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ABSTRACT

The toxic effects of chlorosubstituted benzenes,
phenols, anilines, nitrobenzenes and pyridines to the

luminescent bacteria Photobacterium qugphoreum 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 mathHematical model for the prediction of
their toxicities to aquatié biota.

The dependance of the test results on variables
such as temperature, pH, exposure time, age of the
bacterial culture, etc., are discussed as well as the
correlations of the Microtox_values with the effects of
these compounds on other organisms which are commonly

used for aquatic toxicity studies.
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INTRODUCTiDN

Over,thei last few decades,vth; ~manufacture and
coensumption of ﬁhemicals hgs increased dramatically tc
the extent that even the lowest estimates pla;e the
nﬁmbar of existing chemicals and mixtures well dver 5
milliorn, and naQ compounds are :ontinouély being added
to this figure, However, a much smallér number is
important for envifonmentél CDhsiderétions(l), namely
the aproximately 60,000 compounds which are in everyday
cuse. Unfortunately, éveh this number is faa large - to
allow their c¢lassification into toicity catégcrieé.
Moreovér, as the number of potentiél contaminants is
constantly inEreasing; the ‘Huge backlog of.untesteﬁ
campoqnds alone calls for better, simpler and more rapid
tests,

The idea Qflusing lumineécent bacteria as a test
. organism for togicity measurements is not entirely new.
More than one specie p¥rlight emitting bactéria has been
tested and prép@ged as a biological system for toxicity
assays. In' such organisms, the production of Iight is
usually the resiult of the interaction between the enzyme

1uc1ferase, oxygen and flavin in its reduced form. This



biochemical reaction pathway is part Abf the
electron-transport system of the respiratoky,qbain and
the emission of light dependé on this flow of electrons
which reflects the metabolism of the organrism.
Therefére a bioaéSay can be based on the light
productian of‘these luminescent bacteria. (2)

A new methdd for rapid measurement of air pollition

based on 'the bioluminescence of Fhotobacterium

phosphoreum then called Photcbacterium fisheri, was

described in 1945 (3,4). Later en, Bulich and coworkers
(5,6) prop0§Ed & new bioassay for the'assessmeht of the
toxicity of aquatic samples using the same organism. An
application of this type of biocassay for routine
toxicity analysis of water samples was developed by
researchers at Reckman Instrumerts Inc. and the method
is now commercialized and standardized (7,8,9) under the
trademark MICROTOX.

A different strain of luminescent bacteria,-Benekag
harveyi has been p?oposed and evaluated in terms of its

ability in Predicting aquatic toxicity (10).

MICROTOX TOXICITY BIDASSAY

This biocassay is based on the reduction of light
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emitted by the 1luminescent bacteria Fhotobacterium

phosphoreum Qhen exposed to a toxic sample. This is the
overall result of the interactions that occur bezween a
chemical substanée and one or mofe enzymes forming part
of the chéin of metabolic reactions of which the: light
is a by-product.

Evaluatiqns of this test describe it as useful and
providing good results, which are comparable to those

obtained with bicassays on other organisms. Several

publications have compared the Microtox Test with

toxicity tests based on other microorganismg (11),
‘various fish species (12,13), and other aguatic

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 séeed and
simplicity, long and costly fish tests can .be avoided,
in barticular for prescreening purposes (16,17,18,19).
It isg thereque of value as an alternative to some
bioassays which are compulsory for premanufadturing or
preimpartation notices under some environmental
protection 1laws, particularly in respect to the effects
of toxic chemicals to the aquatic.biota.

As part of‘ our current researeﬁ - on

structure-activity correlations for the evaluation and



prediction of’lthe toxitity of potehtial organic
contaminants to the aquatic environment, we report here
on test results for chloro—substituted aromatic
compounds, and quantitatiye structure—activity
relationships (@SAR’'s) with molecQIar parameters. In
addition, & review on the dependance of the Microtox
test on test conditions such as exposure 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 receivedbby & phatomu;tiplier; 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 température controlled: & pre-cooling

well where a stock of the reconstituted bacteria is kept

at 3°C, the turret, 1light measuring chamber, and 15



incubation wells in which temperature can be selected

between 10 and 25°C within a 0.19C accuracy (FIG, 1,2).
—Reagent

The test:  ofFganism is the marine luminescent

bacteria (Fhotobacterium phosphoreum NRRL* B-11177)

provided by the manufacturer in . a lyophilized form.
Every Qacuum*sealed vial ICOntains iml. of freeze-dried
suspension of the batteria culture in 2% NaCl seoluticn,

8 cells. All the necessary

containing an average of 10
sclutions and diluents are also available from the
instrument manufacturer.

