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ABSTRACT 

The toxic effects of chlorosubstituted benzenes, 
phenols, anilines, nitrobenzenes and pyridines to the 
luminescent_ bacteria Ehotobacterium phosphoreume have 
been determined using the Microtox test. Quantitative 
relationships between these toxicity values and certain 
compound specific structural parameters make it possible 
to develop a mathematical model for the prediction of 
their toxicities to aquatic biota.

_ 

The dependance of the test results on variables 
such as temperature, pH, exposure time, _age of the 
bacteria culture, etc., are discussed as well as the 
correlations o+ the Microtox values with the effects of 
these compounds on other organisms which are commonly 
used for aquatic toxicity studies,
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INTRODUCTION ‘ 

» 

-» 

Over the last few decades, the manu+a¢ture and 
eonsumption o¥ chemicals has increased dramatically to 
the extent that even the lowest estimates place the 
number o$ existing chemicals and mixtures well ever 5 
million, and new compounds are continously being added 
to this figure, However; a much smaller number is 
important for environmental considerations(1), namely 
the aproximately 60,000 compounds whieh are in everyday 
use. Unfortunately, even this number is too large- to 
allow their claseification into toxicity categories. 
Moreover, as the number of potential contaminants is 
constantly increasing, the ‘huge backlog of untested 
compounds alone calls-for better, simpler and more rapid 
testsi '

" 

The idea of using luminescent bacteria as a test 
organism _for toxicity measurements is not entirely new. 
More than one specie o? light emitting bacteria has been 
tested and preP@SEd as a biological system for toxicity 
assays. In- such organisms, the production o¥ light is 
usually the result of.the interaetion between the enzyme 
luciferase, oxygen and flavin in its reduced form. This
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biochemical reaction pathway is part of the 
e1ectron—transport system of the respiratory chain and 
the emission of light depends on this flow of electrons 
which reflects the metabolism of» the organism. 
Therefore a bioassay canv be based on the light 
production of these luminescent bacteria.(2) 

A new method for rapid measurement of air pollution 
based on 'the bioluminescence of Photobacterium 
ghosghoreum then called Photobacterium fisheri, was 
described in 1965 (3,4). Later on, Bulich and coworkers 
(5,6) proposed a new bioassay for the assessment of the 
toxicity of aquatic samples using the same organism. An 
application of this type of bioassay for routine 
toxicity analysis of water samples was developed by 
researchers at Beckman Instruments Inc. and the method 
is now commercialized and standardized (7,8,9) under the 
trademark MICRDTDX.

V 

A different strain of luminescent bacteria, “ g g Benele 
harveyi has been proposed and evaluated in terms of its 
ability in predicting aquatic toxicity (10). 

MICRDTOX TOXICITY szonssnv 

This bioassay is based on the reduetion of light
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emitted by the luminescent» bacteria~ Photobacterium 
Qhosghoreum when exposed to a toxic sample. This is the 
overall result of the interactions that occur between a 
chemical substance and one or more enzymes forming part 
of the chain of metabolic reactions of which the" light 
is a by-product. 

Evaluations of this test describe it as useful and 
providing good results, which are comparable to those 
obtained with bioassays on other organisms. Several 
publications have compared the Microtox Test with 
toxicity tests based on other microorganisms (11), 
various fish species (12,13), and other’ aquatic 
organisms (14,15). 

Other studies show its applicability for the 
determination of the toxicity of single chemicals as 
well as complex water effluents. Due to its speed and 
simplicity, long and costly fish tests can be avoided, 
in particular for prescreening purposes (1b,17,18,19). 
It is therefore of value as an alternative to some 
bioassays which are compulsory for premanufacturing or 
preimportation notices underi some environmental 
protection laws, particularly in respect to the effects 
of toxic chemicals to the aquatic biota. '

_ 

As part of our current research " on 
structure-activity correlations for the evaluation and
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prediction oft the toxicity of potential organic 
contaminants to the aquatic environment, we report here 
on test' results for chlororsubstituted aromatic 
compounds, 4 

and quantitative structure—activity 
relationships (ESAR's) with molecular parameters. In 
addition,» a review on the dependence of the Microtox 
test on test conditions such as gexposure time, pH, 
temperature, concentration etc. is presented. 

MATERIALS AND METHODS 

¥Instrument 

The Microtox Toxicity AnalyzerTM consists on a 
light-tight chamber where the light emitted by the 
bacteria is received by a photomultiplier, transformed 
into an electrical signal, and either displayed on a 
digital meter, graphically recorded, or both, as 
intensity relative to the control. 

