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Chapter V

PREVENTIVE TOXYICOLOGY OF THE COMMUNAL ENVIRONMENT
(AIR, WATER, FOOD AND CONSUMER PRODUCTS)



Edited by professor G.N.Krasovsky



TOXICOLOGICAL TESTS FOR THE HYGIENIC
RATING OF SUBSTANCES IN WATER

G.R.Krapoveky

In the USSR, to prevent and limit the contamination of wa-
ter mources with chemical compounds, the sanitary regulations
for the protection of bodies of water are based on maximal allg-
wable concentrations (MAC) of subastances in water.

Thegse values serve as guldelines in controlling discharges
of harmful components into water reservoirs, allowing, on the
one hand, to ensufe'tho aafety of water supply sources, and the-
reby of drinking water, and to maintaln optlmum conditions es-
gential for the economioc and domestic water management {recrea-
tional, sports, sanitary and household), on the other,

The principles and methods of toxicological testsm, used for
the subetantistion of MACs for new chemicala both in drinking
water and ip open reservoirs, are essentially the same. Yet, to
double-check the hygienic¢ rates applicable to water, the impact
of hazardoug substancesg on self-purification (ET05 or BTGQO,.tha
rate end mineralization pattern of organic substances) muat be
taken into account, .

An integral part of this methodologlcal syateﬁ is made up
of epidemiologlcel studies which are used, when possible, for
the purpose of more accurate defining individual fatings and main~
1y for checking the reliability and improving the elaborated
experimental systeﬁ of establishing MACa, Such & harmonious com-
pipstion of the two main epproaches to the determinatidn of
gafe oconcentrations of substancea in the environment ié in tune

with the leading principle of Soviet medicine - the principle ¢f
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prevention, the observance of which calls for evaluating the
toxicity and hacards of subatances before their wide-scale intro-
duction into industrial and household use. The practical realiza-
tion of this methodological premise proved posaible owing to the
active utilization of the principles of experimental modelling
of intoxications on laboratory animsls, in oombipnation with the
methoda of prognostication of the toxioity and hazards posed to
man by chemical pollutants in water.

The following stages ara envisaged when carrying out these
experiments: studies of acute (the establishment of the median
lethal dose), sub-acute (speocifying the ounulative properties
and the toxicodynamice of the compound concerned), chronic (a
gix-month experiment) and ;ong-torm (gonadotox;c, embryotoxioe,
mutagenic, carcinogenic, allergic and atherosclerotic) effects.
In some specific cases the skin-resorptive effect and apecific fea-

tures of transformation of the compounds in water are studied.

ou I al 1 ite Results

An acute teat undertaken within the sanitary-toxicclogical
investigations and aimed at the rating of harmful substances
in water reaervoires, allows to obtain information essential
for resolving the following taska,

te Betablishing the toxiocity of a tested substance and
obtaining the preliminary information on its toxicodynamica.

2+ A comparative evaluation of toxioity of several sub-
stances with similar physico-chemical properties or conditions
of application.
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3. Determining the specific, sex aend age senaitivity of
laborstory snimals to fhe effects of harmful substances.

4. Revealing tentative dose levelp in an experiment~for stu-
dying the cumulative properties of & substance and also for iden-
tifying the doees, subject to double-checking in subacute and
chronic tests.

5, Substantisting the posaibility of abendoning chronic sani-
tary-toxicological tests for some subetances with low threshold
values in regard to their organcleptic hazardas.

It is advisable to begin the sanitary-toxicelogical program
with an acute teat even when the literature provides data on the
extreme toxicity of the pubstance concerned. The regults obtained
provide an ides about the purity of a semple of tested substence
and ite chemical stability.

The upper toxicity velues, such as nLiOO (the least dose ceu-
sing the death of all the test animels) and Di, (maximal toleren-
ce dose) are not definite enough.

The experimental determination of DL50, which is the most
egasential valuesg, is obtained follwing two tests - the tenta-
tive and expanded ones,

Once the toxicity of a test substance is unknowm, we re-
commend to begin with acute preliminary tests, aimed st the
tentative determination of lethal doses, For this purpose, doges
differing by one order of magnitude (for example, 10, 100 and
1,000 ng/kg) are tested on one or two albino mice or rats. For
double-checking the severity of the subastance toxicity five

or six succesasive dosea are tried, each larger than the preceding

2~
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one by 50-100 per cent; all of them are tested on one apimsl. Of
impeortance is the fact that the dose found 1n the course of a
preliminary test should occcupy an the intermediate position om
the gcale. The least dose whose injeoction caused the animal‘'s
death, may be regarded as the tentative median lethal dose,

The full~acale test is staged on albino mice and/or albino
rata, in which 5-6 domses of the substance are examined. Bach
selected dose is teated on 6~10 animals,

The number of animale in a group and an interval between
the dosea largely depend on the method of atatistioal calculations
used further on.

Since all the comparative statistical methods are similar
in acourscy and information retrieval potential, preference should
be given to the least labour-consuming methods.

If the need arises to test the comparative toxicity of mseve-
ral chemicals with a similar soction mechanism, it is adviaable
to use Leachfield and Wilkoxon's method of analysis (D.J.Pinney,
1952). This method provides an c¢bjective evaluation of the com~
parative toxicity of substanoces when the siraight lines of the
effect, plotted on‘a graph, run parallel. ‘

To save the number of test animals (partioularly such as
rabbits, catas and monkeys) for determining the comparative spe-
oific, sex and age sensitivity of laboratory snimels to the action
of a chemical we recommend the methods of D.J, Pinney (1943) and
algo the one-point method of Van der Waerden (1940).

¥With the one point one can caloulate not only the m..jo value

but its mean error as well.
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More reliable DL50 values may be obteined in = small number

of animals by the method of 3 or 2 points, This envisages the
testing of two doses pelected, so that the effect (percentage of
dend animals) in one case would be under 50 per cent and in the
other over 50 per cent. If the third dose is taken for the test,
it should occupy an intermediete pogition, In this range of

doses the dependence of the lethality percentage (Y) on the dome
(x) practically always appears as a straight line and is describ-
ed by the equation: ¥ = AZ + B, where A 1s the angular coeffici-
ent, B 18 the free member (B.M,Shtabsky et al.,, 1980). Thelr
values are found by the formules:

Y, - X Y-&gx
2 1 , b=

a = , where X4 and x,

F2 o % i
are the values of the two wmarginal test doses, Y1 and Y, are
the lethality percentages, corresponding to these doses, n is
the number of doses teated. Then substituted one by one into the
equation ( x = - ) are the y values equal to 50%, 84% and
16%€ to find x (DL;:, DLy, and DLig). The values of 6 and m
are oalculated according to the following equations

DL - DL
a4 16
€ =

and m = -ﬁ-—’ where N is the num-

2 ber

of eanimals in the groups in which et least one animal died or
survived,

When using the method of two points, the calculation tech-
nique may be simplified as suggested by B.M.Shtabsky and c¢o-
workers ((1980) by using the equation:

2~2
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Y - Y1 x - x,
e — -
Yz - !1 Xo=Xy

To ensure comparable results one should take for the test
young sexually mature animals (males or females): mice weighing
16-20 g; rats welghing 16-20 gi rats weighing 150-250 g, guniea-
piga welghing 3%0-500 g; rabbiis welghing from 1,5 tc 4 kgz.

Test substances are introduced into the empty stomach in
water solutions, vegetable oll, egg yolk and/or a solution of
dimethyl spulphoxide, and also in the form of oil emulsions or
starch suspensions; Different doses of the substance should be
administered to the enimals in solutions of the seme concentra-
tion and, desirably, in optimum volumes making up 1-1.5% of bo-
dy weight, 1.¢s 0,2-0.3 wl for mice; 2-3 ml for rats; 4-6 ml
for guinea-pigs and 25-40 ml for rabbits.

In acute tests the administration of subetances or their
solutions with irritative, as well as strong acid or alkaline
properties should be avoided, lest this results in an erroneous
conclusion during the comparative eveluation of the toxicity
of several substances and in determining specific seneitivity, or
the wrong choice of doses for subsequent sanitary-toxicological
experiments, This 18 why in a number of ocases it is advipable
to administer such substances in 1-2 per cent solution of starch,
or in oil.

In some cases one mayY put to the test neutralized solutions,
on condition that the structural part of the molecule determining

the subetance toxicity is not destroyed or altered in the process

of neutralization.
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In all the teste the control group should be given equi~
valent volumeas of the solvent.

Occasionally, in acute tes$s, one has to examine pubstances
of low toxicity which, upon a single adminisiration of the maxi-
mal posgible doses, do not ceuse the animala' death. In these
cases the followlng device may be recommended., The maxims)l allo-
wable concentration of the substance is administered in a volunme
meking up to 5 per cemt, and for oil sclutiona up to 2 per cent
of body weight, with an interval of at least 1.5 hours betweaen
administrations. By such fractional administration several tens
of grams per kilogram body weight may be adminigtered in the cour-
se of 6 to 9 hours.

In an acute test the animals should be observed for at least
10-15 days.

In oiaerving the teet animala one should pay attention to
the animals' behaviour and developwent of intoxication symptoms,
Additional information on a subatance cusulative properties after
an acute test, way be obtalned by applying s method suggested
by B.M.Shtabsky (1973).

The acute teat may provide primary information on the
character of the substance effect.

A more accurate evaluation of the cumulative properiiens
of substences during acute tests may be made with caloulation
the adverage time of death of the animala 3!50 (G.N.Krasovsky,
1982).

In some capes, when studying substances of low toxicity,
it may be recommended to carry out some biochemical examinations
following a single admipiptration to the animals of the maxima)
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posaible quantity of the pubstance., The resuits may be additio-
nally used for eveluating the toxicity when planning a chronic
experiment, when selectinglthe most sensitive aspecies of labora-
tory animals.

I When the tentative DL50 value of a toxicant for which the
CLso value (median lethal concentratione upon inhalation of a
substance) is known, the following equation may be used (G.K.
Krasovsky, 1969);

1ogn550 = 0.5 + 1ogllgy + 2.55

In some cases the determination of the MAC does not necesspi-
tate a chronic experiment, and & study of the acute toxicity will
suffice., This conclusion is based on our analysis of accumulated
materials on the hygienic rating of harmful substances in water
regervoirs, It was established that the ratio of DLSO to the maxi-
mal non-effective dose of the chronic experiment ( DL ) for
the most of the substances studied, even in cases oziig'extreme
varidnts, does not exceed 200,000-500, while the ratio of DL50
to the threshold concentration in influencing the sanitary con-
dition of the reservoir - 100,000, However, for many substances
the ratio of DL50 to the threshold concentration, according to
the organcleptic criterion, reached one and even several million.
This is why it is not necessary to conduct & chronic experiment
for low- and medium-cumulative substances in which the DL50 ratio
to the threshold concentration, according to the organoleptic
criterion, reaches 0.5~-1 million and higher, while MAC may be
recommended at the level of the threshold concentration according
to the organoleptic c¢riterion.
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Thue, given the obpervance of a number of conditions for
carrying out an scute test, 1t is possible to obtain comparable
data and, therefore, to raise the scientific standards of toxioco-
logical examinations for establishing MACs of substances in wa-

ter,

Cunuletive Properties of Subgtances and Effecis
on the Body in s Subacute Test

A subacute test makes 1t possible to obtain information for
resolving the following questions:

1, Studying the degree of cumulative properties - of & aub-
stance,

2. Revealing the functiona, organs and systems of the body
most vulnerable to the test subatance and its toxic amction mecha-
nism.

3. Obtaining the deta substantiating necessary conditions
for chronic sanitary-toxicologioal experiment (seleotion of
doses, tests).

in some omses when the toxicodynamics of a pubstance is known,
one may carry out, instead of the aubaouto test, some brief tests i
for establishing the degree ot cumulative proportiea of a substan-
ce. Tests are best carried out on the same animal species for
which the chromic experiment is planned.

Punctional indicators may also be used to assess the cumule-
tive properties of substances Q.M. Erasovsky et al., 1970) when
at leant tﬂree doses Of the substance are tested the difference
between them being 5-10-fold (for example, 1/10, 1/50, 1/250 of
.m.so). If the resulis of acute tests and calculation of nso plece
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the substance among compounds with pronounced cumulative propes-
tiea, the selected doses should dbe 1/250, 1/1000, 1/5000, eto.
The experiment should laat not leas than 20-30 days. In the
animals of all groups, the controls included, after taking the
background ipdicators into account and administering the selec-
ted doses of the substance, changes in these indicators are obpar-
ved on the 5th, 10th, 20th end 30th days of intoxication. It 1is
adviaable to carry out each exsmination 2-4 hours after the sub-
stance regular administration,

The test being over, the minimal effective (threshold)dose
of the substance is established for the conditions of this aub-
acute tasgt (B.M,Shtabsky, G.N.Kragoveky et al.y 1979). For assay-
ing the cumulation by this method, and assessing the degree of
hazardé the following scale may be used (1) subatances with the
ratio of the DLSO value to the established minimal effective dose
of up to 10 should be regarded as low-cumulative; (2) median-
cunuiative ~ up to 100; (3) highly-ctmulative - up to 1000 and
(4) super—cumula;ive - up to 10,000,

An advantage of this method of evaluasting the cumulative
properties of a substance is the possibility to select with
greater accuracy the test doses for s chronlc experiment, and,
in particular, a tentative value of the threshold dose. The mini-
mal effective dose which may prove close t¢ the threshold one in
a chronic experiment for low- and median-cumulative properties,
will be by nearly one order below the threahold dose established
in a cumulation test. .

¥Yhen a new pubstance has to be studied, end its action ia
practically unkpnown or hardly known from the literature, the dura-
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tion of the subacute tegt ghould be prolonged to 1,5~2 montha,
so that more can be learned about the toxicodynamica of the sub-
stance by administering high quantities and varying the kests.
This makes i1t easler to select the most mensitive testa for using
in a chronic experiment,

The end goal of a chronic experiment is to reveal the maximal
non-effective dose of a test pubatance, with account of which the
maximal allowable concentration (MAC) is recommended.

Laboratory sniﬁal species mopt sensitive to the test sub-
stance should be uged for the experiment. In cese of pronounced
interspecies differences in the gensitivity of laboratory ani-
mals (more than five-fold) or when the animals' bilclogical feat-
ures prevent or make difficult to utilize teats for studying some
specific function (for example, determination of vitamin C in
albino reats, study of the conditioned-reflex activity in guinea-
pigs and rabbits), it is advisable to oarry out a chromiec experi-
ment in the laboratory animale belonging to two different speci-
ege

When selecting doses it is advipable to use the method of
calculated predictions of chronic toxicity parameters.

Depending on the degree of the substance cumulative proper-
ties, 3-4 doses (concentrations) should be tested, the difference
between them being 5-10-fold. -

When using rats a chronic test should last at least 6 months,
when using guinea-pigs and rabbits - at least 8 months,

Test methods used in a chronic experiment, should be selec-

ted with account of the literary data on the toxicodynamics of the

3-1
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test substance, and also on the subacute tesat resultis. It s
important to use tests which integrally reflect the body function
tests of the conditioned-reflex activity, the body immuno-biologi-
cal reactivity, end its endoorine function, etc. Tests to study
the body functions specifically affected by the test substance
should also be applied,

Usgeful for detecting the minimal offa&t. of pollutants among
non-specific indicatore are tests of the behaviour reactions and
the conditioned-reflex method. )

It must be stressed that in mowt capes only the use of a com-
bination of integral and apecific indicators, aimed at the all-
round study of the body reactionms at different levela of its
organization, allows to reliably establish the threshold and
subthreghold concentrations (dowses) in a chromnic toxiocologioal
experiment.

Indicators of the body state and of its individual funotions
are determined at least once a month,with empty stomach in the mor-
ning, one hour after the administration of the substance test
doses., The frequency of tests depends on the specific features of
the function being investigated.

In o;-u when the chronic experiment is practically over,
yet the degree of toxic effect remains unclear, or when changes
obu;-vod earlier in the process of exposure have disappeared,
funotional load tests may be recommended., The mostly used func-
tional loﬂs, aimed at studying "constani® indicators, are the
galactose tolerance test, the sodium benzoate test, tests
with the administration of Bengal rose, vegetotropic subastances,
studiep of the RCG and EEG reactivity curves, etoc.
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However, the majority of recommended functional loads are
nonapecific, induecing functional atrain of a number of aystems
OF Organf.

A mpecific load with the test subatance proper 1ls free of
guch shortcomings (G.I.Irnuovskj and A.A.Korolev, 13969), Loading
with the substance should be used at the end of a chronic experi-
ment on all test animals, exposed to intoxication with various
doses of the test substance, including the controla.

This dose of the subgtance should produce its effect only
during the first hours following its administretion. The recommen-~
ded load dose may approximately be from 1/5 to 1/100 of the teat
subsiance DLSO' depending on its cumulative properties. The
effect of the melected load dose should be recorded every hour
for 3-4 hours, giving speclal attention to the degree, stability
and direction of the changes in primearily those indicators which
proved the mopt pensitive in the chronic experiment, or whose
changes ﬁuring the preceding period of the experiment were doubt-
ful.

The data obtained in a chronic experiment should be sudbjec-
ted to statistical treatment for establishing the significance
of the changes found in the functions under axamination,

Far from every experimental material obtained ghould be
subjected to statistical treatment, For example when there is a
close approximation of the arithmetic means (M) of the control
and of the test, statistical treatment of data i1s not needed,
aince the validity of differences between the test and control
figures may be spssumed beforehand.

3-2
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By observing these recommendations in chronic experiment,
the maximal non-effective dose (MND) can be determined puffioi-
ently accurately. By comparing the MND with threshold effects of
the test substance on the organoleptic properties of the water
and the sanitary conditions of the reservoir, 1t is possibdle
to determine the recommended MAC value and the oritical indica~
tor of hazardnese.

Unlike labour hygliene, concentration retes for the environ-
ment are slaborated on the basis of seversl indicators of hazard,
for exemple, two such indicators are used for drinking water, and
three for water reservolirs: the organoleptic, general sanltary,
and toxicological indicators., It teakes a comparatively short
time for the experimental substantiation of the threshold values
of the first two indicators (a few daye or 1~3 weeks), so that
it is not necessary to resort to rapld wmethods for them. At the
pame time, they aro‘tho oneg, whioch in most cases determine MACa.
Por example, the ratings for 60 per cent of subatances glready
studied have been established according to the oréanolgﬁtio
oriterion of hazard; moreover, for wmost compounds the gap between
the threshcld concenirations by the first two 1ndiéatoru aqd the
safe levels by the toxlcological indicator of hazard 1e, es a
rule, considerable and may reeach from 1,000 to 10,000 times and
more,

So the variants of methodological techniques for hyglenic
rating of substances in water were elaborated with all this
in mind, and generalized in a step~by~step rate-setiing chart
(G.N.Krasovsky, 1977).
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The components of a atep—by-atQp establishment of hygienic
MACs are s methodologiocal chart and the hagard classification of
substances for determining the necessary and sufficient scope
of investigations.

able

Substances Classifiocation According to Hazard in m
Step-by~3tep Eatablishment of MACs

Order of substance Oriterion Class of hazard

hazard evaluation rs secon our

{extre- (highly <(hazer- (woderate-
mely hazar- doua) 1y hazar-

hazar- doua) dous)
dous)
1 MNC/2C, 1 1-10 10
!HC/TG,an 1 1-10 0
2 IIG.‘S/-‘I 0,001 0,001-0.1 0.1 10 10
" Bl MeD 108 105-10%  10%-10% 10*
TDp.r/TDE.n 1 1=-10 10-100 100

The chart provides for the broad utilization of sstimetion
methods at each step. We regard the results of the predicticn of
chronic toxicity parameters derived by caleulation methods to
be an additional safety criterionm,

The application of the step-by-step rating allows to slash
the time of MACs substantiation by 10 to 20 times for 50-70 per

cent substances,
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EXPRESS TOXICOLOGICAL TESTS OF WATER POLLUTANTS

2.I. Zholdakova

At the preasent time systematic sanitary monitoring of water
quality is carried out predominantly with the help of & whole met
of chemical methoda of testing.

The use of physico-chemical methode if justified when pota-
ble water i1a drawn from subsurface aquifers, particularly through
artesian weils which supply water of mstable compogition (if con-
fined water is not polluted). In this cese it is practicable to
determine the water's ingredients in spot or periodic tests,
while current monitoring will concontrate on those chemical fac-
tors which are regulated by the existing potable water quality
atandards,

However, in certain cases there may occur changes in the
confined water's chemical composition and the deterioration of
its normally astable quality as a result of unexpected pollution
by agricultural chemicalm, fertiliszera, sespage from the nearby
garbage dumps, etc. Such cccurrencss may call for expreass methods
of identifying the harmful chemical substances polluting the
water.

When open bodies of water are used ap sources of water
supply the health~hesard problem ip even more complex. The che-
nlcal composition of thelr water is liable to coneiderables va-
riation. In addition to such inevitable factors effecting water
composition as seasonal and c¢limatic variations, there are

a number of men-made causes. According to the findings of a WHO
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penel of experts (1970), water bodies are being intensively poilu-
ted not only in the industrially-~developed but also in the develop-
ing countries.

The need to monitor the chemical compomition of open water
bodies steme alpo from the fact that most of the subetances it
containe pees through modern water treatment faclilities mimost
unchanged.

It should be pointed out that the existing atﬁndarﬂa cover
only & limited number of chemical ingredients. For example, the
U8 standards provide for the control of 30-40 indices, the WHO
standarde include a slightly larger number of indices, while un-
der the USSK law 30 substances are gubject to reguletion. In con-
trast, the natursl cheaical components of water alone include
between 60 to 90 elements in the periodic table, to say nothing
of numerous compounds whose concentrations and combination ratios
may differ greatly in every region.

The exact amount of chemicale discharged into the environ-
ment ip difficult to sstimate. For example, according to Ameri-
can date, betwsen 200 to 400 compounds of induptrial origin may
be discharged intc water bodiee and find their way into drinking
water. It would be wrong, however, to conclude that mll tap wa-
ter is certain to contain hundreds of substances, although the
presence of many of them in drinking water 1s quite likely.

For example, T2 orgenic substances have been found in tap water
in five American cities,

Along with the permenent causes of water pollution there
oxists & danger of psudden draustic water quality changes exempli-

fied by storm run-offe which contain fertilizers and pesticides,
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or brought sbout by industrial accldehts as a result of highway
or railroad accidente in the vicinity of water bdodies, nas well
as 8 reeult of accidents on inner waterwaye which are accompa-
nied by magaive discherge of peiroleum products, toxic chemicals,
ete. Tetraethyl lemd may find its wey into water bodies as a re-
sult of unauthoriszed and uncontrolled washing of tanke and other
containers used for the storage and transportation of gesoline.
In sumsary, there ia a danger of both one-time "flash" polluting
discharges and permanent inputes of non-natural chemical compounds
into water bodies uged as sources of potable water. This calls
for two types of control: systematic control over substance which
as a rgsult of toxicological testis have peen ghown to permanently
reside in water and control over new cheﬁical factors.

The presence of unidehtified hagardous factors could be
promptly aecertained, though only approximately, with the help
of bio-aseays. Certain public water-utilities have tried to con-
trol tap water quality using assaye of fish, other aquatic life
and plantﬁ placed in aquariume through which tap water is conti-
nuously pumped. At the saeme time biological control methods have
a number of drawbacka. For example, the use of just one type of
bio-assay does not apsure sufficient reliability of control, be-
cause the sensitivity of aquatic life to different groupe of
subgtances differs from species to speciem and from class to
class.

Water quplity control based on the lethal effect on aguatic
1life is not reliable enough, eince concentrations toxic to it
frequently end to & coneiderasble extent exceed the pafety levels
for man.
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In addition, low-intensity chemical factors bring about the
impeirment of agquatic life only after a certain pericd of time,
which rules out the use of blological testing as an expregs me-
thod of water quality control. Bio-assay methods cannot be used
to control all water quality indices, for example its organolep-
tic properties. The following data may be used to illustrate
these obgervations. 4s & rule, lethal concentratlons for fish
{(V.V. Metelev et al.) and harmless long-term levels for man do
not coincide. A number of substances (nitrites, calelum salte,
lead, etc.) kill fish in concentrations which are 100 to 10,000
times greater than the hyglenic MACs, whereas it takes a concen-
tration of cyanldes equal to one-fiftieth of the MAC to produce
the same effect. Thie means that in a number of cases the disco-
very of a lethal effect on aquatic life will be made only when
the pollution h&es already reached a level hagardous to man. In
other cages, the lethal effect on aquatic life may result in
an unduly pesgimistic assessment.

With a view to elucidating the poseibility of using lower
animal ppecles as targeta for bilological testing in predietions
of toxicity to higher animal species and man, G.N. Krasoveky et
al, (1973) carried out a comparigon of lethal mmounts for diffe-
rent animal clapses and species. The comparison has ghown that
there is no mathematicel correapondence betieen chemical toxici-
ties for man and bacteria (aquatic sapropnytes) in terms of BOD-
the correlation coefficient is 0.15. The values of DL50 for rats

and CL50 for fish have been shown to correlste but weakly: the

@ correlation coefficient ia 0.49 *0.68. 1he correlation coeffici-

gs ent for rate and Daphnia, obtained on the bamis of the toxici-

0

41
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ties of 49 substiances, was 0.525 10.125. It is characteristic that
certain substances were highly toxic for aguatic life and little
toxic fur mammals, whersas vegetotrophic compounds, certain nar-
cotice, and other substances highly toxic for man and higher ani-
mal species, produced practically no effect on fish end Laphnia,
The role of the stage of philogenetic development in sensitivity
to toxic Bubstances ia further proved by the folluwing series of
correlation coefficients between toxicity for rate and those for
a group of other vertebrates - fish, amphibia, birds, cats and
man: 0.490; 0.619; 0.821; 0,905; 0.8631. A higher degree of corre-
lation might be obtained in the investigations of individual
claseen of spubstances taking into account the mechanisms of thelr
action ap well as in the comparisons of the date obtained under
atandard conditions. Por example, H. Ksnemann found the CLsO for
the guppy (Poecilie reticulata) under standard conditions - sta-
ble temperature, hardness, galt compoaition, etc. - of water gua-
1ity. We have compared Kanmann's data with a ﬁinimum ineffective
dowse (MED), a threshold dose {Th) and the DLSO values determined
by us on the basis of the standard methodology. The analysis of
toxic effects of 17 chlorine derivatives of bengene on white
rate and fish has produced the following dependable equations:

1g Dlgy = 0.21 1g gy o + 3.06 r = 0.85; 8 = 0.18 (1)

1g MED = 0.59 1g LGSO p + 3.07 r = 0.743 B = 0.77 (2)

lg TD = 0.62 1g b050 p - 2.3 r = 0,79; 8 = 0,74 (3

The second series of 15 substances included xylol isomers

and chlorine derivativee of toluene, Bs well as halogen-subgti-
tuted aliphatic compounds, including esters, 1n other worde it
was ptructurelly inhomogeneous. The equations in this group do

not have the necessary level of confidence;
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1g Dlgg = 0.17 1g LCgq, p* 2.79 r=0.47T 8 =0.54 (4}
lg MDD = 0.37 1g LCSO o~ 2.7 r = 0.60 8 = 0.70 {5)
lg TD = 0.15 1g L050 p " 0.9Y r = 0.35 s = 0.68 (6)

The aggregation of the subetances in the first and the ae-
cond groups intou one seriea did not produce & sufficiently high
level of confidence either.

It followas thet eignificant correlations between toxicities
for aquatic life and mammals can be obtained for structurally
close compounds. However, it is seen from the above equationa
that the toxicological parametera may differ by 2-3 orders of
magnitude.

The conclusion is that attempts to use just one species of
aquatic life, one tissue culture or one gpecies of microorganism
(e.g. B.thyphy murium) for bio-aseays are hardly justified,
while a system of bic-mssays taking into account ite sensitivity
to different classes of spubstances would assure a much more re-
liable biological control.

In summary, the existing biclogical methods permit integ-
ral assessments of hazardous changes in the chemical composition
of water, while chemical analytical methods are more relisasble
for the identification of individual pollutants. However, health-
oriented interpretation of chemical measurements can be based
only on the exigting maximum allowable concentrations (MAC) for
mnan.

It takes severnl skilled toxicologists two or three years
to cume up with geientifically substantiated meximum allowable
concentrations. That is why, when there is no time for a comp-

lete health-oriented tuxicological assessment of a substance,
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one needs 8 set of prompt and economical methods of predicting
1tg toxicity and eafe levels for the bioclogical and ph&aical ob-
jects of the environment. The most economical solution is the
adaptation of other countries' official safe levels to the ob-
Jjectives sought by one's own country. If the two countrles use
identieal basic principles and methodologies for the elaboration
of safe levels, they may be adopted without any modificationas.
The research carried out within the CMEA framework 18 a good
example of such common use of data. At the lnitiel stage the
opeclaliste from the CMEA member-states agreed on common metho-
dology and requirements to be met by chemical toxicity atudies
and the elesboration of MACe for aquatic life snd plents. This
wap followed by the practical use of the MACe developed by some
CMEA membere by other member-states in their sanitary legisla-
tion. A similar example is provided by the WHO stendard of po-
table water quality which waa arrived at after the analysis and
generalization of several countries' experience and the final
discussion and adoption of the standardiged values by = panel
of experts.

It haes been shown that the imndices of epproximately 70 sub-
stances figuring in the US drinking water standards can be used
1o improve the corresponding USSR stendard. Similarly, a number
of indices produced by Holland and Norwey can be usmed for the
purpcse. This goes to illustrate the point in certain cases gafe
levels produced by one country cen be transfered into the legip~
lation of another country without any modifications. However,
it ia better to adapt these standards to the nationsl legisla-

tion in the light of accumulai.ed experience. Investigations car-
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ried out in Professor G.N. Krasovsky'a laboratory have shown that
even in cases when the methods used to produce pafe levels do not
quite coincide, it is possible to use correlation-regresaion ana-
lysis to determine & pattern which governs pessible adaptations.
It has been shown, for example, that the most relisble equations
are produced on the besis of comparisona of toxiciiy data beiween
groupe of structurally similar compounds. As & result, subseguent
ptudies were aimed at correlations between toxicity indices ob-
tained in the elaboration of the MACa of chemical ,2llutante in
atmospheric air, the air of the working sone and open water bo-
dies, along with Weet German and U3 MACa, for the subatances mekw
ing up two sufficiently studied groups: aromatic hydrocarbons
and fat-containing amines -~ a total of 36 substances. In & num-
ber of equations 1t has proved to be possible to use West German
MACs for the sir of the working zone. For example, the following

equetions were obtalned for fat-containing smines:

1g DL50 = 2.69% + 0.339 1g West German MAC (N
r = 0.881 p  0.01
1lg 7L50 = 2.62 + 0.605 x 1g West Gexrman MAC (8)
r = 0.54% (p » 0.01)

In a majority of cases the correlation coefficienta calcu-
lated for the totality of the two groafs of substance d4id not
reflect their actual inter-dependence within each group, which
seems to be due to the different toxic effect mechanisms ob ben-
zene and amines.

The prediction of MACe in water on the basie of the stan-
dards esimsblished for other environmental objecte presents a par-

ticular interest, since it 1s besed on materials which have the
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greategt relevance to health. For example, formulas based on
MACs of the air of the working zone make 1t possible to calcu-
late such chronic toxiclty parameters as the overall toxic eff-
ect and the long-term {mutagenic, gonado- and embryotoxic) eff-

ects. Thie can be 1llustrated by the following equations:

lg NED = 0.60 g MAC,, - 1.31 (9
n= 133 r=0.55 20,06 ta 7.6
1g TD = 0.74 1g MAC,, - 0.37 (10}

ne122 ra=0.5 0,073 t = 8.1
where !

MAC'z - is the MAC of substances in the air of the work-

ing zone.

Modern toxicology uses mathemeticdal computations based on
the b}ological and physico-chemical properties of substances,
Since the toxicity and the reliability of predicted velues are
not one and the same thing, their choice should be dictated by
the objectives pursued. For exawmple, it has been shown by Lyub-
1158 et al., G.N. Kresoveky et al., and A.I. Zholdakova and
others that mathematical correlations between eimple physico-
chemical constants and the toxicity of substances is not sufli-
ciently trustworthy, since the constants do not reflect the
characteristic features of the mechaniams of intske and the
substance's action upon its entry into the digestive tract.
Molecular constants seem to be the most acceptable, since they
characterize the structural peculiarities of chemical conpounda.‘

The search for correlationsg between the inagnitude of tox-
ic effect and the chemical structure ie substaniiated and logpi-

cal aince it is precisely & combination of geveral molecular
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parameters and their interaction that largely determine the pubg-
tances' mechanism of action and the degree of toxicity.

Shitskova et al., 13973, succeeded in ueing such physico-
chemical constants as Taft'a coefficient, the dipole moment, the
ionigzation potential and polarizabiliiy in the predictions of
%ACB in winter. ilowever, sll equations thus obtained were derived
on the assumption of the correlation between the MACs i1 one of
the conatants under study. We can hardly agree with ihe correct-
negg and credibility of this method of derivation, eince it is
by far not in sll caees that toxicity is determined by just one
physico-chemical factor.

Correlating biological activity with a group of mclecular
constants supgested by Hanasch (1976) peems more reliable.

Another approach to the prediction of the toxicity and ha-
zard of chemical pellutants of water consists in the combined
use of & short-term toxicological experiment and a computational
procedure based on eguations.

Several equationg have been suggested to calculate the MED
and the 1D of substances on the basis of bLsoi ’

1g kD = 0.30 x 1§ DLyg - 3.60 {(11)
n = 260 r = 0,52

1g ™0 = 0.99 x 1g LLgy = 2.83 (12)
n = 236 r = 0.55

lg wbl = 0.886 x 1g DLyy ~ 3.602 (13)
n = 30 r= 0,373

However, the equations are applicable cnly to moderately
cunmulative substances, piuce they teke into account only one of

the chronic toxicity components - the value of acute toxicity.
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1he second component which greatly influences the MED of the chro-

ni¢ experiment - the cumulative effect of substimnces - ia not inec-
luded in the equations. This makes it obvious that the equations
predicting the MED on the bagis of DLSO cannot be used directly,
solely on the basis of the resulte of acute experimentas. The
equations' accurscy and rellesbility may be greatly heightened by
an additional experiment consisting in repeating the adﬁinistrﬂ-
tion of a substance with a view to identifying its cumulative
effect, accompanied by determination of its adjustment coeffici-
ents whose magnitude is proportionate to the magnitude of the
cumulative effect. It must be noted, huwever, that the time re-
quired for the computation of the corresponding MED estimate inc-
reases to 1-4 months.

Used for masessing cumulative effects of the substance dir-
ectly on the basis of the acute experiment data waa the aversge
extinction time of animale (aquatic life) suggested by B.M. Shtab-
aky as a parameter characterizing the cumilative effect. A method
of computational and graphical determination of average extinc-
tion times ETSO corresponding to DL50 ;Es elaborated and a corr-
elation between this index and the _EEEQ agsessment of ocumu-
lgtive effecta (G.N. Krasoveky et al., 1976) was found.

Our data show that intercomparisone of different forme of
correlation is productive in few cases only, since making a mo-
del more complex does not slways result in a hipher confidence
level. Our investigations have confirmed the assertion made by
E.I.Lyublina (1979) to the effect that ae far as toxicity para-
meters &re concerned (DLSO' MED, etc.) logarithmie dependence

is preferable, since the simple mathematical averaging of these
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parameters resultsm in greater errors in the case of the most toxie
substances which are.also the most relevant in the discussion of
health problems.

It should be pointed out. however, that the indiscriminate
use of even the mopt refined mathematical methods may still re-
gult in errors, because the logical linke beiween the parameters
under study should remain the overriding principle in the deve-
lopment of new formulas.

An example of such indiécriminate use of mathematical mo-
dels can be provided by the pearch for the correlation betmween
the smell and the toxicity of substances, the smell and the mole-
cular mass, B well as by attempts to compute toxicologicel para-
meters on the besls of MACs in water which are normally based

on one of the following three indices of harmfulnees; the orga-

noleptic, sanitary and toxicological.

During the lest few years different authors suggested 400
mathematical equations to be uged to compute m variety of toxico-
hygienic parameters and the number is contlnuing to grow.

With 8 view to establiehing & definite order in the use of compu-
tationel methods we have developed the following guiding princi-
ples:

1. The principle of logie, amccording to which theose predic-
tion methods are to be given priority, is based on in-
dices which are linked by direct, logicel and pathoge-
nic dependence.

2. The principle of comprehensiveness in the use of compu-
tationel equetions according to which a computation of

a chronic toxicity parameter should be based on the use

5-1
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of several equations (not lems than 2 or 3) including
ditferent conetante and indices.

The principle of preference which means that whenever
there is extengive 1lnformation on a substance and & poa~-
eibility of caloulating 1ts chronic toxicity parameters
on the basis of many constants and indices, the ones to
be preferred are thoee which are morxe reliable and re-
levant to hoalth; in the following order of preference:
physico-chemical constantes - toxicometrie indicee (DLSO.
CL5O‘ ETSO) and MACs in other environmente. Equatione
for individual classes of chemical compounds are to be
given preference.

The principle of a atage-by-stage approach acoording to
which the reliability of prediction increases as new
information on the subject ip amapsed in the following
sequence: physico-chemical constante - cumulative eff-~
ectas ~ the repults of subacute experiments.

The principle of limitation which mesns that the levels
of substances with posslble long~tem effects safe for
man cannot be deduced from indices deascribing general
toxic effects. Predictions of safe levels of such aub-
stancee should be baeed on equatione using MACs in
other environmental objects or threshold doses found

in the courese of express experiments taking long-term
effects into account,

The principle of optimization which megna; 1f the re-
sults obtalned with the helyp of threefdiffarent equa-

tions are close %o one mnother, the amallest one iB to
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be used; if two of the values obtained are too divergent,
none of them can be used and the prediction experiment
ig to be continued until 2 or 3 convergent values are
obtained.

The principlé of correspondence which means that the pre-
dicted value's degree of precimion should correspond to
itas purpose. For example, in a chronic experiment doses
are to be gelected on the baaie of the equationm with
limited precision and reliability, whereas the predic-
tion of levels safe for man ghould be bmsed only on the

uge of high=-precision methods.

The use of express metheds of health-oriented regulation

is both necessary and poseible since 1t ie besed on & golid eecl-

entific foundation.

The problem of the prompt development of health standarde

should not be recuced to the prediction of time-weighted averages,

T1.e uge of the laiter is justified in certain instances only: et

initial research and development stages, during femeibility stu-

dies, prototype tests, etc., with a view to determining the re-

quired sensitivity of ihe anaiytical methode to water guality

control objectives or to replacing process substances by leams

hazardous ones.

A peneralized scheme of stage-by-stege regulation of sub-

stances in water using several methodologies hag been suggested

(G.N. Krasovsky, 1977).

5-2
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Methodologlcal Aspecte of Toxicologloal Research
into Desalinated Water Quality Evaluatioh
Yu.A.Rakhmanin

Desalination may involve & change in watsr'e atate of

aggragation or do without it.
Prog

gatton.

This group of methods {freezing and espscially dlstilla-
tion) 1s characterized by profound structural changss of wa-
ter, including alteration of i{te gas, macroeiement, microele-
ment, organic and microorganism content.

Dietillation. The eum totel of transformations
to which they are subjected maken diastillates produced by in-
dustrial desalination plents the poorest sort of fresh weter
from the hyglens point of view. It has been shown that comp-
lately salt;rree and weakly mineralized (up to 100 mg/l) de-
aa}lnatad water ls phyelologlically unwholesome in ilte palt
contents its consumption results in & deregulation of the wa=-
ter-salt balance, its other negative effecte lncluding in-
ereagsed excreation of water, so-oslled "leaching" or certain
galte from the organism (primarily electrolytes - Na, K,

Cl and Ca), excesslve straln on the water-salt homeostanis
reguletory systems {(changes 1n electrolyte conceatrations

tn the blood a;rum, water-spece ratio and the pitultary -ed-
renal function), destructive changee in the gastro-intestinal
mnucoue nenh}nne. chenges in the secretory function and the
musculayr tenslon of the stonéen. np well as lower capacity

to quench a thirst. (18, 14, 7, 1, 16).
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Absence or low levele of hardness salte, primarily ocal~
ctum,_in desalinated water, have the effect of changing the
phosphorus-caleium exchenge towards the reduction of bone
tissue mineral paturation, depletion of calcium, reduced ac-
tivity of alkeli phosphatase in blood serum and alteratiocn
of the thyroid functional state. According to M.F. Stiff
(1971), the reduction of bicarbonate hardnees of water may
heighten the toxioc effect of copper and eome other elements.
The addition 9:'1.5 mg. equiv/l of caloium to desslinated wa-
ter pallistes the changes. The sddition of 1.5 mg.equiv/l of
calolum sccompanied by bringing water alkalinity to 0.5 mg.
aquiv/1 (HCO4 - 30 rg/1) improves desalinated water's taste,
sherply reduses its corrcsivity and inoreasse quality otabi-
1ity.

Dietillation largely removes most of the nloroele-entg
from water. At the seme time, distilled water may have ele-~
vated contente of certmin microelements (bromine, iron, cop-
per, nickel and msngmness). Studlieg have ghown that bromine
may produce significant biologlcal effeatar 1t can affect
the central nervous eystem, entyme systems, blood composl-
ticn end a number of important functions of the orgeanism.

An tmportant oharacteristic of Qae distlllation procesa
is that it puts up 8 berrier in the way of orgenlc pollu-
tants. Depending on the quality of erude water, oxydizabili~
ty may be reduced by a factor of 3 to 10, Cancerogenic sub-
stancea ere completely removed by high-temperature’distilla-

tion. On the other hand, the so-called "light‘: organlc pub=
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stances which have boiling pointe below 110°G, buaild up in
it in concentrations higher than those in crude water = an
example is pollution with phenols whose concentrations in
distilled water may be a factor 1.5 or 2 higher than in
crude water (15),

It wap shown that organic impurities of qlstilled wa-
ter were mostly made up of methamol-goluble substances (z 56
per ceng), including oxygen-contafining ones, many of which
are natural components of sea water (plancton degradation
proﬁncte,_vltgl activity producta of higher marine vegeta-
tion and animals). The seoond group (3 6 per cant) compri-
sed pollutante which hed entered sse weter with industrial
and domestic sewage (fo; exampla, detergenta). Substancesz
of groupe III and IV were present in ilnsignificent amounte
(batween 1 and 2 per cent) and comprimed mainly oxygen~
containing polar compounds. Group VII wams represented by
phenols (¥ 6 per cent) and Croup VIII (s 28 par cent) -
by neutral compounds moetly organic subntances of oil ori-
gin (3},

Among other major sources of pollution of the finlshed
product rre reagents and polymers used s technological or
atructural_materials {water-repelling hest-tranafer agent
piping of heat exchangers, anti-corrosion linings and antl-

mealing compourdds).
Freese depalination

Thie group of processes makes it possible to obtaln de-
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snlinuted water of any level of minsrelizetion, depend ing
on the extent of ice washing-off. The efficliency of depa-
lination alwo depends on the fce orystelliration rete which -
determinee the amlze and quality (purity) of ice orystals.

The preliminary dete obtained on the blologlcal proper-
ties of desallnated water of different structure (6}, along
with numercus dats reported in l}taratura on tha favourable
effect of thaw water on & living orgenism (4) provide evi-
dence of the mdvantegee offered by freeze desallnatlon in
this réapaot.

A characteristic feature of the frcete-desalination me-
thods is that they tend to pollute deealinnted water with
cooling egents. Thelr reaidual concentrations in desalina~-
ted water must act be more than 0.2 mg/l for butilene and

%0 @/l for freon-12 and freon-22.

¥embrene and JTon-Exchange Procepgeg

Thia group of methods 1s cherncterized by partisl desa-
lination, with the exception of lon exchange which may be
used in induetry for deep desalination of water. Their use
does not involve any change in water's atate‘of aggregatian,

£leotrodialye i e, Desalination afficlency
of the method 1ep directly proporticnate to the curreat den-~
elty and the duration of the deealination cycle. It aimo de-
pends on the membranes’ selectivity, the degree of minerali-

¢zatlion mnd the composltion of crude water.

6-1
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Elnotrodinlyals atarply reducas (by approximntaly ona
Helf) the content of moat common organic Llmpuritiece = patro-
laum prodncts, cencerognnic and surface-activa pubatances,
2nd removes 30-35 per cent of phencle.

Reveren osmoaos i 8. Daenlination affialency
of reverse osmosle 1 directly proportionets to the membra-
nes srlectivity, while pirnt produotivity is inverasely pro-
portionnte to it.

A apaoific faature of this group of mathods ie not only
the high dogallination affficlency but almso the high {much hi=-
ghor than in the caec of eleotrodlalysis) degrae of romoval
of organle Impurlties and mlcroorgenisme’ even with mrmbra-
nes seleotivity of 70 per cent with respcot to Ha, 01, re-
verss oemoelo removee 52, 88 end 70 por cant of petrolaum
producte, oencerogenio and enrfece-noting, nrubatancee, res-
pectively.

Fembrene methoda are not afficient enough tn removing
such bliologically netive mioroslements ns bromine and boron
which mry have a number of negative effectal genaral toxio
{affecting hydroearbon metabclism and enzyme aystemn), embryo-
toxic, gonedotoxie and terratogenic effeots. In spite of the
fagt that, with laitial bromine and boron concentrations in
sea water of €0 and 4.5 wg/l reepeotively effticiency, of
their holdback by electrodialyels 1s 97 nnd 60 per cent re-
epectively, the two elements’ rasidusl concentratione in de-
oallnnteé water (1-2 mg/1) are stil) much higher than e.g.
Soviet hygienies standerds for bromine and bdoren « 0.2 and

0.5 lg’lo
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Since electrodialysls and reverse osmosis lnatallations
pommonly use polymers as irpermeable membrenes, underlylng
and supporting materials and drainagea, individuerl organie
substencee weshed out of theee materlale mey find their way
into desalinated water.

An investigation of most comﬁon polymer materials (lo-
nite, membranes, acetylcellulose, nylon and polyamid filme,
polyviayl chlorid plastic myplast, paronlte, etc.) hes shown
thet rt the Initia] stage of the desslination plante opera-
tion 1haurflc1ent waaghlng of filterlng and structural pote-
riela, #8 well.. as accelerated destruction of certain poly-
mer structural materiels after prolounged usa may introduce
certnin chemicals as well as unidentifled organlc matter
into desalinated water, This may negetively affeot organo=-
leptioc and blological properties of degalineted water.

This mokee 1t necessary, firat, to wash unpolymerized
organic eubastances off polymer matearials, end, ancondly, to
coatrol their residusl content in deseallinated water. Accord-
ing to some data obtalned in the USSR, thie latter should
not be in excess {(depending on the polymer materials ueed)
of 0.1 ng/1 for styrena, 0.0V ag/l for eplchlorohydrin in
the ceme of electrodialyses, and of 0.4 mg/l for dimethyl-
acetamide, 0.0% mg/l for formaldehyds, 1 mg/l for phthalies
scid and 0,009 for phenol in the case of reveree ocasmosis.

Ion exchang e. The method can be used for se-
lective removal or replecement of individusl salt ions (eof-

tening, celcium, eapfchment),

6-2
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It has been entablishad that tha complatencsa of the

sxohange lnoreeses with wnlenoy or with tha lncrease of
atomic number. lon exochsnge deeslination le notable for its
-high etflcléncy, cf lron and nitrates removal.

A garious drawback of "a: catlon watar moftening 1w
the high mikalinity of water. In vivo nnd Ln vitro studiee
(2) have shown that nlevated alkalinity of drinking water
deragulates the acldelkall bmlmnce and the water-salt ox-
change. Ag a consaquence, blearbonate content of water
should net ba in excoms of 6.5 mg. equiv/1l (400 mg/l1), and
‘sodium content = npot In excens of 200 mr/l, ¥ater alkalli~
nlty may bm reduced with the help of lime pretrastmaent, as
well as combined or prrallel H- and Na~cation axchange.

It hre been msteblished that lonitee normmlly contain
unpolymerized matter and producta of mccompanying reactlions
and, in the case of polymer "agalng™ - producte of their de~
strunotiont phanol, etyrena, formaldenhyde, eto. As a conne-
quance, ilnitial and prolonged ume of fon-exchanga resins
(sverrgn 11fe time of lonitea is betwenn 1 and 5 yenre) may
reeult in a deterioration of watar's organoleptioc propsrti=~
oo {smell, tasta) and lncreaned oxldability. Laboratory ani-
mnla have bean shown to Be nepatively affected by water de-
salinated with insufftolently clean lonites., (13, %),

Comparisons of different desalination methods should be
baaeq on all-round evaluations of reagents at the stage of
laborutbry aspasement of fnduetria) prototypes which imclu-

de aa necsesary stage the study of the reactant's possible
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influencs on water's blologleal properties with a view to
detarmining the nature mnd degres of thelr potential hazard
for aquatic organisme (1nc1ﬁd1ng mieroflora} and warm-blood-
ed enimnln. above

In euch studles it 1p usaful to take into socount theY
specifioc propertirs of water desalinnted by d1ifferent me-
thods and the possible tranaformations of reactants durlng
the deenlinntlion process. This can be done on sceled-down
modals of desallinntion plants. Toxloologleal moeepament of
reactents are cnrried out on warm-blooded mnimels, normally
in acnte, subscute mnd chronlo expsriments (lagting 10-12
monthe) with mocount taken, deponding on the biologlcal pro-
perties, of poaslble long-term effectst gonadotoxic, embryo-
toxis, mutaganie, cnncarcganic and ellergenic cnes. '

Health semcesments of etructural and technologlcal maw
tarinle, mainly polymerm, ore alwo based on the above consi-
derntions. At the same time they must "include the whole ran-
gn of both known and unidentified subetances which may he
leached from polymars after thelr degradstion by prolonged
use or 8 resldues of unpolymerized initisl producte. Thie
calls for additional investigetions of levels and migration
rates of individual organle substances and combinations of
them pasaing from polymers to aqueous environments both ua-
der extraction conditlons and in the ocoursce of nqdel experi=
manta. Total oarbon, polar and unbolar hydrocarbon oontent.'

permanganate and bichromatic oxidizabllity, ratee of bioche-
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mical and chemioal oxygen uptake are emong major direct an&
indirect integrel indicators of weter pollution by organlio
subatances,

It 1e believed (11) that heslth ascesaments of struc~
tural and technological mnteriels are primerily dealgned to
determine and regulrte permiseible levels of migration of
hazardous chemical substances from them into weter environe
ment. Bearing in mind the variety of factors which may 1a-
fluence the levels and rates of migratlon of chemical gub-
agtances from etructural and technological! meterials into wa-
ter (specific area, time of contact with water, temperature,
mineral content, pH, weshlag time, etc.), prompt, accurate
and comprehenalve health asvessments of these mrterials can
be obtalned with the help of mathemetlesl modelilng of mul=
tifactor experimentws.

The above charecterietice of desalinetlon technologias
and quality of desalinated water have led .to a need to work
out additional criteria, indexes &nd standarde of water qua~
1ity. ‘

According to the naticnal, European and internatlonal
standarde the traditional indexes 0f fresh water quality
include first of all ealt, microelement and microbiel com-
positicn, while existing standarde for potable water quali-
ty are primerily bessed on the higher {(maximum permiesible)
limits of the indexes which ere sought to be regulated. It
le these main indexes whose cholce is dictated by the requi

rements of the exleting etandards that uaoderlie the univer-
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sally recognized criteria of potable water gualltyt good ore-
ganoleptic propertles, hariless chemical composition and epl-
demiologlical pafety.

In nooeacments of dopalinated water gquellty, great a;g-
nificance 1o nleo attached to such lndexes ne organio mat-
ter contant, the atrnoture of water moleculas, deuterium ocon=-
tent and certaln characterintics of the miecrobisl compositi-
on of salt water {lnoluding eca and ocesn water).

Theae indaxes, along with the preceding group 6! ones,
call for the use of auch mdditlonal quality criteria {46)
na phystologioal wholenomennes and stable guality.

So the quallty of desalinnted potable water not only.
muet snewar to n opeciflc ctandard usod by a country (inter
national, European or natlonal as the cape may bn), but alno'
mest a8 mmbar of other hyglene requiremente which are deater-
mined by the spsoific fenatures 0f technologlas used for the
desalination of salt and beackish watere.

- minimum necesssry lovel of mineralization - 100 ng/l,

~ optimal minerelization limits ofs ! '

- chioplde-sulphrte waters = from 200 to 400 mg/1,

~ hydroonrbonate watere - from 250 to 500 ng/1,

« peximum parmiesible alkaltnity of water - 6.5 mg.

equiv/l,

= minimum nnoeseary alkalinity of water ~ 0.5 mag.equiv/l,

~ minimum necessary water hardnese - 1.5 mg.oquiv/i,

~ pinimum oaloium conteat = 30 mg/l,
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-* boren content - not in excess of 0.5 mg/1,

~ bromine coatent ~ not in excess of 0.2 mg/l,

- temperature of water supplied to the consumer - not

higher then 25°C,

- podlum content - not 1n excess of 200 mg/l.

Whenever 1t le necessary to coatrol the conteant of s num-
bér of other microelements in desalineted potable water,cne
way be gulded by thelr maximum permiseible concentratlions used
in the USSR {see Teble 1).

All the sbove-mentioned considerations helped to revsal
the following bagic pecullspities of the biological activity
of desalinated drinking wateri ‘ e

- While controlling the macro- and microelemont compo-
gltion it 1s necessary to conduot aa input-output analysls
in order to determine the relative role of the studled ele-
mente entering the organism with water and food and then ex-
oreted. Besldes, the difference ratio betwasen the studfed le-
vels of exposure should not exceed & factor of two and the
teat period ehould lest at least 10-12 months. While plann=
ing 8 test it 1 reasonable to apply a ayatems approaoch and
to model different “susceptibliity™ etates (atherosclerctic
cardioscleroste, myocardial ianfarction, reansl lneufflciency,
ate.) in order to verify the mechanism of revealed biologi~
cal effects;

- While amssessing the impact of resgeants and different

chemical substances contained in the original water on the
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Table 1

Maximum Permiseible Goncantrations (WPCs) of Selected

Chemical Elemants 1n Water Bodies

Element Symbol  Threshold coacentration f::{g""
/ toxicolo-;
o iEe® Tanitary boFontretin R0
' gloe [® mesa) [tme/2:
Bartum Ba2t 4 10 50 4
Berillium  BeZ* - " 0.01 0.,0002 0,000
Tungetsa ws* 6 0.1 X 0.1
Oobalt Co?* 1000 I 3 I
¥olybdenum Mo?" 10 5 0.5 0.5
Biokel Tl 50 0.1 I 0.1
Silver Ag - - 0,05 0,05
Strontiun  Sr?' 12 > 400 7 7
Antomony sp* 0.6 0.5 0,05 0,05
sp6* 0.6 0.5 0.05 0,05
Tellurium = 7p¢2% . - 0.01 0,01
reét 1.5 0.1 20 0,1
Titanium T 4.5 0.1 20 0.1

Sourcet PDK vredaykh veachchesty v vode vadoyomov MZ
S53SR, 1973 (MPCs of harmful substances in water bodies, the
USSE Ministry of Health, 1973).

0
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quality of denalirated water, it ie naooasnry.to take into
scocount m» possibility of = radical change In thelp toxico~
dynamic propertine as a result of a chemicrl tranaformation
or a frantlénal divigion (especially in case of high-tempa-
rature distillation), For thls purpose teste must be conduo-
tad In conditlone close to the technological onns) N

- In all testes with polycomponent compounds (saline oom=
position, polymer materisls, complex reagents, atc.) it ls
necesssry to take into account the complex effeot of mixtu-
rea of chemical subatances {elements) on the organism (for
1ngtanoe. cobalt and selenium reduce the amount of mrgnasi-
um and copper in the myocnrdiumj magneeinm providas protec-
tlon from the toxiolty of lithium on the one hand whiln Lte
shortage, oﬁ the other, encourages the precipltation of oal~
ofum in tha arteries} cmlotium blocks the abmorption of onde-
mium and leerd, oteés)e In this conneotion 1t is ressonably to
simultaneously use both specific and integral blologloml
testg. aspecially general and specific funotional loadel

- Whenever a poaitive result Ls obtalned after testing
a teschnology of water dmealinntion, it 1s by ell manns ne.
cessary to keep on chaoking in future the health of the pud-

1ic who uses this water as potable water,
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TOIICOLOGICAL CHARACTERIZATION OP WATER QUALITY
RESULTING FROM ITS THREATMENT AT WATERWORKS

N.Ya.Mikhailovaky

In recent years an ever greater attention of investigatore
has been drawn to ths problem of ptudying the influence of wa-
ter quality on publio health manifesting itself as the so-cal-
led long-term chronic effects - i,e, the growth of ocnmcological”
and genetic morbidity. A number of investigetors believe that
the ourrent difference in the incidence of cancer in different
regions, countries and even within one couniry can be associa-
ted with the etiological factors of the enviromment, 1l.9.-che-
mical carcinogenic substances of natural and technogenic origin
(Higginmon, Callum, 1976; Heath, 1978).

The chemical substances to which the increasing incidence of
various forms of malignant neoplesms is attriduted include a
vast group of halogen-containing compounds (HOOC): oﬁlofororl.
dichlorobromc-methans, dibromochloro-methane, tetrachloroethy-
lens and others, very frequently found'in drinking water. The
presence of thess compounds in drinking water is caused either
by their formation in the ocourse of water chlorinmmtion at the
waterworks treatment plants or by the pollution of water 'bodiu
with aewsge water conﬁin.lns these substances as a result of
chlorination for the purpose of sewage water decontamination,
or as & result of industrial use and production of ECC.

The problem of HCC tomtioxi. in partiocular the formation of
trihelowsthanes (THM) in the course of water ohlorimation
firest attracted public notioce in 1974 following the appearence
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of papera by Rook and Bellar who demonstrated that chlorinated
drinking water conteins a considerable proportiom of chloroform
and other THM.

Although low-molecular organochlorine subastances had been
pfbvioualy detected in natural water (e.g., carbon tetrechlori-
de and dichloroethane), Rook was the firat to relate the con-
tent of THM in drinking water to the process of ite chlorina-
tion. He detected THM in the chlorinated water of the Rhine
used for Rotterdam's water supply. The water conialpns a large
quantity of fuivic acids and humin baases and 18 ahlorinated
beyond the inflection point. According to his research, the
ovontent of chloroform reached 100(Hg/kg, and that of other HCQ
ranged from 5 to 25 @g/l.

In the same year Bellar with co-workers developed a techni-
que meking it posalble to quantify the amcunts of volatlile HCC
to within a few nanograms, They confirmed the presence of Tl
in chlorinated tap water. The highest THM content (37-150 @8/1)
wag found in drinking water pumped from surface water bhodiaas.
These compounds found their way into the water Es a rqault of
its chlorination, and the main factor reaponaibvle for thelr
formation was the presence of free chlorine in the water,

In this connection eerious concern for the health of the
people was aroused by the report of Haerris and Page (quot.
from Marx, 1974) who found cancer morbidity and mortality among
the population of the US state of Louisiana using chlorinated
water of the Mississippl as the source of thelr water supply
to be 15% higher than cancer mortality of people living in

the same state but using ground water. In c¢onsequence, & Bus-—



- 55 -
plcion was voiced that possible organic pollution of the Mispi-
snippl river may serve as the etiologlcal factor responbible
for the higher cancer morbidity among Louisiana's populatlion.
This apsumption was confirmed after the finding of 66 organie
compounds including HCC in the drinking water of New (Orleane
such e carbon tetrachloride, chlorofoerm, chlorcethane, dichlo-
roethane, etc., with the chleroform concentrations reaching 100
(\1&/1. In vivo experiments showed this chloroform to be quite
an aotive carcinogene: prolonged chloroform exposure to doses
of 50 and 100 mg/kg produced frequent (up to 57 per cent) for-
mation of hepatooellular carcinomas in mice, and of thyroid
oancer and renal epithelial tumore in rats (Page, Saffioti,
1976 Cantor, Mc.Cabe, 1978; Cszanadi, 1978).

A characteristio feature of this study, which hightened well
the interest in the water chlorination problem, was the disco-
very of the faot that the HCC content in the chlorinated drink-
ing water of New Orleans water-supply was several tinoa a8 high
as that in the untreated water of the Missisesippl.

The report of Harris and Page was the first in the subsequ~
ent meries of epidemioclogical observations aimed at ascertain-
ing the correlations between n_alignant neoplastic morbidity and
water chiorination. The results of these studies are presented
in the papers by De Rouen, Diem (1977), Buncher et al. (1977),
Cantor et al. (1977, 1978), Muller (1978}, and othet authors
who analyzed possible ocorrelations between cancer mortality
among the people of 932 distriots 1n the UBA and drinking water
chlorination, with dus attention to the impaot of ndciq-ocono—
mic and demographic factors as well as the extent of industris.
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lization over the period of 1950-1977. A& & result, positive
correlations were ascertailned for the tumors of the urinary
bladder, the brain, kidneys and rectum. In the opinion of Bun-
cher et al. (1977), drinking water chlorination in the Ohio
river basin ie the cauase of at least 50 lethsl casea of cancer
per. year,

To exclude the possible impact on cancer mortality of carcino-
gonic compounds unconnected with the water chlorination process,
all water-supply sources were investigated to find out whether
they contained possible corcinogenes: arsenic, cadmium, lead,
nickel, etc. In no case did the amounts of these substances in
water exceed their maximum permiasible concentrationa (MPC),
nor were any correlations established between their concentre-
tion and cancer mortelity. This study is by itself of no small
izportance in terms of checking the reliability of the hygienic
ratings recommended for the chemical substances recently auspeo-
ted of acting as potential carcinogenes. These data, although
produced by & single study, indicate that the content of the
above substences in drinking water at the level of, or below
their MPC can obviously be regarded as oncologlcally safe, in
other words, the meintenance of hygienlc MPC for suspect carci-
nogenes is one of the major faoctors preventing the poesibility
of tumor formetion provoked by theae substances.

Analysia of the above oncoepidemiological studies reveals a
great similarity in the results of the investigationa perfor-
med by different authors, and also suggests that the mortality
levels due to the cancer of the urinery bladder and the gastro-
enteric tract presently observed in the USA is directly asscci-

ated with drioking-water chlorination. Investigationa performed



- 57 -

by Muller (1978) led the author to the conclusion that water
chlerination in Gerweny causes a certain incresse in the inci-
dence of gn-tréenteric cancer, These observations increase the
protability of the assumptions that there actunlly exlsts an
interdependence between water chlorination and the riesk of cano-
cer morbidity among the people exposed to this water for a long
time,

Indeed, the results of nweerous recent inveatigations indica-
te that in consequence of the interaction between chlorine and
the orgesnlc substances polluting the water of naturel and techno~
genic origin, a considerable number of HCC are foruwed; the car-
cinogenic activity of gome of them has been salready established
and that of the others is stil]l being studied,

In gpamples of drinking water obtained by weana of surface
water chlorination the maxinum detected THM concentration amounts
to 850 ‘uyl, and that of chloroforw - 8156'3/1‘

It is practically impossible to determine the average concen-
tration of theae substances in water from the data published by
different authors; one can, however, aay that mcat of the tested
drinking-water samples have THM concentraticns of the order of
100-300 Qﬂg/l. Besides chloroform other substauces were: bromodi-
chloromethane (maximwa concentration 270 (ﬂg/l). dibromochlorow
methane (184 g/1l), bromoform (92 (ng(l). In chlorinated artesian
water samples the content of THM is markedly lower - up to 12
(45/1. dlong with highly volatile HCC having only 1~2 carbon
atoms to the molecule, chlorine aroihatic cowmpounds and pestici-
des have alao been found in the drinking water.

g The maximuc levels of HCC content in water ere by more than
0

8-I
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2 orders of magnitude lower than the MPC for ceriain substances,
established, as a rule, on the basis of the organoleptio indica~
"tions of harmfulness. Therefore, the problem of studying the
general toxic properties of HCC is not a task of primary impor-
tance. At the pame time, the abspnce of odour in drinking wa-
ter, which indicatees that the content of thepe substances in it
is below MPC, does not completely guarantee ite safe use. This,
‘a8 wap already noted, is proved by epidemiclogical observations
revealing an increase in the oncological morbidity when chlori-
nated water containing halogen-subatituted hydfocarbona ia used,
rroﬁ this follows the necesnity of reviping the existing NPQ
of HCC and elaborating MFC for other substances in this peries,
with an emphasis pleced on studying blastomogenioc and mutagenio
activity.

It has been established in & number of studies, sowe HCC, in
particular, trichloroethylene, dibromochlorcpropane, tetrachlo-
rophenol hydroxide, polychlorinated biphenyla, menifest embryo-
toxlo effect, including teratogenic propertiss (Dorfmueller et
als, 1979; Rudic, Kewsome, 1979; Reggiani, 1978; Yamashito,
1977). Par from enough work, however, has been ocarried out in
this divection for one to arrive at any general conclusions
and extend them to cover the whole HCC group. Nevertheless, the-
se findings have to be taken intc sccount in eladorating the
hygienic rufingo for the above substances in the water of re-
servoirs. .

Research results show different content levels for the seme
halogen-substituted substances found in ohlorinated water. Thia

is due to different causes, acue of which have been ascertained,
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‘while others require verification, In particular, in water chlo-

rination the intensity of trihalomethane forwations from natural
water humic compounds 1s determined by the concentratlon of the-
&8 organic substsnces and their qualitative composition, pH

and t° of the medium, the nature (form) of the desinfecting
agent, Cl,-C ratio, etc, {Cristman et al,, 1978; Morris, Bawn,

1978} .

