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PREFACE TO THE ENGLISH EDITION 

The development of pesticides, chemicals capable of protecting 
plants from pests, diseases and weeds, is an extraordinary a:hieve-
ment of modern science. Their capacity to increase crop yields and 
decrease production losses has led to continuous expansion in pesti-
dde production and application all over the world. In 1975, global 
pesticide production was estimated at 1.6 million metric tons of active 
ingredient. Since 1975, production of pesticides has grown by 10 
to 15 percent per annum. At this growth rate pesticide manufacture 
world-wide should attain 2.5-2.7 million toils of active ing:edient 
by the year 2000 (linanvants, 1981). 

The tremendous benefits of pesticides for food production must be 
weighed, on the other hand, against some specific properties making 
them a potential risk to human health. These include their high biolo-
gical activity and the ability to persist in the environment and to accu-
mulate in food. The distribution of pesticides over vast areas Icads 
to contamination of soil, water and biota, and consequently to iuman 
exposure, not least by the entry of these substances into the iluman 
body. The properties of each pest control product demand careful 
scrutiny of its possible effects so that scientists and legislators can 
assess it hygienically and set standards and regulations for .ts use 
which will assure maximum crop yields and minimLini hazard to man 
and the environment. The toxicological properties of pesticides and 
the problems they present are, currently, a compelling direct concern 
for numerous scientists and heal tli officials throughout the world. 

This book discusses the goals and methods of modern pesticide 
toxicology and describes quantitative criteria needed to assess their 
toxicity and hazard to man. it emphasizes the cumulative effect of 
long-term exposure to pesticides and the adaptive response of the 
organism. Furthermore, it considers the biochemical mechanisms 
responsible for the action of pesticides, and the effects of combined, 
concomitant and joint pesticide exposure (the latter two terms are 
adopted in Soviet scientific literature) with other chemicals or with 
physical environmental factors. Some of the topics covered hear on 
clinical aspects and diagnosis of pesticide poisonings and current 
therapeutic techniques. There is extensive coverage of potential ad- 



verse long-term effects of pesticide exposure, in partictilar their car-
ciriogenic, mutagenic, and teratogenic effects. Finally, hygienic stan-
dards that apply to pesticide concentrations in ambient air, fooc, 
livestock forage, water and soil are presented and discussed. 

The necessit'v to provide a compact text has prevented the author 
from reviewing with sufficient scope the vast amount of in formatio:i 
on all aspects of pesticide toxicology. Rather, the aim here is t 
highlight the experience of Soviet toxicology in the area of pesticide 
research. In this vein, the systern for hygienic and toxicological 
pesticide assessment accepted in the IJSSR is summarized brieflx. 

The reader will find the book a ready source of data on the specific 
methodological approaches used by Soviet authors to set hygienic 
standards for pesticide concentrations in environmental media, biot, 
food, etc., as well as specific data on current standards for pesticides 
effective in the USSR. 

The author hopes that the contents of this volume will be of use 
to those with an interest in the problems of pesticide toxicology 
and welcomes comments and criticisms. 

Yo. Kagar.. 

The nomenclature of pesticides used in this volume conforms to the 
1979 Registry of Toxic Effects of Chemical Substances; NIOSH USA, 
Publication No. 80-111. 

References to publications in the text provide information suffi-
cient to locate the full bibliographic citation in the alphabetical listing 
of "References", that is, author and (late. 

The terminology follows, as far as possible, that of the English-
Russian Glossary of Selected Terms in Preventive Toxicology (In-
terim Document; Centre of International Projects, Moscow, 1982). 



OBJECTIVES OF PESTICIDE TOXICOLOGY. 
QUANTITATIVE CRITERIA OF THEIR TOXICITY AND HAZARD 

The Central Committee of the Communist Party of the Soviet 
Union and the USSR Council of Ministers recognize the special im-
portance of boosting further the production and application of che-
micals used to protect plants against pests. To achieve this, it was 
found necessary to merge specialized agrochernical services for agri-
culture into a single system operating on the country-wide scale. 
Thus the "Selkhozchimiya" Research and Operational Association was 
created as a new division of the USSR Ministry of Agriculture 
responsible for agrochemical support of agricultural production. 
This and other similar measures are designed to expand and rationa-
lize the application of pesticides, the chemicals affording protection 
to plants. 

Pesticide toxicology is the field of hygienic (preventive) toxicology 
studying the interactions of pesticides with body organs and systems 
in humans and animals. Its principal purpose is to establish potential 
and actual risk from the chemicals used for control of crop pests in 
agriculture and the new agents proposed for transfer into farming 
practices. The risk, or hazard of substances is understood not me-
rely as their ability to cause acute and chronic poisoning, but also 
as their potential for selective influence on body organs and physiolo-
gical systems, macromolecules, and particular segments of metabo-
lism and for modifying the reactivity of the exposed organism. This 
selective potential resides in blastomogenic, particularly carcinoge-
nic, as well as enibryotoxic, teratogenic, and mutagenic properties of 
these substances. 

While formerly toxicology was concerned primarily, if not exclusi-
velv, with the toxic properties of chemicals, its scope has ccnside-
rably broadened today and it has evolved into the science of chemically 
induced pathology, or the disease state of chemical aetiology. The 
basic goals of pesticide toxicology are: 

I. Toxicity assessment of the chemicals proposed for regisiration 
in agricultural use, by their different routes of entry into the body 
(orally, through skin, or by inhalation); evaluation of their cLinula-
tive. effects; development of data needed for predicting acute and 
chronic intoxications. 



Study of toxicokinetics and toxicoduamics of these substances: 
detection of the most sensitive tests so as to identify their threshold 
doses and concentrations: establishment of the dose 	response, 
time response, and dose time relationships; estimation of the 
thresholds of acute and chronic effects. 

Development of diagnostic techniques for acute and chronic 
intoxications using data on the mechanisni of action of the causatory 
chemical; formulation of proposals for effective therapeutic remedies 
(specific, if possible) in treating the poisonings. 

Recognition of the role of the chemical being tested in the origin 
and progression of various disease processes; investigation of long-
term sequeLae of the effects of these substances -- blastomogenic, 
mutagenic, teratogenic, embryotoxic, gonadotoxic, and allergic. 

Utilization of an integrated experimental data set in addressing 
the question about permissibility of proposed pesticide uses in agri-
culture; validation of hygienic regulations and standards for their 
concentrations in environmental media. 

Specific appraisal of chemicals from the chemical class under 
investigation to see whether and how much their effects depend on 
their chemical structure, physico-chemical properties and time factor: 
definition by type of the combined effect of the given agent with other 
chemicals and its joint effect with physical environmental factors. 

The term "hygienic toxicology" brings into focus the unity of 
purpose among the various different fields in toxicology and their 
subordination to the objectives of hygiene as the science of health. The 
goals and methods of Soviet industrial toxicology were initially formu-
lated by Lazarev (938) and Pravdin (1934,1947). Medved (1959), 
one of the founders of Soviet agricultural toxicology, pointed out that 
it had borrowed its main methods and means of research froni indu-
strial toxicology. 

Experimental investigation of new pesticides, as in fact of all other 
chemicals proposed for agricultural use, has to be completed before 
their production transfer. At the present time, no new pesticide may 
he registered for use without appropriate authorization by the USSR 
Ministry of Health. The lists of agents approved for experimental-
commercial applications need yearly coordination with an agreement 
from the USSR Ministry of Health Sanitary-Epidemiological Dc-
partrnent which directs the functioning of the Committee for Pesti-
cide Research and Regulation. Hygienic evaluation of pesticides is 
performed under a single state (11 at ional ) p lan. 

Pesticide toxicology makes a part of agricultural toxicology. In 
addition to pesticides, the latter studies mineral fertilizers and other 
substances in agricultural use. Like industrial, food and comniunal 
toxicologies, agricultural toxicology is a branch of hygienic (preven-
tive) toxicology. 

Agricultural toxicology is presently utilizing on a grand scale 
current expertise and methods of physiology, biochemistry, analvti-
cal chemistry, morphology, histochemistry, molecular biology, gene- 



tics, embryology, teratology, immunology, oncology, allergology, and 
a host of other related disciplines. Toxicologists have to come up 
incessantly against problems of assessing the hygienic and biological 
significance of the physiological arid biochemical changes identified 
in experiment. Not every alteration diverging significantly from the 
control should be considered harmful. The problem then is not one 
of defining just any threshold of the effect of a substance, but rather 
the threshold of its harmful effect. 

Pesticides affect living organisms in a variety of ways, each ma-
nifested by acute or chronic poisonings by allergenic, mutagenic, 
carcinogenic, and teratogenic effects or by other adversities. It is 
the occurrence probability of these effects that gives a measure of the 
hazard posed by pesticides. For quantitative evalLiation of chemicals 
n general and pesticides in particular there are three critically impor -
tant relationships: dose-response, time-response, and dose-time. 

Of these, the dose-response relationship is best- understood io-day. 
The usual method to trace it is "top down", from the upper limit 
of toxicity at the level of lethal doses and concentrations down to 
the level producing no recordable effect. Since the dose-response 
relationship is probabilistic in nature and bears relation to the 
species and individual sensitivily of different organisms to the test 
substance, it is essential that its rnagnitud.e be determined with diffe-
rent levels of exposure. Thus one arrives at quantitative probabilistic 
indices making the results possible to estimate not only for the spe-
cific, small animal sample used in the experiments, but also br the 
whole general population. Probabilistic determination of toxicity para-
meters for several animal species provides also for the greater ease 
of animal data extrapolation to man. 

The Upper Level of Toxicity. Toxicity patterns are of course 
easier to investigate and estimate at the lethal and toxic dose levels. 
The experimenters are therefore fully justified in trying routinely to 
establish first the upper liniit of toxicity. The purpose of this stage 
in toxicity research is to define LD 50, the dose causing the d€ath of 
50 percent of experimental animals, and LC 50 , the corresponding 
concentration. In contrast with the absolutely lethal (I-D inc  and LC1a0) 
and maximum tolerable (LD 0  and LC 0 ) doses and concentrations, 
LD 50  and LC 5()  are probabilistic in character. Theoretically, there is 
no reason why the LD 100  and LC 100  values should be used at all, since 
they vary with the growing experimental animal population because 
of an increasing number therein of the animals which will not be 
killed by the LD 100 . So the rriaximum tolerable doses arid concentra-
tions must be down as the probability of including "unstable", or 
non-resistant animals in the experimental sample is tip. 

Both LD5o and LC 50  are established by probit-analysis (Belenk, 
1963) or Prozorovsky's method (1962). With either method it is 
possible to obtain, along with the median lethal dose levels and con-
centrations, their standard error arid then - with allowance made 
for the small sample size their confidence intervals (L D50 ± S ,, t). 



The standard error SLI),,. can be calculated using Miller and Teinter's 
formula (Belenky, 1963): 

SLD,. = 
LD 4 	LD 16  

- -f2N 	
, where 

N is the number of animals in the groups used to test the investigated 
doses whose effect occurs between 84 and 16 percent, and 

t is derived from the appropriate table to match the number of ani-
mals and the accepted level of probability. 
Knowing the confidence limits, it may be stated that, for a speci-

fied level of probability and with allowance made for the small experi-
mental animal population, the LD 50  and LC53 values will fall within 
the calculated confidence interval. This assures adequate probability 
in comparison of LD50 and LC50 for different substances or for the 
same substances but for different animal species. Approximate LD5:) 
and LC 50  values are possible to find using "tentative" methods 
suggested by Sanotsky (1970) the one-point method, a variant of 
probit- analysis, being the most simple of them (Van der Waerden, 
1940). In the probit grid the line for the dose-response correlation 
is passed through one data point and parallel to the line for a given 
substance used on a different species of laboratory animals. To find 
the experimental point one should know the dose causing the death 
of any fraction of the test animal population. The latter totals nor-
mally 6 to 10 animals, The method is convenient for use on dogs, 
cats and rabbits. Still another method of Deichmann and 1e Blanc 
(1943) consists essentially in introducing each tested dose to one ani-
mal only and then increasing or decreasing it by a factor of 1.5, depend-
ing on the results obtained. The minimum dose found lethal is taken 
to be the LD5 . 

The values for the upper limit of toxicity would be typically found 
with respect to the pesticide's routes of entry which may be its actual 
pathways into the body in occupational or application environments 
(through the mouth, via the skin or by inhalation). The introduction 
of chemical substances by any particular route has its distinctive 
methods, each detailed in appropriate guides and manuals (Pravdir, 
1947; Trakhtenberg et al., 1968; Sanotsky, 1970; Elizarova, 1971; IKun-
diev, 1975; Shitskova et al., 1977). We shall discuss here only some 
of the quantitative criteria reflecting the toxicity and hazard of sub-
stances by entry into the body via the skin or the respiratory systerr. 
With respect to highly toxic chemicals that cause animal lethality by 
dermal application, their upper toxicity parameter is characterizec, 
best, as also in the case of intragastric administration, by the LD.0  
value. Its determination, however, requires the experimental condi-
tions to be strictly standardized. Thus, chemicals are applied to a 
2X 2  cm 2  bare skin area in the albino rat and a 4X5  cm back area 
lateral to the vertebral column in the rabbit. The lethal dose levels 
are inversely related to the application area: the larger areas the 
LD values are the lower (Kundiev, 1978). Where a volatile substance 



is involved the skin patch to which the substance is applied shoLild 
be kept under the extract to avoid absorption of the vapours by the 
inhalation route. Special cylinders with a cover may be also usable 
(Kundiev, 1975). 

LD,5o values depend also on the mode of application: whether a 
substance is applied to an open skin patch or wrapped into a water-
tight material; on the duration of exposure to the chernica, and 
other conditions. Kundiev (1975) claims that, in order to ensure 
complete absorption of the agent and maintain its proper dosage it 
should neither be washed off the skin nor should a bandage he applied 
unless so required for some other, special reasons. 

Following the determination of the LD 50  value of a substance by 
dermal application, it is possible to deduce a dermal-oral coefficient 
the ratio of the dermal to oral LD. Lower coefficients signify the 
greater hazard of a substance by absorption through the skirt. The 
extent of a chemical's absorption via skin is. indicated also by a dermal-
venous coefficient the dermal LD 50/inravenous LD50 ratio. The 
latter however has limited applicability because the determination of 
the intravenous LD50  is not routinely a part of the toxicologic eva-
luation procedure for new pesticides. Whenever no animal lethality 
is observed as a result of the application of a chemical to limited 
skin areas, quantitative evaluation of its skin-absorptive toxici:y c.an 
be efficiently made by dipping the tail of small laboratory animals 
e.g. albino mice and rats -- into a test tube with the chemical being 
tested. When animal deaths occur the ET 5  value, the median lethal 
time of one half of the experimental animals, may serve as the ha-
zard criterion. The value is defined with confidence limits and the-
refore has a probabilistic characler 

To assess the risk of pesticide poisoning by inhalation, it is impor-
tant to corre'ate the LCS() values with the volatility rate of the pesticide 
in question. The effective toxicity of a pesticide is its toxicity times 
volatility (Pravdin, 1947). But, because toxicity represents the inverse 
of lethal concentration () effective toxicity is LCS() 	 LC,50 

and the risk of inhalation poisoning is the greater, the higher 
is the latter value. 

Sanotsky (1970) specified further the concept of effective toxicity 
through its substitution by the expression 	G2 	where c2() .. CL- 12() [r]i!i 

is the maximum concentration at 200  C and 	rrim, is the con- 
centration killing one half of the experimental mice during two-
hour exposure. RecaLise the above relation indicates the hazard of 
inhalation poisoning, the author has introduced what he called a coef-
ficient of potential inhalation poisoning (CPIP). 

Using the CPIP value, Ulanova and Pinigin (1974) have divided 
all substances into four groups: extremely hazardous, with a CPEP 
above 300; highly hazardous, with a CPIP from 300 to 30; modera- 



tely hazardous, with a CPIP from 29 to 3; and slightly hazardous, 
with a CPIP below 3. 

industrial toxicology employs a coefficient to assess the hazard 
of sudden acute inhalation poisoning - - CSAIP ( Laza rev, 1938): 

CSAIP = 
	 '. 	

where 
CL  

& is the coefficient of vapour-gas distribution between the blood and 
air; 

CSA1P less than unity suggests a low hazard of acute poisoning, 
which keeps increasing as the CSAIP value. 

Effective toxicity is also the reciprocal of thermodynamic activity 
defined as the ratio of the effective vapor pressure of a substance 
in air (P) to its saturated vapor pressure (P 0 ) at the same tempe-

rature: A Filov, 1973; Liublina and Mikheev, 1974). Effective 
PH 

vapor pressure, or effective concentration is called the concentration 
of a chemical giving rise to a certain event (death or intoxication', 

i.e. A 	The lower the value of the fraction above, the faster 

will the toxic concentration arise in the air and the more hazardous 
is the substance involved. Thus thermodynamic activity shows the part 
of the saturating concentration that a particular toxic (lethal) con-
centration accoLints for. The A values beluw 0.08 indicate the specific 
action of substances and those from 0.08 to 1, their non-electrolytc 
action (Zaugolnikov, 1967; Nemiroysky, 1970). 

Since most pesticides are low-volatile compounds, the hazard eva-
luation of the inhalation poisoning by them should he based, in ad-
dition to the indices just described, on consideration of their possible 
entry into the respiratory system as hydroacrosol or dust. This .s 
indeed the case in the packing arid packaging departments of dust-
forming pesticides as well as in their dusting and spraying applica-. 
lions for agricultural purposes. The associated hazard of poisoning 
is dictated by the size of particulate aerosols, the depth of their pe-
netration into the respiratory system, the rate of absorption from tLe 
respiratory system into the blood, and the rate of swallowing and 
further progress from the respiratory system into the alimentary 
canal. 

Lower Level of Toxicity. Determining the lower limit of toxicity, 
or the threshold of toxic action, is as important in toxicology as the 
estimation of the LU 50  and LG5D  values. One should discuss first in 
this regard the concept of threshold and the problem of threshold 
levels. The magnitude of the threshold dose depends on the index 
selected for its determination and the sensitivity of the method used. 
The more sensitive the method, the lower the threshold will be. In 
theory, though, even very minor quantities of biologically active sub-
stances will be reacting with biological substrates and thereby have 
some effect. Doses without effect are non-existent. The question is 
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how to evaluate the changes they produce as to being harmiul or 
not extending beyond the range of variation comnior in normal life. 
The problem therefore is, not to determine just any action threshold, 
but rather the threshold of harmful effects and thus identify the 
doses and concentrations of a chemical agent which cause the initial 
changes poised on the brink of normal and diseased states. 

Sanotskv and Ulanova (1975) emphasize the threshold nature 
of all types of effects, among them mulagenic and hlastomogeriic, 
as the guiding principle of Soviet hygiene and preventive toxicology. 
They conceive of a threshol (1 in general as the threshold of harnifu I 
action and examine it at the organismal level. The body harbours 
constantly occurring adaptations of biological structures and an 
injury develops solely when the rate of the injurious processes exceeds 
that of the processes of repair. It remains debatable whether the 
concept of thresholds is still relevant in the evaluation of mutagenic, 
blastomogenic and some other effects. 

The threshold of harm frI effect must be always estim ated by resort - 
ing to the probabilistic approach. There are two types of indices used 
to detect the threshold, as indeed any other doses and concentra-
tions. Some of the indices lend themselves to graded changes, as for 
example an enzyme may increase or decrease its activity. Othe:s are 
essentially alternative, or quarital, e.g. the "yes-no" response: an ani-
mal may die or survive, convulsions or side position may or may 
not occur. Beleniky (1963) believes the quantal (all or none) form 
of measuring the effects of chemical compounds to he the more irupor-
tant one as it is based on rigorous mathematical methods and thereby 
offers a more accurate estimation of the effects. It is sometimes pos-
sible to shift from the graded to quantal form, for example when one 
knows the criterion of harm to be expected from a graded a I terabon. 

Kagan (1978), Kurliandsky (1978), Mikheev et al. (1979). and 
Shtahskv et al. (1979) each validate in their respective studies the 
need for probabilistic detection of threshold levels of chemical expo-
sures and suggest different methodological approaches to their deter-
mm at ion. The latter can be separated into two groups. The first 
group is of methods that help to gauge the feasibility and desirabi-
lity of converting graded indices of an effect into quantal ones, 
with consideration given to the biological significance of an alteration 
(the criterion of harm); the methods of the second group are designed 
for direct calculation of DE 5o  and its confidence limits from the results 
of measuring graded events and their confidence limits. 

First, we shall discuss the first group of methods. K.agan (1978) 
has proposed two alternative probabilistic procedures for the calcula-
tion of threshol ml (loses arid concentrations by conversion of graded 
into qoantal indices on the basis of the criterion of harm. The first 
of these applies when the tentative alteration is known arid may be 
considered as unfavourable. For example, a reduction in the ativitv 
of erythrocyte acetyicholinesterase arid blood serumni cholinesterase 
by 25 percent or greater is evaluated in exposure to organophosphate 
chemicals as a meaningful unfavourable effect. On this the criterion 



workers occupational lv exposed to organophosphorns pesticides 
(OPP) are temporarily relieved from their jobs. It is also the reason 
why, as the thresholds of harmful effects of new OPP are establi-
shed experimentally in laboratory animals, the above reduction should 
he regarded as a sign of the injurious influence and the correspond-
ing graded index should be converted into quanta! one. The findings 
of the experiment are taken to compile a table of dose response 
relationships indicating how many of the experirriental animals showed 
the up 25 percent reduction in the activity of the enzyme on exposure 
to a giver] dose. The data are subjected to probit-analvsis to arrive 
at ED, the dose causing 50 percent of the animals to develop the 
alteration considered as unfavourable, as well as the standard error 
and the EDa) confidence limits adjusted for the small sample size. 
The exercise allows the threshold doses and concentrations to be 
identified so as to take into account both, the criterion of harm 
and the specified occurrence probability of the alteration. A similar 
approach is feasible in the evaluation of other biochemical and functio-
nal disturbances as long as their biological significance can be appre-
ciated. 

The second alternative is put to use whenever the quantitative 
criterion of harm cannot be clearly defined. If so, an alteration extend-
ing beyond the confidence limits of the control adjusted for the small 
experimental animal population (X±St), can be considered as unfa-
vourable. One relies on the experimental evidence to find the doses 
causally related to these alterations in all experimental aninials. The 
data are processed by probit-analvsis and the DE 5{  is determined 
with confidence limits. Such an approach was described by Mikheev 
et al. (1979) though the authors suggest taking X-1--2fT as the altera-
tion to be estimated. to us, this Seems poorly grounded, as the 
method fails to account for the small sample size. 

Kurliandsky (1978) regards ativ alteration as meaningful provid-
ed it acts in essentially the same direction as does the average altera-
tion in control. Moreover, even a random deviation having no signi-
ficarit distinctions from the average control may be seen as an alte-
ration. 

With the method suggested by Shtabskv et al. (1979) no graded-
into-quantal conversion of indices is required. It operates on the as-
sumption of one-tn-one correspondence between the confidence inter -
vals of doses and effects. The results can he estimated by graphic 
or calculation methods. 

With the evaluation of the probabilistically determined threshold 
doses and concentrations in mind, we have staged experiments and 
performed calculations using the techniques proposed by this author 
arid Shtabsky ci al. The probabilistic threshold values as defined with 
the method of Shtahsky et al. (1979) turned out to be somewhat 
higher than those obtained by our method. This is because the former 
method considers the average effect in all animals, whereas the 
graded-to-quantal conversion requires estimating the responses of the 
most sensitive animals. Although the striving towards the prohabili- 
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stic determination of threshold levels is legitimate, there is eery 
reason to support the view of Pinigin and Krasovsky (1979) that 
the determination of probabilistic threshold dose never implies some 
accurately pinpointed dose, but rather the range of doses of which 
the threshold of harmful action is one. 

An essential input to assessing the biological significance of an 
alteration comes from the study of biochemical, physiological, and 
morphological parallels. Biochemical disturbances should be consider-
ed harmful when accompanied by long-lasting functional changes 
involving irreversible structural impairments. Following the trend of 
these changes over time is of large importance in evaluation of their 
hygienic significance. Persistent and especially progressing altera-
tions should he classed as harmful without qualification. These alte-
rations should best be described with the method of functional loads 
revealing the stress of the adaptation mechanisms, If exposure to 
the tested chemical dose puts a sustained stress on the adaptive 
processes, such a disturbance should be thought of as unfavourable 
and taken into account in determining the harmful action threshold. 
In the same way, the LDs) load of a poison is a useful way to clarify 
the state of the adaptive processes. Whenever administration of poison 
in a dose equal to the LD 50  causes death of all experimental ani-
trials this suggests clearly a reduced adaptation potential of the orga-
nisni; if, on the contrary, the animals survive one can safely assume 
enhanced resistance to the poison (naturally, this must he corrected 
for probable differences between the experiment and control because 
of the small sample size). 

One can agree with Sanotskv 1970) that integral alterations, if 
evaluated on the organismal level, can contribute more to proper 
assessment of the criterion of harm. Nevertheless changes in indivi-
dual organs and physiological systems, along with disturbances on 
the cellular and molecular levels, need to be also considered in defin-
ing the harmful action threshold. Much depends on the biological 
importance of the affected system and the character of the observed 
alteration. An in-depth analysis of specific alterations is necessary 
with special reference to the type of the pathological state resulting 
from a higher level of exposure. If the trend of the changes induced 
by the threshold exposire levels is similar to the basic pattern of the 
pathological process commonly associated with large dose exposures 
of a given substance these alterations undoubtedly rnLlst he factored-in. 
This is the way to analyze any quantal or graded response to the 
test substance. 

For proper assessment of graded responses they should importantly 
be cornipared with the control and background and, should signifi-
cant deviations (with a specified probability) surface up, with data 
on physiological, seasonal and other biorhythrnic variations. Based 
an Anokhin's perception of two vitally important categories of both 
constants rigid and plastic -••- Trakhtenberg et al. (1978) recom-
mend for the variability of an attribute to be determined from the value 
of the variation coefficient. Accordingly, the authors classify all mdi- 
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ces into rigid, with variation coefficients above 10 percent; plastic, 
with variation coefficients from 10 to 40 percent; and highly plastic, 
with variation coefficients above 40 percent. Plasticity data regarding 
biochemical and physiologic indices must be integrated for the eval Lid-
tion of alterations. 