The .lyophilized organisms are reconstituted by
adding imL of Microtox Reconstitution SolutinnTM. This -
is especially purified water free of organic compounds.
After quickly stirring to reach complete hoﬁbgeneization
of the rasuiting suspension, this bacteria stock is‘HEpt
in & . standard ‘disposable cuvette of non-toxic
borosilicate glass'_at 39C  in the pre—cboling well
provided in the instrument. This stock is ready for use
as controi and for tﬁe preparation of the test samples
up to a maximum of S hours.

* Nnrthern_Regiqnal Research Lab. California. USA.




-Sampie 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 orgénic free water, is
added . tq the test sample to obtain the Frimary Sample
Eolution.

Four dilutions of the Frimary Sample Solution are
prepared using the Microtoy DiluentTM (2% NaCl in
organic free water) to result in S test samples of
decreasing concentrations, franging from 100% to 12.5% of
the original solutiony a 2:1 dilution is the standard
procedure, but this can be varied at will. ldentical
volumes of each solution (1.3mbL for duplicate
measurements) are kept in the incubation weils, at the
selected test temperature (usually 15°90) along with a
fifth cuvette con{aihing the same inume of Microtox

DiluentTM for control measurements.

-Test Procedure

All chemicals tested are dissolved in distilled



water except those whose solubilities are below the
desired concertrations. For such compounds, methanel is

used as co-solvent at up to S%4 concentration in fhe test

sample. From ou# experience, this concentration daes

not interfere with the tokicity determination. A
temperature of 15°C was selected for the test‘ahd 1 mL
of éaéh of 4 dilutions of the Primary Sample _Sqlutiah/
was used per ‘test with no duplicate measurements. To
prepare the Final Test Solution,% 0.3 ml of of these
sample solutions and of a blark solution (pure Diluent)
are added to each oriée of 5 cuvettes. For duplicate
teste, twe series of 5 cuvettes are filled at this stage
each containing 0.1 mL of Reégent in 0.5 mi. of Microtosx

Diluent &t 159 '(temperature equilibFation time: *i%

minutes). The light output is recorded before the test
and again at S¢ 15, and 3I0 min. after the sample
addition. Each batch of bacteria was used Ffor an

everage of S hrs., after which the 1light output
décreases dramatically and the bacteria have to be
discarded. The _cﬁvette containing only luminescent
bacteria and dilueprt is used as a'blank to compensate

for the natural loss of light emission. (FIG. 3.
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~Pata Reduction

The concentration of a particular toxic ‘substance
causing a S0%Z reduction in the light output is the value
calculatéd from the actual light intensity readihgs and
referred to as Ef?ective Concentration S0%Z (i.e. ECSO).

The readings are taken at three different exposure
times therefore reésulting in three different toxicity
values, namely S‘min—ECEO, 15 min-ECS0, and 30 min—ECSO.
(5-ECS50, 1S-ECS0 and 3I0-ECS0) (TABLE 1).

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

Instead of using. the simple'percent of reduction in
light emission, the gamma. function (I is computed,
which 1is the ratio of light emitted to the light

remaining:

B le), - 1l el ‘ |

- 1[0]g &nd 1[0], refer to the Blank reading (control cuvette) at
Time 0 end ot Tiee ¢t

= Ilc]lg and 1lc], refer to the reading of a cuvette containing sample
concentration ¢ at Time 0 and ot Time t

- BR;  refers to the Blank Ratio for the readings ot Time [
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The dase)reéponse curve (I" vs. ¢) is a classical
sigmoid-shaped 'curve from which the concentfatigp for
= 1 can be determined. Logarithmic trahsformation of
the values, plotting log gamma versus log C results, in
the ideal case, in a straight 1line from which " it isg
‘easier .to 'read the ECS0 values. It also allows to
extrapolate for the,ECIQ values (F-= 0;111) which are
4requentiy used as threshold valﬁes for that particular
cohpound. (Fig. 4). Linear regression analyesise of
these data &allows to calculate the most suitable
straight line thrdugh the four pairs of values, and ~the
correlation coefficient will show the qualityAéf fit.
This operation results in & calculated value for the
ECS0. .

All our tests results (ECS0 values) are expressed
as negative lngafithms‘of the éffecfive concentration
causing S0% reduction of the 1light oufput after IO
minutes euposure with the concentration expréssed in
mmol.L™1  of toxic chemical in the test solution and are

is given as p(30-ECS0).