A broad ppectrum of HCC found in drinking water and an incore-
ase in the incidencve of carncer, caused by its consumption, rai-
s8 the gquestion of whether it 1s chlorination that actually le-
ads to the appearance of carcinogenically active substances in
the water, One can give a positive anewer to thias queation only
after proving the carcinogenic and mutagenlc properties of the-
se pubstances in in vivo experiments. Investigators in many
countries are looking for answers to thege questiona,

Chloroform, whose carcinogenio properties have already been
mentionad, and dichlorcethane are among the beat studied in
this respect. Scores of papers have been devoted to studying
the ocarcinogenic and mutagenic activity of dichloroethane (Ren-
nung, Remel, 197T7; Maltoni, 1977; Viola, Caputo, 1977; Bahlman
ot 8l,, 1979; Parker et al., 1979; Laib et al., 1979 and othera).
A8 & result of these atudieg, despite some failures in inducing
tumors in experimental animals, it was eptablighed that, when
adminiastered inhalatorily and intragastrically, dichlorcethane
in doses from 25 to mg/kg induced tumora of the pregastrum,
lungs, spleen, mammary gland and uterus in 6-36% of the experi-
mental rate and mioce, The tuwors were represented by highly

8-2



- 60 =
malignant hepato- and adenosarcomas, adenocarcinomas and pleno-
¢ellular forms.

Blaptomogenic activity has been ascertained in hexachloroben=
gene entering the organism of Swips mioce with feed (Cabral et
al,, 1979), trichloroethane, tetrachloroethane and hexachloroe~
thane (Parker et el., 1979), tetrachlorophenol hydroxide {Reggi~-
eni, 1978} and other HCC. Of no small importance ia the fact

“that a number of studies have established a dirsct carcinogenio
sffect of some HCO (chlordene, penta- and heptachior) on the
human organiem (Infante et al., 1978). In spite of this, fact
the'dntn avallable today are es yet insufficient for the final
conclusion on the extent of carcinogenic hazard of HCU present
in drinking water,

Since the classical techniques of ascertaining the carcino-
genic activity of chemical substances in vivo experiments are
labor consuming and, more importantly time-consuming, while,
at same time, the interrelation between the caroinogenio and
the mutagenic effeots can be regarded as a firmly established
fact (the data of different authors show that out of all inves-
tigated carcinogenic substances more than 50% manifest olearly
expressed mutagenic propertiee (Deseres, 1978), many of HCC
have been tested for their mutiagenicity with the help of fast
basterial tests. Por instance, Gogelman and co-workers, who
studied in i978 the mutagenio effect of tetirapenta- and hexa-
chlorodienes on B.Coli-12 in the presence or absence of micro-
somal activating system, established & high frequency of direct
autations of resistance to 5-methyltriptophane and back muta-
tions from arginine suxotrophity to ﬁrototrophity. In the Amen
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tests mutagenic activity was revealed for numerous reprepentsti-
ves of chlorosthanes, chloroethylenes, chlorobutadienes and

other HCC (Dartch et al., 1979; Rannung, Remel, 1977; Infante,
19771 Simmon and Tardiff, 1978). These authorp examined the
mutagenio activity of a number of halogen-substituted hydrocar-
bons fond in chlorinnted drinking water, using the Ames test

with or without microsomal fraction, It turned out that 7 out of
the 9 known carcinogenes had mutegenic activity (vinyl chloridha,
vinilidene chloride, trichloroethylene, 1,2-dichloroethane, bromo=
form, methyl iodide and bis (z-chloro'ethyl) ether), as well as

a number of compounds whose carcinogenic activity was not studi-
ed or not ascertnined (bromodichloromethane, dibromochloromethane,
methylene chloride, bromochloromethane, 2-chloropropane and
others).

Since the identification of HCC present in water appears to
be an extremely complicated task the guesntion aripes of how to
agsenss the degroe of caroinogenic hazard posed by the whole rln-
g8 of chemical substances forwmed in water chlorination and iso-
lated from water through concentratlon. Such invesatigations have .
a mmber of sdvantages because they make it possible t;: esti-
mats the combined offect, the caroinogenic and the ¢o-caroino-
genioc action of subestances at the same time,

In this connection, the work of Loper with co-authors (1978)
is of considereble interest. Prom drinking-water samples of 5
larges US cities extracts of residual organic matter were obtai-
ned, which were tested for mutagenicity in the Ames teat and by
the tissue culture method. Mutagenic aotivi_ty was found in all
the sxtracts obtained from all the samples of § uter-iupply
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systems, -with the spontaneous level of mutagenesia on different
Salmonella cultures exceeded 10-fold or less. One sample out
of 5 tranaformed the VALB/3T} cell culture, producing cells with
& propensliy for tumpral growth, The resulte were identical even
if water samples from the pame water-supply aystem were taken
within the interval of 2-3 months, The results of this investi-
gation open up new aapects in estimating health hazard for the
population from organic pollutants of drinking water, including
HeCG.

apart from direct biological effects (mutagenic, carcinogenis,
embryotoxic) associated with water chlorination, there existe &
real danger of public health being indirectly affected by chlo-
rination, e.g., beceuse of the appearance of chlorine-resistant
bacterial and viral forms (Bates et al., 1977; Hoehn et al,,
1977 and others).

Different authors have diascusaed the two moast probable mecha-
nisms of the appearance of chlorine-resiatant forms: I - selec-
tion of a resistant subpopulation among the parental cloneg
and 2 - direct mutegenic effect of chlorine on the induction of
resistant variants. The greatest significance of these works
seems to lie in the fact that, in the courpe of adaptation to
chlorine, changes are taking place in such phenotypic charac-
teriatics as the size and shape of plaques, the morphology and
virulence of viruaes. Theae changes can have serious consequen-
ces for the health of the people if large groups are exposed
to auch resistant forms found in drinking water ready for con-
sumption (McDermott, 1975; Van der Velde, 1973). Appearance of
chlorine-resistant forwa among the pathogenic bacteria of the
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intestinal group can reduce the pignificencs of E.Coli as a
health indicator and create a threat of aquatic epidemic oute
breaks of infectious diseapes of non-viral etiology.

Morecover, there exipt convinoing data indicating that HCC
formed during chlorination may constitute & health hazard for
the population via their inclusion in the trophodynamic chain,
®.gs, 8lgne (plankton) ~ crustnceans - fishes ~ man (Erb et al.
19783 Bricson, 1980 and others). The content of HCC, in partiu;l-
lar, of certain pesticides, polychlorinated biphenyls, in the
flech and liver of fieh go up as high as several miligrammes/kg
of the weight of fish, depending on the value of ootanol/weater
partition coefficlent (Chiou et al,, 1977, Olson et al., 1978).
That suoh & possibility exiets has been convincingly proved by
a "pool" of a number of organochlorine compounda, with poly-
chlorinated biphenyls emong them, discovered in the subcutane-
ous fat of the inhablitants of Greenland and Domlark_ and the
eatablishment of a correlation between their amounts in the
fatty tissue and thelr levels in the fish eaten by the peoph.
Also of interest is the fact thet the content of chlorinated
hydrocarbons in fish, algae and plankton is clopely correlated:
with their oontent in benthioc depopits. '

Among possidble consequences of water chlorination are the
unfavourable effeots of astive chlorine and & number of chlo-
rine-substituted hydrocarbons upon aquatic flors and fauns
(Dickaon et al., 1977; Toets et al,, 137T; Cherry et al.1977;
Ericson and Preeman, 1978; Prooks and Seegert, 1978, end
others). The impact of chlorine on higher aquatic organisms
(fishes) has monifested itself in different biological effects;
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branchidl hyperplasis and the awelling of lamellar epithelial
oells, deterioration of cardiac activity and hyperventillation,
formation of complex behavioral reactions, changeas of habitat
areas, loas of ability to gather inte shoals (Heath, 1977, 1978,
Greev et al., 1978; Larric et al,, 1978; Bogardua and Boles,
19?8).

The data presented above are quite sufficient to regard the
problem of drinking-water chlorination as an independent, impor-
tant and complex one -1th;n the general taak of producing safe
water.

Having summed up the above account one can arrive at the con-
clusion that the general objective in asolving the water chlori-
nation problem is the excluaion of unfavourable effects on the
health of the population, i.e, the possibility of cancerous
and other chronic diseases being caused by the consumption of
drinking water containing HCC.

The attainment of this objective im poseille, provided a
nunber of problema are solved:

1. 70 further study the wechanism of HCC rorgation in drink-
ing water when it iz decontaminated with chlorine, which makes
it neceasary to elaborate highly sensitive physico-chemical
methods for the identification of the compounds formed,

2. To investigate in depth drinking-water quality in water-
aupply systams, in order to identifty the range of products for-
wed in the course of chlorination and thelr actual concentrati-
ons in water, depending on the amount of humic and organic com=
pounds,

3. To arrange and order the information on the biological
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activity of chiorinated producta, inocluding the data on their
toxicity, cercinogenic and mutegenic activity, stabllity in
wnter, capability of affecting the organcleptio propertiea of
water and the aquatic ecological systema,

4, To drem u; a priority list of organochlorine compounds
for subsequent toxicologico-hyglenio miocrobiological and ecolo-
gloal study with the aim of establishing their maxinum peruis-
sible concentrations.

In conclusion it should be emphasized that the representasi-
vas of publio health bodies together with engineers and techni-
oilans will have to & solve a host of problems sssoaiated with
water supply on & case-by-cage baais and relative to the looal
situations Irrespective of the outoome of the above atudies,
in the finel analysis citizens must receive high-grade water
meeting the drinking water standard, If such a standard is not
available recommendations for the quality of drinking water sho-
uld be enforced.

9-1
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TOXICITY ACGESGMENT OF RITROGEN-OCNTAINING
BUBSTANCES IN TERMS OF WATER HYGIENE BTANDARDS
(IN RELATION TO AFPPLICATION OF FERTILIZERS)

LY, Vasyukovitch

Identifying and abating the harmful effects of nitrogen-
containing substances on human health is a necesssry element of
environmental sanitatlion, Such substences ag nitrates, conatitub-
ing a regular component of potable water, are introduced into
1% primarily by way of water runoff from cultivated and fertlilie-
ed lands, as woll ag by communsl sewage.

In real lifes, both nitrates and nitrites are normally found-
in water, Thoir relation in water bodies depends upon the acti-
vity of nitrite- and nltrate-forming bacteria,

A substantiation of preventive measures ensuring the sani-
tary protection of water bodies requires the ostabl ishaent of
hyglenic ratings for mcceptable levels of nitrogen-containing
ocompounda in water, Bince nitrates are usually accompanied by
nitrites, it is appropriete to include-a hygienioc rating for
the total sonilnnt of these nitrogen-conteining eubstances into
the standard of water quality.

The fact that these substances are not equivalent in' toxi-
oity levels, while having much in common in terms of their to-
xio effoct mechaniema, means that their ocomparative .toxiclty co-
efficient should be found, Several approaches were used to thias
end, V ‘

1., By using the relation between DL5O values, This factor
varies over a wide range,from 10 to 3o times for test onimals and
from 6 to 44 times for man, this heing..apparently, accounted

for by differences in ane, sex and conditions of test aninal
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keeping €193 21).

2. By collating allowable dally dosea, According to FAO-
WHO data, a daily nitrate dose in wan's food diet should not
exceed 0,5 mg and that of nitrate - 5 mg, l.e. the factor of
difference 1in their toxicity is equal teo 10,

J. By comparing maximum allowable concentrations of nitri-
teﬂ'and nitrates, Njtrates are rated ¢t a level of 10 mg/l (7).
There is no nitrite rating for drinking water in the USLR Na-
tional Btandard, The toxicity of nitrates 1s lmown to depend on
nitrites, which are directly responsible for the pathogenesis
of methemoglobinemia and adverse health effects, Hencse the peed
for studies to be conducted to establish & msximum allowable nite
rite concentration in water which permitted us to recomuscnd &
stitable concentration at a level of 1 mg/l by the toxicological
criterion of harmfulness (1§ 5). In establishing the maximug
allowuble concentration it was found that, apsrt fruw the sys-
tenic effect,nitrite algo has a gonadotoxic effect cccurring at
higher levels of expoasure wlth ooncentrations of 5 ug/l, decreas-
ing the spermatozoon count down to cone third,

In our studies (9) an attewpt was wade (in estubliwhing
such optimal conditiona for tuwour forumation as the use of non-
vitaminized food and of a very sensitive animal species -~ white
rats, optimum relation betwecen secondary amine (5 mg per litre
of proline} and nitrite (.05 mg per kg of animal weight in
terms of nitrogen) - to test the tumour inducing capability of
nitrate, rated at the recoumended level of 1 mg/l, over a two-—
year experimentation period. According to theoretical calcula-
tions, & daily dose of 0,05 mg/kg of nitrite may, under optie
mum oonditions, form 1.2 x of nitrosa.ine 61?), and, according
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to Drukerey's data (18), a minimum dose of ailtrosamine, capable

of pgenerating a tumnour at the end of the life-span in ratas, 1s
75 g /%gy 1.0, 7% timea higher,

Oonoidering that the effect of the carcinogenic dose does
not practically differ with the species, it may be asmimed that
threnhold doges, inducing tumours in various specles of memmalse,
including man, are alec olose to each other, Hence, the recom-
mended hyglenie standard for nitrite rated at & level of 1 mg/i,
may be pafe in temms of the carcinogenic effect, Naturally, for
aafe levelp of nitrite to be specified, data need to be accumn-
lated from epidemialogicnl :studies on oncologlcal disenses among
those consuming nitrite- or nitrate-polluted water (20).

Thus, according to the rolation between the moximum allow-
sble cocentration of nilrites, established at & level of 1 mg/l
(%), and that of nitrates (10 mg/l (7)), their toxicity differs
by a factor of 10, thus poermitting us to suggest the followlng
foruula for rating the total level of nitrites and ﬁitratea in
watert

Cq + 041 0, = 1 or 170, + 0, ="10 (1),
whers 01 ia nitrite oconcentratliom) 02 is nitrate voncentration.
in wg/l (5).

A poasible simul¥aneous exposure to nitrogen-,containging
subptances from different media nocessitatea the establishment
of hygieno=based prineiples and methods for rating & maxinum
prruinpible load (MFL) an an integral oriterion of environmental
quality (15). '

The maximum permissible load was determined by establish-
ing the relative blological activity of substanceas, introduced

into the orgauisn from dilferent media (6) and tek ing account
-
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of the fact that the toxicity of even one substance, introduced
into the orgenism with water and in a bound form with food, way
b& varied (13).

At the first stage of establishing the maximum parmissible
lomd of nitrites and nitrates, contained in water and food in-
gosted by man, the maximum allowable daily dose of nitrate for
adults was rated at & level of 200 mg NO3 per day (or 45 mg in
terms of nitrogen), i.e., 4 ng/kg of nitrate in terms of NOJ, (T2
auming man's welght to be 50 kg (12), The acientifioc validity
of this dose, aa well as its possible treatuent as s maximum
non=effective (subthreshold) dose, 18 confirued by WHO's reco-
mmendations (WHO seriee of technical reports No. 228, 1963, p.
85) where the value up to 5 mg/kg in terma of HOB is given an
an ebsolutely allowable man'es daily dose, Teking into account
the calculated ccefficlents of couwparative bilological activity
(EE equal to 0.8 snd K3 equal to 40, characterizing the coumpara—
tive toxicity of nitrate, ingested with food and water, and pit=-
rites and nitrates in food, respectively .13)), a gereral forwu=
la was deduced to calculate the maximum allowable daily dose
(MADD) (10)3

T, + E.T
mn-—ﬁrz—i’-’@l+3(r1'+r1 .« T )

where MADD = 45 mg in terms of nitrate nitrogen;
are total nitrate and nitrite concentrations

Tapr @84 Topp
(in mg) 4in man's daily food ration in terms of nitrogen;
11' and Taw sre respeotive concentrations of nitrate and
nitrite (in mg/l) in water;
3 is an adult*s daily water consumption (1)j

L TR T r3 are Tactors of comparative biological activity,

£
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Bubstituting the value of factors, we derivei
T1QB_+ 4“0 Topy + 3 (T1' + 10 Tzl) (3

0.8

45 =

Upon the siwplest mathewmatical transformation the equation
takes the following torq:
Tapp * 40 Topp * 244 (T1' + 10 Ta') = 36 {4)

The suggosted equation (3) provides the basis for a simple
calculation of allowable amounts of nitrogen-containing sub-
stunceg, to be ingested with food, thus permitting the organi-
zed population contingents to make up a nitrite~ and nitrate-
aale diet by varying conmpesition and volume of constituent
foodgtuffs for consumption, At the vame Vvime 1t opens up a po-
esibility of establishing peruiosible residual equantities on a
regional basis (13).

In calculating the maximum permissible load of nitrives
and nitrates for children under scholl age; tic value of waxi~
nue aliowable dally dose may be deteruined from the child's

‘weight and & relstively higher consumption by children of both

water (twlce as much) and food (twice as much) compared to that
of adulte per one kilogram of weight (11). Consequently, in
computations of the maximum allowable daily dose, it is expe~
dient to make use of the value equalling 0.225 mg/kg (45 mg 1

S0mg s 4 = 0,225 mg/kg) by introducing a corrcetion factor =

4 into the equation,

It should be noted that equation (3) is applicable for the
determination of safe concantrations of nitrites end nitrates
with respect to the adult population living In temperate ¢lima-
tic and 5eogiaph1cﬁl zopes, In southern regions, the water con-
puaption factor ie increased by 1.25 times (zoue III) and 2,1

10-1
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times (zone IV), considering a variuble pattern of water con-
sumption in different climatic and geographical regions, l.e.
for zones IIT and IV, instead of the daily water consuumption
factor equalling 3 it is appropriate to apply the factors 3,75
and 6,3 respectively.

In real life, whatever the environmental medium (water,
foodstuffs, air) of transference of toxic substances, exposurs
'pntterns moy quite often avsuwe an intermittent character, Thias
is accounted for by water and food being taken at intervals and
polluted to & variable degree. Bpecific modes of wuter congump-
tion and specific conditions of work are additional factors,
oontributing to varied effects of chewlcals on heslth,

The lack, in water hygiene, of clear-cut quantitative we-
thods for assessing these exposures prompted us (8) to develop
criteria a9d methods of assesuing the intermittent effect of
substances through the application of lsoeffective dose-rates

of the EDN + M $ype;calculated by using the problt-analysis me-
thod on the basls of the dose--effect relation, High-cumulative
{sulfidophos} and low-—cumulative {(nitrate) chemicals were used
a8 model substences through thelr interwlttent and continuous
peroral introduction in perwapnent and variable concentrations
to white rata, To ensure comparabllity of experimental results,
provision was made for waintaining the equslity of doses, accu-
mulated over smilt}r periods of expouure _(a weeklong cycle) un-
der variable conditions of ingesticn of the chenlcal compounds
under study.

These investigations (8) permitted us to suggest the follow—
ing coriteria for coupuring different moderx of exposure to chgmi-
cal substancess 1) the study of intoxication dynamics with re-
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gard to the chosen temporal cycles and the assesament of the
rolationshlp between the toxis end compensatory processesg
2) the application of inoeffective values of the Enni M type,
computed after a regular cycle of exposure, for quantitative
comparison of intoxication severity im the cape of different
nodes of exp;suro to cheslcal subatances,

It 1s noteworthy that research-~bassd retingse for sppro-
priate levels of nitrogen—containing compounds in water are
usually estnblished on the basis of the healthy organism model,
disregording the pathogenetic factors of dipeasea - the role of
intestinal nitrate~reducing microflora, i.e, collibacilli, puru-
lent staphylococcl and other microorganismes

An increase in the toxlioc effect of nitrates through their
more intensive reduction by the gastroenteriec tract's microflo-
re was oboerved by us (2) in modelling dyspepsia in test animals,

The increased toxicity of nitrates, in cases of thelr be-
ing 1ng§ated in combination with E,colli (2), may hygienically
be treated as a risk factor, capable of aggravating the patho-
genesis of intoxication, Consequently, the acceptable levels of
nitrates in water should be primarily determined for groups of
persons with dispeptic dieturbances,

In recent years, the hygienic rating of nitrogen-containing
substances heg become eoven more compllcated because of their po-
ssible impact in combination with pesticides which are being
used in ever increasing smounis due to the intemsive chemicaliza-
tion of sgriculture.

Our experiments (4) included the comparative gstudies on
assessing the combined toxic effect of fertilizers and pestiel-
des using thé nitrite and sulfidofos model, as agsinst their in-

10-2
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dividual effects, by collating the values of isocoffective do-
sen of the EDN:II type, caloulated by the probit-analynis mothod
on the basis of the dose-effect relation and regiotering the
count of mothemoglobine and cholin eaterase activity in the ani-
mais' blood.

The devel opment of qusntitativa criteria to ansess the com-
bined effect of fertlilizera and pesticides permitted ua to re-
commend that toxicological studies be conducted on the bnsin of
the principle of isoequivalence of their biological activity.

In this cass a quantitative assessment has to be made with due
regard for the resulta of studying the substance's toxie effeat,
analyzed not by & single temporal point'but by registering the
phases of the toxicedynamlc process evolution,

Hyglenic requirements stipulate an allowable concentration
of a chemlical substance in water bodies as being not only vafe
in terms of health effects, but also as leaving the organcleptic
properties of water intact and having no effect on the sanitary
conditionn of water bodies., Impairment of sanitary conditions
algo impedes the proceuss of natural self-cleaning of water in
reserveira, thus leading to constrainte in terms of household
and recreational water uses, That 1a why provision is made for
atudying effects of harmful substances on the BOD and nitrifica-
tion process. However, the nepative comsequences of water reser—
voir eutrophication caused by nitrogen-containing biogenous sub=
stancea, should alao be ¢onsidered, Eutrophication is responsible
for the d;tériorntion of the organoleptip properties of water,
the accunulation of toxic products (puch as cyanides) and other
factors whioh ﬂnvc aguired alarming proportions in several water
resecrvoirs throughout the world and generated in adverse impaet
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in terms of water supply and household and recreational water
upes, Oonsequently, reducing the level of biogenous nitrogen—
containing substances in water would also be beneficial from
the hyglenic standpoint,

According to US atudies, the ecological rating for imorgo-
nic nitrogen is fixed aba level of 0,3-0.5 mg/l (24), With re-
ference to this country, these values have probably to bs treat-
ed as tentative and requiring correction coneldering the nitro-
gen/phosphorus relation for water and the regional features of
water reservoira, Thus, depending on the use of & water reser-
voir (type of water use), the rollowing ratinge may be taken
for reference (Table 1. ‘

Table 1. Ratinge for nitrogen-containing substsnces

- L

Nitrogen~ Ratings (mg/1)

containing

subetances hygienic fishery ecological
Nitrogem of '

nitrites 1 0.02

Nitrogem of 0.3-0.5
nitrates 10 9,1

Amaonia 2 0.05

When a water reservoir caters for several users, a lesser
value should be taken for referemoce (3). In doing m, it would
be possidle to ensure the preservation and rational use of water
in reservoira, The practical appliocation of such a scale of rat-
ings will permit ue to formulate moT'® siringent requirements
with regerd to the disposal into water reservoirs of both indust-
rial effluents and rain water flooding croplands,

These data make it clear that hygiemic problems coused by



- T8 =
the application of nitrogen—containing fertilizers, require a
comprehensive study. It 1s primarily necessary for safe hygle-
ne standards to be recoummended ensuring a healthy environment
in the interests of the present and future generations, aa well
aa. for the development of scientifically substantiated periods
and rates of application of mineral fertilizers which are major

asources of wnter pollutants by nitrogen—containing substances,
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FECULIARITIES OF TOXICOLOGICAL
ASSESSLENT OF AIR POLLUTANTS

M.A.Pinigin

INTRODUCTION'

The atmoapheric air hyglenes as a scientific dlsclipline
ig reletively young compared with other hyglenic sclences.
However, in recent yeara, it has galned much prominence due
to the increasingly acute problem of atmospheric air poilution
control. The emphesis lald on the hygienic regulation of the
allowable content of air pollutants, se a sclentific baais for
remedisl and preventive measures, ias of primary lmportance for
the development of the atmospheric alr hygiene.

At present, the MACa cover 256 chemical compounds and
the combined ;frect of 43 mixtures, conalsting of 2, 3 or 4
substances.

The hyglenic regulatidn of the MACa in the air environ-
ment is based on the experimental study of their biological
effect, l.e. the toxicological mssessment which is quite dis-
tinct from the assessment of pollutants in water bodies, in-
dustrial premises, etc.

The peculiar features of the principles, criteria and
methods of assessing noxious substancesa in the atmoaphere of
comnunities sre determined primarily by the atmospherie pol-
lutants’ impact on the environment and the people's comfort,
and the possibility of its round-the-clock and long-term impact
on the population, including its most vulnerable groupsa {(child-

ren, the aged and the weak).

II-1
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The regulstion of the sllowable content of chemical
agents is based on the concept of thresholds in their actlon
though the thresholds {(concentrations} themselves ere relati-
ve and are determined by many factors both physical (the mg-
gregate condition of the subatance, the environment, the re-
gime, the duration of exposure, etc.) and biological {(the
physiological condition of the organiem, sage, pathways, and
others) in nature.

The numerous points that have to be taken into account
when regulating a given substance determine the need to apply
the principle of & limiting indicator. The principle requires
that regulastions be carrled out on the basis of the most sen-
sltive indicator. Thua, for instance, if the odour of & aub-
atance is perceived in concentrations that do not have a noxi-
ouas effect on man and the environment, then regulationa are
based on the olfactory threshold. If the substance produces a
harmful effedt on the environment% in concentrations thet are
smaller than those that could affect man, the threshold of its
influence on the environment servea as & guldeline for regula-
tiona. -

The distinot nature of the hygienic asaesgsment of atmo-
apheric pollutanti ie alao conditioned by their extreme veris-
bility in time and space which 1s due to various causest un-
equal oonsumption_of fuel, different intenslity of rosd traffio,
the nature of a technological process, methods of utilizatlon
of different gubstances (periodic uae of pesticides}, different
efficiency and reliability of gas purification systems, eto.

Concentrations sre heavily influenced by metecrological

conditions that determine their transfer and disgersion in the
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air. The possibility of & sharp incresse in concentrations

is aspeclally great during temperature lnveraiona. If the in-
verslon layer is situated above the etack, and air ie inter--
mixed below that level, this creates conditioms for a rapld
descend of the emission stream Ltowards the earth's surface.

Thy anticyclonic weather, characterized by very weak winds,
calm, and descending air currents {especially in autumn and
winter), may produce & stable layer of desep inversion above the
atacik,

With an inversiocn layer asbove the atack, the maximum
ground-level concentration, which is possible under normal
conditions, mey increase two-fold. Under especially unfavour-
able conditions, when an inverslon layer ol several hundreda
ol meters and with a mean temperature gradient of 3 to 4°C
per 100 meters forming above the stack, concentrations may be
5 to 10 or 20 times higher than the normael meximum concentra-
tion (M.E.Berlyand, 197%).

This list of causes of drastio changea in surface concen-—
trations by no means exhsusts the diveralty of their varisbi-
lity. lhe constent modification of concentrations is due %o
constant changes in the direction of winds and their rorce.
This explaina the substantial differences between concentra-
tions measured in the same polnt but at ditrfereat times and
unjer different conditions. That was why, when V.A.Ryazanov
(1952) was formulating the basic principles of regulating at-
moapheric pollutants, he pointed cut the necesslty of using
the term "concentration® with the indication of the period for
which the andlytical data were ovtained: momentary, sverags

values for 24 hourse, average montbly values, ete. Hence, the

I1-2
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normative valuea - MACs - should be different in terms of time.
Aa the effeot of & noxious substsnce varies both with its con-
* eentration and the duration of exposure, concentrations which
are safe if inhaled over a short perled mey prove dengeroua
over a more prolonged perlod af!inhulation. For subgtelcesn
poasessing a general toxilc effect with a marked cumulutive im-
paot, the MACs ebould be formulated in the light of the pro-
longed periods of thelr measaurement {24 bhours, & mopth, & year).

[ue to substantial varlability of the content of subetan-~
ces in the alr, the average concentration over a long periocd
in.no guarantee that the amount of the subatance during a
abort period will not exceed the scute impact threshold. The-
refore, the average concentrations should be supplemented by
the limita of their fluctuations, i.6. the maximum allowable
aiogle or "peak" copcentration. Lhis ahbould firut of all apply
to substances with a pronounced irritvating effect on mucous
mombrenes and substances posseussiug a strong odour sioce no
prolonged exposura 1la needed for the perception of the odour or
irritation of MUCOUE WMERUIALEH.

It followa that Lor every aubstaunce polluting the atmosphe~
ric air it 1s necessary to estublioh short-term MACs to prevent
reflex reactiona of man (porception of odowr, changes in tne
brein'e vloelectrical activity and the eye's seualtivity to
light, etc.) and long~term kiCe %O prevent the resorptive ef-
fect (genural toxic. carcenogenic, muteageuic, cbo.).

Concentratione whose oummulstive freguency ia equal to T0
pol cent glten correlute with the mean writlumetic concentration
GVor the puriod of obewvrvation (e.g. s year). Theretrore, the
uvelruge yua}ly concentration 4 & Meah arithmevic value is bes-

vd virtuaslly on-silugle comcentratiocus purt of which (up to 70
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per cent) are lower and part (up to 30 per cent) higher than
the mean concentration. That 1s why an assessment of the degree
of air pollution should tske into account not only absolute
values but the probability of their cocurrence a3 well. Hence
the need t0 regulate the probablility of concentrations which
sre the same or lower than eingle MaCa (M.A.Pinigin, 1979).

1t was in the light of the above thut the following defi-
nition of an MAC wes formulated: "lhe maximum allowsable con-
oentration ol & noxiousg substance in the air is a meximum cop=-
centration which 18 related to & certain mean period (30 minu~-
tes, 24 houra, & mouth, & year) and which, at a regulated pro-
bability of its occurrence, does not produce a direct or indi~
rect narmful effect on man and his progeny, or lower bis capa-

¢ity for work, or atffect bis physical well-being".

2. ASSESSMENT OF AIR POLLULANTS IN TERMS OF ‘CHRIR EFFRCT

ON HUMAN REFLEXES
-
A peculiar aspect of the asgeassmept of the biological ef-

Tect of alr pollutants is primerily the study of their impaot
on man's sensory functiona.

Ag the atudiea of air pollutenta' erffect on reflexes pro-
grussed, it Lecame clesr that their subsensory (noﬁ~1dunt1ri-
able by odour) concentrations are not indifferent ror man and
way, over o sbort period of inhalation, geunerate functional
changes in man'e mechanism of vislon and vhe cortex.

Thede ¢hanges, which are & respouse to the impact o1r cou-
contrationa lower than the threshold concentrations in terws of
odour, werev used 1o gubstantiste single HaCs ror many slr pol-

lutanta,
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However, the elaboration of formules using a vertain coef-

ficient that ensures a trapafer from the threshold of the odour
to the one-time MAC, made 1t necessary to develop a theoretical
besis for determining safety factors. In thias respect, attempts
wdre made to apply a probabilistic approach to the determinati-
oo of the thresbold of an indefinite odour of substances. Dr.
Andreyenheva's analysis of the results of determining theshold
snd ineffective concentrationa of different subatauces abowed
that it would be advisable to use the methed of sampling to es-
teblisb threshold concentrations. It was slec established thut
the curvea of "concentration - effect™, in terma of olfactory
reactions, had different inclinations on the probabilistic
grid. This enabled the researchera to tackle the classification
of substances' hazard in terme of oltactory reactions.

A scale of dirferentiated safety tactore has Leen deve-
loped in accordance with the proposed claaaification of air
poellutanta in terma of the olfactory reactions provoked’Py
them. This is undoubtedly only the begiuping ol the utilizati-
on of the probabiliatic approach to the apsessment of alr pol-
lutants' effect on man's olfactory system. Its continued appli-
cation will ensure a more substantiated approach to the deter-
pination of single MaCa (20 to 30 minutea), $0 the aasesament
of the asubstances' combined effect, and the degree of actual
pollution of the i:\i.r, taking into account human olfactory reac-
tions.

Studies of tihe ties existing between bhuman olfactory reac-
tione, und the physical end chemical properties and the struc-
ture of the substance, deserve special attention. In particu-

lar, a certain interdependence was identified between the per-
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ception threshold of the odour of benzene derivatives and
the nature and number of substituted groups. (Dr. Andreyeshe-
va, 1378).

Therefore, the study of the influence of air pollutants
on human olfactory functions has determined the peculiarities
of the toxicoleogicel reaesarch therein. However, atudies of the
resorptive (general toxic) effect of the chemical agents that
pollute the alr also possess some pecullar featurea compared
to the atudy of the resorptive effect of substances used in

industrial toxicology.

J. PECULIARITIES OF TOXICOLOGICAL ASSESSMENT OF AIR
POLLUTANTS IN TERMS OF THE RESORPTIVE EFFECT

Studies of the resorptive effect ot subntances that pol-
lute the elr are diatinguished by the fact that their impact
on the organism is aseessed through the most genaitive meth-~
oda: determination of threshold concentrations on the basis
of "gafe" concentrations, and chronic experimenta with animals
using ‘continucus (3 to 4 months) inhalation poisoning because
in buman sefitlemenis man may be exposed to the continuous im-
pact of air pollutants.

bifferent physiological, biochemical, hiatochemical,
morphological and other indicetors are used as oriteria of the
biological effect of alr pollutants in these tests. lloreover,
the threshold concentrations are believed to be minimal con-
centrations that produce changes iﬁ the functional condition
of the organism and ita viﬁul organs and syatema that go
beyond the limits of their normal physiological fluctuations
a8 evidenced by data on the original state oflteaq'animnls and
the control group.
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Mueh importence im attached to chronic changes in the
higher nervous activity of animals produced by inhalation of
éoxic gubstances. To aspess the functional atate of the oortex
the Boviet hygienists and experts on communal toxicolegy resort
to’ studies of the conditioned reflex activity, the interrele-~
tiona between antagonistic muacles, and the latent reflex timé.
Soﬁe experimenta are devoted to studles of the cholineasterase
activity and of other enzymes, the rastio of protein fractiona
and the emount of the SH group in blood, the content of vita-
ming G, BI and 32 in organs and tissuee, excretion of copropor-
phyrin, and many other highly seneliive indicators. The accumu-
lated materisl shows that a prolonged exposure to small concen-
trations of air pollutants reaultes in non-apecific changea in
the central mervous syatem, the blood system, the enzyme ays-
tem, the vitamin n}stem, and aoc on. However, in recent years,
methods that demonstrate embryotoxic, gonadotoxio, mllergenic,
blastomogenic and other apecific effects of chemical pollutanta
have geined much currency.

Thus, in recent years, there have been researches in the
toxicometricas of air pollutanta: The toxlcometrice of air pol-
lutants is based on resesrches ln the nature of the interde-
pendence between the time that certain toxic effects make them-
selves felt and the level of continuously inhaled concentra~
tions, i.e. the concentration - time interdependence (M.A.Pini-
gin, 1976).

The research showed that continuouas inhalation of differ-
ent pgubstances (acroleine, benzene and its homologues, carbton
oxide, sulphuric gas, nitrogen dioxide, ozope and others) pro-

duces a "concentration - time™ relationship, both in terms of
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acute ohronic effects (lateral position, mortality of animals)
snd physiologicsl, blochemical and pathomorphological ohanges
(the reverse ratio of chronaxies of antagonistio musclea, the
sggregate threshold indicator, the activity of chollnesterase
ol %the whole blood, methemoglobinemis, carvooxigemoglovinemla,
leukoponia, thromboeytopenic purpura, reticulocytoois, lower
sonsumption of oxygen, sensibilization of the organium, vaiscu-
lar and distrophic moditications of the tissues, eto,) in the
form of a hyperbole which on & logaritimic grid could be ep-
proxl‘at.ly represented by lines of diffterent lnclinations.

In accordance with the equation of the line y=AX-B, the
empirical expression of the "concentration - time® dependence
can be written in the generul wuys 1g C = lg C, = tg & +1lgt,
where C 18 a concentration which produces a toXxic effect with~
in time T; C, - & coucentration which produces the same efiecs
within the time equal %o the adopted time unit {an hour, 24
bours)j & - angle of inclication of the line towarde the
sbacisa. Bince the line goes uUpwards and 0 the left, the ang}e
of inclination lies between 90° and 180°.

B8ince the “conceuntration ~ time® curves are an integral
reflection of the toxicodynamics of » substance and the organ-~
i18m’'s gbility to offset 1ts effyct, the parameters of these
curves (the engle of inclinavion end Yhe tangent of the angle)
make it possible to determine vhe hazard of vhe substauce: the
greater the tangent of the engle, or the smeller the angle,
the less dangercus the substance 18, since the duration of the
pericd during which the effect is felt lucresses eignilicantly.

The apove clayaizication charecterives suusStances in termsg

of the cenger ot chronic intoxicatvion, ana, all oxuer conditions

12-1
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being equal, shows that the more dangerous the substance i
the lower the threshold of its chronic effect. The comparlisona
undertaken demonstrated that the clsss of hazard of a subsatmn-
ce eatablinhéd for coptinuous inhaletion remains unchanged for
ites intermittent inhalation. This made it possible to include
in the list of MACs for atmospheric pollutants the classes of
hazard corresponding to the classes adopted for the seme pol-
lutants (substances) in industrisl toxiecology.

Bince under real conditions there may sometiimes be »
sbarp lpncrease in the concentrations of air pollutants and a
danger of acute unfevourable effects f(e.g. and lrritating ef-
fect, exacerbation of a chronic disease, e&t¢.), this generates
the need to olaeslfy these subetances in terms of & danger of
man'as acute reﬁctions provoked unuer tueir impact. In thie
oase, the above classification is replaced by its oppoaite.

The classiiication of the substances' hazard in termms of
the "“oconcentration -~ time™ curves was aleo used to substantia-
te the scale of "pafety factors" used to sstablish average
yearly MACs. The lowest ssfety faotor of ™5" is aitunted on
the border cof moderately and highly hazard subatances (the
angle of inclination of the “concentration ~ time" curve is
1JT°). Gtarting from this point the values of the safety faot-
or go up to and over 25 since there ja an increase in the dan-
gor of chronic effects, on the one hand, and soute effecta,
on the other. A séecial nomogram makea it possible to determi-
ne more ditferentiated safety factors.

The basics of the toxicology of air pollutanta with a oon-
tinuous e1feot elaborated in recent years made it possible to
suggest an accelerated method of determining MACs for differ-

ent chemical ag¢nta.
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Thus, the sverage yebrly MAC ls determined on the basls

of the results of a chronic animal sxperiment. The allowable
frequency of concentrations at the level and below a eingle
MAC i@ determined on the basis of this concentration and the
value ot a single MAC (20 to 30 minutes). In practice, to esa-
tablisb & single MAC for a givdn substance at the level bigher
than 1tas average yearly MLC meane to allow the ocourrence ot a
single concentration which is higher than the sverage yearly
MAC, the diirference belng equsl to the ratio between the single
MAC nnh the average yesarly MAC of the substance. For example,
in the case of benzene, the retio ia lilS. sulphuric gas -
1110, and nitrogen dioxide -~ li2.1.

The exiatence of single MACe, that are higher than average
yearly MACs, raises the need to establish allowable freguencies
of concentratious at the level, and below, single MACa. Without
thie limitvetion the existence of concentrations at the level of
s #ingle MAC over a prolonged period will result in the ievel
of an averaye concentration over this periocd that might exceed
the level of the aversge 24~hour MAC, end, conseguently, in a
denger of resorptive etfects in the sbesence of the danger of
reflex reactiona.

It follows from the above thet the allowable frequency of
concentrations at the level of esingle MACas regulated on the ba-
gis of reflex reactions, must be invrouuced in order to prevent
resorpuive erfectes produced by a prolonged impact of a substan-
ce. Our research bas shown that %the allowable frequency of coan-
centrations should be determincd with account taken of not only
intermittent (aiscyeve) action but continuous action es well,

when concentrations equal to a single concentration will exist
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Adalug & certain period of time. It was established that in

the osme of a continuous action the frequency of conoentrab-
long at the leyel of & single MAC, and higher, is limited by
the peouliarities of substances belonging to Class IV of he-
tard aince they oreate the highept danger of moute effects,
and in the caae of disorete sotion - the peculisrities of
action of the subwtences of Cless I of hazard that have marked
" oumulative properties. For the prasticeal purposes of determine
ing the admissible frequenocy of concentrations abt the level of
ﬂlngla MACa, a speclal 20ale was suggested which regulates this
value in sccordence with the ratio betwesen a single and the
average 24-hour MAC, determined for a glven subetance in ac-
ocordance with its reflex mnd resorptive sffects. For exampls,
with the ratic between these cohocentrabtions equal %o 1:10, the
admisaible frequency of ooncsatrations at the level of & single
MAC, and higher, should not exceed I per oent.

To determine the allowable frequency of oconcentrations at
the level of & aingie MAC, and bigher, use wams made of the re-
sults of researoh in the resorptive effect of substances during

discrete and continuous inhalation.
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M.Ts Dmitriev
METHOD3 OF AIR AHD WATER CHEMICAL ANALYSIS

IN COMMUNAL TOXICOLOGY

Current problsms of communal toxicology cannot be aolved
without carrying out effeotive studies on the chemistry of
atmoaphers, water bodies and other components of the environ-
ment. Suoh research is primarily required to obtain comprehen-
sive information on ths quality of the environment and the
progresases ocourring in sir and water. Ths principal objectives
of inveatigation in- communal toxicology are: to elaborate
adequate and accurete methods of chemioal research, to develop
a theory of the chemioal progreas in the environment, and to
soclve physico-chemical hygienio problema. It is alao necespary
to work out new and improve the presently available sanitary-
ohemical methods of toxicant determination to be used not only
ia aclentific research but also by medical aolleges, spidemio-

logical statione, hyirometersorologloal sarvice, and hydientia

ohemistry laboratories at fndustrial enterprimes. The taska of
chemiste working in communal toxicology also involve direct
hyglenio studies (0.I.Sidorenko; M.T.Dmitriev, 2976).

The urgenoy of these problems oan be exemplified by the
oontrol over environment pollution in the areaa vocupied by
modern industrial oomplexes releasing scores and even hundreds
of various toxioc substances into the environment. Consequently,
the mont significant results in thie field have been obtatned
in elaborating the chesmical methods with the use of gae chroma-
tography, mass spectrometry, chromato-mass spegtromotry. apec~
trophotometry, polarography, chemiluminescence, radicactive

isotopes, and I-ray fluoreacence in particuiar. In developing
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gas chromutographic wethode of analyeis emphusis 1s being
placed on simultanecus highly sensitive mand aseparate letermi~
nation of numerous toxic cowpounds, belonging to the same clau:
and having similar physlco-ochemical properties, aguinst the
bahkground of a complex "bougquet" of sssocciated subatunces.
Gogvencional methods used for 4 chemiocal analy:is of complex
mixtures of toxic substances are nonsel ¢tive.

Gaa chromatography finde an ever increasing use iln the
analysia of both alr and water. The muln advantage of thie
methoda is the puauibiliLj af separeting a mixture of substun-
¢es into individual compoundsa. Of greet ilmportance ia the faot
that analyais can be performed relatively faust. The logarithm
cf retention volume for moat subatunces 148 approxiﬁately pro-
portional to the retio between the bolling tempereture and the
temperature of the column, expresged in adeolute Jdegree. To
determine the sensitivity of the anaelysie it 1e conventent to
use the ratlos between the degrees 0of ionization of substances,
when these ratios are asluilar for different classas of subetan—
ces and chromatograph detectors., For carbonyl compounde the
degree of ionlsation rises sharply with an lancrease in the num-
ber of carbon atoms, while for all hydrocarbone it is a8 value
of the same order of magnitude and is close to 3-19-10'B K{Pg.

Of great importance is the method of sampling for gas-
chromatographic determination of toxic substances lo the atmos-
pheric air or in the air of reeldential and public buildings,
since sample collection entalls the concentration of toxicanta.
Methods have been elaborated to collect easmples into cooled and

uncooled tubes on polymeric sorbents and iqto absorbere with



- 95 =
porous membranes, followed by introducing the liquid samples
into a ohroﬁatograph (M,I.Dmitriev, V.A.Mishtchikhin, 1980).
3ome of the methoda are not Jevoid of dleasdvantage {ma applied
to aertain specific conditloenm) and, therefore, find only a
limited application. For instance, when ligquid sclutions (from
absorbers) are introducei into & chromatograph in the amount
of no more than 1-5}11. the main part of the gample is lost
with larger samples gas-chromatographio geparetion is lmpos-
gible)., Thia method is only effeotive for the substances with
sufficiently high MAC {of the order of 0.05-0.% mg/mj, depend~
ing on the chromntaggraph sensitivity). The procedure cannot
be widely appiled to take samples in the field when use is
made of ocoocling agents, such as liquified gasaa, d4dry ice or
1iquid mixtures. Moreover, euch eampling technique requires
preliminary drying of samples und, therefore, sslection of
optimal drying agents.

Most effective 1s the direct sample collesction into un-
oooled tubes. If, howsver, they are filled only with a conven-
tional atatlonary phase, sensitivity of the subsequent geas-
chromatographic determination may prove insufficient. To con-
siderably extend the lismt of substanoes whoas gas-chromato-
graphioc analyeis can bp performed with samples oollaotud.into
uncocoled tubes, & method has been developed of concentrating
the samples on low-poler polymeric porous sorbents. The speci-
fio surface of & typical hydrophoblo sorbent of this type -~
polysord I {copolymer of atyreﬁe with divinyl bentzene) amounts
to 200-250 mzlg. while that of firebrick or chromosord does
not exceed 4-8 !lz/g. The time to determine the retention volume
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can be eignificantly reduced if ths weasurementsa ure made at

~ high temperature. The obtained retention volume values (reach-

J for decuns) show that fleld eawpling oun be perfor-

ing 2 m
med with the help of polymeric aorbents without any cooling
agenta. The time of storing the collected mauples 1u samupling
tubes is virtually unlimited.
. Addltion of liquified gasses to the samples, already
abacrhed in the tubes, to be analyzsed in the laboratory raises
considerably the separation efficiemcy when e condenser 1s
uged. Direct connsction.of the tube with polyuweric sorbents
to the gas chromatopraph resultes in a considerable bilurriag
of chromatographic peaks, caused by & substantisl increase of
the elution time owing to large Bpecific surface of sorbenta.
Chromatographic ssparution is most effective 1f the surface of
the stationary phaae 18 not expanded ut all 1a wddition to the
gaa—-chromatographic column, 1.e. when the sample tube with a
porous sorbent is replaced by an unfilled one (condenaer).
The substancee to be determined ares transferred into the
cooled condenser with the help of & carrier g;u. electrical
oven, and feeder cook. Complete desorption of the subatances
into the coadenser at the carrier gas flow rate of 0.1 1/min
takes place within 20-25 minutes. The ume of the condenser
results in a complete separation of the subatances, charsote-~
ristic of a given chromatographic column.

Katurally, 4f the chromatograph sensitivity is high
enough, the collectlon of samples into uncooled tubes with a
conveDtional phase or into abasorbere fitted with a porous

membrane can also be optimal, which makes it posailble to dis-
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pense with oooling mixtures altogether. Yumpling into liquid

saolutions #lao haa aome advantages, Bince in thilp oase the
ohrountogram 1o not affeoted by oxygen, methuie, condensed wa=
ter vapours, or carbon Jdloxide. Gue-chromatografio muthods ure
2l0 effective in determining dndividual subatances in complex
mixtures, when their identification und euslysle are of para-
mount hygienlc slgnificance. Typical wxiuwples of such aupplifi-
catlone include the development of methods to Jdeteralne hydro-
oyunio aocid, dioywne, tetraethyl lead, nitrio oxile, methanol,
vinyllchlorida, phenol, csrbon monoxlide, ourbon disulflde,
nicotine, cuffeine, and other eubestances.

In atlttion to gas-chrouwstography, also qulte effective
are paper,thin-luyer and liquld ochromatography. 'he chromato-
graphio snalysis efficiency oun be appreoliubly iraised Af 1t is
prece:led by performing the chemical reactions wspecific for the
group of compounis to be determined (Xl.A,Pinigina, 1980).
Intensive revearch has also been ourried out in the field of
mass gpectrometry and chromato-muss epectroustry of environ-
mental pollutunte. Mues spectirometry is one of the most advaﬂ-
ced and universal typea of the present-day physioco-chemloal
analysis. Among the main advantrgea of the method are its
high specificity and esentivity, & possibility of dirsot iden~
tification of unknowan compounds, and automatic recording of
the data obtained (B.I,Keda, 1981).

Spectrophotometric methoda of investigation are aleo of
groat sclentific and practical importance, as they make it
possible to obtain information ou the structures of molecules,

the mechanism and rate of analytical chemical reactions, wnd,

therefore, on the content of toxic substances 1n the analyzed
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sumples. The moat effeotlive 1& apectrophotometry based on the
avaorption of electromagnetic rudiation. The reeclving power
and informative'valua of the specira depend to a conslderable
extent on the energy renge or radiatlion wavelengthe, the pro-
perties of determined compounds apd the physico-chemical pro-
cesmes taklng plece. #hen radiation le absorbed in the ultra-
violet and visible regions, the absorption ie mainly dus to
the slectron excitation of the outer shells of atoma and
molscules. Infrared radiation sxcltesa the vibrational levels
of molecules. Radiation abaorption in the microwave and radio-
wavs-regions leade to the exoitation of the rotational levels
of moleoules, to an increasse in the energy levels of nuclear
and eleotron aspina, thereby enabling the NMR and the EFR
spectra to be obtained. Spectrometric methods are effesctlve in
determining the main inorganic sir and water pollutantas.

Coneldorable possibilities are oifered by the chemilumi-
nsacence mathods. With the help of ohemlluminescence are effesc-
tively determined: nitric oxide and dioxide (after converted into
oxide), cume(by its reaction with ethylens), and many Other
substances. The use of a gag-chromatographio column and &
chemiluninescent deteotor with ozone enable the deteotion of
an unlimited numbey of unsaturated organio compounds reacting
with ozone, The use of gss chromatography rasises conslderably
the analysis speoificity. The interfering actlon of aagoolated
substences caa in this cepe be completely disregarded. At the
sams time, the sensitivity of a chemilumineacent chromatograph
is 103-106 times higher than that of a chromatograph with a
flame-ionigzation detector. That is why the use of the chem]l-

lumineacent ohromatograph makes it POSsible to determine most
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of tha inorgunic substances Bt ouﬁcentrﬂtions aignificantly
lower than MAC, without any preliminury condensation of samp-
lea. Thia, in its turn, inocreaees appreclably not only the
sensitivity but also the accuracy snd the rapidity of unalyeiae.

Radlolegical methods of investigation are also very pro-
mising. With the help of radioactive indicatore ons can un-
ambioguously estabiish the distribution of toxic eubstances 1n
the organiem of experimental animale, to follow up the transpat
and localization of these chemicals (O.I.Yurasova et al., 1980)
The u;e of radioactive isotopes und radiation aleo ralses aub-
stantially the specifity of phyﬂico-chémical analyais and in-
areages considerably its sensitivity. Thus, an increace ln the
tonization lavel of the teemted sample in the detectors of gae
chromatographs using radloactive sources (electron-cepturs,
argon or helium-ionisation detectors, eto.) ralsea considerab-
1y the senslitivity and spscificity of determinations. 3ome
rediological technlques, 0. g the method of neuron activation
analysis, are up te now uohaiderad to be unsurpasped in aenn;-
tivity end relisbility. Special reference should be made to
the highly promising fluoreeceat I-ray - radiometrio determina-
tion of hearvy matals, since thies method is based on using
radiolsotope sources with a very low activity and readily avai-
lable portable mpparatus.

Of great importsnce in communal toxicology ie the design-
ing of the equlipment used to analyze stmospheriec air, air mediua
of premiges, and water. Thus, the chemical luminewcence analyser
of ozone in air, using the reactien with ethylene, has a higher

% senasitivity and epecificity as compared with all the existing
@
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ozone analyzers. A portable sutomatio ozone analyzer whare
rhodaming C 1s used ae chemlluminophore has a8 sensitivity of
SJJg/mJ and weighe not more than 4 kg. Tus sensitivity of the
mathod inoreases 40-70-fold if ozone reacts with rholemine
activatad with gum arabloe. The interfering action of nitrogen
oxides doeo not exceod 0.235-0.1% per cent. The principal purpose
of the portable anslyzer is to control the ozone content in thae
atmoapherioc air and in aircraft ocabins. The coulometrio orone
analyzer (with sodium bromide used as rlectrolyte) has an
inoignificant background current, senaitiviiy of enanlysis i
of the order of 1 Fglmj. Jzone concentratlion is direotly pro=-
portional to the eleotrio ourrent induoced in the coulometrio
asll., When a oylinder with oxygen {(lnstead of one with ethylene)
ani a calihrutéd ozonizer are oonnected to the chemiluminescent
ozone analyzer (uing the reaotion with ethylens) the insiru-
ment gerves as on asutomatio analyzer for nitrlo oxide. If the
instrumsnt is additionally equipped with a convertar of nitrio
dioxide into nitriec oxlde, 1t can slmultanecusly datearmine the
swn totnl of nitrogen oxides. The chemilumlnescent mnalyzer im
aloo uoed as the detector in a ohemiluminescent chromatograph.
A portable inatrument has been Jdeveloped for the determination
of total organlec substances in alr, based on & flome~ioniza-
tion detector and alr purification Jdevice. If the ohromato-
graph is equipped with a methunator {converter of carbon mon-
oxide inio methane), it can be used as a highly sensitive and
npecifio analyzer of carbon monoxide in uir. Determination
senaitivity amounts to 0.05 mg/mJ. A gna analyzer und 88 auto=-

matic station for integrated inveotijputions of the astate of
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air medium and indoor nir exchange have been lesiyned, based
on infrared-photometric daterminastion of carbon dioxide. A

diffusion of preuset consentrations in the range of J.01-1,0 mah?
and higher hus been devoloped and successfully used in hyglenie

investigutions, (long with levicee for the samplling of atmos-
pheric alr followed by 1ts conocentration, end for the oconcent-
ration of toxio aubstouces {rom water.

Along with specifio determination of individual substan-
oens, of great methodological importance 1a also the development
of group inlicators or indices of overail euviroumental pollu-
tion, and of methoda for their measurement. The use of maaa
spsotromatry .nd oﬂrcmato-maes speotrometry for the analysis
of toxle subatences in sir water shows that in many cases the
environment is gimultaneoualy polluted with mscoree and even
bundreds of toxlc substancee of approximataly edual hygientic
significance. At the same time, the date of such analyses are
not infrequently used only for subesquent calculatibn of the
overall and the hypothetical pollution indices. It has been
found that the same date can be alao obtalned by means of repid
determination of an overall pollution index, slnce a ¢lear-out
correlation is usually traced between them (Yu.D.Gubernsky,
M.T.Dmitriev, 1981). A number of puch overall indices have
been suggested recently. Characteristio aspects of thelr appli-
oustion vnd determination can be examined in detall s exempli-
fied by ons of them - the ozone index, serving as an overall
indicator of air pollution.

Ozone is known to degrade intensively in the air, oxidie-

ing the majority of inorganic polliutants: ammonia, nitric oxide,
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sulfur dloxids, hydrogen sulfide, aldehydes, alcohols, amines,
gercaptanas end numerous hydrocarbhons. Orone dieentegration in
the course of 1ite intermction with all the pollutants mainly
follows the scheme of bimolecular reaction. Slnce the over~
whelning majority of the rate constants of reactiona between
diverse pollutante and ozone are unknown, it is desirable that
thé valus of the ozone lndex be expressed in terms of only one
substance, for which this rate constant has been determined
with high accuracy. Morsover, 1t is importent that this eub-
satance should be widely ocouring oconvenient to handle in experi-
ments, and also be contained in the air as a pollutant among

other aubatanc;s. Hexene—~1 was selected as such a substance;
the rate constant of ite reaction with ogone 18

5.96.106 cmjlmnle.s {which corresponds to 1.19.10-2m/mg.m1n).
The ozone pollution index thus reflecte the overall conscentra-

tion of all- the pollutants in the tested ailr sample by their
reaction with ozone in terms of hexene. 3lnce all the substep-
ces reacting with ozone in the sir are pollutants, the ogone
pollution index directly cheracterizes the purity of air: the
lowsr the ladex, the leas the pollution. Expressed numerically,
the ozone index 1s equal to the camlculated hexene concentration
which would lead to the same rate of oxone disentegration as
the total number of pollutants contained in 1t. Experimental
determination of the ozone does not present any difficulties,
aince it is only necessary for this purpose %0 have an ozoniser
and a device or a method to measure the ogzone concentration.
The optimal duration of the ozone index determination 1s 15
minutes. The value of the ozone index also makes 1t posslble
to obtain ° the overall of the hypothetical pollutior indices.
Along with the oszone index, other gro;p indicatora of air
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poliution have been developed: the total content of organie

carbon and photooxlidanta, the nitric oxide oxidation rate, the
carbonyl, loniec and chemlluminescent indices. The total content
of organic carbon 1a directly determined with the help of a gas
ohromatograph having a flame-ionizatlon detector and characte-
rizee air pollution, primarily with hydrocarbons. The total con~-
tent of photooxidante egimultanecusly oharacterized air pollu-
tion with nitrogen oxldes and hydrocarbons, as well‘aa the
intenalty of photochemlcal reactions. Ths nitriec oxide oxida-
tion rate is an indlcator of the development of photochemical
reastions, particnlarly of the moment of a sharp rlse in oczone
content. The carbonyl index showe that the alr contains the
produots of incomplete fuel combustion. The ionle index (the‘
ratio between the concentrations of heavy and light iona)ref-
lecta the overall sir pollution, while the chemiluminescent
index - the total content of unsaturated sompounds, ni;rogen
oxides or producte of photochemloal reaotions. The Qpplioation
of organaleptic indloators of air pollution is effective in
gome cases. The use of group indicators is also expedient in
water Goalysie. Oxidizability is the best known ¢f these indi-
oators. The index of total organlic carbon content is usually:
determined to mssess organio pollution of water with the Lelp
: of a gas chromatograph or e portable analyzer. The uae of the
ozone index 18 mleso quite promieing for the integrated water
analiysis. As in the omee of air, determination of individual
substances 1is important fop wsﬁer analysls as well (Yu.V.Novi-
kov, et al., 1981).

Low-temperature fluorescent spectral analysis has been
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successfully applied to determine polycyollio aromatio hydrocar-

Yons: benz(a)-pyrene, 1,2-benzanthrucene, and 1,12-benzpyrilena.
When frozen to the temperature of liquld nitirogen, aolutione of
pelycyclio aromatioc hydrocarbons in normal puraffins have quast-
linear fluorescence spectra, specifie for indiviiusl subwtances
and claosely mpproximating the atomic epectra. Therefore, the
method 18 not only highly senuitive {1te vensitivity ia of the
order of 0.1 ng/ml) but aleo highly specifio. lhe asivantage

of atomic-abasorption analysis llee in 1te high sensitiviiy, ee-
lectivity, rapidity, end accureoy. The application 4f nontlame
atomization methoda, graphite cells with a tem,eraturs of
2500-2600° in particular, makes it poisible to inorease oub-
stantlelly the sensitivity of the analysias. Lead, cadmium,
manganese, nickel, calcium, magnesium and many other heavy
metals are determined in water by means of atoulo-absorption
spectrophotometry.

Precise dt.stermtuﬂ.tion of trace wetals can bes aluo perform-
ed with the help of neutronaciivation analysis. Test samples
are exposad to neuiron radiation in portable neﬁt;on multipliers
or in nuclear resctors, with nuclear reactions resulting in the
formation of radicactive isotopes. Comparing the ratiocactivity
of pamples with standarde one can determine the coatent of
analyzed metals with a senaitiviiy reaching 0.1-1.0 pg.

An inetrumental method ofneutron activation ie used to determine
aluminum, barium, calcium, chlorine, potasalum, magnesalum,
sodium, eirontium, and vanadium. Neuron activation method with
radiochemiocal separation, using diethyl dithiocarbamates of
different metals, is more effective to determine copper, molyb-

denum, cobalt, iron, zinc, and arsenic. Chromato-mass spectro-
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motry 1s the moat up-to-date meihod of unique potentialitiea.

It 1@ offectively used to analyze c¢hlorinated hydrocarbons,
aromatio compounds, naphthenes, terpenes, und other substanaes
in water. Thua, the present-day mothode of chemlcal analyeis
make it poeqible to ocontrol air and water pollution with high
senajitivity, reliebility and rapidity.

I4-1
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TOIIOLTY ASSESSMENT OF HOUSKHOLD CHIMICALS

8.X.Yoloshchenko

Housshold chemioals (HC) are widely used throughout the
world.
runotioﬂallx HC can be gubdivided as follows)
I. Detergents
1. Synthetic detergents
2+ Heavy duty detergents and water softenera
). Bleaching, blueing and star.ching agents
4, Bhampoos
%+ Bath shampoos
6. Heavy duty detergents to remove dirt from heavily soiled
bands, vehicles, eto.
11, Cleaning agents
1+ Cleaning agents for kitchen utensilas.
2, Carpet and rug cleaners
3. Glaae, ceramics and china oleaners
4., Jlesaning agents for precious metals, copper eto,
111, Siain removers
I¥. Polinmhes
1. Jurniture polishes
2. ¥loor poliehes
Js Car polishes
V. Toiletries
1. Hair sprays
2+ Deodorants
Vi. Adhesive agents {(glues, sealants,
putty}

14-2
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ViI. Paints and varnishes (varnisghes, paintas, solvents)

YIII. Leather and chamols care artiocles

IX. Household aerosols

X. Insecticlides and pesticides

X1, Herbicides

XII . Photo-chemicala

X11i., Mineral fertilizers

11V. Other household chemicals (plastioine, ski wex,

candleps, dyea, coniferocus bath extracts)
Bynthetic detergents (SD} eaccount for a major portion of RO,

Burface active substances (SA3J) end synthetic detergents are
basically treated as possessing mild toxioc properties. Thelr me-
dian lethal doses for whife rats range from 1.500 to 20.000 mg/kg
applied perorally end 2.500 - 40,000 and more mg/kg 1f applied
outaneously. (0,I.Voloshchenko, et al., 1977; V.A.Pokrovsky et
al,, 1975, etc.).

Cases of poimoning at home with household chemicals have been
described in the literature. (I.P.Zamotayev et al., 1978, etc.)

Analysis of gquestionnaires oirculated among the citixens
suggests that the use of a powdered aynthetic detergent for
household needa may result in contamination of the ambient air
with 8D aercosols. We have ascertained a brief presence of deter-
genta in the air of non-living quarters in apartments where
synthetio detérgants have been used. The maximum content of
anion surface activé pubatances (SAS) in the air did not exceed
0.12 ms/n3. Migration of surface active substonces in the air
space of living quartera depends om the microclimate. Alr oir-

culation and relative humidity bring down surfactante' concen-
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tration in the amir space of the living quarters. {0.I.Voloshohen-
ko ot al,, 1979).

We have ascertained the presence of anion SAS on the walls,
floor and bathroom fixtures following the use of SD, their amo-
unt not exceeding 0.4 grg/e8q cm. Reaidual SAS up to 9(113/sq cm, on
the skin of human hands were determined following contaci with
the water solutlon of detergentes (C.I.Volcshchenko et al., 1979)
Z.8.Markove and A,I.8autin {1979) have established & direct rela-
tionghip between the resldual detergents on the skin of the hands
and the 3D concentration, temperature and sxposure time,

The latent danger inherent in the uss of housshold chemicaela
(HC) packed in pressurized ceans lies in the possibility of poi-
sonous substances' arriving into the human bedy perorally or
through the gkin and the mucous membranes.

People may be exposed to detergents in their own homes, but
also am a result of environmental pollution. We believe (0.I,Volo-
ahohenko, 1979, 1981) that in the context of the wide use of de-
tergents for household needs the predominant pathway for SAS and
other oomponenta of synthetio washing powders is through the skin,.
Degreased skin is partioularly suaceptible to dermatitis that
develops in persons whose skin 1s overly msensitive to chemiocals,
inoluding detergents. An important factor here is represented by
the time lipids take to regenerate and the active skin reaction
(pH) takes to return back to normal following expoaufa of the skin
of the hande to household solution of 3D. Apart from degreasing
8SAS's cause denaturation of the ekin. Changes heve been identifi-

ed in the skin microcirculatory eystems, and disruption in the
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cellular ultrestructure and intercellular contact structure.

Despite the fact that in the preseni-day household the ekin
is the main pathway into the human body for B8AS, and mindful of
the wide use of detergents in many householda, even though on a&
very  suall scale, cognisant of the possibility that they may find
thelr way into drinking water and food we could reasonably suppo-
ae that people may be wide open to an intricate integrated and
combined impact of the detergente' basloc components on the human
body., In the future study, this problem will be both urgent and
eppropriate in the hygiene and toxiocology of household chemicels
(0.I.Voloshchenko st al., 1981, I.V.Mudry, 1980).

THE PROGRAMME PCR THE TOXICOLOGICAL AND HYGIKN1C BTUDY

OP HOUSEHOLD CHEMICALS

Depending on the formula of a household chemical and mode for
its application the étudy of a possible adverae impact on the hu-
man body involves application to the pkin, intrcduction into the
stomach or inhalation by iest animala of a preparation diluted to
recommended oconcantration.

Sinoce household chemical affect in ocne way or-anothor moat
pecple, doses and concentrations of experimental chemicals exoceed
the recommendsd doses and concentrations by a factor of 2-4, to
ensaure a safety margin, In ahort term experiments lethal doses
and median lethal doses for test animale ere determined following
a6 one-time exposurs to the chemiocals in gquesetion, which are intro-
duced into the body in different ways. The animals are monitored
for overall condition and body weight for 2 weeks. The control
enimals are exposed to the solvent internally or by external ap-

plication.
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It is recommended that the cumulative properties of chemiocal
. preparations should be atudied involving the same type of tast
animals as ones used for the acute experiment. The cumulation
ocefficlent 18 caloulated from one of the methods developed by
U.8. Kagan, 1974, QG.N.Krasoveky, 1977 and others,

In ataging & chronic toxicological experiment it 1s expedient
to recommend a number of bloohemical, physioclogiecal, hiatologi-
cal, radiclogical and hematologloal remsearch techniquea.