Plokhinskv (1961) makes a point about three probabilities of error-
less j udgement commonly applied in biology. For the first prohabili:y 
(0.954), the sample average may not differ from its general popula-
tion by more than ±2rn, for the second (0.987) by ±2.5S, and for 
the third (0.997) by ±3SX. With t2 the probability of error is 
1:22; with t2.5 it is 1:81; and t=3, 1:370. The third probability of 
errorless j udgemlieriL is required for critical studies, in particular the 
experiments investigating the toxic potency of substances, as suggested 
by the author. Occasions may arise, however, when a still higher pro-
babi I ity of errorless j udgernent wil I he needed, as for example in the 
assessment of carcinogenic effect. 

To tackle hygienic regulation problems, one vil I common lv identiv 
not only the minimum dose exerting a particular tYpe of act ion with a 
certain probability (the threshold dose), but also a dose which will 
not exert it with a necessary degree of assurance (the subthreshold 
close). It should be noted that the rio-effect or subthreshold dose 
sets the limit towards which the threshold dose tends as it is reduced. 
The former dose is called on occasion MaXinIUM ineffective, though 
it is free from any prohahilitistic connotation. its reliability will he 
the greater, the sin al Icr its magnitude, i.e. the lower the occurrence 
probability of the effect and the higher the probability of no effect. 
The probability of no effect is the greater, the more the ineffective 
dose departs from the threshold close. In critical cases this probability 
must he as high as 0.997 or higher still. 

I ni or cler to defi tie the no-effect dose by the tip 25 percent red uct k:n 
of cholinesterase activity the probability level of 0.95 is adopted in 
biological investigations. Then the error-of-judgement probability of 
1:20 can be neglected because even if the subthreshold dose does 
trigger the threshold effect (the rip 25 percent reduction of cholineste-
rase activity) its impact will not endanger life. For carcinogens, the 
threshold and maximum ineffective doses rriust he established to a 
very high probability that they will not be tumonigen ic. Consequently, 
the determination of threshold doses in critical situations, when no 
more than few animals in a group a srnal I sample are available, 
should take into account even very low probabilities of adverse effec:s 
elicited by the factor under stu dv. For example, the experiment. 
control differences in response to a carcinogenic exposure may he 
revealed with a probability much lower than 0.95, but even so they 
should not he ignored. To ascertain the absence of an effect, i.e. to state 
positively that the experiment and control apply to the same general 
pop ul at iou, req Li ires high reliability (a prob ab i lily on the order of 
0.997 or higher). Since with few animals in the sample the distributicn 
of the sample values is likely to be far from normal and follows the 
distribution law of small popu 1 ations ( Student's distribution ) , it is 



necessary to find for each value of small samples the value of I cor-
responding to the sample size (Plokhinsky, 1961) In wo with 
small animal populations the effect of low doses may be overlooked 
altogether. As an example, Knizhnikov (1975) notes that, while a 
tested dose of a carcinogen induces tumors at the rate of 2,000 per one 
niil I ion md ivid i.ial s, for 100 md ivid ual s, the most common sample 
size in such experiments, the rate will sink to a low 0.2 so that the 
tumors will not be detectable given the sample sizes the experimenter 
normally has to work with. Therefore an adequate sample size is 
critical for the experiments such as these. It is necessary, furthermore, 
to pay attention not only to the results obtained with minimum dose 
exposures approximating the threshold levels, but also to the pattern 
of the dose-response relationship. In addition to making evaluation of 
the threshold dose more reliable and facilitating extrapolation of the 
established relationship to the threshold-dose region, this will enlarge 
the sample and increase the probability of definitive estimation of 
the threshold and rio-effect doses. This approach seems infinitely more 
promising than the no-threshold princiJe which, even if supported 
with experimental data, can at best he used to predict the level of 
hygienic standards only arbitrarily, by adopting an appropriate "risk" 
margin. The epidemiologic approach to the evaluation of perrrissihle 
exposure levels, proposed by the supporters of the no-threshold :heory, 
is unacceptable as regards new substances to he yet accepted for prac-
tical use. Knizhnikov (1975) is right in his contention that the maxi-
mum permissible exposure must not cause a higher incidence, in a 
given population, of malignant neoplasms beyond the value corre-
sponding to the error of the mean index. However the probability 
levels of the no-effect doses should be derived in experiments on hst 
animal samples of the adequate size and at the adequate probability 
level to allow extrapolation of the results to human contingents of 
the size likely to be exposed to the agent concerned. 

Zone of Acute Toxic Effect. Having established the upper and lower 
levels of toxicity, we thereby develop an idea about the zone of acute 
toxic effect as the ratio of the lethal doses or concentrations to the 
threshold of toxic effect (Tolokontsev, 1963, 1973; Kagan, 1965; Sa-
notskv, Ulanova, 1975). 

LD50 (LC) 	LD 0  
ED5 	or 

If the upper and lower toxicity limits have been determined as 
probabilistic values, the zone of acute toxic effect will also have a pro- 

LDS() bahilLstic character. Then the expression is 	more 	accurate 
L. Li ) 

L than D55 
 Lima . 

The size of the acute action zone gives an idea ahoLit the incre-
mental rate of the toxic effect with increasing doses or concentrations 
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of a poison. The more narrow the zone of acute effect, the faster 
can a mild intoxication grow into an intoxication with lethal outcome 
as the dose is increased. The concept is related to that of therapeutic 
range, a concept applied to evaluate the effect of drLLgs, which pro-
perly characterizes the gap between therapeutic and toxic doses. 

With the acute action zone estimated as the ratio LD5 , cue- L im 
micals can be classified by that criterion into classes of hazard. Such a 
classification is given in the section on MAC determination in the air 
of the working zone, included in the USSR State Standard 12.1.007—. 75 
"Harmful Substances: Classification and General Safety Require-
ments". It separates all substances into four hazard classes: Class 1 
(the most hazardous chemicals) , the zone of acute effect below 6; 
Class 2, from 6 to 18; Class 3, from 8 to 54; and Class 4, above 54. 
These gradations of the acute action zone may well be adopted also 
in the hazard assessment of pesticides. 

The size of the acute action zone can he judged also by the tangent 
of the slope of the line illustrating the dose -- effect relationship 
(Tolokontsev, 1963; K.agan, 1965). At the lethal dose level, it is ob-
tained by LD5 0  determination with the method of probit-analysis. 
If the dose - effect relationship is set out in the probit grid i.e. if 
the doses and effects are plotted in the logarithmic scale, the tan-
gents are independent of the accepted scale and comparable with 
one another. Another characteristic of the line slope is the value 

s 	LD 1 /LD5 0  ± LD5o/LDi (Belenky, 1963) used by Sanotsky et 

al. to estimate the Zone of acute effect for a number of industrial 
toxic chemicals (Sanotskv, Lilanova, 1975). 

Threshold of Chronic Effect. Generally speaking, a properly esta-
blished threshold of toxic exposure is a key to the validity of the 
hygienic regulations based thereon. Ordinarily, the effect of a substan-
ce is tested in a chronic experiment with two or three concentrations 
of the substance given by inhalation and another two or three doses 
ingested orallv The experiment goes on for at least 4 to 6 months n 
the former instance and 6 to 10 months in the latter. It is conducted 
in two species of test animals fed a standard diet. The state of the 
animals is monitored using a set of biochemical and physiological 
tests which indicate systemic and specific responses of the organism to 
the toxicant exposure. One of the doses is assumed as the threshold 
dose and its magnitude is brought down to the level of the hygienic 
standards by determining a safety factor. The threshold doses and 
concentrations thus obtained are of value only as guides, for there 
are too mariv factors that influence them such as the sensitivity and 
adequacy of the tests used; the test animal species; the accepted i:i-
terval, a step, between two tested doses; and the duration of the 
chronic experiment. 

However the method's accuracy is enhanced if the testing protocol 
makes proper allowance for the magnitude of the acute action thre-
shold determined as a probabilistic value. There are at least three 
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concentrations (doses) of the substance to he tested, one of them 
equal to and the other two or three lower than the probabilistic thre-
shold. Each concentration is taken to differ from the next by a factor 
of 3 to 10, depending on the magnitude of the cumulative effect the 
greater the effect, the larger the step should he. 

Biochemical and physiologic indices of the animals state are esti-
mated and recorded in dynamics. In the early experimental phase 
(the first month) samples should be taken more frequently so as not 
to miss the changes associated with the reaction of anxiety (H. Sc-
lye, 1977). Known as the phase of primary decompensation it changes 
to the phase of stability, or physiological adaptation or, with conti-
nued exposure to the agent, likely passes into the phase of compensa-
tion for the pathological process and eventually the phase of decom-
pensated pathological state (Sanotsky, 1971), or exhaListion (H. Se-
lye, 1977). It is practical, in assessing the disturbances, to proceed 
from their degree of hazard. Other inputs in determining the thre-
shold of chronic effect include animals' sex- and age-related sensiti-
vities to chemical agents. 

Safely Factor for Setting Hygienic Standards. As the shift is made 
from the data of laboratory animal experiments to maximum allo-
wable concentrations (doses) for man, this involves setting a certain 
safety factor. The idea is to render the MACs safe despite difficulties 
of animal data extrapolation to humans, inaccuracies in evaluating 
the threshold doses and concentrations in the chronic experiment, 
and inadequate information about possible effects of exposure to sub-
stances or suspicions of them having some undetected, harmful pro-
perties. The safety factor is calculated with a formula (Sidorov, 
1971) which incorporates the species sensitivity coefficient 

(Ki 	
LD 	r1j4\I , where max and min refer to the least and most 
-'1) win 

sensitive animal species) , the cumulative properties of substances, 
and their long-term effects. 

We submit that improvements in the proposed approach to setting 
the safety factor should be sought in the following directions. 

1 . Accumulation of information about the relation of species sensi-
tivities to structurally dissimilar substances, with the goal of creating 
a sufficient data base to assure credible extrapolation to man of the 
data obtained from experiments in animals. 

2. Determination of the threshold and safe concentrations (doses) 
of chemicals in animals. The probabilistic estimation of their v'fi 
should involve mathematical modeling of the dose (concentraiioilj - 
response, time -. response and dose (concentration) time relation-
ships in order to be able to calculate the threshold and suhthreshold 
concentrations at the required probability level. This will minimize 
the role of random factors due to the arbitrary choice of concentra-
tion levels in the chronic experiment, the latter's time-frame, limited 
experimental animal population, and so on. 
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Because a study into the cumulative properties of substances seeks 
to reveal the importance of the time factor in the toxic process, it 
has certainly a major value for the solution of the stated problem. 
From our point of view, there is large promise in Liublina's approach 
(1973) based on mathematical modeling of the process leading to 
accumulation of inhaled substances in the body. 

3. Improvement of the current approach to standard-setting for 
substances capable of producing unfavourable long-term effects 
carcinogenic, mutagenic, and teratogenic. To do this will require, in 
our opinion, a broader scope for mathematical modeling of the dose-
response, dose-time, and time-response relationships in the effort to 
determine probabilistic action thresholds, that is, such calculated 
doses and concentrations as would not result in a higher incidence of 
abnormalities (tumors and mutations) from the control, by more than 
the value found within the confidence interval of the mean with a 
specified probability. 

To seek out the correlations between the calculated MACs that 
have withstood the test of experience, and toxicity and cumulative 
parameters and to derive on that basis regression equations is a most 
objective approach to setting the safety factors and MAC valecs 
for new chemicals. So far the progress in this line of research on 
pesticides has been qt.iite rewarding (Kagan, Sasinovich, Ovseenko, 
197 1-1978). 

Classification of Pesticides. There exist varied and many classi-
fications of chemicals based on chemical structure, application, mode 
and mechanism of action, and other parameters and suited to different 
purposes. An especially relevant classification of chemical substances 
from the hygienic point of view separates them by the degree of 
toxicity and hazard. Sanotsky (1970) suggested a graph to calculate 
substances' relative toxicity by comparison with the most toxic, pho-
sphorus compounds. 

Zaugolnikov ci al. (1967) brought all chemical compounds under 
six classes, two of them with subclasses, according to their toxicity 
by inhalation (on the LD50 and MAC criterion and the lethal/saturat-
ing concentration ratio) and by the oral route (on the LD 0  value). 
Zaugolnikov, Kagan, Sanotsky and Ulanova (1975) suggested a 
more flexible classification relying on different criteria: the MAC and 
LD 5D  values by administration into the stomach and by skin appli-
cation; LC 5(1  by inhalation; the coefficient of potential inhalation poi-
soning (CPIP'l; and the zone of acute and chronic effects. This cate-
gorization adapted and utilized for the classification of chemicals in 
the national Standard 12.1.007—.-76, the principal regulatory docu-
ment for safety evaluation of the toxicants contained in raw mate-
rials, finished and semifinished products, and production wastes as 
well as for their standardization in the air of the working zone (see 
Table 1). 

In the case of pesticides, some of their distinctions require speci-
fic approaches to their classification. Above all, this is the fact that 
pesticides can harm not only the occupationally exposed, but also the 
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Table I 
Degree-of-Hazard Classilication of Chemicals 

(Standard 12.1.007-76) 

Normal for Ii -,.ard class 
1 n d e a 

MACs of to\[c chemicals less than 0. L —1.0 1. 1-10.0 More than 
in air of working zone, 0.1 10.0 
mg/rn 1  

Median lethal dose by in- Less than 15 --150 151-5,000 More than 
tragastric 	adrninistra - 15 5000 
tion, 	trig/kg 

Median 	lethal 	dose 	by Less than 100--500 501-2,500 More than 
dermal 	application, 100 2,500 
mg/kg 

Median 	lethal 	coricentra- Less than 500--5,000 5,001 	.50,000 More 	than 
tion 	in 	air, 	mg/rn 5  500 3.00O 

CPIP More than 300-30 29-3 Less than 3 
300 

Zone of acne 	effect Less than 6.0 	18.0 18.1-54.0 More 	than 
6.0 54.0 

Zone 	of 	chronic 	effect More than 10.0-5.0 4.9– 2.5 Less than 
10.0 2.5 

general public via consumption of food and water containing their 
residues and inhalation of polluted ambient air. With respect to the 
exposed workers, key determinants of the pesticide hazard include, 
besides the toxicity and volatility of the active ingi -edieni, its quantity 
in the commercial product (emulsiable concentrates, wettable powders, 
etc.); for the general population, more important determinants are 
persistence of the active ingredient, cumulative properties and the 
ability to accumulate in bodily tissues; for the persons in direct con-
tact with pesticides, their skin-resorptive toxicity must be considered. 

Under the classification of pesticides by their designated uses 
there are four basic groups: 

Chemicals to control plant pests, animal parasites, and ro-
dents: insecticides (killers of insects), acaricides (of ticks) , nemato-
cides (of cylindrical worms) , molluscicides (of molluscs) , rodenti-
cities and zoocides (of rodents), attractants (attracting insec:s), re-
pellents (scaring insects away), sex sterilizers, substances of the 
insect juvenile hormone type, and pheromones (odoriferous substan-
ces) , etc. 

Chemicals to control plant diseases: fungicides (against fungal 
diseases), seed protectants, bactericides, and anticeptics. 

Chemicals to control weeds and, in broad, affecting pJans: her-
bicides (destructors of weeds). arboricides (of shrubs), algicides (of 
algae), defoliants (accelerators of leaf shedding), desiccants (de-
watering agents), and plant growth stimulators and inhibitors. 

Pesticides of biological origin: microbial and fungal prepara- 
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lions and antihiotics obtained by biological methods. Insecticides, 
acaricides, fungicides and herbicides are the most widely used pesti-
cides, though defoliants, desiccants. zoocides, nematocides, and repel-
lents are also in COTTITTIOH Use. 

On the basis of chemical structure pesticides are commonly clas-
sified into organochlorine and organophosphorus compounds; deriva-
tives of carbamic, thio-, and dithiocarbamic acids; dinitrophenol 
compounds; chlorine-containing derivatives of benzoic, phenoacetic, 
phenohutyric, phenoxypropionic and other carbonic acids--, haloid-
anilides of carbonic acids; derivatives of urea, thiourea and guanidine; 
derivatives of svm-triazine, dipyridyl arid coumarin; alkaloids anti 
other heterocyclic compounds; hydrocarbons and their derivatives; 
synthetic pyrethroids: cvan-, rhodan-, fluorine-, iron-, copper-, zinc-, 
and arsenic-containing agents: organomercury compounds; and also 
pheromones, insect juvenile hormones. fungal preparations, bacterial 
preparations, and antibiotics. 

Organophosphorus compounds are becoming increasingly impor-
tarit, their scope of production and use ever expand inig in Soviet agri-
culture. Applications are multiplying for rnethvtmercaptophos, phos-
phamicle (rogor. 131-58) , metaphos, chlorophos, methylnitrophos, 
trichlorometaphos. carbophos, benzophosphate (phosalone), phthalo-
phos, DDVP, and butyphos. The pesticides currentl y  used in farrnin g 
practices involve over 80 different organophosphates, all of them 
agents varying in toxicity and selectivity of action. 

The derivaUves of carbarnic, and thio- and dithiocarbamic acids 
have been applied broadly, some of them showing properties of activc 
insecticides and fungicides; these are esters of N-alkvlcarbamic acids 
and specially aryl ethers of N-methlcarbamnic acid (sevin, havgon, 
benom y l, methyl-N- (2-benzimidazoly[) carbamate, etc.) - Others de-
rnonstrate properties of active herbicides, as do the derivatives of 
carbamic acid -- isopropvl-N-phenylcarbamate and acylate: of thio-
carbarnic acid -- eptam, tillam, diptal, yalan, carhin, betanal, etc. 
The derivatives of dithiocarbamic acid are remarkably active fungi-
cides; tetramethvithiuramdisulfidc, zineb, ferham, polycarbacin, PC-
lyniarcin, etc. The pesticides tised as nematocides md tide carbathion, 
and derivatives of thiodiazinthion thiazone; those currently ident:-
fled and tested for iiematocidal applications are methv lisothiocanate 
(trapex) and chlorine-containirig fumigants. particularly DD, a rnii-
tore of isomers, 1 ,3-dichloropropene arid I ,2-dichloropropane. Many 
of the substances in this category are highly toxic to nian and warrr-
blooded animals. 

Dinitrophenol derivatives are employed for their insecticidal pro-
perties dinitroorthocresol (D NOC) and nitraphen; acaricidal 
acrex and acricide; and fungicidal 	kotoran. Fungicidal properties 
are known in the derivatives of phthalimide 	captan and phthalan, 
of guanidine - cyprex, and of dithiocarhonate ••- rnorestan. 

The most effective seed disinfectants are organorriercury compounds 
used singly or in: combination with other substances (granosari, mer-
cuhexane. rnercu rbenzerie. and phenyl me rcu rv acetate) 
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The non- Iflerci.i iv seed protectants now in use are hexach loroben - 
zene, pcntachloromtrohenzene. TMTD, copper trichlorophe:inlate, 
rhodan, vitav ax, and form a I inc. a bug Wi lb the CoiTihifled disin fciants 
phen tiurari, hexa t itt ram, a rid di t a n-M-45 -- man cozeb 

Z inc phosphide, zoocoum ann and gI iftor, all of them potent toxic 
chemicals, are the most common Zoocicles. 

Among the herbicides being applied in agriculture there are some 
coming from different classes of chemical compoun (IS. Those hcading 
the list are arvloxvalkulcarbonic acids and their derivatives -- 2,4-di-
chiorophenoxyacetic acid, its esters and salts; 4-chlor-2-111ethylpheno-
xvacetic acid; 24-dichlorophenoxvbutvric acid, and 4-chlor-2-niethvl-
phenoxvbulyric acid); SodiouTi trichloroacetate, fenac, trishen-200 
(2,3,6-trichlorohenzoic acid), tordon, ammonium suliarnate, and tria-
zinc derivatives -- simazine, artazine, propazine, prornetrin, chlo-
razine, agebon, semeroti, etc. Though low-toxic substances, they are 
nevertheless persistent in the environment and likely to prod ace an 
altogether unfavourable effect in the case of chronic exposLire. The 
proximity of these substances to pyrim Id ne bases focuses attention 
of them as possible ant imetabol tes whose effect not in freq uerit lv 
becomes obvious in a long time. 

The category of useful herbicides spans also the substituted ureas 
of the aliphatic and acvclic series and guanidine (dichloralurea, 
her ban, fen LI ron. monu ron, din ron, teno ra ml, kotora n, lin ti roil, arezine 
lenacil, meturin and rnclprex) . together with dipvridil herbicides 
regIon (diq nat) and some other. RegIon, in particular, is recom mended 
for pie-seeding weed destruction in plow-free land tillage. 

Many inorganic compounds are being used as pesticides, among 
hem s u I ILl r- and fluorine-cont ining p rep ar at ions, salts of iron and 

Copper, an (j derivatives of hvdrocvari ic acid 
Haloidanilide (lerivatives that are either in the research and de-

velopment or the early application stage include propanide (starn 
F-34) , solani, dicrvl,. ramrod, lasso, and CP-52223). 

Arsenic compounds are banned for use in the t.'SSI due to their 
high toxicity, blastomogenicitv and low efficacy. 

The general evaluation of pesticides to permit their categor zation 
with a particular hazard group relics in part oil the principle of 
1 uTilt ing criterion. For exam pie, an ext remel v toxic chemical substance 
without any other adverse properties should be ti -eated as the substan-
ce relevant to the first class of hazard; or a slightly toxic substance 
with expressed carcinogenic or niutageri ic properties comes a so into 
the same hazard class. 

The hygienic classification of pesticides takes into accoun: their 
persistence, volatility, toxicity by intragastric administration, skin- 
absorptive toxicity, cumulative properties, hiastomogenicity, terato- 
genicitv, embryotoxicity, and allergic properties (Medved et aL, 1968). 

The classification just cited has been utilized by the WHO to design 
the project of an international pesticide classification according to 
degree of hazard (1975) . The classification distinguishes bctween 
pesticide toxicity and hazard. As part of the project development 
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Hygienic Classification of Pesticides on the Basis of the Main Criteria of Hazard 
(from Medved et al., 968) 

L Intragastric adininis/raliori 
Extrernclx toxic substances 1oxicitv 	<50 mg/kg 

(LD) 
Highly toxic subsanees 50-200 ing/kg 
Moderately toxic substances ' 	 200. 	1000 mg/kg 
Slightly toxic substances >1000 mg/kg 
Skin-absorption toxicity 
St ronglv marked <SOt) mg/kg, cut. 	- oral coetl. <3; 
Marked 500-2,000 mg/kg. cut. 	-- oral coett. 

3-. 	10 
Slightl 	marked ' 	 >2000 	mg/kg, 	cut.— oral 	coeff.>10. 
lIaard of chemicals by degree 

of oolatility (chronic exposure) 
Strongly marked Saturating concentration above or equal 

to toxic concentration 
Marked Saturating 	concentration 	above 	thres- 

hold concentr. 
Slightly marked Saturating 	concentration 	exerted 	nc 

threshold effect 
Accumulation 
Super-marked Cumulation Within <1 

coetficient 
( k cum ) 

Marked " 	 Within 	1- 	3 
Moderately marked " 	 Within 3-3 
Slightly marked Within >5 
Persistence 
Very persistent Halt-life 	1 	•2 	years 
Persistent ' 	 6 months 	1 	year 
Moderately persistent 1 	6 months 
Slightly persistent " 	 up to 1 month 
Biasiomogenicity 
Evidently carcinogenic Known incidence of cancer in 	humans; 

strong 	carcinogens 	in 	animal 	experi- 
rncnts 

Carcinogenic Carcinmmgenicitv 	proved 	in 	animal 	expe- 
rirnents but not proved in tuinians 

Slightly carririogenic Slight 	carcinogenicity 	in 	animal 	expe- 
riments 

Suspected blastumogens 
Teraio,erticity 
Evident teratogens Abnormalities 	known 	in 	humans 	that 

are reproducible in animals 

Suspected teratogens Experiment Animal data available 

Emhryoloxicily 
Selective Detectable in doses nontoxic for mater- 

nal organism 
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5dccitc 	 Mimeed iii coufUuctuai vith other 
toxic effects 

9. .4 /1ergc prnperEies 
Sr rung allergens 	 Produce allergic stateS in must affected 

persons, e'n by low-dose exposures 
occur in real life. 

Weak allergens 	 Produce allergic states in Sortie mdlvi- 
duals 

The Classification of Shabad 1966). 

effort, the WHO performed a comparative analysis of the degree-ol-
hazard pesticide classifications now effective in different countries. 
A novel point centers on different evaluation of commercial pesticide 
products according to the concentration of active ingredient and the 
physical state of aggregation (solid or liquid). The need is strongly 
expressed for a special approach to he taken to the evaluation of 
chemical product forms. Table 2 summarizes the WHO classification 
of pesticides by degree of hazard. The LID 50  were determined in 
orally dosed rats. The classification gives urgency to the need to 
introduce standard labeling principles for pesticides. 

In 1979 the WHO-recommended classification was updated and 
supplemented, particularly with the List la of extremely hazardous 
technical pesticide products covering, among others, aldicarb (LD1 

093 mg/kg), chlorfenvinphos (1_ID 50 	10 mg/kg), 	derneton 
(LID 50 	1.7 mg/kg), dicidrin (LD 50 	10 mg/kg), dimefox (LID50 

mg/kg), disulfoton (LD 50= 26mg/kg), EPN (LD50= 14mgJ 
/kg), hexnchorobenzene (LD 50 	10 mg/kg) teptophos (LID5 0  = 

= 50 rug/kg), M-74, mercaptophos, mevinphos (LID 50 	4 mg/kg), 
parathion (LD 51) = 13mg/kg), methylparathion (LD 50 	14 mg/kg), 
phehvlmercuracetate (LD 	30 mg/kg), brat (LID 50 	2 mg/kg), 
phosphamidon (LID 50 	17 mg/kg), shradan (LD5 0 	9 mg/kg), 
sodium fluoroacetate (LD 51 	0.2 mg/kg), sulfotepp (LD 50 = 

5 mg/kg), TEPP (LID 50  = Li mg/kg), thiophos, timet and some 
other agents which are banned for agricultural use in the USSR. 
The notes to the List la identify hexachiorobenzene as causing severe 
disturbances of porphyrine metabolism in humans; dibromehioropro-
pane as responsible for sterility and mutagenie and carcinogenic 
effects in animals, lepophos as showing neuroloxic (paralytic) acti-
vity, and phenylmercuretate in small doses as affecting the kidneys 
in mammals and being teratogenic in rats. 