PHYSIOLOGY OF THE LUMINESCENT BACTERIA

The specific biochemical Processes from which this



lumineécent bacteria emits light is only partially
known. It is thought, however, that their metabolism is
.not_tco di4¥erent from other species desCriB;d. It
seemé eppropriate now to consider a few remarks on the
dependance of the light emissdbn on  cseveral variables
that will be encountered when running the test (20), in

order to project a clearer Picture of the . whole

mechanism of this bicassay.

-Emission spectra

The wavelength of the light emitted, spans from
. 420rm to &30nm with a makimal emissioné intensity at
470nm  (Fig.5).  The comparison between frech bacteria
and those rehydrated from freeze~dried cultures does not
show significant loss in light intensity. |

Although the bacteria, alse emit light in the
.freeie—aried form, the emission has & very different
spectrum probably due to differences in the light
production reaction in thisv state. This
energy—liberating process fellows the known relationship
between reaction rate and temperiture. Therefore, to
reduce the intensity of light emission and consequently

to increase the life of the reagent, it is advisable to



store the freeze-dried bacteria at low temperature. The
lyophilized feagent can be used for at least Sif months
if the bacteria are stored at 2°C to 89, without
significant loss in ifs typical 1light emissich

characteristics.

~Dependance on the saline concentration

Fhotobacterium phosphoreum is a marine organism and
theérefore genetically adapted to tﬁe saline environment.
Consequently, the NaCl sélinity of the test solution
will influence the intensity of the light emitted (Fig.
6. |

It is recommended to use a concentration of NaC;
20g/L,u eyén if the curve shows an optimum light output
at aISOg/L of NaCl. Nevertheless, this difference in

light intensity is not significaﬁt>for the purpose of
the test and using thie lower NaCl corncentration
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 Adjusting Solution has
been added to the Frimary Sample Solution. In this case

& reduction of 70% in light intensity is observed. The
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cell membranes begin to bréak down at a salinitykof less
than § g/L. = At the upper end, concentrations_of more
than ~35 g/L (50g7L in the Frimary Sample Splutiﬁn) will
give untrue results due to a light reduction resulting
from the abnormally high osmétic pressure and tHe toxic
activity of the compouna being tested.

In summary, this curve shows that the bacteria
response is good for the purpose of the test using &
NaCl concentration range between 20 and S0g/1 in the
Frimary Sample Sclution i.e. NaCl conmcentration 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 Fhotobacterium
phosphoreum, 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 oufside these limits, the light intensity
decreases sharply. (Fig. 7).

This allows to study the differences in toxicity

between ionized and non-ionized forms of one compound

within this pH range without any loss of sensitivity in



the meauremente; Consequently, ihe pPH dependance is
important <for the determination of toxicity va}Ues for
classeés of ionizable éompuunds such as pheﬁois, aminmes,
Pyridines, etc. Care must be talen, to keep the sample
solutxon of such ionizable compounds in th1s pH range in

order to get accurate and. re11ab1e toxicity values using

thzs test.

~Temperature dependance

Like any other biochemical reaction, the metebolism
of. the luminescent bacteria 'is affected by  the
temperature. It has beeﬁ found that the light intensity
varies approximately 10% for every 1°9c change in
temperature (8).

However the effect of temperature on Fhotobacterium
phosphoreum as for other organisms (21) is influenced by
the nature of the toxic substance substance to which the
bacteria are expoeed. |

Figure B8 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 22). It is evident that with increasing

temperature, shbrter 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 Miérotox Toxicity Analyzer has a- syé%em of
regulating the test temperature to an accuréey 6f 0.1°c
in the 10°C to 25 range. For the purpose of
standardization it is recommended to run all tests at
£he same temperature. The most commonly selected
temperature, 15°C, is a compromise in getting enough
light intensity and good response in terms of minimal

drift of the light emission during the exposure time.

~Time dependdnce

The intensity -of the light emitted by

Fhotobacterium hosphoreum, 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 1light
intensity increases as & result of the témperature
equilibration from 3°C to 15°C  and a maximum in
intenéity'is usually observed varying its position from
one bacteria culture to another. 1In 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 baéteria
suspensions. To correct for this drifting in lfght
output, due merely to the time elaps;d, the Blank Ratio
(ER) is used.

In most cases, this BR 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 Ffor 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

The light intensity of the fresh reconstituted
bacteria ‘fiuctuates Qith' the age of the freeze-dried
culture and its storage conditions. Those variations
however, are minimal and although diffefences in light
intensity can result in distinct sensitivity to toxice

. substances, normally these effects are too small to
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cause a substantial deviation in the final value. No
mention of such ef%ects on the finalltaxicity values due
to differences in the lyophilized bacteria'is_héde in
the literafure, and this is confirmed by our own
experience. Only in those cases (about 1Y% of the vials
used) where no wvaclum is found in the vial of
freeze—dried bacteria,. the stock solution has to be
discarded.