Taking account of the hyglenic importance of skin exposure
to SAB the research programme should include the study of skin
permeability to major detergenta.

To predict & pogaible adverase effect of synthetic detergents
on the huwan body i1t would be advipable both to loock into thelr
allergenio, mutagenic, caroinogenlc, teratogenlq effecis apd to
siomul taneocusly study the funotional oondition of the skin of hands
at direct conteact with detergents water solution.

HOW 10 DETERMINE TOXICITY PARAMETERS FOR HOUSEHOLD CHEMI-
CALB IN ACUTE EXPERIMENT INVOLVING DIFPERENT PATHWAY3

Information sa o DL50 for 8D and BAS is important both in
scientific gnd practiocal terqu. Hedian lethal doses and concen-
trations nf. heoossary for 1ﬁciaiva toxicologiocal repearch into
new chemicala (cumulative properties, tentative threahol& doaes,
tentative safe exposure levels).

To arrive at DL5° different statisiical data prboessing-tec#—
niques have been put forward. (M.L.Belenky, 1963). More complete
information related to paranetérs'of substances' acute toxicity
cen be furnished by probit-analysis proposed by Leachfield and
¥ilcoxon. To arrive at DL50 of chemicals a technique proposed by

B.B.Prozoroveky (1960) 1s alge widely uped,
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An acute experiment is conducted by & one-time introduction
of & houashold chemical into the body of & teat animal through
different pathways (cutaneous application, orael epplicationa,
inhalation}.

.The fundamental indicator for hazardous properties of chemi-
cals affecting & living organism at high doses {or concentrations)
18 represented by the DL50 and its error. At the same time the
need arisee for the study of other paerameters of acuite toxicity
i -g;gi—- 3 the function of the inclimation angle
ﬁL5O 16 7
8 {I.V.8anotaky, N.P.Ulanove, 1975), To evaluate the cowmbined
and complex effect of surfactants on the human body the classical
technique of Lowe and Pinni (1952) can be used, or the technigue
of Pinni modified by Yu.3.Kagan (1973); V.I.8vatkova et al (1981}
eto.

MATERIAL ACCUMULATION OF HOUSEHOLD CHEMICALS: DETECTION
AND GRAVITY

The accumulation problem constitutes one of the moat urgent
ones in the present-day hygiene and toxicology. The environmen-
tal factora may have different impaocta depending'on their struc-
ture.

There are two methods to assess accunulation that are most
widely used., One is based upon a regular (daily) introduction
into the test animals of equal doses, representing & certain
proportion of DLso(L.I.Hedved et al,, 1968), The other technique
known as the subchronic toxicity test 1s based upon a gradual
increase of the preparation dose {(Lim et al., 1981). In both
cases the cumulation coefficient (K) can be calculated ae the

ratios
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SDng (n)
DLgg, (1)

Anion and non-ionogenic SAS and SD incorporating them possess
distinct cumulative properties, Synthetic detergenta show a lo-
wer cumulative capability than surface active substances. For
surface active substances and synthetic detergents the cumula-
tion coefficient ranées between 5 and 6 plus,

METHODOLOGICAL APPROACHES TO THE ESTABLISHMENT OF

THRESHOLD DOSES PUR HOUSEHOLD CHEMICALS INVOLYING

THE ENTARE SET OP TOXICOLOGLCAL AND OTHER INLLCATOR3
OF THE ORGANISM

The chronic sanitary and toxicologilcal experiment must fur-
nish an answer as to the nature of biological impacts and we-
chaniam of saction of household chemicale, which will make it
posaible to errive at the threshold doses snd concentrations,

Although each SAS 1s characterized by its own distinctions
in interacting with the organism, it is poseible to identify
organs moat vulnerable to these substances and synthetic wash-
ing powders utilizing them. The organs include the liver (0.I.Vo-
loshchenko et al., 1977), the intestinal tract and stomach
(T.V.Babadzhanova, 1966) form blood elements (Ya.V.Gamitkevitch,
T.F.Bozhegkova, 1975) and the nervous system. The impact of SAS
and detergents may frequently result in hyperphospholipaemin,
hyperholisterinaemia and other metabolism disturbances in the
body of animals (0.I.Voloshchenko et al,, 1981).

For the chronic experiment (6 months) the following indica-

tors may be recommended for investigation.

I5-1
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- physiological indicators: the animals' capacity for work,

sumation threshold indlcator, different tests characterising
the higher pervous activity and behavioural responses of the
animals, thelir ECG and EBEG.

- hematological indicators (erythrocyteas, leukooytes, ha?mog—
lobin) .

- biochemiocal indicators: total albumin of blood serum, phy-
sloochemioal properties of blood albumine in terms of specific
weight, albumin fractions of blood serum, temperature resistance
of blood serum albumine, albumin in urine, urea in blood mnd
urine, cholesterol in blood serum, total blood lipide from the
gravidimetric technique, - lipoproteides, free and total choles-
terol in the liver {the Sperry - Web teuhniqué), glucose in bloocd,
glycogen in the liver, pyrorscemic and lactic acid, choline ems-
terase, catalmse and peroxidase of the blood, succinate dehydro-
SGRHIO; alkaline phosphatase, transaminase of the blood serum,
etce

By the harmful exposure on the animal body the threshold do-
ses of anion and non-ionogenic spurface active spubstances range,
in the cage of cutaneous applicationa, from 10 to 100 mg/kg;
synthetioc detergents - from 20 to 100 mg/kg and more (0,I,Volo-
shohenko et al., 1981). ‘

A certain meapure of importance in characterising the adver-
se effect of surface active substances and synthetic detergents
is attached to the chronic exposura zone determined from the
ratioc of the acute over chronic exposure threshold. The wider
the zone, the wore hazardouse the substance, because there 1s a

posaibility of chronic poisoning at low doses.



XCa

pad

~ 115 -

To establish Lim, the results of the chronic experiment

h
should be statiptically processed using Student's criterion,
The integrated and combined effects of the surface active sub-
stances on the body can be assessed using the technique of Z.D.
Zlatyev et al. (1977), %Z.Z.Bruskina (1978), L.i.Timofeyevsekayas
NeN., Melnikova (1980), V.I.Svatkov et al, {(1981).

Major attention is given to the testing of household chemi-
cals under natural conditions, i.e, in the course of 20-minute
long contact between the skin of human hands and water solution
of the detergents. In this study, one of the moet important fac-
tore is ekin degreasing, pH and itotal aminocacids on the skin,
The pH level after & 20-minute long hand-washing in a synthetic
detergent must be back to normel 1-1.% houra following the con-
tacte The total lipids on the hands' skin usually go down 25-45
per cent ms compared to the original level and 3 or 4 hours after
recovery to the original level (0.,I.Voloshchenko et al. (1977).

The concentration of total aminocacids on human handa 1s in-
vestigated for several days after the experimental exposure., It
has been noticed that even 72 hours after contact with a synthe-
tic detergent the total smincacids do not get back to the origi-
nal level. The recovery level may range from 7% to 929,. Hi-
gher pH of the hands's skin and lower lipida and aminoaclds
on the skin of the palms and forearms result in deteriorated
skin condition, To prevent dermatitis the recommended concentra-
tions of detergents should not cause vigorous degreasing or
higher active reaction of the skin, (ream for hande should be
applled following contact with solutions of synthetic detergenta.

o
1
Ny
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ASSKSHMENT AND DEGREE OF ALLERGENIC, MUTAGENIC, CARCINCGENLO
AND TERATOGENIC EFFECT OF HOUSEHOLD CHEMICALS
(the Example of Synthetic Detergents)

Surface active substances and synthetlc detergents may cause
allergenic reactions if absorbed by the skin, thus promoting al-
lergenic contact dermatites and genersl symptoms of allergy.

Burface active subatances possess threshold allergic doses
that are 2 to 3} times lower than the threghold toxic dosges, end
for synthetic detergents they range from 100 to 100 mg/kg.

Delayed effecta of household chemicals impact can be grouped
together in the following manner: embryotoxic and teratogenic
impact, mutagenic impact and its implications for the offspring,
possible carcinogenic effect on the organism.

Literature suggests that certain gurface ective substances
(linear alkylbenzolesulphonate) if ingested, increase morbidity
of test animals in embryo, (Palmer, 1975).

To give a hyglenic characteriastics of surface active substan-
coes and related household chemicals widely used for household
purpoges in the human environment in low or sublow smounts, in-
formation 1s necessary on their possible mutagenic effect on the
organism,

The study of carcinogenic effect of surface mctive subgtan-
cea, detergents and other household chemicals is as important as
the study of thege substances' toxico-dynamic and sensitizing
propertiea. Early detection of carcinogenic substances among hou-
sehold chemicals, aynthetic detergenta, etc. with a subsequent
ban on their production, will have & major part to play in pre~

venting malignant tumora.
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Sulphancl KP-3 and Synthanol-DS-10 (35,36) have been degcri-
bed in the literature as promoting induced chemical carcinogene-
sis. {Yu.I.Sakharov et al., 1973, A.V.Sinigina, Yu.I.Sakharov,
1974).

Sulphanol chloride end primary sodiwun alkylsulphate did not
experimentally prove to poasess carcinogenic properties at con-
centrations or doses to which people are in fact exposed while
uping synthetic detergents in the express (sebaceous gland sup-
pression) teat or chronic experiments involving cutaneous appli-
gation of the surface active subsatance on mice, At the same time,
co-carcinogenic impact of sulphanol chloride has been establish-
ed if it is cutsneously applied at a concentration which is by
en order of magnitude higher than the actual concentretion that
can be observed under household conditions. (N.Ya.Yanysheva et
al., 1982).

Therefore we should amplify the importence of studying pos-
sible delayed consequences of surface active substances and
their impact on the human organism.

The last decade has seen increased production of detergents
including proteolytic enzymes. Addition of enzymes to synthetic
detergents meke them more effective as washing preparations.

These chemicals do not affect the pH and lipide of the skin
as dragtically compared to enzymeless synthetic detergenta. De-
tergents with enzymes have a negetive effect on the human skin
because instead of proteolytic enzymes they are made with a com-
bination of different anion surface active substances and other

‘components. In putting together new formulaes, account must be

taken of the proportion of anion and non-ionogenic surface ac¢tive
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substances in the detergent, which may result in synergism or
antagoniam in the effect of detegrents belonging to different
clagges, not only in terms of their cleaning‘—proportiea, but
alao in terms of their impact upon the skin's funotional proper-
ties.

]

Having penetrated the body synthetic detergents may he depomsi-
ted in certain organa and systems and play s role in the dieba-
lance of the endogenic surface aotive substances in the organism's
internal medium. The problem is of current intersst and may have
theoretical and practicael significanece,

TOXICITY AS THE NUMBER ONE CRITERION IN HYGIENIC
RESTRICTIONS ON HOUSEHOLD CHEMICGALS

The aclentific and technological advancement has engendered
& major challenge faced by preventive medioine, a tagk of study-
ing the envixommental factors for purposes of hygienic asgsesa-
ment, hygienic classificetion arnd standardization of raw materials
and manufactured articles, hygiene-oriented restrictions or
reductions in the intensity of adverse industrial or household
impacts on the human body.

“One marvels at the efernal truth of N.S8.Pravdin's worda,
who ;aids "The scientific might ... of toxicology can be found in
the {triade of clinicel, hygienic and experimental studiea"
(I.V.Banotsky, I.N. Ulanova, 1975).

The toxicology of household chemicale 1s included as a sec~
tion into general hygienic toxicology which studies the interac-
tion of household chemicale with the organiem of man and animala.
Its fundamental tosk lies in establishing latent and overt hazards
inherent in SAS, SD and other producte used as household itema
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and in various sectors of national economy.

Hazard represented by chemical preparations 1s not only un-
derstood es chemicals' capability to caumse aocute or chronic poi-
sonings, but alsgo ag their selectivity in effeoting orgmans and
physiological asystema, particular linke in the metabolic chain,
and to alter the body's reactiive responses, blastomogenic, carci-
nogenic, embryotoxic, teratogenic and mutagenic propertiea of the
factors in the enviromment (!u.s.laépn, 1981).

Therefore it can be safely stated that the eatablishment of
toxicity represents the fundamental criterion in reetricting or
regulating household chemicals for hygienic reasons.

¥e have furnished information as to the toxicity parameters
of household chemicals, the methodological approaches to arriving
at the threshold dogzes of exposure t¢ housgehold chemicals invol-
ving the toxicological and other indicators of the organism. Syn~
thetic detergents have been used ap an example to evaluate the
allergenic, mutagenic, carcinogeni~ and teratogenic effect of
household chemioalas, Toxlicity hes been discussed as the basic

. eriterion for restricting certain household chemicals of hygienic

reasons.
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PREDICTION OF THE TOXICITY OF SUBSTANCES
N, A. Egorova

Our investigations have made it possible to ascertain the
mathematical dependsnce between the indices of chronic toxicity
(maximum non-effective dose (MND) and acute toxicity (DLSO)
and the chemical structure of some groups of substances: deriva-
tives of benzene, phenol, phenyl urea, aniline ethers of fatty
acids, aldehydes, ketones, amino compounds of the fatty series.
The initial dsta on toxicometric parameters have been taken
from Boviet works on hyglenic atandardization of substances in
water, and only those compounds were chosen for lnvestigation
for which the chrosic test MND values had slready beem establieh-
ed, The following parameters were uaed to characterize the struc-
tural peculiarities of subatancest octanol water partition coef-
fioclent (P), Hansch's hydrophoblty constent (%), molecular ref-
raction {(mR), Hammett's electron conetant (&), electron constant
for sliphatic compounds ( G'4), Taft's steric constant (E.)
/Handsch et al., 1973 ; Jaffe, 1953; Taft, 1956).

The initial data were anslyzed on a computer, coefficlents
of binary and multiple correlation between the toxicity indices
and the physico-cheaical constants were calculated for each
group of substances with a similar chemical structure, It was
also determined whe ther the dependence of toxicity parameters
or the hydrophoblc properties of substances (P,75) 1s of a para-
bolic nature. The corresponding regression equations were ob-
tained, The best equation for each group of substances was chosen
on the strength of two criteria: the highest correlation coeffi-
cient (R) and the lowest standard error of determination (S).

Indicator coefficients (I) sere introduced into
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the equatlions characteriging the contribution of ipaividual
subatituent groups to the overall activity of the molecule of
a certain chemical compound.

In studying the dependences of chronic toxleity indices
on physico~chemical constanta, associsted with the molecular
ptructure of substencee, the followling results have heesnh ob-
tained,

For benzepe derivatives:
1g MFD = 0.230 (1gP)Z - 2.180 1gP + 0.840 Jy + 1.0847, + 2,063

n=18 K = 0,893 B = 0,505
where 31 i8 the ipndicator coefficlent characterizing the GH5
group contribution to the overall activity of chlorine~ and
nitro derivatives of benzene, ja is the indicater coefflcient
charactarizing the contribution of hydrocarbon substituents to
the activity of benzene derivative molecules which do not con-
tsin chlorine- oF nitrogroups.

For phenol derivatives the following equation proved to
be the most sultable:s

lg MND = 0.176 1gP + 04667 (3 - 1.967],,02 - 2,907 Jcn’ -

- 1.225 gy = 1.153 7 4o — 04530

D = 23 R = 0.909 S5 = 0,577

where N02' GH,, CL &re the irdicator coefficients for substitu-

39
ent groups in the phenol molecule, jbrthn is the indicetor
coefficient for substituents in ortho-position.

In the group of sldehydes, ketones, end ethers of fatty
acids the interrelation between the chemical structure and
chronic toxicity was expressed by the following equatign:
1g MWD = -1.2623% 2 + 4.2343F - 0.08036 - 2.048 Iy -

— I.B16 Jp = 2949 :
I6-1
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B =12 R = 0.952 8 = 0.3M
where 31 is the indicator coefficlent for oonfounds having
double bonds i the aolecule, 32 ia the indicator coefficient
for methyl ethers of fatty acids, aldehydes, and ketones oocn-
teining a bensene ring in the molecule.

Por phenyl urea derivatives the best squation wes lg MAD =

- 0,0975T - 0,5903G + 0.1735 6; + 0.1328, - 0.888) + 0,232
D10 R = 0.854 8 = 0.371
where jl is the indicator coefficient for substances baving
0H50 and, HO groupe.

MRD dependence on the chemical structure of amino ocol-
pounds of the fatty series was expressed by the following pa-
rabolic equation:
1g MND = 0,030 (1g P)2 + 0.6II 1g P = 0.7255 § , + 0.709

=B, - 0.724 1; - 1.726
n= 1 R = 0.87% 8 = 0.429
where J, is the indicator coefficient for disubstituted and
isocompoupds, '

For eniline derlvatives the foliowing equation was calcu~

lated:
16 MND = 2.97% 1g P - 2,0705 6 - 0,238 5 uR + 0,962
23, - 3081 )y - 5,022
n=IX R = 0.973 B = 0,373
where 31 i the indicator coefficlent for aniline GH3 - deri-
vatives,

It provhd impossible to ascertain the interrelation bet-
ween the MND of aliphatic apd ¢yclic hydrocarbons and their
cheaical structure, evidently because of the imsufficlent num-

ber of substances teken for analysis.



63002

- I23 ~

The obtalned equatlons expressing the dependence of MND
on the physico-cheaical oomstante had the following statistioal
perameters: correlation coefficients 0,854-0,973, mean ratioa
between theoretical and experimental values 2,3-3.8 and only
for one out of the 98 substances the MND theoretical / MND expe-
rimental ratio was equal to 12,

To increase the information content of the mathemasical
model used in our investigations the combined Hansoh -~ Free -
Wilson method was used, which made it poesible to ecaloulate
the toxlcity parameters of substances with a higher aceuracy
than that of Hansch's c¢lassical e thod,

It should be noted that even for the same group of cheal~
cal compounde the equations characterizing chronic and acute
toxiciby are different. ihis may be explained by the action
uechanisa of a Bubebtence for e single administration differing
froa that for a chronic intake by the organiem, The poasitd ity
of considerable differences in the course of acute and chronis
intoxications was pointed out by N.A, Laszarev as far beck as
1938, That is why &t the present stage of inquiring into the
"structure - activity" provlem 1% should be regarded as justi-
fied to elaborate the caloulation methods only as applied to
individual groups of chemical cosmpounde with a similar gtruc-
ture,

THE RESULTS OF ACULE EXPERIMMNTS USED 10 PREDICT THE CHRORIC
TOXICITY OF STBSYANCES

In the development of the theory and practies of predict-
ing the acute effect of subetances resulting from their pro-
longed intake by the organiem in small doses, investigators

have repeatedly resorted to acute experiments on snimals,

16-2
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Indeed, a single adwinietration of substances in large doses

lethal for animale does not take much tlme and resources but
gives one a sufficiently clear ldea of the nature and intensity
of the substance's toxic asction. The medisn lethal doses, DL50’
obtained from such experimenta, serve as reliable toxicometrie
parameters that can easily be used in calculations for a ten~
tative assessment of chronic toxieity levels for different sub-
stances, Several attempte have been made at ascertaining the
mathematlicel dependences between the meximum non-effective doges
(MND) of a chronic test, or directly the MPC, according to the
toxicological Indication of harmfulness, and the DL50 values
for substances studied by speclalists ln the field of water
byglene /8.D. Zaugol'nolkov et al,, 1978, G.N; Krasovgky et al.,
1979/, We, in particulsr, previously proposed the following
equation to calculate MND from DLBO’
lg M¥D = 0,88 lg DL50 ~ 3. 54
n = 260 r = 0,529 8 = 1.061

The resulta proved to be both reassuring, since they indi-
¢ated the extstonce of a correlation between the acute and
ohronic toxlcity indices of substances, and dissppointing, since
the ascertsined correlation proved to be poorly'pronounced, end
the equations derived from it produced a considerable error and
did not allow a reliable determipation of the MND value, The
insufficient accuracy of equations used to calculate MND from
DLSO way be due to the fact that median lethal doses teke care
of only one aspect of the substance's action - its toxicity,
while chronic action includes not only toxicity bub also the
cumulative action of chemical compounds. Hence, the unsatisfac-

tory sccuracy and practicael inapplicability of such equations
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in calculating MND for high-molecular compounds, T ensurs
greater accuracy provided by equations it is necessary to
introduce a component asccounting for the cumuiative sction of
substances, Information on the degree of a substance's cumu~
lative action can bDe obtained from the scute test itself.

For instance, B.M. Shtabsky /1974/ proposed to use to this end
the median lethal time of enimals in an scute test. The pre—
requigites for using a time parameter %o assess cumulative
properties are provided by the observations made by experi-
menters-toxicologists over many yeers: as a rule, the later
animals die after the administration of lethal doses of a sub-
stance, the more pronounced are its cumulative properties.

For example, after a single administration of highly cumulative
mercury in doses close to DL50 animals die 7=-10 days later,
i.e. after the interval necagsary for a specific lesion of
renal tissue, the so-called "corrosive sublimate of the kid-
ney". Under the effect of lethal dcses of weakly cumulative
organophosphorus compounds, e.g., methylacetophos, the sni-
‘mals die within the first day of intoxication. It remsined
unc lear, however, what the best way to characterize the time
paraueter was and how to calculate the median lethal time for
animals in an acute test. The classical method of determining
the medisn lethal time of animals using probl t-analysis

M.L, Belen'ky, 1963/ gives the value of the median lethal
timeé only for one of th: administered dosee close to DL50.

In this case the information carried by the acute test is not
completely utilized as mno account is taken of the varia-
tions of the time parsmeter, caused by the individusl sensi-

tivity of animals to the substance in question,
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This caused the need for our own method to be elaborated
for deteraining the median lethal time of animals, which was
done as followa., As the starting point the tabla of frequency
of animal deaths in an scute test by days and hours of obsar-
vation was taken, From its data we caloulated the median lethal
time for esach administered dose, taking into acoount the varia-
tione in the lethal times aspoclated with the individual sen-
sitivity of animals or their resistence to the subsbtance studied.
The calculated median lethal time valuea for each of the admi-
nistered Joses of a substance are plotted in a doubls logarith-
mlo scale and then approximated by a straight line. From the

polnt on the straight line, corresponding %o DLgyy & perpen—

dicular is dropped onto the X-axis, and the value of Thgg =
the medlan lsthal time resulting from the median lethal dose
18 determingd, For exsmple, the results of an acute tesb'on
white rats with 2,3,6~trichlorofoluens are as follows (Table 4).
The wedian lethal time of animals for each of the adminimtered
doses is caloulated by multiplying the number of snimals by the
correeponding lethsl time, followed by summing up the obtalned
values and dividing the sum by the number of animals that died
froa the given dose of a substence, The L values and the doses
tested in the experiment are then plotted (Fig, 1) end approxi-
nated with & etraight line, Frow the point on the astraight
line, corresponding to DL5°, & perpendicular is dropped onto
the X-axie, The polnt obtained is the sought 'n‘so equal to
56 hours.

The method recommsnded makes it possible to determine
Tlﬁo with the fullest poseible utilization of the acute teat
data, The T‘DSO value is an integral index and takes into sccount
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Table 1

Data of an scute test on white rats with 2,3,6~trichloro-

toluane

Doses, Lethal time, hours
ng/kg Medisn lethal time for
24 48 72 96 120 14
oach dose n’SO
nuaber of dead animals
€000 5 1 {2ax5 + 48x1) 1+ 6 = 28
5500 2 2 (28x2 + 88x2) 1 & = 36
5000 1t 1 1 (28 + 88 + 72) 1 3 = A8
4500 1 1 {72 + 96) ¢+ 2 = B4
4000 1 .1 (96 + 120) ¢ 2 = 108
3000 1 1858 ; 4 = 1445
’g, 5000 Il = 3800 mg/kg
&
‘5-53 H'SO = 56 hours
A 5000
[4V]
D —_—
o 8
«3 T20 2000
o .
25
35 3000 6
¥ 30 % 20 90 150
53 Usy
38 lethal time of arimals (hours)

Pig. 4. Deteraination of TI"SO from the lsthal doses va,
animals® lethal times plot
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the time parameter variations associated with animals' indivi-
dual (higher or lower) sensitivity to the actlon of s substance
adeinistered in doges lower or higher than the median lethal
dose,
A method of the quantitative detiermination of TL50 cen

be used for evaluating the informative significence of thie

parameter as the one characterizing the cumulative properties
of a substance, For this purpose 34 subatances have been se-
lected in accordance with the following criteria: (1) availa
bility of the MND of a chronic test for white rats; (2} avai-
lability of the DL50 .for white rats; (3) lethal time of enimals
in an acute test, reglstered precisely by days or hours, The
nedien letha) time of animals, TLSO' was determined using the
elaborated graphicsl method of calculation, The data were ana-
lyzed on an "ES-1033" coumputer. The correlations between MND,
the DLSO/IND ratio, proposed as a parameter characterizing the
cunulative properties of a substance /G.N, Erasovsky et al,,
1976/, and TL50 wore evaluated and the corresponding correla-
tion coefficients (R),regression equations, mean errors of re—
gression equationg (8) were calculated. The logerithms of MND
ng/kg, DI.50 ng/kg, ’1‘1:50 hours and DLg,/MND were used in cal-
culations, Since the firet analysis of the initial data show-

ed that some gubstancesg (chloripe derivatives, phenols, ben-
gene derivatives) differ from the others in the degree of their
cumulative properties manifestation (the DLso/HND ratio), in-
dicator doesfficients wore introduced into the equations, egqual
to 1 for the above chemical compounds and to O for all the

other substances.
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As a result of the investigations the followlng regression

equation has veen numerically solved:
1g DLgo/MND = 1.935 1g TLgy + 0.615 J, = 1.203 J, ~ 1.383 33 +
+ 1.608

n = 34 R = 0,882 5 = 0,472

where ]1_3 are the indicator coefficients for the followlng
compoundss

_‘]1 - aliphatic hydrocarbons with 2 or wore chlorine
atome in the moleculs;

Jo - rhenola;
.'Ij - nitro. and hydroperoxide compounds of benzene;

n is the number of substances.

A hivh correlation coefficlent of equation 1 indicates
that there is a clear-cut interrelation between the degree of
the cumulative action of substances and the values of snimal's
wedisn lethal times, The mean ratio bstween the theoretical and
experimental values 1s 3; only for one substance, methachloro-
isocyanate, 1t 1is 11,

To predict the chronic toxiclity of substances from the re-

sulte of ncute tests the following equation was derived:s
1g M¥D = ~1.938 lg Lfgy + 1.074 1g Blgy - 0.566 Jy e 1,098 15 ¢
+ 1,383 ‘jj - 1-901
n = 34 R = 0.925 S = 0,455
where 31_3 are indicator coefficients plmilar to ]1_3 in equa-

tion 1.
The mean ratio between th'eorotiesl snd experisental values
of MNND determined by Fq. 2 18 2.9; only for a small number

of substanc~s it ranges between 4 and 6. For metachloroiso-

17-1
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cyanate the ratic is equal to 10.7, which may be die to the
fact that structural specific features were ignored when the
equations were derived,because there were nc compounds of z al-
ailar chemical structure asmong the suibstances taken for the ans—
lyeis.

Biamultanepus use of DL50 (teking care of the firat compo-
nent of cohromic effect - toxicity) and LT ,, characterizing the

cumulative action of substances, i.e. the second component of
chranic effect, permite the MND value Lo be calculated with
sufficlent accuracy. In this case indicator coefficients sre
very umeful as they help inolude the mpecific features of the
cumulative effect of some ohemical compounds in the equation,
The equations for predioting MND of a chronic test from
DI’SO and LT5O values, as well as anO/IIND ratios with respect
to L'l‘50 can be recommended to be used for hyglenic standardizaw
tion of substances in water. They are obtained in a short-
duration and not too laborious acute experiment yielding an
accurate and reliable toxicometric parameter mﬁO' The accuracy
of determining the median lethal time of animals depends
entirely on how thoroughly the times of animal deaths in the
experiment are registered by the eéxperimenter, LE[‘BO 18 easy
to calculate and the information derived from this paramete:; is
quite valuable since determinstion of 111‘50 seems to be the simp-

legt and r‘at;her an accurate method for assessing the cumulative

action of substances,

Regrettably, in recent yesrs resesrchers have not given
the time parameter in an acute experiment the attention it de-
serves. This makes it difficult and even impossible to use the

results obtained for predicting the cumuiative and chronie toxi-

clty of subsatances,
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CAICULATION MEPHODS FOR RFGULATING
CHEMICAL ATMSOPHFRIC AIR FOLLUTANTS

L. A. Tepikina

1. Introduction

In view of the steadlly axtending range of chemicals used
in induetry, agriculture, and at home, 1t is becoming lmpors-
ant to speed up the evaluation of their toxicity and the eas-
tablishaent of tentative safe expesure levels, This has to be
done in order to obvliate the dispropoertion between the increas-
ing number of new chemicals applied in industry and the real
poasibilities of studying and hygienically rating them, One of
the most promising ways to resolve the problem is to develop
a mathematical method that permite prediction of the safe con-
centration of air-borne pollutants on the basis of short-term
¢xpariments and the MACe established for other environments
(aeir of 'orking zone, inland waters) as well as from the phy-
sico-chemical properties of the cheaiocals.

The theoretical principles of applying calculation methods
for predicting the toxicity of substances from their physico~
chemical properties have been Bet forth by the prominent Soviet
toxicologist N.V. Lazarev [1].

In later years, leningred toxiceloglsts have been systema-
tically trying to elucidate the relationship between the indi-
cators of blological activiby of substances and thelr physico~
chemical properties [2. 3] .

At present, a wealth of data are available concerning,

the caloulation-based rating of harmful subsctances in working
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zone sir {2,3,4,5,6,7,8,9], atmospheric air, and inland waters
[10,11,12,13].

Most of the calculation methods rely upou ' a commson prin-
ciple, namely, finding correlations between the eastsblished
values specified in hygienic standards and various phyeico-
chemical apd biologicel parameters, The calculation sethods of
rating quintessentialize years of practical experience in hy-
gienlc standardization. Naturally, calculation methods are not
an adequate substitute for experimental substantiation of MAOs,
especially as regards substances exhibiting epecifie and remote
effects (allergenic, embryological, mutagenic, etc.}),

Thus, the calculation msethods for establishing hygienic
rates may be classified as folloya:

{1) establishment of safe exposure levels basged on toxico-
metric parameters and found in short-term experiments;

(2) rating based on the MACs sstablighed for other environ-
mental conditionsj .

(3) rating based on the physico-chemical characterisgtics of

- chemlicals.

2. Methods of PFinding Appropriate Foraulas for Calculating
Certain Toxicometric Parsmeters of Harmful Substancos

The currently existing methods of calculabting the ¥SEL
of harmful substances are baged on a correlation betwesn thelr
toxicity parameters, noneffective concentratione (MAC), and
physico~chemical properties. Here, a logarithmlc fora of corre-
lation between the resultant and factorial indicators, such as

logy=a°+a1 log x

or log y = a, + 2. a log xy

L+] i=1
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is primarily used in the case of a multiple correlation, which,
according to some researchers, 1s reaschable in view of "the
logarithuic dependence of the effect of polsons on their doss-
ges or concentrations”,

Another reason why the use of logarithamic correlation
foraulas has been successful wmay be the usual consequence of
"reotification" of any curve representing the nonlinear rela-
tion batween resultant end factorial indicators in the logarith-
mic space.

In this case, the correlation coefficient (R) will increase
as the relationship of interest approaches a power function,
often reaching high value, However, sinoe no atudies have bean
conducted, to the best of our knowledge, with a view to find
an optimal correlation, 1t 1s still questionable whether the
logarithmic form is the best for & given pair of indicators.

In the literature, one can find some instancea where other
correlation formulas are used, although nothing 1s said about
their advantages over the alternatives, For exampie, Yu, S, Ka-
gan recommends the following formula for pesticides!

¥ = 8, + ax,
which is esgentially a lineer regression equation.

This is to say that teking the logarithm of the parameters
to derive the desired fora of correlation is not & universal
polution and that each individual case requirss proof that the
formula choeen for calculating the TSEL is the best among
the examined ones, Therefore, our work {14] has involved,
primarily, development of a method for selecting the best
foraula and the algorithm for handling the numerous routine

operationg inevitable in this process,



~ 135 -

¥While determining the appropriate form of correlation be-
tween sequences of empirical data (in our case!this role will
be performed by given values of toxicometric indicators of the
pubstances), the following equations are usually congidered in
view of their uses straight 1ine; exponential, power and semi-
logarithmic function, hyperbols, parabole, etc. To standardize
the process of determining the coefficiente of the ¢quations
the initial data are transforwed io such g way that each parti-
cular equation acquires a form of a linear regression model
{15,16.17] . In this case, we somehow enlarge the list of for—
mulas (to ten) due to $the transformation applicable to all se~
quences of dsta considered herein (Table 1).

Selection of the besgt form of correlation among the examin-
ed ones is far from being simple duwe to certain pecullarities
of the initial data which essentially affect the validity of
the dispersion estimates the most I portant of which are the
followings inhomogeneous di gtribution of the lndicator values
within the srea under examination (stratification), ambiguity
among the values of the indicatof taken ap a dependent vari-
able (resultant) with regpect to the definite value of the in-
dependent variable (factorial), etc. [18]. The traditionsl me-
thod of "deleting" suiltable values of toxicometric indicators
and MACs of the substances from the initial list of data was
found to be incorrect, for asuch an approach canhot be consider-
ed objective, even though tye gelection c¢riteria were previous—
1y formulated, and, therefore, it can lead, in priﬁciple, to
the establishment of selecticn of any correlation given a
priori. For this reason, according to the method recommended

herein, She criterion for selection is based on the comparison
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Table 1, Types of Correlation Formulas

Elementary function Reduced (rectified) form of
elemsntary function
1. Straight ine Y =B, + Byx
Y= a8, +ax s, = fi, e, =,
2. Exponential function log y = ﬁo + ﬁ1x
x
Y =a,+ a, 105a°=ﬁ° loga1=ﬁ1
3. Bemllogarithmic funotion y = ﬁo + 151 log x
y=a, +alogx ao'ﬁo a1=ﬁ1
4, Fower function log ¥ = ﬁbo + ﬁ,‘ log x
= a1l = =
¥ =8, X log a, = f3, a1-ﬁ1
5, Parabola , y=p°2+ fﬂ1x
o - _Re
T w8y 4 8.x+ ayx a, =Py a;=2p B, ay=h]
6. and its v =By + B Vx
y=a°+a1'\(? a°=ﬁo a1=ﬁ1
7. warieties V}‘-—-ﬁoa + Py Vx
i 2
y=a,+a, X+ayx 8, = Py a1=2ﬁ0ﬁ1 ay = f
1
8, Hyperbolas 5= ﬁo + j}1x
v =l 8% = Po  Bg =iy
0 1
9, and 1ts y:j’o+ﬂ1%
y=a°+a1; 8, =P, &y =By
. 1 1
10, varieties 3P 40,3
x

80 + a1x
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of the total number of validity evaluations of the foramulas
given in Table 1, that is, the estimation of the most resultant
{as regarde the standard deviation eriterion, 8D, - root-
mean—-square deviation of calculated indicators from the initial
ones in the normal, untransformed space) and éhe most reli-
abls (using Fisher's F - criterion) mathematical model. As
additional evaluation, one can consider the correlation coeffl-
cient (R and its estimation from Student's TR) and the error
involved in determination of the regression ccefficlent ( A b},
4s a rule, these estimates underge simultansous changes. In
other words, the.maximum correlation corresponds to the best
estimates, However, certain dlstortion of bthe correlation es—
tigate is observed in a nuwber of cases, Thus, for example,
the maximum correlation corresponda to such a form of corre-
lation which does not have the maximum egtimates with respect
to SD- and F-criteria. This can be attributed to bobh the
above-described peculiarities of the initial datas and the ef-
fect of the calculation scheme, namely: calculation of the
foruula coefficients 1s based on attainment of the 5D, -
eriterion bto transform the calculated data from the experi-
mental, initial ones, while the valldity of the mathematical
model thus obtained is evaluated by comparing the initial and
calculated values of the indicators. In this case, the model
using the SD, .- criterion should be preferably selected, for
we primarily are interested 1n attaining the least deviation
of the calculated data from the inlitial ones., In more complicat-
ed ceses of deviation, which at the same time are less frequ—
ent, a non-foruwal selection based on the same practical prin-

ciple is alse pnosible.

161
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in view of the above, the following procedure for smelect-
ing the empirical formuls can be statedt

1. For each type of transformation, calculate the coeffi-
clents a and b of the formulas, determine correlation coeffi-
clents R, the value of Student’s T, - criterion for estimation
of R, Ab - evaluation of the error involved in determination
of the coefficient Ab.

2. Determine the calculated values of the resultant indi-
cators sccording to each formula.

3., Determine the the values of SD and Fisher's PF-criterion
according to the calculated and initial resultant data,

4, Make pure that the optimal formula has been seleched
with refersnce to the minimum ED in the sesquence obtained.

As a rule, numercus calculations required by this method
exclude any mamial operstions, Therefore, a speclal programme
using FPortran langusge was elaborated to provide the necessary
data for speedy and efficlent selectlon of the formula which
can be the best amomng the listed ones, If necegsary, the 1list
of formules given in Table 1 aan be expanded in case of appro-
priate modificatiop of the programme. There is no need to ab-
solutize any data found with the ald of the above-descrl bed
method, These data can be correlated {f the lnitial parameters
are added. The programme can be repeatedly applied for efficlent
examination,

The method and the programme were used for determining
the correlation between certain toxicometric parameters and
MACe in verious environments as well as for establishing the
calculation formulas for the TSEL of atmospheric air pollutants

on the basis of HAC“ depending on the hazard class of the sub-



- 139 -

stance (Table 2).

Table 2, Results of Establishing a Correlation Between “wad.
{average dally) and MAG“ (in the sair of the working
zone) for Subastances of Hasard Class 2 (n = 56)

CGorrelation [For- Ggefficients
type mulsa

R fzii] P
4 x type a b _ TR
vy - x | 1-0.035}0.0603]0.723)7.68/0.241] 59.1|p <0.001
logy - x | 2 {~1,9900,1000/0,50814,330.204| 29,1 |p < 0.001
y-logx | 3 0. 11M1410,215 {0.426{3,46[0.276| 12.0{p £ 0,01
log y=log x| # (=1,730[0.856 [0.380{3,04{0.308| 3.22(p < 0.1

V7 - x
y -Vx
Vy ~ix

0.08710.045 [0,677]6.76{0.201| 29.8 [p ¢ 0.001
-0,132]0.197 |0.590}5,37|0,246 | 28.9 jp< 0.001
0.015]0.155 |0.589(5.36{0.250| 8,37 [p< 0,001

~ W

Table 2 shows that with respect to the total amount of em-
tinates the priority should be given to formulas 5,2,1; the lo-
garithic form of correlation was found to be less precise as
regards the 5D criterion.

The results of the search for the calculation formulas of
TSEL have convincingly shown that at the present level of our
knowledge concerning $he toxicity of chemicals we cannob con-
sider one or asnother form of correlation between such and such
toxicometric indicators to be optimal, This weans that in each
specific care we should select such a formula which can be con-
gidered the best approximation to the unknown correlation be-

tween Ghe indicators under examination.

Y
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3. Methode of Establishing Tentative Safe Exposure
Levels of Atmospherie Air Pollutants

The tentative safe exposure level (TSEL) is a provisional
hygienic atate standard specifying the maximum allowable con-
centrations of a pollutant in atmospheric mir.

The TSEL 1a a parame.ter used in preventive sanitary inspec-
tion for timely identification of the requirements to the health
protecting procedures to be carried out as well as for determis-
ing maximum allowable emissions (MAK) into the atmosphere by
industrial enterprises.

The TSEL are deternined by calculations based upon: toxico-
metric parameters of substances and MAC2 in other environments,
physlco~chemical constants,

However, if no toxleoity data are available, the TSEL cannot
be recommended after calculations based only on the physico~
chemical parameters of a substance. In this case, reference
should be made to the toxicity of compounds with eimilar physico-
chemical ~nd biological properties.

The TSEL cannot be established for subastances exhibiting
a potential hazard of remote effects (carcinogenic, autagenic,
enbryo~ and ganodotoxic, etc,) 1f the toxicometric parameters
and MACs in other environments have been defined without account
for these effects. l

3.1. Prediction of TSEL from Toxicometric Parsmetera

and MACs in Other Environmente

Equations have been derived for rating pollutents in at-
aospheric air, based on a correlation between the short-time
MAC (M’mat:)’ average dally MAC (HJ\Cad), and some parameters of

reflex and toxic effects of substances. Yu.A, Krotov [22]has
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established a correlatlon between MAC and olfactory threghold
or threshold of action on the biocelectric activity of the bralns

log MAC . = 0.96 10g x,; - 0.51 (3.1

where xq ig the olfactory threshold (us/nj)g

log MAC ;. = 0.93 log x, - 0.45, (3.2)

where x, is the threshold of vlisual sensation (mg/nB);

log MAC o = 0.97 log x3 - 0.23, (3.
where X3 is the threshold of blcoelectric activity of the ubrain,

Yu.A, Krotov [22] hes aleo proposed a formuls for calculat-
ing the average daily MAC from aversge lethal concentrations
(105, 1n mg/liter)s f

108 nAcad- = 0.58 106 m50 ol 1.6 (3.4)
at n = 59, R = 0,68, and En = 0.638,

M. M, Kochanov and co-workers [2"] have establighed & rather
close correlation between HACad and average lethal doses (LDBO

with ingestion of g/kg of the substence) and concentrations

(1050, ng/liter):
log MAcad =z 0.7 + 1.7 log IDSO - 0.8 log LDEO (3.5)

Most of the calculastion formnlas have been derived through

the establishment of correlations between MACe 1n atmospheric

air and in the air of the working zone

.



- 142 -
Fable 3.1. Calculations Formulas and thelr Statistical

Batimates

;:::oe, Formula ' n R

Ye.I.Bpynu log MAC 4 = -2, 16+0,88 log HAC'Z 30 0.69

st al, [ 24], _ (3.6)

1969

A.Q0,.Ioyt et al,

{253, 1971 1og MAC 4 = -2.040.86 log MAC 40 (()56;)

Yu,A.Krotov

{22], 1975 log MAC_, = ~1.77+0.62 log MAC 75 c(J.'?o)
, 3.8

.a.hshke— .

nazy et al,,

[26]. 1977 log MAC, 4 = =1.74+0.53 log MAC__ 89 ?56;)

It can be seen that the forwulas are closely similar and
the coefficients of the equations differ within the error of
their deteraination,

Ve [27] have also established a correlation and derived
correlation formulas for MACs in various environments, In par-

ticular, the following formulas can be recommended for atmos-

pheric alr:

| TSEL, ¢y (Wﬂj) = (0.110 - 0,0654 V mewz)a (3.10)

at n = 117. R = 0.78. 8D = 2.31' F = 76_1, and p<0.00,‘.
TSEL,,, (88/%) - 0,0351 ~ 0.827 WAC_ .. (3.1

at n =81, R=0.71, 80 = 1.6, F = 81.3, and p ¢ 0.0001.

Analysis of the general correlation between MAC .. and

HAC'z reveals a striking difference between the extreme numbers

in the geries, reaching several orders of magnitude. For example,
MAC _, of dichlorofluoromethane, hazard class 4, is 3000 mx/mj,
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while MAG,, of bensopyreme, bazard class 1, is 0.1 pg/100 n’,
Therefore, since any mathematical formula (:rov‘-‘mulas 3.1 and
3.10—3.11) peraits calculating the average dats in a series,
the TSEL caleulated uging all the above formulas may be over-
estimated for gubstances of hazard class 4 and underestimated
for thoge of bhazard class 3,

The following formulas may be recomeended for calculating
the TSEL of pollutents in atmospheric air [14] 3

Hazard class 1

log TSEL_ .. = =0.681 + 1,35 log MAC,, (3.12)
atn = 18, R = 0,91, 8D = 0,01, F = 9.2, and p<0.05.

Hazard clags 2

TSELp, = (0.097 + 0.0845 MAC_ )2 (3.13)
atns 56, R = 0,68, SD = 0,201, F = 29.8, and p ¢ 0.004,
or log PSEL . = ~1.99 + 0.1 MAC__ ' (3.91)

at n = 56. In this foramula, at the same SD and at ¥ = 29.1,‘
the correlation factor is lower (R = 0.51).

Bagard class 3

Here, the correlation between the parametere of interest
was found to be bel.ow average (R = 0.39) with statistical esti-
mates of low reliabllity because of data stratification. For
this reagson, the formule cannot be recommended,

Hazard class 4

TSELp, = (0.112 + 0.0649\ MAG ) ° (3.15)
at n =21, R = 0,71, 8D = 5,66, F = 17.3, and p ¢ 0.01.

It is known that the most exact reliadble equations are
those derived for groups of chemical compounds with similar
physico-chemical properties and biological activity. We [27,28]
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have derived formulss for some groups of chemical compounds
as well,
For aldehydes snd ketopes:
TEBLye = 0.018% + 0.00165 MAC (3.16)

at n = 8, R = 0,96, 6D = 0,037, F = 68.0, and p < 0,001,

TSELB.tI - 0,078 -~ 0.000033 LD50 (3.19
atn=7, R = 0,89, BD = 0,065, P = 18.7, p £0.05, and
LDSO > 250 mg/kg.

log TBEL,, . = =2.14 + 0.00015 LDy, (3.18)
at n = 7, R = 0.6, 8D = 0.075, F = 7,48, p < 0.05, and
LDgy > 250 mg/ke.

log TSELyy, = -2.34 + 00000132 I8¢, (me/nd)  (3.19)
atn =7, R=0.,92, SD = 0.04, P = 28,7, and p < 0.05.

Por aromatic hydrocarbons of the benzene seriest

log TSEL,,, = =1.88 + 0.22 LCs, (ng/liter) (3.20)
at n = 17, R = 0.6, SD = O.144, F = 2,32, and p < 0,05.

log TSEL,pp = ~1.7% + 0.625 log Logy (g/ke) (3.21)
atn = 24, R = 0.6, 8D = 0.124, F = 2,31, and p < 0.05.

2
TSELy¢n = (0,122 + 0.00568 MAC_ ) (3.22)
atn = 26, R = 0,66, SD = 0,098, F = 8,98, and p<0,001,

For metals:

TSELypy = ~0.00036 + 0.0000159 LDg; (mg/kg) (3.23)
at n = 11, R = 0.79, 8D = 0.01, F = 14.5, and p < 0.05.
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TBEL, ¢, = 0.00104 + 0.00327 MNED (umg/kg) (3.24)

et n= 11, R = 0.99, SD = 0.0025, F = 337, and p ¢0.001.

For jnorganic vepours, pgeses, and aergsolss

TERL,yp = (0.162 + 0,127 V Lo, (wg/1iter)? (3.25)
at o = 12, R = 0.6, 8D = 0.4, P = 3,59, and p< 0,05,

TSEL, .y = (0.07 + 0,017 Lim )% (3.26)
at n = 12, R = 0.7, 8D = 0,368, F = 4,91, and p< 0,05,

TSHL,,, = (0.112 + 0,0268 W) (3.27)

st n =19, R = 0.7, SD = 0,27, F = 5,83, and p< 0.05.

For organophosphorus_pesticides:
log TSEL ¢p = =1.79 + 0.693 log MAC (3.28)
atn=8, R=0,5%, 8D =0,006, F=2,58, and p <« 0,05,

TSED, g = 0.00249 + 0.0125Y MNED (3.29)

at n = 9, R Q.77, SD = 0,003, F =10,5, and p <« 0.05,

i

3.2, Calculation of TSEL Based on Physlico-Chemical
Properties

For predicting the TSEL of atmospherice air pollutants,
simple physico-chemical constants {bolling point, molscular
welght, denaity, vapour pressure, etc,) are used.

Proceeding from analysis of the correlation between short-
time MACs of 25 benzene derivatlves and their molecular weight,
¥,d, Andreyeshcheva [20] has recommended a formula for cal-
culating jhe TSELst of organic substances with molecular weights
ranging from 32 to 330:

log y = -8 log x +14,75 (3.30)

at n = 25, R = 0,937, and Sxy « 0,024, where log y is the

181
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TSEL“ in mg/mj of the organic subsetance, and x 15 the molecular

welght (MW¥). The following coefficlents (K) must be used in the
cale ulations:
K = 1,0 for MW from 147.0 t 199.9,
= +2.,0 for MW fromw 200.0 to 264.9,
= +3,0 for MW from 265 and above {up to 330),
= =1,0 for MW from 70,0 to 44,9,
= -3,0 for M¥ from 45,0 to 32.0.

L T T -

N.G. Andreyeshcheva has also_proposed a formula for calcu-
lating the TSEL, from the bolling point (b.p.), of substances
with boiling points ranging from 20 to 31S°C:

log y = =5.6 log x +11.2 (3.31)

at n = 25, R = 0,978, and Sq = 0,011, where log y is the
TERL,, of the organic substance (mg/u’) and x 1is its b.p. in
% at 760 mm Hg.

The following coefficlents are inw lved in the calculation
of log yt

K = +1 at b.p. 270°C,"

K = -1 at b.p. from 77°C,

K = -2 at b.p. from 60°C,

K = -3 at b.p. from 48°C,

K = -5 at b.p. from 35°C and below,

N.G. Andreyeshcheova has also recommended foruulas for cal-
culating the TSEL of benzene derivatives from the saturated
vapour density at 20°C, refraction index, molecular refraction
and density.

In recent years, prediction of toxlcometric parsmeters has

been based on, along with the usual physico-chemical constants,
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caleulated parsmeters of the electron. structure of molecules
(energy levels, atomic charges, bond orders, etce,), as well as
the physico-chemical properties closely assoclated with the che—
mical structure of molecules (dipole moment—vu;ﬁ_ﬁ‘,é the sum
of Hammett's © ~constantei 7 ol , the sum of nuclear quadrupcle
resonance (NQR) increments; etc.).

M.L. Krasovitskaya and co-workers [21 ] have found a close
correlation between the above properties of bromobenzene po-
lysubstituents and acute toxicity indicators (average lethal
doges gt ingestion - LDso) and intraperisonsal administration

(ILp J« The investigators have shown that the predloted

01

paerezers differed from the experimental ones by s factor of
143=1.5,

This approach can be used for predicting toxlocity and
hagzard of newly syntheaized chemicals as well as safe exposure
levels with the aid of the known formulas including acute
toxiclty parameters.

In conclusion; we should like to emphasize agaln that the
equetlons employed for eetablishing tentative safe exposure
levels must be derived with due asccount of the blological aspects
of the phenomenon under investigation. Therefore, formulae based
on the toxicometric parameters and MACs of chemicale should be
used in the firet place. Equations based on physicochemical

properties may serve as a reference in determining the toxicity

and hazard of the synthesiged compounds.
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ENVIRONMENTAL POLLUTIOR AND ORGANISMS OF AQUATIC
BICCOMMUNITIES
D.F.Filenko

Ecotoxiocology involves a bhroad range of independent scien~
tifio problems. Prominent smong them 1e research concernad
with the consequances of water pollution. The effect of toxioe
pollution on aguatic orgenisme and water systems ig gtudied by
aguatioc foxicology [7] with & view to drawing up recommendatione
for their coneervation an@/br management.

On the assets gide, man can pollutalwatar bodien special-
1y to control noxious hydrobiont speciem. The limbilities in-
cludes

~ the immediate threai to human health or wsll-belng po-
aed by direct deterioration of water quality;

-~ reduced production potential of water bodiems:

~ downgraded quality of commercial organioms;

- gecondary deterioration or water quallity es a result of
disruption of self-purificetion systems of water bodies and
the natural transport pathways of substancee.

Pienty of dats 1llustrating the scope and mcale of hydroe-
pheric pollution are cited in the literature. Around 40,000
substancea are being used +today across ths world. Yet, only
a few of them are manufactured in large quantities, It‘io
entimated that the annual output of 1500 chemiocal products
is 500 tons, that of 100 .producte is 5000 tons and of 50
products 1,000,000 tons [11].

Introduction of pollutanta originating from rocks and

auth: pogenic sources is the cause of primary polluticrn. The
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major sources of anthropogenic pollution include (in decreseing

order of importance) mining, domestic effluents, power indus-
try, chemical, petrochemical and gas industries, metallurgy,
sto.

Ecologlicel disturbances linked with anomslous reproduc~
tion of some hydrobiont groups cause the built-upof the pro-
ductes of their vital activities and submeguently the secon-
dery pollution of water bodiss.

Under the impact of physical and chemical factors and
live organiams substances entering a water body are usually
subjected to various transformativns.

The concentration of & substance in water is expressed in
ng/l andj.lg/l, and in bottom sediments and orgenieme - in mg/
kg and.}dg/kg. In addition, researchers abroad exprese concen-
trations in "parts par million® (ppm) or "parte per billion®
{ppb).

Substances may enter a hydrobiont via ite respiratory
and digesation organs and through bodily covera. The uptake
intensity depends on the subatance's solubility in water and
in fats and on its affinity to the blosubetrate molacules.
Upon penetrating the external barriers the substance pasges
into the blocd and tissue fiuide and epreads acroes the tie-
sus. The capadbility of & substance for deposition in tissues
may be gquantified by several coefficients. Of these, the coe-
fficient of concentration or mccumul ition (Ke or Ka) repre-
gents the ratio of the substance's quantity contained in the
organiam or individuml tissues to the concentration in water.

The distribution coefficient ie the rati of the substance's
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amount in tissues to ite smount (concentration) in blood. Grea-

ter deposition of a substance in a particular tissue im contro-
lled by concentration selectivity.

An ecologically importaent index is the coefficient of bio~
potentiation - the rgtio of the substance' s amounis in the pre~
dator victium tissues. When the ratio exceeds I the asubstance
i8 accumulated up the trophic chain. The property is usually =
feature of lipophilic substances or those having affinity for
gome chemical groups of biomolecules. Bio-potentiation ig he-
zardous both to ecosystema and humaens consuming contaminated
food. The rou ag for a subatance's travel and conversion in wa
ter sre exemplified with mercuty in Fig.l.

In determining toxlc concentrations cauwsing a particular
effect on hydrobionts, dietinction is made beatween active con=-
centrations (AC), effective concentrations (BEC) or lethal con~
centrations (I€). The impact level ia defined as deviation of
an index from that of the control ia per cent age terms; an de-
viation from the initial number of individumle; or from the

" share of individusls in whom & ppecific effect im induced. The
concentration effect varies over time. Consequently, when in-
dicating concentration values causing a certain eoffect, it ie
necesgary to specify the period within which the effect mani-
fests iteelf., Por this remson, the concentration caueing the
death of 50 per cent of organiems within 96 hours, for examp-

le, 1o written as L0y, within 96 h or Lo3g.
The values commonly used to describe a substance's toxi-

city are Lco, L025. L°50' and L°100'
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Of the entire range of toxic agents likely to enter wafer
bodies in effluents, washoffe or atmospheric fallout, apeci-
al attention should be paid to o1l producte, heavy.metals,
pesticides, and poelychlorinated bipheayleil].

The total amount of oil pollution in the world ocean is
estimated by various authore at 3.26 %o 25 million tons snnually
{2]. Por example, in the Torry Canyon accident alone in 1967
119 thousand tone of oil were spilled off the Cornwall c¢oast.

0il is a mixture of components which, upon entering water,
begings to degrade. The iight fractions become airborne while
the heavy ones gbttle dewn to the bottom coveriang the ground
and ssdentary aguatic organismg. The half~life of il in ses
water at 10°C ie ebout 1.5 month, at 14-20°C about 20 days,
and at 24—3000 up to seven days [6]. Thes soluble fractiona of
0ll includs componente posing serivus hazard to water inhabi-
tunts, sucH as 3,4-benzmol{a)pyrenss, benzenthracenes, etc. Sur-
vival of adult hydrobionte may be affected by a fraction of
docimals of mg/l. The number of commercial organiems is seve-
rely reduced by oll slicks. The consequences ¢f the Torry Cae-
nyon accldent could be feli off the Cornwall's comst for more
than two years [16].

The appllication of surface ~ active agents to fight oil
splils is ecologically harmful. The agents merely emﬁlaify
0il and increases the water-asolubllity of its fractions. Their
uo& may prove particularly hazardous in land-locked seas and
laken. Bmulsification deters volatilisamtion of coil fractions

und .lows dowr iletexification.
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High rates of naturasl water pollution by metals have cau-

ged not only scological disruptions, but alsc humen loaaeai_—lﬂ-
The primary biological hazard is posed by heavy metals (den-
elty over 5 g/cm3) like mercury, copper, nickel, cobalt, lead,
sinc, tin and cadmium. Given proper conditions, light metals,
for exsmple, aluminum, may become highly toxioc to hydrobionts.
Since metals proper cannot be dastroyed by blogenic and abioge-
nic factors, their volatilizaiion (mercury) or burial in the
bottom sediments are viewed as a detoxifying processa.

The solubility end biological impact of metals are affect~
ed by the presence in water of other ions end complex-forming
agents., The agents like hymic acida increase metal solubllity
and their accumulaetion by hydrobionte.

Higher temperuntures and oxygen deficiency, lower pH and
water hardness increase metal toxicity. Metal deposition is
greatest in the kidneys, liver, bo - tiasue, splosn, and cer—
tain glanda, Here, metals combine with the lipoprotein etruc-
tures of moubru.ms and the aulfhgdry.l groups of proteins. Cer-
taln metale like cadmium may compound with proteina to form so-
called metal thioneines, with a molecular weight around 10,000,

Metals impair behavioral feactiona.’ fortility, end physio~
logical functions of hydrobionts. Some organic metal compounds
are especially toxic. From the viewpoint of their toxlolty for
bydrobionts they can be -resented in the following sequence:
Hg>Cd w Cu>2aD>P » Co Or> Asdln = Fe > Sn,

Pegtigides make a siseable contributiom to the overall
toxic pollution of water bodies. About 1000 chemicals of 10,000

trade marke are currently produced in the world. Envirommental
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persistence of pestioldes and toxicity of their conversion pro~
ducts are the factors taken into comeidsretion in their deve-
lopment and recommendations for use. Organochlorio and merou-
ric compounds show the highest build-up capability via trophic
links and environmentel persistence, The DDT build-up caepabili-
ty via links of the trophic chain may be illustrated by ths
data for South Plorida/9/. The total DDT contents, 1.s. total
quantities of DDT, DDD and DDE {in Hg/kg) weres (.02 in water,
7 in periphyton, 8 in macrophytes, 16 in sedimenta, 23 in oray-
fieh, 352 in alligators, and 16,500 in eggs of predatory birda.

Peaticides interfere with the activity of engymes, men—
branous structures and permeability, partioularly in CNS cells.
4 tomperature rise generally increases the toxicity of orge-
nophosphorus compounds, endrin and toxaphene but reducee the
toxicity of DDT and metoxychlor. This exesmple ashows that there
is no definite dependence of gubstences' ioxiclty upon tempe-
rature.

Polyohlorinated biphenvle (PCB) have, until recently, been
widely used in induetry as dielectrics, brsking rlu.iﬁs and
plasticisers. They are, in effect, mixtures of two-cyclic com~
pounds saturated to varying degrees by chlorine. These compo-
unde proved quite persistent and capable of bullding up along
the food chain. The PCB bu.iit-up rates reach the wvalues of
105-107. The PCB concentrations in semples taken form the
Wisoongin River basin (USA) were up to 56Ju.5/1 in effluents,
61 mg/kg in bottom sediments and 90 mg/kg in fish[12]. Pish
2ry had 4.6-8.8 mg/l PCB on the 60th day. Fish larvas are
susceptible to 0.1 mg/l FCB,
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Apart from these principal groupe, attention of toxicolo-
glets is presently drawn to aynthetlic surface-active substances,
water chlorination products, wastes of certain chemicmel produo~
tion facilitlies, and radioactive substances.

Studies of the combined action of several substances is &
gpecial research problem. In practice, the combined effect of
ione of several substances manifeste i1teelf normally more often
then do the effectas of 1ndividuesl eubstances. Posgible combi-
nations of toxic effects include antagonism (mutually weakening
effects), synergiam (the summary action is elightly weaker than
the sum total of individual effects), mdditivity (the summary
effect smounts the total of individuasl effects), and sensitiza-
tion (mutual potentiation of individual ion actions)/B/. De~
pending on the lonic composition, various forme of interaction
may reciprocally substitute for one another.

Diagnosis of hydrobiont intoxiocations employs a variety
of indices.

The relative valus of these indices for survival of orga-
nisms or communities may be different. It ie quite lmpractical
to attach identical importence to all credible changes in any
functions. Congidering thie 511 indicen may tentatively he
divided into the main biological indices involving such pro-
perties as survival, growth, fertility and quality of progeny
and secondary indices involving all other properties. The umse-
fulneess of secondary indices is subject to their proven gquali~
tetive or quantitative linkage with the main indices. The lm-

pact of a substance on characterizing the organism, & population

I~-I



- 162 -

8 population or a communlty ie the measure of its toxic action.
Ae the notion and characteristice of a "normal"™ state of an
organiem have not yet been determined, ites state or the index
value in a model experiment may be teken as a guide. Such in-
dices na modified gas exchange, growth rate and food intake
ars aisc important. Theae indices afe reflected in some way
or another in metabolism. Growth related metaboliamm is refer-
red to as plaetic metaebolism. I% includes the growth and re-
newal of tissues and the deposltlon of reserve substances.

Looomotion~related metabolism is referred to as energy
exchange. The part of matter and energy that goes into the
reproductive procese 1s called reproductive metsbolism.

Unfavorable environmentel faciors effeot primarily ples-
tic metabolism. The energy exchange may even increase in this
cage. Belng dependent on plastic metaboliem, reproductive meta—
boliam is easily affected. When plastic metaboliem is inhibit-
ed all the matter assimilated by an organiem ia expended to
gupport its vital needs and functions. In moet cases toxic
exposure retards growth, irrespective of higher food intake.
Formation of reproduction cells is inhibited. <U1timatsly. it
results in lower productivity and eize diminutiﬁn of a popuia-
tion. Impairment of plamtic metabollem may reduce the organiem's
tolerance not merely to anthropogenic factors but aleo to na-
tural exposures.

Conssquences of a disrupted biochemical process may cauase
gtructural or functional lmpairments. Some of them are used

as indices of a particular type of impact. Behaviocural and
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reflex remctions are also affected in a rather conspicuous and
tangible manner.

Analysis of toxic effects on aquetic orgeniem ie compli-
cated by polymorphimm in their development. In such cases, dif-
ferent growih stages have to be studied separately. On the
whole, early development stages in hydrobionts are more sus-
ceptible to exposure. In fish, this sensitivity increesaes in
the following sequence; adulis - roe - fry. The relative tole-
rance of roe is attributed to its retarded metabolism end spe-
cific permeability. Phenol sensitivity, however, grows with
age. In embryonal development, young and adult individuals go
through sensitive or critical stages.

Adaptation of hydroblonts to toxic pollution has to be
discussed with special reference to the diversity of ite mani~
festatioss: there are many ways in which organisms interact
with their environment or respond to environmental changea.

Adaptation ie defined as an organism' & adjustment to exter-
nal stress producing factors in order to abate the atress. The
chemical composition of the environment is one of these fac—
tore. An orgenism may adapt itself to a modified chemistry of
the envoronment within a broad range of veluss, with the ex-
ception of environmental changes brought about by naturel ca-
lamities and certain snthropogenic impacts.

Although the possibility of adaptation has been proved its
mechanisms and effectiveness remain unexplored. Generally,

incereased resiatance of a population or of individuals to toxic
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contemination involves a sacrifice of valuable properties of
aquaetic organisms, caﬁaing, for example, a drop in fertility or
unit slze of a population. We are, therefore, unable, for the
time being to count on the ability of the bioccenoses in the
water bodies to adjust to environmmental contamination.

The ultimate goal of aquatic toxicology is to investigate
the toxicological implications of pollution for aguatic commu-
nities. It i the survival of aquatic communities through mainte-
ining good water quality and commercial preductivity of water
bodisa that matters to man.

Preservation of water gquality is aseursd by almoat all hyd-
robionte, yet the major burden of water bodies ~self-purifica-
tion devolves upon groups of bacteria,fungi,protozos, algae,
and filtrators - orustaceans and mollusca.

In termes of productivity, the group of vegetative orge-
nisne (algae and higher aquatic plante) is singularly impor-
tant. Although some mpecies in the group cause enough irouble
by their developmental outbursias and florescence, the group is
nonetheless espential as & food source for all other hydrobi-
ont groupe, motably hetercotropha including feed and commer-
¢cial organisme.

The various groups of agquatic organisms show well-establ-
ished nutritional or trophic interralatione, representing a
complex yet well-balanced system. Toxic agents are capable of
causing a substantisl restiructuring o. the ecosystem.

Elimination of species or of their groups most sensitive

to a particular exposure usually occurrs as sn initial step of
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a biocenosis trensformation. Eventuslly, these transformations
lead to the degradation of aquatic ecosystema.

Thus we see that aquatic toxdecology has to deal with to-
xic effecta of a large number of pollutante on specific func-—
tions of different mquatic specles and on entire bio~communi-
ties., Such a wide apectrum of goals necesaitates employment of
a great variety of research techniques. The choice of a method
depends on the index to be studied.

Toxicity estimation may require employment of "instant™
methods. One such technique is the "first test" sugpested ap
early as 1913‘f}f adapted later for tother purposesfrgi. The
test procedure ie as follows:

Six fish or 10 invertebrates are placed into a glassvese-
el with a solution of a toxic substance or diluted effluent.
The frequency of solution replacement is dicteted by the sub~
stence' s stability or volatility., Records are made of survival,
lethal timea for 50 and 25 per cent of the organlems and thelr
‘bebavior (air ewallowing, movements, turming to one gide or
overturning). The invertebrates used are Daphnis, Cyclopidae,
and Oligochaete. The surveillance periods mre 5, 10 end 20
days.