Some classifications address pesticide toxicity both in terms of 
active ingredient and product form. One such, the classification 
project of the WHO Regional European Office, places in the 1st class: 
a) all products, regardless of concentration, that incorporate ingre-
dients with the LD 511  per os of 25 mg/kg or less; b) all other products 
with the LID 50  of 200 mg/kg or less; and c) any product to be referred 
by the LD5m for rats to classes 2 —4, but which may present a serf- 
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Tsble 2 
Classitication of Pesticides on the Hazards Degree (WI-tO) 

1 fl: 	r:,t.. 	1 

I!  1 . 	 j 	 er Os 	 rlerrriaj 	LpIiIiCOt 

(1IidS 

Ia 	Ost reinel 	izaid 5 or less 20 or loss 10 or 	less I 	11 	lcs 
substations 

lb Highly i1/a rduus sub- 5- 	50 20 	2051 10 	100 10 —401.1 
stations 

1 	Modoratek 3 tizar(loi.is 50 	500 215) 	2000 100 	1000 400 - 10(5) 
sill) stances 

Ill 	Slightly hazarduu rriore than lucre' than more that] more shari 
sbslane-c 000 20(5) 1((00 40(10 

ous hazard to man. While such an approach, overall, seems more 
practical to us, analysis of the world literature on pesticides reveals 
that acute intoxications are caused, for the most part, by the pesticides 
with the LDce below 50 mg/kg. 

The top council of the USSR MA State Commission for Plant 
Protective Chemicals raised the question about the necessity to 
further improvc and update the existing hygienic classification of 
pesticides. With this in mind, we have suggested * that the WHO re-
commendahon to differentiate between the degree of hazard posed 
by solid and liquid pesticide forms and the data on their long-term 
effects he carefully considered for the new draft classification. In par-
ticular, it is suggested to list in the first class, of extremely toxic 
substances: a) the pesticides with an active ingredient whose oral 
LD 50  is below 50 mg/kg, or 300 mg/kg by derrnal application and 
those with a coefficient of potential inhalation poisoning (CPIP, 
the saturating/lethal concentration ratio) of 300 or more; h) the li-
quid product forms with the oral LDa11 of 200 mg/kg or less, or 
500 mg/kg via the skin; c) the pesticides responsible in humans for 
dangerous long-term effects -- carcinogenic and teratogenic -- and 
endowed with selective organotoxicity, selective embrvotoxicitv or 
strongly marked mutagenic or allergic properties accertained in ani-
mal experiments. 

Class 2, highly hazardous toxicants, shoi.ild comprise the pestici-
des whose active ingredient has its oral LD50 in the 50 to 200 mg/kg 
range, or the 300 to 1000 mg/kg range by skin application, as well 
as the pesticides with a CPIP from 300 to 30 and capable of pro-
ducing in test animals mediutTi-to-low unfavourable long-term effects, 
unconfirmed by observations on humans. 

(:lass 3, moderately toxic, refers to the pesticides with the toxicity 
of their active ingredient -- oral LDae - from 200 to 1000 mg/kg or 
those with a CPIP from 30 to 3. 



Class 4, slightly hazardous, covers the pesticides with the active 
rigredient toxicity LD3 per os above 1000 mg/kg and which 
cause no animal deaths by dermal application and have a CPIP below 3. 
All the remaining criteria stand as they are in the hygienic classifica-
tion of pesticides accepted in the USSR. 

The Class 1 pesticides may not be applied in agriculture, those of 
Class 2 may be applied on a limited scale it necessary, and Classes 3 
and 4 may he applied on a wide scale if compliance with the per:inent 
hygienic regulations and standards is assured. The decision to issue 
registration and use permits must be based on the relevant limiting 
criterion. 

CUMULATIVE AND ADAPTAT1VE PROCESSES IN ORGANISM 
ON EXPOSURE TO PESTICIDES 

As such, accumulation and adaptation is rated among most rele-
van t problems in contemporary hygiene and toxicology. The inter a - 
ction of chemical substances with the body gives rise to two observable 
if opposite tendencies the damaging action of the chemical and 
the adaptive response of the body it has developed in the course of 
evolution as a defence reaction to the environment constantly in a 
state of flux. The severity of assault and the amount and frequency 
of exposure to the injurious agent decide whether the disruptive 
changes, elements of break-up, will accumulate and trigger the deve-
lopment of lasting pathological states, or the body will adapt itself 
to exist under such conditions without pronounced abnormalities. 

The former instance is of accumulation prevalent over adaptation 
so that the body falls prey to a disease, and death if the destruction 
of its adaptation mechanisms is complete. In the latter, it may well 
maintain its activity within physiological parameters for a coriside-
rable length of time. This basic concept, though it applies to the effect 
of any environmental agents, is particularly relevant to the science 
of hygiene. One of its principal aims is to identify the potential and 
real hazards of chemical environmental factors and define the intensity 
range of their effects compatible with normal life activity. This is 
likewise the case with chemical substances for which the stidy of 
accumulation and adaptation forms a theoretical basis of their hvgie-
nic standardization. 

Material and Functional Accumulation. Molecular Mechanisms 
of Accumulation. Kravkov st.iggested (1927) an extensive def.nition 
for the cumulation of poisons drawing distinction between the con-
cepts of m ateriat (chemical) and functional accumulation. With re-
peated doses, he argues, the toxic effect may arise, not by gradual 
accumulation of minor quantities of the causative poison, but because 
of its repeated assault on certain body cells. The impact influence of 
the small toxicant quantities upon the cells is sumunated and the toxic 
effect ensures. But is it relevant to talk about functional cum u:lation 
when the poison is destroyed only in part so that fragments of the 
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ubstancc's molecules remain attached to the receptors as before? 
Meanwhile the poison itself does not, in fact, accumulate in this case. 
Obviously, the traditional conceptions need to be somewhat rectified 
for the reasons suggested. 

Looking to the pattern of primary interaction between molecules 
of the toxicant and biological macromolecules as dictated by the fates 
of the substance and interested receptors, it is practical to distinguish 
between at least three, rather than two, types of primary cumulative 
effect (Kagan and Shtabsky, 1974). When the receptors become 
inactivated by the presence of not whole poison toxicant molecules but 
their fragments (parts) the observed cumulative effect is of a mixed 
type unprovided in classical theory. For the cumulative effect to be 
sustained, depends on the presence at the receptor site of a material 
particle. Proper timing in getting rid of the particle is essential if the 
interested biological macromolecules are to regain their functional 
activity. This type of accumulation should be considered also in de-
signing a series of toxicologic experiments to set hygienic standarcs 
for chemical substances. 

The considerations outlined above suggest clearly that the cumula-
tive effect of substances, both in type and mechanism, is directly re-
lated to, and cannot be discussed apart from, the primary interaction 
of toxicant molecules with the receptors. Follow a few examples to 
illustrate the point. Accumulation of metals in the body is a typical 
instance of its material type. Silver, copper, mercury, lead and also 
arsenites react vigorously with the frLnctional groups of proteins, sul-
hvdryl above all, to form mercaptides complexes of varying stabili-
tv. It is their stability determining how long the appropriate proteins 
will remain functional, i.e. the extent of cLinlulative action. But no 
matter what the extent, it is the combining of the metal with the 
protein molecule, that is, the presence of functionally active molecules 
of the toxicant in the body a hall-mark of material cumulation - 
that constitutes a pivotal element in the driving mechanism for this 
type of cumulative effect. The varying stability of these complexes 
is made clear by example of arsenic compounds (Lugansky et al., 
1957; Petrunkin, 1957). 

The mercaptide bonds that arise between trivalent arsenic and 
monothiols, e.g. cysteine are lower on the stability scale, the arcenic 
bonds with SF1-groups of the protein molecule are placed second and 
the bonds with dithiols are the most stable (Pokrovsky, 1962). Met-
captides result also from exposure of the organism to mercury and its 
compounds. The effect of p-chlormercurybenzoate, for example, preci-
ely that mode of action (Dixon and Webb, 1966). Mercury enters 

into stable complexes with proteins, it thus interferes with enzymatic 
activity and, given the effect has adequate intensity, leads to intoxI-
cation. Since the cotnplexes are fairly stable the entry of added quant:-
lies of mercurials into the body produces a more severe enzymatic 
disfunction and hence the cumulative action of the mercury-contain-
rig toxic chemicals. The cumulative action may vary widely in scope 
depending on the stability of the toxicant molecule complexes with 
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the receptors, on the one hand, and the functional import of the inacti-
vated receptors, on the other. 

The effects of carbon monoxide and cyanides would seem to be also 
of the material cumulation type. Carbon monoxide inhibits the activity 
of some iron- and copper-containing enzymes but the worst-stricken 
of course are the enzymes which react with oxygen. Being the stronger 
competitor, carbon monoxide displaces oxygen from compounds with 
hemoglobin yielding carboxyhemoglobin and thereby affecting badly 
the function of the blood as an oxygen carrier. 

Cyanides combine with the enzyme metal necessary to sustain its 
catalytic function, and block out its influence. Besides, they carr inte-
ract with the carbonyl group in the enzyme itself in the cofactor, 
prosthetic group or even the substrate (Dixon and Webb, 1966). In all 
of these instances the enzyme stops functioning, in part or in whole, as 
a result of chemical interaction with the toxicant. The associated disfuri-
ction may be enhanced by the newly arriving portions of the poison; 
what happens then is a material cumulation depending for its magni-
tude on the stability of the cyanide or carbon-monoxide complex with 
the cof actors of the protein molecules. 

There is a basic difference between material and functional accu-
mulation. The latter features interaction of the taxicant with the bio-
polymer; the toxicant soon leaves the receptor site though the structu-
re and function of the biopolymer persist for some time without 
change. The reaction can be assessed by the influence of direct niethe-
moglobiri formers (sodium nitrite, etc.). 

An example of functional cumulation may be the effect of chemi-
cal mutagens. Typically, these are not part of the genes with which 
they interact; rather they are split off either immediately or Soon after 
the reaction. Compromised secondary and tertiary protein structures 
which persist after the reaction with a chemical agent illustrate appa-
rently this type of compounds. Sometimes the poison, as it coinbines 
with the cofactor or substrate, eliminates them from the body, thus 
rendering the enzyme incapable of normal functioning. As this haapens 
the toxicant may not be actually present in the both but even so the 
function remains unhinged for some time. If, during that period, 
the poison re-enters the body intoxication arises, clue to the accumu-
lation of functional changes. 

• 	A rather common mixed-type accumulation occurs when some 
part of the poison molecule adds to the receptor, as in the reactions 
of acylation of the protein molecule, for example, the phosphorylation 
and carbamoylation of esterases. In that case, the extent of accurnu-
lation is influenced by stability of the complexes thus formed. The 
phosphorylated cholinesterase remains inactive much longer than 
the carbamovlated one. It is wrong, however, to class organophospho-
rus compounds with irreversible and carbamates with reversible cho-
linesterase inhibitors (Kagan, 1977). The cumulative action of toxic 
chemicals can be predicted from the basic input of the time taken to 
reactivate the enzymes and other protein structures. 
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It should be noted that some OPP have been found capable of 
inducing reversible non-progressing acetsl-choliriesterase (AChE) 
inhibition, brought about by interaction of the inhibitor with some 
part of the active surface of the enzyme responsible for the ACIiF. 
inhibition by the excess substrate (Brestkin et al., 1971). 

Methods to Evaluate Cumulative Properties of Substances. Phar-
macologists and toxicologists take a long-standing interest in the 
quantitative evaluation of the cumulative effect. But because either 
science has its specific objectives each takes a different approach 
to it. The pharmacologist finds it necessary now and then to identify 
the c urnu lative effect of comparatively high therapeutic doses of a sub-
stance given over relatively short periods of time. Unlike him, the 
toxicologist is concerned with the quantitative evaluation of chemical 
envi ronrnerita 1 factors and most of the time has to respond to questiors 
of cumulative effect as related to extremely low quantities of an 
agent but ones which nonetheless remain active during an indefinite 
time, sometimes as long as the lifespan of one or even several genera-
tions. Because of their distinct approaches pharmacologists and toxi-
cologists apply different methodological tools to study the cumulative 
action of substances. In pharmacology the researcher relies on Druck-
rev's method (1957) to gauge cumulation, its key feature being the 
selection of filling (lack iii g) dose due to be administered one day 
after maximum tolerable dose ( LD)) . The filling dose should he ah e 
to cause the death of 50 percent of the animals. 

Thereafter the 1.1). is subtracted from the sum of the 1[) ()  and 
the filling (lose and the difference characterizes the extent of cunlu-
at ion. 

La nioniov and G rish ko 1963) measure the L D. 1  of a substance at 
different iii terval s upon LD 0  ad ministration. Both these methods are 
deficient in that, with the administration of two large toxicant doses 
as their key feature, they disallow approximation of real-life condi-
tions. 

A quantitative evaluation criterion for the suhstances endowed 
with material cumulation may he their daily elimination rate expressed 
as percentage of the administered (lose (Votchal, 1963). Knowing it. 
one is able to determine the time taken for a particular dose of the 
agent -. therapeutic, toxic, or lethal to accumulate in the body. 
Another, and s:milar method measures the residence half-time of a 
chemical in the body (biological half-time). Under the method, the 
time taken to eliminate the injected chemical is giv(2ri by the formula: 

I (t 1 — in-9  
 , where 

In 

yi and Y2 are the chemical's contents at nioments U and U after its 
a din in i st ration - 

Shtahsky (1971) has shown that determLning the residence half-
time of a chemical allows its possible accumulation with any mode 
of administration into the body to be evaluated in quantitative 
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terms. If the intervals between two successive administrations ( \) 
of a certain chemical dose are shorter than its residence half-timc (T) 

it will accumulate the [aster, the lower the ratio 	, With T 

the amount of the substance likewise increasing and its maximum 
level alter a single injection is doubling after some five or six admini-
strations. Should the given dose continue to enter the body, there 
comes dynamic equilibrium with the ceiling concentration of the che-
mical. The level of dynamic equilibrium and the speed with which 
it is achieved can be calculated for each dose. With \ > T the sub- 

stance will accu mu late the slower, the greater the ratio 	with 

significantly larger than T, material cumi.ilation is d istinctiv impos-
sible. 

Criteria of Cumulative Effect. Cumulation Coefficient. Of the two 
methods most widely used for the evaluation of functional cumulation, 
one proceeds by regular (daily) administration of the agent to experi-
nienta I animals in equal doses that represent certain fractions of 
their L1) (Kagan, Stankevich, 1964). The other one., called the sub-
chronic toxicity" lest, involves gradually increasing the close of c che-
mical (Lirn et al., 1961), Under both methods, it is possible to calculate 

cumu I atiOr] coefficient, which is essentially the ratio 	L[ 	
or 

L [ 

to generalize, 	- DE 50  is taken to mean the dose producing 

a certain effect in 50 percent of the experimental animals (for the 
quantal evaluation) or a 50 percent modification of the selected Index 
for t he graded evaluation of the effect) . Tile calculation of curnu I a-

lion coefficient bv the formula given above enables its confidence 
limits to he established and the coefficient itself to he perceived in 
terms of probability ( Kagan, 1964). 

C Limti I ation cot' fficient is defined usual k in two species of test 
animals fed daily with a close of 1/10, 1/20 and 1/50 I.D (} . The idea 
is to have every animal receive summarily, under the 2 -4-niorlii 
protocol of five doses a week, 10, 5. and 2 LD0 of the substance, 
which is quite enough to estimate the degree of the cumulative effect. 

Since curnulat ion coefficient may depend heavily in magnitude on 
the animal species and the daily dose involved on two magnitudes can 
be compared for different substances unless obtained under similar 
conditions, including at least two animal species and several equal 
fractional doses. The coefficients approaching unity suggest a remar -
kably strong cumulative effect and those above 5, a mild effect Med-
ved (1965) suggested that pesticides should he classified by the :nag -
nitude of their cumulative properties into four groups: super-cumula-
live, with the cunitilation coefficient below unity; strongly cunnulative, 
the cum LII ation coefficient from I to 3; moderately cLimul alive, the 
ctimntilation coefficient from 3 to 5; a n d slightly cumulative, 
the c u IULII ation coefficient greater t liar] 5. 
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Shtabsky 	971) appreciates cumulative aclion by the ratio of 
deaths at the 30th to the 1st day after a single toxicant dose. 
The cumulative action is the greater, the lower is 

LD ) (30th day) 
LD 50 (lst day) 

A correlation exists between the time animals die after the injection 
of a pesticide and the magnitude of the cumulative effect, namely, 
the shorter the time elapsed from the injection of the poison until 
the animal's death, the smaller the magnitude of the latter's ct.imula-
tive action. Thus the highly toxic OPP capable of causing animals 
to die within the hour post-injection are slightly cumulative. Conver-
sely, the organochlorine agents which upon injection kill animals after 
2 or 3 days or later are, as a rule strongly cumulative. This is readily 
explainable because with a slow-developing pathological process all 
subsequent poison doses are administered before reparation of the 
previously disturbed functions has taken place. On that basis, a quan-
titative index of the cumulative effect, or cumulation index., is esti-
mated thus: 

I LJ 	1 
= 1 -•. T 	 ; where 

I_.I_J501 

is the dose calculated from data on animal deaths on the fi:st 
day of the experiment; and 

LD 1114)  is the same, after 14 days. Should they coincide and all ani-
mals die on the first day, the cumulation index is zero. When 
the animals die later into the experiment the cumulation index 
tends toward unity. 

Shtabsky and Kagan (1974) suggested that the procedure or 
evaluation of cumulation coefficient should he standardized so as 
to incorporate the cumulation index. 

The standardized cumulation coefficient is: 

= 	
where L 4   

K
I  L Dr)(ll  = 

LD5({ I 

Its estimation excludes the risk of underestimating the cumulative 
properties of strongly cumulative substances. 

	

DE 	 - The formula 	, 	allows calculation of cumulation coetfi- 
L) 

cients at the threshold level. Gizatulina (1970) reported that animals 
injected with triphehylphosphate doses equal to 1/5 and 1/2 of the 
DE 50  develop habituation to it within two weeks or so. She went on 
(1971) to identify cumulation coefficients at the threshold level for 
eight compounds (including three organophosphates and two organo-
chlorines) and found them to be lower than those at the lethal level. 
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Ulanova et a], (1972) estimated K = 	D E,  and again cumula- DE 1  
tion coefficients of the same substances at the threshold level had a 
lower value than at the lethal level. Similar data were obtained by 
Kagan et al. (1971). Thus it appars that the cumulation coefficients 
at the threshold level cannot be evaluated on the same criteria that 
apply to lethal outcomes. 

The principal purpose of experiment with repeated administration 
of a substance must be to define the nature of the alterations that 
arise, detect primary mechanisms of toxic response and establish dy-
namics of the cumulative process and the development of compensa-
tory defence mechanisms. Quantitative perceptions of the toxic process 
and the dose-time-response relationship may be evolved by correla-
tion of the results obtained with repeated exposure to several diffe-
rent doses of a substance. Recognition of trends in the ini:iation 
and development of toxic process provides basic cILles to identifying 
safe exposure levels. 

Dose-Dependent Accumulation Patterns. Having estimated seve-
ral cumulation coefficients for various doses of a substance, one can 
proceed to establish specific patterns of dependence of the extent 
of cumulation upon the daily dose. The exercise has certain predictive 
value in forecasting cumulative properties of substances in chronic 
exposure of the organism to their relatively minor quantities. 

We have identified four principal patterns in the extent of cumula-
tion as a function of dose (Fig. 1): 

I. The extent of cumulative action decreases with a progressively 
reduced daily dose. The pattern is characteristic of many highly toxic 
organophosphorus insecticides. They are not high-risk agents capable 
of causing chronic poisonings by protracted low-dose exposure. In 
forecasting, however, one must be careful to see if the chronic ef-
fects that arise are not due to the action of their metabolites. For 
example, the organophosphate chemicals with a paranitrophenol group 
in their molecule, such as thiophos, metaphos, etc_ produce in chro- 
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uic ('XPOSLire anemia and other blood changes which apparently have 
nothing to do with the principal anticholinesterase type of the agent's 
impact: chlorine-containing organophosphorus agents 	chlorophos 
and DDVP 	have a toxic effect on the liver; phthalophos, which 
contains a phthalirnide group, and savphos having a triazine ring 
in the molecule affect kidneys, and so forth. These developments 
may pass unnoticed by a resea rc her who looks to lethal outcome as 
the only guide in estimating cumulative action and therefore ignores 
the necessity of biochemical, physiological, and morphological inve-
st i g a tic ri 5. 

2. The extent of cumulative action is independent of daily dose. 
In Fig. I we see the straight line which is parallel or nearly parallEl 
to the baseline. This is the pattern found typically in some dithiocar-
hamates ( tetrarnethvltlliuramdisLll fi(.ie) . The group is a more dange-
rons one as chronic intoxication may be manifested upon entry mo 
the body of not only large, but small doses as well. 

3. The extent of corn LII ative action increases with decreasing dose 
of the agent administered daily into the body. The pattern is common 
to a nt.trnber of organochlorine hydrocarbons, likely to produce chronic 
effects in very low doses and, naturally, being potentially most 
11 a z a r dous. 

4. The extent of cLlmulative action decreases as a two-phase 
process. First, it climbs as the dose is lowered, and then sets on a 
downtrend. The pattern applies to the action of some chlorinated 
hydrocarbons of dienc synthesis (aldrin, dieldrin, etc.). 

Adaptation, Habituation, Compensation. Adaptation refers to the 
ability of a living organism to adjust to the everchanging conditions 
of existence in environment, developed throughout the evolutionary 
process; withot.nt adaptation neither maintenance of normal activity 
nor adjustment to diverse environiTlental factors is possible. 

Sanotskv (1971 ) describes MAC, the maximum allowable concei-
tration, as the concentration of a chemical in the environment which 
acts upon the hurTian organism periodically or through its entire life 
span directly or indirectly via ecological systems, but withoat 
giving rise to somatic or psychic disorders (including latent and tern-
purarilv compensated) or health changes going beyond the limits 
of the physiological responses detectable with current methods of re-
search, at once or in a Ion ger term of life of the present and future 
generations. This definition very appropriately links the concept of 
nnaxinllum allowable concentration (MAC) to adaptation processes 
wLrhin the Ii fe-span of not one, hint m any subsequent generations. 

As defined by the WHO Working Group (1974). adaptation is 
the true accommodation of an organism to a changing environment 
which occurs without any interference with a given biological system 
and without excess of its normal ( homeostatic) capability of response, 
i.e. when, after a certain period of exposure, its response to a toxic 
substance (usually at a low concentration) disappears completely 
and for ever and is no longer cletectahle by various functional tests 
or extensive additional investigations. 
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habituation is a decrease of both responses to continuous or 
periodic stimulation (Liublina et al., 1971). While a form of the 
adaptive response of the body, it may not be an expression of true 
adaptation, but merely a phase of intoxication. Indeed, the state of 
habituation is often followed, under continuing exposure, by impair-
merit of compensation and adaptation reactions and the development 
of intoxication. The WHO definition of habituation emphasizes the 
disappearance, after a certain time, of the disturbances caused by 
toxic substances (so that their concentration has to be increased to 
obtain the effect next time). Such habituation must he seen as a stage 
of chronic intoxication. 

Compensation is the adjustment of an organism to changing 
environmental conditions (especially chemical), it is a result of the 
stresses that arise in the biological systems and exceed the limits 
of their usual (homeostatic) potential. This is a latent pathological 
state which may show up with time as overt pathological changes 

decom pen sat ion 
Sanotskv (1971 ) identifies the following distinct stages of into-

xication: primary decompensation, physiological adaptation, coinpen-
sation of the pathological process, and decompensated pathology. 

Starkenstein (1931) maintained that habituation to a certain poi-
son is, in some sense, the reverse of cumulative action. Repeated 
exposure of the body to chemical substances provokes usually both 
processes: an increasing ilijLIrioLlS action, and cumulation arid adapta-
tion. Depending on the severity of assault by the agent arid the dose 
and duration of exposure, either the damaging or the defensive ten-
dency prevails. So the investigator concerned with the study of se-
condary effects from chemical substance doses always has to confront 
both, cumulation as well as adaptation. 

While studying the effect of OPP on the body we paid attention 
to the fact that daily administration of the chemical in certain doses 
to albino rats caused partial death of test animals within the first 
few weeks, whereas the other part of the animals giver] the same 
doses of the agent under identical conditions, staved alive during se-
veral months despite the continued administration of the toxicant. 
We hypothesized that these animals had developed habituation to 
the OPP. To evaluate their condition, we applied a test with L0 50  
administration of the same poison. But even so the experimental 
animals, as contrasted from the control, did not die, he. their resi-
stance to the poison kept increasing. This might be attributed to 
the same mechanism we had earlier observed in experiments with pre-
\ention of death in rats from lethal mercaptophos doses by pre-admi-
nist ration to them of subtoxic doses of the same poison or other orga-
nophosphorus insecticides (M-81, rnetaplios) which were less active 
cholinesesterase hinders. Probably, as with the reversible cholineste-
rase binding by esenine, the case here is one of continuous release 
of cholinesterate from the cornpounid with an inhibitor in sufficient 
quantities to support life. Or we may deal here with habituation to 
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excessive concentrations of acelylcholine competing with the orgaro-
phosphorus compounds for the active centers of cholinesterase. 

Tzapko (1966) watched laboratory animals developing habituatiun 
to chlorophos. Its daily administration at 1/20 LD1 led, afler 
20 days of the experiment, to a substantial reduction of cholinesterase 
activity in the blood serum and ervthrocytes, liver, kidneys, spleen, 
and brain. After 40 days, the cholinesterase activity in the serum a]d 
erthroctes was somewhat higher; after 90 days, it surpassed the 
20-day level, nearly reaching at this point the initial level in the blood 
serum and spleen. Some indices of the functional state of the liver 
changed much like cliolinesterase, particularly as regards the release 
of sodium benzoate in the form of hippuric acid which had attained 
the initial level by the 90th day. Thus there had been gradual haji-
tuation to chlorophos involving the return to normal of the patholo-
gical process underlying the toxic response (restoration of cholines:e-
rase activity) and other pathological insults. The development of 
habiti.iation to OPP was also described by Krasovsky et al. (1970). 

Several hypotheses may be put forward to account for the OPP 
habituation mechanism. 