Since the light emitted by the luminescent bacteria 
depends on the temperature, three sites of the 
instrument are temperature controlled: a pre—cooling 
well where a stock of the reconstituted bacteria is kept 
at 3°C, the turret, light measuring chamber, and 15
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\ incubation wells in which temperature can be selected . between 1c} and 25°13 within a c>.1°c accuracy (FIG, 132). 

—Reagent 

The test- organism is the marine luminescent 
bacteria (Photobacterium, Qhosphoreum NRRL*‘ B—11177) 
provided by the manufacturer in. a lyophilized form. 
Every vacuumrsealed vial contains 1mL of freeze—dried 
suspension of the bacteria culture in 2% NaCl solution, 
containing‘ an average of 108 cells. All the necessary 
solutions and" diluents are also available from the 
instrument manufacturer. 

' The lyophilized organisms are reconstituted by 
adding 1mL sf Microtox Reconstitution So1utionTM. This 
is especially purified water free of organic compounds. 
After quickly stirring to reach complete homogeneization 
of the resulting suspension, this bacteria stock is kept 
in a _ standard disposable .cuvette of nonstoxic 
borosilicate glass _at 3°C: in the pre—cooling well 
provided in the instrument. This stock is ready for use 
as control and for the preparation of the test samples 
up to a maximum of 5 hours. " 

* Northern Regional Research Lab. California. USA.
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-Sample Preparation 

Since the bacteria come from _ the 'marine 
environment, the sample has to be osmotically adjusted 
by adding NaCl to reach a 2% saline concentration, For 
this purposes the proper amount of Microtox Osmotic 
Adjusting SolutionTM, 22% NaCl in organic free water, is 
added. to the test sample to obtain the Primary Sample 
Solution. ‘ 

Four dilutions of the Primary Sample Solution are 
prepared using the Microtox DiluentTM (22 NaCl in 
organic free water) to result in 5 test samples of 
decreasing concentrations, ranging from 100% to 12.5% of 

dilution is the standard ll-I I’-J r- 
the original solution; 
procedure, but this can be varied at will. Identical 
volumes of each solution (1.5mL for duplicate 
measurements) are kept in the incubation wells, at_ the 
selected test temperature (usually 15°C) along with a 
fifth cuvette containing the same volume of Nicrotox 
Di1uentTM for control measurements; 

-Test Procedure 

All chemicals tested are dissolved in distilled

\
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water except those whose solubilities are below the 
desired concentrations. For such eompounds, methanol is 
used as co—solvent at up to-Ex concentration in the test 
sample. From our experience, this concentration does 
not interfere with the toxicity determination. A 
temperature of 15°C was selected for the test and 1 mL 
of each of 4 dilutions of the Primary‘ Sample _Solutien 
was used per test with no duplicate measurements. To 
prepare the Final Test Solution, 0.5 .mL of o$ these 
sample solutions and of a blank solution (pure Diluent) 
are added to each one of 5' cuvettes. For duplicate 
tests, two series of/5 cuvettes are +i11ed at this stage 
each containing 0.1 mL of Reagent in 0.5 mL of Microtox 
Diluent at 1590 '(temperature equilibration time: ~15 
minutes). The light output is recorded before the test 
and again at 5, 15, and 30 min. a+ter the sample 
addition. Each _batch o+ bacteria was used +or an 
average of 5‘ hrs., a¥ter ‘which the light output 
decreases dramatically and the bacteria have to be 
discarded. The cuvette containing only luminescent 
bacteria and diluent is used as a blank to compensate 
+or the natural loss of light emission. (FIG. 3). '
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*Data Reduction 

The concentration of a particular toxic ‘substance 

causing a 50% reduction in the light output is the value 
calculated from the actual light intensity readings and 
referred to as Effective Concentration 50% (i.e. EC50). 

The readings are taken at three di¥¥erent exposure 
times therefore resultingi in three different toxicity 
values, namely 5‘m1n-E050, 15 min—EC50, and so min—EC50. 
<s—Ecso, 15—EC5O and 30—EC50§ (TABLE 1>.i 

The 
A 

data reduction scheme, following the 
recommendations published by the manufacturer, takes 
into account the time—dependance of nthe response by 
introducing the Blank—Ratio (BR) as a correction factor 
oi the actual percentage oi light reduction. (FIG. 4). 