Results from acute experiments are only a source of data
for estimating toxicity and forecasting possible effects of
chronic exposures if a quantltative link between them is found.
Credible 1nferenceé with regard to toxic effect can only be
made on the basis of prolonged experiments with chronic expo-

pure to agents.
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e chronic investigetion procedure requires the use of

mamples orgenisms from different groups of bio~communities at
different development levels. The samples must be either pure
culturee or those kept in the laboratory for two weeks before
the experiment. The experiment involves several concentrations
or dljutions differing from one another by a factor of 5 or 10,

The main processes or groups of organisms under study sre
a8 follows:

l. Self-purification., The overall activity of bacteris,
fungi and protozoa is estimated. The bottles holding a toxic
agent dissolved in 150 ml of river water at different concen—
trations are kept at 20°, After, 1, 3, 5, 7, 10, 15 ana 20
days concentrations of 02, ammonia, nitrites and nitrates in
{he semples are meapured. The difference between the initial
oxygen concentration and any other subsequent concentration
is = measure of blological oxygen demand (BOD), Usually BOD on
the fifth day (BODS) 1y used as the index, After filtration
through filter No.2 direct count of cells iam made according
to the Rasumov mothoﬁ.

2. Primary output. Green algae are grown on Uspensky' s
medium (Chlorelle and Scenedesmus) snd blue-green algae on
Pitzgerald' s medium (Microcystia) in a luminostat at 3000 1x
in 300 ml bottles. After 1,3,5,7,10, 5,20 and 30 days the cell
count 1s made in Goryaev' s chamber. The cellwe gre evaluated for
colour, condition, photosynthesis and reaspiration in Warbour' s
apraratua, and the quantity of chlorophyll A and B is measursd.
Higner plants (duckweed and waterweed) mre grown under the regn-

lar insolatimm conditions in 150-200 ml dishes easch ~ontainius
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five bits of a plant. Mesasurements of the shoots' and root~
lets' growth as well a=m of the lenght and nuw'.er of blades are
made every S days over a 30 days periocd.

3+ Lower heterotrophme. Ten Daphnia are pleced into glass
bottles with 200 ml sclution. Sclutiona are replaced every two
or three dsys. The samples are fed dally with yeast or chlorel-
la. Daily amssessemsnts are made of the number of live and young
specimens, of eggs in the hatching chamber,,of ephippia and
shed carapaces. The same applies to subsequent generations. Be-
pldes the initiesl generation, the firet litter in every geners
tion ie kept under observation for thirty days., ALl subsequent
litters are removed. Daphnia propegate mainly by Parthogenesia.
Under unfavourable conditions ephippia appear from which males
are hatched. For Daphnie, the factors to consider are sigze,
oxygen conpumption, and cardiae rhythm.

For pond snails, ese factors esve purvival and reproduc~
tion; for bivaivular mollusca, survival end behaviour.

For chironomid larvee, account 1s taken 0f thelir survi-
vai, pupation, and emergence of imago.

4. Higher heterotrophs, inciuding long-lived fish spe~
ciesg, are studied stabe-hy-stage. Egg fertilization is estima~
ted in dighes. Two te three hours later the formation of em~
bryonel diek and the onset of fragmentation is observed under
s microscope. Fertilimation percent age is spsessed by the
formation of 4 to B blastomeres. During the development period,
the dates to be recorded include the emergence of the gasatruls,

the onset of cardiac output {rhuthm), hatching, survival of

larvee, start of active feeding, and appearance of malfor-
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mations.

Survival of small fry along wlth their general condition,
pattern of movement and responses are recorded during 25 days.
In thia year's brood, thiir nutrition, respiration, growth,
and increment of dry matier are watched for 30 days, as are two
bleood characteristics - blocd count and hemoglobin content.

Bven from this general account it should be evident that
the proposed methodology ie complex and labor~coneumihg. Toxi~
¢ity assessment under a full-scale programme takes, on average,
three months, Iwo trends in aquatic toxicology methode have
presently emergéd. On the one hand, attempta are heing taken
to simplify and amccelerate the procedure feor obtaining respon~
se without detriment to reliebility. On the other, increasing
attention is being paid to standardization in order to assure
comparability of resulis obtained under different conditions.

Each ’ayetem of water use has ite own set of regulatory
requiremente covering & broad range of different indices which
include maximum permiesible concentraticas (MPC)} for various
substences. The most etringent demande are pomed by the healts
and fishery standards. Their M8 are lower than those for other
types of water use. In the USSR the fishery MFCe have been de-
veloped for more than 300 substances. With a few exceptions,
fishery MPCs are lower that health MPCew

The 1imiting index in the fishery MPCe is toxicity under
prolonged exposure. Organieme with short life-cycles provide
an apportunity for evaluating long-term toxic effects. In the
final anelysis, the fishery MPCs are meant to preserve biologi~
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cal communities of water bodlese rather then individual orge—

nisms, The MPC threshold for commercial figheries ie establish-
od at a deviation of major biological indices by more than 25
per cent. Eiperienca has showh this level of deviation from

the oontrol %o be the lowest statietically significant level
for many indices. Not only does thie curb inhibition, but also
it ocurbs stimulation of asome organiems. Stimulation of the
growth of, say, blue-green algae or weedy organisms ie obvious-
ly ugeless and even harmful,.

The toxicity of a subetance for which a fishery MPC has
been established, is to be evaluated according to the above
full-scale programme. The resulte are tabulated as shown in
Table 1 /4/, The table gives maximum pemmissible concentrations
for every index. The limiting index is the one the meximum per-
miassible concentration of which ia the lowest. Such concentra-
tion is taken as the MFC.

Comparison of selected fishery MPCs used 1n the USSR and
the criteria recommended by the US Eanvirommental Protection
Agency[I}is preaented in Taeble 2. The bioassays technique is
introduced to perform current toxicological evaluation of wa—
ter quality. The system is based on registration of hydrobionte' e
primary resgponse to toxic impacts. In fact, the technique in-
volves the substitution of a biological object for an analyti-
cal indicator. In any cese bioassaying is no substitute for
standardization but only a complement .to 1it.

Development of bicessaying and standardization methods

is a sclentifi~ chal'enge. On the one hand, excersive? - low
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limite may lead to unwarrented loss of finencial and manpower
resources. On the other, if the requirements are not stringent
snough, pollution may trigger changes in biocemmunities that
0§n not be now properly assessed, but which are certain to be
harmful to man in one way or another.

Thim short review of the state of the art of protection
of living organiems in water bodies agalneit toxic pollution
shows that quatic toxicology is the most thoroughly explored
area in ecotoxicology. The approaches, concepts and methods
of agquatic toxicology may be used es a basls for advancing
other fields of ecotoxicology and can contribute subastantially
to medical tocicology. Our efforts in the field are primarily
prompted by the desire to protect human health and supply hu-

man needs.
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Table 1

Permiseible concentrations of thrimethyltinchiloride

(T™MOX), thriethyltinchloride (TEOX), thripropyltinchlo-

ride (TPOX) and triaminotinchloride {TAOX) for hydrobionts
(mg 1) fromi4]

Groups |Organisms|Indices and Dure- |THOXK {TROX | TPOX |TAOX
tion of Experi-
ment
Bacteria Saprophy- Rumber of Sypro-
tes phites cells 1 - 20 0.01
BPE 1 1 20 0.001
Mtrifi- Pommation of N02 1 0.3 0.01 0.001
oators n.n N03 10 0.3 0.05 0,001
Algae Cells, gquantity
(30 days) 0.2 0.03 0.005 0.01
Macrophytes Water~ Plant survival
Fhme (30 days) ¢ - - 000
Increment in
lenght 0.01 0,3 0,005 0,001
Formation of side
sprouts and total
lenght 1 - - 0,001
Formation of roots
and their lenght 0.01 -~ - 0.0001
Duckweed Survival (26 days) 2 - - 0.1
Reproduction 2.0  0.03 0.01 0.001
Roots, quantity 1 0.01 0.01 0.001
Total roots length 0.1 = - 0.0001
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Daphnia Survival (30 daye) Q.01

Reproduction
age

Fertility in
ihree genere-
tione

Molting (Shed cae-

0.03

0.01

0,01 0.001 0.0001

0.0001

¢.01 0.001 0.0001

rapacea) 0.01 0.0L 0.001 C.0001
3ize fluotuation Q.01 =~ - 0.0001
Streptocephalus
Survivael (30 days) 0.02 - - -
Reproduction age 0,01 - - -
Fumber of laid
eggs 0.01 - - -
Percentage of
birtha 0.01
Pish " Leuoasplus delinesa~
tus
Survival (30 daye) 0.1 0,1 =~ 0.00L
Carp Suriivals
This year' s brood
(80 dayse) - .05 0,01 0.0 -
Welght change of
two-year olds
{120 days) 1 - - -
Perch Embryonic state 1 1 - 0.01
Survival of pre-
larve 0.5 0.1 - 0.001
Mutilation of pre-
larva 0.1 0.1 - 0,001
Grovndling Embryonic state 5 0.1 0.01 0.01
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Survaval of pre-

larva 1 - - 0.001
Multilation of
pre~larva 0.5 = - 0.001

Maximum permiesible concen-
tration (MPC) 0.01 0.01 0.001 0.0001



- I76 -
Table 2
Certain guaelity criteria for water suggested by the US
Environmental Protection Agency in reepect of hydrobionts
and the USSR fishery WPCs (mg 1)

X -~ 2eA suvironment.

b d Regulated substances | US criteria Soviet MPQ' &
Inorganic Substances
1 Ammonium 0,02 0,008-1,2 (de-
pending on the
aniona)
2 Iron 1 0.05%
3 Cadmium 4.1074-0.012 (de 0.005
pending on water
hardnegs)
4 Copper 1/10 ot m%g— for 0.001
local sensitive
gpecies 0.005x
6 :
5 Nickel 1/100 of Lcgg for 0.05
local senaitive
gpecien 0.01%
6 Mercury 5,107 0.001%
7 lead 1/&00 of chg—for 0.1
local sensitive
species 0.01*
8 Yellow phosphorous 1074 0
9 Chlorine 0.002+0.01 0
10 Chromium - 0.001 Cri+
11 Cyanides 0.005-0,1 0,05
12 zinc 1/100 of L%y or 0,01
local menaitive n os%

gpacies
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13
14
15
16
17
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Organic Substances
Aldrin

Dpr

PCB

Fhenolas

011 and Lubricants

3e 1078

1076
1078
0,001

1/100 ot mgg

for local sen~-
sitive species

0,001
0. 001

o,0*

23-1
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METHODS UF EVALUATION OF POLLUTANTS LFFECTS
ON ECOLOGICAL ENVIRONMENTS

V.ﬁ. Maximov

Experimental inveatigation of combined effect of pollutants
upen any biclogical system can be thought of as studying the fun-~
ction of several veriables. Pollutants or toxicants should be
considered as independent variablea or factors: their levels
ghould be varisd according to & certain plaen; and the syastem's
response to thia pre~planned combination of factors is usually
described by a response function, The principlee governing the
conduct of multi-fector expariments are wsll-establighed (Nali-
mov, Chernova, 1965; Adler et al., 1976) and their detailed
presentaticn is the subject of & mpecial lescture course.

The multifactorial experiment carried out according to
a statistically based plan can provide an anewer ic the question
whether the effectkof toxicants or pollutants upon a blological
syastem is additive or non~additive. This remaine valid, however,
only as long as the combined effect is described in terms of just
one factor of a given bilological system. Clearly, when the im-
pect of several pollutants on an scosyetem 1s studied in 1te en-
tirety, the effect of emch one can be described #s & whole set
ot paremeters each of which represents the response of a pingle
ecogystem element {a populatiom, trophic or tople group, ete.)
tc changes in pollution levels. It ie imperative, therefores, to
come up with a cumulative index which would combine individual
responses of the ecosystem components into & single indicator

of it~ state.

232
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There are premently over & dogen different systems used to
deacribe natural water quality with the help of hydrobiological
indices. In fact, every Eurcpean country uses ite own system of
water quality evaluation based on date of hydrobiont communities
in varioue weter bodies (Woodywism, 1981). It cught to be stress-
ed right sway that, witenever water quﬁlity needs to be asseased
irrespsctive of the requirements of specific users, it is the
giate of an aquatic ecosystem that im actually evaluated, though
the concept is not clearly defined as a rule. A closer scrutiny
of the systems and methods used to evaluate the status of equat-
i¢ communities mekes it obvious, firat of all, that the great
msjority of them are based on relative abundance data of parti-
culer species or thelr groups in the eccoaystem. In other words,
the state of an ecomystem ie characterized using the opecies
comﬁosition of the communities that lnhabit it.

Functional charecteristices data, such a8 productivity, des-
truction, and the circulation rate of biomase and biogenic ele-
ments in an ecosystem are much less used. The reason ig that
we ptill messure not the values we need but those which lend
themselves to measurement. For example, sbundance of fish in
water bodles, i.e. populstions of perticular fish apecies has
thus far defied exsct estimation. Accordingly, the evaluation:
of water bodies for fish productivity rslies exclusively on fish
catches ~ although it has been known for & long time that the
meke-up of fish populations differs wiuely from the size, age
and epecies compoaition of the fish catchable with modern fish-

ing.
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Here, incidentally, lies the difference between the experi-

mental and modelling spproaches tc the studier of ecosystems.
Model-building aiways apaumes a dependence between the rates of
processes and controlling factors, yet in most crees there seens
to be no way of measuring the rates experimentally. All we can
do, in effect, ia to estimate the numbers of epecies in & water
body, chiefly of small animals {plankton end meiobenthoa) and
microalgee. All the remsining values used in ecology have to be
computed from the inputs of estimates tius obtained with the help
of micromodels siuch as e.g. those describing the dependence of
the breathing rate on body weight or exponentiml dependence of
growth rate upon time, It seema, that primary productivity and_
regpiration are the only exceptions being determined in bottle
with chemical methods. However, this, too, amounts to the use cof
micromodels, not methematical but mechanical, so to speak, asinoce
the botile with plankton-containing water is called to serve as
& modesl of the plénktonic cémmunity in the water body of inte-
rest. '

‘ This ie exactly why plankton or benthon data or biomees
data derived from them are preferred in deriving most of the in-
dices that describe the state of squatic systems, for they are
the most reliable and readily determineble indices.

Another characteristic of all the pystems and methods used
for ecosystem status evaluation is that they completely ignore
statisticel estimatea. Nor has the problem of reproducibility
end accuracy of such evaluations ever come to be debated until
recently. The firet steps in thle direction were made only in

1977 during the USSk-UK research programme in the river Trent
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basin (Fretwell, 1981). This odd stete of affairs can partly be
explained by the faot that many of the indices or parameters now
in use have been originally intended for the purposes other than
eveluations of the atate of ecosystems. Such are, e.g., widely
known and frequently used dlversity indices (Fisher et mi., 1943,
Mc' Arthur, 1955, Margalef, 1957).

In his time A.Thieneman (1926) pointed out that any deterio-
ration of conditions in a water body must bring sbout a raduction
of bileological variety which he viewsd simply as thes number of
epecies living in the water body. Hie thinking was quite simple:
in good condltions &ll the apecles inhablting & given biotope
live and reproduce; a worsening of the conditions caupes the most
sensltive epecies tc dle out or migrate. Thie means once the
epecles have grown fewer in number, this has bsen brought about
by deterioration of the snvironmsat., Regrettably, for all ite
simplicity,'this line of reasoning 1s far from indisputable., To
begin with, if some species disappesred from the community this
can only suggeet that thewse speciem above have been negatively
affected, not that ecosystem as a whole has deterioratéd. For
example, increamesd selinity in a large river eatuary following
river flow regulation wae shown to sharply reduce the diversity
of the parasitic fauna of fish and birds there -~ but can it be
looked upon as unfavourable for the estuarine ecosystem aa
a whole?

On the other hand, e large body of data is now mvailable
suggesting that diversity indices ers much too inaensitive to
the cuenges in natural water quality. Without going into detail,

let us refer to one statement from an article by W.K. Brown who
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ip en experienced epecialist with the Water Research Center, Grest
Britain. He said that it would be wrong %tc ap.ime that a single
factor or & group of clossly related factors such as e.g. water
chemical properties cen be the only determinant of the "biotie
atate® of ecosystem diversity at a given time; a reverss process,
i.s. using a certain measure of community diversity or the pre-
gencs of certaln species as an indicetor of water gquality as
affected by pollution seems also unwise and unconvincing et best
or errcneous at worst {Brown, 1977).

Another group of indices used to amssess the impact of pollu-
tants upon agquatic ecosyétems, but not intended for the purpoase,
are gimilarity 1ndicosr They were suggested as & measurs of gimi-
lerity in the descriptions of communities or, simply put, lista
of species. Their application to ecosystem status evaluation alsc
relies on a fairly simpie but not too pursuasive logic. Comparison
of specles composition in samples collected from two differgnt
gitea in a water tody and discovery of differences in certain

_indices are ¥lewed as an indication of changes of the scoeystem
status. If, in so doing, the two eites alpso differ by the level
of pollution, it is deduced that the changes sc identified are
due precipely to pollution. Thus the similarity index whoase mag-
nitude is by definition a measure of similarity between two desc-
riptions comes to be actually used as & measure of variation in
the community status under the action of pollutants.

For the approach to bes valid st least two conditions have
to be met: firest, the obperved changes must be proied to be
brought sbout by pollutents, and, secondly, that the variation
of the speclies composition muet be proportional to pollution le-

vel,
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Though both theee requirements are far from being triviel, neither
hag been exparimentally verified, to the best of my knowledge.
To this it muet be added that puch use of pimilarity indicee po~
aes the problem of their reproducibility and sensitivity, i.e.
the metrology problem. A simple exemple will suffice to demons-
trate ite impoxtance.

) We had at our diapoeal a body of dats concerning the spe-
cies composition of phytoplankton, derived from two river lengihe
up- and downstream of 2 pollution source, At esach stretch several
parallel samples were teken so ae t¢ permit comparison of simile-
rity of the sampl;s collected at the same site with that of the
samples derived from different sitem. Clearly, the divergence of
the pimilarity index from unity or total coincidence of the spe-
cies lista for samples taken at ons point, can be attributed only
to rendom errore in the eampling method, non-uniform phytoplank-
ton é&istribvution in water, and errore in estimating the number
of cells (when the pimilarity index accounts for species abun-
danae) .

Amonget similarity indices, very frequent use is.mada of
Serensen's index: '

SEN = E—%Eg*— ’

where:

¢ = is the number of specles common for both descriptions;

& -~ im the pumber of epecies in the first description;

b - is the number of species in the second description

For the mample collected at the same river length (parsllel
sagples) the rangs of Serensen's indax values was from 0.52 to
0.92 with 95 per cent of the total of over 100 comparigons fall-
ing within the limite from 0.58 te 0.82, Un the other hand, for
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the samples taken at differ;nt gites and known to have different
apecies composition, o-iﬁg to the river's elgnificant pollution
downstream of the pollution source, Serensen's index values rang-
ed from 0.38 to 0.62 and 95 per cent of the valuea occurred within
0.40 to 0.58 (see Table 1).

Equally popular among ecologiats is Chekarnoveky's index,
an analog of Serensen's one but taking into account the abund-
ance of each of the gpecies in the description:

CZK = 2 min (n1; n2) ,

N1 + N2 !

where:

N1Jand N2 - are total numbers of individuals {cells, ape-
cimen} of &ll the species in the firet end
the second descriptions, respeciively;

(ny; nz) -~ i the sum of the least numbers of esch of the
aspecies in the descriptione under comparigon,

The similerity (or rather, dissimilarity) between the pa-
rallel samples wag characteriged by Chekanovsky's index values
renging from 0.56 to 0.82 (95 per cent of the values within 0,60
tc 0.80), whereas for the samples taken from different sites the
index took on values from 0.28 to 0.62 and 95 per cent of them
were within 0.30 to 0.58 {ses Table 2).

The divergence ¢f the similarity index value from unity in
parallel samples, due to errors in estimating the epecies number
and abundance, can be termed a systematic error, by analogy with
the well-familiar metrological concept applisd to eny measuring
instrument. Because the entire variation scele of Serensen's and
Chekanoveky's similarity indices fits between O &and 1 we obtain

& syastematic error of the indices as degree-of-pollution measures

24~1
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reprepenting on average 30 per cent of the entire scale. Thim alcone
ig encugh to call into queption the sultability of eimilarity in-
dices for estimating changee in natural eccpystems. Let us edd
that we performed s detalled analysis of eleven different simila-
rity indices described in the literature end found no significant
asdvantages in any one of them either in the slze of systematic
arror or in the seneitivity to species composition variation. One
more reservation is in order: mll these estimates are strongly
dependent on the number of organieme {phytoplankton cells in this
case) counted during the determinstion of the apecles composition.
In the example juast discussed their number was 500-800 cells per
pample, which ig no different from their ususl count during rou-
tine processing of phytoplanktonic samples. An increase of the
ceall count to 1500-2000 reduces the systematic error of the eimi~
lnrify indices to 10-15 per cent, a gein that hardly nffeats
a tripling in the amount of work involved in processing the plank-
tonic semples.

Let us conglder an index originally designed for water
degres-of-pollution assessment based on the status of aquatic
communities. Thim 1s the Pantle-Bukk saprobity index most common-
1y used in the USSR (Mekrushin, 1974). It uses th& go-called in-
dicator organisme, with primary emphasis given to water pollution
by orgenic substances. Data on the occurrence rate of the orgs-
nisma in water bodies with different pollution levels are used
to derive the so-called saprobie valency of an organism, Si'

When a sample is found to hold 'n' species with saprobic valen-
cles Si and relative abundance hi' the saprobity index is defined

as the weighted average:
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288,
3 hy

Freguently, abundance is meagured in points whereby & rare

S =

occurrence rate in a sample 15 taken to be equal to I point, fre-
quent occurrence - 3 points and mappive diptribution - 5 pointa.
ihere are also more refined evaluation systems, based on the
ghare of & given ppeciea in the total number of organisms in the
gample, It is sometimes suggested to employ aspeclese numbers &s

a measure of abundance. However, this is not alwsys posseible,

ag e.g. in dealing with periphyton or zocobenthoe. Then a gapro-
blty scele ie introduced, a&s follows: 8 = 1.0-1.5 for oligosap-
robic waters; 1.5-2 for oL -mesoseprobic: 2.5-3.5 for‘/3 ~mag0o—-
saprobic; 3.5-4 for polysaprobic; and 4.0-6,0 for eusaprobic.

As experience in handling the system grew, its inadequa-
cies became increasingly wident. The main one is ite low sensi-
tivity to ecosystem changes which may be brought about not only
by increasing organic metter contents, but alsc by inputs of
quite different pollutents, e,g. heavy metals or other toxicants.
For example, the samples we have used in our metrological etudy
of similarity indices had saprobity (determined from the species
composition of the phytoplankton at the polluted river length)
equal to 2.02 on average, ranging between 1,98 and 2,05 in pe-
rallel samples; at the atretch where water was known to be clean
and suitable for drinking saprobiiy averaged 2.01, i.,e, 1t hard-
ly ditfered from epaprobity at the polluted reach. It is %o be
recalled that even in terms of similarity indices the two areas
were quite different in their phytoplanktonic species compoei-

Lion
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It meems to be generally impossible to describe water as
"good™ or "bad" unless its usee ere conaidered. Hence are the
widely different quality indices for different typea of water
use, The choice of indices will also vary & greai deal., For exa-
mple, water sultability for irrigetion emphasiges primerily to-
tal salt concentration, alkalinity, and ratio of individuel
cations. By contrast, water gquality evaluation for use in paper
industry attaches much greater impertance to such indices as
color index, concentrations of suspensioms, iron, orgenic matt-
sy, etc.

With the met of water quality indicee having been precisely
determined, we can on the basls of the afure ipndices formulate
& generalized criterion expressed by a single number. sopt fre-
quently the so-¢mlled "desirabillity function™ (Adler et al.,
1976, Meximov, 1977} is ueea for the purpose. The principle of
plotting of thie function implies that each individual indice
wi is attributed conventional value di varing from O for quite
unguitable value y, %o 1 at value ¥, which meetes the requirements
of "ideal" quality. Generaliged desirability D is calculated

then as the mean gecmetric value from desirabilities 4,

D--U d.1 . d2...dn
Let up 1llustrate the point on the example of the data from
P. Woodywiss' article (1977). His work compares estimates of
a blotic index made at different lengihs on the river Trent and
pome of its tributaries with the values of essentiml hydrochemi-~
cal indices estiﬁated at the same wey ptations. Woodywiss found

good correlation between water quality evaluation in points of
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the biotic index (trom U to 10) and certain hydrochemical indices,

guch as permanganate oxydability, dissolved oxygen concentration,
and ammonium nitrogen conient. Upon averaging the values of the
indices for each of the obaerved biotic index values cbtained
over five years of surveillance, Woodywise discovered that every
value of the bioctic index had & corresponding value of each of
the above indices. Consequenily, it is safe tc assume ror the
Woodywiss biotic rating of 10 (the highest quality), to be cor-
relative with desirability di = 1.0 ~ when every specific value
of any one of the hydrochemical indicee has, Juxtaposed to 1it,
the desirebllity value equal to the appropriate rating reduced,
by & factor of 10, If, for example, an average five-year amwonium
nitrogen concentration of 3 mg/l was ohserved in the water with
the biotic index of 4, the concentration can be assigned a de-
sirabiliiy value d = 0.4. The same magnitude of desirability can
be set for permanganate oxidability equal to 8 mg/l and the'dis-
golved oxygen concentration of 7 mg/l. Using this principle as

a guide and the grephs from Woodywies' paper as & bapic input,

we plotted graphs for the conversion of natural values of selec-
ted indices into their desirebility velues, assuming deslirability
d = 1 for dissolved oxygen concentrations above 11 mg/l and zero
valueg for permanganate oxidipability and water concentratione
of ammonium nitrogen. Under the approach, "ideal water" would be
one that is oxygen-saturated snd free from organic compounde snd
reduced forms of nitrogen. Thie appumption of course is fairly
arbitrary but then it is common practice in constructing a de-
girability function to choose natural values which are consider-

ed to be a "inattainable ideal™ es the unit of deslrability.
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We have computed specific desirabilitlea for 49 stations
from the Woodywisse' deta. Generaliged desirsbility D values cal-
culated from epecifio demirabilities and multiplied by 10 were
found ldentical with the Woodywise index in 34 cases and only
in four instances dld the desirabllity diverge from the index
by more then iwo unite. This io a very satisfactory data fit.
It would be interemting to compare the values of particular de-
girabllities for each of the three indicesa of our choice with
the value of the blotic index, Despite a clear-cut linear rels~-
tionship betwesn these values, as was to be expected from the
method of thelr caleulation, a more than two points difference
ie found in 10 capes if water quality is described by dimsolved
oxygen concentration alone in 9 cases if evalusted from ammonium
N concentration dats; and in 8 ceses if the permanganate oxidabi-
lity desirability velues are used. One ghould evidenily concur
with Woodywiss in that the links between the biotic index and
selected hydrochemical dete are hardly reliable evidence. This
is net, however, because the links are indirect in the cheracter,
but beceuse 'well-being' in an aquatic environment "as seen" by
the hydrobionts and its degree ans defined by the biotic index
depend on a broad spectrum of ebiotic factors present, wherees
8 more or less close correlation between & factor's level and
the state of the blocenosis exlste only for each one of them
taken aingly. In essence, the advantage of the desirability fun~
ction amounts to its ability, when actually applied, to estimate
precipely an aggregate of factors and thereby to yield & more
accurate agaessment of the ecosysiem status than would be con-

ceivable with each factor teken separately.
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Table 1

Varistional Series for Sersnsen's Index

Index value for Similarity in-
parallel samples Freguencies dex values for Frequencies
from one river parallel sam-
gite (midcleeses) plea from two
different river
gites
0.52% 1 0.375% 2
0.575 8 0.425 22
0.625 27 0.47% 50
0.675 63 0.525 52
0.725 37 0.575 30
0.775 14 : 0.625 6
0.825 1 - -
0.875 B - -
0.925 1 - -
Variational Series for Chekencveky's Index Table 2
" Index values for ' Ssimilarity in-
parallel samples Frequenciss dex valueg for Freguencies
from one river parallel pam-
gite (midclasses) plea from two
different river
giten
0.575 ) L 0. 275 1
0.625 1 0.325% 1
Q.675 <9 0.375 9
0.725 66 0.425 ' 25
0.715 4 0.475 ' 44
0.825 5 0.525 50
- - 0.575 23

- - 0.625 9
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ENVIRORMENTAL POLLUTION: ITS ECOLOGICAL CONSEQUENCES
AND MONITORIRG
P, Ya. Rovinsky

The laat few decades saw the emergence of a global concemm
about the protection of human health and nature from the sdver-
se offects of economi:- gaoctivities. At the beginning, sttention
wag focussed on industrial workers who constituted the most vul-
nereble group. Later on, attentlon was increasingly paid to
congequences for people and the environment in the vicinity of
pollution sources. There was a growing awareness of the fact
that the gcale of the impact war constanily. growing and assum-
ing international proportionas.

To manage the problem it is necesgsary, first of all, to
1dentify amources of pollution, estimate their amcope and size,
and understand the pathways of pollutants into the environmend.

For ease of discusseion, it would be advigable to separate
the vast diversity of anthropogenic pollutants into three lar-
ge groupsi

~ gansous substances that enter the enviromment to act
there primarily in the ges phase; .

- heavy metals, i.e. chemical slements with a heavier-than-
godium atomic weight and a gpecific weighi of over 5 g cm3;

- orgsnic substances, i.e. products of processed natural
orgamic substances or gynthetic products; many of them do not
exist in nature and natursl systems have not therefore become
wdapted to them in the course of evolution.

The firet group of substances Includes sulfure dioxide,
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nitrogen oxides, carbon monoxide,fluorides, chlorine, hydrogen
sulfide and oczone. Cloeely allied to this group are emissiocns
of dust which exist in the atmosphere for a long time as suspen-
ded particles. ‘

During 1970-1980 the world' s totel emiseion of 302 increas-
ed 1.4 to 1.5 timés. at the annual growth rate of 5 per cent,
and amounted to over 150 million t/y; for NO, the figure was 27
million %/y and for duat - 83 million t/y.

Automobile transport plays an important role in the total
atmospheric pollution. The world's 200 million or so cars relea-
ge mere than 200 million tons of CO annually. In the USA, 75 per
cont of the CO pollution 1s amssociated with automoblle trane-
port; in Europe the figure is somewhat iower - 25 to 50 per cent.

. The world's total annual discharges of Cl and Br are esti-
mated at 4200 and 117 thousand tons respectively.

The second group of pollutante - heavy metals -~ includes,
by definition, over 70 elements. However, considering the mae-
nitude of their anthropogeniec influx and the ah
in natural media and food chains, some 10 heav,
that pose the greatest riek - Hg, Pb, Cd, As, V, Sn, Zn, Sb, Cu,
Mo, Co, Ni ~ and esome other metals. Of theme only the first four
are of particular importance for the blosphere and man because
of their universel distribution. Though equally toxic, the other
elemente have a more localiped negative impact,

The burning of fossil fuels, such a&s coal, petroleum pro-
ducts, ete., for energy production ig one of the most important
anthropogenic sources of heavy metals in the environment. Emie~

gions from this source are much larger then relemses irmedietely

2
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ageoclated with the mining of heavy metals. For Hg, As, Cd and

Co, for examples, this excess is 3 to B timea.

The main source of Pb emilssions into the atmosphere are
exhaust gages, Scme 10 to 15 years amge the Pb content in petrol
amounted to 0.5 - 0.8 g/1, with up to 25 per cent of the world
Pb production going there. From the exhausts, about B0 per cent
of lead passes directly into the atmosphere, generally in the
form of fine perticles less than 1Ju in size, that enter the lungs
and are deposited there. Today in moat countries the Pb content
in petrol i1as 0.15 g/l, yet motor transport still accounts for
over 90 per cent of the total Pb pollution. Since the 1920' 3 more
than 5 million tons of Pb have been relessed into the atmosphe-
re.

A substantial additionel influx of Hg results from such
"innocent"” activities as land ploqing, stripping and mining ope-
ratione and drilling that enhance natural Hg diffusion through
the earth's surface. This elone has doubled end tripled the
amount of Hg released into the atmosphere from the earth's in-
terior.

In the first group of pollutants 1t ieg necessary to examine
organic pubstancees of anthropogenic origin. These are, primarily,
pstroleum hydrocarbons, various pesticides and, above all, the
most persistant organochloric compounda {DDT with ite metaboll-
tes, HCCH and others); polychlorobiphenyls (FCB), 3,4- benzpyrene,
an active carcinogen; and some other coemicals

DDT applicatione have started to rapidly multiply since

1940 when its strong insecticidal properties were recognised. The
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totel amount of DDT used until 1970 is estimated at 2 to 4.5

million tons. In 1970-1973, by the time the adverse conmequen-
ces of DDT had come to light, ite use was banned in some count-
ries (the USSR, Sweden, Finlend, etc. )} and heavily limited 1in
others (the USA, Brazil, etc.) DDT is stil] used in India, Egypt,
Pakistan, Israel, Italy, Greece, Spain and countries of the sout-~
hern hemisphere,

QOver a thousand different pesticides are . produced in the
world, and 300 of them are most widely used. Their production
totals over 130 million tons a year. Until 1970, the United Sta-
tes produced .wo thirds of the world's DDT output and exported
more than 10 per cent of the amount.

Petroleum products and their derivatives conetitute anot-
her important source of organic pollutants, with oil processing
and petrochemical industries accounting for more than 90 per
cent of their emiasione into the atmosphere. However, there are
gtill no estimates of the total world emiesione. The hydroaphe-
re auffers the worgt from this kind of pollution. In 1970-1975,

’six to ten million tons of petroleum products went annually into
the World Ocean, with 10 per cent contributed by the influx from
the atmogphere.

3,4-benzpyrene, a polycyclic aromatic hydrocarbon, is at-
rongly carcinogenic. It is formed during various thermal treat-
ments of orgenic materiales and incomplete fuel combustion. Tt
has not been possible so far to assees its total ‘anthropogenic
release into the environment but there is no doubt that benspy-
rene ig permanently present in the atmosphere, sweet and sea wa-

ter, soil and food
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There 12 no doubt that envoronmental pollution has a di-

rect and negative impact on human health. Different pollutants
enter the human organiem in different ways, affect different
organs and tiesues, and generate a wide range of diseases and
changes in humen behabiour. The most vulnerable groupe are child-
ren, the sick and the aged.

Acute respiratory diseapes are caused by sulfur compoundas
(302, H2804. sulfates) present in the polluted atmosphere of
many large cities. Prolonged exposures to even relatively low
concentraticns of SO2 increase mortality rates among cardioves-
cular patients. The effect of N02 changes also the respiratory
functions of the lungs. CO hae an especially noxious effect on
humans. Upon entering the blood etream, it blocke the tranaport
of oxygen by forming a compound with hemoglobin ~ carboxyhemoglo-
bin. A 2-5 per cent concentration of this substance in the blood
produces stable disturbances of psychomotor functions, 10 per
cent seriously hinder the oxygen supply, and 40 per cent and
more result in s coma and death., Compounde of P, Cl, HC1l and a
number of other aubstancee produce a strong irritant effect on
the mucous tiesue of the eye and respiratory organs. Prolonged
exposures result in pneumonia, bronchitie and other diseases of
the lunga. A ppecific type of air pollution 1s photochemical
Bmog.

Heavy metals that enter the human organism with air, water
and food also have a highly toxic effect. Pb affects mainly
the nervous end hemogenic systems as well as the gastroenteric

ayst m. Cd int:'ce also entails serious consequences



- J99 ~

The influence of exceasive amounts of Pb and Cd on the fre-
quency of cardiovascular diseasee has been iucntified although
its mechanism remaine unclesr. As, Cr, Zn, Cu, Ni, Se, Ba‘and
many other metale also pose health hazarda and are present in
excesslive amounta in the environment, human orgens and tissues
in the vicinity of relevant industrial facilities,

Organochloric and organophosphorus pesticides enter the
human organism mainly with food and water. Ae DDT progresses
along food chaing ite concentrations begin to grow and the human
organism gradillay asccumulates these compounds, mostly in faity
tigsues.

Benzpyrene is one of the meost potent carcinogens emitted
into the environment by anthropogenic sources. Exposure resultse
in various forms of cancer: skin and lung cancer, cancer of the
digestive tract and other internal organa.

Kitrozoamineas form another grcip of carcinogens that are
virtually absent from nature. They are formed directly in the

- gtomach when nifrites react with different amine derivatives.
Nitrites enter the human organien with food (food additives) and
primarily with water. '

Compared with the impact of pollutants on humans, the ef-
fect of pollutants on the environment and‘animala (including
tegt animals) 18 not 80 clear although many effecte are indis-
putable.

The 802 damege to the green parts of plants has been known

for a long time, It consists mainly in inhibiting photoaynthe-
gie. With high concentrations of 50, in the air {above 0.5 ppm)
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necrosis takes a relatively short time to develop in leaves
end plant growth ie reterded or completely arrested. Sulfur
compounds gre capable of accumulating in tisesues mnd interfering
with enzymatic activity. The impact of 802 on higher vegetation
is traceable even st relatively low background 502 concentra-

tions in the air (about 10Jug ma).

Direct damage to plants from
nitrogen oxidee is normally observed only 1in cases of their
high concentrations in the gir, as in highly Iindugtriamliged
areas. A considerable injurious potentisl for plants inherent
in filuorides and chlorides causes necrogla and chlorosie of
leaves. The impact of HF on vegetation i significantly multipl-
lied in the presence of H2804. Co is low-toxic to plants. Among
the gaseous subastanceg, oxidieing agents 03 are capable of inflic-
ting the greatest damage. Plant damage becomes subatantial al-
ready at 03 concentraticna in the air equal to 0. 16 mg m.
The impact of alr pollutants extends alao to agricultural
crope and cultivated plants, US estimates put the annual da-
mage to agricultural crops at 85 million dollars, of which 78
million dollars is accounted for by the action of photo-oxi-
dante, including 40 million dollars in losses of cotton yields,
and 3-4 million each in losses due to the effect of 50, and
fluorides. For ornamental plants, the damage amounts to 46 mil-
lion dollara, of which 43 million is attributed to photo-oxi-
dants and 3 million to 50,
Heavy metals affect plants primarily by hurting their
root system. Excessive concentrations of heavy metals (Pb, Ag)
in soils, for example, near mining and metsllurgical plants,
impede natural reéovery of the vegetation cover. Pb, Ag, Cu and

Co salts and those of other metals are capable of redusing or
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even inhibiting root growth.

Different plant aspeciles show different sensitivity to to-
xic exposures. Coniferous trees, for example, are almost twice
as mengitive as decidous species. Mosees and lichens exhibilt
extraordinary sensitivity. That is why the variety of lichens
has been drastically reduced in cities and thelr environs.

in addition t¢ land vegetation, pollutante affect agquatioc

vegetation, As with lichens and mosses, algae accumilate toxic

substances such as heavy metals, DDT, PCB and others. Even negli-

glbly low concentrations of these toxicants are enough to supp-
ress photosynthesis and growth in algae. Petroleum hudrocarbone
are very strong toxicants of this kind. The senmitivity of al-
gae species to the impact of petroleum producta may vary by &
factor of meveral thousand - an effect closely related to pri-
mary productivity,

Toxicity of pollutants also harms animals and birde as
well as the inhebltors of fresh and sea water. In 'most cases,
this occurs through the accumuwlatlon of the toxicants in the
organiemg. The higher a given apecies i located in the trophic
pyramid, the larger, ss & rule, the sccumulation of toxic aub-
stances and the stronger their toxicological effect.

A aspecific type of toxie énvironmental impact comes am B
consequence of the formation snd fall-out of acid rains. Under
normal conditions, their pH content is about .3 to0 5.7. Obmer-
vation data over the past decade frmm North America and Weatern
Europe supgest a marked shift of the index to the acid ares.

The rains have, on the average, a FH close to 4 but there are
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gome with pH of 2 to 3, The phenomenon is caused by the conver-
sicn of 802 and N02 into the correaponding acids. The procesees
take place in the atmoaphere with the result that scld rains
f£all out far from the emission sites of sulfur and nitrogen
oxldes.

The ecological consequences of chronic acid rain precipi-
tation vary a great deal. This phenomencn 1s sszsgociated with the
observed plow-down of forest growth and, Iin some cases, even
their direct injury. Young plante are particularly vulnerable
to acid raina. Heavy influenoé of acid raing has been register-
ed in aquatic ecosyatems.

Any agsessment of the state of the environment should be
baged on some oriteria that characterise its critical or per—
missible ptates. Maximum allowable concentrations (MACs) of
nozxious subetancee in the natural media, that are developed
chiefly in relation to humans, constitute téday the moet wide-~
ly used single criterion for asmessing the quality of air, fresh
and sea water, and soile. In some countries guch indicatore are
called environmental quality standards. Irrespective of the
limiting toxicity factor of a given substance (toxicological,
sanitary or organoleptic), ite MAC ie bmsed on the concept of
creating the most favourable conditiong for the life of a given
organiem.

What is normally meant by an MAC is a concentration of a
chemical compound whose daily impact or the human orgenism over
a prolonged pericd of time does not cause any pathological chan-

ges or diseases ag detectable by the available methods, and
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does not disturb man's biologlcal optimum (e.g. the appearance
of unpleasant odours or other undesirable organoléptio charac—
teristice of the alr and water).

At present, the Soviet Uﬁion hae MACe for 145 substances
and their 20 combinetions in the atmosphere; for almost 500
pubstances in the ewateér used for dringking and economic purpo-
seg, and for 32 substances in sea water. In additlion. NACe have
been esthblished for 60 substancea in the ewater of fresh water
basins and seas used for fishing.

Most countries have lngtituted national syetems for moni-
toring the state of the environmertel and speclal government agen~
cies have been set up to formulete policiles end carry out apeci-
fic mctivities.

The Soviet Union has set up and operates ite National Ser-
vice for Surveillance and Monitoring of the Level of Pollution
in the Natural Environment and Early Warning of Abrupt Changes in
the Pollution Lavels. With the enhancement of measurea designed
to protect the namtural enviromment in the USSR and to manage
ite natural resources, the role of informatlion about the state
of the environment becomes increasingly important. Monitoring
environmental pollution and discharges and setting standards for
pollution gources cnnstitute at present the principal realistic
ingtruments for regulating the state of the natursl envircnment
and reducing its pollution.

The Soviet Union's Wational Service performs the funetions
and Tulfile the chjectives of a nation-wide system for monitor-

ing enweranmental pollution, Ite principal goals include:
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- gurveillance and monitoring of the level of pollution in

the atmosphere, inland waters and seas, and soil, according to
physical, chemical and hydrobiclogical parameters, with a view
to ascertaining the diptribution patterns of pollutante in time
and space, assessing the gtate of the natural enviromment, and
identifying the sources of pollution;

= providing agencies and organisations concerned with ays-
tematic and urgent information about changes in the levels of
environmental pollution and with forecests and warninge asbout
pogalble changes in these levels.

Such information provides the baeie for preparing materisls
needs for envirommental protection and management of natural
resources; for designing industrial plantes and hydroengineering
projects; for urban planning end locating large industrial and
agricultural complexes.

In additlon to its network of obgervation stations located
in the areas prone %o lmmedlate anthropogemic impacts, the Ne-
tional Service includes base and regional stations reeponsible
for background cbservations in regions to which pollutante can
gpread only becauge of their global distribution (baee stations)
as well as in intermediate regione where pollutﬁnte arrive by
way of local migration (regional stations).

Thus, structurally, the National Service incorporates the
following subeystems: monitoring of pellution sources; monitor-
ing of air pollutiorn; monitoring of ialand water pollution; mo-
nitoring of sea water pollution; monitoring of soil pollutiocn;

and background monitoring {biosphere reserves, and regional and
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bage atationa).

Inland water pollution (rivers, lakes and water reassrvoirsj
is closely linked with the problem of fresh water supply. It ia
noe secret that in s number of countriee, and in some regions of
the USSR, there is not enough fresh water for agricultuwral and
industrial uses, and, in some casss, for community services;
in this situation the problem of water guality assumes specilal
importance.

At present, the stationary observation network comprises
4,000 points covering over 1200 bodies of water across the USSR

Soil and sea pcllutionlmonitoring covers regpectively all
major agricultural vones and inland eeas and the gseas adjecent
to the USSR.

In conoclusion, it is necessary to emphasise that a drestic
reduction of toxic emiaéiéns into the environment, followed by
their total eliminetion, is the only effective way to combat en-
vironmental pollufion and offset its adverse ecnnomic consequen-
ces. This 18 also imperative for the management of natural resour-
ces, because many substances are now a valuable resource whose
importance is growing due to the depletion of mineral resources,
Their diffusion in the environment represents not only a risk for
human health and nature but alsoc a waste of the world' s wealth.

The ways to abate the emigsions are well-known. In a longer
term, one of the ways will be a tramsition to low-waptie and non-
waste technologies. Thie is a radical, though rather costly,
enterprige. Prior to that,it would be wise to aystematically

monitor the state of the natural enviroment and impose stan-
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darde on environmental pollutants as a means of optimieing

the interrelations between nature and soclety.
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BIOINDICATION OF FRESH WATER POLLUTION

M.M. Telitchenko

The XXXY UN General Aseembly declared 1387-1930 "The Inter-
national Drinking-Water Bupply and Sanitation Decade". This was
preceeded by the UN Conference on Water Resources {(Mer del Plata,
Argentine, 1977) which gtated that about one billion people suffer
from the deficit of pure water on the karth, which takes, the dai-
ly toll of 25 thousands human lives. Even in such a highly indus-
trialized country as the USA twenty five major epidemics of aqua-
tic etioclogy -~ gaatroenteritis, dysentery, infectious hepstitie
and lambissis ~ lnvolved thousands of humen casualties within
the period from 197t to 1975. That is why, a reliasble information
ebout eanitery-hygienic state of ﬁatural watera is,of a great im-
portance, In h}a atudies Soviet Academician V.I. Vernadsky consl-
ders water to be a biloinhablted body, i.e. its gqualities are formed
by hydrobionts. In this case blological adequacy of water should
obviously be regarded as the maln quality of the water being a pro-
duct and an lnhabited medium (18). Organisms only can supply re-
liable iaformation about fhe blological adequacy of wmater.

A.Muller and F. Kohn in 1869-1870 published their works in
Germany showing conclusively the major role of aquatic orgenisms
(hydrobionte) in the transformation of pollutants. In 1875 Ferdi-
nand Kohn, a& boteanist, was the first to subdivide waters into
three groups according to the degree of their pollution and desc-
ribed the organisms characierigtic for them. Since then the con-

cepts of the involvemen® of hydrobionts in water purification
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and the asssessment of water quality have acquired a firm ecienti-
fic foundation. Major contributions to this were made by Mets
and the research performed by the Koyal Inetitute for Evaluation
of Drinking and Sewage Waterﬁ, founded in Berlin in 1301. Ita lea-
ders, botanist K. Kolwite and zoologist M. Marsson deaignated the
organiems living in polluted waters as saprobionts {from the
Greek paprog - rotten and biom - life). They found three distinct
phases to exist in the self-purification of a river - contamina-
tion zones inhabited by three groupse of organisms.

Polysaprobic (p) - the zone of mleroblological reduction
of organic pollutanta, inhabited by polyeaproblec organipms.

Mesosaprobic (m) - the sone of atarting oxidization, inha-
bited by mesoseprobic organiems., Finally, the third gone, whare
the oxidation of organic matter is completed. Called oligoasapro-
bic (o), it is inhabited by oligosaprobic organisms. The purest
waters of mountsin lakesa, apringm, etc. inhabited by katharobi-
onte (from the Greek Katharopg -'puia) are often distinguished
as & separate class.

The authors of the system understood eaproblty as the abi-
lity of organisms to live in water contamineted by orgenis sub~
stances x).

Following the publication by Kolkwitz and Marseon in 19308

of an extensive 1ist of vegetative and in 1909 ~« of animal indi-

x) At the International Symposium in Praque in 1966 the concept of

saprobity wae transformed. It was redefined to mean the sum of
metabolic processes opposite to the formation of primary pro-
ducts, that is the pum of the processes involving & lose of

i< tential energy of the water system (38)

3
w

27-1
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cator organisma, the sanitsry-biological anslyels of water quality
found wide appliocetion in the nationsl economies of Eurcpean coun-
tries (1}.

Sanitary-blological studies of water bodies acquired an eepe-
olally great ascope after the 1917 Great October Socieiist Revolu-
tion when scores of institutes and universitles Joined in the
effort (19, 20).

hapid induetrisl and urban development coupled with a wide
use of chemicals in sgriculture and everyday life lntensified the
polilution of nmtural waters by not only domestic but algo indue-
trial pewage. In this new context the deficiencles of the Kolk-
witg-Marsson system, widely accepted in European countries, be-
cama partioularly obvicus.

A prominent Soviet hydrobiologiet, Frofessor V.I.Zhadin
repeatedly noted that the Kolkwitz-Mareson system "does not work
anymore beyond the Uralae" (%5). Tharefore, the;a is a need in
a univereal system of saprobity that would permit evaluation
of natural water pollution both by domestic and industrial eff-
luents (6). In this connection, the Czech researcher V. Slade-
ek {15) proposed & "universal" syetem for water quality evalu-
ation, coneleting of the followlng zones: 4

1. Katharobic (K} - pure ground, mlneral or artificlally
prepared drinking water.

2. Lymmosaproble (L) - the quality cf theee waters can dbe
estimated in terms of the Kolkwitz-Mar:son saprobity scale (the
major portion of natural weters).

3. Busaprobic (E) ~ sewsge waters containing blochemically

decomposed organic substances. These are subdivided into isosap-
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robie (i), the habitat of infusoriansa; metagaprobic {m), of color—
less flagellates; hypersaprobic (h), of bacteria and fungi; and
ultrasaprobic (u), abicbic.

4. Trang-gaprobic (T) -’ sewage or purface waters that do
not undergo biochemical decomposition. Theée include wateras of
three types of quallty; a - entiseprobic, wlth toxic subetances;
r - with radiomctive substences; and ¢ -~ cryptosaprobic, artifi-
cielly heated or ccooled, contaeining suspensions, eic.

The scheme does indeed peam 1o be a truly univereal one,
but it does not polve the mein problem of how to simplify que-
1ity assessment for the bulk of natural waters (L), how %o de-
cide on the state of their blological adequacy. Thie 1s because,
for this one purpose, the author still adheres to the Kolkwitz-
-Marsson system, while all llving scales used to evaluate the
atate of the environment are much ioo cumbersome. Thig is exem-—
plified by the blologlcal eystem to evaluate the siate of farm-
ing lends, proposed by L.G. Rameneky (14) or of fresh waters,

by 0.P. Okaiyuk and V.N. Zhukineky (7). Besides, the results of

evaluating the water quality as well ap the quality of agricul-
turel lends have to be numerically or graphically repreasented,
otherwise they cannot be used 1n national economy.

In order to obtain morph;—taxonomic informetion on water
purity using the Kolkwiltz-Marsson scale in numerical and gra-
phic form the following concepts were introduced: indicatory
significance (seprobity index) - § - for indicator organisma In
accordance with the degrees of their saprobity (0 =« 1; A = 2,
of = 3 and p = 4); and the relative number of specimens of

each ‘ndicator species - h {from 1 %o 9).

272
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Number of specimens of one Velue of the frequency
indicater species in % of of occurrsnce -~ h
the total number of all
specimene

1

1-3
4-10
10-20
20-40
40-100

-

LYo R S R VT

Using these valuee, Pantle and Bukk in Czechoslovaekle proposed
thet water quality should be aseessed in terms of saprobity in-

dex - 8: S sn

Sh

~We pee that 8 18 a simple arithmetic mean of the occurr-

ence frequency retes and saprobity velues (0-4) of the indica-
tor species belonging to a certein ecological group - benthos,
plankton, periphyton, or nekton. The overall saprobity index
is the arithmetlic mean of saprobiiy index values for several
ecological groups (29).

G. Liebmann (27) proposed that water quality in a source
should be represented graphically (in plan).

Water quality evaluation with the help of saprobity index
hag & disadvantage in that it feils to account for the gbility
of meny orgenisme to live in waters belonging to different zo-
nes (stages) of saprobity (x, e, b, &, p), as well ae the dis-
similar dey.ee of saprobity in individuele of even the same
species, but found at different points of their range. To fill

the gap Zelinka and Marvan (33) introduced the concepts of sap-
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robic valency of an indlcator and the species indicator weight
"j*. Saprobic valency of an indicator shows the saprobity stage
in which 1t occurrs. Seproble va;ancy values fbr different sap-
robity stages are calculated on the assumption that 100% of the
indicator species organisms &re equsl to 10 and that its value
in each stage will be a fraction of 10. "j" 18 estimated in po-
ints from one to five, If a speciea cccurse in one saprobity
stage its ] = 5; in up to two stages, } = 4; in up to three
atages, J = 3; in up to four steges, J = 2 and in up to five
stagea, J = 1. The number of specimens of the indicator species,
h, is also te en into account. It is expressed as an abeolute
number or the percentege of specimens in an aseay. In , actice,
the computation sequence is:
L p_ ) qZ T by vl 2 Emyty
/o, Bad, p/ A -—3‘-'-1-;-0-—— or A = —izL

Z By

The degree ¢f water pollutior is determined from the éreater

.

numnerical value-of the corresponding saprobity atage (0,}3 s ol s
‘p}+ The Zelinka-Marvan method is the most advenced modification
of the Kolkwitz-~-Marsson system. Its application is, however,
limi ted by the fact that the "saprobic valencies" and “indicator
weight" (1) of representative organiesms are not the same in diff-
erent geographical zonep. Moreover, the method 1s laborous and
requires a good knowledge of flora and fauna. For &8 more detailed
account of the morpho-tr tonomic methods one can recommend, the
review given in the lecture made by Persun and de Pau {30).

With & view to a faster and simpler biologica;:: evaluation

of water quality, ecologica]:-physiological indicer were proposed.
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It is well known, for example, that the number of hydrobiont pro-
ducers increases and that of consumers and reducers decreases
with progressing self=purification of water.
Based on thet, Gabriel (25) proposed to use the polluiion

index in estimating water quality:

L g
where:

P = ie the biomase of producers;

R =~ le the biomams of reducers and

¢ =~ is the blomaes of consumers

For a crude estimation of water quality large taxa are often uged
as its bioindicetors. Goodnight and Uttlay (26), e.g., esuggesat
determining the sanitary condition of rivexrs by Fhe number of
oligoochaeta present in them.

I - gopd senitary condition of a river, with the oligocha—
eta accounting for less than 60% of the total number
of benthic organisms;

II - queatjonable condition of water, with cligochaeta from

60 to 80 per cent;
III - a polluted river, oligocheeta in excess of B0k

Y.V. Baluahkina found that river pollutante change the numerical
ratio between the chironomid larvae of the Chironominae, Ortho-
clediinae, and Tanypodinae subfamilies, with the orthocladiinas
larvae dominant in pure water and the tanypodinae - in contami-
nated water. For water purity indication Y.V. Ealuahkina ProOpo-
aed the following index:
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&, + 0.5 LYY
K= m N
or
where:
a,, & and a ~ are the numbers of larvae of each sub-
t ch or
family (4).

Since the species diversity of & hydroecosgystem declines
with an inereasse in its pollution, gome investigators euggest
thet species diversity index should be used to estimate the wa-
ter quality. Mergalef (28), ¢.g., in the belief that the total
number of species is proportional io the logarithm of the area
they live in, proposed the following equetion as a measure of
gpecles diverasity and, thereby, of water purity evaluation:

P18 S

where:
8 =~ ie the number of speclies and
In N - is the natural logarith: of the number of individuals.

Index d acquires itg maximum value when all specimens in an age-
- ay belong to different aspecies (B = N) and equele zero when they
all are of the same species (8 = I). Methode have been proposed
based on information theory. For example, sequentiazl comparison
index (S.C.I.). The method is besed on & modification ¢f the
principle of test asseys and on the group theory (24). The ana-
lyst is required to be able to recognice clearly the color,

shape and size of the o ject. He has to compare the obeerved
organisme ageingt the conventional criteria (images) from the
table. The cbserved organiem resembling the conventional image

ig indicated by & plus, if there im no resemblance - a minus.

In this way the number of groups and of individuals in them is

aggessed,
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The number of species of the organisme similar and diseimilar to
the conventional images 1s then determined, snd the index is

found from the formula:

S.0.1I = MAL—_ N tesats
N individuals

It ig easily aeen that with a decrease in species diversity, e.g.,
the effect of peollutants, the value of the index will be lems
than unity.

The hypothetical nature of these methods should, howsever,
be stregsed, It is known, e.g. that species diversity ie mini-
mal in pure spring and heavily contaminated waters. Besides, the
method yields data on the magnitude of pollution but says noth-
ing about its aspecificity.

Evidently, in order to lncrease the mccuracy of water que-
14ty indication, the merits of all the methods dqacribed above
should be integreted within a single indicator system. Woodywise'
gystem, from the Trent River inapection in England (32), should
be regarded aa the best attempt of this kind. The system postu-
latena that, with increaplng water bollution. the diversity of
hydrobionts will decrease and the only surviving lndicator on-
ganisma will be the onea best-adepted to pollution.

The determinative system of Woodywies characterlizes the
extent of water pollution with large taxa ~ families, orders
and clasees of benthos named "groups". This extends the geogra-
phical boundariea of ite applicetion. But, in order to enhance
the table's indicator capability for specific regiong, ite
atructure alscv Iincorporates the region - gpecific indicator

gpecies, As & result, such indicator species me Baetis rodani,
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Asellue aquaticus, Chironomus thwmmi have to be localiy substitu-
ted by "equlecological® iandicator specles, i.e,, those occupyling
a sluilar ecvlogical niche in the regiom studied. This ahoul&
stinulate yesearch ulmed at ascertalning and describing the app-
ropriate indicator apecien in dlf{erant geographical regions.
The Wuodywiss biotic index values fall from 10 to 1 as water
poilution increases. hegrettably, the syetem 1@ primarily design-
ed to estlmate the purity of waters polluted by dumestic sewage.
By way of Lliluetration we shall now present Woodywies' table
and give pxasuples of ites appylication.

Table

Aesesgment of Water Purity by Blotic Index

No, of groups present
0-1 2-5 610 11-15 16 and over

v e . 4 L o o Ak 8 Mk o o = P A B S A e - — -

Bioindicators Indices

8tone fly larvae mwore than 1

prepent Bpecies - 7 8 9 10
only 1 ﬁpe-
cies - 6 7 8 9
way fly larvae more than 1
present species x) - 6 7 <) 9
ouly 1 spe- .
cies - 5 & i 8
Caddie fly larvae mcre than 1
present species =) 5 [ T 8
only 1 spe=
cies = 4 4 5 6 7
Asellua present all the above

speciea absent3 4 5 6 T

281
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Table {continued)

g o T i s P S e P oy A 7y o ot e i o i o

No, of groups present

Bloindicatora Indices
O0-1 2-5 6-10 11-15 16 and over
Gammarus present all the above -«
epeciens shaent 2 ) 4 5 6
Tubificide or gll the above
(red) chironomoid wpecies mbsent 1 2 3 4 -

larvae pregent

All the above mpe-
cles abaent

some epecies
not demanding

oxygen may be
present, e,g,
Erietalis te~
nax

-y - -

x) . "
Excluding Baetls rodani

xx) Including Baetis rodani {May fly}

With 2 to 5 hydrobiont “groups™ end more than one stone fly
speciss found 1n‘the benthos samples taken at the control station,
the biotic index ie 7. With 2-5 "groupe®™ preasent in the samples,
8ll of the foragoing organisms abaent, but with tubificides or
chironomids p;eaent. the biotio index is 2, 1,8, the water is
highly polluted, To expand the gecgraphical range of the Woody-
wina mystem for it t; be applicable in assesaing the purity of
waters polluted by industriasl effluentm, the equiecological 1n-
dicator specles characteriptic of the region in question should
bs incorporated into the table uased to estimate the blotic in-

dex,
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Yor examplo.-uo have adjusted the Woodywies system for water inp-
dication in Western Giberia.

It {8 to be boerne in wlnd, however, that the ilmpact of  po-
llution wmay induce in the indicetor epectee latent changéa capa-
ble of causing their death. Meenwhile, the indlcator organisms
wmay be present in quite pufiicient RUMPErs gt the time of water
purity messurement, thus leading the investigator to wrong con-
cluploneg about the water quality (10). In his well-known monog-
raph Y. Sludefek (31) lists 33 comments made by the experts with
regar& to the various water quality bioindication techniques.
G.H. Vinbérg with co-workers compared the indicator capabilities
of different methods applied under identical conditicns (4).
Unable to dwell on this queetion et length here, I consider it
neoessary to stress that all the numercus methods for bioindi-
cation of water quality are founded on common morpho-taxonomic
and ecological-phyaiological principles, 8o there is no need to
multiply "national" aysteme and meihoda of water quality aseess-
ment = it suffices to adapt the more felicitous of them in the
regional aspect. In doing so it 1s rational to effect the method
suggested by Pantle and Bukk in the Sladecek's modification
{16, 31) as B standard method. For a more detailed discusaion
of the water quality bioindication techniques with & particular
reference to their prectical applications, we recommend the foll=
owing literature (11, 12, 21 and 22),

In conclusion, let us note that the water quality bioindi-
cation methods are receiving an ever growing attention in diff-
erent countries. Thus, the Commission of European Comunities

brought together on three occasions experta from different coun-

28-2
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tries for them to svaluate water quality in specific water bodjol;
using their own national methods (30}, Scientist from Lhe member
countries of the Council for Mutual Economle Asslstance meet re-
gularly ito discuss bioindication of water quality. The USSR Hyd-
rometeorclogical Service (13) sponsored recently a Naticnal Confe-
rences and two USSK-UK and USSH-USA.SympoeIa (4, 8, 17} on the
scientific fundamentaels of water quality monitoring by hydroblo-
logical indices and on the mathematioval models for water quality
management (9). An examination of their proceedinge leads to the
conolusion that at the current stage Ln the development of snlence
the slaboretion of blological methods for water quallty anniyses
is 8 top priority task becauss it would &nke a long time and

a great effort to creats & guantitative data benk on the funotion-
ing of ecosystems (2,3). It remains to add that organiome alone,
and not mathematica calculationﬁ. can oupply reliable information
about the biclogical adequacy of water and the processss that
effect 1it.

It is thus seen that an affective biologloal monitoring
service for water quality anpesament should be based on natural
eystems of water quality bicindication which refleot objectively
the lawe of nature. Otherwiase, as V.I, Lenin wrote: “Human pre-
Jecte dieregarding the great lawa of nature bring only misfor-
¢)

tunss"”

) ¥.I. Lenin, Syncpeis of correspondence between K. Marx and
¥, Engels. Nospcow, FOlitirzdat, 1359, p 378 (in Rusaian}
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POLIUTION OF MARINE FCOSYSTH S

8. A, Patin

It has now become qulte obvious that zan disturbs the
natural ecclogical equilibrium in the ssas and ocean mot only
through commercial exploitation of marine biologlcal resourcas,
but aleo by polluting the marine environment. Indeed, moat of
the pollutants, once they have got out of man'sg control, some-
how find their way into the masrine environment, giving riss to
local, regional or global pollution., Owing to largm-scals cir=
oulation and the integrity of the biological ptrusture of the
World Oceamn, regional anomalies in any of its parts affect, in
the final analysis, the adjolning regions and the ayetea as a
whole.

This 48 why the pollution of the meaps snd occeans has now
become a major international concera, as borns out by the na-
terialas of numercus acientific forums, joint research programmes,
intergovernmental agreements and the activities of many UN
worldng groupa and bodies, among them FAO, WHO, UNESCO, eto.

In the decisions of the XXIV Ssssion of the UN General Asseably
end of the Epecial UN Oonference held in Stockhola in {972,
among priority ecolegical problexs, the mankind presently fmces,
special enphasis was laid on the pollution of the World Ocean,

A special aystea for monitoring the pollution of the marine en-
vironment hag been set up and is now operative within the frame-
work of the UN Environment Programme,

The scope of research activities on the problem concernsd

is unprecedented, Buffice it to say that more than 2000 ar-
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ticles and books dealipg with this problem are published an~

nually, Bome of the authoers think that time is ripe for a new
independent science on marine pollution to be set up, which
nust not only study ses pollution as a new ecologicsl factor
for the seaa' and ocesang, but aleo be engaged in working out
sfficient methods for its control.

A particularly violent upsurge of research activities
was obsqrvod in the 1960s which ie aspociuated with the nuclear
tests in the atmosphere in 9958-1963, when the biosphere was
contaminated with the products of nuclear explosions, The re-
sults of these researchee had a great impact on the world pub-
lic opinion apnd furnished a scientific rationale for signing
the 1963 Momcow Treaty on banning nuclear tests in the three
madia., A eimilar process takes place at precent in the field
of chewmical plllutions the alsrmiog regults of investigations
into the peollution of the World Ocean urge large-scale national
and interpnational efforte for control and prevention of detri-
sental anthropogenic impects on the marine environment and
blological resources, The difference lies in the fact that
the flowe of toxic cheamlcals into the World Ocean cannpot be
stopped at once and everywhere, as was the caee with the halt—
ing of nuclear tests,

In the overall ecological research of the world Ocean
pollution we can identify two basic trends, One of thea is of
the biogeochemical nature and is aised at obteining informa-
tion on the sources and inflow pathways of pollutants into
the World Ocean, their content in both biotic and abiotic
components of the ecosystems, forms of occurrence in sea we-

ter, their distritution and mlgretion in the e¢as and ocesans,
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eto. In & word, this branch of reesarch studles the origin
and beshaviour of anthropogenic lmpuritisa in the ¥orld Ocean.

e other trend deals with the atudy of blologlical ef~
facts and impiications of the marins and goean pollution,
Regoarchea of this kind are basgd on the resalta of either
toxlcologlioal experimente with selootive species of marlne
organisms ar fleld obeervations over the atructural and func-
tlonel characteristices of marine scowysteuws in a pollutal
environment, In eithsar casme we obtain Information snabling
oevaluntfon or prediotion of bilclogical implications of man-
fnduced disturbances in the chmmical composition of the marine
biotopes.