First, repeated OPP doses may trigger the induction of the en-
zymes responsible for their detoxicatiori. Acceleration of the OPP 
detoxication processes reduces the number of toxicant molecules 
which react with the active centers of cholinesterase and thereby 
contribute to its restoration. This is confirmed also by the data about 
the faster detoxication of organophosphates by the resistant insects. 
Consequently, the induction of OPP-detoxifying enzymes may be 
listed among the major causes of resistance to the organophosphorus 
compounds. 

The second mechanism seems to be the dephosphorvlation of 
cliolinesterase. Evidently, the accumulation of excessive acetylcholine 
quantities via the feedback mechanism increases cholinesterase acti-
vity. Lastly, one cannot dismiss either accelerated synthesis of cheli-
nesterase itself by the feedback mechanism through partial macli-
vation of the active enzyme of OPP. These hypotheses need expermrnerl-
tal verification, yet the fact that habituation may be developed and 
resistance to OPP may be increased, following their repeated entry 
into the both' is not in doubt anymore. As is generally known, destru-
ction of OPP-resistant insects requires toxic concentrations to he raised 
dozens if not hundreds of times. This says something about the potency 
of the OPP adaptation mechanisms in the insects: they are con-
solidated genetically. Habituation in iiian develops over the life-span 
of one generation and therefore is not nearly as potent. Nonetheless 
human habituation, too, has to be reckoned with in evaluating the 
cumulative effects of OPP. 

The literature abounds in evidence of habituation to hvdrocarhcns 
(gasoline, benzene, xylol, diethyl ether, etc.; Liubhiria et al., 1971). 
organochlonine agents (aldrin and dieldrin, and heptachlor), deriva-
tives of carbamic (carhin) and dithiocarbamic acid (polycarbacin; 
Martzon, 1968) . With repeated exposLires to si.ibthneshold doses of 



the organochiorine compounds of diene synthesis, Spyn (1965) disco-
vered changes of ascorbic acid contents in the adrenal glands, of 
the absolute quantity of cosinophiles in the blood, and of 1 7-ketoste-
roids in the urea, each of them in a phased pattern. First came ncre-
ased resistance to additional administration of the threshold or lethal 
chemical doses and lowered sensitivity to functional stresses. This 
was followed, at the next stage of intoxication, by heightened sensi-
tivity to poisons and functional loads. The highly toxic and highly 
cumulative diene insecticides showed the characteristic ability to move 
quickly from the first to the second stage. 

Investigation of the effects produced by different doses (fractions 
of LD 0 ) in an experimental study of cumulative effect offers a way, 
in some cases at least, to monitor the adaptation vs accumulation 
ratio and thereby not merely to define the magnitude of the threshold 
doses, but also to identify for them relevant criteria of harm. The 
doses responsible for progressive alterations over time should be 
assessed as positively harmful; the amounts of poisons which do not 
harm the adaptation potential when administered into the body are 
on the threshold of toxic exposure. 

Daily administration of polvcarbacin doses corresponding to 1/10 
and 1/20 LD 5  was seen to decrease progressively the amount of 
SH-groups in the blood of the albino rats. Its administration in doses 
of 1/50 and 1/100 LD0 at first caused the SH-group level to drop 
off and then take a trend towards restoration. 

Though the data now available shed light on some adaptation 
mechanisms to chemical substances, they cannot be considered to be 
sufficiently well known at present. Perhaps the most detailed find-
ings thus far were obtained by Jiuhlina et al. (1971). Among the 
mechanisms adjusting the body to the effects of environmental factors 
within as short a time as possible, the neurohumoral mechanisms 
are worth mentioning ahead of others by reason of supporting "be-
havioral" adaptation, one of the most effective of its kind (Lazarev, 
1967). In man, adaptation to a change of environmental conditions 
is made evident by the activity of the far-advanced hunian brain. 
'yet humans, like animals, also possess their inherent adaptation 
mechanisms in the form of "general adaptation syndrome". Adapta-
tion of the nerve tissue comes about through increasing lability and 
slightly decreasing excitability. Repeated exposures produce moderate 
excitation in the nervous system which not only boosts the develop-
ment of habituation, but also magnifies its extent (Liublina et al., 
1971 ) . With respect to the nervous system, the processes of habi-
Uiation to poisons appear to he closely related to the humoral mecha-
riisms. Liublina et al. ( 1971 ) believe that the system out of the pitui-
tary body and the cortical matter of the adrenal glands, on exposure 
to low-intensity chemical factors, has not as large a role as it has 
in an acute stress. 

Adaptation at the cellular level typically resides in microorganisms 
and, moreover, makes them resistant to drugs. Habituation at the cel-
lular level results presumably from changes in metabolism. Altrna- 



tely, it may he associated with the growing activity of the detoxifying 
enzymes or increasing resistance of macromolecular structures to 
poisons and expanded synthesis of proteins and nucleic acids. One 
can cite numerous examples of mcrosomal liver enzymes increasing 
their activity on exposure to toxic substances and drugs. DDT and 
other organochlorine compounds can activate the microsomal liver 
enzymes involved in the detoxification of organophosphorus com-
pounds, thus producing cross-habituation to them. 

Live cells, much like the multicellular organisms in their entirely, 
present a rather efficient self- regulating system with advanced feed-
back mechanisms. Aliosteric processes are importantly involved in 
actuating the mechanisms. Final metabolites influence the activity 
of the enzymes which catalyze the primary reactions leading to 
their formation, even though metabolites show no structural simi.a-
rity to the enzyme substrate. it appears that many poisons interact 
with the enzymes by the allosteric mechanism (Kiirganov, 1978) and 
that the interaction is all too likely to result in adaptive reactions. 
Though little is known at present about the workings of adaptation 
mechanisms at the molecular level, their role seems to be far from 
minor. The mechanisms drive the induction of enzymes and the new 
enzvnies are termed adaptive because their effect is directed most 
often to removing their causal agent or the consequences of the 
tatter's activity. 

The role that the induction of mixed-function oxidases has in the 
mechanism of adaptation to a number of pesticides was conclusively 
demonstrated by Popov (1977). 

A quantitative eval nation of the state of adaptation employs a 
variety of loading (effort) tests that provide at least some indication 
as to the degree of stress imposed on the adaptive mechanisms. 
Shtabskv (1971) proposed this formula to determine the adaptation 
coefficient: 

ET._100 where 
I 50 

El50  is the mean effective time of lethal outcome following the 
injection of poison to test animals, and 

T, 	is the average life-span for a given animal species. 

ABSORPTION, DISTRIBUTION, ELIMINATION, 
AND METABOLISM OF PESTICIDES IN ORGANISM 

The research on toxicokinetic processes has direct relativity to 
effective solution of several theoretical and applied problems in pesti-
cide hygiene and clinical treatment of intoxicatiuns, such as design 
of exposure tests and diagnostic methods (detection of toxicants and 
their metabolites in the biological media) discovery of antidotal and 
pathogenetic therapies (chemical binding of poisons, potentiation of 

36 



detoxifying and elimination processes) preventive programs; stt.idy 
of the adaptation mechanisms and further enqLljry into the problem 
of their control through the in d uction of detoxifing en zyrnes, irili i-
bition of the enzymes implicated in lethal synthesis, etc; prevention 
of poisons from entering the body; validation of hygienic regulations 
and standards (selecting more rational operating conditions and 
documenting the need to alternate pesticides so as to avoid their 
combined effect). 

Toxicokinetics is rested on the theoretical foundation of the doctri-
ne a bout StrUctural and functiOnal characteristics of cell membra-
nes, for it is on the interaction with the cell membranes and cell 
organoid enzymes that foreign chemical substances depend most 
for their transport and transformation. 

Pesticides' Entry into the Body. Pesticides can gain access into 
the body through the respiratory system, skin, and alimentary canal. 
Though in pesticide handling and application the first two routes 
have undisputed priority, still one niust he aware that a large portion 
of the chemicals may be swallowed and thus find their wa\' into 
the alimentary canal as aerosols are inhaled. 

By way of the respiratory system, toxic chemicals enter the body 
in the form of vapors, as do the fumigants methyl bromide, chloro-
picrin, and others: or vapors and aerosols, as some high-, medium-, 
and low-volative agents DDVP, ethylmercurochloride, etc. The spe-
cific modes of pesticide application in agriculture (dusting and spray-
ing plants) harbour the possibility of low-volatile substances pene-
trating into the respiratory tracts as dusts or hvdroaerosols. The li-
kelihood of subsequent intoxications is judged by the magnitude of 
the potential inhalation poisoning coefficient (CP!P) or thermodvna-
mnic concentrations. ihe basic principles for the ingress of toxic substan-
ces into the body have been covered extensively and in much detail 
by Gadaskina and Filov (1971), Golubev et al. (1973), and Tub-
kontsev (1976). With this in mind, the present discussion will he 
limited to more general questions inasmuch as they apply to pesticides. 

For the speed (rate) of their absorption from the respiratory system 
into the blood, chemical agents depend on their state of aggrega-
tion (vapors, hydroaerosol, dust); the particle-size and charge of 
the aerosol; the latter's depth of penetration into the respiratory sv- 

-- 	coricent ration in blood stem: Ostwald s partitioning coeflicient  
concentration in air 

water solubility data may he used here instead of soluhilitv in 
blood): partial vapor pressure: the extent of pulmonary ventilation; 
bloodstream intensity in the lungs and the state of the lung tissue 
(presence of inflammatory foci, exudates and transudates) , and, fi - 
nal Iv, the chemical interaction pattern of pesticides with the biologi-
cal substrates of the respiratory system. The partitioning coefficient 

arterial blood in the 	 svsteni characterizes the partition of volatile alveolar air 
compounds between liquid and gaseos phases at the moment of equi- 
librium. The lower the coefficient, the faster is equilibrium attained. 
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The rate of attaining equilibrium and the allied effect increase in-
tensified breathing, i.e. with muscular effort. The partitioning coeffi-
cent is CaIcLilated front the formula: 

V. 22.4. 760. T 
P. M. 273 	, where 

V is solubility in water, g/l 
T is absolute temperature, 
P is vapor pressure, and 
M is molecular mass. 

Coarse dust or liquid aerosol settle for the major part in the nasal 
cavity, the nasal portion of the throat and the trachea, though a 
large portion is swallowed (the poison gains access by multiple 
entry; Katinelson, 1976). The alveoles are penetrated mainly by 
particles sized 1 —2 irn and particulates of larger diameter are retained 
in the upper compartments of the respiratory system. However 
water-soluble aerosols may be absorbed also via mucous membranes. 
In fact many OPP, if inhaled in the aerosol state, make rapid progress 
into the bloodstream, thus producing a toxic effect in the first few 
minutes of exposure. The OPP aerosols will normally be more toxic 
than their vapors (Kagan, 1977). This is perhaps because they are 
capable of being retained and absorbed all through the respiratory 
system whereas the vapors are absorbed primarily from the alveo.i. 
Also, percent retention may he higher for the aerosols than vapors. 

Reactive and non-reactive compounds have dissimilar absorption 
patterns. For the non-reactive gases and vapors, their accumulation 
in the blood is represented by the exponential curve: 

C = C 0  (1 - - e), where 

C is the concentration of a substance in a biological system; 
Ci is the environmental concentration, 

is time, and 
k 	is the coefficient being computed. 

The speed with which substances in the process of biotransforma-
tion accumulate in the blood and tissue is infLuenced markedly by 
their metabolic rate. The faster the substances degrade, the lower 
their amoLints accumulated in the form of primary compounds. For 
many of them, the metaholites are likely to be found in the biosub-
strates. The possibility of accumulation in the rat liver has been de-
monstrated by Popov et al, (1977) for a toxic metabolite of Dursban, 
its P = 0 analog. 

One can gain a notion aboLit the pattern of pesticide absorption 
from the respiratory system by measuring the speed with which 
signs of intoxication develop and by looking to specific indices of 
the toxic effect (e. g. cholinesterase activity in OPP exposure). Rapid 
(in a matter of minutes) absorption of organosphophorus chemicals 
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was reported by Voitenko et al. (1977) and Kagan (1977) from .sfu-
dies of erythrocvte acetyicholinesterase (AChE) and blood serum cho-
liriesterase (ChE) activity in tissues. While dichioroethane, carbon 
teirachloride, hexachlorobutadiene, methyl bromide and hexachioro-
benzene pass on from the luLigs into the blood in inhaled fumes 
(Bakhishev, 1970; Gadaskina, Levina, 1976), DDT, keltharie, heptach-
br, aidrin, dieldrine, polychloropinene and polychlorocampherie enter 
it in inhaled aerosols (Spynu, 1965; Gadaskina, Levina, 1976), as do 
also sevin and other esters of carbamic acid (Yakim, Klisenko, 1967; 
Abramova, Chernv, 1976), tetramethylthiuram disulfide (TMTD), 
and zirarn (Abramova, Cherny, 1976). 

Pesticides move into the body via the skin as well as the respira-
tory organs. The skin-resorptive ability is known for lipid-soluble 
substances (even those with medium-to-low water solubility; Laza-
rev, 1938). Rapid skin absorption is also a feature of organophospha-
tes, organochiorines, organotnercurials, derivatives of dinitrophenol, 
carbamic and thio- and dithiocarbamic acids, the alkaloids nicotine 
and anahasine (TKundiev, 1975; Kagan, 1977; Lazutka, 1972), and 
the dipyridvl herbicides paraquat and diquat (Makovsky, 1971). 
Organophosphate sulloxides and sulfones become absorbed less rea-
dily than nonoxidized compounds (Kundiev, 1975). Ionized compo.inds 
and positively or negatively charged molecules poorly penetrate the 
skin. The passage of polar compounds thf0LIgh the skin is rrlagni-
lied if they are mixed with non-polar solvents, a proven fact as far 
as some OPP agents are concerned. 

The hazard of poisoning via the skin looms large from the pestici-
des featuring a combination of marked toxicity, easy absorption and 
medium-to-low volatility. The danger is extraordinary as coming from 
OPP and some of the more toxic organochlorine pesticides (gamma-
isomer of hexaclilorocvclohexane, and the compounds of diene synthe-
sis). Kundiev (1975) avers that many organophosphate intoxications 
that occur to occupationally exposed workers occur by the dermal 
route of entry. lntoxications result from occupational exposure to 
thiophos, mercaptophos, TEPP, phosdrin, and carbophos. They happen 
most frequently where liquid pesticides are in use, though cases have 
been documented of poisoning by Pesticides in the dust form. 

Medved (1961) and Trakhtenberg (1969) focused attention on 
the ability of organomercury compounds to penetrate the skin and 
pass into the body. The intoxications caused by these pesticides are 
assumed to be a result of their combined entry through the skin 
and respiratory system. There are data suggesting absorption through 
skin as the possible route of entry for the derivatives of carbamic 
and thio- and dithiocarbamnic acids, herbicides from the group of 
2,4-dichlorphenoxycarhonic acids, pyridine derivatives, and other 
pesticide classes. 

The mechanism responsible for the skin absorption of pesticides is 
somewhat complicated, as their direct penetration through the epi-
derm, hair follicles and sebaceous glands or through the ducts of 
the sweat glands is a possibility. Different skin areas show a dissi- 
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milar capacity for the absorption of chemicals, heirig more permeable 
to toxic agents on the medial surface of the thighs and hands, in the 
inguinal region, on the genital organs, breast, and abdomen. 

A rnethodoogically meaningful issue deals with comparative skin 
permeability in humans and experimental animals (Gostinskv, Macva, 
1977) The animal species most typically used to test skin-resorptive 
action are the albino rats and mice, rahhits, arid guinea pigs. Kundiev 
(1975) notes that human skin is less permeable than the skin of 
numerous experimental animal species because of the more thick 
horny layer of the epiderm and the greater length and tortuosity of 
the glandular ducts. The skin of piglets is almost as permeable as 
the human skin, vet the small laboratory animals are more suitable 
for use in skin absorption studies because of the larger body surf ce 
area/weight ratio. For proper evaluation of the results of these studIes 
one could consider the influence of temperature, humidity, solvents, 
ernulsifiers and other factors on the absorption rate. 

Another route for pesticides to access the body is through the ali-
nnentarv tract, and sonic substances begin to be absorbed a I ready 
in its upper portions. This is true of the compounds that are readily 
dissolved in lipids and possess a high oil/water coefficient, as in the 
case of numerous organochioririe and organophosphate chemicals, 
phenol derivatives, cvanr ides and sonic salts. Organochiorine com-
pounds, for example DDT or dieldriri, have been found to be ab-
sorbed from the upper portions of the alimentary canal, transported 
into the liver through the portal vein system arid partially the lymph, 
metabolized in the liver, and either cleared into the intestines or de-
posited in the fatty tissue. Hexachlorobenzene is absorbed much slo-
wer by comparison, but is also deposited in the fatty tissue (Jatro-
i)ou los ct al. , 1975) . The stwn ach, too, niav be the source of eutr 
of the same agents into blood. Non-ionized compounds are absorbed 
by diffusion. The niajor bulk of the pesticides entering the blood-
stream reach it through the small intenstine. The harrier between 
the intenstinal cavilv and blood incorporates the intestinal epithe-
liuiii, the epithelial membrane On the capillary side, and the capillary 
basilar membrane. 

Compounds featuring very high lipophilicitv are fast to penetrate 
the intenstinal wall but comparatively slow to move on to the blood. 
Fast absorption redluires  of the pesticide concerned to he readily dis-
solved in lipids arid water, the altogether necessary property for the 
entry of substances from the intestines into the blood-stream, The 
presence, or lack, of I ipoid sol u hi] ity is critical for the diffusion of 
substances across the ervthrocyte membrane. Proteins and especially 
plasma albi.imins have a large role in pesticide transport by the blood 
on account of their large surface area. In ervthrocvtes, chemical s 
can combine with hemoglobin (Wilkinson, 1976). The capillary wall 
is permeable to niany pesticides whose amounts conveyed into the 
tissues are proportional to the capillary b loudstreamn rate. 

Other mu aj or influences as regards the pattern arid speed of chemi-
cal absorption are the extent of accumu Lii ation , soluhil itv in the s:o- 



mach, and pH of the I alter's medium. The substances ingested in a 
fasted state are usual lv capable of more intensive absorptior than 
otherwise. Also, the chemical absorption rate is controlled in large 
measure by the degree of ionization of molecules. Gadaskina and 
Levina (1976) indicate that a negative logarithm of the ionization 
constant (pka) greater than 3 makes absorption possible for the 
substances of the acidic nature and a logarithm less than 8 for those 
of the alkaline nature. In other words, poor absorption happens to 
the substances found in the ionized state in a weakly acidic or weakly 
alkaline medium. With the increasing pH of the ruediurri the absorp' 
lion rate of the bases is tip and that of the acids is down. 

The absorption rate of ions from the small intenstine is very low. 
Absorption of arninoacids, glucose, uracil and structurally similar 
foreign substances, e.g. uracil fluoride (Albert, 1971) from the small 
intenstine occurs with the involvement of specifically active transport 
systems capable of operating against the concentration gradient. 

Distribution of Substances between the blood and tissues obeys 
the laws of free diffusion and active transport across rnem branes 
Lipoid-dissolved substances access all organs and tissues but tend 
to form larger accumti I ations in the I ipoid - rich t ISS Lies: omentu in. 
bone marrow, and testes. One is well-familiar with the deposition 
of DDT, aldrin, hexachlorohenzene, and other chlorine derivatives 
of hydrocarbons. Such depots, however, are not passive and Lilider 
certain circumstances, e.g. fasting, stress, etc. may release toxic 
substances into the hlood. 

Many pesticides tend to distribute themselves comparatively uni-
formly through the body, and only very early upon absorption can 
the•, and especially those which combine with proteins, he contained 
in large quantities in the organs that occur some place along their 
routes of absorption or elimination. But, even with the relatively 
uniform distribution of most pesticides in the body tissues, one can 
still note some distribution preferences. The gamma-isomer of hexa-
chloran spreads comparatively uniformly only in the fat, its higher 
concentrations in the kidneys and adrenals relative to other organs 
having been reported by Gadaskina and Filov (1971), Dieldrin accu-
rn Lila tes higher concentrations in the fat -con ta in in g tiss ties (mesen - 
terv arid others) and also in the liver and kidneys. More generally. 
OPP access virtually all organs. 

The hematoencephalic barrier appears permeable to many pestici-
des. Organochlorine and organiophosphorus chemicals NISS over and 
through it so that dieldrin, for example, fol lowimi g its intravenous 
injection to mice, was discovered to have reached maximum concen-
trations in the brain within a short ten minutes. Nevertheless the 
hemato-encephalic barrier does retain the organophosphate chemicals 
whose molecule contains positive nitrogen or sulfur atoms (Kagan, 
1977). Similarly, hexachlorocyclohexane (HCCIl) isomers as well 
as DDT and other organochlorine pesticides are detected in the 
central nervous system (Wilkinson, 1976). Finally. organomnercurv 
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compounds reach the brain and affect various regions of the nervous 
system (Trakhtenberg, 1969). 

The placental harrier is crossed by many OCP (Voronina, Pismen-
naya, 1973; Ackerrnann, Engst, 1970). Balashova et al. (1973) esta-
blished in some uncharged organophosphorus inhibitors a potential 
of selective accLn] ulation in the lung tissues. 

The dipyridyl herbicide paraquat possesses the same property, 
assumed to be underlying its capacity to selectively affect the lungs 
(pneurnosclerosis) . The thyroid gland is a deposition site of dithiocar-
bamates and their metabolites. Wilkinson et al. (1976) reported sele-
ctive accumulatmn of ethylenethiourea in the thyroid gland. Alexand-
rova (1975) identified a thiocarbarnate herbicide, ronit, for the ability 
of fast distribution among all internal organs its higher concentra-
tions detected in the lung, liver, and kidney tissues. Centrifugation 
of the hepatic homogenate has detected DDT and gamma-hexachlo-
rocyciohexane, largely, in the supernatant fraction containing micro-
somes, and sevin in the nuclear fraction (Kuzminskaya, 1976). These 
distinctive features seem to have a bearing on the OCP induction of 
the microsomal enzymes and the ability of sevin to trigger adverse 
individual effects (gonadotoxic, mutagenic, etc.) - 

The kidneys constitute the primary organ for the elimination of 
pesticides from the body. Research on the urinary contents of pestici-
des and their metabolites can provide important diagnostic clues 
and in some instances may serve as a control to judge the efficacy 
of therapeutic measures. Many pesticides are secreted by the bile 
and excreted from organism in faeces. The blood is partitioned from 
the bile by a membrane which is well-permeable to many chemical 
substances whose bilious concentration may therefore match their 
concentration in the blood. On the other hand, hilious salts and 
certain of its polar components can conj ugate pesticides to promote 
their excretion in the intestines and elimination in the faeces. If the 
conjugates are unstable and hydrolyzed in the intestines, the pesti-
cides may be reabsorbed into the bloodstream (Wilkinson, 1976). 

Some volatile compounds (halogen-containing hydrocarbons, e.g. 
methyl bromide and also hydrocyanic acid, etc.) are cleared by the 
lungs in expired air. Also detected in expired air are carbon disulfide, 
a metabolite of dithiocarbamates (Korablev, 1971; Svetiv, 1969), and 
carbon tetrachloride which is there to recognize long after intoxication. 

The factors to consider for the excretion of toxic substances by the 
kidnes include glomerular filtration and passive and active transport 
in the tubules. Filtration is accomplished in the glomeruli, the non-
electrolytes' concentration in the filtrate being the same as in the 
plasma (Gadaskina, Levina, 1975). Although in the renal tubules a 
significant proportion of the non -electrolytes is reabsorbed into the 
blood, this is concurrent with the process of their passive and 
active transport by the carrier into the tubular urine. As a result, the 
concentration of the substances in the urine is controlled bv the in-
terrelation of these phenomena. 
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With respect to electrolytes and ionized compounds including 
the majority of toxic metabolites, their filtration into the primary 
urine is influenced in many ways by the strength of the bond with 
plasma protein. The filtration is more difficult in the case of substances 
tightly bound with albumiris. Ionized compounds are immune from 
reabsorption in the tubules and fast-excreted from the body. Some 
of the pesticides in the ionized state, e.g, paraquat, are secreted by 
the transport system of organic cations. It is reckoned that the toxic 
effect of paraquat on the kidneys arises from a breach in the active 
transport processes. 

There is diagnostic value in the urinary excretion of not only ori-
ginal pesticides, but their metabolites as well. The detection of parani-
trophenot in the urine provides a sensitive diagnostic and exposure 
test for intoxications by the nitrophenyl esters of phosphorus acids 
thiophos, metaphos, and methylnitrophos. Leptophos metabolites 
phenyiphosphonic acid, 0-methylphenylphosphonic acid, and 0-methyl-
phenylphosphonthionic acid have been recognized in the urine and 
faeces. When carbamate pesticides are administered to the rat, their 
phenol metabolites are detected in the urine as well as the unaltered 
chemicals. Mercury detection in the urine, either in the cases of into-
xication by organomercurials or upon injection of unithiol, serves as 
a diagnostic tool and a control for the efficacy of therapeutic inter-
vent ion. 

Persons exposed to hexachlorocyclohexane (HCCI-1) were identi-
fied as having alfa- and gamma-HCCH, traces of beta- and sigma-
HCCH, hexachlorohenzene, pentachlorocyclohexane, pentachloroben-
zene, pentachlorophenol, tetrachiorophenols, and trichlorophenols in 
their urine (Engst et al., 1976). Following rat poisoning with hexa-
chlorohenzene there was pentachlorophenol, tetrachlorohydroquino-
ne, and pentachlorothiophenol detected in their urine and pentachlo-
rophenol and pentachlorothiophenol in the faeces (Koss et al., 1976). 
When the animals were injected 4C-labelled 2-methvl-4-chlorophe-
noxyacetic acid their urine was found to hold 92.26 percent and the 
faeces 6.76 percent of the incorporated radioactivity. 

Excreted in breast-milk in anirrials as in humans are hexachlo-
ran, 2.4-D and its derivatives, chlorophos, valexon and also rnrcu-
na] and arsenic compounds. 

Pesticide Metabolism in the Body. Foreign substance.s (xenobio-
tics) are metabolized in the body in essentially the same ways as 
the substances natural to it. Xenohiotics undergo oxidative transfor -
mations, reduction, hydrolysis, and synthetic reactions to form twin 
compounds. The polar watersoluble substances that result from these 
conversions are commonly less toxic and removed from the body b y  
urinary excretion (since they will not be reabsorbed to the blood in 
the renal tubules). This way detoxication occurs the over-riding 
trend in the metabolism of xenohiotics, growing from evolution and 
having a protective and adaptive nature. Instances are documented, 
however, of the chemical transformations in the body acting to syn-
thesize compounds more toxic than the original ones (the so-called 
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lethal synthesis) , I a this man ner, for exam pIe, th ionic esters of 
phosphoric acid turn as they oxidize into thiolic esters whic.h are 
active anticholinesterase agents and highly toxic substances. Epoxides 
of the organochiorine pesticides of diene synthesis, aidrin and hepia-
chior, are more toxic and more carcinogenic, compared with the mi- - 
tial products. The processes need to be considered for effective ma-
rl a gement of preventive and ther a peutic measures. 