Instead oi using the simple percent of reduction in 

light emission, the gamma function (F) is computed, 
which is the ratio of light emitted to the light 
remaining: 

n 

4 

ea,-(=1, - um um 4 um, 
PIC]: P I QR" ‘Rt _ F0 
- H0], ind l[0]t refer to the Blank reading (control euvette) ‘at ‘ 

Tine Q_ and at Tia: 3 
- Ila], and llclt refer to the reading of‘: euvette containing temple 

concentration c at Tine 0 and at Tine t 

- Bil; refers to the lienk Ratio for the readings at Tina t
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The dose/response curve (F vs. c) is a classical 
sigmoid—shaped curve from which the concentration for F 
= 1 can be determined. Logarithmic transformation of 
the values, plotting log gamma versus log C results, in 
the ideal case; in a straight line +rom' which "it is 
easier to read the EC50 values. It also allows to 
extrapolate for the E010 values (C-= 0.111) which are 
irequently used as threshold values for that particular 
compound. (Fig. 4). Linear regression analysis of 
these data allows to calculate the most suitable 
straight line through the four pairs o¥ values, and Athe 
correlation coefficient will show the quality of fit. 
This operation results in a calculated value for the 
EC50. - 

All our_ tests results (E050 values) are expressed 
as negative logarithms of the effective concentration 

reduction of the light output after 30U0x causing 
minutes exposure with the concentration expressed in 
mmol.Lé1' of toxic chemical in the test solution and are 
is given as p(30—EC50). ‘ 

PHYSIOLOGY OF THE LUMINESCENT BACTERIA 

The specific biochemical processes from which this

/
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luminescent tbacteria emits light ism only partially 
known. It is thought, however, that their metabolism is 
not too different from other species described. It 
seems appropriate now to consider a few remarks on the 
dependence of the light emission on several variables 
that will be encountered when running the test (20), in 
order to ‘project a clearer picture of the 

. whole 
mechanism of this bioassay. 

—Emission spectra 

The wavelength of the light_emitted, spans from 
420nm to éfifinm with a maximal emissionfi intensity at 
490nm (Fig.5). The comparison between fresh bacteria 
and those rehydrated from freezerdried cultures does not 
show significant loss in light intensity. 

Although the bacteria, also emit light in the 
freeze—dried form, the emission has a very different 
speetrum probably due to differences in the light 
production reaction in this statetu This 
energy—liberating process follows the known relationship 
between reaction rate and temperature. Therefore, to 
reduce the intensity of light emission and eonsequently 
to increase the life of the reagent, it is advisable to
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store the free:e—dried bacteria at low temperature. The 
lyophilized reagent can be used for at least six months 
if the bacteria are »stored at 2°C to "BDC, without 
significant loss in its typical light emission 
characteristics. 

—Dependanee on the saline concentration 

PhotoPacterium_phosphqreum is a marine organism and 
therefore genetically adapted to the saline environment. 
Consequently, the NaCl salinity of the test solution 
will influence the intensity of the light emitted (Fig. 
6)'- 

’ 

- 

l" 

It is recommended to use a concentration of NaCl 
20g/L4 even if the curve shows an optimum light output 
at a 30g/L of NaCl. Nevertheless, this difference in 
light intensity .is not significant for the purpose of 
the test and using this lower NaC1 concentration 
presents obvious advantages in the case of hard water 
samples. 

A NaCl concentration of 10 g/L in the Final Test 
Solution' means that no Osmotic édjusting Solution has 
been added to the Primary Sample Solution. In this case 
a reduction of 70% in light intensity is observed. The
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cell membranes begin to break down at a salinity of less 
than 5 g/L. " At the upper end, concentrations_o+ more 
than ~35 g/L (5Qg/L in the Primary Sample Solution) will 
give untrue results due to a light reduction resulting 
from the abnormally high osmotic pressure and the toxic 
activity of the compound being tested; 

In summary, this curve shows that the bacteria 
response is good for the purpose 0+ the test using a 
NaCl concentration range between 20 and 50g/1 in the 
Primary Sample Solution i.e. NaCl concentration range 
of 20-35 g/1 in the Final Test Solution. 

—pH dependance~ 

The pH range for the optimal living conditions and 
therefore light emission by the Photobacterium 
Qhosghoreum, is between pH 5 and 9. Figure 7 shows the 
change in light intensity of the emission versus the pH 
for the Primary Sample Solution and Final Test Solution. 
For pH values outside these limits, the light intensity 
decreases sharply. (Fig. 7). '

_ 

This allows. to study the differences in toxicity 
between ionized and non—ionized forms oi one compound 
within this pH range without any loss of sensitivity in
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\ the meaurements. Consequently, the pH dependance is 
important for the determination of toxicity values for 
classée of ionizable compounds such as phenols, amines, 
pyridines, etc. Care must be taken. to keep the sample 
solution of such ionizable compounds in this pH range in 
order to get accurate and reliable toxicity values using 
this test. 