Literature reports discuss this dependancev on the
age of the reﬁonstituted bacteria and it has been
recommended to start the test within a few minutes after
the reconstitution (1), and use the suspension for a
few hours, Some authors use this reagent for only one
hour (1&) 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 forvan average of 4

to

a

to § hours if it has been properly prepared. Qfter
6 hours the light output is too ‘low to perform any
measurements and after 24 hours the reméining light
intensity, if any, is not deteqtable 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

The time of exposure of Fhotobacterium quiphdreug
to any substance has great iﬁfluence 6n the typé of
response in the Microtox test. This effect is entirely
dependant on the nature of the compound being tested.

There are some chemicals which requife a longer
expesure time to show thgir full toxie activity while
other. cqmpcunds are fully ‘active within thé first

seconds of contact, and a third class of compounds for

which an asymptotic approach to its maximum toxicity

value 1s shown and longer exposQre times have no
influence or at least veﬁy small effect on the final
value. Compounds with similar hydkgphobiéity, however,
behave similafiy in this respect, Iikely beéauserf the
similarity in transport across the cell membrane. -
There is also & concentration effect on this
dependance. The same substance can behévé'différently
if solutions of different concenfration are used (FIG.

11,12). On this basis, it is difficult to standardize

- this test in terms of exposure times, yet some

norhalization has to be achieved in order to be able to

compare the results for different classes oOf toxic

T g o et e e g e




substances. It is advisable, therefore, to run the test
at S, 15, and 30 min. exposure time if very different
classes of compounds are to be tested.

The hydrophobic properties of most organic
contaminants, ’és reflected .by the octanol/water
partition coefficient, are very ;dmparable, i.e. within
a range of 3 to 4 log F units, and therefore the test
can be normalized in terms of exposure times for
consistency of fhe toricity values obtainedvand for the
ranking of the chemicals according to the toxicity. In
ofder to compare toxiéities of different classes of
c&mpoundé or individual contaminants, ali 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-ECS0 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
FPhotobacterium phosphoreum after its exposure to the

compound. In terms of response, as mentioned above,



three different reaction types can be distinguished
(FIG. 13):

The firsf class of compounds will give.an imm&diate
response (FIG. 14-type I) with a distinct end point at
the‘SOZ reduction of Iigﬁt output.

Type IT, inv FIG. 14, shows a slow respornse 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 of the light intensity on the bacteria

population

The differences in response due to the Aumber o?
bacteria preseﬁt are bf 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
Reageﬁt suspension instead of the standard recommended
10 pL., i.e., increéasing the number of test organisms
from 10° to 2 x 10° has no detectable effect on the
final value for penicillic acid (15).

From our experience, even if the actual reading 64

the 'light output increases proportionally using when
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higher concentration of bacteria, the final ECS0O wvalue

remains unchanged.

RESULTS AND DISCUSION

—Comparison of the Microtox Test with other tests

The Microtox values for several classes of
potential aguati¢c contaminants were determined (TABLE 2)
accérding to the procedure described above and the
toxicity values obtained aré correlated with literature
values on acute and sublethal effects of these chemicals
on several species of fish, bacteria, and other biota.
Frior to correlation analfsis, the 30-EC$D and other
toxicity values were converted to the negative
logarithms [=log(mmol/L)3]. (TABLES 3,4 and S5). Each
set of compounds was choéen for its significarce as
water = contaminants. TAEBLES 6,7 and 8 show the
correlations found between the toxicity values ébtained
using the Microtox test and values feported 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 wvalues are




plotted versus those of_élternative tests.

/

-Structure-Activity correlations

The wutility of the Microtox test is most evident
'where large numbers of toxicity data are needéd.v This
is the case of our investigations on (BSAR)
(Quantitétive Structuré—ﬂétivity Relatianships), which
is, as its name implies, the study of the relationships
between -a chemical'é biolegical activity and its
molecul ar istructuré. In this context, our goal is the
modeiling and prediction of the toxic effects of
bmtential water - contamihants on livgng organisms based
on fypicél‘structural parameters of the compound.