The effect of pesticides is cai.ised as much by the parent substances 
that enter the body as by their metabolites formed therein (some 
effects may be due to their combined action). 

In addition to pesticides, the body may be exposed to their toxic 
metaholites from the environment, notably through their uptake in in-
gested plant and animal foods. Accordingly, adequate provisions 
must be made in the design of diagnostic procedures and exposure 
tests in order to determine in the biological media (blood, urine) 
the parent pesticides as well as their metaholites. In the same vein, pre-
ventive and therapeutic programs must he aimed at increasing deto-
xication of the pesticides which enter the body arid, if they metahohze 
on the pattern of lethal synthesis, at preventing the formation of 
highly toxic metabolites there. 

Though the liver is the principal body organ to metabolize xeno-
hiotics the detoxifying capacity is inherent in other tissues as well 
(the kidneys, lungs, gastric and intenstinal walls, etc.). The organel-
les located in the liver cells contain a large amount of highly active 
enzymes, more or less importantly involved in the metabolism of 
chemical substances. The endoplasmic network (endoplasmic reticu-
lum) is thought to be of special importance because it incorpora:es 
microsomal enzymes. In cell centrifugation, the latter persist in the 
microsorTlal fraction. Initially, at 10 thousand g and 10 mi, the heavier 
cell parts, that is, the nuclei, cell fragments, and mitochondria are 
settled, and so are later, at 100 thousand g and one hour, the rest 
of the organdIes, among them the rough (containing the rihosomes) 
and smooth reticulum. This cell fraction came to he known as micro-
somnal and it is widely held at present that the microsomal enzymes 
play a large role in the metabolism of most pesticides (Doterman. 
1971; Archakov, 1975; Kuzminskaya, 1976; Popov, 1977; Kagan, 
1977; O'Brien, 1967; Park, 1973; Wilkinson, 1976). 

Oxidcztiee pesticide transformations catalpzed hp mixed [utiction 
oxidtises (MFO) - Mixed- function, or multi-purpose, oxidases are lo-
cated in the niicrosoiiial fraction of cells. They are involved in the 
metabolism of steroids, lipids and poivsaccharides in the synthesis of 
proteins, and the metabolism of numerous extraneous compounds. 
Mixed-lunction oxidases constitute an essential element in the bio-
transformation of most Ilpoid-dissolved compounds, pesticides in-
ciii d e d. 

The microsomal cell fraction spans a broad selection of enzmes 
supporting many varied reactions. The sniooth and rough endoplas-
rnic reticulum is immediately linked with the activity of NADPN-ev -
tochrome-C-reductase, NADN-cvtochrome-b-reductase, glucoso-6- 



phosphatase, cytochrornes b 5  and P45 , esterase, and nucleosicie pho-
sphatase (Archakov, 1975). The niicrosomal fraction may additionally 
involve the monoaminoxidase and cytochromoxidase from mitochon-
drial membranes atd the 5-nucleosidase from the plasmatic membra-
ne, along with some soluble enzymes (Morelli, Nakatsugawa. 1975), 
Cvtochromc P4 50, the end-oxidase that perfoms hydroxylation, is an 
oxygen-activating enzyme for most oxidases. In the warm-blooded ani 
mals the enzyme is detectahie in cell microsomes of the liver, kidneys, 
lungs, alimentary canal, skin, and placenta. Localization of mixed-
function oxidases in the organs that occur along chemicals' path-
ways into the body affords protection against their toxic action, 
a feature developed in the process of evolution. The types of the 
MFO-catalyzed oxidative processes are as follows (adapted from 
Park, 1973). 

Aromatic hydroxylation: C 0 H 5 X 	H00 5 H 4 X ;  acyclic oxidation: 
1 0 1 RCH 	RCHON: 0-desalkylation: ROCHL ROCH2OH 

ROH+HCHO; N-desalkylation: RNHCH3 i-L RNHCH2OH 
RNH2+HCHO; desamination: 

RRN 
CHN142 [o 	C(OH)N2 	(/CO 3 , 

su[fooxidation: 

PSR' 	ERS (OH) R'] 	SOR'+H. 
These reactions take place in the presence of the red need NADP 

coenzyme and oxygen. As a process, the microsomal oxidation of 
xenobiotics is competitively inhibited by substances themselves oxi-
dized by the enzymes. This can explain the cases of potentiation as 
several toxics act jointly upon the body and one interferes with 
another's detoxification. 

Aromatic hydroxylalion presents an MFO-catalyzed reaction re-
sponsible for the metabolism of some insecticides. When acted-upon 
by MFO; naphthalenc and other structurally similar insecticides are 
converted to epoxide, thereafter regroLiped to 1 -naphthol. The same 
metaholization pattern applies to sevirl (4-hvdroxy-1-naphthyl methyl 
carhamate, 5-hydroxy-1-naphthyl methyl carhamate 5,64ihydroxy-
1-naphihyl methyl carbamate) and propoxur (Morelli, Nagatsugawa, 
1975). 

Aliphatic hijdroxylatiori and epoxidization are essential to the me-
tabolism of many pesticides containing alkyl groups. The latter's 
microsomal oxidation constitutes the prime mover for the metabolism 
of several carhamates, OCP, diene-s nthesis insecticides (heptahlor, 
aidrin, isodrin, chlordane) and some pyrethroids. As shown by Krie-
ger et al. (1976), the epoxidization of aldrin by monkey liver homo-
genates attains maximum velocity in NADPN 2  and oxygen are pre- 
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sent. The reactions of epoxidization arid hydroxylation in rats and 
monkeys go much faster after an injection of phenobarbital. The rat 
liver microsomes, in the presence of NADPN 2 , metabolize dielcrin 
into four metabolites. Phenobarbital and DDT boost the metabolic 
rate while the MFO inhibitor SKF525A slows it down. Phenobarbital 
in combination with fasting in rats activates MFO induction and 
contributes to the elimination of DDT and its metabolic prodLicts 
from the both (Lambert, Brodeur, 1976). 

0-. S-. and N-dealkylation invokes the stage of hvdroxylation 
of the alkvl group conjugated with a heteroatorii (oxygen, sulfur, 
or nitrogen). This pattern of metabolism holds for many of the 
pesticides structurally involving alkyls conjugated with the heteroatom. 
Hydroxylation of N-alkyl groups occurs in the metabolism of several 
carhamates (zectran and others) and also of nicotine. The carbamate 
propoxur is metabolized by 0-alky1hydroxylation of the isopropvl 
group. Rotenon is likewise subject to O-alkvlhvdroxylation (Nahat-
sugawa, Morelli, 1975). 

In the transformation of esters of thiophosphoric acids the lead 
role is played by oxidative desulfuration, the reaction in which mixed-
function oxid ases are involved and which leads to lethal synthesis 
hecause of the much higher anticholinesterase activity and toxicity 
of the oxidized organophosphate derivatives. Phosphamide and durs-
ban provided Popov et al. (1977) with suitable examples to demon-
strate their oxidative desulfuration during the in sitti perfusion of an 
isolated rat liver. Parallel to increniental growth of the perfosate 
content of P0 analogs there was a marked inhibition of acetylcho-
linesterase. A mathematical model has been proposed to simulate 
dynamics in the disappearance of phosphamide and dursban over time. 

The influence of MFO induction and inhibition on phthalophos 
metabolism in the in situ perfm.ision of an isolated rat liver was 
ascertained in the laboratory by workers From the National Research 
Institute of Hygiene and Toxicology (Popov, Kagan. Voronina, Pismen-
nava, 1980). The MFO induction has been foLind to speed tip End 
its inhibition to slow down the disappearance of phthalophos fr3m 
the perfusate (Fig. 2). Accordingly, the MFO induction accelerates 
and its inhibition decelerates the accumulation rate of phtha]ophos 
metaholites. The anticholinesterase activity of phthalophos diminishes 
with both, the induction (by faster detoxification) and inhibition of 
mixed-function oxidases (by slower oxidative activation). Occasions 
arise, however, when the enhanced MFO activity fails to increase 
the toxicity of the OPP compounds subjected to lethal synthesis, 
and vice versa. The disparity of the effects produced by the inductors 
and inhibitors of mixed-function oxidases seems to be varying with 
their respective roles in the activation and detoxification of OPP. 

In most cases a rise in the MFO activity promotes the detoxicaUon 
of even those OPP compounds which are susceptible to lethal synthe-
sis. Zlatev (1976) discovered in experiments with the induction of 
mixed-function oxidases by the organochlorine acaricide milbex that 
it lowered the toxicity of several thiophospbates. Another factor mak- 
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ing the detoxification possible is the microsomal oxidases, way of 
functioning in conjugation with the enzymes of secondary meta-
holism which ensures rapid conjugation and elimination of the oxidi-
zed metabolites from the body. 

The system of mixed-function oxidases constitutes an organism's 
principal mechanism of biochemical adaptation to the action o toxic 
substances. Numerous investigations have proved that substances 
which provide substrates for the system stimulate, at the same lime, 
its activity mainly by intensifying the synthesis of cytochrome P 450 . 

The classic inductors for mixedfunction uxidases include phenobar-
bilal, polycyclic aromatic hydrocarbons, organochlorines, and steroid 
hormones. It has been established that DDT, lindane, mirex, chlordane 
and hexachlorohenzene can double or treble the leve' of cytochrome 
P.1  in rats. Kuzminskava et al. (1976) reported that administration 
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of three organochlorine pesticide doses to rats ( DDT, gamma-isoiliLi 
of HCCH, and polychlorocampheric) at the rate of 1/5 1,D 50  induced 
a much higher activity in the liver of enzymes involved in the demethv-
1 ation of aminopvrine. Conversely, their action was inhibited by 
tel ra methyl thi urn in d isulfide (TMTD) 

Kagan. Ovsvannikova, and Khonrenko (1979), with the aid of 
EPR-spectrometrv, discovered that, Following the induction of cyta-
chrome P 4 ,3 0  arid accelerated detoxification, polvchloropinene (PCP) 
and polvchlorocamphene ( PC(-, ) induce neither paralysis nor the 
development of pareses in rats, but do cause paralyses when adrrii-
nistered to hens and guinea pigs. At the adequate level for the 
development of paralyses the activity of cvtochrome P,1511  is reduced. 
This is of interest in explaining the causation of different animal 
species sensitivities to the nenrotoxic effect of chemicals. 

Feeding rats a diet containing 0.2 percent of hexachlorobenzene 
has given rise to hepatic porphyria, attended with increased anilin-
hydroxvlase activity arid a heightened concentration of cvtochronie 
1 4  in the in ic rosom a I F ía ct ion of liver homogenates. 

Dietary intake of comparatively minor OCP quantities leads to 
the induction of mixed-lunction oxidases. In some instances, the 
OCP prove stronger MFO inductors than either methylcholanthrene 
or henzpvrene (Mu I len et al., 1966),  though less active than pheno-
barbital. Anticholinesterase insecticides (OPP and carbarnates) ae 
poor inductors of in ixed- function oxidases though sevin was seen to 
stirii u late their ii (1 Llction when a dmirustcrcd in three 1/5 LD doses 
(Stevens et al., 1973). It is known that the activity of cvtochronie 
P 4  is pushed tip by pyreth rum, rnethylcndioxyphenvl and other pesti-
cides. Quite likely some pesticides, while not direct MFO in ductors, 
carl potentiate their activity via the hiormona I system. 

MFO-independent transformation of pesticides. Enzymatic hydro-
lysis is a fairly comnsiors type of transformation for many of the 
pesticides in the ester category. It represents also one of the major 
OPP detoxification pathways. Depending on the latter's structure, 
hydrolysis may be predoniinantly phosphatase, arnidase or carboxyeste-
rase by type (IKagan. 1977). 

Carboxyesterase h drolysis is important to metabolism of pyreth-
roids arid some carbamates (Casida, 1973) . In addition to oxidative 
processes, reducing reactions are also involved in pesticide metabo-
lism. The nitrogroup, known to reside in the benzene ring of some 
organophosphorus pesticides like thiophos, metaphos, and methyl-
nit rophos, is reduced to an aminogroup with the aid of nit rored uctase. 
The latter has been identified in the liver of mammals, birds arid 
fish. The process has major importance in ruminant mammals whose 
intestinal bacteria redt.rce nitrocompounds with remarkable vigour. 

One of the way in which pesticides get detoxified is conjugation 
with sulfur, glucuromuc acid, glucose, arid amino- acids, as well as 
some other synthetic processes giving rise to polar metabolites readily 
disposable by urinary excretion. In fact, many chlorinated hydrocar-
bon s yield when rn eta bol ized hvd roxy- and other fun ctionia I groti PS 
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capable of conjugation. The gamma-isomer of hexachiorocyclohexane 
is metabolized in the alkaline medium through conjugation with 
SFI-glutaihion, leading to the synthesis of thiophenols. Dehvdrochlo-
rination of hcxachlorocyclohexane is also feasible with the involve-
merit of dehvdrochlorinase, to form a variety of isomers (tctra-, 
tn-, and dichlorobenzenes and their appropriate chlorophenols) eli-
minable from the body as conjugates with glucoronic and sulfuric 
acids and glutathion. Though the exact sequence of these develop-
merits is not clearly defined it is hypothesized that the enzymes in-
volved inclLide mixed-function oxidases, uridine diphosphate ([JDP) 
glucuronvltransfcrase, sulfotransferase, L-SH-S-arvltrarisferase and 
other enmes. In DDT metabolism synthesis of the conjugates is 
likewise probable. 

That the reactions of conjugation make part of the mechariisni 
for the rnetaholisrn of carhamates and phosphorus compounds is 
beyond question. Products of the conjugation of hvdroxvlated sevin 
metabolites with sulfuric and glucuronic acids were detected in 
mammals. OPP also produce twin compounds with sulfuric and 
glucuronic acids in the presence of uridine-phosphatglucuronic acid 
with the help of glucuronvltransierase, an enzyme found in the micro-
somal fraction of the liver. Glucuronic acid is capable of association 
with phenol and hvclroxylamine groups, hvdroxylic groups of alco-
hols, and carboxyl-, sulfhvdrvl-, amino-, and iminogroups of various 
compounds. Sulfates add to aromatic aminogroups, phenol hvdroxyl 
and the alcohols of the aromatic series. These reactions are catalyzed 
by a rvlsu I fotransferase which is responsible for the t ran sfe of 
sulfate groups ( Doterman, 1972). Enhanced formation of glucu-
ronides has been proved for the warm-blooded organisms expnsed 
to chlorolenvinphos, gardona, DDVP, and parathion. Sulfuric acid 
conjugates with colep arid famphur were defined and the synthesis 
of glucosides in plants was reported from metabolic studies of abate 
and phosalone. Excreted as glucuronides in the rat urine are hvdro-
xlation products of pvrethriries (Casida, 1975) and other insectici-
des of plant origin (rotenoids) as well as some hormonal insecti-
cides. G-SH-S-trarisferase is involved in the metabolism of thiocyani-
tes. Arninoacid conjugation results in glucuroriides, glucosides, and 
sLilfates metabolizes a number of insecticide synergists. The conjuga-
tion is commonly anticipated by the oxidation of methyleridioxvphe-
nyl groips or a side-chain. The primary phvsiologica I role attributed 
to the conjugation of chemicals is detoxifying them and exploiting 
the pol aritv and water- solubilitv of their metabolites to efficiently 
clear them from the body. Detoxifvin g the siihsta rices h roiorhf 
from outside is not the on lv activity a deLi by thesc mectian isii 
they apparently regulate in the elimination of an axcess of biologi-
cally active compounds, particularly steroids. 

Tsomerization, another type of pesticide transformation in the hudy, 
is common to several OPP. Both in living organisms and in the en-
vironment isornerization may be initiated and maintained by the influen-
ce of physical and chemical factors. Isomerization may be looked upon 
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as a 1 vpe 01 lethal synthesis ( Kagan, 1977) . Reactions of iSOTflcrizatioll 
are known for ma fly thiopliosp hates. 

Light influences metabolism of some pesticides. The effect of 
ultra-violet rays on thiophos results in several active cholinesterase 
inhibitors. Ultra-violet radiation gives rise to sulfoxides and sul kines 
(timet, intrathiori, etc.) . OPP transformation into more toxic cam-
pounds may be a result of transaikvlation. Some workers (Kundiev, 
et al., 1975; Altareva. 1977; Dnnaiskv, 1978) hypothesize that poUch-
loropinene, as it metabolizes in soil tinder the action of ultraviolet 
rays, temperature and other factors (perhaps as a result of their 
interaction with mineral fertilizer), [ornis move toxic substances 
capable of iriggering irtoxications. Since poivchloropinene represents 
a complex mixture of numerous ingredients, the identification of 
its toxic metaholites presents a very difficult problem. 

MECHANISM OF ACTION AND TOXICODYNAMICS 
OF PESTICIDES 

As the substances endowed with chemical reactivity etii.cr the body 
they begin to react with biochemical components of the cells and fluids 
there. The result is a complex set of reactions working to modif 
the functions and structure of internal organs and the organisni as 
a whole. In studying the movIe and mechanism of action of the che-
mica Is just descrihed one shoiil d necessary address their toxicodv-
nan ics. In so doing, one will most probably observe not (List the 
primary toxicological response but also its scquclae, as well as the 
developments associated with the action of metabol ites of these pri-
mary substances w IliciL in ay and sunietinies do set off a pathological 
process. This action is essentially determined by characteristics of 
the toxicant, notably its structure and physical properties and its 
amount, on the one hand, and the state of the organisms dekiice 
and adaptation reactions and the functioning level of its biochemical, 
physiological, and immune systems, on the other. The mechan istri of 
action and the toxicodvnamics of chemical substances need to be in-
vestigated if maximum effective techniques are to be devised for 
prevention and control of the pathological processes likely to be cau-
sed by them. 

Primary Toxicological Response (by analogy with primary phar-
macological response) results as the toxic substances that entered 
the body react with biological macromolecules. The reaction involves, 
on the one hand, the molecules of the toxic substances and, on the 
other, enzymes, structural and fi.inctional proteins, lipoproteids, 
nucleic acids and other hioniacromolecules. 

In order to get to the heart of I his react ion, one in ust have a de-
tailed knowledge of the structure and physico-cliemical properties 
of the reacting molecules; the pattern and properties of the bonds 
that may link the atoms and niolecu les of so bstances both foreign 
and native to the organism; the kinetics of the substances' interaction 

50 



with enzymes and receptors; and the latter's functioning mechanism. 
Of key importance to the primary toxicological reaction is the inte-
raction of toxic substances with enzymes and other protein receptors. 
According to Fischer's theory, the enzyme and substrates possess 
a rigid spatial structure and must fit each other. The last few years 
have seen growing acceptance of the notion about a flexible structure 
ol active enzyme centers; in the course of conjugation with the sub-
strate the structtire modifies the spatial disposition of atom groups, 
or conformation (Koshland, 1964). Specifically regarding the active 
enzYme centers, their conformation can be changed by the effect of 
coenzymes, substrates, and inhibitors. Similar conformational shifts 
occur in other protein receptors. Pauling (1961 ) theorized that narco-
ti drugs displace from cerebral cell proteins the molecule of water 
which forms microcrystals. This is said to interfere with the conforrna-
tion of protein molecules, the patent cause of narcosis. 

Inhibitors may be different in their mechanism of action. Webb 
portrays it as follows: the inhibitor may join the apoenzvme thus 
precluding its enteraction with one of the substrates, with the coen-
zvme, and with the second substrate; the inhibitor may attach to 
the site of the apoenzyme molecule located near the active center and 
thereby prevent its combining with the substrate; the inhibitor may 
prevent the enzyme's reaction with the substrate sterically or electro-
s:atically, thus altering the conformation of the protein bound also 
with the coenzvme, substrate, and apoenzvme; with the first or 
second substrate or the cofactor. 

The enzyme-inhibitor interaction results first in a reversible 
eizyme-inhibitor complex: 

E + I 	El, where 

K_ j  is the constant for the complex-forming rate, and 
K i is the constant for the rate of the inverse reaction. 

The rath. K. /1K 	influences the constant for reversible inhi- 
bition. In irreversible inhibition, the inverse reaction rate is equal to 
zero, that is, the reaction is going in one direction only. In practice 
however K.., is not equal to zero, even for irreversible inhibitors like 
e. g. OPP choliriesterase inhibitors; in other words, the enzyme-inhi-
bitor complex is slowly dissociating. The enzyme inhibition processes 
may progress in several stages, as follows: 

E + I 	El - 	E1'+P 	E+P2 . 

K 
First, the reversible enzyme-inhibitor complex (El) takes form: 

then the complex's structure changes (El') and the reaction product 
is released (P 1 ); or else the reaction may involve segregation of the 
enzyme (E) and release of a second reaction product (P2 ). Kinetic 
characteristics underlie the classification of chemical reactions into 
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zero-order, when the reaction rate is constant and independent of 
the substance concentrations involved; first-order, when the reaction 
rate is proportional to the concentration of one of the substances; 
and second-order, when the reactions rate is proportional to the pro-
duct of the concentrations of two reacting components. The number 
of the interacting molecules idensifies the reactions as monomole-
cular, bimolecular, and trirnolecular. The enzyme conjugation with 
the inhibitor constitutes a bimolecular reaction. If, however, it occurs 
with a significant excess of the inhibitor it may be kinetically described 
as pseudomonomolecular. An illustrative example of the reaction is 
cholinesterase inhibition (phosphorylation) by OPP inhibitors. The 
constant for the phosphorlation rate was arrived-at from the follow-
ing equation (Yakovlev, 1965): 

In -- where WI 
V is the rate of enzymatic hydrolysis of the substrate with no inii-

hitor; and 
V is the rate of hydrolysis t minutes after the enzyme incubatiun 
with the inhibitor. The inhibition rate constants present quantitative 
characteristics of OPP anticholinesterase activity. To start any chemical 
reaction requires energy expeniditLire to trigger molecules into n 
activated state (activation energy). Enzymes as well as other 
catalysts redLice free activation energy and make the chemical reaction 
easier to carry on. The major feature of the enzymatic reactions is 
their fine susceptibility to the concentration of the substrate. At a low 
substrate concentration, the reaction rate increases as the substrrte 
concentration (the first-order reaction) but as it becomes greater 
the reaction rate grows progressively slower and the reaction alrea-
dv becomes one of a mixed order. Further on, the reaction rate 
becomes constant and no longer dependent on the substrate con-
centration (the zero order). Michaelis and Menten derived an equation 
to relate the enzymatic reaction rate (V) to the substrate concentra-
tion [S] 

I 	"IJIa\ 	Sj 
LSI ' where 

V 1 ,,, is the maximum reaction rate, and 
K, 	is the constant numerically equal to the substrate concentration 

at which the reaction rate is a half of its maximum velocity. 
The Michaelis-Menten equation can he converted to a forni con-

venient for graphic representation of empirical data. The inverse 
values of the left- and right-hand parts are equated to each other: 

___ 	 K.,  - = 	 The resultant expression 	= 	 + , V C, 	
V 	V fl 	 V fl1  

known as Lineweaver-Burk's equation, is used to construct a grapti 
by a method of double inverse values arid thus determine (Fig. 3). 
The graph is a ready source of information about the pattern and 
mechanism of enzyme inhibition. 
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Enzyme inLiihition may be reversible or irreversible. Under irre-
versible inhibition a change occurs in the structure of the enzyme 
functional groups that makes it lose its catalytic activity (e. g. 1hcs-
phorylation of the esterase center of cholinesterases in intoxication 
by organophosphorus inhibitors) Reversible inhibition is either com-
petitive or non-competitive. An inhibition is called competitive 
when an increase in the substrate concentration decreases the ex-
tent of inhibition. When its alteration has no effect on the extent 
of inhibition, it is non-competitive. Quantitative evaluation of a parti-
cular inhibition type makes use of the Lineweaver-Burk graph. In 
competitive inhibition, all lines cut the coordinate axis at one point, 
that is, the value of V_ does not change with or without competitive 
inhibitor; in non-competitive inhibition the lines intersect it at different 
points. The former can be exemplified by the inhibition of succinate 
dehydrogenase by malonic and other dicarhonic acids. The inhibitor y  
effect of malonate is reduced by succinate, the substrate of the 
enzyme. The extent of the inhibition depends on the succinate/makmate 
cuncentration ratio. An example of non-competitive inhibition of 
enzymes is the action of the substances reversibly binding SH-groups 
(ions of mercury, silver and copper). If metal ions (iron, magnesium, 
etc.) are needed for the enzymes to become active the substances 
making complexes with them, as for example cyanides with iron or 
ethvlendiaminotetraacetate (F.DTA) with magnesium and other hiva-
lent cations, are non-competitive inhibitors for the enzymes. 

Along with reversible and irreversible inhibition, researchers 
have identified also a combined type. Brestkin et al. (1971) showed 
that some OPP pusess the property of AChE inhibition both reversible 
and irreversible. The latter is associated with phosphorylation of 
its esterase center and the former arises by the interaction ci the 
inhibitor with the site on the enzyme active surface responsible for 
AChE inhibition by the excess substrate. The reversible inhbition 
of AChE and RuChE (hutyrylcholinesterase) by some organophos- 
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phorus compounds is explained by the authors in terms of a steric 
obstacle to emergence of the Michaelis enzyme-inhibitor complex. 
The enzyme-inhibitor complex thus formed in lieu of the Michaelis 
complex is similar to that which originates from the action on choli-
nesterase of reversible inhibitors, for example tetraalkylammonium 
ions. 

Classification of Pesticides by Their Mechanism of Action. The 
action of a toxic substance on the body begins with its priniarv 
interaction with appropriate biochemical structures, first of all enzymes. 
Several attempts at classifying toxic substances according to their 
principal mechanism of action have been undertaken (Pokrovsky, 
1962; Tiunov, 1963) and it is from this perspective that the major 
groups of pesticides in current agricultural use will be discussed in 
the present section. 