Heither blogeochemioerl nor ecologloal toxlsologic re-
searches are,'or course, an end in themealvea, though the
knowledge of the charscoter, scope, and blolop lcal coneaquences
of pollution are relevant to foraming a ocrrect Judgement on
the potential danger of pollution and ways to ocontrol it,
Thegpe researches can and aust direotly contribute to the
prevention of sea pollution, for inntance, by speoifying per-
misaible levels for the dimcharges of noxious substances into
the sarine environment, by exeroising bilologloal oontrol in-
voling blologloal tegta of waste-waters and their individuel
componenta, eto,

It is to be emphasized that the trends of research,
hrlofl; discuspsd above, supplemont each other and provide
an overall ploture of the World Ocesn pollution, Blogesoche-
aical investigntions study the nf fectm of hydrobiont;

on the dirtridbution, mlrratlon and traanformatlons of pollu-
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tante in the maripne environment, wherease marine ecologlcal
toxlcology deals with s reverse problem, namely, the effect
of thess impurities on marine organisms, thelr populations,
communities and the biotic oyels in the ecosyetemn, Thus, theps
two trends of regearch study two aspects of a single process
of marine organism interaction with thelr man-infringed blotopes
and constitute in effect, the basls of ecological knowledge
without which efficient national and intermational efforta for
protection of aeas against pollution would prove impoegible.

Quite recently an oplnion was ourrent that 1ln view of the
grand volume of the wWrld Ocean (nsmely, 1.%-109 kn® at an aver-
age depth of 3,800 m) no oconcern should be aroused about the
purity of its waters, the problem 1tself falling, in fact, into
the solution of a number of local tasks which do not surpass
the confines of individual maritime states, Furthermore, it was
proposed that seas and oceans by virtus of thelr great depths
may be usged for dumping different kinds of wastes, inciuding
radioactive ones, Today these concepts have been pubject to
a radioal revision on the bapsis of abundant factual material
amasped by the regearchers in many oountries of the world,

In analysing the present situation in the pollution of
the World Ocean we have to admit, above all, the fact of %he
ubiquitous radicective mnd chemical contamination of the marine
environment, Modern eengltive methods of anslysis, appllied to
the samples of sea water and orgenisms taken practically at
any point of the ocean (from the Arctic to the Antarctic),
enabls us diecover nuwmerous traces of manfs actlvitien, in-
cluding man-made radioimotopes (strontium-930, ceslum—13)7,0tc)),

organochlorine substances (DDT, polychlorbiphenyls, atc.),
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ofl a.nci_oil produste, heavy metals., BSome of these substances
(netals, oil) have ever existed in nature and wman has slaply
changed their natural concent‘:ration and the form of presence
in the amarine snvironment, whereas others {for exsmple, DDT,
strontium-90) are eodebted for thelr appearance in nature to
man alone.

A composite liat and certain characteristics of the most
widespread pollutants are given in Table 1, A common and cha~
racteristic féature of all these substances is & elgnificant
ailr-borne share of pollutants {up to BO-90%) in their total in-
put into the marine environment, thus indicating the presence
of an atmospheric reservoir for each of these, grude o1l is
the only exception, 1ts input to the World Qcean is practically
independent of the atmospherlc transfer. Nonetheless, oil 1s
indigputably one of the most characteristioc pollutants for the
marine eanvironment, since more than half of 1ts total input,
to the hydrosphere is essociated with sea traneport and shelf
oll mining, creating long-living fields of oll pollution in
the open sea and ocean. The highest levels of petroleum hydro-
carbons are found in inland seae, coastal and shell zones, es~
tuaries and river deltas, as well as in the sea areas travers-
ed by traditional oll-trangportation routes and emergins as
centera of oil mining at present and in the future.

T™e awost widespread pollutants in the group of heavy me-
sals are usually mercury, lead, sand cadmium, It is these ele-
ments (particularly mercury and lead) that on account of their
phyeical properties are emitted into the atmosphere in the
course of burning up of all kinds of fossll fuel, Thus, at burn-
ing the crushed coal as much as 90% of mertury is converted
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Table 1

Most common toxlo constituents of large-scale pollution of
the World Ocesn

Groups and consbti- Priority Degres of blo-

tuents of pollutants (a) logic?t)hazard Distribution
Radionuclidest
Strontium--80 1 global
Casaium~-117 1 global
Plutonium-238 - global
Tritium - global
Cerium - global
Chlororganic toxicantm:
DDT and its metabolites 2 -+ global
Polychlorinated biphenyls 2 ++ global
Aldrin 2 ++ global
Dildrin 2 ++ loocal
Iindane 2 ++ Jlocal
Motalsy
Me thy l-meroury 1 ++ global
Cadaiuva 3 (+) global
Mercury L ++ global
lead ‘ 4 (+) global
Zino - + local
Copper - + reglonel
Arsenic 6 (+) regionnl
Chromium - (+) looal
Iron - - looal
Magnanege - - local
041 and oil productss 5 + global
Detergents - ? reglonal

FOTE, (a) Priority indices from the viewpoint of inwolved
hesards for amsn ere given in accordance wlith
recommendations of the UK Envirconment Progrem
(UNEP, 197a).

(b) The degres of biological bazard for marine orga-
nlsms
++ great; + significant; (+) little; 7 indefinite;
- insignificant (GESAMP, 1973).



- 232 -

into the gas phase, Menificant quantities uf wercury vapours
g0 over into the atwosphere also as & result of the iucressed
degusslug of the upper layers of the earth's crust due to lend
cultivation, opsn-cast mining of winerals and other kinde of
man's activities involving disturbance of the earth's wsurface,

411 the other falrly numerous industrial and agricultural
applications of heavy metals (for instance, mercury in the
paper and pulp industry, ln the chlorine and sodlum productiong
in the production of orgsnocwercury fungicides for seed trestuent)
uee of lead in bthe panint end varnish industry, ebte.) happen to
be the sources of local or regional pollution,

The forecasbs pertalning to churmges 1n the walswlocn of
heavy metuls into the atwosphere and cceun are unkoowr. However,
if w8 admit that the discharge of wercury and leuad increuces
in proportion to tie guantity of ash iu the atwosphere (Izrsel,
Teverovekil, 1971), then by 2000 the global emlission of heavy
metals into the atuwpsphere snd ocesn will become at leust aix
times more, These flgures are bslleved to be on the lower side,
since this estimetion falls to teke sccount of the rest of the
input pathways of pollubtlon unrelated to the ucilization:ﬁf
the energy derived froa fossil fuels.

Among the perticulsrly wideepread toxic chemicals the
group of chlorinated hydrocarbons tekes special place which,
unlike oill and bheavy metals, have no natural anslogues. This
group primarily comprises pesticides (DDT, aldrin, benzyl-
hexachloride) and polychlorinated biphenyls (PCB), 1,e., sub-
stances which nre enjoying today an extremely wide and diver-
gified application both im industry and agriculture. All of
them, are sufficlently persistent and at the s:me time volatile

and paes into the atmosphere as vapours and aerssols with
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the ensuing falling out onto the land surface and hydrosphere,

There is abundant evidence on the preseénce of organochlorines
in @arine fauna, in all latitudes from the Artic to the Antarc-
tic,

The hitherto Bynthetized organochlorines in agricultural
use total over 3.5 mln tonme, 1.5 auln tons having already found
their way into aquatic and terrestrial bicgeocoencses. SBome
developed countriep are kmnown to have eilther etopped or shsrply
reduced the production and application ¢f DDT. However, since
no sufficiently safe and cheap substitutes for this pesticide
sre yet avallable and it continues to be used in & nuaber of
countries, the risk of pollution of the marine environwent with
persistent and toxic orgenochlorine compounde is ae great to-
day ap ever befors, Particularly eleraing is the growing input
into the marine environment of polychlorinated biphenyls, the
substances with a very wide range of diverse commerclal appli-
cationa. Thelr toxicity and ocumulative buildup in living orga-
nisas are close to those of DDT, However, in contrast % pesti-
oides, placing of biphenyls under control, nationally or inter-
pationally, provee far more difficult, Buffice it to recall that
already today there are aore than a hundred industries where
these substay &5 are widely used and where no acceptable and
ecologically safe pubstitutes for them are avallable,

Thus, there is every reason to conclude that today a large-
scale (global) field of pollutants in the World Ocean exists,

A characteristic feature of this fleld is the exietence of the
gradient of increasing concentrations of major pollutants in

transition from mid-ocean towards the meritic zome, inlsend

seas and coastal waters, A similar gradient is obeerved while
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moving from the seabed towards surface waters. This tendency

evolves o8 & result of different processes and phenomena ine

‘ cluding the terrigenous input of pollutants inte the marine
epvironment, thelr discharge with river runoff and the localiza-
tion of different kinds of man's- activities causing pollution

in coastal areas (navigation, off-shore oil and gaa amlning,

ate. ).

There has also been recorded a labtitudinal effect, i,a.,
an overall decline in the pollution level from north to south
and the confinement of marimua concentrations of radicactive
and chemical impurities to mid-latitudes of the northern hemi-
sphere, where major indugtrial and urbanized 2ones on our
planet are found. As 1s known, about 90% of all technogenio
substances come into the blosphere precisely 4o this latitu-
dinal band, 1,s., 30-70% N.L.

There have been identified certsin mierostructural features
of pollutant fields in the marine environmsnt, duch as the mo-
sale pattern in the distribution of toxicants in osem water and
their localization within the thin surface film at the inter-
face between pes water and the stmosphere, T™e acocumulation of
all aicroimpurities in this film, which happens to be the bio-
tops of neuatonic marine communities and 18 playlng an ilmport-~
ant role in aquatio ecosysteums, are hundreds and even thousands
of times ap high as in the underlying water masses,

A highly ilpoécant specificity of the overall pattern
of pollution of the World Ocean is the overlap (amutual %Eter—
section) of the maximum pollution snd bioproductivity fields,

It should be, finally, Btrensed that the flows and levela

of major poilucants in tha ¥orld Ocean are relantively stable,
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In contrast to single, but heavy local pellution, for instance,
in acci'dantn, when the toxicity, having reached its maxoun,
gradually diminiehes, the global pollution not only falla to.
declins in intensity over a long period of time, buf, with res-
pect to certaln ingredients, displays an ascending tendency,
This ie eany to understand by considering the relative stability
in time (or evea a tendenoy for incresse) shown by the charac—
geristics of the world industrial production with which the ip-
puts and levels of pollution of hydrospheric waters are direct-
ly correlated, Another reason behind the relative stability
(or growth) of pollution levels in the marine environment and
warine organiems 1s apsoclated with a continuous geochemical
redistribution of toxicants between tbe land and the sea, as
a result of the terrigenous discharge of ilmpurities into sea
water,

The main Aifficulty that 1s apt to ariee 1n the anslyeis
of the aftermaths due t0o man-induced changes in the chemical
composition of the marine savironment originates in the fact
the% the marine population is liable to respond to the presence -
of & toxic or any other contaminating agent simulatensously in
all life-foras 1n the ses ~ from the subcellular to the supra-
organismal one and further to the ecogystem level., There arlses
a highly complex mosalc of direct and indirect effects of the
toxic impact agelnst the background of the natural dynamics of
biological processes in the pea under the influence of natural
factors,

Mifferent classifications of biological and ecological ef-
fects and copsequences of marine pollutions may be found, In

the first approximation 1t seems practicable to distinguish two
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groups of acologlcal-toxicologlceal sltuations depending om the
nature and intensity of the operating factor and ite confins-
ment, correspondingly, to the zones of lethal or tolerant doses,
The firet of such situastlons involve direoct toxio effects pro-
duced on individual populaticns and communities and accompanied
by the damage on principal physidloglcal-~blocheamical gyeteas of
the organisms and their subsequent death, eliaination of some
spacies and populaticns or pronounced pathological changes at
the level of sn organism, population eand, occasionally, of the
ecogystem as a whole, Very impressive and, occagionally, tragio
inatances of guch situstions arising ususally as a result of
disasters or mingle discharges of industrial and other wnptens
are gufficiently well~-known and have been repsatedly described
in literature. The areas of intensive pollution ars, as a rule,
localized within limited zonea and their conoequences do not
spread cut over vast water areas,

The second group of effects, which nre not as apparent
and have been much less exemined, involves the impaot of rela-
tively low pollutant concentrations on marine orgnaniems, commu-
nities and ecosystues in the conditions of chronioc contamina-
tion., Owing to differences in the resistance level of hydre-~
blonts of varioua_olaasca, dil fferent stagea of onthogenesls
and physiological atate an intricate chain of biological resoc-
tions and responses arises in the communities, the integral
and most essentlial wanifestations of which appear to be chan-
gea affécting the stability and homeostasis of the acoayetenms,
The specific indicea of such variations include the declining
diversity of species, disturbed rates and relationship between

the intensity of the processes of organiec mstter bioproduction
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and destruction, in snomelies sffecting the dypamics of dissolved
oxygen and in other ecological varlations whose desoription and,
particularly, prediction at low chronic pollution levels mre
very difficult and not always possible to carry ocut.

The "concealed" nature of puch consequences compared to
acute lntoxication (for instence, large-scale fieh death) by
no mesns detraots from their sericuaness or slgnificance. Rather
on the contrary, taking account of the scope and ubiquity of
globel pollution, as well as of other aforementicned features
of the overall distribution patbtern of toxicants (confinement
of the increased pollution levels to the ones with maximal blo~
mass and productiQi%y, relative persistence of global toxicant
concentrations, ets.), we may mssume the exiatence of large~
scale anthropogenic ecological anomalies in the ocean. This
aspact hes not yet been sufficiently studied by resesrchsras,
though ite importance for the entire problem of pollution is
quite evident.

One of the pogsible waye in searching for the answer to the
above question is & joint snalysia and pooling of bviogeochemi-
cal and toxicological data, 1.e., 1n10£mation on the content
of the globally occurring pollutants in sea water in various
regions and on the experimentally determlned minimal concentre—
tions of these subetences, which give rise to the sppearance
of their unfavourabls effects on the marine fauna snd flora
(interference with the photosynthesis and respiration rate,
with growth rate, survivability, reproduction, etc, ).

Summarized data of this kind eare to be found in Tabls 2
which was compiled drawing upon sarlier publications (Fatin,
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1979, Patin, 1982), It may be sasily seen that the actual poli-
lution levels in coastal areas and in inland sean, l.e,, whers
tﬁe bulk of living matter in the World Ocean is prodiced, are
always overlapped ranges of minlmal effective concentrations
causing sdverse effects of toxicants on aguatic organisaas,
Rough estimations indicate that & minimal sustainsd reduction
of the bloproduction rate in the marine ecosysteme under obtaln-
ing conditions of large-scale pollution amounte to at least 10%
of the biomasses and produce that would have been obtalned in
the sbsence of the man-made background of toxicants (Patin,
1979) . Tis conclusion should be extended to aguaculturs,first-
1y, beoauseltha maripne faruing is concentrated 15 the coastal
zone which 18 subject to relatively high pollutiqn and, Becond-
ly, because toxicologioal evidence used in Table 2 is largely
based on the resulis of experiments with aquacultural objects
(fish, mussels, crustaceans, algas)., Should we extend this con-
clusion also to the fregh-water aguaculture, then for the pre-
sent world aquacultural output of sbout 8 mln tons annusally
the biomass losses in cultivated hydroblonte due to the pollu~
tion of the water bodies would amcunt to over 800 thou,tona/year,
of which more than 200 thou,tons/year would be given by aarine
organism g.

The overall pattern of dlstribution and blological effect
ot particularly widespread toxicants in marine ecogystems cen
be represented as follows, Pollutants entering the World Ocean
are irregularly distributed in 1t, forming areas of increased
pollution levels in ecological zones and biotopes with maxipum
biomasses and productivity rates (euphotic layer, neritic zone,

inland seas, contact zones and estuaries, water-seabed and
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Table 2
The lowest blologleally effective concentrations and bLypical

levels of certaln substances in surface watera of the World
' Ocenn

Loweat bio-  Concentration levels, mg/l
Substance logically

effactive Oceanic Feritlc Iocal pollu—
concentra= palsgio zone tion zones
tion, mg/l
011 and oil
products 1072a10" 107321072 1072-q071 0711072
Organcchloric - -
toxlcante  107°=10"3 1078~ 104 -
Detergents 10—1-1, 10~ 10731 1-10
Mercury 10781073 107P-10"%  107*-1073  1073-q072
Lesd 10722101 10751073 1072-q0"1 4077
Ondaium 107310t 07007t w073e1072 4072
Copper 1073-10"2 107321072 w7307t a0™!
Zino 1072-40"1 10731071 107%-1071 07"

water—alr interfaces), Under long-term chronis effect of low
toxicant concentrations the differences in blologlcal reactions
and responesa of marine prganisms, for which their systematic
place is responsible, are manifest not so clearly ah in cgseé
of short~term acute poliution, Therefore, a sustalned large-—
acale pollution of seas and oceanp at the existing toxicant
levels interferes with the vital activity and biopfoductivity
of eimultanecusly all principa; groups of marine populatlion,
Ageinst this baokgrouad a tendency is observed for
higher intensity of toxic and threshold effects with smaller
organisms, thus reflecting the metabollc and reproduction spe-

cifics in thae case of smaller species and forns of hrdrobionts,
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As a repult, the marine bilotlc coamponents particularly vulner-
able to global pollution predominantly compripe small-gize or-
ganisme, including phytoplankton (by the indices of infringed
production properties), mlerozooplanktonic filtrators and the
early ontogenetic stages of necton and benthesa population,

" The scientific-technological progress which hae triggered
off the ecological crisis will ‘be Indisputably able to find,
and ip already finding, effective technical seclutions for limit-
ing the flow of noxious substances Into the environment. However,
the search for and large-scale implementation of such solutiona,
including waste-free technologles, etc., remain %o be costly
and give no realistic expectations for a significant overall
reduction of global pollution of the marine eavironment in the
coming decades, For this reason alone the urgency of ecologlcal
and biological researches into the polluticn of the marine en-
vironment and organisms, being pursued today throughout the
world, is bound to become even greater in future, These re-
searches ¢an and should mske a sclentific contribution to solv-
ing numercus practical probleas of protecting the purity of

merine water bodles,
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POSSIBLE ADAPTATION OF HYDROBIONTS 10 TOXIC
POLLUTANTS

L. D. Gapochka

First organiams, i.,e. one-cdlled bacteria and algae,
appeared on our planet about 3.5 billlon years ago, The long
evolution of life which began at that ancient time gave rige

to a aultitude of living boings. Thelr number on the Earth ia
many millions and they astopish not only by their multiplioity,
but also by their wonderful diversity varylng froa aioro-
organtems to glant whales and sequioss,

During ths evolutlon process the living belngs invaded
all the major habitats whioh are very different in their apeci-
fioc oonditiona. Aqustic habitat (more exsotly - warm oceanic
waters) was the first one where life originated and spread,
Then 1life pervaded.lmd and air.

Bvery living organlism can exlst only in continuous and in-
tinmate assoclation with 1ts ambient habitat whose oconatituents
are very diverse and variable, Complexity and varisbility of
the environment cowpels organisus to adapt themselves and cont-
rol continuouely their vital activitieas acoordlng to such varla-
sions, The ability bto adjust themselves to the environment is
known as adaptation. The adaptive ability 1s one of the baasie
properties of life in general since it allows life to exist,
organiszg %o survive and propagate, The organism and the envi-
ronment in their interasotion constitute an integral systan a
disturpance of which Qill evertually result An the organism's

death,
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During the evolution process the living organiems have

japroved the regulation and adaptation processes and adapted
thempselves to‘che ecalogloal factors of the environment which
have surrcounded them, Various representatives of the plant or
animal kingdoa occur both in hot epringe having a temperature
over +90° and in cold waters of the Arctic Ocean, in fresh
waters and in salt lakes, Inhabltants of the aquatic environ-
ment are called hydrobicnts., They populate the World Ocean,
various continental water bodies and underground waters, It is
poasu::lo to give a great nunber of examples showlng adsptation
of plants and animals to verious environmental factors.

wWe shall discuse here the adaptation of aniuals %o low
temperatures, [he subcutansous tissue layer of marine mammale
such as seals and whales which live in cold waters of the Arctlc
Ocean is distributed over the entire body. The subcutaneous
fatty tiesue in several specles of seals is up to 7«9 ca thick
and ite total weight accounts for 40-50 per cent of the body
wolght, e heat insulauiob of this layer is a0 high that the
gnow under seals resting for hours does not @elt although the
body tewperature of the animals is 38°%,

oat ecological factors such ae tempersbure, light, wind,
precipltation, etc. vary in epace and time, However, all the
living beings have adapted theuselves in the process of long
evolution to such variations and created adaptive wechanisms
ensuring thelr norwal development in the conditions of changing
habitual ecological factars.

Any orgaenisa can live in the environment whose conditions
only vary within a certain range, The environmental factors,

especially abiotic ones, are characterized by minimum and aaxi-

3I-2
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aum values beyond which the organise is apt to die., Both the
total absence or insufficient amount of the factor necessary
for a biological gystem, antd an exceeding dose of Lhis factor
are equally fatal to the organisa, Between maximum and minimua
thore 18 an optimal range of the axposure to the factor within
which the vital funotions are regllzed in the most sctive mode
end the population is the largest in number. The ainimum and
 maximum values of factors (threshold levels) st which the 1life
of a given epecles 18 still poesible gonstitute the lower and
upper limits for its tolerance zone, its atabllity to varia-
tiona zone, ite stability to variatione of the factor whose
levels rather often go beyond the optimal range, Wlthin the
tolerance zone the varlatlons of the faotor 4o pot threaten
to cause the organisas death.

"It 18 remarkable that in the proceas of the bilological
svolution the nature 1s able to find a "wean" intensity of the
broadly varying envircnmental factor and to generate the adapta-
tions just to that intensity" (Aleksandrov, 19?5)? The toler-
ance won® limits are determined by the genetlos of apecles, How-
ever, normally the organism pever uses all its potential poassi-
bilities and operates, therefore, within a narrower zone than
it 18 feasible for that genoctype. These narrcowed limitas may be
broadened up to marginal values, which depends largely on the
dezree of adaptation to the given factor, on the phyalological
state and development stage of the organiam or population, as
we 1l aa'on the influence of other environmental factars.

Beyond the tolerance zone there is the so-called reaist-

ance zone, 1.¢, the zone of lethal concentration exposurs.

* Aleksandrov V,Ya. Cells, macromolecules and teaperature,
leningrad, Nauka Pubdl., 1975, p. 286.
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Thus, in ecologlcal and physiocloglcal studies one differen-
tiates between the tolerance of the organiam and its resist-
ance Go environmentsl factors. Accordingly, the adaptation to
moderate exposure, l.e. the tolerance zone {(capaclity adaptation),
and the adaptatlon to extreme doses, i,e, the resietance zone
(resistance adeptation) are distinguished (Prosser et al., 1967),

Partial or complete reconstitution of the metabolic asctie
vities at different levels of the organization occurs within
the tolerance zone, while no such normalization is noted within
the resistsnce zone,

The organiem's ability for reproduotlion shows that it poe-
nenses a certain ogmbinabion of features ensuring ite Quryival
in one of the varlety of existing medlis, hence demonstrating
the organiem's suitabllity to that medium,

Adaptation 1s intimetely assooiBted with such a concapt
a8 8 stabllity of biological gystems., Thig stabllity e usunllj
interpreted as the ability to overcome tha environmental changes
and return to the initial funotlonal atate after gome ghifts of
the homeostsels. The concepy of "atebility" is generally epplioc-
able to the action of individusl factors. The atability of the

organism to numerous envircnmental factors creates 1ts total
stability system and 1ts total viability. The better bhe]orga-
nlem has sdapted itself to the given factor, the higher is its
atabllity to the factor vsrilations.

The moet important stability mechanism for the population
is its hetsrogenelty (polymorphisw) that erises from a mutant
spectrum pregent in the population (this spectrum is often
called a mutation burden sinca under the conditions favourable

for the population development the presence of euch autants is
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undesirable). However, when the external conditions deviate
from the normal reaction, i1t 1s the existence of such autants
ﬁhat allows the population to gurvive in the changed conditions,
In this case the dominent form either 1s eliminated from the
popuiation or remains at sowe level an& the mutant sultable for
the population becouwes to be dowilnant, Ia other words, a change
in the environmental faotor leads to the reconstitution of the
population towards a more stable form,

Man bas greatly changed the nature of our planet, Initially
1t was hunting and then agriculture, industry, transportation,
Thue, new environmental factore have appeared known as snthro-
pogenic and.constituting all forus of soclal activities that
change the nature as a habltat for other species or exert an
immediate influence upon their livee., The importance of the
anthropogenic impagt on the entire living world of the Earth
increapes rapldly since the scale and diversity of forue of
the human productive activities are growing. All the organioc
world faces the problem of adaptation to these new factors,
many of which become truly ecological, Amoni them 1t 18 pos-
gible to cite hundreds of new synthetic substsnces entering the
aquatic reservolrs or atmosphere.

The living organisms are far from alwaya possesgling the
mechanisms providing adeptation to current chemical composi—
tion of the environment which 1s rapidly changing gqualitatively
and quantitatively.

Adsptability to pollutants could be defirned as the abi-
lity of the organism to tolerate exposure to these substances
without pathological effecta, Therefore, the waln task in
gtudying the adaptation of the organisms or'the populstiecn to
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toxic compounds is primarily in the olarification of the edap-

tabllity limits for the object under sbtudy to a given substance,
i.e. to determine the maximum amount of the pubstance to which
a complete adaptatlon of the organisa 1s possible.

Those chemical compounds and their conocentrations to whiah
the orgsnisme sdapt quickly are likely to be less dangerous
to the organism than pubstances to which thelr adaptation deve-
lops slowly., However, it 1is lmportant not only to know the naxi-
mum allowable concentratione of some substances for adapbation,
but it is necessary to identlify the compounds to which no adap-
tation is possible fe.g. mutapgenes),

Different speciens of hydroblonte which sre very close in
their systematic position poesesp different reelatance to the
toxic factor, Therefore, the presence of toxle gubastances in
shs snvironment results in the preferential growth of the most
repistant species and in the suppresceion of the most senpltive
forms, This redistribution of species may csuse atrﬁctural Vi
riation within the aquatic community and eventuslly change the
total produstivity of an mquatio repexrvéir. This production ae-
peat alone shows the importance and necepsity to study the hyd-
robiont's edaptation to varlous pollutants of aquaﬁic reger=-"
voirs,

The other aspect of the problem is connected with study-
ing the adsptation wechaniems developed by individual hydro-
blonts species to the toxic factor slnce these mechanisns are
regponsible for different reaiétanba of thene species to pollu-
tants.

The adaptation degree of hydrobionte should be teken into

congiderstion in designiny messureg for control of -environ-
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mental pollution, As is known, one of euch messures ig bo de-

ternine the maximum allowable concantrations (MAOs)for certain
pollutants; this hae already been done for many hundrsds of
toxic substances, MAC is the suostance smount in milligrams
cohtained in one liter of the fishery reservolr causing no
evident patholegie chengee in the bydrochealcsel regiuwen ot

the vital activities of hydroblonte at various trophic levela,
ihus, the MAC for crude oil is equal to about 0.01 mg/l, and
for phenol this value is Q.1 og/l.

If wo consider the maximum allowable oéncentrationa froa
the viewpoint of the organism adaptation to the habltat, then
the MAC ¢an be defined ae the maxiwuaw amount ¢of substance to
which a complete sadaptation of the organism and 1ita population
is possible, This maximum amount can be designated {Stepansky,
1973) ss "wmeagure of the blologicel adeptation limlt¢” (MBAL),

4 pufficlent number of experimental snd natural evidences
which suggest a poesibility of the hydrobiont adjustuent to 1n;
creased concentrations of pollutants is available in the lite-
rature. Thue, populations of the organisms resistant %o heavy
metals oocur in the nature where such metals are contained in
increased amounts, e.g., in asites of polymesalllc ore outcerops.
A pumber of forus of bacteria and algae resistant Go Lthose
metals were isolated from aquatic¢ regervoire with en increased
content of copper, nickel, molybdenus and vensdiuvm (Lyalikova,
1959 and others). '

Buccessful adjustment of hydroblonts te toxic compounds
depends on a nuamber of points. One of the reasons for different
adaptation of organisms resldes ir different mechanisms under-

1ying the sctions of the compounds involved, The greater
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the specificity of the pollutunt's action (selective resction
with one or seversal wetabclites, enzymes or structural proteains),
the greater ite toxicity and the less puaber of chances the or-
ganisa hae for a8 successful adaptation to ite actioa,

Varioud toxdclty of substances and di fferent degree of the
sdaptation thereto are slso ascribed to the degree of the "“aoc-~
quaingance” of living organisms with such compounds since during
the process of long evelution all lving beings have adjusted
themeqllvea and elaborated thelr relation vto the chemical compo-
siton of their amblent media,

Toxicity of elements which abound in the earth crust (e. g.
oil) is upually lower than that of elements which rarely or

never ocour in it (e.g. dispersante used for removal of oil

film).

Tere ig e viewpoint that at a population level hydrobliongs
adjust themselves %o exposure to toxic substances enteripg the
aquatic’ reservolrs only b‘y‘ gelection and saintenance of exist—
ing resistant specles and i:y elinipation of low-resictant por-
tion of the population., This way (selection of such ready re-
gistant foras within the genetically nonuniform, heterogeneous
population of algae) is the basic édaptation mechanism for cer-
tain blue-green algae,

At the level of ecological systems the heterogeneity mani-
fests iteelf in diversity of species vhat provides the so-called
nonspecific huffering, 1.6, the ability of an ecologlcel eystom
to resist to alternating or damaging iwpact of the environ-
went, The experiments showed & clear correlation betwsen phenol
degradation rate and the species diversity of microcenocsis.

1t was found that initial biocenoses conasistinz of various sm-

-1
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bodiments of water thyme, duckweed, mollurca, oligochaetae
and microscoplec organisme introduced with natural water and spe-
elfically unfig to degrsde phenol are gradually substituted by
biocenoses which are capable for its degradation, and the pro-
perty to degrade phencl in this gnse appears as the property
of a newly emerged systea. This ia proved by the fact that on
ctaging the latroduction of phenol into the miocrooencses which
" are adapted to degrade thie toxicant they lose quickly enough
their acgquired ability. A deadaptatiocn of biocencses occura.
Therefors, when the toxicant introduction 1g resumed the micro-
Orgéniems are no longser able to degrsds the toxicant, It took
about 50 days to develop new efficlent ecological systems,

Ihorefore, the buffering of the avstem is determined by
ites abllity for a rapid reconstitution in ascordance with chang-
ing conditions rather than by ite fnvariabllity. The wider the
species diversity of the syatem, the higher i1s the probability
of the presence of those gpeclee wnich, having become the main
constituents of the reconstituted ecological eystem, will in-
crease 1csratab111ty to certain changee in the habltat,

To obtailn the effect of adaptation te the toxlioc action
it is necessary for the toxicant to bde containsd in an amount
suffiolent to induce an adjusting responsee, but low enough
not to damage the organism.

8wmall concentrations of toxicants promote the devalop-
aent of .apecific itability to a certain compound in the orga-
nism, population or ecological ayatem, whils larger domes can
destroy even the nonspecific atabllity systeama. Therefore,
adaptation to the toxic or polluting factor 1s often taken to

aean an inorease in the livinz system's sdaptability under
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prolonged exposure to a swall ewount of the substance or under
gradual rige of that ascunt. e same biological syetem can cope
with conslderably higher concentrations of the toxicant whend
the latter is added graduslly es compared with the case when
the saume toxicant is lntSroduced in a slgnificant quaentity at
once, Thus, agquarium microcencses into which phenol was intro-
dused for one year by swall increaping doges (from 1 to 10 wg/l)
procepsed rather successfully and quickly the phencl in a con-
cemtration of 2388 mg/l. When the toxicant was introduced at a
conaiéerably lower dopeage (1000 wg/l) at one time the aquarium
loosyatemlwaa destroyed {(Kamshilov, 1973),

All the above mentioned facts evidence that the adapta-
tion of hydroblonts to the toxic uwctlon of a pollutant 1s essen—
tially fesslble, Dut it deiends on & oumber of factors and pri-
marily on the specles and physiclogical staete of the organism,
on dosage, tiwe and mode of action of toxic cowpounds, as well
ae on environmental factors (e.g. temperature),

The adaptation %o toxic action is intimately assocclated
with such concepts es harmfulness or harulesspess of changes
under the action of chemicals or the organiem or ite popula~-
tion. Therefore, 1%t 1s luportant to reveal the dliferences be-
tween physiological adjustuent response (to the action of harme
less concentrations of chemlcals) and the compensatory reac—
tions of the emerged pathological process (%o the action of
harnful concentrations), l.e. t0 ascertaln the region lying
between the norm and pathology. To assess the margin between
true ponysiological adaptation and compensetion for the patho-
logical process is very dlfficult, For example, such & region

can be established by determining the size of the species po-
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pulatlion, studylng the integrity of the organism ms a unified
biological system and the unity of the organisem and its habltat,

The survival of speclee und an increasse in ita ;opulaticn
in concrete conditions of existence can be considered as a
sign of norual state of the organtsm or ite populantion which 1ias
intimately associmted with the agility of specles to adjust
themeelves to the habitat, Conversely, a decresse in its popu=-
lation 18 the evidence of disburbances in the adaptstioh process
pesulting in pathology,

For many yesrs the adjusting reserves havae been aseesped
by placing the organisa in extremal physlological conditione
(temparst‘ure, trophic ocnea, etc.). Use -1s made of various other
functionsl or extremsl loads of cheamlcal, physiclogical or blo-
logical nature widch are usually integral. This makes it poe-
sible to reveal a hidden decreass in the adaptive (to fune-
tional loads) or compensatory abiliti:s (%o extremal loads) of
the organism, In other words, the adaptation to toxicanta ocan
be acoompanied either by preservation of and even inorease In
the general nonspecific etability of the organiem, or by its
decrease.The adaptation of the organism is said to be complete
if it e accounpanied by a fullwscale preservation (or ianenac)
of the adeptation abilities in relation to various cffeoéz ;nd
if the orga:ism or its population meintains the sbllity to
reproduce the posterity which is adequate in every respect.

Incomplete (defsctive) adaptation of the organism imparts a
mere semblance of well-being im new conditions since such adap-

tation is ovccompanied by a decreese in 1te general stabd lity.
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A study on the completenese of the adaptation of certain

blus-green algae to toxlicante by the method of functional loads
showsd that bthe algae stable to the toxic sctlon of crude oil
grew on the nitrogen—free medium better and died off consider-
ably alower than pure culture controles. It pointe not only to
the invariablility of the gemeral stability of oells during
their adaptation to crude oil, but aleo to some increase in the
adaptation abilities in relation %Yo nonexlstent nitrogen. A si-
milar effect was also noted in studles of the completensas

of algae adaptation to the btoxic ection of dispersmsnt. However,
the eame blue-gresn algae sdapted to sublethsl phencl congon-
tration on the nitrogen-free medium died off more rapidly than
those in the contrecl,

The problem relgting %o the limlts of true adaptation and
temporary compensatlon haes not been eclved ap yet and requires
additional experimental studies, The limits of the organism'a
abllities during adaptation, in the narrow sonse of the word,
may be consldered exhsusted when irrsversible damages arise
and shen the quality of control chenges, Although studles for
determining limite of usual adjustment responses differing
from the harmful action symptoms ere not completed, nevertheless
a definition (Banotaky, 1971) is available for the eo-called
threshold of hermful efrect end this definition is spparently
suitable for every environment: the threshold of hsrmful effeoct
of a subatence 15 its minimum concentration the environamental
object which csuses changes to sppear in the organism which
are outside the limits of the physiologlcal adaptive reactiona,
or causes the latent pathology (Gtemporarily compensated) to

appear., In otner words, the adeptation of hydrobionts to pol-
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lutante 18 only possible at such coacentrations of these pollu-
tante which provide or etimulate the organiasm's metabolisa
ahd evoke physiclogical process responses, i.e. to maximum allow-
able concentrations, slthough in these cases certain hydrobionts
ocowld pecome harmful for their consumers,

The organiem's adeptation o toxdo effecte results in
an increaaed resistance to pellubants, Thue, in response to the
application of pesticldes the races of crop pests emerge which
sre reslstant to them. Wide application of antibiotics has re~
sulted in the eumergence of ‘antibiotlc resisgtant strains of pa-
thogena and of the so-¢alled secondary infections induced by
fungl which have been previously nonpathogenic, There are also
other facts whickh surgest, on the one bhand, a sericus risk of
losging a great number of spevcles thereby leading to a less
vsried end poorer genofond of the blosphere, and, on the other
hand, an increase in the pumber of organisws harmful to man,

It should be emphasized that genofond depletion under the
action of pollutsnte proceeds primarilly at the expense of long-
¢ycle highly-organiged hydrobionts since their gpecies perisgh
before natural selection beglng to operate, Species adaptabi-
lity range varies rather rapidly only in lower-grganized short-
cycle species (viruses, bacteris, algae, etc.)., It is believed
that in the distant future & process of gradual disappearance
of long lived speclies and those having a 8canty posterity (stur-
geons and other fishes) and the prevalence of shart-cycle or—
ganisms seems %o be possible, i.,e. a return to the living beinzs
of the initisl stages of life on the Earth is llkely to occur,

M™e emergence of the organism'[? in¢creased resistence to

pollutants has a further objectionsble consequence: it usually
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leads to a rise in the content of these substances in hydro-

bionts, Therefore, certain hydroblonts although they have fully
adjusted themselven to toxicants might be dangercus to their
consumers including people. Mhus, edible molluscay particularly
oysters, in a number cf cases contaln carcinogenic hydrocarbon
benzpyrene, Pollution of all waters of our plapet with waste
products of nuclsar indastry, products of radlosctive decay
na a reeult of nuslear exploslons, as well as with pesticldes
is increasing. For example, the pesticide DDT was detected in
tissuss of polar bears, in penguin liver, ln whale fat, Cer-
tain subetances entering the human organlsm from aquatic eco-
logical systems posseps carcélnogenle acotion mentioned above
and influence the heredity., The aotion of many substances on
the physioleglo funobiops of %the organism 1g stl]ll merely un~
known,

Thus, in apite of great limitatione end reservations,
the angwer to the question concerning possible adaptation of
hydrobionts to the toxic sotion 1s essentially positive, How~
ever, the very fact of the adjustment df certaln specles %o
the precence of pollutants is far from having only fsvorable

conaequences,
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ADVEREE EFFECTS OF ENVIRONMENTAL POLLUTION AND
THE TERRESTRIAL FAUNA

AV, Denisova

Ecosystems possess & broad spectrum of adaptive capabilitvies,
The more complicated the gystem, the broader the spectrum, Res—
ponsea of individusl blotic oomponents to the random introduc=~
tion of anthropogenic factors are, however, nonuniform and can
result in far-reaching destructive changep in the ecosystem
(biogeocenoeis). This phenomenon manifeats itself most prominent-
ly as adverse alde effects of heavy metals, Induastrial wastes,
pesticides, and evem fertilizers.

Pesticides occupy ore of the leading places among the va-—
riety of such substances. Having a very droad range of biocidal
action and being systematicaliy disseminated on open terrain,
they have become globally distributed in all natural zonea, At
present, the fauna of ecosystems, including terrestrial animals,
needg protection from the unfavourable effects of pesticides,

It is important to note that sll the principal aspects of
toxicologically and hyglenically safe spplicatlon of pestlicldes
are now sgufficiently well defined and successfully dealt with,
Side effects of pesticides on man and domestic animals are pre-
vented by observing the so—called "waiting time" (period between
the last treatment and the harvesting), timely withdrawal of
people, cattle, beehives from the affected area, the uge of app-
ropriate methods for storing and processaing raw materiasls and
food stuffs, obeerving the prescribed sanltary and other norms
and standarda.

Other ap-roasches ere, however, required $o preve.t the im-
pact of pesticides on wild animals that are mot the object of

33-1
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chemical contirol. The reascn for this llese in the interconnece
tion sand interdependence of complex biocenotic relations in pa=
ture, different types of pollution (impact and background), etc.,
rather than in the mechanigm of pesticide action on the indivi~
dusl organimm., As long as they persist in the environment, pes~
ticides and thelr metabolites constantly gain entry into the
organism of wild animals with the feed, through the respirstory
tract and skin. Besldes causing direct intoxication they modify
the conditions of existence: of the species and gusntitative
Voompoution of feed orgenisms, predators, parasites, competitors,
for food, ete, Wild animals differ appreciably from the labora—
tory and domestic species in their sensitivity to pesticides,
The significance of all thess factors varies for different na-
tural zones (3, 12, 13).

A pumber of consequences of the penetration of pesticiden
into living o::;ganians have been well studied, Actustion of cer—
tain defence reactions to pesticides has been ascertained for
both an iidividual animal and the popultion as & whole, along
with the mobilisation of the organiam to neutralize end elimina-
te the toxic egent from tissues. Bome authors, however, regard
the so~called “habituation™ to a pesticide as taking place at
the latest stage of pathologlical processes. To reduce the toxlc
effect of impact pellution, animals tend to withdraw, tempora-
rily or permanently, from highly contaminated areas, to change
their feeding habits and population - "ructure, etc.

Yot very little is known sbout the speciflic defence reace’
tions to a particular pesticide, Mainly involved in the popula-
tion mechenisme regulating the animal numbers snd aimed at the

preservation of gpecies are the means developed during the pre-
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oeding evoliution,

The responee of the blogeocenosls to a particulsr pestioci-
de can change 1if other pollutants (both of pesticidel or other
type) are present in the anvifonment, 80 that its effect may be
additive, antagonistic, or synergetic, A combination of various
pollutants in the enviromment is now a very common phencmengn,
Yor example, high concentrations of chlorinated hydrocarbons
(DDT, and other stable pesticides of this type, as well as po-
lychlorinated biphenyle=FPCB) are often recorded concomitantly
with equally high levela of heavy metals in the organiasmp of
wild animals (24), This can oomplicate the side effects mince
the trace metals and all kinls of induatrial wastes are also
known to exert s negative influence on the biota,

Meroury, in particuler, has an adverse impact on the repro-
ductive function in warm-blooded animals (17),. In concentrations
equal to or lower than those found irn the tissues of wild birds
(rallarda) it reduces the number of eggs and increases the fre-
quency of egg-lﬂ!ihg outplde the nest in some industrially de-
veloped . countries, The fledglings of these birds are more sen-
sitive to threat stimuli, end less respoansive to mother's call
(20). Boil oontaminetion with arsenic inhibites its microbial ac-
tivity oand causee death of soil-forming earth-worms and other
invertabrates (25). The main danger of lead pollution for wild
mammals lies in the gradual accumulation of the metel in animal
tissues and chronic intoxication, Lead ipg known to replace cal-
cium in the bones of young animals, which is of great comsequen-
ce in view of the possible lesd transfer through placenta (25Y.
Cadm. m can change the growth rate in terrestrial mammals (23).
Beavy metals accunulation dyramics differs in the tlesues of
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different animal species but, on the whole, thelr concentrationg
grow with age (16, 19, 22),.

There is & correlation between the levela of mercury, lead,
and cadmium in the intermal organs snd their content in hailr,
Teathers, and claws, which makes it possible to monitor trace
metals in animals without dissecting them. The monitoring of
these chemical agent is warranted by thelr entry into the na-
tural ecosystems., Universal occurence of arsenic and mercury in
excessive concentrations 1s a result of industrial snd farming
activities (15)., Elevated lead levels in wild animal tissues
are predominantly assoclated with the development of the motore
road network, uhi]..e cadmiur pollution is mainly & conseguence
of land cultivation (18), PCB pollution is found in highly in=
dustriallzed areas and outside them at high levels of accumula-
tion in animal tissues,

Fartilizers applied on a large scale are reported to pro-
duce negative effects on terregtrial fauna, though this happens
mostly when the regulationa of their production, storage, and
application are not observed, With an average run-~off from agri-
cultural lsnde, fertilizers containing nitrogem, phosphorus,
and potassium (elements involved in the natural turnover) sare
even capable of lmproving the feed rescurces for wild enimsle
in ferrestrial ecosystems. This is, however, not always bene-
ficial for phytocencaes (9).

The adverge effects of man-made Jubstances on planta and
emi;mals in terrestirial ecosystems can be pignificentiy limited
provided that regulations on the applicetion of ferilizers are
strictly observed, sgricultural and industrial technologles im~
proved, their by-producte completely utilized, and all kinds of
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environmental pollution greatly reduced. The use of pesticldes

i1s, however, gquite a different matter becausc Yhey are manufac-—
tured to be applied Urectly om cultivated lands, forests and
pastures as inherently toxic substances with the main purpeorse
of destroying the living organisms harmful to the economy

and human health.

Fundamental and applied problems raised by the necessity
to limit the hamful effects of non-selective pesticides on na-
tural ecosystems are being solved by means of integrated
researchs

Diverse conseguences of the impact pollution of ecosystems
by pesticides, in the conditions of the interaction between va=-
ricus factors of natural and anthropogenic origin, are assessed
by studying the perslivtence and distribution of the chemical in
different biotlec (vegetation cover, invertebrates, blrde, meammnals,
and other snlmale inhabiting the conteminated territory) and
abiotie components, its transfer along animal trophic chalna,

~distribution in organs and tissues. The assessment alsc includes
studies of the behavicural response disorders, functionsl and
morphological abnormalivies, chenges in the populaticn struce
ture dynamics (numbers, sex and sge composition) cauged by Loth
the acute (mostly dircct) snd the chronic (direct end indirect)
effects of the pesticide (2).

The direot acute toxic action of pesticides on wvariouws te-
xonomic or ecologic groups of animals Ilp nature has been manie
fested in their death, reported to acquire in some ceses A mass
character in many countries following the application of highly
toxic seced disinfectants, rodenticides, and insecticides (5).

Owing to the measures taken all over the world, casea of mase
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polisoniry; of Lirds and mammals are now much less frequent.

It is important to aassess the significance of the acute
toxic effect of a peaticide and animal mortality bearing in
mind the restorative capabilities of the population and the
ecologlical role of the afficted speclaes, Laboratory experiments
with Sevin, an insectioclde, revealed its high toxicity te spring-
tails (Collembola). The number of these insects in natural con-
ditions was also diminished after exposure to Sevin. However,
the population was completely restored s month later because of
a short life cycle of springtells and their high resettlement
capability, In n«idition to that, the insecticide totally elimi..
nated thelr enemiest spiders, predetory mites and others, But
on the whole its acute effect on ao;l organiems is extremely
unfavourable, and in natural conditions prolonged, In the
tundra, taiga, mixed forest and steppe areas treated with Sevin
the numbers of invertsbrates (earbl;—wom, ground beetles, herd
story insectas, eto;i) decreased by 60=90% within one or tw months
and remained low for several years.

The degree of isvlation of the treated territory ia of
great importance for the pesticidal sffect to be menifested,
During a trial of sevin ag an acaricide on & narrow 200 m wide
strip of forest the number of moles (Talpa europaea) was obserw
ved to decrease sharply. This stenophagous enimal has an abili-
ty to move guickly over a territory in search of food (earth-
worms). Three weeks after treatment the mole population begen
to be restored rapidly. This can obviously be accounted for by
their ability to emigrete from the polluted strip and subsequent
immigration from the adjoining unpolluted territories.

The esological sltustion on isolated territories is quite
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different. Sevin was tested on & small plateau of an alpine
steppe to gontrol burrow ectoparasites of Mongolian pike (Ocho—
tona pricei}, the animal playing the main trophic, topical and
landscape-forming role in this blogeocencals. At the end of the
season the numbere of these animals decreased but slightly, H;w—
ever, the reduction continued during the following years, since
the ipolation of the platean purrounded by mountaing hes practi-
cally excluded the possibility of the population being replenish-
ed by migrants from the untreated territories. Progressive po-
pulation depression of Mongolian pikas was also maintsined by
the disturber es in its self-regulation mecheniem, because Se-
¥in has gonado- end sembryotoxic properties.

Chronic exposure to such compounds 1a especlally dangerous
for wild mammals. Sevin, for exomple, is & low-toxic and, accord-
ing to laboratory test findings, nom-cumulative preparation. But
its negative effect on the populations of mammals (bank vole,
great gerbil, Mongolian pika) becowss especlally pronouncaﬁ‘one
year after application. In the absence of land cultivation, a

'more or less stable pesticide (Sevin persists no less then two
years under natural conditions) is distributed among practically
all the components of terrestrial tlogeocenosis, Llrrespective
of the mode of treatment (aerisl spraying, application onto the
aoll surface, treatment of vegetation covexr, insertion into
burrows}e Pesticides conteminate soil, turning it into a source
of the secondary pollut.on of the blota. They penetrate into
plants, including the feedstuffs for phytophagous animals, and
beasts of prey. This provides the basis for the entire renge of
direct and indirect changes 1n the biocenosis,.

Baving been introduced into a dlogeocenosis, Sevin entered
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muscle tissues of animals, thelr spleen, liver, lungs, snd accu-
mulated in 1argest_amounts in reproductive organs and the emb=-
ryons (11, 12, 14), Since Sevin specifically affects the mamma-
lian reproductive fumnction (in various rodents, Mongollsn pikas,
etc.), the number of males and females which did not participa-
te in the reproductive process was observed tc¢ increase in the
trested sreas in many natural zones. There was a simultaneous
rise in the vccurence of embryon resorbtion, which 1s a rare
phenomenon in rodents under natursl conditions. The percentage
of young animals having decreased, the population structure
changed, Deatrucfive changes on the above-mentioned alpine

steppe plateau were observed for a period of several yeare, Pro-
gressive reduction of the plka population resulted in e gradusl
degtruction of empty burrows giving shelter to a number of warm-—
blocded animals and invertebrates, and their being overgrown
with grass.-Cessation of animal digging activity interrupted soil
tranafer: onto the surface friom its lower layers, resulting
in a gradual modification of the phytocenosis,

Side effect of pesticldes in nature manifesta itself In
the secondary intoxication of wild animals, caused by feeding
on animals whose organiasm is polluted with toxicec agents, In this
respect some rodenticides are especielly dangerous for carnivo-
res. This applies in particular to griftor - on the whole a good
substitute for zinc phosphide, known in meny countries to be
harmful o wild animels, including geme., Unlike zinc phosphide,
gliftor is but slightly toxic for birds in case of elther dlrect
or svcondery er.ry into the organism. It is highly toxie for
leporids, But pikas, for instance, are known to feed on leaves

and stems, Therefore, grain treated with this toxicant presents
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no danger either for them or for the carnivores that prey on
them, At the same time, the presence of large amounts of eaplly
accessible gliftor-containing baits in the habitats of granivoro-
rous birds 1s fraught ‘with the risk of their consuming lethal
dopes of this chemical (6).

8econdary poisoning of animale inhebiting terreatrial eco-
aystems has heen alpo reported for ingecticides, including orga-
nophosphorus compunds, Iodofenphos, for example, 1s polsonous
for predatory invertebratea and nestlings of insectivorcus birds,
The risk of intoxicabtion and total decrehse in the mumbers of
:urvertebratas; the mejor feod of these birds during the nesting
period, are the moat dangerous factors interfering with brood
ralsing,

Another charscteriatiic aspect of pesticidal activity is
the effect on animal behaviour, The abnormal behavior of Glif-
tor-affected mammals accounta for their being selactively prey=-
ed on by carnivores that are, therefore, running a greater risk

. of se'll:tl.ns . intoxicated, Birds affected by dleldrin gtop
feeding, whicﬁ causes their death from oxhgusﬂon if not from
direct polboning, The general physiological state. of nestlings
being worsened under the influence of Iodofenphos, the female's
behaviour changes. Baving to stay in the nest for longer periods
to wara the nestlings she almost stops fetohing food to them,
although behavicursl stersotype patterns in the nesting period is
quite stable even in the sonditions of pesticidel poiscuing (7%

¥ Polluted territories scare the birds sway., Thus, mmes mig-
rations of nepting birds from the forest areas treated with
chlu. inated hydrocarbons and organophosphorus insecticides have
% been reported {8). Individual attempte at nesting sgain a fow

34-1
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days after the treatment (e.g., Ewith FCCH) are not very effeo~
tive, More often, birds returning to the traditional nesting
sites aveld settling there if the territory hed been treated
with HCCH or some other pesticides,

The outcome of birds intoxlcation in nature dependes to a
great extent on their ecology patterns, including nest location,
the size of individual nesting areas, etc. Treatment of nests
of three wheatear species with Iodofenphoe imn & highland steppe
hebitat resulted in the death of broods and adult birds only
in Cenanthe lpabellina that nests in mammal burrows. The powdler
was resdily blown out by the wind from the nests of the two
other species (0O, cenanthe and O, pleschanka) without any harm-
ful impact on them (4),

Bide effects of various chemical classes of pesticidea are
usually determined by the mode of their direct biological ac-
tion, Rodenticides are primarily dangerous for carniveroas mam-
mals; insecticides - for predetory invertebratea; eto.

The side effects may be of conseguence for other classes
of living organisms as well, Bome herbicldes (briazines, DFOO,
etc) cauae significant snd long-lasting changesz in the composi-
tion and componsnt ratio of smoill biota. Motor asotivity of some
specles of ground beetles 1s diminghed by arboricide 2,4-D,.
Chlorinated hydrocarbona (DDP?, HCCH and others) can influence
the clutch and egg size, hatchability,snd other indicators of
the bird population state. Mamy orgarophosphorus inpecticides
are also toxie for birds, Carbophos, for example, kiils fledg-
lings in forest habitats, although its side effect on the inw
vertebrates is much lower than that of other compounds (1),

There exist carbamate insecticldes extremely dangerocus for mam-
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mals, while Sevin causes the shedding of tree fruit ovaries.
Chlorophos is dangerous for a number of tree and bush species,
sto, Thet is why in predicting the consequences of pestiocide
application 1t 1s necessary 1;6 proceed from the data omn 1lts ha-
rard for different classes of living organisms, irrespective
of the immediate function of the preparation,

The response of animsl populations to a toxicant 1s prede-
termined primarily by the mechanisw of its action, Neurotoxie
compounds must be, therefore, assessed primarily for thelr po-
ssible silde effects on the behaviour of animals in natural cone
ditions. Godadotoxis agents have %o be characterized by their
effesots on reproductive processes, embryotoxio agents ~ by their
influsnce on embryogenesis in more than one generation, ete,

Current (background), as well as reconmencing environmental
pollution with pesticides, necessitates their monitoring to pre-
dict and sontrol the state of the enviromment for the purpoae
of nature conservation agd the maintenance snd enrichment of
the Barth's faunal resources. Monitoring involves both the as-—
certainment of pestioidal pollution and the assessment of the
significance of the detected pesticides concentration levels
(3, 10). )

The combination of practical measures for the prevention aof
adverse side effects of pesticides on ecosysteme snd their bio-
tic components should include at least the following:

~ tse of & pesticide (whenever choice is possibdle) exert-~
ing the least noxious effect on the wildlife;

- use of the lowest peaticide concentration effective in
conty .11ling the pesty

- plamning end performing pesticlde treatments in coopera-

34-2
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tion with local game end fishing inepection bodles, and environ-

ment protection organizations;

= keeping the soll surface free from treated sseda that
can be used as feed by wild snimals,

These ares of couse general measures that by no means exheust
the whole range of problems assoolated with the regulation
of pesticide application. Each partioular case requires taking
into account the specificlty of pesticide action, method of ap-
plication and potential denger for the components of ecosystema
under local natural oonditions and the existing pollution level,
To diminish the adverse effects of peaticides on the animsl
kingdom 1t 1s expedient to give attemtion to the renewal of thelr
assortment, . reduction of the use of most toxie chemicala, the
training of perscnnel engaged in pesticlde treatment, the col-
lection and dissemination of information on individual agents',
and the furnishing of commercisl preparations with more informsa-
tive labgle containing deta on their hazardous effects on the

most vulnerable componemts of biogeccenoses,
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ORGANISM-BASED WATER POLLUTION MONITCRING

K.B8. Burdin

Sound planning of industrial and agricultural development
and environmental management implies minimum detrimental effect
of man's economic activity on the naturasl environment. Pollution
monitoring services, having pronounced chemlcal or biologloal
orientation, were set up in many .daveloped countries to appra-—
ise the water media state /Israel, 1979/, The former carry out
obgervations over the pollution of the ablotic component (water,
bottom pediments, etc.), and the latter are mainly engaged in
obaervations over water organiems. The data available on the
excessive pollutant comtent in the ablotic component usually
stimulate laboratory btudies of the toxicity of these pollutants
for the biota in order to predict the envirommental implications
of the enhanced pollutant content in water /Filenko, Ehobotyev,
1976/. The degree of water pollution can be determined omly af-
ter the chemical analysis of al) the enviromment components
(water, suspension, bottom sediments and biota) 1s completed,
The present paper provides a oritical emalysis of the literatu~
re on the metel-baged pollution of water, suspension, bottom
sediments, and organisms :Inh.abiting the World Ocean,

Practice has shown that regular analysis of water, sofi)
and suspension samples 1s costly and labour-consuming. And the
data obtained fail to meet the requirements, because disposing
but only of a few samples it is impossible to avoid the effect
of secondary factors — seasonal factors, water salinity, cur-
rent, tidal activity, sedimentatlon rate, organic matter con-

tent, ete. The analysis of sea water samples with low metal le~

35-1
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vela regquiree large gquantities of weter.

Metala are classed as those dissolved in weter and those
adgorbed on suspension particles quite conditionally, according
to the mesh sizes used. The mesh sizea applied for the purpose
vary greatly end make the comparison of the results a difficult
mattery '

The metal conbcentration levels are usually high in water
snd sugpension samples taken in the polluted river deltas, As
fresh and sallne woter mix up, metals may precipitate or becone
adsorbed on phytoplankton celle. Purther on this proceas may
reatult in the sedimentation of metals adsorbed om inorganio
particles, Thus the amount of dissolved metals diminishes due
to theilr adsorption on inorganlc particlea in fresh water amd
organie particles (mostly phytoplankton) in saline water.

Little 18 known so far on the toxicity of various metals
and their pathways into marine organisms, Much of the researah
on environmental pellution with metals ia meant . to estimate
-their effect on human health or the eco-system's Integrity. From
this viewpoint a great disadvantage inherent in the data on me—
tal concentrations in water samples is that they are difficult
to be used in predicting hazardous effect on the blota, let alo-
ne food chain and humen health. There are atill other problems
pertaining to the collation of data on metal concentrations in
water samples from different water areas. Bessona, time of the
day, ealinity, ssmpling depth, industrial effluents, hydrologi-
cal factsri (tidal proceases, currenta) cause discrepancies in
the data, and these are the greater, the wider the variations
of the above parameters, Therefors the nusber of camples should

be much greater to obtaln relisble difrersnces in average values
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of motal levels.

The researchers interpreting the data pbtained from bottom
sediments face three major problems, First, the metal concentra-
tion reflects not only the ratio of the precipitated metael to
the total sedimentation for & given period, Second, the metal
concentration in bottom sediments depend on the organic matter
content, and this dependence is linear. Attempts were made to
take account of thig factor and to analyze metal concentratlion
only in relation to the available carbon percentage. Third, even
the mo;t accurate and comprehensive enalysia of the bottom se-
diment pollution 1a of no or little use for assessing the amount
of metals available to the biota, Even with a high level of
metale in bottom sediments, only part of these will affect the
biote found in the upper water layers. This explalns why many
researchers failed to trace corralation betwsen metal levels in
water and the biota with those in bottom sediwments,

Criteria for the Belection of Organiams for Monitoring

The oriteria for the selection of organisms depend on the
prenlses used in biological monitorling programmes,

Programmes of biological wmonitoring of marine pollution
ere drawn up with s view to using such organisms as may be help-
ful in tackling the followlng problemss

a) what potentially hazardous substances accumulate in the
biota and what the rete of this accumuilation iaj;

b) whether there is any proof of persistant changes in
the marine environment,

Tn the first case the criterion for selection will be the
abllity of the organisms to accumulete the aubstances under

study and to survive under environmentasl pollution,
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The second criterion presupposes the necessity to measure
the r ates of pollutant concentrations in orgenlasms as well as
to assess. Their seasonal changes and changes in the place they
occupy in the food chain,

The system of blological monitoring of the marine environ-
ment pollution should comprise organisms sensitive not only to
a pollution level and factors contriduting %o changes in the
marine environment, but aleo tc the presence or absence of gpe-
cific pollutants. As to their specific employment, the marine
organisms can be classified into indicator orgenisms, test or=
ganisms and monitor organiems.

Monitor orgsniems are those which cam be used in a quanti-
tative assessment of relative pollution levels of the marine
environment by measuring a pollutant's content in their tisenes,
To use the organisms for monitoring purposes, one should kmow
their biology, most vulnerable life phases, position in a food
chain and responses to non~anthropogenic changes in the envirom-
ment.

The monitor organisms are to meet the following require-—
mentas

4. The scounulation of pollutants to a certain level should
not result in the organism’s death,

2, Organisme should follow a gettled mode of life.

3, The species population in the region studied should be
large enough not to diminish after sempling.

4, For long~term observations perennisl organisms should
be selected.

5. Organisms should be large enough to allow analysis of
thelr tissues,
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G, An orgeniem should be tolerant %o sea water desalting,

7. Organisms should be sasy for sampling snd resistent - 3
enough to allow lsboratory experiments to ;9e conducted for a
certein period.

8, Organisms should possesg a high metal concentration
factor so that they could be directly analyzed without pre-con-
centration,

9, Correlation ghould exist between the metal content in
an orgenism and the aversge metal concentration level in the
amblent water.

10, Witr 'n a oerta.’n_.n concentration range of pollutants the
organism used for monitoring purposes must react unamb+guously A
to the presence of metals so that a correlation between the me-
tal concentration levels in organisms and in the ambient watex
is observable regerdless of the place of saapling or habitat.

Thus, the above requirements should warrant metal accumu.
lation in en orgqm:lsl irrespective of the natural anvironlént.
If organisms, living near river deltes, have a definite metal
' concentration level, then the higher metal content in orgenicas
living upstresm may bde attributed to either the effect of salie
nity or the excessive amount of metals), 'Eherefore; one should
refrain from f£inal conclusions until the effect of salinity on
the metal inteke by organisms, selected for monivoring, is es-
tablished. Apart from hydrological varisbles (water salinitiy
and temperature) other .ffects, such as seasounal changes, the
growth rate of the organism, sex, weight, size and point of
sampling should be studied.

Using living organisms for pollution monitoring makes it
pessible to evaluate the effeét of metal pollutants on the blo-
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ta of the area, The selection of organisme for monitoring is

a highly important procedure because of its influence on the
aubseguent evaluation of metal pollution norms,

4An organlsm may take in metals in three independent ways:
directly from solution, with food, end with suspended particles,
Naturally, the organisms capable of effective metal intake by
all three pathways and concurrently meeting the above reguire-
ments are hard to be found, In most publications on the subject,
it was assumed a priori that the selected organisms meet all
the requirements, and hence no special investigations were car~
ried out,

Some examples of utilizing warious species for bioclogical
monitoring of the marine environment pollution with metals, are
glven below,

Shells as Monitor Organismg

Becent years have seen an increase in publications on the
use of ark shells for metal moanltoring as well as on national
and intermational projects of surveillance over mussels.

The ark shells have a metal concentration factor ranging
from 103 to 106, depending on the organism species and the me-
tal type. Metals enter organlsmse not only with food and from
a solution, but also with lnorganic particles,

Despite numerous publications on this problem, littlv is
go far known on the effect of warious physiological and ecolo-
gleal factors on the shells' ability to accumulate metala, So-
me dats are avallable on the effect of the organism's age,
wolght, slze and sexy seasons; place of sampling; water selini-
ty and temperature, and the combined effec? of several metals

on the general metsl intske or in the final metal content in
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ark shslls,

Recent years have ween numcrous publications descridbing
mainly metal levels in shella, collected in various regions of
the World Ocean. Their major aim is to identify clesn and pollo-
ted water ereas.

Bovlet researchers have collated the levels of Ye, Fb, Zn,
Ou, Mn, Cd, Fi and Co in musseis in the Black, Barents and White
Beapg, and found the highest levels of all metals (except PFe) .
in mussels of the Black Sea /Burdin et al,, 1979/, while in the
White Bea thess wers higher than in the Barents Pea.

The promise offered by mussels as monitora has been wonfirm-
ed In a number of publicatlions that studied mussels' respanse
t0 thelir transplantation from unpolluted areas to polluted ones.
The experiment was made in the Triest Gulf Majori et al., 1978/,
Their traneplantation to & polluted ares Tesulted in incressed
metal oaontent in Mytilus gsloprovinclalis, while a return to
clearwoter sreas led to & slower lowering of the saﬁa.-

Macroalgae as Monitors

Macroalgae were also proposed for -monltoring metal-based
pollution, The spscies used for thim purpose most often were
Puous wvesiculosus, Pucue serratis and Laminsrias digitata, os.
well as Fucus epiraells, Ascophyllum nodosum, Ulva ;actucalto
name but a few,

Algae are sssumed to accumulate mainly metals dissolved in
water, mhile remaining practically indifferent to metals admorb-
od on suepended particles, organic-or inorganlc. A’ ges are ca~
pable of retaining metals in the thallus tissuas for long due
to a reletively prolonged period of aemi—ex;retion of metals

bound.
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The ability of macrophytes to accumulate mainly water—so-
luble metals and to retain these for & long time in their tig-—
sues sllowed many researchers to recommend them as monitor orw
ganisma. However, it should be borme in mind that it i1s the na-
tural environment that governs whether metals are dissolved or
sbsorbed on suspended particles, Thus, zinc and cadmium are
ugually found in a dissolved state, while iron and lead - ad-
sorbed on suspended macroparticles.