-Temperature dependance 

Like any other biochemical reaetion,_the metabolism 
of the luminescent bacteria ’is affected _by “the 
temperature. It has been found that the light intensity 
varies approximate1y- 10% for every 1°C change in 
temperature (8).-

- 

However the effect of temperature on Photobacterium 
ghggghgggug as for other organisms (21) is influenced by 
the nature of the toxic substance substance to which the 
bacteria are exposed. 

Figure 8 shows the 'relative- light intensity 
dependance on the test temperature for the blank control 
and for a test solution of sulfanilamide (0.0025 mol/L);_ 
(From reference 2 J \I I It 15 evident that with increasing 
temperature, shorter exposure times are needed to get
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the same light output, but at the same time the decay in 
light output is smaller at lower temperatures. 

The Microtox Toxicity Analyzer has can system of 
regulating the test temperature to an accuracy of 0.100 
in “the 10°C’ to 250C range. For the purpose of 
standardization it is recommended to run all tests at 
the same temperature. The most commonly selected 
temperature, 15°C, is a compromise in getting enough 
light intensity and good response in terms o+ minimal 
drift of the light emission during the exposure time. 

—Time dependance 

The intensity ~of the light emitted by 
Photobacterium phosphoreum, changes with the time 
elapsed since the beginning of the test. Furthermore, 
this dependance is also a function of the age of the 
reconstituted bacteria suspension. 

During the first 5 to 10 minutes, the light 
intensity increases as a result of the temperature 
equilibration from 3°C to 15°C and a maximum in 
intensity is usually observed varying its position from 
one bacteria culture to another. In other cases only a 
steady declining trend can be observed (FIG. 9 and 10).
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After the recommended equilibration period of 15 
minutes, the drift of light intensity becomes small and 
it is even smaller for older reconstituted bacteria 

. r suspensions. To correct for this drifting in light 
output, due merely to the time elapsed, the Blank Ratio 
(BR) is uSed. 

In most cases, this ER is smaller than 1, but with 
older bacteria suspensions, this value may reach 1 as 
the slope of the plot of light.intensity vs. time 
approaches zero. Figures 9 and 10 show the relation 
between light intensity and time for two different 
bacteria batches in relation to the age of the 
reconstituted suspension for the control solution (no 
toxic substance added). 

—Dependance on the age of the culture and the age of the 
reconstituted bacteria l 

The light intensity’ of the fresh reconstituted 
bacteria fluctuates with the age of the freeze-dried 
culture and its storage conditions. Those variations 
however, are minimal and although differences in light 
intensity can result in distinct sensitivity to toxic 
substances, normally these effects are too small to
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cause a substantial deviation in the final value. No 
mention of such effects on the final toxicity values due 
to differences in the lyophilized bacteria is made in 
the literature, and this is confirmed by our own 
experience. Qnly in those cases (about 1% of the vials 
used) where no vacuum is found in the vial of 
freeze—dried bacteria,. the stock solution has to be 
discarded. 

Literature reports discuss this dependance on the 
age of the reconstituted bacteria and it" has been 
recommended to start the test within a few minutes after 
the_reconstitution (lfi), and use the suspension for a 
few hours. Some authors use this reagent for only one 
hour (16) while some.others find no relation between the 
age of the suspension and the response obtained (15). 
Our own findings confirm this conclusion and from our 
experience we conclude that the suspension of the 
reconstituted bacteria can be used for an average of 4 
to 5 hours if it has been properly prepared. After 5 to 
6 hours the light output is too low to perform any 
measurements and after 24 hours the remaining light 
intensity, if_any, is not detectable by the instrument. 
Storing" the suspension at low temperature does not make 
any difference in this context. '

-
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—Relation between response and exposure time
V 

The time of exposure of Photobacterium phosghoreum 
to any substance has great influence on the type of 
response in the Microtox test. This effect is entirely 
dependant on the nature of the compound being tested. 

There are some chemicals which require a longer 
exposure time to show their full toxic activity while 
other. compounds are fully "active within the first 
seconds of contact, and a third class of compounds for 
.which an asymptotic approach to its maximum toxicity 
value is shown and longer exposure times have no 
influence or at least very small effect oh the final 
value. Compounds with similar hydrophobicity, however, 
behave similarly in this respect, likely because of the 
similarity in transport across the cell membrane.‘ 

There» is also a concentration effect on this 
dependence. The same substance can behave differently 
if solutions of different concentration are used (FIG. 
11,12). On this basis, it is difficult to standardize 

_this test in terms of exposure times, yet some 
normalization has to be achieved in order to be able to 
compare the (results for different classes of toxic
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substances, It is advisable, therefore, to run the test 
at 5,. 15, and 30 min. exposure time if very different 
classes of compounds are to be tested. . .