Structural Analogs of the Substrate. Substances structurally 
similar to enzyme substrates can compete with them for the interaction 
with the enzymes and competitively inhibit their activity. A clear 
example of that comes from anticholinesterase compounds, notably 
the organophosphate and carbamate pesticides. The latter may be 
viewed as complete structural analogs of acetylcholine if the inte-
raction occurs via the esterase and anion center or, as is the case more 
often, incomplete analogs, if it goes via the esterase center alone. 
As well as acetylcholine, organophosphate and carbamate compounds 
can acylate serine hydroxyl in the esterase center of cholinesterase. 
The reaction with acetylcholine results in an enzyme acetylated at 
the esterase site and choline sorbed on the anion center. The latter 
is soon desorbed and the deacetylation of the enzyme esterase site 
fosters rapid recovery of its original structure. Cholinesterase has 
a high number of revolutions (molecular activity), that is, the number 
of the substrate molecules capable of splitting one enzyme molecule 
per minute. The number of cholinesterase revolutions can be estimated 
for the enzyme active center, rather than the protein molecule, to 
express the activity of the catalytic center. 

The conjugation of phosphate and carbamate pesticides with 
cholinesterase is a result of their structural similarity to acetylcholine. 
The effect of organophosphates and carbamates devoids cholineste-
rase of its inherent catalytic activity. But unlike the organophospha-
tes, carbamates react with cholinesterase to form less stable, carba-
myolated enzymes. Monomethyl- and dimethyl-carbamyolated AChE 
at pH 8 and the temperature of 25°C has a half-life of 30 and 56 
minutes (Aldridge, 1972). Other types of carbamyolated AChE are 
more stable. The deacetylation rate in the AChE reaction with OPP 
and carbamates is on average 105  to 106  times less rapid than in its 
reaction with acetylcholine. 

Precursors of structural substrate analogs. This group encom-
passes the substances which enierge as structural analogs of substra-
tes in the course of metabolism. These are, for example, the esters 
of thio- and dithiophosphoric acids which undergo oxidative desul-
furation in the body to yield P=O analogs -- active anticholi- 



nesterase agents. Much more biologically active than the initial P= S 
compounds, the P=O analogs can produce lethal synthesis. Com-
pounds of the octamethyl type are traflSforiTied in the Organism into 
more active phosphorarnidoxides. 

Another, classic example of precursors of structi.iral substrate 
analogs derives trom iluoracetates, currently applied in agriculture 
as rodenticides. Fluoracetic acid, with the involvement of the coenzv -
me A, enters into a con densation reaction with oxa loacetic acid to 
form fluorocitric acid, a structural analog of citric acid and an 
inhibitor of aconitase, one of the essential enzymes in the Krcbs 
cycle. By inhibiting aconitase, fluorocitric acid makes the enzyme-
substrate complex strong enough to he immune to assault by the 
e:izyrne. The intoxication by fluoracetates has a characteristic latent 
period associated with the processes of lethal synthesis. 

Toxics interacting a.'itIi coenztjmes. These sLbstances are collecti-
veiv termed antivitamins. Pyridoxine (Vitamin B) derivatives are 
the more important among the coenzvmes for their catalytic role 
in the various conversions of aminoacids; they act, in particular, as 
the coenzmes of aminotrans[erases to catalyze the transport of 
aminogrou p  s from s Lihst rate to substrate. A n urn her of py ridox a I 
kinase inhibitors are known that modify the process of pvridoxine 
phosphonvlation. They include hvdrazine. semicarhaside, and isonico-
tinyl hydraside. Faults' synthesis of pyridoxalphosphate is responsible 
for the inhibition of enzymes: arrunotransferases, decarhoxylases, 
kvnureninases, and others (Tiunov, 1963). Some pesticides arc also 
known to hold dow ii the activity of am i not ra nsferascs. 

Derivatives of [olic acid can also act as coenzvmes, one example 
being tetrahydrofolic acid involved in the synthesis and transport 
of hydroxymethyl groups. Dihydrofolic acid complexes with methyl 
groups and transmits them to the acceptor. 

One consequence of this is that the processes of methyl at ion and 
hvdroxyrnethyl ation proceed with the involvement of enzymes for 

fol which 	ic acid derivatives act as their cofactor. Substitution of an 
amine group for the oxvgroup in tet rahydrofolic acid gives rEse to 
diarninomcthylpterine (aminopterine) , a potent inhibitor for the enzy-
mes containing tetrahvdrofolic acid. Antifolic activity has been found 
to play a lead role in the mechanism of action of herbicides (deriva-
tives of symmetric triazines) (Okunev. 1968). Nucleotides are also 
involved in metabolism, as consisting of a nitrogenous base, pcntose 
and a phosphoric acid residue. The nitrogenous bases Tliav he either 
purine (adenine, guarune) or pvrimidine (cytosine, uracil, and thymi-
ne) the pentose represents, in effect, either rihose or desoxvribose. 
Nucleotides contribute to the synthesis of adenosinetriphosphate and 
other nnacroergistic compounds that provide a source of energy for 
cellular metabolism. There are some structural analogs of nitroge-
nous bases (e. g. benzimidazole and its derivatives). pyrinudine 
(e. g. triazole-pyrimidiries) and of aderune as well (e.g. diamino-
purine). Of these, benzimidazole amid pyrimidine have been the basic 
ingredients to develop several agents with pesticidal properties (Mel- 



nikov, 1974) Those presently applied as fungicides are: benomyl 
(benlate, fundazole), BMC methyl-N- (2-benzimidazole) carba-
mate, and others. They have been discovered to be teratogenic. 

The coenzyme A aids in the transport of acetyl as well as other 
acid radicals. It is additionally and strongly involved in the nieta-
hoflsrn of fatty and aminoacids. Its active group, the SH-group of mer-
captoethvlamine, adds the corresponding acvl. With the addition 
to it of an acetic acid radical, the acetvlcoenzyrne A will result. The 
compounds blocking the SH-groups (mercury, arsenic, and other 
chemicals) inhibit the enzymes containing the coenz me A. 

Nicotinamide 	(pvridine) 	coenzvmes 	nicotinamidadenindinu -  
cleotide 	(NAD' ) 	and 	nicotinamidadeninedintcleotide-phosphate 
(NADP' ) are present in the composition of the dehvdrogenases 
catalyzing electron transport. IKuzminskava (1976) found them to 
play a maj or role in the toxicity mechanism of quite a number of 
pesticides. A typical feature of DDT exposure, for example, is inhi-
bition at the transport site of NAD+ dependent electrons. 

The plant insecticide rotenon and the insecticidal antibiotic pvri-
cidine A inhibit the respiration of nerve and muscular cells by irihi-
biting the enzymes involved in electron transport. Rotenon is a spe-
cific inhibitor for pvridine-nucleotide-containing oxidase and pvrici-
dine an inhibitor for NAD-N-dehvdrogenase (Fukarni, 1976). Some 
insect species owe their resistance to rntenon and pvridicine :o 
their having quinone, the agent enabling elect ron t ra nsport to bypass 
some enzymes of the respiratory chain. The insecticidal effect of these 
agents can be abated by vitamin K. a quinone derivative, found 
to have restored breathing in rotenon- in h ihite d iii itochond ri a of the 
carp liver (Fukami, 1976). 

Catalase and peroxidase are ferroporphyrine coenzvrnes that cata-
lvze the oxidation of several compounds by hydrogen peroxide. The 
cocnzvrnes form part of the cytochromne system, otherwise composed 
of several cvtochromes and cvtochrome-C-oxidase which activates 
niolecular oxygen. Cytochrome-C-oxidase constitutes the end-enzvnie 
of the respiratory chain, its inhibition brings on impairment of 
electron transport. Most of cytochrome-C-oxidase inhibitors conjugaTe 
with the enzyme's hemic part containing diatomic iron. Among the 
classic inhibitors of cytochrome-C-oxidase are carbon monoxide, 
cyanides, riiiriles, hydrogen sulfide, and azide. Some pesticides, e.g. 
carbophos, also demonstrate the capacity to inhibit citochrome-C-
oxidase (Fukarni, 1976). Yet the mechanism for the interaction of 
various substances with metal-containing porphyrine enzymes is diffe-
rent. While some of them bind metals in the enzymes, as do cyanides, 
carbon monoxide, nitriles, amid dithiocarbamnates, others interfere with 
the synthesis of porphyrines (aminotriazole). Dietliyldithiocarbamnate, 
tetramethvlthiuramdisulfide and other dithiocarbamates identified for 
use as to ii gicides are remarkably active in binding copper-contain - 
ing enzymes. Dithiocarhamates were shown to have an inhibitory 
effect on the activity of ceruloplasiTline ( Korablev, 1971; Svetiv. 
1971). 



Toxics interfering with protein synthesis. This group includes 
tructural analogs of aminoacids, several antibiotics and a number 
f other complex organic compounds. Of these, chlorampheriicol, 

ietracvclines, phosphononiycine, D-cycloserine, penicillins, etc. are 
specific inhibitors for protein synthesis (Pokrovsky, 1962; Gala et aL, 
1972) . This mechanism underlies also the effects of the antibiotics 
employed in agricultural uses. 

Toxics reacting with functional groups of proteins. These sub-
stances interact with thiol, amino-, and carboxylic groups of pro-
teins. Conjugation of SH-groups is the key factor in the rnecha-
nism responsible for the action of arsenic- and mercury-containing 
compounds, not least of organomercurials (Medved, 1961). Arsenic 
and mercury complexes with dithiols are the strongest of their kind 
and this is the basic principle for current applications of the BAI. 
(dimercaptopropanol) and unithiol antidotes containing two adjoining 
SH-groups in their molecule. 

The thiol protein groups bind also a variety of alkylating agents 
such as halidealkylamines, some carcinogens and mutagens. 

Uncouplers of oxidatice phosphorylation. Oxidative phosphoryla-
tion, the process which ensures the synthesis of macroergistic phos-
phate compounds, relics on mitochondria-localized enzymes to carry 
it through. Substances structurally impairing mitochondria or causing 
them to swell, uncouple the enzymes implicated in certain stages of 
oxidative phosphorvlation. Dinitrophenol is a classical uncoupler 
of oxidative phosphorylation and the similar toxicity mecl.anism 
resides in some herbicides such as the dinitrophenol deny atives di-
nitroorthocresol (DNOC), dinitrobutylphenol (dinoseb) and penta-
chlorphenol (Tiunov, 1963). Salicvlanilides are in this category, too. 
Disruption of oxidative phosphorylation also has a certain role to 
play also in the toxicity mechanism of DDT and sevin (Kuzminskava, 
1976). It has been known for some time that the OPP having a phenol 
radical in the molecule thiophos, metaphos, and methyinitrophos 
can inhibit oxidative phosphorylation if present in comparatively 
high concentrations (Fukami, 1976). Uncoupling agents are capable 
of speeding the ATP degradation rate by stepping up the activity 
of ATP-ase. Their structural characteristic is the presence of an anion 
and lipophilic group. Aside from nitrophenol compounds and haLogen-
containing hydrocarbons, the similar effect has a role in the inecha-
nism of action known for the synthetic pyrethroids of some antibiotics 
and unsaturated fatty acids (Fukami, 1976). 

Toxics denaturing protein. Enzymatic activity and functional 
protein properties may become irregular as a consequence of changes 
in the secondary, tertiary, and quaternarv protein structures. Among 
the substances one can cite as examples of the mild denaturing agents 
which impair the tertiary protein structure there are urea derivatives, 
some of them active herbicides: dichloralurea, diuron, arezine, herhan, 
dicuran, dosane.x, and kotoran. An altered enzymatic activity during 
denaturation comes about because of the spatial uncoupling of functio-
nal protein groups. 
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Toxics interacting cit1i hormones or affecting hormone form a-
Lion. Thiourea, uracil and its derivatives, and ditliiocarbamates inhi-
bit the synthesis of the thyroid hormone (Tiunov, 1963; Korablev, 
1971 Svetly, 1971). DDD, and ortho-, para- isomer of dichlor-
phenvi dichloroetliane, is a specific in hihitor for the function of the 
cortical substance of the adrenal glands (Kornissarenko. 1977). The 
rncchan ism of action for this DI) T metabol ite hinges decisively upon 
acutely reduced secretion of corticosteroids. DDD's high selectivity 
of adrenocorticolvtic action has been key to its effective use as a chenio-
therapeutic agent to treat cancer of the cortical substance of the adrenal 
glands and Itsenko-Cushing's disease. 

Toxics of biological origin. The substances referred-to here are sna-
ke venoms and insect poisons as well as several other toxicants. Their 
mode of action emphasizes the role of the enzymes that are parts 
t lie r e of - 

SELECTIVE TOXICITY IN PESTICWE TOXICOLOGY 

The principal aim of the pesticides is to destroy harmful insects, 
causative agents of plant diseases, weeds, and so on. It is only natu-
ral that such an effect can he in feren t only in substances that are 
highly biologically active. Yet their practical use demands of the sub-
stances to possess a certain measire of selectivity in their action. Their 
toxicity to man, useful animals, insects, and plants must therefore 
he ma nv tinies less than to the orga niisms they are inten dccl to control - 

The principles adopted in the development of agents with selective 
toxicity are heing applied on a wide scale in contemporary medicuic 
and agricu I tore, A diffeFence bet weeri pharmacology an cl chemotherapy 
is that the drugs employed should be able to exert selective action on 
different target cells of the same organism in the former case and on 
different organisms in the latter case. If seen in this light, pesticide 
applications may be placed into the realm of chemotherapy (Albert, 
1971). The development of selective insecticides is more of a problem 
than identifying selective cherncrtherapeutic agents to control bacterial 
infections. This is because the insects are phvlogerncallv closer to man 
than the microorgariisnns and so divergericies in their biochemical pro-
cesses are more difficult to find out. BLit, while a chemotherapeutie 
ageri 1 is i nten (led for the clest ruc I ion of iii icroorga n is ins inside htini an 
body, a pesticide operates in the environment and must be prevented 
from gaining access into the hody through mechanization of jobs, appl i-
cation of personal protective equip ment, and by various other means. It 
is a more challenging task to block the way to pesticide penetration 
into food, water, and ambient air and thereby to avoid their adverse 
health effects. 

Selective toxicity is either ecological or physiological (O'Brien, 
1964) Sc lectivitv is defined as ecological if a species is not susceptible 
to a chemical agent though not because it has no intrinsic sensitivity 
to it hut because it avoids the exposure. Physiological selectivity featu- 



res reliance on physiological (biochemical) mechanisms: it is further -
divided into the selectivity associated with different absorption patterns 
of substances in the body and true, or internal, selectivity. In the 
latter case, a poison moves into the hod y but is quickly metabolized 
and eliminated or not allowed to assau It the sites responsible for the 
toxicological response. 

The hygienic measures accepted in the regulation of chemicals' 
appl ication rates an [I application schedules and the use personl pre-
ventive equipment effectively support ecological selectivity. Simi-
larly, control of crop pests through the use of their natural predators 
or other means of biological protection is also managed under the 
principle of ecological selectivity. 

The present use of chemicals producing a pesticidal effect but 
fast- dest roved in the warm-blooded organism and totally ineffective; 
even if they manage to get inside the body grew out of the clear current 
perspective on the mechanisms of phvsiologica I selectivity. 

Pesticide toxicology today encompasses a wide array of selective 
insecticides, acaricides, fungicides, herbicides, growth regulators, and 
other plant protection (pest control) agents. Of the organophosphate 
and organochlorine insecticides, acaricides, and synthetic pyrethroids 
that have been synthesized to date, some are extremely importent 

m toxics for anials and human beings. The former, highly toxic fun-
gicides (organornercurialsl have been replaced by moderately and 
slight lv toxic dithiocarhamates, derivatives of urea, guanidinE and 
phthalimide, and heterocyclic compounds. 

Distinction is made between selective sensitivities that are specific 
to the species, sex, age, individual and other featr.mres of the organism 
con cerned 

Species-specific Selectivity. On a quantitative basis, the degree 
of selective toxicity of insecticides to various animal species can be 
measured rsing the so-called selectivity coefficient the ratio of the 
lethal doses (LI)n) for the respective organisms. Pesticide toxicology 
exanunes it in two aspects. The first is the ratio of the insecticide 
LD,j  for the warm -blooded animals to the LD50 for the insects it is 
meant to destroy. The higher the coefficient, that is to say, the larger 
the difference between the chemical's toxicities for these animals, 
the greater its selectivity and the more safe its use. The second aspect 
is the relationship between the sensitivities of different laboratory 
animal species to the pesticide of interest. Its investigation s all-
important for the extrapolation of animal data to humans. Relative 
to various chemical compoun ds, the issue was researched by U lanova 
(1971), Krasovsky ( 1973) . and Roll (1973). Its discussion here will 
be circumscribed to pesticides alone. 

Table 3 provides selective toxicity data on some msecticides for the 
housefly tel ative to warm-blooded anim a Is. Octamethyl , nicotine, al di-
carh, carba rvl and carhofu ran are more toxic to rats than houseflies 
and therefore present selective mammalicides. Sulfotepp is not selecti-
vely toxic while endrin, nnevinphos, demeton, propoxiir, azinphos- 



1 a 6 I e 3 
SeIectiviy Coeflicierits 01 Some Insecticides 

Irise<cicid, 

	

LD 	uLr/kg 
-- 

)F 	riicc 	jar 	Fioia- 
orratr 

L[) 	a 	-i, 
K 

Sciirec 

Oct a met h 42 I 032 0.022 Elol liii gworth, 
1976 

Nk:otillc 20 500 004 a 
Aldicarh ((.6 55 0.11 a 

Carbaryl 500 >900 <0.56 a 
Carhofiiraii 4 1.6 0.87 a 

Su lfoiepp 5.0 5.0 I a 
Eridrin 7.5 3.15 2.4 a 
McvLnphos 3.7 1.5 2.5 a 

Demeton 2.5 (.)75 3.3 a 
Pra[)oxIJr 86 25.5 3.4 a 
AzinphornethvI Ii 2.7 4.1 a 
Toxaphenc 8)) I 	I 73 a 

Ch I071eninphos 13 1,4 9.3 a 
Tli<phos 3.6 0.9 4.0 a 

4.5 1.25 11.6 Kagan, 1974 
Carhlphoa 450 0  28 16 a 

1000 265 38 Hollingworth, 
1976 

Meiaphos 35 1.25 28 Kagan, 1974 
24 1.2 20 hollingworth, 1976 

AId rio 38 IS 25 Brooks, 	1976 
Acetophos 250 6.5 38 Kagrin, 	1074 
Accthion 820 21 39 a 
Die)drin 46 I 46 Brooks, 1976 
Chlorophos 730 0  9,4 78 Kagan, 1977 
Methyl aectophos 1(12)) 12 85 a 
Methvinilrophos 470 0  5 94 a 
DDT 118 2 59 1-b! Iingworth. 

1976 
\Il('thrjfl 920 IS 61 a 
Abate 13000 205 63 Brooks, 	1976 
Chlordaiie 457 7 65 llollingworth, 

1976 
Heptachlor 162 2.25 72 Brooks, 1976 

10)) I 100 a 
1)!a1. i 1100 285 2.95 97 a 
Fee ib ion 245 2.3 107 1-bol !!ngwurth, 

976 
Liodane 91 0.85 107 or 
Phosphamide 135 1 135 Kagari. 	1977 
['clOt rothion 57)) 2> 248 1-101 !ingworth. 

1976 
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(_)n fin Ih'd 

I 	l.Ls rn/kg 
lD, iur w-h 

Ltis 	dc echci 	
OF [firSt 	 1l]r ElOLIS 	

K = LOs. fir h-h 	 Source 

or ratS 	I 	flies 

Brornophos 
Alodane 
DihycI rnlo'ptaoh br 
'retoxvchlor 
Per rneh riri 
Phoxirri 
Bi ores mei h ri n 

1370 3.2 541 
>15.000 15.5 >968 

5.000 3.75 1333 
6.000 3.4 1765 

500 0.7 2143 
8,50)) 2.3 3696 

>8,00)) 0.4 >20,000 

* ][) 	For mice, 

methyl, toxaphene, chlorfenvinphos, and thiophos are selective insecti- 
cides with a moderate-to-slight degree of selectivity (K 	from I tc 10). 

Carbophos, rnetaphos, diazinon, etc, are somewhat more selective 
(Ks5 1 from 10 to 100); fenthion, lindane and alodane are very selective 
(K from 100 to 1000); and metoxychlor, permethrin, phoxim (va-
lexon) and bioresmethrin (K fi51  over 1000) are extremely selective 
insecticides. 

Pesticide assessment for practical utility should integrate, in 
addition to the selectivity coefficient, also their absolute lethal dose le-
vels. The chemicals with low LD 50  for insects are more effective in-
sect killers but, for the same selectivity coefficients, may be more 
hazardous to warm-blooded animals. As an example, the insecticide 
with a selectivity coefficient of 100 but having the 1_1350  for insects 
and warm-blooded animals equal to 0.2 and 20 mg/kg respectively 
is in the class of extremely toxic chemicals for the warm-blooded, 
with a considerable probability of being toxic to humans. In contrast, 
the agent having the same selectivity coefficient but with the iisect 
and warm-blooded LD 50  of 20 and 2000 mg/kg is practically safe. 

Although the housefly provides a convenient test object for in-
secticide toxicity evaluation, it is likely to differ widely from other 
insects in sensitivity to various compounds. In this regard. the 
selectivity coefficients listed in Table 3 should be perceived to have 
only relative value. Hygienical regulation of chemicals, nevertheless, 
takes into account their values obtained for the most sensitive animal 
species. If the LD 50  of a pesticide as defined from data on some 
animal species is below 50 mg/kg the pesticide should be categori-
zed among the Extremely Toxic Chemicals and banned for transfer into 
practice. With LD 50  data available from three species of laboratory 
animals, one is able to define a species sensitivity coefficient (SSC) 
as the LD 5()  ratio of the most sensitive to the least sensitive species. 
Sanotsky and Ulanova (1975) separate three classes of substances 
according to the magnitude of this coefficient: differences in .species 
sensitivity are not marked if it is less than or equal to 3; marked if 3 to 9; 
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Tab I e 	4 
Differences in Species 	Sensitivity to Clilorlenvinplios 

(from Data Summarized in 	Flollingworth. 	1 976) 

F -IOLlsetl\ 1.36 - 

Rat 10 7.4 
8) 71 

RabbI 500 368 
Dog >12.001) >8824 
Pigeon I 6.4 12 

Iieasa nt 107 79 
ii 	I 118 109 

and strongly marked if over 9. Of the 52 chemical substances analyzed 
for their species sensitivity coefficients, 27 were found to belong to the 
first, 23 to the second, and only two to the third class. With respect 
to the class 3 chemicals, special care is needed in data extrapolaton 
to humans. For example, among the warm-blooded animals rats are 
the most and dogs the least sensitive to chlorfenvinphos (Table 4), 
their species sensitivity coefficient more than 12000. Naturally, in 
the rare cases such as these the caLises for such sensitivity differences 
need to be examined in order to validate a possible toxicity forecast 
or man. 

Roll (1973) considers it worthwhile to analyze species-spec:fic 
differences in sensitivity at each stage through the toxic process: 
absorption, distribution, delivery to the active site of the toxic eflect, 
an (1 reaction with the receptor. Ahsorpton patterns, for example, 
appear to have much in common, anatomically and physiologically, 
in mice, rats, other mammals, and man. The circt.ilation rate depends 
upon body size. In mice, the ratio of cardiac output to blood mass 
equals 20, as against one in man, thus suggesting a much higher 
circulation rate for the mice relative to man and, consequently, 
a shorter elimination ha 11-time of a substance from the tissues in mice 
than in man. The body surface area versus weight in man and mice 
has the ratio of 12:1. SometirTles a better correlation of chemical 
doses for humans and mice results if the dose is compLited, not on :he 
basis of body weight, but per unit body surface area. Small mammals 
will ordin a rilv metabolize chem cat compounds iii uch faster tha ii 
large animals and the rate of metabolism in herbivors is higher than 
in carnivors. In small laboratory animals the renal elimination of 
substances by glomerular filtration and tubUlar excretion proceeds 
with a greater speed than in humans (for sonic substances the 
elimination rates in mice, rats, and humans differ by a factor of two 
or three). 

krasovsky (1973) estimates that hu man sensitivity to acetophos 
is 5 to 8 times the sensitivity in mice and 2 to 4 times that in rats. 
Normally these differences would be within the same order of magni- 
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lude. Based on an analysis of 1119 variation coefficients charcteriz-
ing comparative sensitivity of humans and several animal species 
to pesticides, drugs, and other substances, divergencies in t1.e sen-
sitivity to toxics between man and albino rats were found tc be in 
the order of 1 —10 for 80 percent of the cases. To Sonic of the agents 
tested, human sensitivity was greater. Compared to rats, man has 
been 10 to 25 times more sensitive in 9 percent of the cases, 25 to 450 
times in 3 percent of the cases, and less sensitive in 8 percent of the 
cases. The largest variations were recorded in estimating sensitivity 
to some pharmaceutical substances, of which alkaloids - -- at:opine, 
morphine, nicotine, physostigmine, and muscarine — are an illustrative 
example. The pattern as identified by the a ii thor is that the larger 
the animals, the more likely will they possess high sensitivity to a 
majority of cchemical substances. 

Krasovsky (1973) holds the view that the problem of determin-
ing extrapolation coefficients to man needs to be solved on a case-b'-
case basis and its sol Lition to he tied to the chemical being tested arid 
the test animal species involved, Ulanova (1971) insists that special 
care must be exercised whenever the sensitivity coefficient exceeds 9. 

Ho II in gw orth (1976) performed a correlation analysis of the tin k 
between the LDa) values for two species of laboratory animals, dra-
wing upon data on several dozens of pesticides but with emphasis 
on the organophosphates. From the data cited in Table 5 it is evident 
that a satisfactory correlation of the ED 5 0 values is the case in almost 
all animal pairs. The correlation is somewhat higher in the ogano-
phosphate group than it is for all insecticides excepting the low corre-
lation of toxicities in the rat-chicken pair for both, all insecticides and 
specifically for the organophosphates. This is presumably the result 
of chickens' extraordinary sensitivity to the neurotoxic action o sonu 
pesticides, particularly OPP. These results agree with the data of 
t1lanova (1971) and Krasovsky (1973). 