Some factors known to affect the meta) concentration le—
¥els in macroalgae are the specles place in a taxonomic group,
and the part of thallus sampled.,

Inspite of a number of Aifficulties, which are due to the
time difference in water and algse sampling data collation has
demonstrated a correlation between concentratibns of the disao-
luble forme of aome metals and their concentration levels in
brown alga'.e'. Such an approach to the asaésement of c¢oncentra-
tion rates of water scluble motals from metal cobcentration raw
tes observed in algae is an important part of monitoring pro-
grammes provided that account is taken of the secondéry offecte
involved in water sempling and of the environmental factors.

8o far researchers have practically ignored the problem
of the combined effect exerted dy several metals on the accumu-
lation of one of them in the algae,

Recent publications report on the use of benthic algae,
falling within different systematic groups, for evaluating the
pollutant rate of the marine environment near river deltas, in
fiords and in the tidal zomes ol ppen-sea areas /Gusarova, Khri-
stoforova, ‘1978‘/.

Soviet researchers Studied the possibilities of using the
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widely spread brown algae Oystoselra crinita for monitoring Pe,

Mn, 7n, Ni, Cu and Fb pollution of the Black sea /Burdin et al.,
1980/, They have found out that the use of a whole layer for
this purpose is hardly appropriste since the results obtained,
partiocularly in cases of slight veristions of metal concentra-
tion levels in water, would fall to be authentic becsuse of the
enormous season~related changes in the specific mass of stems
and branches, In this case the metal concentration levels in
pamples reflect the varylng contributions of individual elements
of the layer, but not changes of metal concentration levels in
water, After anslyzing the experimental data it was proposed %o
use for the purpose ntét the whole of the plant, but only a part
of it, e.g., the stem of a thallus, 3 to 4 years old,

The analysis of samples provided data whose interpreteticn
wap impeded by the lack of information on the rate of accumula-
tion and excretion of metals studied and the ecological and
physlological characteristice of monitor orgenisms nsed, How-
ever, monitors have been mostly used only to magass the rates
of their pollution with metals,

A wide epplication of macrophytee in the programmes of bio—
loglcal monitoring, which include observation, assessment and
prediction of the marine envirénmant's pollution with metals,
necessitates & detailed study of the algae's ability to accumu-
late metals depending on thelr age, individual elements of the
layer, seagon, water tempersture and salinity, and on the pre-
sence of other metals,

Fish as Monitors

Metals enter fish with food or from a solution and aceum

late in its organs and tissues. Metals cen be absorbed direct-

1T
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| 1y from e solution through the entire surface of the body of
the fish, through its gills or via the gastric~intestinal (alil-
mentary) cenal after swallowing water. The relative contributlion
of each pathway has not been determined exactly although metal
inteke with food seems to be the greatest, According to sonme
researchers this hinges on the fish apecies and metal types
/Polikarpov, 1964/, ¥ish in river deltas may be affected by
higher metal oconcentration levels than in the off-ghore areas.
The changes in metal concentrationg are a function of changes
in the metal concentration factor of phytoplankton, zooplenkion
and fish, which serve as food for the monitor fith, as well as
of the ratio between metals dissolved and thuse adsorbed on sus-
pended particles, Fish are probably indifferent to the presence
of metals adsorbed on suspended inorgenic particles, However,
they may react to this fraction indirectly by eating filtering
organisms which extract metals from this fraction.

The use of fish to monitor other metals has been hindered
by numerous problems that are still unresolved.

Fo publication has so far appeared describing with adequ-
ate credibility the relation between metal concentration levels
(including mercury) in sime figh orgens and the average metal
content in a water medium, Besides, the dats on pelagle fish,
mlght well be average indicators of the_previous metal lmpacts
figh suffered along 1ts migration route. In some cases, however,
the use of fish can be expedient, e.g., the rates of pollution
of some very distent areas are to be compared or when it is
necessary to outline polluted areas occupied by certain eco-
systems.

To sum up, one can say that nowadays the use of fidh or its
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tissues for monitoring metel pollution ls premature because no
gorrelation has been as yet eptsbiished between metal concent-
ration levels in fish organs and those in a water medium. Ac-—
tually nothing is known on the kmpacts of such important vari-
sbles am Tish specliesn, age, alze or veight,' nutrition, water
salinity and temperature, season or combined effect of several

ll.et'alB.
Main Conclusi the use of sms Lo ollut
monito

Inadequate attention to sampling methods results in the
depreciation of many data on metal concentiration levels in or-
ganisma, Therefore, what is required st the present research
stage is to underteke an inter-laboratery standardisation of
the field sampling methods and of the analytical metheds of
ssmple analyeis. The study of the biotic snd ablotic effects
op metal acoumulation in organisms, planned for use as monitors,
is equally important,

Comparison of data on the effect of such factors es season,
specles age, weight and size, on the cne hand, and the sampling
place, woter tenperatd.re and salinity, and the combined effect
of metals, on the other, has demonstrated that natural emviron-
ment factors can have a pronounced effect on metal accumulation
or concentration in organisma. Iaboratory studlies have proved
that water salinity and temperature affact tle overall accumula-
tion of metals in marine organisms and thelr toxicity.

Before attempting observationa with the use of monitor
orgenisms, the effects of the natural enviromment on total me-
tal agcumulation should be assessed, since these may vary greas-~

1y in their influence on organisms and the comparison of remults

e
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BAY cause a researcher to arrive st erroneous conclusions, The-—

se difficuities ere eamily eliminated AL the sampling procedure
is strictly controlled, This means that sampled monitor orge-
nismy are of the same sge, slze.and weight, and sampling is do-
ne in the same sesson and in the ssme place, Discrepancies dune
to water salinity and temperature are removed if sampling at a
reference station is done comcurrently. But even in this cage
laboratory studies scem advl sable in order to ascertain the
quelitative and quantitative aépecta of the effects which, if
net known, hamper the interpretation of the results obtained
from monitor organisms,

Bo far ark shells and macroalgae prove %o have been studied
best. Among the former Mytilus edulis are used most often as
ite physiology is better studied and it:is widely distributed
in moderate temperature waters, The selection of macroalgae with
similar features presents difficulty, although smme of the green
benthos plants (Chlorophycea) can be dlassed as cosmopolitan,
but the fact that they are not pesrrenial 4s a constralnt for
their use, However, only the conjJunctive use of mollus and
macrophytes for monitoring purposes can provide comprehensive
information about the overall metal load on the marine ecosystem.
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FARLY DIAGNOSIS, PREVENTION AND TREATMENT OF OCCUPATIONAL SKIN
DISEASES CAUSED BY EXPOSURE TO CHEMICALS

B.A. SOMOV

The system of measurss state-eponsored in the USSR to im-
prove working conditions beneficiaslly affects the heslth and
prolonge the working 1life of people. Comprehensive mechanizae-
tion and sutomation of production procesees, the elimination of
arduous menual labour changed in conpidersble memsure the natu-~
re of the effects produced on the orgenliems of working people by
factore of the production ehvlronment; thie helped to conaider-
ably reduce the incidence of acute formp of ekin diseases. At
the same time, the intensive development of the chemical indust-
ry and the chemization of various sectors of the natiocnal econo-
my, inoluding agriculture, may croate preconditions for the de~
valopment of occupational skin dimesses resulting from the imme-
diate contact of fhe skin not only with widely used in industry

low-molecular compoundd - the salte of chromium, cobalt, nickel,
ete., but also with new subetences and compounds - polymera,
phenol-formaldehyde and epoxy resins, medicins)l preparationse,
inpecticides, eto. The apecific features of dermatological mor-
bidity emong the populations of Asisn, Africen aend Latin Ameri-
can countries sre dependent on a whole number of factors. Here,
epart from sociel and economlc factors, its structure has been
largely influenced of late by industrial factore ln areas of
new industrial development, o©il extraction, etc. In industrializ-
ed countries an increasing number of employees auffer from la-
tent hypersensitivity to industrisl allergens and preclinical

(pre-morbid) states of the organism. Factors conducive to the
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developaent of theae early manifestations of wkin diseasss have
been studied poorly, which hinders the elaboration of effeciive
prayantive measures and methods of therapy.

Agsuming specinl importance for the successful control of
ococupational skin diseases ‘ts their early diagnosis in the ini-~
tial or even subclinical (pre-morbid) period of their develop-
ment, when the timely removal of the harmful effects of indust-
riel factors and implementation of other medico-prophylactic
measures may result in compiete recovery or prevent the further
development of a ekin disease. In this connection smpecial at-
tention should be given to the correct organization of prophy-
lactic and preliminery soreeninge and alec to the detailed der-
matologioal examination of wurkor- at the early setages in the
development of a skin disease with the uee of clinico-hygienie
and funotional methods of sarly diagnosis, inoluding the staging
of eutnnooui tests and ip vitro ilmmunclogioal reactions.

The dermetologist examining workeras must well known their
working conditions and work route. Bu must study ln detail the
specifio producticn technology concerned and be aware of new
chemicals whenever they are being introduced into productionl
For thias purpose 1t 1s necessary to enliet the mervices of hy-
gienistn, senitary physicians, eafety-engineering and.other ape-
cialists. '

When examining dermatologicel patiente at industrial enter-
prises, apecial attention muet be given not only to the state
of the skin but alsoc to the state of tha internsl organs and
the nervous syatem. The presence of relevant background diseeses
(roel of chronie infectionm, funotional disorders of the nervous

system, helminthieses) may have an important influence on the
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course and cutcome of ellergodermatosis of chemical stiology.

For the early diegnoeie of occupational akin diseases it is ve-
ry important to familisriee phyelcians with the main groups of
ochemicals, eince known at prebont are 350,000 organic substanc-
8a, several thousand chemical compounde and plante causing al-

lergic and other reactions in the organiem of working people.

Description of Chemicale Ceusing Occupational

Darmatoses

All chemicels used in indumtry may. be conditionally subdi-
vided according to their effect on the pkin as follows:

1. Substances with a predominantly primery irritative af-
fsct on the skin; obligate irritante - concentrated in organioc
acide and alkalis, the salts of alkaline and heavy metals, sub~
stances possemseing a derpatovesical ection, capable of causing
burna and ulceration on contact with the akin.

Facultative primary irritaote - cause dleesses of the mkin

in only =ome of the persone expomed to them. Belonging to them

are weak eonpentrationa of inorganic acide and alkalia, the
products of proceesing petroleum, ocoal, shales.

2. Substences posuassing_a pre eminently wensitising ef-
fect on the skins artificial and netural polymers (reains, rub-
bers, colophony, ehellac), medicinal preparations, dyes, the
compounde of the metals-chromium, nicksl and cobalt.

It should be borne in mind that frequently teking place
under industrial conditions may be the combined affecte on the
skin of primery (obligete) irritants and senaitisers, which leads
to t¥ intensification of the latter's sensitizing effect.

Another thing thaet has to be borne in mind, 1s that during

the working proresa workers have fo endure exposure to the ef-

37-1
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feot of & number of occupational hazards, lncluding unfavour-
sble weather conditions (high temperature and air humidity). A
certain effect on the course end outcome of skin diseases ig
rendered also by mechanical factors, such as frictlon against
moiet or rough surfacas, eto.

Some of the ohief ageﬁts causing at present occcupetional
allergodermatoses (dermatitis, eczema) are at present polymers
and polymer-containing compounds. Bacause of thelir valuable pro-
perties polymers are widely used for the manufacture of plast-
jce, varnishes, glues and enamels. Polymers, the products of
polymerization and polycondensation of organic¢ compounde by mo-
nomers, sre used in most diveree branches of 'the economy ~ che-
mical, radio-engineering and slectricel-engineering, rubber,
woodworking and furniture making, textile, and meny other in-
dugtries.

The following chemicals are used in the individual in-

dustries:
I. Textile Industry

Used here ere fibres produced eynthetiocslly (dscron, cap-
rone, nylon, etec.); to prevent them from untwisiing and from
static electricity, srtificial yarn threads are covered by va-
rious oiling egents, which comprise triethanclamine, a substance
posseseing & pronounced sensitizing effect.

Also uged are verious dyes and detergents.
2. Radio Engineering and Electrical Engineering

iised in these industries esre phenol-formaldehyde, epoxy
and polyester reains, press powders heasd on them, glass flbres

{AG-4)}, dyes which include compounda of chromium, nickel, codhalt,



6300 a

- 291 ~

Zlues baped on phenol-Tormsldenyde resing, formalin, rubbers

and other eubstancea.

3. Rubber Induatry

Used are natural and synthetic rubbers, lead, celolum,
megnesium DXides; antideteriorants ~ neozone Dj rubber accelera-
tors captax, thiuram; plasticlzers - the productea of procesalng
oll, coal, ete.; fillers - soote, zinc oxide, copper, kaoclin,

formaldehyde and epoxy resins; rubber cement.

4. Woodworking Industry

Occupetiona) dermatoses may be caused by veranlshes baped
on shellac reeins, colophony, giue, bakelite, phenclformasldehyde,
ureaformaldehyde and polyester resins, nitro dyes, nitrolacquars

and verious solvents (furpentine).

5. Engineering and Metalworking Industries

Occupational dermatomes may be camused by the salts of
ohromium, nickel, cobalt, by cutting fluide, turpentine, synthetic
resins and dyee. In elsoctroplating worke occupational disesses of
the ekin may be ceusmed by the compounde of nickel, chromium, gold

and platinum.

6. Printing Industry

Occupational dermatosee may be caused by contact with com-
pounds of metals for the electroplating of formea Used for etch-
ing the formee ere compounds of ohromium -~ chrompic. The plgments
of printing inks containing the compounds of chromium, nickel,
cobal't and solvents (turpentine) have a senpltizing effect. Ura2d

for the development of black-and-white photo-cine-roentgen films

J7-2
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are menthol and hydroquinone, and for developing colour filme -

disthylparephenyl formalin sulphete, possessing a pronounced
sensitizing effect.

T+ Conetruction Industry

Used here are cement mortars conteining the compounds of
ohromium, nickel, cobalt and unalaked lime, asbestocement, lime.
Ir the production of ferroconcrete slabs an additionel seneitiz-
er may be glue containing formalin, phenol-formeldehyde snd epo-
xy rosin in combination with liquld glass, oil and nitro dyes
with & sharp alkaline reaction, whoee pigmente contain the com-
pounds of chromium, nickel, cobalt, dye fixere {epoxy and poly~
ester resins), various solvente - turpentine, white spirit,

masgtice based on various resins.

8. Chemo-Phermaceutical Industry

The cause of occupational dermetoses in the chemopharma-
ceutical industry and among mad;oal workere may be the semipro-
ducts and prepared forms of vitamins Bl' Bgy 312. antiblotics
(peniciilin, eireptomycin, chloramphenicol, chlorpromazine
hydrochloride and other preparations of the phenothiazine meri.
ewn), PAS, novocailn, mercury, furacin, bichloride of mercmy,

chloramine, rivanol.

9. Agriculture

The cause of the onset of ekin diseases among farm machine
operators are chemicels (gasoline, kerosine,lubricants, diesel
fuel), contact with the metal parie of machines end implements,
and also with mineral fertilizera end poisonous chemicals; among

those working in animal husbandry: fungl, including yiest fungi,
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ococci, virusss, bacilli, and slso sntibioties sand disinfectante;

among plent growers end hay-makerss tell battercup, primroes,
polson sumec, parsnip, cow parsnip, tomatoes, citrus plents,
figs, celery, garlic, tobacco, mesdow and river-benk plantes and
graspes - sedge, milk-govan, mooneeed, and also flowers: narcie-
sus, hyacinths, nasturtium, oleander, arnics, chrysanthesmum and
other fluwerp. ‘ _

In ordsr to substantiste the disgnosis of en cccupational
dtsense, the following information is essentini:

1. A study of working conditions and the operator's work-
ing movemente.

2. A detailed descripiion of irritente (accordin, to
thelr effect on the skin) to which the worker is exposed in the
process of production.

3. A history of the diseame with an indication of the time
of its oneet when performing duties in contact with chemicals
and a documentary confirmation that the disease was not obeerved
before the parfér-anca of this particular work. In case of the

‘further development of the disemse or ite exscerbation an ex-
cerpt from the case history of the medical institution at the
place of residence or ai the place of work must be requested.

4. Treatment of the disesse without any contact with the
occupational factor.

5. Clinical diagnoeie and the location of the process.

6. Functional investigation methods aimed at confirming
the occupational nature of the disesass (skin teste, in vitro
immunological teets, ete,.). .

7. Inguiries must be made as to whether analogous diseas-

es hed occurred in other workers of the seme occupetion.
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It must be stresged that neither of the aforementioned

criteria is abaclutely valid when taken separately for subatan-
tiating the diagnoseie, for which their totality only may be suf-
ficiant. Special attention should be given to the time and pe-

culiarities in the early manifeatations of the vkin diseases.

Diagnosis of the Clinical Manifestmiiong of Occupationgl:
Skin Diaesses Caused by Chemicals

When detecting the pathology the physician describes
¢linical symptoms: location of rashes, nature of the primery
slements (spots, bapulea. blebs, vesicles, eto.) and secondary
elements (srosions, crusts, scaling, oracke, pigmentation, etc.),
symmetry, bhorderlines, etc. Subjective mensations.

The highewst incidenoce of occupational skin' dissases of
chemical origin among workers of industrial enterprises falle on
dermatitis and eczema. Registered much more seldom ars toxider-
ma, uloerations, lesions of the fellicular apparatus, toxic me-
lancderma and some others. )

By their morphological symptoms occupational derﬁatitie and
ecgema hardly differ from similar non-occupational diseases.

Dermatitie -~ ils an scute inflammation of the
skin appearing at the site of contact with a chemical substance
{or other occupationsl irritanf}. From the viewpoint of early
diagnosis it is necessary to take into acecount that usually in
the early period changes on the skin are only mildly pronounced
and are characterized by dryneee of the akin of the hands and
forearms, ite scaling and roughness, the presence of arythema-
tous epots, cracks on the fingers and areas exposed to the

greatent contaot with the allergen and symptome of hyperkerato-
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#is. Early changes on the okin precede ithe appearance of occu-

pational dermatosig, Chearacteristic of this o--upatlional skin
digease is the affection of open areams {(hande, forearma.kihe
face}.

Dermetitis is subdivided into contact (non-asllergic) and
allerglic (eczematous) dermatitis.

Contact non-allergic dermatitis appsars on the site expoe
ad to an irritant and has no tendency to spread to the periphery
of the effected area, Termination of exposure resulte in recove-
ry, usvually without relapses. Contact non-allergic dermatitias
appeara on the skin with unchanging resctivity, and the reaponsme
inflammatory reaction gorresponde to the etrength of the irri-
tant.

Fot infrequently occupational dermetitie ie mecompanied
with the development of hypersensitivity to ifindustrial irritanta
(sllergic occupational dermatitie} and should be regarded as the
early or transitional stege to eczema.

Occupatioﬁal allergic dermatitis is & skin disease of
allergic origin based on hyperaehaitivity to production sller-
gens; however, since thie disease le an early stage of eczema,
these patients seneitivity is ﬁuch less pronounced. Ooccupation-
al allergic dermatitis i caused most frequently by the salta
of chromium, nickel, cobaslt, polymers, formeline, antibliotice
and a number of other substances.

As a rule, occupational allergic dermstities develops at
the place of the skin contact with the chemicels - on the back
of the hands, forearms, on the face, etc. Observed in the focl
of dermatitise sre epythema. nodular end veeleular rashes of va-

rious intensity. Primary elements appesr aled outaide the area
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of direct exposurs to the allergen. Upon the termination of the
worker'a exposure to the allergen the aymptoms of ellergic occcu~
pational dermatitis rapidly disappear. In a number of patients,
perticularly during lasting exposure to occupational allergens,
allergic dermatitis undergoee trenaformation intc esczema (oeccu-
rational). Occupationel allergic dermatitis must be differenti~
ated from contact dermatitis and ocoupational eczema, It differs
from contact dermatitis in that it i1e caused by the effect of
chemicale poseesaing the properties of allergeng and not of
primary irritants (acids, alkalis, etc.). Allerglc gkin tests
in patients with allergic dermatitis ere pomitive in the majori-
ty of cases. Differential diagnosis from eczems 1s carried ocut
on the basis of clinical allergic and immunologicel examina-
tionm. ’
Occupational ecz2ema clinical eymptoms
are the same aes of true eczema. The distinctive features ere
the primery location of the ectematous procese on the open
areas of skin - hande, forearme, tgce. neck, more seldom on the
feet and shine., Characteristic of occupational eczema im that
the diseaae is caused Sy repeated saxposure to an industrial wl-
lergen.

Inflammetory symptoms usuelly abate when sxposure to the
irritant ie diminished (during days off or vacation) and reap-
pear with the resumption of wark;

In distinction from dermatitie, characteristic of eczema
ie a lasting course with relapses and exacearbations, Termination
of expoeure to the irritant not always ensuree recovery. When
work involving eipoaure to chemical irritants is continued, »

trangition from monovalent to polyvalent sensitization is ob-
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gserved, end not only to industrial, but elaso to household irri-
tants.

Occupationel toxl1coderma 18 cha-
racterized by an eruption on the skin of erythematous, srythe-
metous~vesioular. and erythematous-bullous or urticarial ele-
menta, frequently situasted on en edsmatous foundation. Cocupa-
tional toxicoderma is caused by chemicels ueed in industry, by
medicinal preparations, mineral fertilizers, insecticides asnd
& oumber of other agents.

The diseame develops acutely, the intenaity of the in-
flammatory resaction usually does not correspond to the strength
of the irritant. The inflammatory process sbates soon after the
termination of contmct with the causative chemical.

Qccupational wuwlecerations (anabro-
pig) develop in workers handling salts, alkalis, in workers in-
volved with the salts of alkaline metals, calcium carbide, cya-
nide compounds, aqdium nitrite, compounds of chromium, nickel
and others. Anabrosis appears on the handa, forearms, the upper
surface of the foot, on the shine (at the site of micro«injuries).
Usually superficisl tiny ulders ("birdeeyes") eppear, sometimes
covered by bloody crusts with infiltrated relsed esdges., When
chromic anhydride ie involved, in addition to multiple ulcers
on the skin, ulceration of the mucous msmbrane is possible, fol-
lowed by perforation of the cartilage of the nasal septum, During
healing atrophic scars are formed. Exposure to petroleum and ite
producte may he followed by the development of circumseribed hy-

perkeratoses anéd photodermatoses,

38-1
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Contemporary Methods of 8, i [ -]

Skin liseases

The methods of allergological teeting and leboratory exa.
minations are important for substantiating the diagnosis of an
cccupational skin disease. For determining hypersensitivity to
chemical irritants in the dermatoclogist's daily routine the
method of drop and compress skin tests la of.the greatest im-
portance. Of diagnostic significance is an increase of the eosi-
nopbhil count in the blood of more than 3-4 per cent, the presen-
ce of besophilic leukocyte degranulstlion, agglomeration of leu-~
kocytes end erythrocytes, mast cell destruction, the staging of
other in vitro immunological teatse.

Tregtment

The treatment of occupational skin diseases of chemical
stiology follows the general principles practised in dermmtology.
The most important condition for successful therapy is the full-
eet pogAible removal of the factors causing the development of
allergy. It is important to terminate contact not only with pro-
duction but also with household 1rriténta. partioularly substenc
eg with a eensitizing effect. The treatment of occupational der-
matosis patients mhould include general hyposensitizing therapy
and remediee aimad at improving the patient's general status. Of
great importance in the treatment of occupational allergic der-
matoses is a rational external therapy.

It 18 advisable te uee preparations of calcium, sodium
thiosulphate, autohemotherapy, etc. Allergic dermatitis snd ec-

zems patiente are prescribed antihisetamine preperations: chlo-
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ropjranine, promsthazine hydrochloride (Phensrgan), diphenyl-
hydramine hydrochloride, diazoline. Also recommended is hista-
globulin therapy with S~injection courses; several courses {(5-6)
are given over one-mopth intervala. The histaglobulin is injected
suboutaneously into the axternal surface of the shoulder, the
first injection is 1 mi, followed by four 2 ml injectiona over
4=day intsrvals. Vitamin therepy is indiceted: vitamins A, B,,
BS’ B, O, folic acld, nicotinic mcid, calcium pentothenate. Fre-
sorived for sleep disordersa are the preparations of valerien,
bromides, glutethimide, pentobarbital, barbital sodium snd othera.
Prescribed according to indications are diazepam, chlordiazepoxi-
da hydrochloride, trioxazin, meprobamete.

The diet should exclude oxtractives,'spicy and salty dish-
eg, and include & sufficiaht quantity of vegetables and fruit,

The intake of chlorides and hydrocarbons with the food should be
restricted.

In case of coexistent "background" diseases (focal infec-
tions, diseassa of the gastrointestinal tract, helminthiaseia,
disorders o:'the narvous and endocrine aystems, mycoses of the
fest) appropriate therspy ehould be given., Treatment with short
courses of mterold hormones in mild doses (15-20 mg of prednisolo-
ne daily) ie indicated for severe and persistently relapsing pro-
cespeg only. '

External therapy is individuslized depending on the clinical
plcture, the stage of the process, etc., and ie conducted accord-
ing to general dermatologicel principles. The antiinflammatory
remedies includet lead water and 2% bhoric acid lotion, 0.25% pil-
ver nitrate lotion, zinc-in-water suaspensions, then creame, past-

ey and ointments containing ACD, naphthaline, tar, sulfur. OCint-

38-2



- 30 -
mente and creams are used contelning corticosterolidss predni-
solone ointment, flumethascne plvate dexamethasone cream,
fluorocort end the like., In most patients thease preparaticne
alleviate the acute inflammatory symptoms.

In case of compliqationa caused by pyocococal infection it
is advieable to prescribe corticostercid ointments with antibio-
tice and other antimicrobiel preparations: oxycort, fluilcinolons
scetonide, flumethasone pivate, hloxyeone, and otherse; when in-
diocated, oxytetramycin olntment may be prescribded for pyoderms
focli. In petients with occupational allergic dermatoses accompa-
nied with non~occupational and occupational diseages of the in-
ternal organs, the dermatosls frequently takeas a torpid course
which necessitates the mdministration of a ndmbar of effective
theraples.

Following clinical recovery of patients with occupational
allergic dermatoses measures should be taken for their proper
employment, and suitable occupationa should be recommended. As
a rule, s-ch patients should be transferred %o jobs excluding
exposure to ueﬁsitizing skin irritants. During the remission
period health regort treetment at Sochi-Matmesta with the pre~
gcription of hydrogen sulphate baths is of benefit.

In cases where a permanent iransfer to another job involv-~
es coneiderable loss of skill ratings, the pestient i@ referred
to & medical lebour examination board for determining the group

of incapacity due to occupationsl disease.

Prophylaxie

The prevention of occupational dermatites of chemical

etiology involves a number of technological, sanitary-engineer-
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iﬁg, sanitary-hygienic measures, as well as measures of pareo-
nal protection {speciel clothing, protective creams, pastss
and ointmentas, detergente}.

Taking care of the skin before work, during work and affer
work is of great importance for the prevention of occupational
dermatoses.

The skin may be protected againet the effect of varioue
chemicals by different kinde of speciml clothing (gloves and
mittens, @pecial foot-wear, gowns and eprona). In order to. in-
cremse the strength and reelstance to different unfevourable
effects the fbrice used for manufacturing special clothing are
appropristely impregnated wlth especial compounds or corered by
a film coating.entirely.

Protective pestes and creame also play a certain role in
the prevention of ekin diseases of chemical etiology. Such pro-
tective olntments and pastes are subdivided into hydrophoble
and hydrophilic, meccording to theli: esction. '

Hydrophilié ointments and pastes contain substances readi-

"ly wettable and soluble in water. They protect the skin against
fats, oils, petroleum producta, solvents, hydrocarbons, for handl-
1ng guch substances are the protective pastes o0f the IER-1 and
"biologicel glove" type.

Hydrophobic olntments end pastes include ingrediente which
are not wettable by water, nor solubile in 1t (water-repellants).
They protect the skin a iinst water, coclant emulsions, aqueous
solutions of mcidse, alkalis, ealts and other substances. Most
frequently used for protection against these solutions 19 eili-
con cream.

All protective ointments eand peastes are usually applied to
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the skim twice (before starting work snd efter the lunch break)
and are twice washed off (before lunch and after work).

The INS-AK detergent, manufactured by the Shebekino che-
mical enterprise, is the beet means of removing industrial pol-
lutante from the skin.

¥hen handling poleohous chemioale and mineral fertilisers
the hest protective messures include careful observance of sa-
fety-engineering rulss, of inatruotions for their storage. Only
peraons who have passed s medical exsmination are admitted to
the handling of these eubstances, MQdical examinations are held
periodicelly once every six months. Organophoephordun sompounds
are randered harmlese on the mkin with & 5 per cent smmonia
apirits solution end are thoroughly wauhed off with water: the
eyes shonld be waphed with a 2 per cent aod;um bicarbonate solu~
tion. All handlers of poiscnous themicals must be instructed in
the use of "G" and "A™ brand cartriges, silicon cream, must know
the Jules of indusirial and peruon&l hygziene and the preventive
treatment of minor injuries.

The entire range of medicoprophylectic measures towards
controlling occupational dermatoses should be implemented under
the guidance and supervisicn of specialized occupational derma-
tological rooms attached to the regional dermatological diepen-
saries, in touch with the sanitary-epidemiclogical stations, the
labour-protection and safety-engineering pervices and trade-
union organizations of industrial eqterprises.

ot srcué importance for the prevention of derﬁatosea ia
the organization of preliminary and periodical screeninge of
workers. Persons who had once had eczems, bronchial asthma, al-

lergic dermatitis, toxiderma, uricaria (hives), neurodermatitis,
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prurigo, sllergic rhinitia;—ihn esrum sickness, Quipcke's edena
and other allergic dieespes muat not be admitied to joba invelv-.
ing the handling of chemical irritents. Pericdical ecreenings
should be conducted asccording to éatahlinhed schedules, follow-
ed by an anelysie of their results, which should be used in the
practicsl activities‘o! the respective production unita.

0f great importance for succesgful control of occupational
skin dipeases are regular medical check-ups of detected patiente

with their subsequent rational treatment and job placement.,
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CURRENT CLINICAL PROBLEMS OF CHRONIC OCCUPATIONAL
INTOXICATIONS

A. M, Monayenkova

Cheamical substances with diverss gtructures and physico-
cheaical properties are being increasingly used in the national
aconony, Under industrisl conditions toxic substances enter
the human organisa through the respiratory ways and the skin
as well as via the gastrointestinal tract.

Upon the entry of gasss, fumes and aerosols of toxic sub-
stances lnto the lungs they are rescrbed in the blood, Follow-
ing their resorption in the hloocd and distribution in the or-
gans, the poisonms undergo transformations, or biotransforma-
tions, end then derosition, Nearly all inorgsnic polisons, as
well ss many organic substances, are retalned in the body for
a long time, amocumulating in different tissues, Metals are ac-—
cumulated mainly in the tissues which contain them as trace ele-
ments, and also in the organs with intensive metabolism (liver,
kidneys, endoorine glands), Thus, the predominant deposition
of lead, beryllium, uranium in bone tissue ia closely assoclat~
ad with their abllity to form steble, poorly soluble compounds
with phosphorus and with their sccumulation in tone tissue in
the form of phosphates.

The transformation of exogenous substances (xenoblotics)
in the body takes place mainly by oxidation and reduction of
the ititial substamces, Oxldation, as a rule, results in the

decrease of the toxic propertiee of xenoblotics. The oxidation
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products of some organic substunces however may be uwore touxls
than the initial substances theuselves. Thus, wany ocrgnnophos-
phorous insecticides undergo oxldstion in the body with the
formation of mors toxic metabolltes.

T™e toxic substances that have entercd the body are elimi-
nated via differents pathe - lunzs, kidneys, gasbrointestinal
tract, skin, Volatlle substances (benzene, toluene, acatone,
chlorofora) or volatile wetabolites forwed by the biotransforma-
tion of polsone are exhalud with alr via the lungs. Polsons
resorbed and circulating in the blood, ss well as their metabo-
lites, are eliminated through the kidneys. A pumber of toxic
gubstances (mercury, arsenlic) are excreted through the sweat
glands of the skin as well as by the salivary glands. Many
poisons and their metebolites forming in the liver are excret-
ed in bile into the intestine.

The structure of toxic substances, their physicochemical
propertiss responsible for the polsons' beh-viour in the body,
their circulation and ellmination, determine amlso the baslc
nanlifestations of thelr action on the organiem,

Depending on thelr properties and exposure conditions
(copcentration, duration), toxlc substances may cause acute
and chronic intoxications,

Acute occupntional poisoning occurs suddenly, following a
single exposure {lasting not longer than one working shift) to
a relatively high concentration of chewlcals contalned in the
air of the working zone,

» Chronle occupational intoxigeatlon ariges as a result of
lasting and regular exposure to small concentrations of Loxic

gubstonces, Ib chould be noted that for many industriel polsons

381
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(for example, lead, manganese, metalllc mercury, insoluble

compounds of beryllium and other metals) only chronic intoxica-
tione can practically develop,

Improved working conditions in the lesading industries have
resulted in a considerable drdp both in the incidence and se-
verlty of occupational intoxications, Lowsr concentratlons of
chemicals at industrial enterprises have brought about nearly
couplete elimination of mcute cases of occupational poisoning
and pevere foarmes of chronic intoxication. Typloal forus both
of acute and chronle intoxicetions characteristic of the action
of toxic substances' high concentratlons either coumpletsly dis-
appeared or became rare, Urgent at present are investigations
into the Jong-term effecte of relatively low concentrations of
toxic substances.

Industrial poisons, by exerting a toxic effect on the orga-
nilsn, may cause any of the known pathological processes ~ inflam-
mations, dystrophic changes, allergic statee, fibrous changes
in organs, demage fo the hereditary aspparatus 8t cellular level,
disorders of embryogenesis, the development of tumorel processes,
etc,

Moreover, each toxic substance may produce a combination
of effects characteristic of the given poisen,

Depending on the character of polsonous effects and the
gystem of the organlsm mostly affected, poisons may be united
into the following groupst (1) irritative substances; (2) neuro-
tropic poisons; (3) hepatotropic agents; (4) blood poisdons;

(5) renal poisons. _
Tiz rather tentative division according to the systemic

principle deoes not rule out the polytropic character of toxie
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effecta.

Baged on the syatemic spproach to the effects of chemiosls
ssveral groups may be singled out smong the occupatlonal disea-
sas of chemlcal origin:

(1) Occupational diseeges chiefly affecting the respiratory
organa.

(2) Occupntional diseases chiefly nffecting the blood system,

(3} Occupational dieesses of the hepatobiliary system,

(4) Occupational diseases chiefly affecting the nerwvous
system,

(5) Occupational disesses of the kidneys and urinary tract.

Toxicochemical lesions of the respiratory organs are caused
by inhaling toiic substances with an irritative effect, Thay
are chlorine and its compounds, compounds of sulfur, nitrogen,
fluorine, chrowium, carbonyi compounds of metals, scluble come
pounds of beryllium. In acute Ilntoxicetion the severity of the
lesion of the respiratory wayes will depend on the wabter-golu-
bility of the poison., Toxic substances reedily soluble in water
(chlorine, sulfur dioxide, ammonia) predominantly affect the
aucosa of the upper regpiratory ways, the traches and hronchi.
Their effect supervenes without any latent periocd. Substances
that are poorly soluble in water (nitric oxides, phosgene) pre-
dominantly affect the deep portlons of the respiratory tract.
The first clinical symptoms develop, as a rule, after a latent
period of wvarious duration, The following clinical syaptoms may
develop upon acute intoxication:

1. Acute lesions of the upper resplratory ways - acute toxie
laryngopbharyosotracheitls,

2. Acute btoxic bromehitis characterized by diffuse lesions

of lerge and wedium~calibre bronchi,
39-2
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3. Acute toxic bronchiolitis characterized by lesions of
susnll bronchi and bronchioli.

4. Acute toxle puluwonary edeua,

5. Acute bLoxle pneumonia,

A special feabure of toxlc brenchitis is e rather deep
aifection of the bronchial tree with the development not only
of andobronchitis, bu¥ also of peribrenchitia, which induces
an early occurrence of pneumosclerosls., The aepociate infection
conelderably aggravates the course of the proocess, with a rather
frequent result that even after a single intoxdication with the
development of bronchitis, pulmonary edems, bronchiolitis or
pneumonia the disease assuwes a chrenic course, Chronic lesions
of the respiratory organs may develop as a result of lasting
exposure to comparatively low concentratione of irritative sub-—
stances,

Sowe substances belengming o the group of irritants may ma-
nifest a special effect pecullar to them alone. This 1s true
of the compounds of chromium, fluorine, etc, Chromium compounds
have sensitizing and carcinogenic effects, Among workers exposed
to chromium compounds there are ceses of bronchial asthma, aller-
gle dermatites and cancer of the upper respiratory weys and of
the lungs,

Exposure to fluorine compounds may result in the develop-
ment of chronic intoxicatlon known as fluorisis, whareby speci-
fic changes develop in the locomotor system in the form of pe-
riostal induration in the long tubular bones.

According to their main pathogenetlc mechanisms and clinical

manifestations, lesions of the blood system undar the action
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of chemical rubstences may pe divided into 4 groups.

1) Affection of hemopoiesis, The maip pathogenetic factor
in toxic sffection of hewopolesis is depression of proliferation
of differentiated blood cells, The toxicants which may cause
depresaton of hemopoiesiz include benzene, chloroyenzene, hexa-
wethylene diamine, hexachlorocyclohexane, atyrene and other
substances,

The clinical picture of intoxication by substances capabls
of depressing hemopoiesis combines hematological symptoms with
disorders in different organs and systems in accordance with
the typical effect of the substance concerned,

When the clinical picture is dominated by the anewic syndrome,
symptons typlcel of many types of anemia are predominant,

Wnen depression of thrombocytopolesis is prevalent, various
mani festations of the hesmorrhegic syndrome mey develop.

2) Dlsorders of the synthesls of porphyrins and heme (en—
syaatic effect). Disorders of porphyrin metabolism are obzerved
during intoxlcation with benzene, carbon dicxide, acrylates
and phosphorus, However, lead causes the wost pronounced Ais-
orders of porphyrin and heme synthesis, for under its effact
they become the primary, determining pathogenetic mechanism of
the affection and intoxication. At the earliest stage lead af-
fects the sctivity of dehydratase of delta-aminolevulenic acid
(D~ALA) - an enzyme regulating the initilal steges of heme syn-
thesis in the erythrocytes, A decrease in 1ts activity is the
earlisest and highly sensitive indicator of exposure to lead.

An increasse in the content of the metabolitea of porphyrin
metabolisn, delta-aminolevulinic acid and coproporphyrin in the
urine, and of protoporphyrin of the erythrocytes in the blood
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are emong the early, reliable and specific indicatore of lead
intoxication, Ansmia in saturnism refers to the group of hypo-
chromic hypersideremic ("aiderocachrestic") anemias.

3) Changes in blood pigmentation. The group of blood poisons
forming pathological pigments comprises aromatic smido- and
nitro-compounds of the benzene series, some medicinal agents
whose molecule contalns amide/-NH,-/ or nitro/—NOal groups,
pataselum ferricyasnide snd also carbon monoxide,

Under the toxic effect of aromatic amido-~ and nitro-
compounds hemoglobin 1a oxidized into pasthologic pigments -
methemoglobin (MtHb) and sulfhemoglobin {BfHb) which are unable
to combine with oxygen thus rssulting in the development of

hypoxia and cyanosls. The action of methemoglobin-forming agents
leads to the appesrance of degeneratively altered erythrocytes
contaiéing pathologlical inclugiong such as Heinz bodies., The
presence of Heinz bodies 1s responsible for inereased deatruc-
tlon of erythrocytes and the development of hemolysis.

&he eclinical picture of acute intoxication and its severity
are determined by the level of MitHb sccumulation and resultant
hypoxemia,

In chronic intoxicatlon with methemoglobin-forming agents
the changes in the blood are manifested as miid anemis of a
regenerative character accompanied, as a rule, with compensatory
beticulocytosis.

In addition to changes in the blood, the clinical picture
of chronic intoxication reveals a RUber of charactaeristic
syndromes: leslons of the liver, nervous system, eyes and urinary
tract, Here, severihy of one or another syndrome and peculia~

rities of the clinical coursge of lntoxication depend on the
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the chemical structure of"fhe poison concerned and the nature
of the group comprised in the benzene nucleus., 'Thus, dinitro-
benzene moptly affects the blood, trinitrotoluenc cauges the
development &f cataract and toxic hepatitis, while binuclear
amido compounds affect the urinary tract,
Carvoxyhemoglobinémia., Carbon moncxlde (CO), when reaching
the blood, is absorbed by erythrocytes where it interacts wlth
hemoglobin iron, forming & stsble compound - carboxyhemoglo-
bin (HBCO). The presence of HbCO slows down oxyheaoglooin dis-~
sociation due to which oxygen deficiency develops, Moreover,
€0 affects biocheamical tissue systems containing iron - myo-
glooin, cytochrome, cytochrome oxldese, percoxidape and cata=-
lase. Simultaneously disorders of porphyrin metaocclism take
place, indicating the posBibility of & direct action by CO on the
snzyme systems involved im the blosynthesls of porphyrins.
Chronic intoxication may be due 50 repeated acute shori-

term exposures or lasting exposure to low CO concentratlons,
Most characteristic of chronic expcsure are functional disorders
of the central nervous system manlfested in vegeblstive dysfume-
tion and the angiodystonie syndrome with a %endency towards
anglospasms. Of diagnostic significance is an increaged content
of non-hewmoglobin iron im the blood plasma which hns a higher
affinity with carbon monoxide than hemoglobin iron, snd changes
in porphyrin metabolism {increased excretion of delta-aming-
levulinic acid and coproporphyrin in the urine). The blood
content of carboxyhemoglobin is slightly above the thysiologi~

=&l norm (10% and more, the nora helnr up to ).
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4%, Hemolytic action, Hydrogen arsenide (ABHB), phenylhydre-—

zine - 06H5—N}TNH2, toluyenre dlamine 06H30H3mH2/2 and other
compounds cause acute intravascular hemolysis and such sube
stances ag amido- and nitro-compounds of benzene may cause
chronic compensated hewolysia due to the shortening of the life
eycle of erythrocytes.

ITI, Occupationel diseases of the hepatobiliary system

arise under the effect ¢f hepatotropic polecns which includes
chlorinated hydrocarbons {chlorofomm = CHCl3, methyl chloride -
CHBCl, methylene chloride - CH3012. carbon tetrachloride 0014,
dichlorethans - CH,C1CH,Cl,, trichloreothylene - CHC1 = CCl,),
nitre compounde of benzene and ite homologues, atyrene, tri-
nitrotoluene, compounds of arsenic, phosphorus, phosphorous
and orgenochlorous pesticides, ¢hlorinated naphthallines, atc,
Also poeslble is the development of toxico-allergle or allerglie
hepatitis’ upon exposure to substences with a eenait:l.zing‘ effect
{ursol, antiblotics, toluylene diisocysnate, eto.).

0f decisive importance in the pathogeneslis of toxic damage
to the liver is the dirsct chemical effect on the livaer oell,
namely its endoplasmic retioculum and the membrenes of the endo-
plasmic reticulum of the hepatocytesn, .

By their action mechaniem on the liver chemicals may be

divided into hepatotoxlc, téxicoallergio and thope affecting
metebolic processes; and by the nature of the damage inflicted
on the liver - into cytotoxic, cholestatic end mixed, Under
the existing ¢lassifications of chronie llver diseapes toxic
hepatitis stands for its clinical morphological features and
course clomer to chromic persisting hepatitias and the co=-

salled "non-specific" (reactive) hepatitis,
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According to the course they eake, cccupational liver di-

geases may be acute and chronic. Chronic toxicochemical hepaw-
titie 1s & benignly proceediny lasting disease, usually without
a tendency to progreasas, Hepatitia aggravated by disordered con-
tractile capacity of the blliary ducts taekes, as a rule, & long
course,

Characteristic of chronic toxie hepatitis 1s the gradual
development of the diseape, beginning with dyspeptic complaints
ghortly accompanied with the pain ayndrowe due to the presence
of dyskinesgia of the biliary tract, The earliest indication
that the liver is affected by toxic substances is the increased
activity of enzymes organospecific to the liver: fructose mono-
phosphate and aldolase (PF-1-PA), urocaninase, ornithine carba-
moyltransferase (OCT), alanine aminotransferase (ALT), lactate
dehydrogenase (LDH5). The earliest sign of functional liver
cell ingufficiency is the diaruption of the cell excretory ca—
pacity as manifested in the retsrded excretion from the liver
of radioactive Bengal-rose Btain labellsd with 131,

Chemlcals affecting the urinary system way be divided into

two groups., The first group includes compounds which affect
predominantly the renal parenchyma and cause so-called toxic
nephropathies, They are heavy metals and theilr compounds (cad-
mium, bismuth, lead, merocury, etc,), compounds of arsesnic, or-
ganlc solvents (carbon tetrachloride, dichlorethane, ethylene

glycol, ete.), various poisonous chemicals (organomercurial,

‘organochloric and organofluoric compounds), bete-~naphtol mnd

othera,
Iwo basic pathogenetic mechanigms of toxic renal ~ffections

are singled out, The first one relates to e direct action b?

40-1
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nephrotropic poisons on the renal tissue, Malnly affected are

the proxiwal portions ¢f the nephron, where the reabsorption
of toxic substances filtered through the glomerules mainly
takes place. Dystrophic-degenerative changes of the tubular
eplthelium develop even to the stage of necrosls (excretive
necronephrosis). The gecond one relates to disorders of renal
hemodynamics followlng the disturbance of systemic circulation
in responsé to chemical trauma., Disturbance of remal circula-
tion leade to kidney ischemia which results in damagé to the
tubular apparantus. In chronlic polsoning with nephrotropic
peisons transient protelnwia, ¢ylindruria and micrcohematuria
are observed, As a rule, the excretory and copcentrating func-—
tione of tthe kidneys do not suffer, or change insignificantly.

Belonging to the second group are mainly binuclear aroma-
tlc amino compounds (benzidine, dianimidine, alpha and beta- .
naphtylamine), used in the production of organic dyes. The entry
of these compounds into the organism over a long time may cause
diseases r ¥ the urinary tracts, These disorders can be mani-
fested in the form of chronioc irritation of the mucomsa of
the urinary bladder, hemorrhegic cystitls, benign (papilloma)
and malignant (cancer) tumours of the bladder.

The poisohs predoninantly affecting the nervous system
sre metallic mercury, manganese, argenic cowpounds, carbon
disulfide, tetraethyl lesd, many narcoti¢ substances.

Under exposure to low concentrations of chemlcals the for-
mation of the pathologic process is associate with the deve-
lopment of compensatory-adaptive reactlons of the organism,
Tis process 1s formed gradually agsinst the background of
the exhausting adaptation mechanisms. Clinical syuptoms of the
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process are Iew, coe process takes a torpid course and showa
poor reversibllity even uany years after dlscontinuation of the
contact with toxic eubstances,

The ¢linical picture and the degree of intoxications depeund
on the toxlcological propertlas and concentrations of the sub-
stances, thelr troplasm to certein structures of the central and
peripheral nervous cystems, The severest poisonings are caused
by the substances easlly permeating through the blood-brain bar-
risr by blocking the enzymatic processes Bo essential in the
regulation of homeostatic funetions,

In chronic intoxications the wain clinical syndrouss indl-
sating the involvement of the nervous system are the syndroms
of vegetovascular dysfunction, the asthenovegetative or astheno-
neurotic syndrowe, frequently complicated by neurotic reactlons.

As far as toxlc encephalopathy is concerned {organic leslon
of the brain), it occurs et pressnt predominantly in blurred
forws described ag the asthencorganic gyndroms, when against
the background of toxic asthenia neurciogical miersorganie
symptoms sre revealed. Mostly affected in ensephalopathy are
the stem portions of the traln: stem-vestibular, cerebelloves~
tibular and hypothalamue-stem stTuctures, extrapyramidal for-
matlons, and this is why in toxlo encephalopathy a number of
basic syndromes mey be pingled out pertalning to the predominant
lepions of the nervous system or thelr combinations, including
the cerebelloveatibular, hypothalamic and extrapyramidal syndro~
aep,

The hypobhslemic gyndrome occurs rather frequently in toxic
affec .ions of the nervous gystem, The extrapyramidal syndrome

develops gs a sequence of a lesion of the striocpallidal systenm

40-2
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and 1t is first ot all'vypicai of chronlc mangeanese intoxica-

tion,

Rather steadily observed in pronounced forms of chronic
neurcintoxications, ageinst the background of the enumerated
neurclogical syndromes, are various psychopathological disorders
whoee isolated development, however, in most knhown neurointeoxica-
tions 18 hardly probable,

Isolated disorders of the peripheral nerveus system in the
form of polyneuropathies in chronic intoxications occur rarely.

Many current forms of chronic neurolintoxications are charac-—
terized by a vegetosensitive form of polyneuritis (vegetative
and vegetosensitive polyneuritis) with the cliniesl picture
dominated by vegebtotrophiec disorders, with a diffuse decrease
of pain sensitivity, frequently following ths polyneuritic
type.

At exposure to low concentrations of toxlc substances the
clinical symptoms of intoxications are known to lose their rela-
tive specaficity, maorosymptoms disappear, atypicsl forms are
often observed, thus making timely detection of chronic into=-
xications very difficult, In this connection a study of contem-
porary forms of intoxications, fheir clinical féatures, patho~
genesis, early disgnosls is an urgent task of occupational patho-
logy. Various tests have been proposed in recent years aimed af
early detection of occupationa; intoxications, Great importance
here is attached to certain changes i the activity of various
enzywmes, changes in the concentration of serum proteins and
their composition, to chromoscmal aberrations, morphological
and physico-chemical changes of blood cells and neurorhysiolo-

gical shifts in the activities of the central nervous systew
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and various anaslyzers, Great attentlon is glven to psycho-

physiological investigations. The ‘proposad indices snd tests
are however often non~specific with regard to the intoxications
concerned. At the same time the quantitative characteristics
of the established changes may be relatively apecific provided
the values of these or other indices were established before
exposure to the toxic substance, The dAtagnostic value of these
or other deviations may be pignificent only on the condition
that the date obtained are compared with the results of exg-
mining sdequate control groups and with regard to the entire
range of inf  entes in the development of these deviations,
An increasing rate of the development of chemical ?ndustry,
a continuous rise of production, the use and syntheeis of new
chemical substences and also the development microdiological
industry accompanied by an increase of ineidence of allergic
diseases determine an urgent character of studying occups-
tionsl allergosges lncluding bronch.al asthaa,
At present 28 a result of the studies usipg up-to-date

"immunological and allergologlcal methods, valuable data were
obtained on etiology, pathogenesis, clinieal features, diagno-
sis and prevention of occupaticnal allergoses (skin diseases,
ellergoses of the upper respiratory tracts and bronehial asthma).
However the task of finding specific disgnostic tests in this
problem requires improvement of methods of allergological diag-
nosis, a search for the amost safe and informative disgrostic
technigues with the introduction of new immunological and bio-
chemical methods apnd an increase of the number of chemical al-
lergens used for diagnosis,

One of the important tasks is to elucidate the role of in-
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dustrial chemicel substances 1n the development of the most

cownon diseases. This concerns first of all functional dlsturb-
ances of the nervous systeuw, arterial hypertension, iechemic
heapt discese, ete, observed under a long exposure to the sction
of cshemlcals,

Only leonz-term prospective epidemiological examinations of
the orgsnized population by using setandsrd methods of investiga-—
tlon and unified criterla of thelr evaluablon make 1t possible
t0 deterwine the role and involvement of this or that effect in
the develcpment of these diseases and to reveal peculliar features
of their course,

0f great importance 1is the problem of occurrence of iLumours
followlng exposure to toxic substances and their prevention,

The study of remote effecte of toxiec action is a proamieing
trend, Thepe studies will make it possible to reveal certain re-
gularities in the course of occupatichal disesses, to evaluate
whether therapeutic tactles at different steges of the digeasse
i1s right, to improve disability examination and sceisl-occupa~
tional rehabilitatlon.

Pravalence at present of tha so-dalled "minor" forms of
occtupational intoxications determines urgency and need for
elaboration of new methodological approaches during examination
of the working capacity of patients wlth occupatlonal diseases
and solving the problems of medical and ocoupational rehabili-
tation,

At the present gtage the problems of increasing the quality
and optimization of medical examinations as well as the prob-
iens of scientific substantiation of the system for organlz-

ing dispensary screening of industrisl workers and patients
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with occupational diseases acquire great importance. The main

goal of this trend is to create a sclentifically based system
of occupational selection for work in certain'professaions, with
regard to diverse factors of production conditions and indivi~-
dusl peculiarities of the organism, The search for more eccnomi-
cal and efficient methods of periodical examinstions is neces-—
BErY. ‘

T™e ptudies of recent yesrs showed expediency of stepwige
organization of examinations that permits one to simplify and
make initial stages of examination cheaper and owing to this
to extend the methodical complex of examining persons suspected
of having occupational diseases,

Solving the above-mentioned tasks will undoubtedly contri-
bute to a further decrease in the incidence of occupational
and other common diseages, more active social and cccupational

rehabilitation and improvement of health of industrial workers,
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THE PROBLEM OF ACUTE POISONING IN CLINICAL TOXICOLOGY

. E. A. Lusghnikov

In the modern world acute poiecning accounts for at least
10 per cent of all emergency cases admitted to hospital, and
for some 25 per cent of the very high accidents rate whose
totel number of viotims comes third after cardiovascular and
oncologioal dieesses (J.F. Winchester et al., 1978). In the
19708 the number of patients admitted to hospltal for acute
polsoning in Western Burcpe came to about 2 per 1000 of the
population a year, as ocompared to 1 per 1000 in the 1960s
(WHO Chroniele, 19663 S. Moeschlin, 1979). Thua, for the
number of hospitalised patients acute polsoning is on & par
with such a widespread afrliotion a8 myocardial infarction,
and the nupber of ite victims 1s greater than the number of
those killed in road traffic accidents.

The incidence of acute poisoning is growing in all count-
ries exaeptionglly due to domestic poisconing, which agcounts
for more than 95 per cent of cases, and thip makes 1t neces-
sary to study the causes of the prevailing "toxic situation®,
which we subdivide into two basio emtegories: "objective™
ones, not depending on the viotim'e actiona, and "subjeotive”,
direotly dependent on them. An important place among the former
is eteady growth of the total amount of chemicale used in pro-
duction and in the home whioh at present exceed 6 million
designations, Among them are numerous medicinal preparations
and eosmqtio subatences, household chemicals, insecticides,

industzial, vegetable and animal poisoms., The "subjective™
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causes are cormected with the intensive rhythm of contemporary
life which compels many people to constuntly use soporifics and
sedatives, which present a “factor of risk® of poasible into-
xicattion, Also included are éuch factors as widespread chro-
nic diseases, such as alcoholism and drug addiction, which

have long become a veritable scourge among the youth in capita-
1ist countries.

In the Soviet Uniom in recent years the population has
summoned emergency aild because of acute polsonings at the rate
of 1.0-2.8 per 1000 people (an average of 2.0 per 1000), It has
been established that from 44 to 60 per cent of these patients
are hospitalized, while the number of hospital admissions
varies from 0.5 to 1.6 per 1000 population (an average of 1.1)
(M, A, Rogovol et al., 1982).

The difference in the two cited indices ehows that the
ingidence of soute polsoning depends to a certain degree on
local conditions - the extent to whioh chemicals are used for
domeetic needs, the aveilability of medicinal preparations,
the prevalence of harmful habits, ete. Such conditioms usually
prevail in large clties with populations in excess of half a
million, where the number of calls for medical aid and of
hospiltal admissiona becauss of poisoning 1s always higher then
the average,

The mean lethality rate in aonte poisoning is 8 per cent,
but it varies considerably in different towns and hospitals
depending on the prevailing type and severity of polsoning,
the age composition of the vietims. In spscinlized centers and
vesuscitation wards, where the concentration of patierts with
severe poisoning is wueb higher, the fatallty rate reaches 10-15

per asrh,

41-T
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The most widespread type of acute poisoning in this country
is poisoning with medicinal drugs {mainly psychotropic), burn-
ing fluids {acids and slkalis), organophosphorous insecticides
(Dipterex, Malathion), elcohol and its substitutes., There
kinds of poisoning account Ffor more than 75 per cent of this
affliction,

The number of nospital beds required for treating patients
with acute poisoning is 2.5 per 100,000 population. Thus,

a city with a million population ghould have & specialized ward
with 25~30 beds (8-10 for resuscitation and intensive therapy
and the rest for rebabilitation) (M.A. Rogovoi et al., 1982},

The many-year experience of gpecialized departments
(poieon control centers) that were organized in many countries
of Burope and Amariea in the 19608 demonstrated their unguestion-
able advantages in providing high-quality aid to vietims
(B.I. Chazov, 1982; Fk.S., McIntire, 1983).

The further development in this country of a system of
specialized medical aid for acute poisoning (authorized by the
appropriate regulations of the Ministries of Health of the U3SR
and the Ruseian Pederation) envisages the following measures:

- the establishment in all cities with a pohulation over
500,000 of specialized departments {(centers) for the treatment
of poisoning in the city concerned and for carrying out preven-
tive measures, and also consultative, organizational and metho-
dological work in their respective are. (region or territory);

- in towns and cities with a smaller population and in

the countryside patientsa with poisoning should be hospitalized,
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depending on the Beverity of their condition, into resuscita-
tion and intensive care wards manned by personnel purposely
trained in clinical toxicology, or to momatic (pediatric)
warde maintaining permanent contacts with the regional center.

The specializad poison control department {center) in-
corporates resuscitation and intensive care wards, an operating
theatre for carrying out artificial detoxification (dialysis,
sorption), general rehabilitatioﬁ wards and a laboratory.

A epecific feature in the dlagnosim of acute polsoning is
the need for urgent deteotion of toxic substances in the bio-
enviromments of the organism for which special laboratory
examinations are undertaken .with the aid of rapid inetrumental
methods {ges-liguid chromatography, spectrophotometry, ate, ).
This allows to determing, firstly, the kind of toxic agent
present and its concentration in the blosd, which directly
correlates with the symptoms and the prognoeis of the poisoningi
secondly, the stage of the poisoning, largely determining the
scope and kind of trestment given the patient,

Our studies of recent years, based on clinical and labora-
tory observations of more than 1,000 patients with various
kinds of poisoning have made it possible, with the ald of com-
puters end systewsanalysie, to.determine the threshold, critical
and irreversible blood content levelas for many toxic Bubstances
that were identified on the patiente' admisaion %o hospital
2-3 hours after poisoning had taken place (see Table 1), At
the threshold level a wariety of clinical sympioms is observed,
but their outcome is usually favorable, since the intensity
of th “"chemical damege® does not exceed the organism’s compensa-

tory potentials. At the critical level the prognosis is unéertain,

41~2
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since 1t largely depends on other factors, above alil, on the
time and scope of medical aid, the patient's age, etc. At the
irreversible level of poison concentration in the blood the
poisoning usually has a fatal outcome due to the intensity of
the "chemical damage™ being incompatible with life. The clini-
cal picture of poisoning and gquantitative indices of homecstatic
disorders changed in accordance with these levels.

Table 2 presents the correlation betwsen the content of
Malathion in the blood and the main quantitative indices of
the body's raesponse,

At a "threshold level of acute poisoning” changes occour
in the indices reflecting the selective toxicity of the poisen
{diminished activity of blood cholinesterase). No substantial
changes are observed in systemlc hemodynamics and the acid-base
equilibrium in this group of patients.

When the blood poieon content reasches a critical level
the outcome of the poisoning becomes uncertain, while the
indicen of the organism’s overall reaponse alrsady differ consi-
derably from the norm. The most pronounced disorders of homeo~
stagis took place at the irreversible level of NMalathion con~
centration in the blood., Thim transition from the primary
toxic effect to irreversibility should be regarded as a number
of successive stages in the disruption of the adaptation process,
one of whose stages is the failure of the adaptive mechanism
and development of a "ecritical state”.

Therefore, an analysis of the "poison concentration --
toxic effect™ correlation allows to objectively assess the

quantitative aspect of th# relationships between the poison
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and the organism, which is of tremendous praectical importance
for timely disgnoming “oritical® states and selecting adeguate
treatment.

There are certain specific features in the nature of the
‘critical states in different kinds of acute poisoning, refleet-
ing the agent's selective toxicity: For axample, in OFI poison-~
ing the fatel outcome 18 related %o manifestations of its
muscarine-like effect (bronchorrhes, bradycardia), nicotinic
effect (hypertension and respiratory paralysis), the poison's
central action {(coma, respiratory paralysis, convulsions),
Aggravating t 2 unfavourable outcome in acetle meid poisoning
are symptoms reflecting the poison's destructive actior (chemi-
¢cal corrosion of the stomaech, intestine, upper respiratory
ways)}, the resorptive action of the poison (intravascular hemo-
lysis) and the neural-pain factor (exotoxic shock).

- In barbiturates poisoning the onset of death is related
mostly to the narcotic effect on the central nervous system
{comatose condition) and its vital centers (respiratory para-
‘1ysis}), '

In addition to the aforementioned symptoms of poisoning,
reflecting the selectiveness in the toxic action of the poisons,
a critical state may arise also due to the dévelopmsnt of va-
rious nonspecifjc complications (e.g. tracheobronchitis, ate-
lectases, pneumonias, ete).

One should note thuc the significance of all this varilety
of elinical manifestations of intoxjcations for an unfaverable
outcome is not the same. A comparison of correlation coeffi-
cierts indicated that a decisive element in the onset of irre-

versibility in dichloroethane polsoning is exotoxic shock, in
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0PI poisoning -- respiratory disorders (in the form of respira-
tory paralysis and bronohorrhea), in barbiturate poisoning --
nareotic coma, and in acetic acid poisoning -- chemical cor-
roglon of the stomach followed by the development of shock,
gastroesophageal hemorrhages and intravascular hemolysis,

There existe, therefore, the kind of eritical state
specific to each type of toxte substances which is of certain
importance for the practical activities of physicians, since
it allowe to concentrate attention on the priority detection
and therapy of these, most dangerous manifestations of the
intoxication,

If the epecific olinical features of poisoning are studied
in relationship to the kineties of the poisons concerned, one
may note that certain periods of peoisoning substantially differ
in the nature and combination of symptoms contributing to the
formation of an unfavourable outcome. These differences are
gquite clearly observed when comparing the first and fourth days
of the disease. ¥or example, in dichloroethane poisoning the
symptoms whioh determine the develobment of the death process
during the first 6 hours of intoxication (narcotic coma, respira-
tory disordere, exotoxic shock) are no longer involved in the
thanatogenesis on the fourth day and, on the contrary, the
eymptoms which by this time revesled a cornection with the
development of an unfavourable outoome (toxic nephropathy,
pneumonia, toxie psyohosis) have not yet taken shape in the
early period of intoxication.

The data ocvtained made it possible to single out two basic
stages (phases) in the course of the toxic process: the toxico-

genic and somatogenic ones.
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The toxicogaenic atage corresponds in time to the period
when the poison is present in the organism; it is characterized
by the appearance of those symptoms of intoxication which
reflect the "selective texicity" in the poisons' effect on
rertain organs or systems.

During the toxicogenic stage of acute poisoning methods
of m"esrly* diagneosis, which are of the nature of an eticlogical
influence, are of the greatest importance., This influence is
most effective when the poison's toxicokinetic features are
taken into account. Its success often depends on vigorous
therapy of exutoxic shock.

The somatogenic stage Bets in when the poison has veen
actually completely eliminated. In this period the severity
of the patients' condition is due to the consequences of the
chemical injury sustained, which most frequently include
pneumonias, toxie hepatopathies eand nephropathies, trophic dis-
orders, toxic psychoses, somatogenic collapse, etc.

During the somatogenic stage non-speclific therapy assumes
‘pre-eminent importance, Aimed at'coping with developed bomeo-
gtatic disorders, 1t proves more effective when the poison's
toxicodynamic features are taken into account. Offen quite
essentisl in the complex of therapeutic measures are methods
of late detoxification for controlling endogenous toxicosis,
developed becauge of functional insufficiency of the liver and
¥idneys, burné, s¢vere hypoxia and infectious complications

(pneumonia, sepsis). ‘
When treating exotoxie shock it is important to bear in

mind its pronounced oligemic character, and elso the possible
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development of a hyperdynamic or hypodynamic state of the
¢irculation whioh may alternate in one and the msame patient
(for example, in heavy soporific or OPL peisoning), The oor-
reotion of steep drops in peripheral vascular resistance observed
during this kind of poisoning requires, efter restoring the
lost plasma, lasting administration (for 10-12 h} of pressor
amings -~ norepinephriné and dopamine.

Among detoxification methode indicated in the toxicogenic
phase only, mainly used at the threshold level of intoxicatien,
is forced diuresis, and et the oritical level - hemoscrption
conducted in inte}mittant sesgions of 25-~30 min until thbe con~
ceniration drops below the critical, and also hemodialysis.
Oﬁr experience in the ¢linical application of hemosorption
for the treatment of acute intoxications ie représented in
Table 4., At irreversible levels of poisoning when symptoms
of doaompen;ated shock developed, one méy use peritoneal dia-
lysis since hemoacrption and hemo&ialysia are contraipdicated
at low arterial pressures. .

