t y  
response. The observed pH of most of these samples ranged between 
5.8 and 11.0. Although for  optimum sens i t i v i t y  the desired pH for  
the Microtox tests is 6.7, these observations provide fur ther  
support to suggestions made by Qureshi et al .  (1984) that sample 
pH should be considered as part of the assay. In other words, 
environmental samples should be assayed by the Microtox test  
without pH adjustment to preserve sample s t a b i l i t y  and i n teg r i t y ,  
and also to eliminate introduct ion of another variable that  may 
place the relevance and usefulness of the test  in question. 

Table 2 presents summary resul ts of samples assayed by the 
Microtox and S. volutans tests.  Of the 41 samples tested, 12 
(29.3%) were Tou-fl-d to be toxic by at least one of the two tests 
and the remaining 29 (70.7%) were determined to be non-toxic by 
these tests. Furthermore, 7 (17.1%) samples were designated toxic 
by the Microtox and non-toxic by the S. volutans assay, while only 
5 (12.2%) e l i c i ted  a toxic response ~ b o t h  of these tests.  I t  is 
also interest ing to note that in no instance the S. volutans was 
posit ive when the Microtox response was negative.-- These data 
indicate a general s im i la r i t y  and good agreement between the 
response of Microtox and S. volutans tests.  
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Table 1. 

Sample 

Response (+ = t o x i c ,  - = non - tox i c )  o f  Micro tox  and S. 
vo lutans assays to environmental  samples 

Sample Assay Response 
No. pH Mic ro tox  S. vo lu tans 

Potable & Surface Water 
Water Reservo i r  
Tap Water 
Slough #I 
Slough #2 
River  # i  (Upstream) 
River  #I (Downstream) 
L a n d f i l l  Surface Water 
Man-made Lake 
River  #2 
River  #3 
River  #3 (Upstream) 
River  #3 (Downstream) 

I n d u s t r i a l  E f f l u e n t  
Chemical Storage Tanks 

Bu i ld ing  Products 

Chemical Products 
Gas Plants 

Oil Ref inery  
Oil  & Gas Product ion 
F e r t i l i z e r  Plant  
Food & Beverage Plants 

San i ta ry  L a n d f i l l s  
E f f l u e n t  T l l  5.8 
Leachate #1 T31 7.8 
Leachate #2 T32 7.7 

Sludges & So i ls  
Sludge Ex t rac t  ( in  Water) T35 ND 
Soi l  Ex t rac t  ( in  Water) T36 ND 

Mine Ta i l i n~s  Pond 
Surface Water (Non-Centr i fuged)  T33 c 8.2 
Surface Water (Cen t r i fuged)  T34 8.2 
Sub Surface Water (Non-Centr i fuged)  T37 7.7 
Sub Surface Water (Cen t r i f uged)  T38 7.7 

T1 8 . 2  - a  - 
T6 7.4 - 
T2 7.7 - 
T3 7.4 + 
T4 8.0 - 
T5 .8 - - 
T12 7NDb - 
T13 ND - 
TI4 ND - 
T48 ND - 
T49 ND - 
T50 ND - 

T7 6.0 + 
T8 10,3 + 
T9 11.0 + + 
TIO 6,9 + 
T25 8.4 - 
T26 8.0 - 
T29 6,8 - 
TI7 8.6 - 
T18 8.9 - 
T22 8.5 - 
T23 8.2 - 
T24 8.5 - 
T27 7.1 - 
T28 7.6 - 
TI9 3.6 + + 
TI5 7.1 - 
TI6 7.9 - 
T20 7.4 - 
T21 7.5 - 
T30 8.1 - 

+ + 

+ + 

§ 

+ 

+ + 

+ 

a = Response may vary w i th  res idua l  ch l o r i ne  concen t ra t i on .  
b = Not determined 
c = Samples 33-38 were tes ted  w i thou t  Def ined Test Medium. 
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Table 2. Summary of the comparison of Microtox and S. volutans 
assays of environmental samples 

Response category 
(+) Toxic, ( -)  Non-Toxic 

Number of Percent of 
Samples Samples 

Microtox ( - ) ,  S. volutans ( - )  
Microtox (+), ~. volutans (+) 
Microtox (+), ~. volutans (-)  
Microtox ( - ) ,  ~. volutans (+) 

TOTAL 

29 70.7 
5 12.2 
7 17.1 
0 0.0 

~-T i~-0~-~ 

A direct comparison of the Microtox and S. volutans tests is 
d i f f i c u l t  and is complicated by inherent--differences between these 
two systems. Nevertheless, the results of these assays were 
compared in an attempt to determine the i r  relat ive sens i t iv i ty  
using a modified tox ic i ty  ranking method described by Bulich 
(1982). The Percent Rank Method (PRM) ranks each test results 
according to the relat ive index of tox ic i t y  (Table 3). 