Tablc 5 
Correlation Coefficients of LD) Values for Warm-Blooded 

Animals (Flollingworth, 1976) 

- 	 I - rtrOjre C1(tLP 	Era ()'' -9jtfljI 	fl 	 uf iriscticrdr 

Rat 	mouse 0.869 0.889 
Rat 	gucica pg 0.777 0.881 
Rat - 	 rabbEt 0.840 0.819 
Rat 	clog 0.751 0.847 
Rat 	- eliickeni 0.547 0.161 
AloLj5( , (91 flea pig 0.698 0.929 
Mouse - 	 iabhit (1,762 0.843 
Mouse 	. dug 0.560 0.785 
RablOt 	gunea 	pig 0.930 0.918 
RablOt 	dug 0.800 0.855 
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Mechanisms of Selective Toxicity. According to O'Brien (1964. 
1967) physiological selectivity is subdivided into internal and related 
to abs.irption. The former may well depend on differences between 
the substances' pat tern of penetration to the site of assault (target 
the nature of this target, the effects of the assult, differences in the 
substances pattern of metabolism (activation and breakdown) their 
time of circulation and the elimination rate. Although any one of these 
variables may he responsible for the initiation of selectivity, the impor-
tant ones are the differences in the pesticide penetration pathwas 
across barriers, their metabolic patterns, and the mechanisms of 
action. 

IJilfrrences in the penetration patha'aijs across barriers may dictate 
dissimilar patterns of absorption into the both and subsequent distri-
bution in and elimin ation from it. These factors may each in fluence 
selective tax icitv. Transport of the substances is sin] u ltaneous with 
their metabolism. 

There are major structural differences bet •'eeri insect external 
coverings and the barriers pesticides have to overcome to gait] access 
into human body. Although in both instances the barriers will he 
more efficiently penetrated by lipoid-dissolved compounds, the passage 
of substances will vary in speed and extent because of their structural 
dissimilarities. Insect shells cover the range from a hard and thick 
armTior, as in some beetles, to a thin mern hrane, as in voting i]tosqUito 
larvae. There are broad variations also in the amount of lipids present 
in the shell structure Al I this constitutes one of the causes for the 
selectivity of the insecticides effective by contact exposure. 

The rate of absorpt on through insect coverings and the skin of 
warm-blooded animals is infli.leL]ced by the nature of the solvent, 
concentration of the chemical, tern perat nrc, hum iciitv, and the metabo-
lic rate of substances down their absorption pathways. In relation to 
insects, these factors were closely examined by O'Brien (1964, 1967) 
and Hollingworth (1976) and in relation to the warm-blooded animals 
and humans by K,urnd cv (1975) . It would be of interest to compare 

LD 	externally 	. - the 	 . 	. 	coefficients for insects with the cutaneous- 
LD 	by mn]ection 	-- 

oral aril 1  cotaneous-venolls coetlicients for warm-blooded animals. 
Of 5OtT]e in]pOrttti]ce are the different path\vays of pesticide passage 

across the internal harriers of the body particularly the hematoen-
cephalic barrier. The compounds which, at nearly neutral pH, become 
highly ionized as well as the molecules convevin g charges disp lay low 
penetr,ibilitv into the nervous ,ysteni of insects and warm-blooded 
animals. Yet the toxic effect of some comT]pounds on warm-blooded 
anin] al s does not Spring from their central effect alone. The agents 
such as these have no futi.ire as insecticides because they are more 
toxic to the warn]-blooded auin]alS than to insects. While this so, some 
polar rica rotoxic chemicals like nicotine, tetram, oct a methyl and mi-
palox are potent taxies for plant hugs and ticks. In them, the barrier 
between the blood and nervous system is permeable if only in part to 
the polar compounds. 
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The lipoid solubilily of chemicals appears in some insrances as the 
iactor responsible for their concentration in the body of some animal 
species. According to t-[ollingworth ( 1976), lipophilicitv operates as 
a sponge of sorts, to adsorb and concentrate pesticides from the 
environment, it is the very property which renders some pestkides 
(e.g. carbamates and abatc') selective toward mosqtnto larvae as 
contrasted from the insects that hahitate on the ground. The larvae 
concentrate 98 percent of the abate content in water and toxicity to 
thern is proportional to I ipophihcitv. To m any of the I ipophitic pesticides 
such as chlorinated hydrocarbons and pvrethroids, the sensitivity in 
fish is remarkable - the latter concentrate them from water sotutior 
by driving it through the gills with their Large surface of lipoprotein 
membranes and ramified vascular network. 

Still another significant factor of pesticide toxicity is their conj Li- - 

gation by various components of body cells and fluids as a result 
of which a large portion of the chemicals never reach the point of 
attack responsible for the reaction, Of particular importance in this 
context is pesticide interaction with proteins. 

Kabaclinik et at. (1965) have discovered that an extension of the 
alkyl radical in O-ethvl - S - alklrnethylthiophosphinates enhances dra-
maiically their anticholinesterase properties. The enh ancement is due 
to the changing sorption arid orientation of the compounds on the 
enzyme surface, a steric factor, and the interaction of hydrocarbon 
radicals with the hydrophobic cholinesterase sites located near its 
esterase center. But besides that, a study on the toxicity of the com 
pounds in this series has revealed it to he by no means augmented 
with the elongation of the hydrocarbon radical. Rather, it showed 
a regular pattern of decline (Kagari, 1967). This may be atiribited 
to an increase in the nonspecific sorption of the orgariophosptiates 
having long hydrocarbon radicals on the proteins, and their binding. 
As a result, the major part of the compounds fail to attain the enzymes 
responsible for the toxic process. Phosphorylation of the various 
esterases having no major functional role in the body can be also 
assumed to afford protection, as the esterases bind irreversibly the 
organophosphate inhibitor. There are cases, however, when the rever -
sible conj ugation of a toxic substance by proteins can he considered 
an additional source of its entry into the both as it is increasingly 
released from the depot. 

The pesticide interaction with proteins in insects arid warm-blooded 
animals can modify their selective toxicity. One of these selective 
toxicity mechanisms exploits varying elimination rates of substances 
from the body. It seems, though, that these distinctions in the  
tion patterns will have little obvious effect since urinary excrelinii 
helps the body to dispose of the polar metabolites that already 
possess no appreciable toxicity. 

We have sought to iden tify distinct metabolic patterns for a 11 umber 
of structurally similar organophosphales with different toxicity for 
warmblooded animals and different selectivity toward insects Kagan 
et al., 19651. 



Ilollingwortli ( 1976) provides data concerning different activities 
Of enzymes in detoxifying xenobiotics in different tissi.ies (ill vitro 
expernents) Thus, A-csterase, which met ahol zes paraoxon -methyl 
and paraoxon-e'thvi, exibits, in the liver niicrosomes of warm-Hooded 
anirnak (rat, rabbit, and horse), many times its activity inthe tissues 
of the housefly. Nonetheless the mixed-funtiori oxidase responsible 
for the epoxidization of aid un has been found more active in the house-
1k than in the rat. It is not uncommon to see structurally similar 
compounds display observable, marked differences of metabolic 
patterns. E.g. the A-esterase activity of the iver rnicrosomes in relation 
to paraoxon-rncthvl is 58 times the activity toward paraoxon-elhyl. 
Since this enzvm a tic system is tota lv lackirig in houseflies and 
sortie other insects, both paraoxoti-methvl and -ethyl are of course 
highly toxic to them. 

There is no doubt about the important role, in selective toxicity 
mechanisms, of mixed-function oxidases (MiFO) . the enzymatic system 
involved in the mctabol sm of diffffeflt pesticide classes. It is a fact 
that the MFO md action by the organoch brine acaricide in ii hex di-
minishes the toxicity of the organophosphate iiisectoacauicide phosa-
lone, the 111 agnitude of the MFO iii duclion (5.3 times) consistent 
with the degree of ant agonism between them (5 times; Z I atev, Yakush-
1w, 1975) . On the other hand, the MFO inhibitors sesaniex, pipero-
nvlbutoxide, and S KF-525A act as svnergists for a number of in-
secticides, by inhibition of their oxidative detoxification. The synergism 
of these coinpooiids has been ascertained for organophosphates, 
carhamates and a host of other pesticides whose detoxification comes 
about through their oxidation invulviig mixed- fuinctiori oxidases 
Hod gson a, Fate, 1976), Thus, the ifIdt.Wtion of mixed function oxi - 

dases in the warm -blooded an irna Is and their inhibition in the insects 
is one of the ways to enhance selective toxicity. 

The possibility to guide MFO activity in the desired direction has 
been demonstrated by Popov ci al. (1979) ni an exemplary stLldy of 
phthalophos metabot sun by rat liver per usion. There the MFO incluc-
lion was induced by daily oral administration of nnilhex to the test 
animals in a dose of 240 rng/ kg. or 1/5 LD and inhibited by injection 
of tetrameth lthiuramdisu!fide ( TMTD) at 110 mg/kg, or 1/5 LD 1 . 
The MFO induction caused 'a swift rise in the biotransiormation rate 
of plithalophos, manifested by an increased rate of decline of the 
phthalophos concentration in the perfusate with a corresponding, 
faster increase in the concentrations of nietahotites, oxymetlivlphtha-
limide and phthalirnide. Conversely, with the rats pre-treated with 
TMTD, there followed a deceleration of the curve for the disappearance 
of put halophos from the perfsate and a reduction in the concentration 
of its metaholites. I-however both milbex and TMT[) are capable of 
scaling down the anticholinesterase activity of phthaiophos, though 
the mechanisms to produce this phenomenon were different in either 
case. While m ilbex diminishes the ant tichul inesterase activity of phtha bo-
phos by boosting its detoxification, TMTt) achieves the same by inhi-
biting oxidative desulfuration as a result of MFO in hihition. 

h 



Differences in the mechanism oj action. Distinctive modes of 
action and structeres of the enzymes and receptors which are targets 
(points of assault) for the action of pesticides have been suggested 
as the cause of their selective toxicity. A clear example may be the 
ability of some herbicides to interfere with plant photosynthesis. And, 
because photosynthesis is specific to plants alone, nlanv herbicides 
are distinguished by low toxicity for the warm-blooded animals and 
human beings. 

The low toxicity of pvrethroids for the warm-blooded animals 
arises, it seems, from the varying sensitivity of peripheral nerves to 
them. In the insects and crawfish, sensitivity to pyrethroids is rela-
tively high, whereas frog and rat nerves are pyrethroid-resistar.t so 
that no blockade conies up even with high-level exposure (Hol ing-
worth. 1976). Cholinergic synapses in insects and warm-blooded ani-
mals are known to vary in sensitivity to OPP. Presumably, this is 
because the nerve gangl ia of some insects are gI titani inergic, whereas 
nervous excitation in warm-blooded animals is mediated by acet y l-
cholin. So far it has not been possible to obtain effective antagonists 
for the glutaminergic receptors for the reason of their high specificity, 
but the search for selective insecticides on that basis has a good chance 
of success. 

The mechanism of action of the growth regulators for insects 
works basically by their activation at critical periods of growth and 
development. Analogs of juvenile hormones are highly selective pestici-
des because no points of assault for their effect exist in warm-blooded 
organ ismns. 

Thus, to summarize, selectivity has by and large a polyfactor nature 
so the elucidation of the contribution therein by each of the factors 
contributes to effective discovery of new pesticides with an optimal 
degree of selectivity. 

New Trends in the Quest for Selective Pesticides. The most furida-
mental approach to the discovery of selective pesticides has been to 
trace differences of biochemical arid physiological processes between 
the orgarusms concerned to identify the process segrrients vilally 
important for some species and absent from or unimportant to sortie 
others; and to mount a quest for the chemicals that assault the parts 
of met ahol isni in harm fri I organisms that are non -existent in useful 
ones. 

High selectivity of action is a feature of several herbicides. For 
example, triazine derivatives interfere selectively with the process of 
photosynthesis at the stage of Hill's reaction. They are only slightly 
toxic to warm-blooded animals as photosynthesis is unique for plants 
alone. Triazines have no effect on useful plants, particularly cereals 
because the latter hvdrolize them. The herhicides that act basically 
by suppression of Hill's reaction mid ude the derivatives of phenyl urea, 
acylanilides, and phenylcarhamates. Phenoxyacetic acids affect plants 
in ni uch the same way as a uxine, their riatura I hormone (iridolyl acetic 
acid). Yet many plants are unable to degrade excessive amounts of 
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phenoxvaceiic acid and hence its herhicidal properties. A pi - onounced 
auxine-I ike effect is exerted by tordon t richlorarn Inc pyridinca rhoxyl ic 
acid), a chemical more stable than 2,4-D. 

2,4 	dichloropherioxvderivatives of iii iphatic acids exhibit selec- 
tive herhicidal effects. When applied on sensitive weeds, they are bro-
ken down in their cells to form toxic 24-dichlorpenoxyacetic acid. 
Numerous cereal crops lack betaoxidase of aliphatic acids responsible 
for lethal synthesis, the fact underlying the selectivity of 2,4-D deri-
vatives to weeds (Albert, 1971 ) . Dithiocarbamates exert fungicdal 
action, due probably to their metabolisalion into isotliiocyanates 
which block the thiol groups in the causative agents of plant diseases: 
the similar effect of captan (trichloromethvl-thio-tetrahvdrophthali-
mide) comes about through disruption of the thiol groups. In fungus 
cells captan reacts with thiols to release carbon isu I fide producing 
a potent fun gicida I effect. 

Growth regulators of plants and insects offer a good example 
to the high selectivity of pesticides. They affect strongly the critical 
phases in the growth and development of exposer] pests but leave 
them uriaf fected in warm - blooded animals (Bask a kov 1978: Hol I ing-
worth, 1976). The substances influence selectively morphogenesis in 
weeds or harmful insects univ at their certain development periods 
and do not influence other organisnis. The principal gi.iidelines for 
the use of plant grow th regulators include speeding their mat uration, 
increasing resistance to low teniperatures and drought, avoiding crop 
lodging, and performing defoliation to facilitate mechanized liar-
vesting. Ethcphon, a retardant from this very group of chemicals, 
owes its defoliating capacity to the release of ethylene by plants, 
as a result of the degradation of heta-chloroethvl phosphonic acid. 
lthylene is endowed with hortnonal activity. The addition to ethephon 
of modest quantities of endotal precludes its displacement from the 
leaves and potentiates the effect. Benzvlaminopurine disturbs the 
state of dormancy in weed seeds, provokes their ahead of time 
sprouting and thereby exposes the shoots to easy destri.ictioii by low 
herbicide doses. 

A new promising trend in obtaining highly sensitive insectic:des 
came with the discovery of growth regulators for insects. The particular 
stage of insect growth at which they are applied makes all the difference 
between their effects. Of great interest are the an a logs of juvile 
hormones, by virtue of their extremely low toxicity for warm-blooded 
an irn a Is an (I some usefti I insects. Hol I in gworth (1976) reported the 
discovery of highly selective juvenile hormone analogs, their acLion 
based on the use of specific targets efficiently involved in metabolism 
in harmfu ¶ insects and non-existent is useful organisms (warm - 
blooded animals). The author points out that there have to be other 
alternatives in this respect, e.g. the glutaminergic nerve ganglia in the 
insects as contrasted from the cholinergic ones in the warm-blooded 
animals. This makes it potential lv rewarding to look for glutamine 
agonists and antagonists which may prove insecticidal. 
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The recent yea rs have seen a surge of resea rcher interest 1:1 pY-
rethroids, the analogs of natural pyrethriries, sortie of which - 
al lethrin, bioa lethrin, resmethi - in , bioresmethrin , d imethrin, and tetra - 
methrin are very active insecticides with low toxicity for the inam - 
ma s. Moreover, their use rates are so low that they never accaut 
for more than one tenth of the total usage of conirnon organophc.)s-
phate and carbarnate pesticides. Lastly, pyrethroids have the advan-
tage of rapid detoxication in the warm-blooded organism. 

Natural pvrethrines represent esters of d-transchrysanthernurn 
monocarboxvl ic (CMC) and d-t ra nspvrethric acids (CDC) and cyclic 
1etone alcohols (pvrethrol, cinerolorie, and jasmnolone). Synthetic 
irethroids are esters of d-transchrvsanthemum rnonoea rbox\ lie 
reid esters; 

Cu 
CCH -________  

CH 3 
CH CH 3  

Ethyl ester of d-transchrvsanthemic acid. 
Among the synthetic pyrethroids, compounds have been isolated 

which by far exceed natural pvrethroids in insecticidal activity arid, 
moreover, are slightly toxic to warm-blooded animals. Another re-
cent hreak-throtigh carrie with the discovery of a new class of 
esters of alfa-substituted phenylacetic acids (CcH.CFlRCOOR' - R = 

CH:.C2H, iso-CH 7 , iso-C4I -L) which surpass even pyreth roils in 
the insecticidal action they exert (Prornonen kov, Korotkova, 1978) 

Within the last few years there have been nunlerous attempts 
to ccnt rol insect behavior an ci red nec harm fri 1 insect populations 
rising pheromones. Today pheromones have been isolated and iden-
tified and their structure determined for 42 insect species (lKondratiev 
et al., 1978) They are unsaturated aliphatic compounds with 0 to 
20 carbon atoms and ii cli ffereri t locus and con figuration of the don b I e 
bond. Their varied interrelations in different insect species make 
pheromones strain-specific. Beyond that, their specificity has to do also 
with the seasonal patterns of attraction and habitation areas of insects, 
availability of svnergists, and several other conditions, Optical iso-
metry has a role of its own as far as pheromones are concerned. 
The advantages of pheromones md ride low tox city for wa rrn-h boded 
animals, high biological activity, and no environmental harm. LD50  
for them lies within 2 to 34 g/kg. The use of pheromones significantly 
reduces if not totally rules out the need of insecticide application. 
Their very low quantities are required for insect traps•. e.g. codleinone 
needs to be applied at a dose. of one mg per trap and phunemnorie 
at 5 mg. Still another use of pheromones conies in raising shelter 
belts and bands of insect traps, to lure males away from the fields and 
thereby bring down dramatically the pest numbers present. 



SOME SALIENT QUESTIONS IN CLINICAL MANIFESTATIONS, 
DIAGNOSIS, AND TREATMENT OF PESTICIDE POISONING 

Acute poisoning is tlie rTiost tilimerous case on records, while 
chronic intoxications are common to persots permanently exposed to 
pesticides. In the United States the statistics for 1966 stood at 
72560 iritoxications overall including 4,434 intoxications by pesti-
cides; the figures for 1967 were 83,704 and 5002 respectively and 
for 1968, 105,178 and 2,919 ( IKalovanova-Simeonova et F. Four-
nier, 1971). 

As suggested by data from Barbalv (1968), acute poisonings 
are most typically caused by drugs, less frequently by household 
chemicals including pesticides, then by foodstuffs, and lastly by plant 
and animal poisons. Among the toxic household chemicals, insecticides 
head the list, followed by cosrTletics, detergents, and other agents. 
Kuznetsova (1968) names carbon monoxide as the agent responsible 
for 30.5 percent of all intoxications, acids for 21.7 percent, medica-
ments for 12.5 percent, insecticides 4.8 percent, alkalies 4.8 percent, 
and solvents 2.6 percent. 

The findings of a WHO analytical survey (1979) of 10,000 incidents 
of poisoning in Belgium revealed that among the substances causing 
intoxications in children medicaments come first accounting for 
52 percent of the total, household chemicals are second 	22.4 per- 
cent; industrial chemicals third 	6.5, and pesticides fourth, 4.4 per- 
cent. 

The number of poisonings is the largest in the United States, 
second-largest in Japan and third-largest in Turkey. Within the two 
decades from 1945 to 1966 foreign literature reported 15.032 episodes 
of pesticide poisoning in Asia (44.3 percen( of the total), 14, 452 in 
America (42.6); 3,410 in Europe (10). and 955 in Africa (2.8 perceni). 
in Europe, despite its highest level of pesticide use, intoxications 
are reportedly less numerous than in America and Africa, seemingly 
because of the more advanced and efficient preventive programs. 

Of the pesticides implicated in these intoxications, OPP hold the 
lead, representing 73.4 percent of their total umber; the second-
placed OCP represent 12.6 percent, arsenic-containing chemicals 
6.1 percent, organomercurials 2.4 percent, methyl bromide 1.1 per-
cent, zinc phosphide 0.9 percent, and cyanic conipounds 0.6 percent 
(Polchenko, 1968). 

Two thirds of the intoxications listed in foreign countries are 
occupational and the balance one third domestic. The former emanate 
from pesticide manufacture (23 percent) but more so from their 
marketing and application (77 percent). Numerous intoxications 
result from direct work exposure to pesticides during spraying, 
dt.rsting, seed desinfecting and other operations. In the USSR the 
incidence of occupational poisonings is much lower than abroad. 

The key causes of pesticide intoxications include careless storage 
and handling, and underestimation of their hazard potential .Man 
intoxications are traceable to misuse of pesticide containers. 



Polehenko (1973) found out that 86 percent of all intoxications 
are linked to extremely toxic chemicals (LD 5(}  below 50 mg/kg), about 
6 percent to highly toxic (LD 51  between 50 and 200 mg/kg), 2 per-
cent to moderately toxic (LD 511  from 200 to 1000 mg/kg) and 6 percent 
to slightly toxic (LD 50  above 1000 mg/kg). Thus, the use of the extre-
mclv toxic chemicals presents the major hazard for the origin of acute 
irutoxications, this being the reason why this group of pesticides is 
banned for agriculti.ural use in the USSR. 

Once an intoxication starts, its rate of progress will depend on 
the chemical structure. physicochemical properties, quantity, arid 
routes of entry of the causative agent. The progression rate is especial-
ly high with the entry via the respiratory system. Although most of 
the pesticides currently in use have low volatility they too may find 
their wa y  into the respiratory system in the aerosol form (dust or 
hydroaerosol) during crop dusting or spraying operations. On the 
other hand, methyl bromide, chloropicrine, hydrocyanides, and some 
organophosphates (DDVP) are highly volatile so that severe poison-
irigs may result from the inhalation of their vapors. Whereas fine-
dispersed particles from 5 to 10t in size reach the alveoli with inhaled 
aerosols, larger-size particles settle in the respiratory passages, to 
he swallowed arid carried on into the alimentary canal. 

The progress of intoxications can he influenced in large measure 
by the age of exposed persons. Children are more sensitive to toxic 
substances in general and pesticides in particular. But because of 
their greater body surface area/weight ratio and the specific skin 
structure they are capable of much faster pesticide absorption. 

Some physiological characteristics of the female organisrru such 
as menstrual cycle, gestation, lactation period, and menopause make 
it more susceptible to poisons. The resistance of the female oi'gaimisoi 
to toxic exposures is decreased by the lability of the hemogenetic 
system, heightened capillary permeability in the menstrual period, 
and endocrinal arid neural effects. This is not to exclude the possibi-
lity that some female individuals can be and are in fact more resistant 
to poisons than males. The development pattern of intoxication also 
responds to variations in individual sensitivity to poisons. In a sen-
sitized organisni even minor toxic quantities can give rise to violent 
responses. 

Fligh temperatures of ambient air make the course of intoxication 
more severe and even small quantities of pesticides are sufficient 
to provoke it (Yakubov, 1965). High-altitude Hypoxia arid enhanced 
ultraviolet radiation at high altitudes also influence the organism's 
sensitivity to poisons (Yusupov, 1977). 

Among the clinical features of pesticide intoxications there are 
some distinct common syndromes generally acknowledged for the 
effect of many toxic substances. They are hypoxia; various respiratory, 
circulatory and metal)Olic disorders; diseases of the central and peri-
pheral nervous systems; lesions in the liver, kidneys, gastrointestinal 
tract, arid other internal organs; arid allergic symptoms. Though the 
direct determination of pesticides and tbeir metabolites assists imumen- 



seN tire creel Ne diagnosis of pesticide poisoning a detailed analysis 
of clinical and laboratory changes is also important. Combined toge-
ther, they can identify the affection as having been caused by a parti-
cular pesticide. Burkatskava et al. (1978) recommend, for periodic 
or routine medical examinations of persons occupationalv exposed to 
toxic chemicals or suspected intoxications cases to apply as, part of the 
toxic chemicals or suspected intoxication cases to apply, as part of the 
protocol, specific clinical and laboratory tests appropriate to the parti-
cular pesticide class of which the pesticide concerned is one. Thus, 
comnion work exposure to organocifiorines necessitates, quite apart 
from the routine general hem atologic examination and ii rina ksis 
required for cases of contact exposure to any pesticides, pesticide 
.letermnination in the hiosubstmates and of protein and urohilin in the 
urea. For sr.rspect intoxication cases this set includes an additior.al 
estimation of sugar and lactic and pyroracenhc acids in the blood; 
tests to assess the functional state of the liver, the state of the coagu-
lative blood system, and the activity of alkaline pliosphatase, alco-
lase, arginase, L DG isoenzvmes tests on the functional state of the 
kidneys (Z imnitskv's test) measurement of Amba r's constant au d 
clearance coefficients for urea and endogenous creatining, and re-
sidual nitrogen; and examination of the cardio-vascular system. 
In sum, these indices perniit evaluating the state of those func-
tional systems wc>rst-affected in OCP intoxication. 

Suspects of OPP poisoning are examined for cholinesterase acti-
vitv, I lie state of the coagirl ative blood system, the protein spectre ii 
of the serum, the glvcemic cr.rrve and the activity of arninotrans-
ferases and LDG isoenzvrnes, and the fr.inctional tests of the lier 
and kidneys. 

Following OMP exposure (to organomercurials) , one will ordi-
narily test for mercury in the urine and sulfh dryl groups in the blood, 
define the blood protein spect rum, measure the contents of sugar, so-
clit.rm and potassium in the blood and of I 7-ketosteroids in the Lirine, 
an cI examine the fi.inctiona I state of the central and autonomous 
nervous systems, liver, and kidneys. 

Poisoning by some carbamine pesticides such as sevin, pirimor, and 
dcresl produces a side-effect by inhibiting blood cholinesterase and 
affecting the functional state of the liver and kidneys. Besides, 
I -naphthol is detectable in the blood in the intoxication by sevin and 
paraaminiophenol in the intoxication by carbin and chlorisopropyl 
phen vlc a r ha m ate. 

Dithiocarbamates diniiiriish the quantity of the blood sulfhydrvl 
groups and niiodify the incorporation rate of radioactive iodine into 
the thyroid - They are metabolized to carbon d isulli tie, thereafter 
detectable in exhaled air. In the case of carbathion poisoning, thiocya-
nates are found in the blood. 