A flow scheme for this type of study is given in-
FIG. 17. = It indicates the various steps, such as
éelegtion ,of the set of chemicals to bé studied,
Litefatura searches on toxicity data and structural
parameters: experimental, physico~chemical and computed
quantum mechanical data, and simple mathematical or
topclqgica1 indices. These"vaiues are féﬁ into a
computerized data bank along with our own Microtox
values for the training set of compounds. An impo?tant

aspect of the selection of the chemicals is the quality
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of commercially available compounds and the need +for
purification by Eecr?staii:ation or redistillation. If
necessary, even high quality compounds have to be
refined to prevent faléeée results due to the presencé of
impurities, which could lead to erroneus toxicity
aeterminatipns. The question of the chemicels’ purity
frequently is not addressed in the biclogicsal literature
and therefore is always & potential problem with such
data.

From all these data, a mathematical eqguation is
then computed to model the toxicity of the compounds as
a Ffunction of some of tﬁe structural parameters. The
quality of the estimation is optimized and quantitated
by means of a regression analygis program. The equation
will ~ have power to predict the toxi;ity of chemical
compounds similar to those on fhe the training set.

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

Our  results regarding the Microtox Toxicity values
for five series of polychlorinated aromatic comﬁounds
are summarized in TARLE 2.

Thg partition coefficient is a physico-chemical

parameter closely related to the structure of a chemical
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compound (34) as a quantitative measwrement of its
téndEncy to solubilize in two separable phases.

The 6étan01/water. system has been chosen to
simulate the biochemical transport mechanism, i.e the
ability of 4 chemical compound to trespass the lipid
membrane of a living organism thus bging able to
interfere actively in its metabolism. In this context,
biclogicxl activity of chemical compounds has been found
to correlate well with the logarithm of its
cctanol /water partition coefficient (33).

We have found that these theories apply as well to

our results on the toxic effects of those ¢ompounds to

the Fhotobacterium phosphoreum. The Microtox toxicity

values correlate fairly well with the logarithm of the
octanol /water partition coefficient, These and other
correlations are summarized in TABLE T

The slopé‘of all these regression linés is quite
similar (Fig. 18). This suggests a fairly similar

effect of these tlases of compounds to the

Fhotobacterium phosphoreum in terms of transport of the
Chemicals into the cell through its hembrane. 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 into consideration, ffom the study



of these equations:

(a) The addition of (log F)2 as & new independent
variable increases the correlation coefficient in all
caSes_ except for the phenals, and the chenge is
particularly noticeable in the case of pyridines; That
can be only attributed torvsome electronic or steric
property of the OH group which differs form the other
fragments, and the cohtribution of the lone pair of
electrons of the aromatic nitrogen. Differences in the
interaction of these groups ard water molecules_are.also

suggested by this discrepancies.

(b) The position(of thg chlorine substitution plays
an important role in the case of chlorobenzenes,
—pﬁenmls and —nitrobenzenes as shown by the increase on
the correlation coefficient in these casgs' after the
inclusion of & new independent variable, S = number of
symmetry planes for the molecules of chlgf@benzenes,-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 electroﬁic property more typically related
to the —NH2 group, and less significant in:the cése.of
~0H and éNDz groups.

Thermdst common sfructural 'paramaters re?lecting
 substituent effects of these fragments, usually employed
in Structuré*éctivity";Drrelations, are shown in TAELE
10 being #, MR, R and F the most rele?ant in
biémedi cinal @SAR studies.

The values of the field effect F for the fragments
considered, suggest that the contribution of the NHE
substituent will differ.from the contribution of the ND2
and @H groups for .which the field effects are more
similar. However, the inclusion of this effect,  as ‘a
~variable in the correlatioﬁs shown above presents some
difficulties, as this valqebwduld have to be the .same
along thé same family, aiSregarding differences 1in
chloﬁihe Suﬁsfitution. This is the subject of future

investigations.

(d) Finally, the addition of pka 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.



CONCLUSIONS

‘The high correlations found for the toxicities of

several sets of contaminants td’ the Fhotobacterium

ghosghqféum in the Microtox test let us conclude that
this test is very useful asva preliminary screening
test. It is capable of providing toxnicity values for a
large number of potential toxicants in a short time &t &
low cost and with goed accuracy, precision and
reproducibility.

For compounds not yet tested the test gives a qguick

toxicity measurement that allows the ranking of that

compound .with othérs in the data bank. Fpr compounds
‘already knownn to be contaminants, the determination of
' Microtox values is an useful and characteristic property
~which is part of the fundamental data used for the
prediction of toxicity and hazard assessment of hew
toxicants on the basis of structural parameters of the
compounds.

One of the major problems in GSAR investigations is

the consictency and comparability of the toxicity values

on which the model is based. For many compounds the

literature sources do not provide information to




determine whether or not the data are reliable. The
ideal situati@n‘would be that eachFQSAR research group
made its own toxicity measurements to minimize
inter=laboratory discrepancies of experimental
‘€dnditions and hence absolute toxicity wvalues. The
Microtox system has prbvided ue with a reliable yet
quick source of toxicity measurements which should be
virtually free of such inter-laboratory dats
normalization problems.