Pharmacclogical detoxification methodes ineclude the admi-
nistration of antidotes‘which help to protect vital systems of
the body for the time necessary for the removal of the polsons
by methods of aftifieial deto;ifieation. Unfortunately, there
are v;ry few effective specific medicinal agents, while their
administration is limited to the toxicogenic phase of intoxi-
cation. Most frequently used as antidotes sre cholinolytics
(atr~nine) and cholineaterase reactivetors (dipyroxime) in

cases of OPI poisoning,
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“In the last 5 o 10 years olinical practice has encountered

new types of acute poisoning whose clinical aspects and methods
of treatment are still very little known to the practicing
physician, Concerning medicinal agents there has been an
inorease of poisconing with amitryptyline, which posaesses a
pronocunced cardiotexio mction manifested in disorders of rhythm
and heart conduotivity of the type of intravenirloular block
and fibrillation. Almo on the increase in the number of intoxi-

cations with a mixture of various drugs, partioularly peycho-

" tropie, potentiating each other's toxio pffects, HNurerous

cases of grave toxic nephropathy bhave Y“een caused by incorrect
administration of blue (diluted merourial) ointment, '

In the group of organophomphorous insecticides {(OPI)
Malathion came to cooupy the first place; oral poisoning with
it proceeds rather severely with early development of exotoxic
shock.

Also on the increase has been the nunber of polsonings
with automobile exhaust fumes cavaing the development of toxio
encephalopathy and the myorenal syndrome. In the group of
alcohol substitutes there is an increase in poisoning with
acetone and higher aleohols causing severe metabolic acidosis.
Besides, with the elaboration ;nd indroduction into olinical
practicé of new diagnostic and therapeutic techniques, the
ordinary clinical course of acuté intoxicatione and the nature
of their complications have notably ohanged; this may be desig-
nated by the term 'clihical pathomorphosis®, which reflects
*morphological pathomorphosis®™, noted by the pathoanatomists
(N.X. Permyskov, 1979).

42-1
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The overall pathogenetiec cause of "clinical pathomorphosis™®

of chemical diseases 18 the definite shortening {1.5-2 times}
of the toxicogenic period of intoxications owing to the broad
application of puch artificial detoxification methode as

hewodialysis and hemosorption.

Table 1. Blood Poison Content as Criterion of Severity

of Poisoning

Threshold Critical Irreversible

Toxlcant

‘ lovel, mg/ml level, ag/ml level, mg/ml
Malathion 0.01-0.17 0,2=-1.5 . over 1.55
Dipterex 0.02-0.8 0.9-9.0 over 12,0
Methyl parathion 0.05-0,29 0.33-1.1 over 1,2
Phenobarbital 21.0-49.0 50.0-102.0 over 102.0
Dichloroethane traces 0.14~0.86 over 1.0

Acetic acld (free
hemogiobin concen-
tration in plasma) 5.0=-5.6 5.8-20.6 . over 21,00

Patients surviving cutecome fatsl outcome
uncertain
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Table 2, Correlation betwesn Blood Polsonr Content and Body

Response Vaelues in Malathion Foimoning -

Physiological indices Threshold Critical Irrevaregible
{units) level level level

Blood poison content
{ jug/nl) 0., 01-0.17 0.2-1.5  1,55-1.9

Cholinesterass activity
in whole blood (% to

norm) " s57.08%3.8 31.48%1,55 3,89%4,3
Increase of ECG systolio -
index (%) 4.26%0,95 10.0%2.4  16.6%1.9

Mean arterial preasure
(mm Hg) normal 68.45%4,12 47.56%12,62

Stroke volume of blood

(ml) normal 51,1853.41 31.0%4.75

422
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Table 3. The Use of Hemosorption in Exogenic Poisoning
(N.V, Sklifosovsky Sclentific-Research Institute
of Emergency Cars)

Procedure Poisoning agent g%%gégal

C bd = Clearance,
intense ml/min
++ -
moderste
+ - mild
1. Hemosorptiom 1. Paychotropic (48:283.5)
(Sorbenta drugs 4 3-8
SKT-6a,
SKN, BAU) 2, OPt +++ (35-116.2)
' 42.4%12)
3, Alkaloids +++ (44%7) 662
4. Salioylates e 662
5. Dichloroethane + (78-121,6}
312
6. Heavy metals * -
7. Amitrytyline ++ 49t3
8. Ethylene glycecl
2, Plasmosorp- 1. Medicinal . (66-83) 78%%
tion (Sore agenta 4+
bents v
SKT-6a) 2. 0PI ++t+ (35-54) 44.5-4
3, Dichloroethane ++ -
3. Hemosorption 1, Soporifies +i4 -
at pre-
hospital 2, OpI +4+4 -
stage { Sor-
bents OKT~6a, 3. Dichloroethane ++ -
SKN)
4, Amitrytyline +++ -
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THE USKE OF COMPUTTRS TN COLLECTING AND PROCKSSING INBYRMATION
ON TOXICITY AND BAZARDS POSKD BY CHEMICALS

A. V. Butriwsnko

Computerised inforuation proceesing based on present~
dsy hardware, software and information ewiltching facilities
has found wide use in the paust few years, Specifically, the
latest developuwesnts in the field include the use of on-line
computer systems and computer networks providing access of geny
upers to each mystem ond of each uger to many eystema. Infor-
mation [rocesring is usually divided into two types: computa—
tions, including calculation of various acenarios using simala-—
tlion models, any inforuwation searching in data banka, The com-
puter aetwork structure covering both computer~based services
aid the corresponuing commmnication network ip schematically
ghovn in Fig, 1.

Let us consilder two types of resourcesl the resources
united by the network, snd the basic and secondery resources
which are of the principal interest for users, The secondary
resources are necessary for the integration of the baslc re-
pources represented by the date comamunicstion network,

The resources of the firet type (primary resources) in—
cludes

(1) computer resources - processors and working melocry;

(2) wass wemory —~ dlske and tapesg

(3) input-output devices - printers, displays, plotters,
etc,.

(%) data packages;

(5) applied softiware;

(6) computer personnel,

SBecondsry resources providing access to Becordery re-
sourcea embrace:!

(1) cosmunicition lines and wodems;

(2) sawltching nodes ami concentrators;

(3) network software or the network operational system;
and (q)

43-1

the network wanagerial personnel,
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() -~ switching nodas L1 - Readers
R Oy .
i | - Hests “. -/« Display
. |h"‘-.
/ - Perminal concentrators Lol - Printex

Fig. 1., A diegrem of the compuber network structure
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Teniencles 1n developing these two types of resources are
considered sterting with the nebwork resow-ces,. '

Integration and sharing of rescurces, including communicas
tion compubter resourcos, and skilled personmnel is the main
factor common for all compuber nebworks,

Integration snd sharing of resources is not a new pheno-
menon nelther for communication where time and frequency com-
presaion, group fermation, enlargement o¢f bunches, etc, are a
common prectice, nor for computer technology where the more
sffective use of computer resources by thelr ghared use in the
maltiprogram and time-sharing wmede.

The initial sdvences in expanding compubter networke were
based on the integration within one system or ccmputer network
two prinoiples of resource sharing; packet switching, snd time-
shuring. Facket switching improves considerably the communica-
tlon recources efficlency due to the use of fast communicoation
channsls (as compared with the dlvision of a wide band in'o
peveral low-grade telephone channels} and salso due to gurueing
informution packets. Queueing, in principle, delays information

delivery which occasionally may reduce the ayetem efficlency,
aspocia{ly when long messeges are to be trensmitted. At the
game time, the timew.sharing wode whoss part im the total amount

of dnte processing is growing ateadily, leads, however, t0 @x.
change og relatively short messages requiring the ssme delay
time for all messages,
Computers are usually divided by thbir cost lmto three
6laspes; small, medium, and large,
Two facts - retention of the share of large computers ab

e 5% level and a drastic inereace in the share of minlcomputers
-~ are of special interest here. BStatistical deta show thit in
1978 minicomputers amount to 60% of all computers. It ia quite
pospible that thelr share would increage up to 80%.

The unchanged share of large computsrs may be explained.
by & conelderable and constantly growing number of problems
requiring for their solution large, often extreme, computer
capablilitien, Te fact that mi.niooniputera became cheaper and
auch more effsctive, and especially the advent of operational
systens where minicomputers can be used in the time-sharing
mode, have contributed to the dramatic incroase of their share
in the total nuaber of computers, A relatively low bost of
minicosputar sarvice explains to a large extent their success

on the market,
43-2
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Minicemputere are widely used also because they con per-
form paw operations, especially those connected with handling
obparvation resulte aud setting up small-gcale infomuation sye=—
tees, Thus, the changed share of computers on the macket ia
not only indicative of new capabilities of computers themsoives,
but also 8 consequence of the chanzed functions perforwmsd by
conpubers, '

Avatlability of commercial minicowmputers incrsaged the
numbar of users having direct accens to compubers, At firet
sight the tendsncy appears to be opposite to the development
of compubter networks., Actuamlly, howaver, expansion of computsr
networks and the wides use of minicoumpubters are "two sides of
the saue medal”,

" Qomputer facilities are developlng towards ansuring the
more effective "man-machine™ lnteraction snd the direct data
input into computer, In this development trend the contribution
of host computers to overall infarmtion handling effort le
declining, Thusa, in the mid-1970's the share of expenditures on
host computaers asmounted to 30% whereaa for the past decade 1t
hae dropped to 23% mainly due to wider use of communloation
squipment.

Iet us consider development trenda for individual compo=
nents of the hardware and its cost., The amount of direct data
input from display keyboards has increased markedly.

Already now wany computer centreos have no punch tape and
punch oard readers. In this context it is worth noting that
amount of ipput data from sources and cubtslds computers has
increaped considerably.

The role of both poftware and hardware in computer opera-
tion bas changed radically. Nowadays coet of software for users
more often than not exceeds cont of hurdware, Thus, for example,
expenditures for the software meant for msnned flights within
tha framework of the NASA programme smounted to one billion
dollars in the pericd from 1960 to 1970.

Exanples are found in the changed share of hardware covst
ip the overall computer expenditures of the US Defence Depart-
ment, where tiey dropped from 50% in 1968 to 20% in 1974,

Great gpuma of woney are alotted for devising operational
gystems and applied software, For cxample, the operational sye-
ten for IM-360 computer cost 200,000,000 dollare of which
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half was spent on debarging sand tesi, R&D cost proper was 33%
and programming cost -~ 17%.

Development cost of the operational system for the compuber
petwork itesalf, as far as the ARTA systeuw ie concerned, exceeded
20 million dollers.

Desplite the growing expendituree on commerolally svallable
soft=are & greater share of 1%, espeocially applied software,
continusa to be devimed at computer centres to meet thelr owm
naeds.

Analyels of programming policies pursued Wy mtate organi-:
sationa 1n the United States showed that 65% of sll programs had
been prepared by the centres thempelves, 9% —~ recsived from oom-
puter mamufacturers, 11% ~ from independent software generators,
41% - from the eystem suppliers, and 4% - from other sources.

Degpite the constant growth of softwere cost, ite lncrensze
is uneven for computers of Aifferent oclassces,
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Fig. 2, Cost of hardwars, po ftware and ssrvices rlor the three
typeo of computers
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Fig., 2 shows expenditures on hardware, goftware and per-
vice of computiers of three classes. Hhortage of skilled mappower,
. the size of which is itself a rather impressive remurce, ls
one of the eruclal Cactors holding bock the use of computer
technology. Table 1 shows number of system programmers and iln-
atalled computers in the United $tates. The data show that in
splte of the sharp decreamse in the share of system programmers
as cowupared to number of insetalled computers, thre numorical
strength of systom programmers confinue to incrense because
" the rate of computer growth excoede the pace of "rationalisa-
tion" of aystem programmers efficiency, Moreover, the murked
decline in the numbur of gystem programmers for one computar,
which took place during 1970-1975, wne followed by the same
rate of decreage this 1s almost two=fold for 1975-1940, During
the next five-yoar perlod thig rate of decrease is expectsd
to low down conslderably, the progremmer/computer ratio will
change only slightly while the number of compu ter will continuve
to grow at the same pace.

Some 400 men of pervice personnsl were employed in the
FRG computer centres in 1978,

Table 1. Number of progra.mers in the UBA

Computer FProgrammeXs Pioy,. psr
cumputer

1953 1,000(?) 10,000(7) 10( )
1960 5,500 30,000 5.5
1965 22,500 80,000 3.6
1970 70,000 165 ,000 2.4
1975 225,000 220,000 .98
1960 700,000 275,000 0.39
1985 1,1000,000 330,000 0,30

Bpeclal attention should be drawm %o coat of workforce
since the optimal une of amkilled personnel is parti culsarly
iaportant and not only because thls resmurce is coetly but
aleo becauss 1t is depletable, Thus, about 1,5 million memn

are currently employed in ooa; .uter manufacturing and servio-
ing companien in'the USA,
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According to M. Rakoveky estimates (I) the flgure for the
USHR is 600,000 of which almost half 1p workins in comuber
centres and another half - Lo the cowputer manufscturing industry.

It ie lmportunt here to keep in mind that a relatlonship
batween the number of computer persopnel and the number of com~
puters in operation is determipned by the 1lntensive use of com~
puters in the national economy. The need %o smploy such a big
resource 8s cowputier service persérnel is one of the factora
wnich limite tue wide use of computers and determines to & great
extent thelr use efficlency.

e shure of payroll cost already now has reached #6% and
will continue to grow to exceed before long 50% of the tobal
expendl tures of computer centre malntenance,

It 1s posslble to ascery, therefore, that the preasent—
day cowputer cenbre is a couwplex and rapidly expanding resource
in which manpower 1s most costly, then cozes software and then
hardwara. In the huardware itself the role of hoet computers
18 decreasiny and the role of input-output devices -~ lncreap~
ing.

Let us now discuss in brief sowe of the speclific features
in the development of secondory resourcee directly involved in
the use of basic or priuwary resources.

To show thelr development rute and importance it is suf=-
ficlent to gay bthat in 1978 user expenditures on data transmls-
slon exceeded in the USA expenditures on data processing and in
1980 income received by the American Teléphone and Telegraph
Company (TIC) from data traunsmisaslon overcame incowme from cone
ventional telephone servicea. The existing 5.5 biliion dollar
market will grow up to 12 billion dollars in 1985, The merket
is represented by three sectors: transmission of digital infor-
Bation proper through communication chemnels; proceseing of in-
formation prior to its transfer, this les data trensmission and
storage io communication nodes; and conversion of mepsage trans-—
fer speed, conversion of information forumsts, conversion of
data transfer means, conversion of discrete asigonal flow into
a formm convenieat for reading and, vice versa, conversioa .
of texts into & Llow of signals,

The rapid expansion of the data trunsmigsion market is
accompanied by even swifter growth of expenditures on conver-
sion of formats, transfer speed, et¢, Mhis is especially true
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of oconversion of primary inforaation into & form suitable for
data transmipsion through communication chanmls and, vice versa,
iute a form convenient for users, It ias expected that in 1985
conversion costs will be equal te coatas of informatlon trans-
migsion and infomsatlon processing taken together,

, WHg. 3 shows engineering possibilities of attaining various
speeds of data transmission depending on types of cowmmunice-
tion channels, as well as wessage spsed-quality relationship.
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Fig. 3. Technical capabilities of increasing date transmiasion
speeds,

Nowadays data are usually transfered through cables,
though eignificent progress has been made in the use of radio~-
channels provided by satellites. In the next few yesrs radio
comminication channels for packet inform:tion switching will,
apparently, be used on a wider scale, However, hardware alcne
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cannot ensura the adequate standiard of user gervice,

As we already mentloned above, the use of so-cnlled packet
swltching, which helped bto reduce both cost and time of infor-
aation dellvery, has opened up new vista for compubor natworks.

Ioforust fon tranamisaion coat in messige swlbching net-
woIks is determined by two factore: the communication channels
used and packol ewitching with the help of minlcomputera. Effect
of these two fnckorsg on informution delivery cont hne been stu-
diad in detail with special reference to the ARI'A netwoik. The
analyala showed that processing of 10 informntion psckets cost
0,168 dollar in 1970 aa compared with 0,22 dullar spent for
transmiseion of Lhe same amouns of infomntlion. In 1974 trans-
misalon coat rednced to 0,12 dollar whereus procossing cost
decreased to 0.026 dollar. The compsrison shows that greater
efficacy of computers in information awitching networks was
the matn factor of lowering inforwetlon trunemisslon costs,

The rapid exponsion of computer networks both at national
and internstional levels has moved to foreground differences
batween the existing legislation and practical experlence in
uping new data proceseging and informntion switching faollities,

The development and cperabtlon of computer networke have
mrde it necessary to devise a new organisational and technieal
structure of managemwnb, including:

(1) technical standardieation to ensure compatilbdlity bee
tween the computer end Informetion ewitching capabilities, co-

“ordination of "protocols", compatibility of terminals uaed,

atc,

(2) firancial control, includipg pricing of different
services and drafting tariffs for data switching operations;

(3) leglatative regulation of infarmation collection,
use and transmission on both national and international
scales., '

Since first computer networka were pilot type, technolo-~
glcael progress in the fleld has by far overtaken the estab~
Iighment of the adequate economic and leglslative machinery,
At the same tlme, discussion and adoption of technical stan—
dards regulating data trensmisgion have revealed wide dis—
agreements between two groups of compenies — manufacturers

44-1
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of communication equipment and manufegturers of oomputer fo-
cllitien, Communication depsrtments were also active in draft-
ing ond sdopting staudnrds. In 1976 standard X.25, which i8 in
fuct a set of standarde, was adopted, It proved to bhe more ad-
vantsgeous for communication departments slnce the pgomputer
facilitlese in users' hands and the data transmission networks
under the communication departments'jurisdiction have been di-
vided s0 that most functions are supposed to be fulfilloed by
the network whoreans the usors have relatively limitcd rights,
As & result grester part of compuber network equipment is
referred to 88 comunication faclilitles,

Several blg companles, including inM, hed been tried foxr
a long time to ipgnore effort to adopt standsrd io the communi~
catlon f£ield. Nevartheless, by the early 1977 woa$ manufactu-
rers of computer facllities and comsunication equipment hed
swared the need and usefulness of adopting such stendards, IR
also declared that it had adopted international standsrd k.25,

In contrast to the introduction of technical regulation
that required a relatively short period of time for its
realisation, the economic and legislative control 1a still far
from its practicsl implementation, Here we observe a dramatia
tangle of interests of the national pecurity, and national
concerns in development and protection of naetional industry.

The US laws regulating the use of data trensmission and
computer networks differ greatly frowm respective laws in Yos{
Biropesn countriss, The United Btates pollcy 1n the fiszld has
beon expounded at four crusial meetings of the Federal Come
sunications Commission. In the First Computer Inguiry {1966~
=1971) government~controlled telscomnunication services were
separated from "uncontrolled” data mrocessing services, In com—
plisnce with this division "mespage switching”" became a res-
ponsibility of puvlic networke because their basic function was
informution tranefer, Consequent 1y, lnformation processing com=
panlen were not suppoeod te oifer messsge communication pervices.
This requiresent caused great comcern among several coupanies,
As a remndy the decislon on "public mervice" sdopted in 1969
and amended in 19741 permitted companies specianlising in inforw
mation procesaing to provide commnieation servicesa in competi-
tion with "sraditional™ public networks, such as American
Telsphone and TelegTajh Company ( ATD ) and #estern Unlon.
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In this dasclsion "public networks'" have been expanded to include
such systo.s as TYMENED and TELEIPEN which have no priwmary nete-
work of thelr own, The decislon on “reselling and task~sharing"
adopted by the US Federal Communications Coumission introduced
a new divigion between the infarmation processing services ope-
rating s data transmission system as thelr integral part, and
comunlchtio'n services engaged in reselling basl¢ communica-
tion services represented by the companlies which buy busie
conmunication resources from owners of primary public networka
and then resell their services, Besides the decislon ham spe-
oified the pervices which sbould be provided by major public
networks of the ATT type for the primary cowmunlcation network.

™e networks of the new Lyps became known as “value addad
networks", unlike the usual services offered by traditional
commuaication networks, valus udded networks, such as THLENED,
provide for tne adaptive multiplexing of chennels, searching,
snd esptablishing connectlions with computer services or Ilnfor-
mation transaigslon through the optimum chennels, error detec—
tion and correction, converslohof messege transmission speeds
and codes, joinlng different computers and terminal to the net-
work,

The ¥ederal Uuwsunications Commisglon explained also that
“gommunications cowmpaniep” were taken to mean the companies
operating priuwsry comuupicatlon networka and companies resal-.
ling comuunicution services, However, no satisfuctory defind-
tloo of tue terw "“duatae processing" has been suggested. "The
8econd Computer Inquiry", which appeared in 1976, contained
a wider definition of the term "information processing'" embrac~
ing also information trensmission at whichi

(a) luform,tion content or input inforwation mesnlng has
been somehow modified, or

(b) output infomaution is en answer to input iofoxmation
obtained with the help of a program,

In Westsrn burope the laws regulating the use of computer
networks and data trensaission networks differ frow respective
laws in the United Stutes meinly by the fact that in most
Wost European countries the netwarks belong to the stute and
are controlled by communication deparments which directly
receive incoms fros information transmission services provided,
Two typical responses of such communicstion departments can be

44-2
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poted here. Flrutly, the introduction of additiousl ¢ontioul
over bthe lnternutlonal ecompuber-avuiseted inturustion rlow,
Thus, French, Britlsh, Austrian and West Gorwsn postl ofilcues
require thut acceus to US-uwnud TELINES and MEENET should Le
provided only If the comwunicublons depuartwent wqulpacat e
used for which a hilgh tax noueds Yo Le paldy genorually propor=
tlonally to the swount of infofuwution bto be tiwnalered, Dee
condly, moat countries have speclul regulalions forbiddlany a
terulnal-to-terminal lnformsfion truanmiesslen, and this may
stimulate cowpetition for the telecommnlontion which is also
under authorlty ot the couwwunicatlon depwrtments,

Hational coauwunication depuwrluments played an luportunt
role in setbtlng up high tarifts for ull typeu of Llnternutlonal
sel'vices, including direcet cowmuuicution ohunbvls. [his 1y
purticulurly uvvideot when we colpure cost ol leawed linep in
the ULA with lenwed linue betwoen lurops and bthe United Stutes.

Thus, tor cxamplo, the direct lvased line between New
York and Los Angelss copte 109U dollars per wonth we compured
with the New York = London line which cosbts 8od) dollurs,

Wereas the lease und upe of comwunicution faci litles 18
controlled by historically wsteblished barriers and mwcha-
nisws protecting nationoul intervuts with verylng degree of
@uccess, the legal protwctlon of the rowote snd espucially
internatlonal use of computers has nwither the histariosl bu-
aiv nor anvlogy aud ls now abt the nasceut stuge.

In 1976~1978 wost Wost Kuropean counirivs adoplued regulu-
tloua or laws specilyltng the use ol cowpuiers and wwgsage
switching procedurcs. Dveplte thls the legislutlon lan the
fisld, aa tho exseting sxperiuence and coupariscn of nationml
leglalations have shown, i@ etill far from comprehensive and
adequate,

National leglslations asre drufted teking into account
several ruquirvmonte and specific conditions dictated by the
tollowiug; couslderatious:

{1) national seourity;

(2) ecoucwic lulerests;

()) ovservution of pergonal rlghts aud by-laws of indivie
Jual organigutiouns,
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e nued for new forws ¢f nationsl securd by protection
cun ve vxplulned by the foct that the growing computerisation
has posed luwenpe difficulbties for intormstion protection from
wofulr or criwinadt upe, Inforwabtlion lewkege is snow—
balling whereas cowner-umespures al's lagelng behind the cow-
puterisation drive. Great nwountd of loforwution are coucentrs-—
ted In s limited number of duta basses., It should be kept in
mind thut nil thils inforwution way be used for purpose it~
forent from those for which it hus been legally gathered and
processed.

Hoppective druft lvglslwiond ure weant to relulate the
ovllection and atoruge of Juta the disclosure or destruction
ot which way be detrimental for natloual pecurity, tpecifical-
ly, apurt trom protecting inforwstion from adverse effects,

a leglplutive ﬂyuua'm should secure datsa buses froa prespuare
¢t a possible economic blockade or boycott which way dierupt
the smooth operation of information centres,

Several international orgunigations, includlng UNFRSCO
and IBI, pay much atteution to these problems. Moreover work
ie under wuy to wapsure muccesy ol all counlrioes, especlally de-
valoping ones, {0 world knowledge major part of wiilch iu now-
adays sbored in dute banks and compuber centres,

e expanoion end Ghe udequube protection of this sector
sre the wntter ol growloy aconomic concern of respective counb-
rles, Bince the mid-1960's8, the provision of remote, including
internat lonal, data processing and gtorage services in addie~
tion to melling oend export ol compubters hus lncreased draastil-
cally. West Buropean countriecs have over 150 remote acceun
systows. According to EURODATA, the weount of ini’o_mut:ioxi Lrang~
wisslon in Western Burope will increuse 12-fold by 1985 asn
compared to 1977.

Neverihelees, prucessing, storiag and rewote acLess cons
tinue to be regulated inadequately.

Me absence of nationul regulation in Weaet Luropewn counb=
ries for u relatively long tlwe became un objective stluulus
for she rupld monopolisation of such services by US compunies,
Thus, toduy such US sysbtews us TELENREL, TYMUNET, MARK-3 and
CYBMWINWP spocialleing in sslling inforuation and computer re-
sources huve thelr brunchos in Western Burope. Prolltu of thoase

companies froa selling their services nbroad exceoded 1,2 bil-
1ion Jdollaca,
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J. Faulner, Canadian Minister of Scieunce und Techoolowy,
saild that the problem of internatlonal data flow had created
& potential for growlng depomience rather than interdepend-
ence which entails a danger of lcoaing the lsgal access to
vital infaruwation and a danger that industrial and social de-
velopment would be determined malnly by decisions and intereats
of groups situated lrc a forelgn country,

He asserted also that in 1976 Canada lost 150,300 mil-
lion dollaers of revenue by lmporting computer services froa
the USA in addition of lobs of aboub 30-40,000 workipg places
in the data procesaingz sector aloms.

In this coonection, it should be noted that export of
inforuation and compubter services is & new trend in the inter-
national diviglon of labour and in foreign trede since marketw
ing of goods (information, duta jroceasing) does not result
io thelr depletion in the courtry end requires practically no
renowable natlonal resources. In thig area intverests of Weat
Buropean countries, the Unlted States amd developlnys countrizs
are clashing vigorously.

The differences in national interests, which manifest
themse lves in adopting naticnal legislative uctsg syuingt uafainp
uge of data in a machine-resdable foru, can be bolled down to
the followlng: compulsory registration of dabts foras, bund for
the collectlon and storage of certsin type of information, pro-
tection from unauthorised aocesa, and gusrantee of access of a
legal person to personal infermation stored in a data back,

National data registration rules differ widely sspecially
as .regard private and public data banks, Thus, for example,
in Austria it is sufficient to notify corresponding state autho-
rities that & data bank has been set up, whereas in Norway,
Bpaln and Sweden it 1s generally required (depending oan a type
of inforuation) that & state license should be granted, In
dustria, Belgium, France, the FRG, the Netherlands, Norwsy snd
Eweden the respective leglslation reguires thet physical se-
curity of data should be guaranteed, In Austria, Belgium, the
¥BG, the Netherlands, Spain, Sweden and the US4 violation of
lawe concerning the usge and storage of data is punished as a
eriminal act,

Most legislative acts in force forbid any btransfer,
storage or processing of perscnal data ebroad,
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Ae we have glready noted, the advent of computer networks
haa been predetermined mainly by sppearance of so~called packet
swltching which paved the way for computer centre networking,

Below we shnll gilve a brief doscription of packet switchw
ing and itg dlffersnce from channel and mesgage switching.

The rapid channal switching using, as a rule, a telephone
1ine 1s the situablon when two subscribera are connected with
aach other through s compound channel comprised of several
traneit sections mssigned to the subscriberse for the period
of thelr contast. Upon completion of the contact each transit
gection of the compound channel beging functioning indeyendent-
iy and can be used in formlng other oompound channels, A con-
siderable disadvantage of thls type of swltching 1s that the
sectionpn asnigned to a definite conmection ecannot be used for
communication between ancbther couple of subscribers even if
the channel romains 1dls, This Syve of data switohing is,
rpparsntly, especlally ineffeotive during work in the dlalo-
gue mode which is characterlsed by relatively ahort dlspatabes
of inforustion with conpliderable intervals between two spucces-
sive dlspatchea , '

The messsgs swltching method ls used in telsgraphy and
belongs to the class of m~called relay or stor e-and. Torward
method.

Packet and megmapge switching methods belong . to the pamne
class, During message switching ocomplete text reaches its deg-
$ination after its successive transmissions from one node to
another. With this method o messege at each parlod of time
ie oococupying one section of the channel connectling the BO\X G
and the receiver or iam atored gqueueing at the outgoing aection
of one of the nodes,

This wethod hap the dissedvantage that a weasuge is swilche
24 as an integral whole and in stage-wlse manner. Because of
thia reliability of recelved information is relatively low and
no iaformation upgrading procedure is stipulated,

During packet switching, which 1s also based on the
relay mothod, a message im dlvided into blocke of gtandard
length (packaete) eech having its own address and 1s treated
by the network as an independent messsage, The standard length
of each block ia chosen taking into account the optimal relia-
bility whick is attained by the use of tédes and repeated swlteh-
ing of damaged blocks.
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Silnce a messoge should be transmitted from the nource to
the recelver without errors, additional checlking in pccomplished
at the recoiving node, Meassage compilation of individusl blocks
is called asueubly and message fragmentetion la termed dicac-
gembly.

The reliable inforu:tion switching between two eubscrlbars
is regulated by & set of specisl rules or protocoln,

To sum up all maid above, it ls nacessary to oint out that
the use of pecket switching hac made 1%t pocaible to bpild a com
municution systew featuring a high, rellabllity and authenticlty
of switched information end thle, In its turn, enabled creating
an Information and computer system for storing, processing and
transmitting informntion in the form of interconnected and co-
ordinated processes.

Work of users with data banks in the interactive (dislogue)
mode ig cne of the baalc type of compuber network utilisation,
1% 1ls necessary to emphasise hers that the ipnteractive mode is
characterised by relatively short dispatches of informition
{reguest-anawer) is very convenlent for packst switching. Datn
banks depsnding on information they contaln are upually divided
into three typas, '

Bibliographic data banks conbtain refarences to a publlicaw-
tion (article, book, report, ete.) umaelly complete with itsa
sbatract,

Decumentary data banks contaln complete documents, e.gz.
specifiications, preprints, etc,

Pactographic data banka contain iaformetion in the form
of digits and often tabules.

Iat us now dwell on data bank tariffs.

Customer's expenditures on the use of a data bank within
the compubter network congist of seversl components, Most ex-
penditures are assoclatbed with data switching in the computer
network, Prior to access to a computer network, this 18 to a
telecommunication facility, the user should have a permission
for access to the system in the fom of a specisl password.
One~time access to & network generally coste not more than
1.0 dollar, Payment for a communication sesgion lncludea: cost
of the user terminal connection to the petwork, and the amount
of informztion %o be transferred in terms characters (lebters
or digits). Tariffs differ slightly for different netwurks, but
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on the whole we may Bay that one minute connection to & net-
work costs agproximately 20 cents and 1000 characters trans~
sitted through the network coats 0.6 dollar, Transmitted chge~
ractess include both characters transmittied by the network
user and charsoters received by the user from a rencte coms
puter, ,

Costa involving direct use of data banke include costb

of time required for access to a remote computer, and coast of
work with a particular data bank. This weans that the exist-
ing teriffs are not generally convenlsnt especlially for unex
perienced users who cannot work with the system efficlently.
4 ppaher ol centres today has begun using a different tariff
pystem wore responsive to the real amount of information ob~
tained by users. To swe up we wmay sBuy that one~hour acceus to
e compuber nelwork coste from 3O to 120 dollurs depending on
the data beuks and network used.

Many of such data banks contein direct or indirect infor-
mation on toxic chewmicals and thelr effects on both environ-
went end human beings, One of the proovlems in gathering and
analysing inforuation on toxic chemicals and thelr environ~
mental impacte 18 associsted with the absence of speclalised
duta oanks for this type of inforwution, The only exception
Jg several patlonal dseta banks contalning ioformation on house-
hold chwmicals, thelr toxiclity, and bthe corresponding safety .
measures, T glean such inforwation i¢ is generally necessaxry
to scan severul data banks differing one from anothar by query
langusges and thesauri,

In this connection 1t became necessary to eet up a &p &~
¢lalised centre with the adequate capabilities for storing
information gathered from other data banks, with the necessary
software facllitating query statement with subsequent query re-
writing in one of the working query languages. Te typlcal in-
fragtructure in one of the working query langusges. The typi-
cal infraastructure of guch a centre may comprise a mini-com~
puter with extiernal memory on disks and the necesasry Iinter-
face for scgess to the network.

Suck equipament will elso make Lt possible to reduce cost
due to preliminary reparaticn of requests wund their editing.

From the enginecring point of view the computer centre
gquipient stould provide for the following:

451
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(&) snay mccess to compuiers and data bamen in khe inter-
aotive and proferably packet modes, using intelligent terminals
and AQCII and FBDCDIO c¢odesm;

{b} regulnr recording, stock-taking and reporting on all
computer accespds, prevention of unathoriped accems to extarnal
rescurces (ooumjputers, computer networka, data basss, lnforma-
tion systemn) by using & system of sleotromechanical and prog-
romued keys and efficient conbrol by a monitor over the state
of the moftware and informntion tranmmitted through any physioal
ohannel, in case of time divislon of oommuniontion channelns
{(whon multiplexsrs of a time-divieion chennel is usad} or ver-
tual channeis when packet ewitching is used), and

{0} eptablishing a local library of progrems and data bases
designed by users for remote computers and oomputer natworks.

Orgnnisntionally the following administrative function
perforuod by the gentre can be singled out:

(a) providing legal and financial bases for acoecs to ox-
ternal rescurces, including signing of contracts, agresmnte,
commercial contracts, control ovor payment, writing of sur-
veyn, eato.,

{b) conmulting uners on how tio gain acoess to externsl
repouraas and btriefing thew on specific features of thelr
effective utilinationy stulying unsers with the alm of expsnding
the contre and types of gervioenm offered;

(o) executing adminiatrutive control over access and its
monitoring, including organleation of operator's work with
rem e computers in the packet mode, recording, checking and
storing of protooccls (keeping tho archives)

{d) setting up & locel library of technical documentation,
specifications and manuals on the ups of external resources and
operating inetructions for the contre'e esquipment, and alm ex-
sanding the livraxy of programs and data bases dsaigned by
users -

() providing for the smooth operation of terminale and
switohing equipment (modems, multiplexerys), establishment end
development of the packet switching system and control over
ef fective oparation of the communication linesn.

ftrus‘urally the centre can be dlvided intu two orgnnles-
tionally different partsg
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{a) cowmunicution part respousible for communlostion pro-
vision; asd (b) terainal part providing edsy sccess, user ser-
vice und ountrol over the oorrect use of reuots rewurces ln
compliance with signed sgreewents end oontruots,

All the above technlcal functicons of sutomated agoema
centres ¢an be executed 1n two principally different versions
irrespective of equipment used (Figs & and 5),

|1
=

Fig. 4, Minor configuration of the computer access centres

Expenditures on purchasing equipment according to the
firsy conftguration will make it possible to provide termical
access, communication control acd the initial switcning scheme
shich will be further exparded when the configuration shown in
Mg, 5 is introduced., The configuration shows in Flg. 5 is more
powerful and flexible; it can jTovide controlled access to

foreign resources (computers, data Leses, etc.) Shrough the
certre,
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?ig. 5. Hajor configuration of the computer acoess centre:

Thue, the current analysis of the technlcsl, legal and
organiastional probleme of uaing remote access to date banks

allows us to sscert that present-day coumunication facilitlea,
computers and the correeponding Jjuridical normg have mnade

it possible to undertake feasibility studies asnocicted with
sstablishing an automnted distributed system of natlonal
centers for the colleotion and storege of Iinforastion on
noxious cheaicals.
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THE INTERNATIONAL REGISTER OF POTENTIALLY TOX1C
CHEMICALS {(IKPTC): ITB PRESENT ACTIVITIES AND FUTURE PLARS

J.W. HULSMANB

INTRODUCTION

The deterioration of environmental quallty, which began when
Man firat became aggregated into villages and used fire, hes
existed as 8 gerious problem under the ever-increasling impacte
of exponentislly-increasing population and the ravages of tha
industrisllzed society.

fhe Milddle of the Twentleth Century witnessed a rapld ex-
pansion of the chemicasl industry and, with i%, the intrusion
of chemical technology inte¢ practically all branches of the sco-
nomy and into every-dsy 1ife. Today, Man 18 gynthesizing new
ahemicals which do not cccur ip Nature, ard is uaing them in
induatry end agriculture as well as for medicines end a wide
range of domestlc purpesea. Indead, their proper use has enhano-
ed the quality of 1lfe of millions of people.

At the pame time, pollution of the environment by ohemic-
ale has resulted 1n serious impairment of human haaith an? id
considerable scological and environmental damage. Bome of these
potential hazards to Man and hle environment are recognized, bub
othere may only appear after a comsiderable time laﬁse. 1t 1w
therefore of the utmost lmportance that, if the hazarda outweigh
the benelits which chemicals bring, then their use has to be
eritically snd cblectively ansessed. Many cpuniries have pasaed
laws and regulations regariding evmluation and control of chemic~

als in the environment, and require informatlon to 'he submixt A
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to patidnal suthorities Lefore chemicels can be muuufuctured

or used. Bome of this information has Ween conflined to curtuin
in8titutione in a limivted number of countries, and is not emsily
avalilavble to others.

The need for adequate informatiion %o asuwess tue potunilal
hazérds posed by chemicals to Man's health and the wnvironmentg
has become clearly recognized very widely in the world. Further
knowlydge about the smounts of perticular chemicals produced in
the world, the pattern of their uwe, ard thelr properties and
effects on Man, living organluma, and %the envirovument, as well
as their diptribution anu transformation in the envirovnment, is
required. Improved access to informstion om netional lawa and
regulations t0 control the use of chemicels ia alao necedvary.

There exist, all over the world, various Information sys-
tema on chemicala which dre not always &t ell reudily mccounible
%o the experts amd authorities who are responsible for regula~
tory declsious. Frequently the information contained in such
systems 1ls not adequately suited to the needs of‘deciaion mak-
ere. Until lately, there has been no internationasl instivution
to collect and disseminate this information on a gloval level
for all those who deal with the control of huzerds posed by che-

micals %o buman health and the envirooment.
178 OBRJECT D _STRATEG
At the United Nations Conference on the Human Environment,
beld in 1972 in Stockholm, it was recommended that plans be de—
veloped for an International kegister of Data on Chemicala in

the Environment, based on collection of available scientiric

data. Following this recommendation, the Governing Courcil of
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the United Mationa Environment Programme (UNEP) decided, ab

its Geccnd Gesalon in 1974, that urgent asteps should be Laken
for the establishment of both a clemical register and an infor-
metion exchangs network. As a result of thias degision, two meet-~
ings of sxperts were oconvened in 1375 at which guidelines, ob~-
Jeotives, snd a set of strategles for such & regiater were
formulated,

Bilnce its establimbtment #se a Progremme Activity Centre
{PAC) of UNEP in 1976, the International Register of Potential-
ly Toxioc Chemicaela (IRPTC) has been guided by the Decislons
of the Governlng Council and the recommendationa of both thoae
mestings. The following obJectives for the IRPTIC were approved
by the Governing Coungil at its 8ixth Sesslon, in 1978%

(1) to facilitate ecoems %0 exjieting date on the effects
of chemicels on Man and hie enviromment, and thereby contribute
to 8 more efficient use of natlepel and international reacurces
that are aveilable for the evalustion of effeots orlohemicala
and their oontrolj

(11) on the besis of information in the Register, to iden=
tify the important gapa in existing knowledge on the effects of
cuemicela, and call attention to %the need for reaearch %o f£1il
thoee gaps)

(141) to identify, or help identify, potential hmzardas from
chemioals, and improve the awarenoss of such hazarday

{iv) to provide information about national, regicnal, and
globval policies, &8 woll o8 ragﬁlaiory measures, etandards, and
recummendations, for the control of potentiamlly toxic chemicala.

To achleve these objectiveas, the followin, activities have

been forsccen by the Governing Qouncil. |
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A To render the IRPTC Programme Activity Centre capable of
handling data and answering gueabions.
Be. To involve correspondenta deslgnated at tihe natlonal, re-
glonal, and sectoral levels in the operations of IKHPIC.
Ce To bulld a network of participating data systems, which
may make their files available to the IRPIC Programme

Aotivity Centre for incorporation in l1%ts centrul data

files, or may respond directly to users' gueriss.

D. To develop and continually update computerized central
data files.
E. To publish selected information on chemicasls.

The Governing Council of UNEP 8leo requested the Memuor
Btatea (0 asplat the Executive Director in eatablishing the
network by appolnting National Correspondents and to ilmprove
their national mechaniams in terms of pereonnel, facilitles,
and organization imn order to eanhance the capabilivy of IRPIC

to tultil ite task efficiently and effectively.

NETWORK PARITNERS

The International Register of Potentielly Toxic Chewicals
(IRPIC) has been designed to operate on the basis of network
arrangements for information exchange, and on degvwelopment of
central files on chemicals which are called data profiles. F¥rom
the beglnning of its activities, the identification of network
partners and the implementation of eifective collaborstion, lhave
been priority tasks for IRPIC.

The potential partners in the netwurk can be identified ag;

(1)} The Central Unit, or Programme Activisy Centre (B&d);
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(1i) Phe IKRPIC National Correapondentsj

{11i) Sowe nutional aond international inatltutione; send

(iv) Industries and external contractors.

Phe Central Unit, esaisted by a Belentlitic Advisory Com-
mittee and gﬁ hog expert consultants for speclal taeks, operat-
¢s the naitwori, sets the procedures for exchange of information,
and communicates with countriea snd institutlona. In accordance
with the manvate glven to IRPTC as a componeunt of UNEP, 1t will
try tq ieprove the coordilnation of international asotivities 1n
the field of informatlon exchange, or %o initiate new activifi-
s where there ia 8 gap causing deficiencies and/or inedeguate
action. IRPIC ia alsg actively participating within the U.N.
system in implementing Geweral Assembly Resolutjons 36/166 ("Ex-
change of Informetion on Banned Hazardous Chemicals and Unsafe
Phermaceutical Proaucts™} and 37/137 ("Protectlon Against Pro-
ducts Harmful to lealth and the Environment®).

IRPTC wssslets in establisbing nationsl registers, provid-
ing special Srelning and sesistance (where nocessary) to ensure
effuctive participation of all interested national institutiona
and to improve understancing of IKPIC's dave presentation. For
this reascn, a weries ol reglonal workshops was organized in
1979, 1980 and 1981, for Naticnal Correspondents of the Asia.
end Pacillc Region, thu Africe and West Asia Reglona, and the
Latin America Region, reapectively.

In the operution of IRPTC's Central Unit, Natiocnal Copr~
respondenta play an importent role by providing: infurmation on
new or planned legislation %o control chemicals; newly-prepared
regulations end rebommendations regarding chemicals; new studi-

e3 on chemicels causing concern in respect to humen health and

46~1
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the environment; and reports on accldents and incidents involv-
ing chemicals that have led to officiasl enguiriss. They alao
giva advice on’expertiae relevant to IRPTC, end distrivute in-
formation proceased by IRPTC.

Working relationships have alac been (and ars atill being)
established with other network partners - such as international
organizations, natlional governmental institutions, aclentific
research institutes, and industry - with & common interest in
chemjcal eafety. These include, inter alis, the International
Progrsmme on Chemical 8sfety (IPCS), the Internationsl Occups-
tional SBafety and Health Hazerd Alert System of the Internatlon-
al Labour Office (ILO}, the Joint Group of Experts on Sclentific
Aspects of Marine Pollution (GESAMP), the Environmental Chemic-
als Data and Information Network (ECDIN) of the European Econom-
io Community, the Btate Committee ror BSolence und Technology
{GENT} of the UBSR; the National Toxicology Programme {NTP) of
the USA, the International Group of Nationsl Asaccimtions of
Manufacturers of Agrochemical Products (GIFAP), and the Japan
Chemical Industzy Ecology-Toxicology and Informstion Center
{JETOC)»

Beveral mechanisms for collaborative produstion of data
profiles for ochemicals can be envissged, and various levels of
assistance to IRPTC can‘be suggested, Thua there could be ane
sistance from net-qu partners to IRPIC in carrying out liters
sure eearches and colleotion of relevant documente, as well as
in the preparation of data profiles for chemicals, using the
machine-readable workshests currently used by IRPTC staff.

The study and rev}ev of data profiles prepared by IRPIC |
could be helpftul, and s poasibility to compare IRPTC's chemical-
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ly-related sourges of information with each network partner'a
Bibliogruphical detsm bsee could also be moat useful end mutual-

ly beneficial.

DASA FHOFILES FOK GHEMICALS

The development of central filea containing information
wdeguate for &0 underutanding of heslth and environmental hazards
ceused by toxic ohemical aubetances, has been conatantly given
priority ettention by IRPIC. The tentative list of attributes
(oharacteristicas) of chemicals, prepared for IRPTC in 1975, was
furtber developed and better deflned during 8 subsequent study
which wea carried cut with th; participation of an internationsl
group of expert comsulvants. This atudy formed the foundation
for storage and retrieval of data in the IRPTC osntral dsta sya~
tem, and has been initvially employed in the preperation of dats
profiles for chwmical aubstances. Data profiles for scme 60 ohe-
micals were prepared and puilished in 1979 as illustrative examp~
les of typical IWPTC outpus (IRPTC - 1979)}/1/. With the assist-
ance of suboonsractors, National Correspondents, snd other con-
tributing network partners (including chemical manutacturers),
IRPTC etvaff are now prepering data profiles for approximatvely 450
chemicals.

The data profiles enable the expert user, worldwlde, to
ldentify what s known about a particular subLstance in torms of
ita chemical, physical, enviroomental, s&nd toxicological charec-
teristics relevant for hazard asseasment. In addition, they pro-
vide information on proauction and consumption, use,spllls, treat-
ment of poisoning,” and waste ﬁanagement - &8 well a8 on recommen~

dations anc legal mechanisma for control of hazards posed by che-

micals. 41l information in a data profile is presented in ex~
46-2
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tre-ted and condenged form togebther wilth the scurcea from
which 1t was obtailned. At present, an IRPTC data profile con-
elsgto of aeventeen attributes or files. Tmgh ol these flles scan
be divided inbto subfiles, with presentation of relevani dats
records involving a complete item of information. The main con~
tent of an IRPIC data profils is shown in Table I.

Detalled instructions for the selsction and presentation
of data for the Register were developed and published in 1979
and, after recent extension and modification, they sre now being
widely used for date profiles development by the LRPTC Programme
Activity Centre (IRPTC - 1979 and 1982) /2/. The instructions
sllow for uniform data input and corre&t desaription of the
particular properties or sffeata of chemicals, ag well as of
any legel or regulatory information avallahle.

Another aim of the instructions 1a to provide sasistance
to usara of data profiles towards undergtanding fully the in-
formation contained in them. In order to provide reliasble,
relevant, and sufficiently detailed information to sameas cho-
micael hagarde in the envirooment, the correaponding IRPTC filee
and subfiles may nesd further improvement regarding their con-
tent and structure. Consequently, IRPTC is continuously monitor-

ins national and internutional developmente in these Lislda.

ARD QUALITY OF DAT

The identification of all relevant sources of information
on ohemicals, organiszed in one, aeveral, or all dsta fiseidae,
and the ascertsining ot thelr quality, are necessary for the
Register. The importance of the rellabllity of data entered tnto

the IRPIC data bank cannot be over-emphasized, so prefarence 1!
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Table I.

IRPIC Data Profile Btructure

1.
2.
3.
5.
5,
6.

T

Be
9.

Identiflers and Proparﬁiea

+ Excretlon

Produstion/Trade 10, Mammalian Toxicity

Production Prooeasea il, Special Toxicity Studles

Uge + Blochemical Interaotione

Pathways into the Environment « Carcinogenicity

Concentrations + Mutagenlicity

« Loas/Persistonce « Neurotoxidity

« Concentrations . Bghaviour

» Human Intake + Bensitizatlion

Environmental Fate Tasts + Interacting Agents

. BiodegradationfBiobranaforpnm + Primary Irritation

. Photodagradatiozion + Immunotoxicity

« Hydrolyais . Heproduction

+ Borption _+ Teratogenlc ity

« Evaporation 12+ Effecta on Organiesms %n
the Environment

. Oxidation

Model Ecosystem Btudles

Environmental Fate
Chemobiokinetice

»

Abgorption
Digtribution
Bicoconcentration Factor

Metabolism

13.

14.
15.
16.
17.

o« Aquabtic Toxicity
« Terreatrial Toxioity

Bampl ing/Preparat ion/
Analysis

Spille
Treatment of Polsoning
Waste Hnnagement

Recommendations/Legal
Meochanisma
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given to.information which hLeas been evaluuted by internatlonal
and national groups of experta.

‘ IRPIC has in ita files & fagt-growing collection of nati-
¢opsl and international criteria documente, monographe, and dos-
#lers on chemicals, as well as nation regulations and interna-
tional conventlons gnd guidelines concerning chemicales. In cases
Ihefa secondary documents contalning evaluated information do not
exist, IRPIC staff and network partnere carefully select and re-
view primary sources of data - alwaya accoraing to the instruc-
tione for the data selection amnd presentation. In addition, IRPTC
seeks advice, s appropriate, from individual congultants, pe-

nels of experta, and internaticnal organizations.

LIST OF SELECTED CHEMICALS

Clearly, in building up an information system such ae an
environmental chemicals data bank, 1t would not be poseible to
consider all chemicals at once or, indeed, to devote equal at-
tention to each of them. However, it is extremely dirficult to
select chemicals for priority consideration and the preparation
of comprehensive data protiles. Belection criteria can be used
for each chemical, such &s production quantity and main uses,
toxicity to Men, scotoxlclty, and persistence and biocaccumula-
tion. Another approach for the preparation of a priority list,
in fact the one followed by IRPTC, is to identify chemicals for
which concern has been expressed by competent authoritiea at the
pational and/or international level. This includes lists of che-
micels that are widely used, poisona, chemicals to which wide
sectors or the population or workers are exposed, pesticides,

etc,
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In preparing sn integrated llst of chemicals which will
gredually grow, IRPTC has tried to identlify the lhrgeet poRsaib-
'le number of chemicals of international significance. The IRPT(
Working List of Selected Chemical Bubatances at present includea
approximately 4%0 chemicels, of whioch 160 are agrochemicals; but

it is by derinition open-ended, and will undergo conaiderable
expansion on the bagia of proposals made by Nationel Correspon-
dents, the International Programme on Chemical Safety, and IRPT(

network partners.

LEGAL DATA PROF1LES, FOR CHEMICALS

On aeverai ocoaslons during peseions of the Governing Coun-
0il of UNEP and the General Aspembly of the UN,las well as at
other international foruma, concern has been expressed about the
poasible serious adverse effects of the incremssing number of
chemicale entering the environment. Information excﬁange among
governmenta on chemicals and thelr likely effecta and meanures
taken to eliminate or control such effecta waas considered to be
of prime importance. International orgenizations were requested
to assist governments in eatablishing information ekxchange pro—
cedures. The Governing Counoil of UNEP, in its Decislon 6}3 B
(1970) requested that priority be given to providing countries
with information on legal and administrative limitationa, bana
and regulations placed on potentially to;ie chemicals in the
producing countries. Moreover, the General Assembly of the UN,
in its Resolution 37/137 (1982) and previous Resolutions on the
aems subject, requested the preparation of a liast of productae
{includiny; chemicala) whose consumption apa/or ‘sale have been

banned, withdrawn, or severely restricted by governmenta.
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In response to these requests legal data profilea contain-

ing deta on "Recommendations/Legal Mechanlsms®™ (one of the 17 broad
groups of attributes mentioned above) are being developed ;a a
priority, although they form bart of the data profile meriea.
National (eight aelected countries) and internatlonal recommen-
dations and regulations for the control of about 200 chemicala

in air, water, wastesa, soil, food, beveragea and consumer gZoodeg
were collected and published (IRPTC: Data Profile Series Number
Two - Legal Daitus Profiles for Belected Chemlcala, 13580} /37

The chemicals were selected from the IRPIC Working List of Se~
lected Chemical Substancea based on existing national snd inter-
national 1iﬂté. The updated and expanded IRPTC legal data fiie,
which now containg data on approximately 450 Ehemic&la from 12
¢ountries and 6 International Opganizatlions, will be published
in 1983+ Further updates including more chemicals are planned

for the future and will be published at regular intervals.

USERS AND QUERY-RESPONSE SERVICE

The most important user group of IRPTC ia represented by
nationgl guthoritlies that are responsible for protection of human
heaith and the envlironment. Declsiona to regulate or control chew-
micale muat be based on 'beat-informed?! judgement. IRPPC aims at
providing its readers with a relisble, up-to-date and comprehen~
give presentation of informatlon necessary to assess the risi
cauged by chemicals to Man and his environment.

The scientiats ibvolved in experimental research ces hardly
expect from a computerized data bank such as thst of IRPTC ths
detailed information that would obviate for them the necessity

of reading the original sources of data. However, thwy can use
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the Register to identify priority chemical substances which may
have the potentiml for being hazardous, and on which littde or
no pertinent research has been performed to elucidate this po-
tentinl. International bodles, such mas the International ;rosram—
me on Chemical Safety, could uase information from the Register

as a basis for production of evaluation documents, as well as

for identification of gape in knowledge and for the planning of
future studies.

Information contained in the Register is aleo of interest
to both govermment and induastry in the development of guldelines
and raecommendations on chemicals control, or in the determination
of likely effects when planning chemical research.

A Query-Response Service is now in operation and provides,
on request, informatien on specific chemicala. Questleons may be
answered by the Central Unit, using information contained in its
data profiles and library system, through searches of on-line
data bages, or with the assistance of partnera in the network
when relevant information 18 not available in the Register. Other
international bodies or expert conpsultants mey help in answering

questions.

DATA MANAGEMWNE AND TRPTC PUBLICATIONS

Growth of documentation recelved from many aources neceasi-
tates optimal access t0 the relevant data which it conteins. Alao,
data profiles bave to be processed and stored in a computer, useing
an adequate software package gllowing easy updating and retrieval
of information. The terminale now in use in the IRPTC Centrel
Unit are connected to the International Computing Centre (1cC),
Geneva. Access to relevant on-line information systema has been

47-1
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eglablished.

Having reuclied the sivage of computerization eoi the data
cowpiled ¢n chemicala, anu taking into consideration several
criteria, IRPIC has decided to implement its information bank
through the Data Base Manapement System 'ADABAS' which is now
beinyg adapted to provide the services required by the Register.

Some data vases lhave already been ¢rganized and stored.

Foremost among these is the Reglidter Inuex, published every four

montha, which consists of the IRPTC Working List of Selected
Chemical Suuvstances, accompanied by pointers showlng on which
data fields IRPTC has intformation in its files. Another import-
ant data base contains the IRPTC library records. Over 3,000
publications have been indexed up to now, according to & format
and a thessurus developed by IRPTC.

In addition to production of data profiles, IRPTC alaso pub-
lishes a BULLBI'IN which containa information on IRPIC activities,
other activities of UNEP, international and national organizationa
related to chemical safety, but the main emphasig 1s on current
intelligence ini'ormation on chemicala. This includesa information
on new or proposed legislation and regulations for the control
of chemicale in the various environmental media, international
risk evaluations, newly-discovered hazards, accldent reports
and gafe use instructions for chemicalas. National Correspondents
actively participate in providing information for the BULLETIN
and dlagributing it within their respective countrles. Other net-
work partners also provide new information for inclusion in the
RULLETIN which is published in four lenguages (Fnglish, French,
Russian and Spanish) and issued three times a year to over 8,000

addresses. A joint project with the Centre of International
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Projects of the Commission for UNEP, State Committee for Science

and Technology of the USSR, provides for, inter alla, Scientific
Reviews of Soviet Literature om Toxicity and Hazsrds of Chemic-
alg and other scientific publications and monographs related to
chemical safety as well as training courses and meetings on
specific topica.

Purther ascientific publications and data compilations are

foregseen in the near future.
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THE INTERNATIONAL PROGRAMME ON CHEMICAL SAPETRY (IFCS)

M.Mercier. M. Gounaxr

In 1977, the World Health Assembly, concerned about the
enormous developments in the use of chemicels in m wide range
of human activitlies, and recognizing the inadequecy of exist-—
ing netional and international efforts to deal with the long-
term sepects of humsn proaure to potentislly dangerocus che-
micale, requested the Director-General of the World Health
Organigation (WHO) to study the problem of long-term strate-
glies to control and limit the impact of chemlcals on human
health and the environment.

The problem cleerly ha# internstlonel dimensione, not
only because of the international trade in chemicsls, but
sleao because & colleboratlve approath ie needed for a sound
and thorough svaluation of their effects. lloreover, an inter-
nationel coliaborative approach is the only way to avold cost-
ly duplicetion of neticonal efforts to teset and assess chemic-
ala, and to put our scarce and valuable reeourcee in toxicolo-
glcal expertise to the best possible use.

oreover, because of the many activities, prinecipally
among the more technologlcally advanced nstions, concerning
the control of toxic chemicels, it became clear that, unless
a concerned and collaborative effort was made, meny govern-
ments, particulsrly those from the developing world, could
f£all further and further behind in the development of both
the meane and the expertise to tackle the increasingly comp-

lex hemlth end environmential problems ceused by the uee of

chemicals.
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The World Health Asaemblym;hererore iavited the Tirect-
or-General to examine, in cocllaboretion with sppropriate na-
tional imstitutionse and international orgenisations, the
poseible optione for internsilonal cooperation, including the
fipancial end orgenigzationsl implications, bearing in mind
the activities being cerried out by the Internmationel Agency
for Lkesearch on Cancer (IARC) and the UNEP International He-
gister of Potentislly Toxic Chemicels (IRPTC). The Lxeoutive
Board, at ite 1979 eeemsion, endorsed the Lirector-Genersl's

propoesed content, etructure snd messures for implenmentation

of the International Progremme on Chemical Safety (IPCS)
which, after ite endorsement by the i/HA, came into being in
1980, though the establishment of a Centrel Unitt (CU) at WHC
Headgquerters in Geneva, to plan and coordinate the work which
s carried out by a network of national snd internetional
institutions.

Although the IFCS was initially concelved se a Wil acti-
vity, it hee now become 8 cooperative venture of the Interna-
tional Labour Organisetion (ILO), the Unlted Natione Environ-
ment Progremme {(UNEF), end WHC.

Objectives of the IPCS

The present and future objectives of the IFOS can be sum-

marized as followingi

1. to carry out and disseminate eveluationa of the effects of
chemicale on human health and opm the quality of the eavi-
ronment ; )

2. to develop guiding principles on exposure limite (such es _

scceptable daily intekes, and maximum permiseible or de-
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sirable lsvels in air, water, food and the working environ-

ment), for several claseea of chemicals including household

prodacts, contaminanta, cosmetics, food additives, industrial
chemicals, toxic subetances of natursl origin, ﬁlaatica. pack-
aging materials, and pesticides;

3. to encourage the umse and improvement, and in some cases,
the velidetion of methode thet could produce internetional-
1y comparable results, partiocularly as regardes methods for
exposure mqasurement and aspessment, toxlcity testing,
epidemiclogical studies, and risk assessment end hazard
evaluation;

4. to coordipnates laboratory testing and epldemiological stu-
dies, when an international approéoh ie appropriate, and
to promote research in those aress;

5. to develop know-how for coping with chemical amccidents, and
to promote effective international cooperation in this
field;

6. to promote technicel cooperation with respect to specific
issues concerning control of toxic substances in Member
States;

7. to promote training and development of manpower in the
f10l1d of toxicology.

These are indisputably ambitious odjectives, but it must
be emphasised that the IPCS is not ean entirely de novo acti-
vity. The 3 Coopersting Orgenisations (COs), i.e, UNEP, IIO
and WHO, hﬁvu slready B distinguished record of results in
evalusting the safety of chemicale; the IFCS aims st strength-
sning the existing sotivities snd initlating new ones.

To achieve these objectives, the necessary resources,
finsnolal and hamén, sre provided by the Member States of the
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COs. The response so far i1e encouraging, 15 countries having
provided very substantisl voluntary contributions to the

Programme .,

Stracture of IPCS

The following elements meke up the organizationsl =truc-
ture of the IPCS.
1. The Central Unit (CU) is responsible for the oversll muna-~

gement, cocheslon and implementation of the programme on be-
half of the cooperating organizations.

Ita mein functions are:

a. to develop plans and programmes of work;

b. to coordineate the progremme components located at
national snd other Lead Institutions (LIs) and at
Regional Offices, and to ensure lisison with other
internatlionel organizations;

c. to provide technlcel and ecientific support for the

programme,

The Inter-regiona]l Research Uniis {(IRRUs) ere extended areas
of the CU which operate under the g:ineral direction of the

Manager, CU and scsume the responeiblility for the planning,
development and implementstion of specific projects and acti-
vities and maintain lisison with netionel collaborating ineti-
tutions. The firet eetablished IRRU is loceted at the Nationsl
Inetitute of Environmental Health Sciences (NIEHS) in the
United States.

2. The Inter-Secretariat Coordinatipg Committee (ICC) compris-

ing representatives of the Executive Heades of the COs, re-

views and decides on propossls and workplans for IPCS. It
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also adviecee on, 6nd keeps under review, the staffing of

the CU and the IRRUs,

The Programme Adviwory Committee (PAC) consiwte of 20 mem-

bers appointed by the Lirector-General of WHO in consulia-
tion with the Executive Heads of the other (0a. It advises
the Executive Heads of the COs on policy matters and in
setting the overall goals and globasl priorities 6! the

programme.

The Technicel Committes {TC) consiste of the directors of
the LIa and is the operatlive organ with multidiesciplinary
scientific and technical capacity. The TC prepares the an-
nual workplaens and sets operation&} prioritiee in order to

achieve the policy gosle set by the PAC,

fhe Leed snd Participeiing Institutions (LIs and PIs)

The working mechanism of the IPCS Is a net work of Lls
and Participating Institutions (FIe), designed to achieve
an organiged distribution of work among the countries acti-
vely participating in the IPCS. The LIs are designated by
the Executive Heade of the 3 COs after negotiastion with
the respective governments, to ensure that IPCS commit-
ments are met, and that support (including sufficient ne-
tional staff) is provided. In designating an LI, interna-
tionally recognized competence jn a apecific field is the
criterion of choice. At present, there are 20 LIs located
in 14 different countries. Subnetworks, made up of PIe and
designed for specific programme areas, are established to
work with the LIs and are guided and coordinated by the
Lls.
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The Internatiopal Lead Inestitutions
Two interpnational LIs have been'designated. The Interna-
tional Agency for Research on Cancer (IARC) is the LI for
chemtcml carcinogenesis. The Internetional Register of
Toxic Chemicals (IRPTC) of UNEF is operating ss LI for

the collection, retrieval and dissemination of information.

Internatjiopal, Inter-Country snd Non-Goverpmental Or -
zations (KGOw)

The IPCS is cooperating with a number of international and
inter~-country organizations, including the Food mnd Agri-
culture Orgenization (FAQ}, the Commission of the Europesn
Communities (CEC), the Council for Mutual Economiec Assiet-
snce (CMEA) and the Organization for Economic Cooperation
and Development (OECD).

Close cooperation has aleo been estahlished with non-go-
vernmental orgenizations actively working in the field such
ag thel Monitoring and Assessment Reseerch Centre (MARC),
the Scientific Group on Methodologies for the Safety Eva-
luation of Chemicale (SGOMSEC), the Buropean Chemical In-
dustry, Ecology and Toxicology Centre (ECBTOC), the Ianter-
national Commission for Protection Against Environmental
Mutagene apnd Carcinogens (ICPEMC), the Internationsl Petro-

leum Industry Environmental Conservation Assoolation

‘(IPIECA), the International Brain Research Organi._ation

(IBRO), the Aesociation of Flastic Manufacturers of Europe
(APME), the World Federation of Asscciations of Clinicel
Toxicology Centers 2nd Poison Control Centers, the Toxico-
logy Porum, the Chemical Industry Institute of Toxicology
(CITT), the Internamtional Life Science Institute (ILSI1),

etc.