' 

The hydrophobic properties of most organic 
/ . 

contaminants, as reflected by the octanol/water 
partition coefficient,.are very comparable, i.e. within 
a range of 3 to 4 log P units, and therefore the test 
can. be normalized in terms of exposure times for 
consistency of the toxicity values obtained and for the 
ranking of the chemicals according to the toxicity. In 

order to compare toxicities of different classes of 

campounds or individual contaminants, all Microtox 
values must be based on the same exposure time. In our 
experiments we record the 5, 15 and 30 min. Effective 
Concentrations causing a 50% reduction of light emission 
and we use consistently the 30—EC5O values for further

» 

calculations. 

—Reaction types according to the test response 

An aproximate classification of toxic substances 
can be achieved by looking at the response of 

Ehotobaeterium phosphoreum after its exposure to the 
compound. In terms of response, as mentioned above,



21 

three di§+erent reaction types can be distinguished 
(FIG. 13): 

The first class 0+ compounds will give an immediate 
response (FIG. 14—type I) with a distinct end point at 
the 50% reduction oi light output.

_ 

Type II, int FIG. 14, shows a slow response with 
the result that longer exposure time will give 
increasing toxicity values. ‘Finally, Type III shows an 
intermediate example with an asymptotic approach of the 
final value. 

—Dependance 0+ the light intensity on the bacteria 
population 

The differences in response due to the number of 
bacteria present are of little consequence for the final 
value, as the response is much more dependant on the 
substance tested. It has been shown that using 20 pl of 
Reagent suspension instead of the standard recommended 
10 pL., i.e., increasing the number of test organisms 
from 106 to 2 x 106 has no detectable effeet on the 
final value for penicillic acid <15). 

From our experience, even if the actual reading of 
the '1ight output ‘increases proportionally using when
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' higher concentration of bacteria, the final ECSO value ‘ 
- remains unchanged. 

\
_ 

RESULTS AND DISCUSION 

—Comparison of the Microtox Test with other tests 

The Microtox values for several classes of 
potential aquatic contaminants were determined (TABLE 2) 

according to the ‘procedurev described above and the 
toxicity values obtained are correlated with literature ‘ values on acute and sublethal effects o-F these Chemicals 
on several speoies of fish, bacteria, and other biota. 
Prior to correlation analysis, the 30~EC5O and other 

' toxicity values were converted to the negative 
logarithms [—log(mmol/L)J. (TABLES 3,4 and S). Each 

» set of compounds was chosen for its significance as 
water _ contaminants. TABLES 6,7 and 8 show the 
correlations found between the toxicity values obtained 
using the Microtox test and values reported in the 
literature from toxicity tests which use other aquatic 
organisms. Plots of these correlations are given in 
FIG. 14, 15 and 16, where the Microtox values are
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plotted versus those o+_a1ternative tests. 

—Structure—Activity correlations 

The utility of the Microtox test is most evident 
where large numbers of toxicity data are needed. This 
is the case of our investigations on (QSAR) 
(Quantitative Structure—Activity Relationships), which 
is, as its name implies, the study of the relationships 
between -a chemical's biological activity and its 
molecular structure. ln this context, our goal is the 
modelling and prediction of the toxic e+fects of 
potential water‘ contaminants on living organisms based 
on typical structural parameters of the compound. 

A flow scheme for this type o4 study is given in 
FIG. 17. V It indicates the various steps, such as 
selection ,of the set o+ chemicals to be studied, 
litefature searches on toxicity data and structural 
parameters: experimental, physico—chemical and computed 
quantum mechanical data, and ‘simple mathematical or 
topological indices. These values are fed into a 
computerized data bank along with our own Microtox 
values for the training set of compounds. An important 
aspect of the selection of the chemicals is the quality
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of commercially available compounds and the. need for 
purification by recrystaliaation or redistillation. If 

necessary, even high quality compoundsa have Vto be 
refined to prevent false results due to the presence of 
impurities, which‘ could lead to erroneus toxicity 
determinations. The question of the chemicals7 purity 
frequently is not addressed in the biological literature 
and therefore is always a potential problem with such 
data. - 

From all these data, a mathematical equation is 
then computed to model the toxicity o4 the compounds as 
a function of some of the structural parameters. The 
quality of the estimation is optimized and quantitated 
by means of a regression analysis program. The equation 
will' have power to predict the toxicity of chemical 
compounds similar to those on the the training set. ’ 

New series of compounds are being tested in order 
to increase the number of equations and to be able to 
combine such results in favour of multidimensional GEAR 
equations with enhanced prediction power. 