The BSAR equations presented show a strong
dependance of the toxic effects of the five series of
chlorine substituted aromatic compoundsron the number of
chlorine atoms and consequeritly on the partition
coefficient and this dependance seems to be stronger
thaﬁ the effect that the hetero group may have on the
toxicity of the compound.

The nearly parallel slope of the regression lines
for the various sets, nggests Sihilar transport
dynamics through the cell membrane of Fhotobacterium
Rhosphoreum, hence similar mechanishs of the toxic
effects of these compbﬁnds on that specias..

This correlation seems to be broken for compands
with bhigher partition ;oefficients, especially when a
Nitrogen atom is present. This can be the result of the

low solubility involved, giving as =& consequence, &



fomicity value 1l ower than expected if a linear
relationship is considered. Studies are currently under
way in ordef‘ta develop a solvent system. that will
provide sample conceniratibns high enough to find
toxicity values of chemical éompounds with ro side
effects due to the toxicity of the solvent.

This and the search for new parameters providing
better description of the strdctUFe of the chemical
cohpnundé tested will contribute to an improved use of
BSAR in the assessment and prediction of the toricity of

organic contaminants to the aquatic environment.
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Table 1.- Microtos Test:

Data for 4-Chloroaniline

.Concentration . Final Readings Gamma Function (Effect)
(ppm.) O min., & min., 15 min. 30 min. S min. 15 min. 320 min.
0 O  (blank) 94, 81 76 69 - - -
1 1.17 86 g9 53 49 0.35 0.31 0.29
2 2.33 86 45 - 44 42 0.5 0.58 0. 50
z 4.67 88 33 33 F1 1.30 1.16 1.08
4 .33 22 21 20 Z.41 2.35  z.19

87




Table 2. MICROTOX .Toxicity‘ Values
Chloro-substitutéd'Arnm;tic Compounds

[p (SO-ECS50) ]

for Different

Substit. . Benzenes (a) Phenols(a)» Anilines (h)

- 0.02 0.42 0.12 0.55
2 1.00 0.58 0.91 1.56
3 R - 0.96 0.96 "0.90
4 - 1.19 1.40 0.82
2,3 1.56 1.82 1.77 2.12
2,4 1.446 1.47 1.54 1.78
2,5 1.44 1.24 1.62 1.385
2,6 - 1.09 1.97 -
3,4 —-— 2:00 - 1.28
3,5 - 1.77 1.14 1.05
2,3,4 1.76 2.20 1.92 1.90
2,3,5 1.66 2.25 - -
2,3,6 - 1.19 -— —-—
2,4,5 — 2.19 . 2,12 1.67
2,4,6 1.11 1.41 1.463 2.41
z,4,5 - 2.74 1.67 -
2,3,4,5 1.73 3.12 2.28 2.27
2,3,4,6 1.94 2.26 —= -
2,3,5,6 1.68 2.02 2.11 1,502
2,3,4,5,6 - 2.71% 1,357 1.89

(a) From ref. 17. (b) From ref.

-0.97
0. 20
0.21
0.63
0.20
0.25

0.32



Table 3. Toxicities of CHLOROBENZENES to Photobacterium ~phosphoreum
(Microtox test, 30 min ECSC), Rainbow trout (Salmo airdneri, 96 hr LD-50,
ref.23), Bluegill (Lepomis macrochirus %6 hr LCSO, ref.24), Sheepshead
minnows (Cyprinodon variegatus 96 hr LCS0, ref.25), Guppy (Foecilia
reticulata, ref.26), and Daphnia magna (48 hr LCS0, ref.27). All values

given as logarithms of the inverse concentrations (conc. in mmol/L).

Substit. Microtox Rainbow tr. Bluegill Sheepshead min. Guppy DAFHNIA

- " 0.02 1.59 _— - 0.09 -
mono 1.00 2.02 0.85 1.05 0.77 0:12
1,2 T 1.56 2.13 1.42 1.18 1.40 1.79
1,3 1.46 2.00 1.47 1.28 1.30 0.72
1,4 1.44 1.99 1.53 1.30 1.57 1.13
1,2,3 1.76 2.05 1.73 - 1.89 -
1,2,4 1.66 2.01 - 0.94 ‘ 1.88 0.56
1,3,5 1.11 1.52 . - 1.74 -
1,2,3,4 1.73 2:31 - - 2.43 -
1,2,3,5 1.94 2.11 1.53 1.77 2.4% 1.34
1,2,4,5 <1.68 T K1.66 2.13 2.43 2.8%5 -0.39
1,2,3,4,5 - 2.24 2.00 "2.50 3.15 1.67




