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The paper develops a biological control method for wa- 
ter pollution control~ The paper presents results of a 
study on testing chemical pollutants of water (river 
and sea) on the basis of studying their response to 
them by the three different (as to their resistance to 
toxics) microorganism test cultures. 

The influence of chemical pollutants (petroleum pro- 
ducts, SSAS, heavy metal salts) upon the test cultures 
bas been ~nalysed by construction of mathematical mo- 
dels (test culture response function). 

NLATER~ALS AND I~ETHODS 

Used as test ob3ects were microorganisms that mostly 
bave properties necessary for a speedy, continuons 
round the year and relatively inexpensive quality cont- 
rol of natural and sewage water~ 

Zntestinal bacteria E.coli was used as test object 
(this is one of the indicative microorganisms for sol- 
ving the problem of water biological pollution) as 
well as viruses phages T I E~ and the polyc virus 
(Type I) introduced by common sewage into surface wa- 
ter reservoirs. 

The choice os chemicals is determined by its wide 
spread in industrial sewage and the water it poilu- 
tes, and by the fact of different direction of its 
impact upon the selected test cultures. 

As such sulphurous copper salt (having become already 
a standard substance), ~etroleum and synthetic surface 
-active substance (SSAS) - sodium alcylsulphate - were 
used~ 

Test cultures length on survival was registered as 
the test reaction~ Determining this parameter is re- 
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lated to establishing test culture population. The 
isolation and titration of test cultures were perfor- 
med according to the accepted methods (Voroshilova 
et ai.1964; Reference book 1981). 

The main research poErpose was to find the mathematical 
relation between test culture response to impact of 
single chemicals and their different combinations, 
or mixtures. Quantitative determination of test cul- 
ture response was based on constructing the response 
function as a polynomial: 

k 

Y = ho + ~ bixi + E bijxixj (I) 
l i,j 

Random evaluations of regression coefficients (b~) ha- 
ve been made by results of the full factor experlment 
with two-level factors using the Yates algorithm. In 
order to verify effect value the dispersion and the 
special graphical analysis methods bave been used 
(Genjatulin 1984; Genjatulin and Isaev 1984). 

RESULTS AND DISCUSSION 

On the basis of the mathematical analysis pers 
the expressions were obtained for the response of the 
test cultures assayed to the action by different ran- 
ges of chemicals concentrations. Toxic influence was 
studied starting upwards from a zero (control) con- 
centration up to more than hundred LCA (limit concent- 
rations available) for petroleum (LCA = 0,3 mgil) and 
several hundred LCA for SSAS (LCA = 0,5 m~/1), ~™ 
ten LCA for the copper salt (LCA = 0,1 mg/l, Cu T) 
(Genjatulin 1985). 

Table 1 illustrates these mathematical relations ob- 
tained in a general form. From the equation given 
there the effect of influence could be seen (positive, 
negative or none) caused by a pollutant on a OEest 
object (single toxic subctance or a mixture). The di- 
rection of influence determines the sign of the reg- 
ression coefficient while the value of the latter cor- 
responds to the influence effect. Thus the minus sign 
before b I indicates depressing influence of the cop- 
per salt'(line N I). The coefficient (b I) characteri- 
ses the effect of influence upon the ba~teria and 
phage within the salt concentration range given in 
the table. As one can see in the table, viruses are 
the most toxic resistent. In a more vivid way the reg~ 
larities obtained are shown in graphs in Fig.1, where 
the values of the response function of the bacteria 
(lb), phase (IIp) and virus (lll v) are given along 
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Figure I~ Test cultures Response to Cu. 

vertical axis, changes of which are caused about by 
increased copper salt concentration (concentration 
values in LCA are given along the horizontal axis). 

At the same time bioassaying results expressed in 
mathematical form allows to solve the problem of 
selecting the most resistent forms of microorganisms 
(and other biological species) on the quantitative 
basis~ One of the requirements concerning microselec- 
tion for indicatory role, i~ intented to indicate 
biological water pollutions, is that these microor- 
ganisms should be somewhat superior in survivability 
and resistance to the impact of various chemical fac- 
tors. As seen from the diagram, under polluted con- 
ditions in water (river water in out case) bacterio- 
phages as virus indicator are better than the E~ 
bacteria~ 

�9 same regularity was seen on the basis of a mathe- 
matical representation of the response funotion and 
in case of water pollution by other toxic substances 
with the corresponding range of their concentrations 
taken into account. These results are in good agree- 
ment with reference data related to microbiological 
methods of biological water pollution control~ 

Viruses were as before the most resistent both to the 
depressing and activating impact. They did not re- 
spond to all the SSAS concentrations tested, and pet- 
roleum pollution of up to 60 LCA~ Some insignificant 
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response function change was observed with viruses 
when there was a mixture of the substances in water. 
SSAS activated the bacteria at all the concentrati- 
ons tested. SSAS failed to influence the bacteriop- 
hages up to 100 LCA~ At still higher concentrations 
phages were acutely affected in a depressive way~ 
Up to 60 LCA petroleum produced no significant in- 
fluence upon the bacteria and phages (cf.Table). At 
higher concentrations depressive influence of petro- 
leum on both cultures was noticed (minus sign before 
bl). The influence of chemicals mixture upon test 
cGltures in some concentration combinations is given 
and partly explained in the table. A more detailed 
anal~s�8 is given in a separate paper (Genjuatulin 
1985). 

Draw�8 up of mathematical response models allowed 
to determine the resistance of the bioassays used 
within a wide range of concentrations of both single 
pollutants and their various combinations~ 

The mathematic relations envolving response of test 
cultures varying in their toxic resistance could be 
used both in bioassaying and in connection with the 
indicatory value of different microorganisms whose 
resistivity could change in dependence with the water 
condition change caused by chemical pollution fac- 
tors. 

A mult�8 experiment results of which bave been 
processed by regressive analysis methods using com- 
puter facilities allows to obtain the full picture 
of the chemical composition of toxic substances pre- 
sent in the water assayed~ 
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