Our results regarding the Microtox Toxicity values 
for §ive series o¥ polychlorinated aromatic compounds 
are summarized in TABLE 2. ~ 

The partition coefficieht is a physico+chemical 
parameter closely related to the structure of a chemical
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compound (34) as a quantitative measurement of its 
tendency to solubilize in two separable phases. 

The octanol/water system has been~ Chosen to 
simulate the biochemical transport mechanism, i.e the 
ability of a chemical compound to trespass the lipid 
membrane of a living organism thus being able to 
interfere. actively in its metabolism. In this context, 
biological activity of chemical compounds has been found 
to correlate well with the logarithm of its

Q U! octanol/water partition coefficient 
we have found that these theories apply as well to 

our results on the toxic effects of those compounds to 
the Fhotobacterium ghqgphoreum. The Microtox toxicity 
values correlate fairly well with the logarithm of the 
octanol/water partition coefficient. These and other 
correlations are summarized in TABLE 9. 

- The slope of all these regression lines is quite 
Similar (Fig. 18). This suggests a fairly similar 
effect of these clases of compounds to the 
Photobacterium phosphoreum in terms of transport of the 
chemicals into the cell through its membrane. p A 
preliminary conclusion can ,be drawn regarding the 
predominant effect of the chlorine substitution over the 
hetero substitution in the aromatic ring. Some facts; 
however, can be taken ihto consideration, from the study 

-Q-— ,___-~- u-_, _-- _,>.i______i__
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of these equations: 

(a) The addition 0+ (log P)2 as a new independent 
variable increases the-correlation coe¥+icient in all 
cases except for the phenols, and the change is 
particularly noticeable in the case of pyridines. That 
can be only attributed to some electronic or steric 
property of the OH group which differs form the other 
fragments, and the contribution 0+ the lone pair o4 
electrons of the aromatic nitrogen. Differences in the 
interaction of these groups and water molecules are also 
suggested by this discrepancies. 

(b) The position of the chlorine substitution plays 
an important role in the case of chlorobenzenes, 
—pheno1s and —nitrobenzenes as shown by the increase on 
the correlation coe+ficient in these cases after the 
inclusion of a new independent variable, S = number of 
symmetry planes for the molecules of chlorobenzenes, and 
N = number (0, 1 or 2) of chlorine atoms in ortho 
positions in the other series. 

' (c) The unchanging correlation in the case of the 
anilines has no inmediate explanation. However. it may 
be assumed that their toxic effects depend more strongly
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on some other electronic property more typically related 
to the —NH¢ group, and less significant in the case ofL 
—QH and §ND2 groups. -4 

The most common structural parameters reflecting 
substituent effects of these fragments, usually employed 
in Structureffictivity correlations, are shown in TABLE 
10 being W, "MR, R and F the most relevant in 
biomedicinal QSAR studies. 

'The values of the field effect F for the fragments 
considered, suggest that the contribution of the NH? 
substituent will differ from the contribution of the N02 
and UH groups for which the- field effects are more 
similar. However, the inclusion of this effect, has a 
variable in the correlations shown above presents some 
difficulties, as this value would have to be lthe same 
along the same family, disregarding differences in 
chlorine substitution. This is the subject of future 
investigations. 

1

' 

(d) Finally, ‘the addition of pfia as a second 
independent variable gives good results in terms of 
increasing the correlation coefficient only in the case 
of the chlorophenol congeners. This may suggest 
stronger pH dependance of the mechanism of action for 
this series than for both the anilines and pyridines.

I

a



28 

CONCLUSIONS 

-The high correlations found for the toxicities of 
several sets of contaminants to‘ the Rhotobacterium 
phosphoreum in the Microtox test let us conclude that 
this test is very use¥ul as a preliminary screening 
test. It is capable of providing toxicity values tor a 
large number o+ potential toxicants in a short time at a 
low 

i 

cost and with good accuracy, precision and 
reproducibility. 

‘
. 