Table 4. Toxicities of CHLOROFHENOLS to Photobacterium phosphoreum (Microtg:
test, 30 min.ECSO), Bacterial dehydrogenase activity (Bacillus sp., 1CSoO,
ref. 28), Spore germination (Bacillus subtilis, IS0, ref. 29), Erown trout
(Salmo trutta, 24hr-LCS0, ref. 30), PBluegill (Lepomisg macrochirus,
24hr-LCS0, ref. 24), Guppy (Poecilia reticulata, 7-14 days-LCS0, ref. 286)
Water <flea (Daphnia magna, 24hr-1.C50, ref. 27), and Shrimp (Crangon
septemspinosa, lethal thresheold F6hr=LTS0, ref. 31). All values are given
as negative logarithms of the concentration. (conc. in mmol /L), »

Subst. Microtox BACILLUS Spore Trout Eluegill Guppy DAFHNIA Shrimp
- 0.42 -1.39 -0.18 == - 0.50 - 1.10
2 0.58 =0.74 0.25 - 1.25 . 1.06 <0.77 1.3%
"3 0.96 =0.54 - - === 1.30 - ==
4 1.1%9 ~-0.49 0.10 -- 7 1.81 - 1.17 1.45
2,3 1.82 0.10 - - -- - - -
2,4 1.47 0.34 0.62 1.98 1.54 1.59 <1.21 -
2,5 1.24 0.28 -= == - - - -
2,6 1.09 -0.53 - 1.61 - - - 0.93
3,4 2. 00 0.50 - C—— - - - -
3,5 1,77 0.81 - - - 1.78 - 2,04
2,3,4 2.20 1.18 - - - - - 2.00
2,3,5 2.25 1,30 - 2.39 - 2.10 - -
2,3,6 1.19 0.02 -= = - 1.59 - 1.86
2,4,5 2.19 .22 0.89 2.34 2.51 - 1.72 -
2,4,6 1.49% -0.08 .89 - + 2.44 - 1.10 ~ -
3,4,5 2.74 1.60 - - == 2.2 - ==
2,3,4,5 J.12 1.76 (- - —= 2.48 - ==
2;3,4,6 2.26 -= 0.57 2.60 Z.09 - 2.3 1.29
2,3,5,6 2.02 0.63 - -- 2.76 2.23 | 1.97 -
2,3,4,5,6 -

2.71 1.47 0.46 3.13 - 2.85 2.25 1.91




Table S. Toxicities of CHLOROANILINES to Photnbacterium_ phosphoreum,

(Microtox test, 30-EC50), four different yeast strains (Growth™ inhibition,
1€50, ref. 3I2) and to Guppy (Poecilia reticulata, 14 days-LCS50, ref. 33).

Substit. Microtos Pichia Sacch. Rhod. Rhod. Guppy

pIO-ECS0 sp. cerev. rubra sp. p LCSO
- 0.12 =0.03 =0,03 -0.63 -0.03 -3.13
2 0.91 - - —_— - -1.69
3 0.96 - - - - -2.02
4 1.40 0.20 ~0.11 Q.04 -0.07 -2.31
2,3 1.77 - e — - ——
2,4 1.54 - 0.49 0.13 .97 0.91 - -1.59
2,5 1.63 - - - — -1.01
2,6 1.97 0.27 0.40 0.48 0.39 -
3,8 1.19 0,78 0.99 1.10 0.75 -1.38
2,3,4 1.92 1.21 0.98 1.21 1.09 -0.8%5
2,4,5 2.12 - - -~ - -1.00
2,4,6 1.63 i -— - - -
5,4,5 1.77 - -— - - -
2,%,4,5 2.37 o - - - -0.19
2,3,5,6 2.16 - 1.36 1.36 1.20 -
3,3,4,5,6 1.35 0.16 0.80 0.:36 0.36 -




Table 6. Correlatxon Eetween Microtox and Other Toyzc:ty Values for

Chloro-Substituted EBenzenes

Species Test Type n r2
Rainbow- trout Acute Toxicity Q ). 74
(Salmo gairdneri) Intraperitoneal

Injection IFLDSO
Bluegill Acute Toxicity ) 0.71
(Lepomis marochirus) 6 hr LCSO

Static Test
Sheepshead Minnow 96 hr LCS0 S 0.80
(Cyprinodon variegatus) Static Test.
Guppy 7-14 days LCS0 9 0.86
(Foecilia reticulata) Static Test
Water Flea 48 hr LCSO 4 0.3

(Daphnia Magna}

Static Test




Table 7.Correlation Between Microtox and Other Toxicity Values feor
Chloro-Substituted Phenols ) .