Table 3. The Percent Rank Method for determining tox ic i ty  by the 
Microtox and S. volutans tests 

Test Result 
EC 50 OR MEC 90 Class Rank 
<25% Very Toxic 1 
25-50% Moderately Toxic 2 
51-75% Toxic 3 
>75% Sl ight ly  Toxic 4 
No Toxic Effect Non Toxic 5 

Using this ranking method, al l  the Microtox and S. volutans data 
for the toxic samples were ranked and the result-ssummarized in 
Table 4. Of the 12 samples, only two were ranked equally by the 
two tests and the remaining samples were classif ied d i f fe rent ly  
showing individual tox ic i ty  sens i t iv i ty  patterns. Despite the 
observed sensi t iv i ty  differences, the data indicated that the 
Microtox was generally more sensitive than the S. volutans assay. 
These findings agree with others for the evaluation of tox ic i t y  
from several chemical compounds using these tests (Dutka and Kwan 
1981; Dutka et al. 1983; Qureshi et al. 1982). 

Although the Microtox EC 50 values for al l  samples decreased 
between 5 and 15 minutes, the changes with one exception were not 
appreciable enough to change tox ic i t y  ranking. These results 
provide further support for the recemmendation of Qureshi et al .  
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(1984) that the 5 and 15 min incubation time be used as a standard 
in the screening of environmental samples by the Microtox test .  
The S. volutans data indicated that in some instances the MEC 90 
values decreased substant ia l ly  over the 30 min assay period 
suggesting changes in tox ic i t y  rankings. The values, however, 
remained essent ia l ly  the same af ter  30 and up to 120 min 
incubation for  most samples. These observations suggest that for  
comparative purposes a 30 min MEC 90 be adopted as a standard in 
the test ing of natural samples by the S. volutans assay. I t  
should be emphasized, however, that as~bserved in two instances 
here a d i f fe rent  and unpredictable tox i c i t y  pattern may emerge 
beyond 30 min incubation par t i cu la r l y  for  samples of unknown 
content. Therefore, for  such samples, i t  is suggested that the S. 
volutans test  should be conducted up to i t s  maximum l im i t  of 120- 
min to prevent reporting of erroneous resul ts.  

Since detailed chemical analysis was not attempted, i t  is 
d i f f i c u l t  to postulate the nature and type of causative toxic 
agent(s) in toxic samples. A part ia l  chemical characterizat ion 
(unpublished data) indicated that d i f fe rent  kinds of pesticides 
and fa t ty  acids were present and may be responsible for  the 
tox ic i t y  of T9 and TII samples, respectively. Also, sample TI9 
yielded high concentrations of ammonia and aluminum and ei ther  one 
or both of them may be the toxic agent in th is  sample. Low 
concentrations of both aluminum and ammonia have been reported by 
previous invest igators (Bulich and Isenberg 1980; Qureshi et al.  
1982; Qureshi et al .  1984) to be highly toxic to f i sh ,  ~ ,  S. 
volutans and luminescent bacteria (Microtox). Furthermore, i t  - 
should be emphasized that iden t i f i ca t ion  of the toxic agent in a 
complex mixture is not always possible due to potential addit ive, 
synergist ic and antagonist ic interact ions among i t s  consti tuents. 
In th is regard, combining bacterial t ox i c i t y  test ing with chemical 
f ract ionat ion may prove to be useful in determining groups of 
toxic const i tuents, with s imi lar  chemical and physical 
character is t ics ,  in complex environmental samples. Such an 
approach was recently evaluated by Del is t ra ty  (1984) for  
determining tox ic i t y  of synfuel by-product waters using the 
Microtox test .  

The results of th is  study demonstrate that the Microtox and S. 
volutans tests are potent ia l ly  useful for  the detection of 
ef f luent  or chemical t ox i c i t y .  Similar resul ts have been reported 
previously (EPA Quality Assurance Newsletter 1981; Bulich 1982; 
Curtis et al .  1982; Qureshi et al 1982) indicat ing good agreement 
and correlat ion between f i sh ,  Daphnia and bacterial assays for  
determining tox ic i t y  of complex eff luents and organic chemicals. 
Furthermore, the comparative data (Table 4) indicated that 
Microtox was more sensit ive than the S. volutans test  for  
determining the tox ic i t y  of several ~vironmental samples. 
In general, however, good agreement was found between the results 
of these two tests.  

From th is  study and previously reported data, i t  is believed that 
there is no one universal test  that can be used in a l l  s i tuat ions 
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for  tox ic i t y  test ing.  Also, i t  is obvious that one bioassay 
cannot provide results equivalent to that of another bioassay due 
to the i r  inherent biological dif ferences. Furthermore, since each 
test  has l imi ta t ions such as pH ef fect  and sens i t i v i t y ,  i t  is 
suggested that a battery of short-term tests employing organisms 
from various trophic levels be used for  assessing tox ic i t y  in 
aquatic environments. The Microtox and S. volutans tests have a 
place in and should be considered as part of a battery of 
screening tests and the i r  resul ts may be used to supplement data 
obtained in other well established conventional tox ic i t y  
bioassays. Major advantages of these two microbial test  
systems are that they are simple, inexpensive, sensit ive, 
reproducible and provide cost ef fect ive results in a fast  
turnaround time. Moreover, they are especial ly useful as "Primary 
Screening" or "Early Warning" tests through which an invest igator 
can rapidly ascertain which samples are non-toxic, toxic or very 
toxic.  Also the results of these two tests can be used to 
determine i f  addit ional bioassays are required, and, i f  so, then 
they can be l imited to only those s ign i f i can t l y  toxic samples that 
warrant fur ther  analysis. 

Acknowledgements. The authors wish to thank J.H. Paran and I.D. Gaudet 
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