For compounds not yet tested the test gives a quick 
toxicity measurement that allows the ranking of that 
compound with others in the data bank. For compounds 
already knownn to be contaminants, the determination o¥ 
Microtox values is an useiul and characteristic property 
which is part of the fundamental data used for the 
prediction of toxicity and -hazard assessment of new 
toxicants on the basis of structural parameters of the 
compounds. ’ 

One of the major problems in QSAR investigations is 
the consictency and comparability 04 the toxicity values 
on which the model is based. For many compounds the 
literature sources do not provide information to

|

I
1 

-_.._-_...___.;_
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determine whether or not the data are reliable. The 
ideal situation would be that each QSAR research group 
made its own toxicity measurements to minimize 
interflaboratory discrepancies of experimental 
conditions and hence absolute toxicity values. The 
Microtom system has provided us with a reliable yet 
quick source of toxicity measurements which should be 
virtually free of such inter—laboratory data 
normalization problems. 

The QSAR equations presented show a strong 
dependance of the.toxic effects of they five series of 
chlorine substituted aromatic compounds on the number of 
chlorine atoms and consequently on‘ the partition 
coefficient and this dependence seems to be stronger 
than the effect that the hetero group may have on the 
toxicity of the compound. 

4

_ 

The nearly parallel slope of the regression lines 
for the various sets, suggests similar transport 
dynamics through the cell membrane of Photobacterium 
ghosghoreum, hence similar mechanisms of the toxic 
effects of these compounds on that species.

7 

This correlation seems to be broken for compounds 
with higher partition coefficients, especially when a 
Nitrogen atom is present. This can be the result of the 
low solubility involved, giving as a consequence, a
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toxicity value lower than expected if at linear 
relationship is considered. Studies are currently under 
way in order to develop a solvent system. that will 
provide sample concentrations high enough to ifind 
toxicity values of chemical compounds with no side 
effects due to the toxicity of the solvent. 

This and the search for new parameters providing 
better description of the structure of the chemical 
compounds tested will contribute to an improved use of 
QSAR in the assessment and prediction of the toxicity of 
organic contaminants to the aquatic environment.

_ 
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Table 1.— Micrptgx Test: Data for 4—Ch1oroani1ine 

-Concentration Final Readings Gamma Function (E+fect) (ppm.) O min. 5 min. 15 mih. 30 min. 5
O
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_Sqbstit.. Benzenes(a) Pheno1s(a)’ Ani1ines(b) Nitrobenzenes Pyridines ~— 0.02 
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1.40 
1.77 
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1.62 
1.97 
1.14 
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1.67 
2.28 
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Table 2. MICROTDX .Toxici€y_ Values [p(30FEC50)J for D1+¥erenz Chloro-substitutéd'Arnmat1c Compounds 
\

. 

0.55 
1.56 
0.90 
0.82 
2.12 
1.78 
1.35 

1.28 
1.05 
1.90 

1.6: 
2.41 

2.27 
1.50? 
1.89 

-0. 97 
0. 20 
0.21 

0.63 
0.20 
0.25 
0.32



Tablé 3. Toxicities of CHLDROBENZENES to Pho§oo;cteriu@°'pnosphoreum (Mjcrotox fiést, 30 min ECSQ), Rainbow trout (§§lQQ ggi;gQg;i,. 96 hf LD-50} re{.23), Bluegill (Legomis macrochifus 96' hr LC50, ref.24), Sheépshead " minnows (Cggrinooon variegatus 96 hr L650, ref.25), Guppy (Poecilia neticulata, re+.26), and Daghnia magna (48 hr LCSO, ref.27). All values givén as logarithms of the invefse Concentrations (conc. in mmol/L). 

Substit. Hicrotox Rainbow tr. Bluegill Sheepshead min.‘ Guppy 
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1.46 
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<1.6B 1 
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1» 
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1.59 
2.02 
2.13 
2.00 
1.99 
2.05 
2-01 
1.52 
2.31 
2.11 
1.66 
2.1546 

-- 
0.95 
1.42 
1.47 
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2.13 
3 . 00 
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1.18 
1.28 
1.30 

0.94 

1.77 
2.43 
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1.40 
1.30 
1.57 
1.89 
1.88 
1.74 
2.43 
2.43 
2.85 
3.15 

DAFHNIA 

0.12 
1.79 
0.72 
1.13 

0.56 
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-0.39 
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Table 4. Toxicities of CHLORDPHENDLS to Photobacterium phosphoreum (Microton n ECSO) Bacterial deh dro enase activit (Bacillus sQ., ICED, test, 30 @i.- 0 1 Y 9 . Y ref. 28), Spore germination (Bacillus 50931115, I50, ref.‘ 29), Brown trout (Salmo trutta, 24hr—LC50, ref 30), Bluegill (Legomis '

, 
__ ______ _ 

_ 

- . , 

V N_ macrochirus 24hr—LC50, ref. 24), Guppy (Poeoilia reticulata, 7—14 days-L050. ref. 26), Water flea (Daghnia magna, 24hr-LCSO, ref. 27), and Shrimp (Crangon segtemsginosa, lethal threshold 96hr—LT50, ref. 31). All values are given as negative logarithms of the concentration. (conc. in mmol/L). » 
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-0.49 0.10 
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Table 5. Toxicities of CHLDROANILINES to Photobac@grium_ phosphqreum, (Microtux test, 30—EC50), four dif¥erent yeast straihs (Grpw§h' inhibition, I650, réf. 32) and to Guppy (figggilig feticulata, 14 days-LCSO, ref. 33). 