Species Test n r?
Bacillus sp Dehydrogenase activity

S0% inhibition ICS50 19 0.93
Bacillus subtilis Sﬁore germination

S0%Z reduction IS0 6 0.73
EBrown trout Acute toxicity 7
-(Salmo Trutta) 24 hr LCS0 Static Test & 0.92
Bluegill Acute toxicity
(Lepomis macrochirus) 24 hr LCSO Static Test 7 0,77
Guppy . Semichronic toxicity o
(Foecilia reticulata) 7-14days LES0O Static Test 11 0.89
Water Flea Acdte toxicity
(Daphnia magna) 24 hr LCSO Static Test 8 0.87
Shrimp Lethal Threshold

7 0,68

(Crangon septemspinosa)

96 hr LTSO Static Test



Table B. Correlation Eetween Microtox and Other To

Chloro=Substituted anilines.

vicity values for

‘Yéast Species Test type

Pi:ﬁia sp. Growth inhibitiqn‘ &
Saccharomyces cervisae Growth inhibition S
Rhodotorula rubra Growth inhibition &
Rhodotorula sp. Growth inhibition é
Buppy Acute toxicity 9

(Foecilia reticulata)

14 -day LCS0




Table 9.- Q@SAR of polychlorinated aromatic compounds.

Compoundss 1 log (1/30-ECS50)= n r2
EBenzenes )
-0.979 + 0,431 log P ) 11 0.76
~4.119 + 2.578 1log P - 0.284 (log P)z 11 0.82
0.1846 + 0.412 1log P - 0.174 S 11 0.95
Fhenols J
-0.679 + 0.678 1log P 20 0.79
-0.463 + 0.538 log P + 0.020 (log P)z» 20 0.78
+0.802 + 0.80S 1log P - 0.325 N 20 0.89
~4.203 '+ 1.041 log P + 0.307 pka 20 0.88
Anilines
-0.041 + 0.570 1log P 15 0.80
~0.891 + 1.259 log P - 0.126 (log P)z 13 0.85
=0.009 + 0.528 log P + 0.095 N 15 0.81
0.300 + 0.480 log P - 0.0SS pkKa 15 0.81
Nitrobenzenes
~0.549 + 0.656 log P S 2 15 0.s52
=2.437 + 1.931 log P - 0,207 (log P) 1S 0,55
0.155 + 0.339 log P + 0.351 N 15 ° 0,63
Pyridines
-0.936 + 0.580 1log P 7 0.8l
—2.582 + 3.010 1log P - 0.749 (log P)z 7 0.94
=0.931 + 0.543 log P + 0.088 N 7 0.62
-0, 645 s 0.429 lag P 7 0,64

=~ 0.043.pKa

S = Number of planes of symmetry

N = Number of chlorine atoms in ortha positions
log P (ref. 36)

pKa (ref.37).



Table 10. Electronic and steric fragment constants.

o H-Eonding
Accept Donor MR R F op om Es o
-H o 0 0 1.03 0 0 o o o o
-0OH - =0, &7 1 1 2.85 -0.64 0.2 0,12 ~0.Z7 =0.55 0.731
-NHZ -1.23 1 1 S.42 -0.68B 0.02 =0.16 -0.66 -0.61 0,47
=NO2 -0.28 1 0 7.3 =0, 16 0.67 0.7t 0.78 -1.77 0.40
(All values fram ref. 36 e,cept ox: ref -E) o

Hydrophobicity.

Nolecular Refractivity.

Resonance Effect.

Field Effect.

op = Hammet Conetants.

Taft's Steric Farameters.

Substituent Electronegativity Effect.

]
2]




Fig.1.- MICROTOX TEST: Microtox Toxicity Analyzer and Recorder set up.
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Fig.9.- Photobacterium phosphoreum: Lig'f:nt intensity dépendance on the
exposure time related to the age of the recons.tituted bacteria.
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Figv.lO.- Photobacterium phosphoreum: Light intensity/time dependance.

[identical Fig.9, Different batch of bacteria]
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Flg 13.- Photobacterium phosphoreum: Toxic effect-time dependance for

three different reaction types.
1
I

Inmediate response. e.g. Phénol

Slow and constant ° increase of the light reduction effect
with time. e.g. metals: Hg,Zn,CF.

111: Hyperbolic tume/re<ponse curve with asintotic end point.

€e.g. mixtures, waste water, Na dodecyl sulfate.

—* Exposure starting tlme.
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