48-1
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The ¥ork of the IPCS

'The responsibilities envisaged for the IPCS in %the fiasld
of chemical safety are extensive and far-reaching and it will
obvicuely take time to develop the necessary integrated pro-
grammes and obtain the level of support to make a aignificant
contribution to this chellenging global iesue. It wae recog-
nized that there were many activities, both in WHO snd other
United Nations organizations, that were relevant to some
aspects of chemlical safety and that, thus, there was & need
for the IPCS to be concerned with liaison and ccordinetion
efforts. Scme exiating activities could be incorporated into
the IPCS. The most important of these were the WHO aide of
the joint efforts of WHO end FAO in the areas of food mdditi-
ves and pesticlde contaminetion and the WHO/UNEP environmental
health eriteria programme. To these have been added in the
firet phase of the development of the IPCS programme, two new
activities: the firet 1s the promotion of new developments in
methodologies for the detection and study of the health ef-
fects of chemicals, the second the adsptation, for interna-
tionel neede of the various guidelines currently in use, or
propoged, for testing the toxio propertles for legislative
purposes, The WHO Regional Office for Europe (BURO) has
undertaken important work in the area of manpowsr development
in toxic chemicels conirol and reeponse to emergencies result-
ing from major accidents involving chemicals; BUR0 is pow as~
suring & lead role with regard to those two activitlies within
the framework of the IPCS.
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1. The Joint FAO/WHO Expert Committee on rood Additives {JECFA)
and the Joint FAO[!EO Meating on Pesticide Residues {JLEFR)

JECFA was first oon#ened in 1956 following the initimtive
of the §th World Health Apsembly in 1953. At that time, concern
was expreased that the incremseing use of various chemleal sub-
gtances by the foocd industry during the past few decades had
created a new public healih probdlem that might usefully be in-
vestigated. It was subeequently recommended by the WHO Executi-
ve Board that, in cooperation with FAD, information ashould he
collected and disseminated on selected groups of chemical ad-
ditives ueed 1n food including teeting techniques snd relevant
legislation. Following this, in 1963, in a somewhat similar
manner, the problem of toxicologically evaluating pesticide
resldues in food was dealt with by setting up a Joint PAO/WHO
Meeting on Pesticide Residues (JMFR). Both bodies have produc-
ed 8 lerge number of reports and monographa of great value to
the responsible suthorities in the Member States. Of conslder-
able importance for the regulatory authorities is the develop-
ment of the concept of an acceptable daily inteke (ADI) within
the toxicological evaluation of the food edditlives. The ADI
provides an indication of smfety in the use of the food addi-
tives in question end enables authorities to take adequate
legisletive memsures for their control. In Qonsidering conta-
minpants such as heavy metals, the JECPA eptablished a further
important concept - that of the provisional tolerable weekly
intake.

2. The Environmental Heslth Criteria

The purpoee of theee criteria ie to summarize, review,

48-2



- 380 -

and evaluate the available information on the effects of a
gpecific chemical or & group of chemicalas that may influence
human heslth and the environment, and to provide & scientific
basis for policy decisicne simed at protecting human health
‘&nd the environment{ from the sdverse consequences of exposure
to such chemicals. The production of such authoritative‘docu-
mente, le & cereful and meticulous proceas, the finml risk
evaluetion being made b& a task group of lndependent interna-
tional experts covering a wide spectrum of aepects of the
eubject, relevant to human heelth mend the environment.

In eddition to these documents, & series of short docu-
ments 1s planned so that important information cen be made
available to those responsible for chemical safety with a
minimum of delay. In this work, the IPCS will be collaboratiag
not only with Lead Inetitutione but with UNEP'e Internaticnal
Regioter of Potentiaslly Toxic Chemicals (IRPIC).

3. Improvement of kethods for the Detection of Health Effects
of Chemicales and the Assessment of Health Riske

This third component of the IPCS 1p concerned with ef-

forts to encourage the development of relie ble methods for
detecting the toxic propertles of chemlcals, particularly in
relation to effects that may not be manifest for monthse, years,
or even generatlions.

Monographs on Principles and Methods for Evaluating the
toxicity of Chemicals and on Guidelines or atudies in environ-
mental epidemiology are already puhlished or in an advanced
atege of preperation.

For several selected arems, speciel working groups have

been established with the taske of reviewing in detail the
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pregent methods and their predictive value, identifying the
needa for cooperatilve methods, assisting in the coordipation
.of theee studies, and finally, serving as more permanent ad-
visory bodies on the relevant problems with the IPCS. Several
working groups have commenced their work dealing with import-
ant flelds esuch &s the assessment of genctoxicity, reproducti-
ve toxicology, neurotoxicity, partlcalerly neurc-behavioural
toxicity, immunctoxicology end on the effects of chemicals on
the cardiovasoular and endocrine eystem. Other topices of in-
terest include the methodology of asssessing the effecte of
mueltiple exposure to chemicals the extrapolation of experi=-
mental date to effects on human subjecte and the qualitative
eatimation of risk to human health from chemicals.

However, if ie not only essentisl to develop new methode
in testing, but that it 1s &lepo necessery to consolidate
methode already generally agreed to be useful. A number of
national end international agencles from the industrielized
nations have developed prineciples of good laboratory prectice
and guidelines for the testing of chemicals for a number of
importent toxic properties. The problem ie how these procedu-
ree and thelr consequences should be ?ade known to the leas
developed parts of the world. The adaptstion end diesemination
of such guidelines for the informetion of, and possible use
by, heelth authorities and otheres in countriee thet lack ex- _
pertise in these matter ie & high priority objective of the IPCY..

4. Menpower Development in the Field of Toxic Chemicals Comtrol

The capscity of most countries, qapeciall§ the developing

ones, to regulete the safe use of chemlcale or to adapt to iLe
country the results of risk evaluetion made elsewhere has

been largely limited by & shortage of appropriate experts.



- 382 -
IPC3 has therefore given high priority to manpower treining
aend has developed a programme which includes:
1. Compilation of occupational profiles with m basio
forecaast of the needs in the various categories,
2. Anelyeis of existing national training progrsmmes and
development of complementary curricula.
J. Development of manuals and gther teaching aides for
training activities in toxicological expertige.
4. Orgenizstion of workehops, iraining courses and memi-
nars adapted to the needs of the Hember States.
The WHO Regional office for Europe (BURO) ies mesuming a
major role on bshalf of the IPCS for that component,

5. Management of Chemical Emergzencies

Finally any programme on toxio chemicale control muast
deal with the ever present possglblility, indeed tragic reality,
that, in the daily production, tresnsport, etorage, uee and dis-
poeel of millions of tone of chemicals, aceidents will occur
and some of these accidents will involve the relesase of den-
gerous materiale into the environment. Such release may have
extremely serious consequences. Within the frame of the IFCS,
the Europesn Reglonal Office of WHO ie developing eystems and
strategles for mansging chemical emergencies, so that the
combined resources of local, national and international servi-
ces can be coordinated for an appropriate response.

A more stringent evaluation of the chemicale to which
we are exposed 18 needed by all Member States, snd there is

no doubt that, for countries unable to make such evaluations,
an internationsl essessment is more acceptable than one car-

ried out hy mnother nationsl suthority. Consistency in teet-
ing will fscilitate comparability =snd ecceptence of the data

obtained in different countries, and will promote both inter-



- 383 -
national tracde in ohemicals and the standardization of cont~
rol measureas.

The increase in the number of accidents involving toxic
chemicals makes it imperative ¢ shere our expertise and ex-
perience, and the IPCS provides an internstional infrastructu-

ra for doing wso.

6. Pargicipation of Teveloping Countries in the International
Pro 8 on Chemical Safet *

The IPCS feel that 2 epecific component within the Pro=-
gramme's activities should be devoted to the nesds of the de-
veloping countriea. And there are a lot of ressons for that.
Some of them are the followings
- About seventy percent of the world's population lives in

developing countries. The large humen populetions living

in these countries are subjeoct to risks of exposure to
chemicals similer to or ever higher than population in
developed countries.

- Illiteracy, endemic diseases and exposure to environment-
al chemicals are common 1n developing countriee. On the
other hand, atomic energy plents and sophisticated re-

gearch centres are also found in seversl developihg count-
ries, It should be emphasized thet all developing count-

ries are not alike either in the stage of development or
in the avallability of natural resourcee. Some of them
are well developeéed in certain areas while others are in

an eerly stage of develooment in all areas.

* Based on WOrkihg Paper for en IPCS Consultation, Kiev, 23
June 1982, held in conjunctlon with the 3rd Seseion of the
1PCS Programme Advisory Committee, Kiev, 23-28 June 1982,
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The avallability of natural resources in some developing
countriee helps in their rapid economic development (in-
cluding their chemical industry) with adequste attention
being paid to the preservation of health and environment.
Most of the developing countries sre in the hot and humid
tropice and their economy igs mostly dependent on agricul-
ture. As ® result, they have to use large gquantitfes of
agricultursl chemicale including pesticides. But thege
chemicals are often used indiscriminately., Very often
these countries do not know where and what kind of che-
mical substaences are in their environment. In consequen-
ce, the degree and extent of exposure of +the population
to chemicals of not known. :

Several developing countries are also becoming a dumping
ground for highly toxic and pollutant subetances and
wastes produced in developed countries. Hazardoue chemic-
als which ere not msold in the country of manufacture be-
cause of stringent national legislation ars neverthelsss
axported to developing countrles which do not have such
protective legimlation. During the last three years, the
UN General Assembly hee noted this practice with regret
and has urged Member States to exchange information on

hazardous chemicals and urged them to discourage suoh export.
Evaluated information on safe use of chemical subatances

is freguently not availeble.

ﬁnfortunntoly. most of the information received from in-
ternational organizations by the contact point in the
country is not reproduced and distributed to the re-
sponsible persons and inmtitutions in the country.
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Many developing countries do not have appropriste regu-

latory and control meesures for toxic chemicals. Thie

‘ has led to indiscriminate msnufecture, import, tireneport
and use of these chemicals resulting in ‘unknown' expo-
sure to them.

And finmlly, the capacity of developing countries to

regulate the safe use of chemicale or to adapt to the

country the resulte of risk evmnluations made elsewhere

has been limited meinly by: a) shortage of appropriete

experts end instltutions; b} decision makers not sensiti-

ve to these problems; ¢) pressure exerted by commercial
firms and interested industries.
However, deaplte these shortcomings, there is a good poten-
tiel in some inptitutions in developing countries. With the
experts and fscilities availeble, these institutions could form
2 nucleus to participate mctively in the Internetional Program-
me on Chemicmel Safety.

By now a few developing countries, Indle, Brasil, etc.,
are slready deeply involved in aciivities similer to those of
the IPCS indiceting that the concern about the impact of che~
micals on the humen health end envirenment is not confined to

the developed countriea.
At present, WHO provides assistance and/or information

on requeet from Member States; however, some decieplon mekers
do not often realize the importance cof chemical esfety end
environment protection and ere uneble to identify the exposure
of the populetion to hezardous chemicals. Often these decision
makere are not awere of the environmental health problems ca-

uged by chemicals; sometimes their attention is diverted from

49~1
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thepe probléms by the literature supplied by commercial firms
end manufecturers. lecision mekere therefore should be mede
awars of the mesistance which IFCSE could give them in the form
of evaluated informetion on chemlcale.

I would like to underline, thet the Regional Cffices of
WHO which heve long experience esnd expertise should he more
actively involved in IFCS by providing assistance:

(1) for the co-ordination of IPCS mctivities both with

cocuntries snd within the region and
(2) for the periodical viasits of IPCS staff and consult-
ante in the region.

Scientific institutlons end universitise in developing
countries possessing the neceseary facilitise and expartiee
to undertake various sspects of IPCS are being identified now.
Once they have heen identified and speoific task sssigned to
them, eclentists in other developing countries themselves. Some
of these institutions and universities could in courss of time
be upgraded into regionel or subregionsl leboratoriss with as-
eistance from IPCS. When necessary, the Central Unit would pro-
vide resources for the inatitutions in developing countriee to
oarry out their tasks in IPC3, including manpower tralning and

development.
It should be smphasized that chemicals pervade all ele-

ments of man's environment and effect hie health and snviron-
ment. Therefores, the steps taken to ameliorate their effactn
in the developing countries have to be teken in conjunotion
with the primary health care programme of WHO with the over-
all objective of Health for all by 2000.
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HAZARDOUS EFFECT OF PARTICULATES AND CHEMICALS ON
HUMAN ORGANISM AND METHODS OF THE STUDY OF PARTI-
CULATE AND PIBROUS INDUSTRIAL TOXICANTS

S.H.2aldd

Man hes been exposed to particulates snd chemicels since
antiquity when work place operations were the seme all over
the world.

This is the ineide of Ajanta Temple in India sxecuted out
of one 80lid granlte rock. Thie one-place sculpturs-temple is
the world'e greateet rock poem. The monks and the stone-cute
ters who worked here and inhaled duet broke down and died
young. Verees and Legende tell the matory quote "the lives are
almost a constant round of painful toil, their almoat naked
body i# quickly breken down and they commonly die at the age
of 35 and 40 years". And et the same time in Europe, Hippocrat-
ee emphesized the study of pollution of environment, nature of
winde, hot or cold and their influence on health.

Today in the developing world rapid industriml and tech-
nological advancement ie in meny waye a contrast to the pat-
tern of industriel development which occurred in highly in-
dustrialised countries where there wag e greduel transforma-
tion from sgrarian to industrial environment. Industrisliss-
tion has brought infinite benefite to us but ie elso giving
rise to a hoet of problems and cone of the major problems is
pollution.

There are two kinds of substances which are direcily or
indirectly responsible for pollution. The firet category in-
cludes the substances that elready exist in nature. The second

category is the whole range of new man made wchmtances like
49-%
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polymers, syothetic chemlicals, over 9000 in number whioh en-

ter the blosphere through delibersate or careleses action. There
is a ready-made laboratory in neture to deal with the first
category of substances. As for the seoond ostegory, the prob-
lam ia very complex.

The chemicals that oause pollution can be in the form of
gawed snd particulate material.

The term ‘gus' is ﬁnunlly applied to any materiml that
t{a in the gaseocus state at 35°C and 760 mm of mercury, while
‘vapour' i the gaseoue phase of the substance which is liquid
or =olid at 25°C and 760 mm mercury. The dietinction between
the two is not sharp, for example, hydrogen cyanide, which
boila at 26°C, ip referred to as gss, but hydrogen chloride,
which boils at B3.7°C, is often referred to as an acid vapour.

Particulate metter may be in the form of aseroscl which is
dispersion of molid or 1liquid particles of microscopic size in
a gaseous medium., The exsmples are the emoke, fog and mist.
Smoke has particles from incomplete combusion predominantly
oarbon. Fog ie viesible seroeol in whioh the diepersed phase
is liquid.

Solid particles gensrated by condensation from the gese-
ous state mccompanied by chemicel reaction such 2@ oxidation

are fumes.

These chemicala may enter the human system through inha-

lation, injection or through skin absorption.

SKIN ABSORPTION

Contact dermatitis 1s xnown aince the time of Celsus who

described 1t in his book Le Re Medicina. Today primary irri-

tent contact dermatitis occurs in 70% of all occupational
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dermatoses. It ie due to direct sotion of irriitente oan expos-
ed surfece of the skin. There le acute erythema, cedema, pa-
rules and vesicles, bullae, crusting and scaling of tissues.
Less common are neoplastic indolent uloers, pigment ohanges
and heir loses.

Cutaneoue reapones to irritants is dependent on etrength
and length of contaot of irritant., Strong acids produce slbu-
mates and this effect resembles a thermal injury. Strong sl-
kelia combine with fatse ané dipoolve keratin. Metallic salts
of As, Hg, Or, ocombine with skin proteine snd cauee ulcera-
tion. Acne formation oocurs by chlorinated naphthylenes end
outting oile. Carcimogen if present in irritants produce tu~
|ours.

Alergic dermatitis conatitutes 15-20% of all occupetional
dermatoses. Reeponse to sllergen is delayed for week or wore,
It i8 usually due to one agent. Eczems is a delayed <+<ype of
hypersensitivity reaction. Common sensitising mgents are
aniline derivetives, antiblotice, dyesa, paints, inke, comsme-
tlce, metals like As, Cr, N1, Co, resins e¢poxy and formalde-
hyde resgins, venyls and acrylice. Rubber chemical accelerators,
vulcanizers and anti-oxidants, plantnl;lka daffodil, chrysan=-
themum, tulip, trees 1ike Africen mshogany, iroko, red cedar
and phermaceuticals likes procaines, tolbutamide cause allerg-
ic dermatitis.,

Fhysical agents may cause frictional dermatiiis.

Cutaneous menifesetation of systemic pelesoning are with Awe,
Pb, Or. Ag, sniline, dinitrophencl snd alopecis’ due %o Ae or
thellium, may be noted.

Skin tumours were first described 200 years sgo hy Pott
who observed that Chimney Sweepere had sorotal cancer. Shale-
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oill workers, mule spinners and other occcupational group who
came in contact with mineral oil develop pre-melignant papil-~
loma or frank squemoud cell cercinome. Ultre -violet radie-~
tion may cause tumourse, radioisotope hendiere may also deve~
lop squsmous cell carcinoma. Arsenic and arsenical also

cause the growth of epethelioms in exposed workers. Prognoeis

afeklin cancer is better than for many other sltes.
THE NERVOUS SYSTEW

The toxic action of & chemical to nervoum eyatem may be
peripheral or central. In toxic peripheral neuropathy, both
the motor and aensory functions are sffected. Glove and
8tocking type of sensory loss and para-assthesia 1p seen.
There is symmetiricsl muscle wesknese and wasting. Axon are
usually affected more than Schwpnn celle. If exposure atope
the nerve fibres may regenerate.

Chemicels which induced behsvioural changes are CO, 032.
inorganic mercury, Halothane, methylene chloride, Trichlorethy-
lene, toluene methyl chloroform, atyrene end white aplrit,

Other side sffects of chemicale on CKS are Parkinson
like syndromes.

Toxic organle peychosis is the result of toxic damege to
brain, There is disruption of normal brain function., The
aymptoms are conetant. The patient develops ideas of dellusi-
on reference persecution, memory ie impsired and hallucina-
tions occur. Chemicals which produce toxlie paychosis are As,
Pb, Mn, Hg, C5,.

In this country it hee long been the prectice to satab-
lish hygiene stapdards on the basie of behavioursl chanses.

Thies study has besn done since the time of Pavlov.
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Conduction velocity is 1npairea and in gevere demyelinat-
ing neuropathles ii{ may be elow by 30%. Some workers may not
show overt eigne or eymptoms but mey have electro-physiologlc-
el abnormelities in the form of slowing of motcr conduction
velocity like in Fb workers.

Some of the chemicel that cause peripheresl neuropethy are
Triorthooreysl phoaphite (T0CP), acrylamide, 032. Hg compounds
both inorganic and orgenic, diethyl thiocarbvamate, n-hexane,

methyl, butyl ketone, As, inorganic lead, thallium and anti-

MONY
CARDIOVASCULAR 3YSTEM

In recent years there is evidence that environmental pol-
lution or work exposure may lead to involvement of cardioves~
ocular eystem snd some metals and organie compounde have beep
agecolated with 1t. Pb hae been stiributed to ceuse oerdio-
myopathy, nephropethy and hypertension. Ae smelting has a
higher risk to heert disemase than general population, Cd cans~
e# Corpulmonale end Cobalt Cardiomyopathy. Other metels linked
with heart disease are Antimony, Chromium, Mn, Hg, Niobiums,
Veanadium and Zireonium.

Among organic oompounds, Nitroglycersns snd Nitroglycol
workers have shown higher mortality from acute myocardisl in-
ferotion than normal population, although nitroglycerene in
therapsutioc doses is uesed for angina pectoris. cs2 caunses
atherome ig well established. Organcchlorine pesticides like
chlordane and hepatochlor have been linked with childhood ta-

BOuUrs.
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BLOOD

Red cell damage can ocour by chemicals whioh may bs tri-
vial or severs leading to death. Nost chemicals act at one
stage of maturation but some act on more than ocne stage of
maturation like le=d. Bope marrow damage 1s reported and
splastic anasmie occurs with benzene trinitrotoluens {THT) and
irradistion. Last known sxposure is usually eabout 10 years.

Apperatus devieed by Folley (1963) for dust iphelation
experiments ie in use in several pneumcconiomie research cent-
res in Europe. It conéista of an snimal chamber with canals in
which the charge of air can be controlled to 0.3 meter/sec.
The dust 1is generated by two dust generators and the cloud
measured by Tyndalloscope.

ROCHESTER CAS CHAMBER hes a pyramidal top and bottom made
of petainless stesl and slide of polymethyl methserylite. It
hes been used in Stetes for the last 25 years and during this
time it has undergons varioue modifications. It ip used both
for gases and particulate matter. It can accommodate 16 mon-
keys, 32 beagles or 160 rats.

there are other simpler and quick methods heeides dust
inhalation cﬁanbers for the study of toxlelty of duste &nd
#ibres. Intratracheal injection, intrapleursl, intracutaneous,
sub-catanecus, 1ntré-pop11teal. anterfor chamber of eye-intra-
venous, Mscanesa chamber, RBC haemolysis, Roewell method,
Selye Pouch method.

Tor the study of the pathogenicity of asbestios fibres,
intrapleural injection of dust is aleo used. Wrlght (1974)
has described a three way syringe for such injectione.
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The study of the toxicity of dust requires a proper
cholce of animal, the knowledge of the neture of dust, mode
of administration, quantity and periocd of administration to
the animal. Specles speciflclity exists. There are genetic
differences minor variaticns in the snatomy of pulmonery tis-
sue 88 well a¢ endocrine influences and enzymatic differenc~
ea. _

The resction of dust in different specles under similar
experimental conditions aleo show variations. For example,
pilicotic nodules in gulnea piges and rabblits are not compact
ag in the human, but in the albino rets there 1s compact no-
dule formstion similer to that seen in man.

There is & clope relationship between animal expsrimente
and epidemioclogy. This relationship hae providesd e useful hy-
pothesis to design not only epldemlcloglcal survey but also
appropriate animal experimentation in relation to ocoupatiqn—

al dleseases.

EXTRAPOLATION OF DATA FROM ANIMAL
EXPERIMENTS AND EFIDEMIOLOGY

Thers has heen discovery of indueirial c¢arolnogens after

epidemiologlesl survey. Some of them are;

GOAL TAR 00T

CREOSOTE AROMATIC AMINES

MINERAL OTLS PETROLEUM WAXES

RESIDUES OF PETROLEUM  TOBACCO

IONIZING RADIATIONS ULTRAVIOLET RAYS

BURNS HEAVY METALS AND ASBESTOS
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EXTRAPOLATION OF CATA FROM ANTIMAL

EXPERTIMENTS AND EPTDEMIOCLOGY

There has also been discovery of industrisl carcinogen

after animel experimentation.

4-AMINO=-BI-FHENYL VINYL CHLCRIDE
AFLATCXIIRS MUSTARD GAS
DIETHYL-STILBESTROL ACET AMITO FLUORENE

BIS CHLOR-C-METHYL ETHER CHROMIUM PIGMENTS

Toxic effecte are modulated by geography, rece, age,
sex, nuirition, lmmunity sistus, infections, degenerative
diseases and overall interactiocn of the macro-environment
with the micro-environment. These factors should, therefore,
be taken into consideration when resulte of epidemiological
studies are being correlated or extrapolsted with the data
obtained hy enimal experiments. The best example of the close
relationship between animal experiments and epidemiology has

been studied in relation to cancer in asbesteels.

ASBESTOSIS AND CANCER

Toxicological Methods Epldemiclogical Methods
Proof of Causstion Proof of 4sseocietion
Effect of Pure Expoeures Fetimates Excess Risks
Importance of Size, Lose Responge Reletionship
Shape and Composition
of Fibres

Assessment

of

Future Rigks
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Today, in industry asbestos is 2 mineral of & thousend

uzses, from heat resistance to clothing and brake lining. It
is now established that assbestos dust is hermful per se and
censes & high morbidity asnd mortelity. Recently chemicsl,
physio-chemical and blologlical propertiee of asbestos have
been reviewed by Synder and pathology described by Meyer.

Regarding pathogenesis of asbesiosis typical are msbes-
tos bodies. The formation of asbestos bodies has been reviewed
by Das and his cclleagues.

It is now poseible to characterise and differentiste
aghestos fibree from other bodiee by electron micro-probe
analysiBg.

In cames of ashestosis pleques are seen in pleura. This
thickening of pleura which often gets calcified and occasion-
ally hayelinised has bheen attributed to msbestos inhalatieon
or previous pleural disesse.

For incremse in lung cancer among asbestos workers, pre-
disposing factors have been suggecsted which are inheritance
race and co~factore like cigarette smcking. All theese are
under investigation.

Harington demonstreted that tumours developed both wiih
untreated asbhestos and with the samples from which hydrocerbons
were extracted and Cralley suggested that trace metel are
cause of lung capcer in rats. The importance of waxes and oils
or trace elements in the production cf mesothelicme heve not
received support.

According to Gross lung cancer develops only in those
esbestos workers who are heavily expoged to this dust.

Regarding Gastrointestinal and Laryngesl tumours: Ashes-~

toa has been suspecied to casuse an increase in the incidence
50~2
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of tumours. A relaiionship between smoking and laryngesl can-
cer caused by dust inhalation has been described.

Wagner et al. reported mesothelioma in asbestos workers.
It oocurs with orooidolite variety or to a mixture of differ-
ent verieties of asmbestos dusts. Cnly a few fatal ceses in

amosite and none in anthophillite mining have been reported.
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RISK ASSESSHMENT AND THE MANAGEWENT OF TOXIC

CHEWICALS

Coté R.P.
INTRODUGTICN

You have now had two montha of toxicology, rome of 1t very
general, some of it very detailad informetion, And while toxicology
data are extremely importent in making decisions aboui the ume,
transport or diepoeal of a partioular chemical, thote date are
only one of several factors whioch must be considered.

The decigione I am referring to include;

1) totel prohibition, .
11) limited use within set standards
iit) use with compensation
iv) unlimited use

And if toxicology information is not the only basis for

making such decisions, what are the other kinde of information?
a) transport and fates of the chemical
b) availability of oontrol alternntives
c} the esoconomice
d} legisletive tools snd légal remedies
e} the perceptione of variocus publics

I have bheen msked to mpeak to you primarily ebout the induat-
risl environment, the workplace, I have purposefully chosen to
use 8 broad definitlon which encompasses the importation or ex-
traction, transporiation, processing or manufacture, the end uge
and the disposal, all of which have an-industrisl or occupational
component. It is only by thinking broadly that we are going to
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manege toxic chemicals thereby ensuring that we get maximum bene-
fits and minimum costs. What I want to do is to put toxicology

and then risk assessment into a context, & declsion-making context.

THE SCOFE OF THE PROBLEM

I'd 1ike to begin by reminding you of the major industrial sources
of chemicals. They are:

Pulp and paper

Base metal mining and smelting

Wood preﬁerving

Metal plating

3teel manufacturing

Petroleum refinering

Tire manufacturing

Coal mining

Textiles

Petrochemical industries

Pepticide manufacturing

Thermel electiricity generating

Shipping

Offshore exploration

Agriculture

In other words, just ebout every industriasl activity uses
or releages chemicsls. And while we seem to be continuelly surpris-
ed by findings that chemical "X" causes cancer or cheﬁical "y
ceuses liver damege, history is replete with examples. The hazards
of asbestos were known asg early a6 1 A.,D. in the Roman Empire;
chimney sweeps in England developed scrotel cencer in the late

1700's; workersa in the felt hat industry developed "Mad Hstters"
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syndrome in the 1800's and German workers in aniline dys manufac-

turing plente were linked to bladder cancer arcund 1895. And we

can add a large number of more recent evente involving kepone,
polyurethane foam, lead, dibromo chloropropane, 2,3,7,8, tetrachlo-
ro dibenzo-~p-dioxin and benzene. That there are events of serious
consaquences esgocleted with the many elemente of the industrial
snvironment ila further exemplified by such unlikely but credible
acclidents as:

- Destruction of factories end thelr neighbourhoods in Clave-
land, U.S5s in 1944 resulting from an LNG tank failure or
the dioxin release 1n Seveso, Italy, in 1976.

-« Injury or death to hundreds of psople mlong the transporta-
tion route of vehicles carrying Mighly toxic or flammable
’compressed gasee as occurred near the Las Alfaguee camp=-
ground in Spain in 1978 involving & propylene tanker accil-
dent and fire.

~ Injury or death to people or animsele, one or s few at a
time, because of a defect or contaminastion of & product
as for example, the poor location and protection of fuel
tanks of certain car meodels resulting in frequent fires
during rear collision and polybromineted biphenyls in cat-
tle feed resulting in the deptruction of several thoussnd
cattle in Michigan, U.5. Minimeta disease in Japan is

another good example.

HAZARD IDENTIFICATION

By meking an inventory of the sources, you have begun a

process of identifying the hazarde.
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I will define hazard ss a ptatement which addressee the in-
herent toxicologicel properties of a chemicel and knowledge of itse
transport and transformetion properties. Dictionaries define 1t
as & source of danger. Some suthore such ae Somers (1980); Whyte
and Burton (1980) refer to this as risk identification,

The toxicity of a compound can he determined in several
waye, Where time ie of ihe esmence, a gqualltative siructure~
activity relationehip could be developed wlth compounde known to
be of similer compoeitlon and structure. Another commonly used
method is the 96 hour bioassay with rainbow trout, Selmo gairdneri

or the bluegill sunfieh Lepomis macrochiras.

The informetion derived here ocannot be congldered ss defi~
nitive and could lead one t0 erroneous conclusione without eddi-
tional evalurtion, As examples, I have only to mention that
2,3,7,8 TCID ie more toxi¢ then either the trichlorc or pentachlo~
ro isomers. Alec a-nspthylamine ie not carcinogenic while b-
napthylamine has been shown to bhe,

on the other hend, whera the chemicel is used extensively
end trenaported widely, & full series of tests casn be implemented
to provide remsonsbly concluslve data., T ueed the word reasonably
conclusive because there ie no mbeolute safety. Such m series
hre been called a tlered hazard evalustion ané involves;

1. Sereenine studles such as acnte toxicity tests ume one tn
thrar specles prefermbly at different trophle levels or
in different medis, These are generally of short dure-
tion and involve minimum expenpe,

7. Predictive tests of a chronic nature which ocould involve
gtudies over one or two peneretlons with sddlttonal tent~

in< fer cearcinopenteity, terstomenicity, skin senaitize.
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tion and neuroloric demage. There tesrts are more rigorous
but require a grester involvement of time and money.

3. Confirmetive tests often involving field studies or micro-
coam studies which are used to confirm eome of the labora-
tory data generated. Such tests will elso encble the in-
vestigator to aseess the enctoxicolorical implicationsa
of the chemicale.

4, Finnlly, monitoring astudiems often conducted after com-
mercialization to validate the safety of a material
under actual use conditions. Epidemlological temting
is an example, and environmental monitoring using indi-
cator species i3 another.

Durinz the screenins stage, several chemical parameters

must slso be measured to obtein an understanding of the transpert
and fate of the chemical in question. Such information is ms
important me the toxicity data., While not entirely appropriate,
a disgram of the fate of o0il spilled at sea demonstrates the
ocomplexity of a transport and fate model. Mackay has however
attempted to simplify thie analyeie by developing & fugmcity
approach, based on the escaping tendency of the chemicml.

At the end of the hazard identification stage, some recom-
mendations can be made:

a) The hezard is very high - the toxicity is so high as %o

warrant discontinuation of developmental testing of
the chemical. Thie® recommendation is made when there is
no safety marpgin because the exposnre concentration
{(estimated) exceed® the toxlc effect concentration.
Very few chemieral® fall inta thie ceRterory. In some cag-
es, Aan sliered version of the chemieal micht he develop-

ed and tested. This ocenrs with drups end pertinide for-
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mulationa.
b) Hegzard is low - no further teeting is needed becausa
the mergin of safety 18 judeed more than sdequete.

¢) Hazard is within limite, but - the margin of safety is

not as large as would be desired and either additional
data are required or management practices must be de-
signed to prevent or reduce exposure.

Obvionsly the scope of a hazard eveluation should very de-
pending on the expected use of a compound. An exsmple of the
process is found 1n Figure 3. A chemlecal of hiph or intermediate
concern would undergo more comprehensive testing. Queetions such
as thess can be asked to deflne the ecope of the prohlem:

Are there chemicals in the plant thet herve not been

subjected to a hezard evaluation?
Have medical records of employees exposed to these mnd

other chemicals been checked for abnormel trenda?

#What hazardous chemicals are transported tc and from

the plant?

Could they be accidentally releaped resulting in demn-

ge to people, the environment and property?

What are the normal dischmrges of the facility and

whers do they go?

What wastes nre pgenerated at the plent and how =re they

dispoged of?

Are there any potentirl lons or short term hrzards to
plant employees, the public or the environment dAnring
the storage, trangport, processine nr dlaposnl nf these

wantes?
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What ere the compeny's producte that eventually reach

the puhlic?

Which of these product® could become the Rubject of
1linsbility litigation?

Are there adequate warnings on the labela?

Have 211 humen relested sccidents been coneidered in

the layout, siting mand design of the plant?

With repard to that lanst question, ome very useful tech-
nicue for evalusting the potentiasl for amccidente mssociated with
technology is fault-tree or failure mode and effect analysis,

One of the biggest dangere is overlookin: a major hazerd because

one hre become too familiar with operatiohg in 8 plant. A simple

example involves the consequences of & pressure relief valve fai-~
lure rg 1n Fig. 4.

The identification of the sources of & toxlc chemical both

netural and snthropogenic is obviously very important. Sources
ghould not be discounted until the traneport and transformation
properties are evalusted in terms of each scurce and the poten-
tinl exposure 1s quantified. There will, of course, be situ=tione
in the workplesce when a small number of people may be affected

but their exposure may be direct and more intensive, Such instanc-~
ag mry receive a higher priority ranking for protective or reme-
dial action.

The complexity of the exposure evaluation 1le highlighted
here in the cape of mercury. There are et lemst twelve sourcea
{see Tmble 1} thest one ecan readily liest. The number of people
notentirlly exposed to the different sonrces, their suscepiinili-
ties, ~»rd multiple exposures c¢aAn be estimrted. An example of an

exporare motrix ie ~Tiven in Table 1.
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Table 1. SQURCES OF WEHCURY

1. Netural geochemical sources

2. Combuetion of foesil fuel

3. Fungicidas used in egriculture

4, Fungioidee uped in pulp and meper indusgtry

5. HMercury electrodes in the chlor-alkali induetry

6. Electrical equipment such sa rwitches mnd batteries
7. Uses in medicine snd dentistry

f. Refining of mercury from orea

9. Uses in recovering other metals from minerals
10. Antifouling or mildew resiatent painta

11. Catalysts in production of scetaldshyde mand vinyl chloridas

12. Therrometers

RISK QUANTIFICATION

Once the hmznrds have heen identified snd exposures estimated,
the next step in the decislon-making procesa im to quantify the
risk associated with esch chemical or event, Thie 18 called risk
estimation by some muthors. Two parsmetere sre lmportant here:
the frequencies (ueurlly snnuel) of en event and the correapond-
ing severity of the mocident that one can predict occourring with-
in or ontaide the plent perimeter. The produet of these parame-

tere is a meappre »f the risk from theat hezerd.

SFVERTITY FRFQUENCY RISK
{Averace (Expected (Expectad
Lona per X Numher of - Lossg per
Fvent Fventa per Year)

Year)
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FAILURE MODE AND EFFECT ANALYSIS

Pressure relief
valve fails to
operate

Remains
Shut

Pressure
Bullds Up

Tank
Ruptures

Flasmable
{toxic}
Gas

Released

R

Ignftes Does Not
Ignite

Figure 4

Stays
Dpen
|
Tank
Pressure
Released Drops
to Alr
[t
IIgnites Does Mot Cannot
Ignite Supply
Process
—p o
Torch Dfsperses |
Fire {No Hazard)
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The numbers derived sre in probabilities.

Othera have calculated risk in the following manper:

HA ZARD PROBABILITY RISK
(Magnitude {(Likelihood {(The aversze expect-
of the X of the Cc- = ed total harm for a
Heelth Herm) currence) stated populrtion
for a etated perlod
of time)

The major problemse in risk quelification todesy are thoae
accidents mseociated with toxlc chemicale. One aspsct is that
although the ennusl frequencies of these occurrences are very
Bsmall, their consequencem or saverities hay be extremely largs,
Alao there may be a small number of individuals affected at each
location but there mey be many such plants over the world. The
statiatices then bhecome the problem, %With the exception of a rela-
tively few cases (consicering that there sre approximntely
60,000 chemicals in commercisl use today) historical data on euch
occurrences ere too few to be shle to predict frequencies or pro-
babilities with any degree of confidence, Whet we are doing is
extrapolating data.

The scope or extent of the risk aseesement will depend on
s number of items includings

a) Is there & suspected or a4 knowh cause or effect?

b) How ip the problem distributed geographically (locmlized,

regionel, national, international, urban, rural)?

¢) How much information im availsble (fast or slow cmauses,

scute or chronic effects)?

d) Where do effects show themselvea (which perts of the

environment, which demographic pc?pulation)?

e) Is the target population normal or particulerly sue-

ceptihle?
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?) Are the effecis reverslble or lrreversible based on

the limited hazard informetion aveilable (experiments
or extrapolation)?

£) Do the rieke arise through a technologicsl process,

an envircnmental procegs or through humen biology and
behaeviour?

h) Are risks from all sources included when the mmnegement

of a perticular chemicsl is being coneidered?

1) What are the smallest effecte to be included (death,

acute disease, behavioﬁral changes)?

1) What are the longest term effects to be included (im-

mediate damage, one life cycle, se&aral generatione)?
You should remember that riek scpessments are dynamio, snd
stated riske may change with new information. The production of
toxic chemicals ie technology-based and ie evef changing. Analy-
tical equipment is more sensitive end accurate than it wae ten
yeare agot safety equlipment is more efficient and control techno-
logy ig more effective,
An over-confidence in current scientific knowledge or thoee
peddling it 1s one of the limitations of risk sssesement. Others
are
- a failure to consider the ways in which human errore can
affeot technologicnl systems (e.g« Brown's Ferry Nuclear
Plant fire in the United States);

- ineenaitivity of how a technological or ecological aystem
functions as & whole (e.g. recognition of respiratory
problems associated with coal fired power plants but not

actd rain);
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~ & fajlure to anticipate human response %o safaty meesur-

ens (e.g. better highwaye may decrease death toll per
vehicle mile but increase total number of deeths because
the better highways incresss the number of miles driven).
(Environment 1979).
At this stage, monagement alternatives heve been identified.
A simplistic bdt effective example is shown in Fig. 6 relating
to the use of pesticides for c¢rop protection. There are of oourse
riske mssociated with each element in the cause-effect chaln. As
menagers, we have to determine the point mt which the risks will

he reduced to an acceptable level,

THE ACCEPTABILITY OF THE RISK

Recognizing that absolute esafety or sero risk is impossible

to achieve, one now faces the need to determine which of the

chemicals or events presents an acceptable risk to soclety end

the environment and which does not. I should add thet thie 1s not
the task of the toxicologipt; his role is to define the hazard.
Thie is the end point of the anelysis that began with the statement
that "the hazard ié within 1imits, but...". Because there ore se-
veral menagement practices and levels of control (e.g. beat prac-
ticeble technology, 28 low as regsonably achievable) one has to
consider their implicetions. "Riek cannot be spoken of ae sccept-
able or not in isolation, but only in combinetion with the costs
and benefits that are sttendant to thet risk!" (Kaplan & Gerrick,
1981). Options facing the menager might include the ability to
obteln the seme benefit in another way with less risk; accepting

a larger risk because it brings & substantially reduced coat or

increased benefitae,.
52-2
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It 18 not unexpected thrt the risk level thet may be ec-
ceptable to a corporation is not ecceptable to other esectors of
society such as the public, the unlons, reguletory suthorities
of insurance cnmprnies. That ts becauss thepe groups perceive risk
differently and that i1s aes it should be.

What methods are availeble for determining the ecceptabili-
ty of the risk? )

1. Risk aversgion: Maximum reduction of riek possible with

little or no consideration of cther risks or benefita.
Thieg ie the case with the concept of zero tolerance and
the Délaney clayse in the 1H.8. Food esnd Drug Act.

2. Risk balencing: Assumes some level of risk ahove zero

is acceptable end defines that level by comparison with
appropriste reference cases such as similar technologien,

natural background levele or riske previously determined.

Plg. 7 Belsneing of risks

Alternative
Chemicals, Uses
Other RISK — Benefits
Rigke
‘Natural

Levels
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Risk can bes measured by inquiring into the additional ha=-

zard a new chemic¢al, & new formulation, or a new use presente
over what slready existe or what has been tolerated for long
periodes of time without mapparent ill effects. For example, this
ie often used to compere radiaticn from different sources and
particularly the netural environment.

Another way to make a risk level meaningful is to describe
the slternatives. This works well when the slternatives can be
gubetitnted to provide the pame good or benefit. As an example,

I auggeet fiberpglase instead of asbestos insuletlon or red phoe-

phorus instead of yellow phosphorus.

Comparing & risk with other rieks by reducing the conae-
quences to & common denominator such as deaths per million per-
ecne or death by million paseenger miles is another meane of
balenciny risks. Thlia is often used for comparing accident in
different types of industriesn.

Finally one could compare rieks with the benefits the che-
micals will bring thus greater riske are often accepted where
there ere greater benefits. The following table illuatrates
this point (Table 2),

3. Cost effectiveness: This approach seeks to meximize the
reduction of risk for each dollar expenditure for safety. Thus

if you only heve a certain amount of funds, you allocate them to
control the various hazards for maximum reduction control. For
example, 1f 100,000 dollars expenditure would seve one additional
1ife in one type of accident and 10,000 dollars would he requir-

ed to seve an additional 1ife in a second type of accident, en

expenditure of 1,000,000 dollars would be better spent to cave

100 lives which could be affected by the second type of amccident.
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Table 2, FACQTORS LEADING TO INCHFASKFD PRRCEIVED RISK

1.

ii.

1ii.

iv.

Ve

vi.

vii.

viii,
1x.

Xe

immediate (obeervabllity of demage) rather than latent

(8.2. Bcid rain);

dread {e.g. cancer)} versus common (e.z. influenza};

large number of people affeot slmulteneously (e.g. plane
crash} rather than facilities scatiered over epace and

time (e.g. automobile accidents);

a mechanism or process not well underatocod (e.g. nuclear
power);

involuntary exposure {e.g. many chemicale in foodstuffa);
children at risk;

threat to future generatione (e.g. mutagens and terato-
gens);

personal threat (e.g. Nimby syndrome);

lack of belief in authority or competence of source

of information;

benefits not shared by those who bear risks.

Obviously, risk comparisone do not tell the whole story

of social accepfability of the risk or the complete spectrum of

the socisl cost. Care need %o be taken ihat estimsates of relative

heslth or environmental risk do not conceal value judgementas. For

example,

by lumpinz together fatalities and Injury-days into e

einzle index of health damage.

A8 I indlcated st the beginning of my lecture, meneging

chemicale or more accurately meneging the scceptabllity of the

risks of chemicsle, involves other factors then the scientific
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and technical senects of toxicole:y and transport and fete, The
task requires a multi-disciplinary epproach and in the end, e po-
liticel decimion which has ita bamsis in the philosophy of the
governmant of the day.

The economic aspects have beecn mentioned in 8 limited sense
end there are different perspectives to coneider here hoth from
the micro-economic (the chemical in question end direct effects)
and the mAcro-economic scale involving hrosder socletal ianuen
of commerce, compeneration, wagea, etc, Ileral end legielrtive re-
medlies must also be coneidered in any comprehensive mAanAagement
scheme. Con principles of common lew such so nulsence snd negligen-
ce be used to protect the innacent, if the level of risk accepted
ie grenter then ie capsble of protecting those at hipgh risk, 1l.e.
the sensitive groups in the population? VYhet mbout current lesisla-
tion? What about the stendarde? Cen they be monitored effectively?

Laat, But not lemst, the perceptions of the public and of
particular elements of the public, muet be considered., Seversl
suthors (Slovie et al., 1981; Pochin, 1978; Fischoff et al,, 197R)
hrva investigated and annlyzed the factors tnvolved in bublic
risk perception, factors that must be taken into account in de-
veloping a mancgemant stretegy. Simply put, .elected officiels
put & significant emount of weight on theee perceptione. Though
the technocrats view them as very subjective, they are 1n fect le.
cltimate views,

The acceptabllity of riek can be modified by the mbility
of indueiry and government in particular, to reduce thet risk,

Any menagement strategy should be developed to optimize that

reduction in terms of risk measured in one or mores weys, dollar
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lese per year, deaths per person-year, injury per person-year,

etc. Government reasction tec & risk problem i3 alsc modified by

its own philogophlies and peolicies end will often be linked to a

concern for the impact of & decision on future regulatory policy.
As stated earlier, one obvious solution to the problem

caused by & toxic chemical is the totrl elimination of the source

of the hazsrd. To achieve this, & corporation must be willing 1o

divest itself of the hazardous product or operation ¢r to recall

the hazerdoug product if it is elreedy on the market. If the chosen

approach is to lower the risk to an acceptable level, this could

be achieved by altering the chemical and physicel properties of
the compound or by alterinz the unsafe practices and procedures
in its manufecture, transportation or disposal.

Cere must be taken when such solutions are offered, to en-
sure that the new risk level i3 indeed lower than the previous
risk and that no new hazards are created when the change is made.
For example, if & children's nightware material is flammable, ad-
ditives may be proposed to retard the flemmability. That additive
could be a skin irritant or cause cancer. If the risk of tranaport-
ing a toxic liquid waste between two points by tank truck is un-
acceptable because of traffic congestion and a high population
density, the risk might be reduced by using another route, differ-
ent time schedules or an elternative means of trangportation.
However, you will have to evaiuate the expected frequency of
accidents along the new route due to poorer rosd surfaces, poor
lighting at night to ensure that it ie slower than in the pre=-

vious case. Repponse times may alsc be 2 factor.

53-1
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CORTROL ALTERWATIVES AKD STRATEGIES

Whether it be in the workplmce, on the farm, in the home,
a simble approach can be employed in the design of praventive or
remedial meesuresi
1. 1dentify the cheracterietics of the problem, i.e. what
is happening versus what should heppen;
i1. go as far back into the system ms possible to solve
- parte of the problem:
- process modifications
= subatituting less hazardous chemicals;
11i. efter ell is done thet is feasible, a waste may remein.
The cost of hendling that waste mey nececmitate = further
review of the materiels or process creating that waste:
~ incremming the purity of rew materials (e.g. 2,3,7,8
TCDD in 2,4,5-1);
- recovery of materials for sale or exchengej)
iv. an sttempt should be made to reduce and simplify that
which muet be trested and that which must be digposed ofs
- wagte segregation
- recycle waete water for secondary use
- recycle process solutlions or materisles
- waste concentration;
v. deaign for that which remaine:
- waste stabilization
- onsite treatment and disposal
- offpite treatment =nd disposal
There are several questions that must be anawered in deter-

mining what aveilable technology is appropriste to control the
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chemicalas in gquestion., I would identify the following ror your

consideration:

B

be

Cs

State of development - hae the technclogy been tested
extensively in eimilar conditiocna?

Range of technology applicationse - can 1t be used to
control various toxle chemicals?

Effectiveness - does it control the chemical in gquestion?
Procesa relisbility - how much variation in effluent
quelity and quantity can be itrested?

Efficiency - does 1t reduce the chemical by 75%, 90%, 99%
on a continuing basis?

Environmental scceptablility - are you creating e water
pollution problem when eliminating an air pollution
problem? What kind of residus is created?

From en occupational health and safety perepective, there are

a numbher

of protection measuréa that can bes lncluded in the da-

aign of new feoilitles or retrofitted into existing factories.

Peosive megsures include:

1.

3.

4.
5

53-2

Layout and elting of the plant to segregate parte of

the plant.

Automation to ssparate hazerdous concentratione and ope~
rations from parsonnei-

Desirn of tankse, structures and foundations to withetend
the worst credible natural events.

Use of explosion-proof electrical equipment.

Regular preventive maintenance of process equipment and
transportation vehfcles.

Trainine of employees in etandard operating procedures

ag well g8 emerzency responee actlons.
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7. Rezular comprehensive medical examinztions.
8. Preparation of contingency plans.
9. Qu=2lity centrel.
10. Corrosion protection of equipment, perticulerly piping.
Depending on the hazard and potentiesl exposure, several ac-
tive protection measures can also be included in the design of
planta:
l. Tetection and alarm systems for release of toxic che-
micels, abnormel temperature, pregsure excursaions.
2. Automztic fire suppreesion and control eguipment.
3. Response to fires, explosions and chemical relemses by
trained snd properly cutfitted crews.
4. Automatic shut down of key operations under certain alzrm
conditions,.
5. Utilization of sutomatic shut off valves when certain

abnormel conditions are noted {Atallah, 1980).

COUCLUSION

I have attempted to outline a means of intergrating the in-
formation, whether they be facts or assumptions, into a rational
process allowing ua to make informed decisions about chemicals or
operations involving toxic chemicals. That process and on example
ere described graphically in Fings. 8 and 9. I have also ldentified
gseveral questions that should be asked at the various stages of
the procedure. Whenever you have a toxic chemical problem at hand,
I would counsel the follewing:

a. Clearly identify the problem or issue

b. Determine what your objective ig

¢. List the known facts
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de List the assumptions you can meke =2nd the confidence

limi®ts for the assumptions

e. Identify alternate solutions

f. Tefine the environmental and public heelth significance

g. Define the economic significance

h. .DPefine the social significance (perceptions)

i. Identify the access to the decision-making process

j» Calculate the likelihood of success - if the likelihood

is very low, don't waeste your time, there sre snother
59,999 chemicals toc worry ahbout.

In concluding, I want to emphagize that if the objective is
to manage chemiceals and their attendant risks, then you cannot
completely separate the indusiriel from the communal from the agri-
cultural from the ecclogical environments. Due to their physical
and chemical properties, many chemicals move from one category
to another, from one medium to another. This reinforces the
need for government departments to work together particularly
departments of health, environment, agriculture, consumer protec-—
tion, fisheries, lasbour snd transportation, Obviously, we shouldn't
stop there, nationsl governments must cocperaie especially in the
development of compatitle and acceptable data beses such as the
IRPTC.

Some would eay that toxicologists and toxic chemical mana-
gers have an Imposeible task ahead of them. I'm optimistic, how-
ever, that we can put the decision-meking processes into place
to enpure that we menage the risks effectively.

A famous cartoon character namedPoge once said:

"We have met the enemy and he is us,"
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“hen we cun truly ssy that, in releation to the problema caus-
ad by toxic chemicels, we will be on our way to success, Until
then, perhaps the Wizard of Id points ocur the current state-of-the-

-art (Fiz, B).
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SQME REGULATORY AFPRCACHES TO CHEMICAL SAFITY

E. Smith

Chemicel Safeiy can he attained by:
1, Use of toxicologlcally inert or low toxieity chemicales.
2. Deteiled knowledge of the propertise of toxiec chemicals.
3, Control of really hezardous chemicals.
Chemical Safety is the practical eertainty that injury will not
result from sxposurs to a chemical when it is ueed in the correct
manner. )

Risk and hasard aspessment are baesed on a range of data.

RISE « The methemetjcal probability of an event occurring. In
toxicology these will be dome-releted adverse effects
on an individual or a proportion of a population. WHO
definea riesk as the expscted frequency of undeairable

effeots arleing from expoasure ito a chemicel.

Risk may'bo absolute or relative, Absolute risk ie the
axcess risk due to exposure, Relative risk is the ratlo

between risk in exposed population and risk in en
unexposed population.
HAZARD -~ The likelihood thet & chemical will caume an advernme

health effect under the conditions of exposurs.

Asgessment involves data oni
- Phyesical Chemical FProperties
- Toxicologieal and Ecotoxicological deate

1

Type of use(w), extent and gquantities

Mixtures and formulations

042
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Assesament may need to be repeated in the light of new to-

xicologiesl date, new uses, incressed quantitise or new formula-

tionse.

EUROFEAN_COM.UNITY, COUNCIL DIRECTIVE ON DANGERUUS
' SUBSTANCES

Furposs

The epproximation of the lawe, regulations end adminisirativs
provisions of the Member States relating to the classification,
packeging and labelling of dengerous substences (67/54B/EEC).

Legal Instrument

,ﬂSixthmandment" of 1967 Directive, 1lBth September 1979. Administe-
red by national competent authoritles.

Scope

Applies to new gubstances.

Poss not apply to preparstions, drugs, cosmetics, food chemicale,
pestiocliden, radjicactive material, trensport of chemicalse or che-

miocals oovered in other Drectives.

Qblectives

« To protect man and the environment sgainst potential rieks,
whioh could arise frem the placing on the market of new sub-
stancea.

~ Adequate clasesification, packeging ard labelling of dangercus

subetances protects the population particulerly the workers.
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Luplementation

- Prescribed dets notification; defined guentity thresholda for

datm requirements.

A new substance is to te subjected to a prior study by the

manufacturer or importer and r notification made to the competent

authorities at lemst 45 days before being placed on the market.

To apply the Iirective mn inventory of substences on the market
at 18th September 1981 is being compiled. An initial core 1ln-
ventory 1isting 33,000 chemical substencss wae circulated in
1982 to be checked agminst substences, produced or laported,

on the European Community market over the period 19711981, Any
substance not listed on the final inventory will be treated awe
a new subetance for notification purposes., The fipal inventory
will be known apg the European Inventory of Existing Commercinl

Chemicsl Subetances (EINECS).

Notification in one Member State ie valid for the Community.
The notification is copied to the Furopean Commiseion which
then copler 1t to the other Member Stmtes,

Clageification

- Claspificetion is basically on mammalien LD. . /LC but other
50 50

slgnificant effects may modlfy this (e.g. sub-acute or chronie

toxicity, carcinogenicity).

Category Oral LD50 Percutaneons LDEO rat Inhaletion LG50
rat, mg/kg or rabbit, mg/kg 4 hours, rak, mgikeg

Very toxic £ 25 £ 50 £ 0.5

Toxte 26 - 200 50 - 400 0.5 - 2.0

Harmful 200 - 2000 400 =2000 2.0 =20.0

H4-3
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Bnsic Notification

A Netification (Level () muert bhe made when a manufacturer or
importer proposes to place on the market Y tonne of & chemical
(Leval 0), There are exceptions for polymers with less than 2%
monomer and research chemlicsals for laboratory use or testing

purposes.

There 18 provision for a Limited Announcement for lesser quanti-
ties but related to total quantity on the whole EEC market. This
comprises chemical identity, labelling dmta and quantity. Note
that the provision of labelling data requires at least acute

toxicity testing. For substances clegsified me very toxic or

toxiec, safe hendéling informatlon and precautions muat be provided,

A

notifier submits to the nrtlonsl competent authority:

technical dosaier;
declaration of unfavourahble effects;
proposed clasaification and lebelling;

recommondation for safe use end precautions.

Further Notification

Addition=l informetion and tests may be required where:

a) the quantity plzced on the market hy & notifier remches 10
tonnes per year or if there is a total of 50 tonnes (Level 1),

and

b} t4e quaptity placed on the market by a notifier renches 1,000

tonnes per year or a total or %060 tonnec (Level 2).
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The additionel tests are epecified by the competent =zuthoritier.

- tegts s#re to he conducted on the :zubstance to be marketed ae-

cording to recornised methode and in compliance with the prin-

ciples of good loboratory practice. If a test e tachnically

not pessible or is not considered necessary the reascns must he

rtrted.

Confidentislity

- Tne possibilities for keeping data confldentisl are limited and
eennot apply to the physicel and chamicel data, the interpreta-
tlon of the toxicolegicsl tes$s nor to the herzarde snd safety

precautions.

pata to be notified in the level O "Bage Set"

Technical Toseier

Identity of the Subotance

- neme;
- empiricesl and stractural formula:
- purity, impurities, additivesn;

~ analytical methods;

Information on use and quantity

- proposed uses;
~ funetions, effecta;
- cloeed or open system;

~ production or imparte for 2ech use (tonnes/year)
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for handling, storare, transport, flre

precautions, mccidental spillage, human poiscning.

Phyaical Chemical Properties

- meliing polnt;

- boiling pointy

- relative density;

- vapour pressure;

- gurface tensglon;

- water solubility;

- fat solubility;

- partition coefficlent,
- flash polnt;

~ flammabllitys

- explosive propertiies;
~ auto-flammability;

- pxidising properties.

Toxicological Tests

- acute toxicity (rat) *

L]
L]

-

n-octanol/water;

oral

tnhalation

percutaneous

substances other than gawpes to be admi-
nietered by the oral route and et lenat
oral rounte and at lemst one other route
appropriste to human exposurs (e.g. volmti.
le 1ligquid might require edministration hy
the oral, percutaneous and inh>letion

routea);
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- skin irritation {rat};

- eye irritation (rabbit);

- gkin seneitisation (puinea pilg)i

- sub-acute toxiclty (rat, 28 dayas);

- mutazenicity and carcinogenicity pre-screen (bacterisl and non-

bacteriel tests)}

Ecotoxicololcal teste

- acute toxiecity for fish;
~ acute toxicity for Dephnla;
~ blotie and abiotic degradation.

Waeste Disposal Information

recovery;

neutralisation;

controlled discharge;

- incineretion;

water purification.

Additional Information

The competent authority can require further information and test-

ing to evaluate hazard.

Possible testin~ for fevel 1

Toxicologlical Tests

- fertility; one species, one or two generations, appropriate

route of administration;
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~ teratology; one species, appropriete route of adminietration;

- sub-chroni¢ end/or chronie toxicity; one species, appropriate
route of adminietration to examine findingse in Level O sub-acute
tent;

- mutagenicity tests, to verify results obtelned in Levsl O, 1if

positive further testing is required.

Ecotoxicology Tests

~ algae, one speoies;

- prolonged toxicity 1n Daphnia;

- higher plant; ’

- sarthworm;

- prolonged toxicity in fieh, 14 dayse;
- bioaccomulation, in fiahj

=~ prolonged biodegradation study.

Possible testing for Level 2

Toxicological Teats

- chronic mammalian toxicity;

- caroinogenicity;

fertility, up to 3 generations if an effect is found in Level 1

acute and sub-acuts toxicity in a second memmalian species if

indicated by findings in Level 1;

toxicokinetics.

Ecotoxicological Tests

- accumulation, degradation, mobility;

- prolonged toxiecity, reproduction, fish;
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- acute and sub-acute, birds;

- sbsorption/desorption for non-biodegradsble substances.

USA, TOXTC SUBSTANCES CONTROL ACT

Purpose

To regulate commerce and protect humen health and the environment
by requiring tecting and necessary uese restrictions on certain

chemical suhstancee and for other purposes.

Legal Instrument

PYCA, et Jenuary 1977. Adminietered by the Environmenial Proiec-
tion Agency.

Scope

Applies to old end new chemical subetances.

Does not apply fo drugs, coemeticn, food chemicala, pesticides ,

tobacco or radicactive material;

Objectives

- humans and the environment{ are being exposed to a large number
of chemical substances end mixtures and theee may be hazardousey

- eome chemical substances and mixtures may present sn unreasonablc
risk of injury to human heslth or the environment in their manu-
facture, processing, distribution, use or disposal and require

control.
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Inplemantation

~ The prescribed notificetion doee not automatically include test
data.

- For a new substance pre-manufacturs or - import notificetion must
be made at least 90 days ahead.

- An inventory of chemiocals manufectured in or ilmported for com-
mercial purposes into the USA in the period 1974-1977 was pub-
lished in 1979. Thie numbsred 65,000 chemlcal substances, Any
subatance not liested is subject to pre-manufacture or import
notification. Th;ro is a procedure for revising asnd updating the

inventory.

Important Sectionas

Section 4 - Testing of Chemical Bubstances
Section 5 -~ Pre-manufacture Notification
B8action 6 = Regulation of Hagardous Chemicale
Section 68a =« General Reporting

Seotion 8b -~ Chemical Inventory

Section 8¢ ~ Regords of Adverse Reactions
Section 84 ~ Heamlth msnd Safety Studies
Section 8e - Substantiel Risk Reporting

Section 4

To require test date the Administrator of EPA must find eithery

(1) that the manufacture, distribution, use or disposal of & che-

mical substance or mixiure mey preeent en unreassonehble risk of

injury to hamen health or the environment, or



530C &

=37
(11) that there are insyfficlent data or experience %o dstermine

or prediot hasard.

It testing is raquired it must include the chemioal itdentity and
must follow standard test procedures. There are standard procedu~

reas for toxicological tests.

Unrcaaoggb;o risk is not defined but represents & judgement basved
on the prohebility, severity and extent of poseible harm tc the
human population and the environment taking into acoount the pos-

aible benefite to scciety.

If the deta are alrsady awvailable the notifier may share the ex-
penss with the first and other notifiers snd need not do actual
testing.

Notified test date are published inoluding chemiocal identity,

uses and other test results.

A Priority Liet of chemiosl substances or mizxtures requiring teet-

‘ ing oan be compiled by the Adminletrator.,

Where the Administrator receivee date or other information that
there is e significant riek of sericus or wideapresd harm to humans

from cancer, gens mutations or birth defects anction must be taken

within 180~270 deye.

Section 5

- A premanufacture notification (PMN) must be tabiitted %0 EPA &t
leaet 90 days before manufacturs or 1nput, A PN is elso required
for a gignificant new use of an existing chemical substance.
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~ A BN muet contein reassnnbly mscertaineble informetion about
chemical identity, physical chemical pronperties, manufacturing
process, annual productios volume, uses, heelth and envircnmentel
effesotn.
~ EPA must review the PMN, meke a riek aesessment snd inform the
notifier within 90 days 4if there is evidence of unreaponable

risk to health or the environment.

Section 6

- EPA ocan regulate manufacture, processing, dietribution, use or
diespossl of any chemical subdbstance or mixture which presents

an unraasonahle'riak to health or the environnent.

- Reguletory control meesures include banning, limited manufacture,
reduced worker exposure, limited uses, hazard labelling arnd

resiricted disposal.

Section 8

8a. Manufacturers or procemsors of chemical must maintain records
and submit reports.

8b. Menufscturers or importers muet report the identlty and site
of manufacturs of chemicale. An inventory was published in
1979 and is updated as new chemicals come through the FUN
procedure.,

8c. Companies must keep records of signlficant adverse reactions
from exposure %o a chemical,

8d. Chemical manufacturers, proceesors, distributors and others
can be required to submit health and safety date to EPA for
asgenssment purposes (e.,g. industrial hygiene studies, measure-

ments of exposure to & chemical).
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8c. Any information supporting e conclusion that & chemical sub-
stance or mixture presents a subsiantial risk of injury to

health or the environment must be reported (e.g. new evidence

of carcinogenicity or birth effacta).

Confidentialit

In gensral the notified informotion ie freely available, Notifiers
may reqguast tﬁat "trade secrete™ (s.z. method of production, ocom-
position) are kept confidential but the Adminietrator of EPA may
disclose such information 1f 1t is neceedary to protect health or
the environment against an unreasonable risk, Heamlth and Safety

information cannot be kept confidential.

ORGANISATION FOR_ECQNOMIC COOPERATION AND DEVELOPMENT
' (0BCD)

Chemigal Safety Aspects
OBCD ie an advisory not a regulatory body.

Development of & Chemical Safety Frogramme

1974 Recommendation on the assessment of the potentiel environ-
mental effects of chemiocals,
Prior to the marketine of chemlcals and chemical products
the potentisl effects on humens apnd the environment should
be agsessed,

1977 Recommendstion establishing guldelines in respect of pro-
cednre And requiremente for anticipating the effects of

chemicals on men And the environment,

29-7
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- Harmonised approach to testing.
1978 ‘Decileion on a 8peciml Progremme on the control of ohe-
' micals.
- Agresd test metlods.
~ Agreed Jood laboratory Practice.
- Inter agceptebility of data.
-~ Agreed approach to interpretation.
1981 OECD Guideline methode for teeting chemicals.
1982 Decision on the minimum pre-marketing set of data for
the apsesement of chemlcals.
- An agreed net of tests for the uss or guidance (flexible

applioation) of member countries.

Ohjectives

= To protsct man and the environment from exposurs %o hezardous
chemicala.

- To ensure the most effsotive testing of chemicels taking into
acoount the availlable facilities andéd epecialist manpower regourc-
es,

« To avold unnecessery duplicatlion of testing.

Minimum Pre-Marketing Set of Data {MFD)

Intended as & firat etep in a sequenced or tiered testing system,
In theory thie 1s the most sffective approach because oniy neces-
sary testing ie performed. In practice the difficulty of obtain-
ing egreement on‘the decision or trigeer pointe involved in moving

from dne test or one tier to mnother hae slowed progress.

1. The first tler comprises screening tests and looks for effects,
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2., Subssguent tiers comprise tests to confirm or extend the re-
snlte of previous tests.

3. MPD provides date for a meaningful firet assesement bf the

potential hazard of a chemical to health and fhe environment

before e decislon 1la taken to place it on the market.

Hagzard Asssssment for Chemicals

OECD defines the hazard of & chemiorl as 8 functlion of two broed

considerationst

1) the potential of a chemical to harm biological aystems (or
damege other ayetems), Qnd

11) ite potential for exposure such thet harm or demage ¢an osgur,

Isolated partial hasard assessmente c¢ould be made on the date
from individual tests but it is hetter to make a brosder aseessment

on data from a number of testas.

Data Components for OECD MPD
- Chemical identification

Name

Struoctural formula

CAS - pumber

Spectra (pure and technicel grade)

Purity (technical grade)

Impurities (% age by weight)

Additives and Stabilisers (% age by weight)

- Froduction / Use / Disposal Dats

Estimated production, tonnes/year
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Intended usen
Buggested disposal methode

Expected mode of transport

~ Regommended precautions and emergency measures

-~ Anslytical methods
- Phyesical /Chemical dats

Melting point

Beiling point

Denaity

Vapour pressurs

Water solubllity
Partition coefficient
Specira

Dimssociation constant
Sereening fory

*+ Hydrolysis
* Adsorption/bDesorption
® Particle size

Toxielity leta

1) Acute toxiocity:

oral
dermal
inhalation

8kin irritation
Skin sensitisation

Eve 1irritation
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11} Repeated dose, 14-28 days:

Appropriate route

11i) Mutagenicity:

Minimum of two tests for gene end chromosome effects

- Ecotoxicity deste

Fish cho {at least 96 hourse expoaure)
Daphnia reproduction (14 days)
Algae growtih inhibition (4 daye)

- Depradation / Accumalation dats

Blodegradation (screening phase)
Bloaceumulation (eereening phase datag
n-octanol/water partition
fat solubllity
water solubllity
biodegradability)

Updating Procedure

- to take account of new developments in sclence end experience
of chemical notification schemes;

~ to modify test methods or introduce new methoda.

Existing Chemicals Fropramme

- To exchange informetion
- To identify chemicals which present hazards to men and the
environment

- To identify tertins needs.



PIK YINITI No, 6300

gy