Substit. Hjcrotok Piéhia 
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Table 6. Correlation Between flicrotox and Other To%icity Values for Chloro-Substituted Eenzenes - 

Species 
"7 

Rainbew-trout 
(Salmo gairdneri) 

Bluegill 
(Lepomis marochirqs) 

Sheepshead Minnow 
(Cyprinodon veriegatus) 
Guppf

I (Foecilia reticulata) 
Hater Flea ' 

(Daphnia Magna)

u 

Test Type 
Acute Toxicity 
Intraperitoneal 
Injection IPLDSO 
Acute Tbgicity 
96 hr LC5O 
Static Test 
96 hr LC§O 
Static Test, 
7-14 days LCSO 
Static Test 
48 hr LCSO 
Static Test 

0. 74 

0.71 

0.80 

0.86 

0.83

r2



Table'7.Corre1ati0h Between flicrotox and Dther Toxicity Values for Chlcro—Substituted Phenols 
.

~ 

Species . 

l ‘A 
Test 

I ‘W
n 

Bacillus sp ' Dehydrogenase activity 50% inhibition IC50 19 
Bacillus spbtilis Spore germination 

502 reductioh I50 6 
Brown trout Acute tqxicity 

_

- 

-(Salmo Trutta) 24 hr L850 Static Test 6 
Bluegill Acute toxicity (Lepbmis macrochirus) 24 hr LCEO Static Test 7 
Guppy Semichronic toxicity ' 

(Poecilia reticulata) 7-14days L650 Static Test 11 
Hater Flea Acflte toxicity (Daphfiia magna) 24 hr LCSO Static Test 8 
Shrimp l 

Lethal Threshold (Crafigon septemspinosa) 96 hr LTSO Static Test 7 

F2 

0.93 

0. 73 

0. 92 

0.77 

0.89 

0.87 

0.68



Ch1oro*Sub5tituted anilings. 

Yeast Species 
Piqoia sp; . 

F- 

Saccharomygeg cervisae 
Rhodotorula rubra 
Rhodotoru1a.sp. 
’GuPpY

M (Poecilia reticulata) 

Test type 
Growth inhibition 
Growth inhibition 
Growth inhibitioh 
Gfcwth inhibition 
Acute toxicity 
14 day LCSO 

n. 
.. Y 

r2 

Tap1e.B. Correlation Between Hicrotox and Dther Toxicity values for

5 
0,49 
0.89 
OTBZ 
O. 86 
0.79



Tablé 9.- QSAR O§ 
-__.-_--.---_-.-_-___ 
Compounds: 
Behzenes 

-0.979 
0 -4.119 

0.146 
Phenols 

-0.619 
-0.4a; 
+0.80: 
-4.203 

Anilinéé 
-0.041 
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Nitrobenzenes 
-0.549 
*2.437 
0.155 

Pyridines 
-0.936 
-2.582 
+0.931 

. -0.645 

polychlorinated aromatic compounds.
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+- 

++++ 
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3.010 
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+. 

0.236 
0.174 

0.020 
0.325 
0.307 

0.126 
0.095 
0.055 

0.207 
0.351 

0.749 
0.088 
0.043 

S = Number of planes o§ symmetry N = Number of chlorine atomé in ortho positions log P (ref. 36) pKa (ref.37) 
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15 
15 

15 
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0.78 
0.89 
0.88 

0.80 
0.85 
0.81 
0.81 

0.52 
0.55 
0.63 

0.61 
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0.62 
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"Table 10. Electronic and steric fragment constants; 

W H—Bond§ng 
Aqcept Déhor MR R F 

_ _ -__T____-_ _____v-_____-_ 
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Q’ = Hydrophobicity. 
MR = Molecular Rg+ractivity. 
R = Resonance E¥fect. 
F ‘= Field Effect. 
0m,ap = Hammet Constants. 
Es = Ta4t's Steric Parameters. 
an = Substituent Electronegativity Effezt. 
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