With the intoxication by nitro- and chlorine derivatives of phenol 
ti initro-o-cresol/DNOC/, riitraphene, acrex, carathane, pentachloro-

phenol, etc.), the pesticides and their rrietabol ites are detectable in 
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the blosubstrates and elevation of the body temperature is rather 
likely, along with the formation of methemoglohin and Heinz bodies 
in the blood and altered activity of oxidative enzymes. 

Methyl bromide increases the quantity of bromides in the blood 
and decreases the activit of SH-groups (alkylation). 

When copper-containing pesticides gain access into the body the 
copper can he recognized in the blood serum and urine, and eleva-
tion of the body temperature may follow. Cyanide intoxications pro-
ceed with urinary excretion of thiocvanic compounds. 

Like most other toxic conipounds, pesticides are substances of 
the non-protein nature but ones that can combine with proteins to 
form complexes with antigenic properties. Thus, allergic derniatites 
and eczemas develop alter contact exposure to DDT, hexachtoran, 
carbin, thiuram, zineb, maneb, carbophos, and thiophos (Despotov, 
1967; Karimov, 1969) as well as other OPP, OCP, OMP, carbarnates, 
canides and fluorides, in addition to retarded allergic respunses, 
the body comes up also with the more immediate type of responses 
in the form of bronchial asthma or Quincke's edema (Leliukh, 
Maliuk, 1966). 

A fundamental if not ultilTiately resolved question concerns the 
threshold levels in the allergizing action of chemical substances. 
Some authors (Alexeeva, Shumskava, 1970; Shumskaya et al., 1967) 
favour the idea of setting the threshold dose and concentratian le-
vels for the substances on the basis of their allergenicity. Others 
Kryzhanovskaya, 1968) object on the grounds that chemical aller-

genes have a virtually no-threshold action potential. But, since one can 
ordinarily correlate the doses of substances with their allergic effects 
there seems to be no reason why the establishment of the threshold 
doses and coticen trations should be in possible in principle. In fact. 
this is the basic assumption in setting hygienic standards and spe-
cifications for the substances with allergic potential. On the other 
hand, one must consider disparity of the threshold dose levels in 
terms of toxic and allergic effects, Poutinely, the sensitizing doses 
of substances will be smaller than their toxic doses. Sensitization 
may or may not come from exposure to the toxic doses by reason of 
the imiiiunologic paralysis that develops. TKryzhanovskava (1968) 
argues that with current methods of hygienic research the principle of 
setting standards for chemical allergenes according to their potency 
is warranted and recommends to define the potency from the inciden-
ce of anaphylactic responses to a given substance, the latter's sen-
sitizing dose, level the development rate of the allergic state, and the 
magnitude of the sensitization titre. The author recognizes chemical 
allergenes as potent (80 percent of the cases exhibit observable aller-
gic responses and their obvious manifestations), moderate 50 to 
80 percent of the animals develop positive responses) and weak (po-
sitive responses recorded in less than 50 percent of the animals). 

The rise and development of an allergic state is merely one of 
the ways in which a chemical agent can conspicuously interfere with 
immune processes. Semencheva (1967, 1970) indicates that toxic sub- 



iai1ccs can give rise to a utoi nm LiflC proccsses. Their onset may he 
sign a I led by aiito-aritigene formai ion as chemical compouri ds d a-
niage the tissue proteins. In laboratory animals, pathological liver 
antigefles and autoantihodies result from exposure to several car-
cinogeris. DDT, a n d propazine (Korosteleva, 1966; Semencheva. 
1970) . Antihepatic antibodies were likewise identified in persons pre-
viously exposed to organochlorines and organophosphates (Kachalai, 
1968; Sosnovik, 1959). 

Ongoing studies look at the role of autoimmune processes in the 
origin of the diseases induced by different pesticide exposures, with 
special attention to the neurotoxic complications observed after pre-
vious intoxication experience with orgariophosphates or organochlori-
nes. An excess of polyrieurites progressing into serious pareses and 
paralyse.s Was noted after intoxications by chlorophos. The data beconic 
particularly meaningful if seen in the light of Tarashchtik's results 
(1970) with the in d uctiori of de-myel inization in sciatic nerves by 
chlorophos and other OPP, and the research findings of Zhabotinskv 

1970) Rodshtei ii arid Konov a I ov ( 1971 ) regard irig the indisputably 
irnmuno-pathological character of this phenomenon. 

Therapeutic remedies in acute intoxicatioiis may he general or 
specific. The general measures form part of the emergency care, 
their purposes including removal of the poison froiii the stomach 
or body surface, avoidance of its absorption into the blood, intensi-
fied excretion from the body of the fraction of toxicant already 
absorbed, maintenance of nominal functioning of vital bodily systems, 
and elimination of symptoms of the adverse effect of the pesticide. 
The specific measures center primarily on the antidotal therapy. 

Ant dotes may be physico-chemica I, chemical, and physical. Of 
these, the phvsico-chemical antidotes, their action based on the physical 
processes of adsorption, encapsulation, and altered solubility, are 
effective against immediate contact exposure, for example, in the 
gastric cavity. Very recently activated coal began to be used to sorb 
the toxic substances that have foLind way into the bloodstream. He-
rnosorpti{.m is remedial for Various intoxications ( Luzhnikov, 1977). 

The molecules of a chemical antidote react with the poison to 
nei.itralize or hind it, thus promoting its alimination from the body. 
Examples of chemical antidotes are unithiol, succimer, penicillamine, 
mecaptide and other tEiiol drugs with the capacity to hind arsenic 
and mercury. Some complexones, e.g. EDTA-cthylendiaminie tetraace-
tic acid, also act on the principle of chemical antidotes, but only  
those which combine with metals. Physiological antidotes of OPP in-
elude cholinolytic drugs which effectively control the toxicity of excessi-
ve acetylcholine which accumulates as cholinesterase is progressi-
velv inhibited by the poison. They include additional lv cholinesterase 
reacflvators capable of boosting its dephosphorvlation and restoring 
the function of synaptic formations. Another possible factor to he 
considered for the mechanistil of action of the cholinesterase reactiva-
tors is their direct chemical interaction with organophosphate mu-
lecLiles (Golikov, Zaugolnikov, 1970), the capacity leading to their 
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classification as mixed-type antidotes with (lonhLflallt phvsiologica I 
alitagonisni. 

The best therapeutic effect is achieved through the integrated LISC 
of antidotes with different types of effects. Thus, cholinolvtic drugs 
are prescribed in combination with cholinesterase reactivators to 
treat organophosphate poisonmgs (Luzhnikov, 1977). The 2PAM 
reactivators d ipyroxim. toxogonin, and other agents contain in the 
molecule a quaternary. positive nitrogen atom, niaking them ill-
equipped for effective penetration into the central nervous system. 
They can therefore control only peripheral OPP effects. By way of 
partial contrast, sonit rosine, the agent proposed by Zaugolnikov 
and Golikov (1970), has remarkably low toxicity and penetrates well 
into the central nervous svsteni hut is a comparatively slow chuli-
nesterase reactivator. Krivenchuk et al. (1969) synthesized dietxim, 
a derivative of thiohydroximic acid somewhat similar in chemical 
structure to acetyicholine. Our investigations (Kagan et al., 1971, 
1975; K,okshareva. 1975) of diethyxim have demonstrated its well-
defined antidotal effect in organophosphate intoxications (DDVP, 
chiorophos, phosphamide, metaphos, phosalone, etc.), remarkably low 
toxicity (5 to 7 times less toxic than dipvroxim), efficient cholineste-
rase reactivation in the tissLies of laboratory animals, and a tar greater 
ability, compared with dipyroxini, to remove a D DVP-caused nervous-
muscular block. The deblocking effect of diethyxim is associated 
with cholinesterase reactivation, release of cholin-receptive proteins 
from their conj ugat ion with or ganophosphorus in hi hi tors, a -id re-
sumption of normal acetyicholine discharge by the presynaptic for-
mations (N,ovtun, lyoksharcva, 1974). Diethvxim is also effective in 
con t ributin g to functional recovery of the peripheral nerve, pre - 
viously darriaged hy DDVP (l(ovtun et al.. 1978). Data on the reacti-
vating effect of diethyxini relative to cerebral AChE are suinirrarizeci 
in Table 6 (Kokshareva et al., 1977). 

Tati!r 6 
Percent AChE Reactivation in Different Brain Regions 

of DDVP-Poisoned (10 mg/kg) Rabbits after Treatment 
with Cholinesterase Reactivators 
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- 	With the use of the therapeutic diethyxirn tiose, AChF reactiva- 
tion in the medula oblongata, superior and inferior colliculi of the 
mid bra ri roof, hip pocamp US, and hvpot hal a in us is a I most corn plete 
with (1 ipvroxirn, virtLia liv po AChE reactivation occurS in the tried ul : 
oblongata and caudate nucleus and little reactivation in the other 
regions. Whereas diethyxim brings EECI hack to normal in DDVP-
poisoned test animals, dipyroxim failed to restore brain biopotentials 
of the rat for as long as 90 minutes after injecting the reactivator, 
its EEGs little or no different from the brain biocurrent records of 
poisoned animals, though none of the rats was killed. Beznosko et a]. 
(1977) showed from work in eats with blocked peripheral M-cholin-
receptors that diethyxim eliminates promptly the central hvpoterisive 
effect of armin - the ability present neither in dipvroxim nor in the 
quaterna ry analog of diethyxirn - 

In DDVP poisonings, results looked encouraging from paired 
diethvxim/dipvroxim application (Kokshareva. 1976). The associated 
index of therapeutic effectiveness (incremental growth of the poison's 
LD) reached eight. Their combined use enables the dose of either 
reactivator to be reduced and their toxicity to he lowered. Dicthvxin: 
stem s the developrrient of the neural-ni uscula r block that normally 
occurs in DDVP intoxications, the fact suggesting a fairly rapid 
chol inesterase reactivation in the myoneiira I sunapse. As the die-
thyxirn-based treatment was carried on signs of DDVP intoxication 
were progressively disappearing in cats and their arterial pressure 
and breathing were coming hack to normal (Fig. 4). In rabbits. 
as far as can be judged from their EC(]s, the drug has a favourable 
effect on cardiac activity (Lukaneva, Kokshareva, 1975). As reported 
by workers from the S~klifosovsky Institute for Emergency Medical 
Care, diethxiiri exhibits a strongly niarked therapeutic effect in the 
treatment of different OPP intoxications. 

A new trend of the ongoing enquiry for cholinesterase reacti-
vators focuses on the synthesis and efficacy assessment of complex 
metal compounds with am inoa Icohol s and other biological I igan ds 
(Evreev et al., 1968; Sasinovich et a],, 1976; Kagan et al.. 1977. 
1978). The inhibited OPP enzyme needs for its reactivation the Tin- 
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cleophilic reagents capable of weakening the scrine oxygen bond with 
the phosphoryl radical. The role of specific electrophilic catalysts 
can be delegated to the ions of transition metals. Since the salts of 
heavy metals are highly toxic it seems more advantageous, potentially, 
to test the less noxious metal complexes with the ligarids containing 
free nucleophilic groups. While reacting with phosphorylated choli-
nesterase, they may be expected to combine riocleophilic with electro-
philic effects and display the properties of reac.tivators. Dialcob, a 
complex of bivalent cobalt with N-allvldiethanolaminc synthesized 
by Evreev and experimentally studied by K.agan, had been shown to 
provide a most effective cholinesterase reactivator of the type just 
discussed (Sasinovich et al., 1977). 

Dialcob is slightly toxic, its LD 5e  for intramuscular injection to 
rats just upwards of 1 g/kg. The optimal therapeLitic dose of dial-
cob represents 1/200 LD 5() , which compares favourably with 1/15 for 
dipyroxim. Toxicity studies of the drug found its multiple doses to he 
moderately stimulating erythrocvtopoiesis so that neither the func-
tional state of the liver nor the cardiovascular and endocrinal systems 
are affected. It can cause primary irritation of the injection site if 
used at concentrations below 10 percent. The morphological changes 
and histochemical alterations (RNA and glycogen contents) observed 
in some of the experimental animals are moderate, reversible and 
therefore not dangerous (Rodionov, 1976). 

In the event of intoxication by the organophosphates )DVP, 
chlorophos, phospharnide, phthalophos, valexon, bromophos, arid pho-
salone dialcob is therapeutic within a broad range of doses, from 5 
to 25 mg/kg. Survival in albino rats is thus doubled or tripled. 
It has the ability to potentiate the therapeutic effect of atropine sul-
fate. Combined injection of atropiie sulfate (20 mg/kg) and dialcob 
(25 mg/kg) magnifies the 1-1)5e of DDVP by a factor of 82. Dialcob 
reactivates the OPP-inhibited cholinesterase, and the normalization 
of tissue cholinesterase activity, the brain tissues included, has been 
confirmed histochemicallv (Fig. 5). Its application results in restored 
activity, chiefly, of extracellular cholinesterase, functionally the more 
essential one. 

Dialcob has a noriTializing effect on the metabolism of proteins, 
activity of reamination enzymes and other liver functions; it promotes 
the deblocking of moneu ral transmission and removal of the respi-
ratory changes resulting from the inhibition of the respiratory 
center as well as to the recovery of the EEC, pneumogram, and FCC 
in the DDVP-poisoned rats (Fig. 6). 

In poisoning by the dithiophosphoric acid derivatives phospharnide 
and phthalophos, dialcob is a more potent drug than 2PAM, apparently 
because it can interact directly with the atoms of sulfur. It ends up 
or sharply relieves the convulsions in rabbits caused by DDVP in-
toxic at ion and restores the riorrri a I breathing and cardiac out put 
(Sasinovich et al.. 1979). 

The positive therapeutic effect of 2PAM, dipyroxim (TM13-4) 
efoxim (toxogonin), diethvxim, dialcob, and other cholinestenase reac 
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Fig. 5. Cholittesterase reactivation by dialcob in rat cross-striated muscle (Rodionov's 
preparation): 

a - control; ti - thirty minutes after DDVP injection at 20 mg/kg; c - twenty minutes after dialcob 
injection 

tivators is attributed primarily to its resumed activity. Howver, 
some other mechanisms are secondarily involved. The reactivators 
have been found to weaken the OCP complex with the cholinreceptor 
and bring to normal the release of acetylcholine by the nerve ending 
(Rybolovlev, 1965; Dishovsky et al., 1973; Kovtun and K.okshareva, 
1974; Golikov and Sanotsky, 1976). Direct interaction of the reacti-
vators with organophosphates is also entirely possible (Golikov, 
Zaugolnikov, 1970). Some of them produce ganglioblocking and 
spasmolytic effects (Fig. 7) and diethyxim has the additional property 
of blocking M-cholinreceptors, evidenced by the reduction of the 
acetyicholine-induced intestinal contracture (Kokshareva, 1975). 
Although the mechanism behind the antidotal action of the cholineste-
rase reactivators in OPP intoxications is not fully understood at 
present their practical value is unquestioned. For the intoxications 
by organophosphates, a good therapeutic effect is achieved by paired 
injection of cholinolytic drugs with central and peripheral reactiva-
tors; for the intoxications by chlorophos, thiophos and carbophos, 
the use of atropine sulfate in conjunction with dipyroxim, toxogonin, 
and isonitrosine is remedial (Luzhnikov, 1974; Kosarev, 1975). The 
choliriesterase reactivators alleviate the severity of intoxications, 
decrease the incidence of serious complications and reduce lethality. 

The antidotal performance of the cholinolytic drugs and choli-
nesterase reactivators is potentiated in the induction of cytochrome 
P-450, an agent in detoxifying OPP, aided with phenobarbital. Expe-
riments in rats made it clear that phenobarbital causes the induction 
of cytochrome P-450 (by 46 to 153 percent) over a wide range of doses, 
from 70 to 1.5 mg/kg; the yardstick to gauge the induction is the 
signal intensity of electron paramagnetic resonance (Fig. 8). The 
maximum degree of the enzyme's induction after a single phenobar- 
78 
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hital dose is in no way inferior to the degree of induction after thr7e 
doses, and develops between the first and third days. Given the in-
duction of cytochrome P-450, the toxicity of several organophosphates 
(DDVP, va(aton, etaphos, actellic, and clilorophos) declines marked-
ly - the effect that can be applied as an innovative principle to com-
bined treatment of OPP poisonings (Kagan et al., 1980). 

Phenobarbital prevents the neuromuscular block developing in 
DDVP-exposeci rats (Fig. 9) and is beneficial for cases of subacute 
intoxications by organophosphates (Fig. 10) and leptophos. 

Perhaps the most difficult challenge is finding specific antidotes 
in poisonings by organochlorines as well as by other pesticides based 
on halogen-containing hydrocarbons because of their polvtropicily. 
Miziokova et al. 1978) documented from experiments in laboratory 
animals the therapeutic effect of free cvstein in intoxications by methxl 
chloride, chloroethanol, metaflylchloride, methyl bromide, allyl bro-
mide, methyl iodide, and ethyl iodide. The theoretical pre-requisite 
br its use in the intoxications by halogen-containing hydrocarbois 
stemmed from their ability to act as effective alkylating agents, 

Fig. 8. C1ochrunie 	-450 uiduction iohloviig pherioharhilal irijectioti: ElR-spectriiii: 
(Ovsvannikovas experiinenl 
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Fig. 9. Effect of phenobarhital in the origin of DDvPinduced neuro-rnuscujar btock 
(Koksharcvas experiment): 

a - action po!eii!ias üf rat nitiscujijy grlstmocrienl]LJs stimulating Its sciatic nerse by siuigie arid irrquienr 
s)iOiiiii )csotroLl 	0 - same, tweOty niiflules altec oat DDVP ingsctLan )40 nsg/kg), c 	soirIe after 

preveultive iiijeciiori of three phenr,barbutai doses (20 rug/kg) 

particularly in regard to the substances containing sniftydryl groups. 
The action of uriithiol was less obvious and monothiols (cysteine and 
acetylcysteine) were more active. 

Their use increased survival of the test animals and restored 
sulfhydryl groups in the blood and liver, in dichloroethanepoisoned 
animals a positive effect arose with the acetylcysteine dose equal to 
LD9 9 . it also persisted at a high level when the treatment was commen-
ced one or two hours after dosing. The therapeutic effect of acetyl-
cvsteine is explained by some authors in terms of its capacity for vi-
gorous detoxification of chioroethanol, one of the principal metaboli-
tes of dichtoroethane. The mechanism for the therapeutic effect of 
third compounds in intoxications by halogen-containing hydrocarbons 
of the aliphatic series must be inherent in their chemical interaction 
and production of slightly toxic precursors of mercapturic acids ca7ab-
le of being rapidly excreted from the body. 

The antidotes of arsenic and metals in common use are unithiol, 
succimer (Arkhipova ci al., 1975) and D-penicillamine (Ashbel et al., 
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1974; Lubianova, 1979) In intoxications by hydrogen arsenide, the 
administration of mecaptide (2,3 diniercaptopropyltolylsulfide) has 
been the best remedy (Liiganskv et al., 1966). 

I ritoxications by heavy metals are treated w i t h a number of 
antidotes (EDTA/ethvlenectiamine/tetraacetate/ ,tetacin-calciuin, pen-
tacin, perucillamine) categorized as the uornplexones which COiTibile 
with the metal ions to produce stable claw-i ike complexes I chefates) 

Another effective way to treat acute pesticide poisoning, besides 
the specific antidot al treatment is through their faster ci iminaion 
from the bod•. The means comiuonlv applied to this end in the recent 
years have included forced diaresis, substitution transfusion, pen -
toneal dialysis, hemodialysis, hemosorption, and other resuscitative 
measures (1.uzhnikov et al., 1977; Goiil<ov, 1977) 

LONG-TERM EFFECTS OF PESTICIDES ON ORGANISM 

The problem hearing on long-term effects of pesticides is perhaps 
second to none in complexity. The effects are as hard to identify as 
it is difficult to m.del in experiment all the variables, extrapolate 
the resultant animal data to humans and commit the reson rces tie-
cessarv for lengthy experimentation. 

The long-term effects from pesticide exposures can be grouped 
into blastornogenic and mutagenic including effects of pesticides on 
progeny effects on body organs and systems and their influence 
on the development of several pathological processes. 

Blastomogenic Etect of Pesticides. The property of hiastomogenici-
ty is inherent in pesticides froni ci ifferent chemical classes. Low-level 
blastomogenicity was identified in the organochiorines DDT, aidnin, 
heptochlor, and metoxiclilor (Chepinoga, 1970). Turusov (1975) con-
firmed carcinogenicitv of DDT and its metabolites (DDE and DDD) 
in experiments on saccessive generations of mice (CF = 1). The males 
which received in the diet DDT doses from 2 to 250 mg/kg exhibited 
later ati increased incidence of hepatic humors, as did the females 
but only after the 250 mg/kg dose. DDE has been found more carcino-
genic than Dt)T. Tomatis et al. (1972)   reported varying incidence 
rates of hepatonias from D DT exposure, depen clirg on the sensitivity 
of the strain of mice involved. It is important to note that examination 
of 1300 workers exposed to DDT during It) to 20 years failed to 
indentifv cancer in any one of them ( Lawset et al., 1967) . Thus it is 
difficult to estimate the real carcinogenic hazard of DDT for humans. 
But in view of the pesticide's cnuiu I ativ tv, i.e. the ability to accumulate 
in living ssterns, even its low-level carciiiogetiicity must be considered 
potentially hazardous. 

Likewise, one finds conflicting data as regards carc.inogenicitv of 
the urganoclilonine insecticides of diene snthesis. Davis and Fitzugh 

1962) concluded (ruin experiments with feeding aldrin and dieldrin to 
niice that these substances are blastomogenic but nonetheless increase 
the incidence of benign tumors without transfer of metastases. 
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In the experiments carried out by Carbal (1972) hepfnchlar h 
intragastric injection caused tumors of different sites in female Wister 
rats. The author, though, would not consider these findings as proof 
of the agent's carcinogenicity by this route. Rather the carcinogenic 
activity of heptachior must be due to its conversion into an epoxy form. 

Walker et al. (1972) was feeding mice with various doses of aldrin 
and DDT and observed pretumor changes in the liver cells: nodular 
parenchymal growth and development of papillomas. After ceasing 
pesticide administration the morphological disturbances showed very 
slow recovery. 

According to Didenko (1975). neither HCCH gamma-isomer, nor 
polychlorocamphene and polvchloropinene are blastomogenic. Yet 
Tharpe and Walker (1973) cited their two-year experience of feeding 
mice (CF-i ) with HCCH beta- and gamma- isomers to conclude that 
hepatic lesions could conceivably represent hyperplasia with the nodu-
lar tumor growth of parenchymatous cells on the pattern of papillo-
matous or adenomatous expansion. In individual cases the authors 
detected metastases in the lungs. Nonetheless Fishbein (1975) thought 
their evidence insufficient to classify FICCH as a carcinogenic sub-
stance. 

Gihel et al. (1971, 1973) injected chlorophos intragastrically to 
mice at 30 mg/kg or apilied it to the skin in the same dose three times 
a week during five months, in the animals surviving more than six 
months after the protocol was commenced pathological changes of 
varying severity were detected in the liver. They included central 
necroses in the lobules, evidence of postnecrotic cirrhosis and he-
morrhages, and tumors in some individuals. Gibel et al. (1973) noticed, 
on exposure to clilorophos and phosphamide, the rise of myeloid lea-
kosis and malignant and benign tumors in some of the experimental 
animals. Lohs et al. (1974) attribute the carcinogenic action of di-
methyl ethers of phosphorus acids to their alkylating properties. 

Petrovskava (1975) confirmed the data of the German authors, 
having found malignant and benign tumors of various sites and di-
seases of the hcniopoietic organs in a large proportion of the C57 black 
strain of mice with low incidence of cancer and in Wistar rats after 
a dose of 30 mg/kg of chlorophos, orally or by epi- and sLlbcutaneous 
appi i cat inn. 

It remains to be known with certainty what lowest doses of 
chlorophos and phosphamide can increase the incidence of tumors and 
whether other organochiorines, specifically dimethyl ethers of phos-
phorus acids are also tumorigenic. It seems, no final conclusion 
about the potential carcinogenic hazard presented by these siibsancec 
can be reached until tumor incidence data have been SeCLI I 

human persons exposed to chiorophos and phosphamide over a num-
ber of years. 

hxperiments on laboratory aninials discovered potential blasto-
rnogenic risks from several derivatives of dithiocarhamic acid and 
also TMTD, zineb and ziram (Chepinoga, 1970). Ethylene urea and 
thiuram caused tumors of the thyroid in rats. 



Didenko (1975) found a correlation between the biochemical chan-
ges evolved in the pretumor period and the blastoinogenic potential 
of urethane, DAB, zirarn, zineb, and rnaneb. She reported increasng 
activity of deoxyribonuclease in the blood serum of noninbred albino 
rats in the pre-cancer stage of chemical carcinogenesis, concurrent 
with histologic changes developing in the absence of visible turners. 
The lesions persisted as adenomas were appearing in the lungs. An 
increased deoxvribonuclease activity in response to low-level blasto-
mogenic exposures (to derivatives of dithiocarbamic acid) showed 
later than with strong blastomogens (urethane). 

The low-level blastomogenicity of sevin is still an issue. Chepincga 
(1970) reports no evidence of tumors in X and C 3 1-IX mice exposed 
to sevin and its turnorigenicitv in noninbred rats. These results maTch 
other data on the low-level mutagenic potential of sevin. 

The carcinogenic effect of triamino-1,2,4-triazole is proved beyond 
doubt (Chepinoga et al., 1968), as it is also in the case of some de-
rivatives of symmetric triazines. In experiments on noninbred rats and 
C57 albino mice PHss and Zabezhinskv (1970) recognized slight blasto-
mogenicity of 2,4,6— tnioxotrihvdrosymtriazine and simazine. The 
si.ibstances were subcutaneously injected in a suspension or led to 
the test animals (30 and 5 mg five times a week to rats and mice respec-
tively) or applied by pouring on the skirt a 20% suspension of the che-
micals in benzene. The maximum sunimary dose totaled 20.58 g for the 
rats and 3 g for the mice. After 1.5 years less than 30 percent of the 
animals were identified as having tumors of various sites (fibroade-
nornas of the mammary glands, tumors of the stomach, hemangiomas 
and adenomas of the liver, mTiyeloid leukosis, subcutaneous sarcoma, 
and lymphosarcoma of the lLlng). Though the tumour incidence was 
not high, sonic of them -. subcutaneous sarcoma and hepatic adeno-
nia were riot in evidence among the intact animals. The authors 
submit that the slight earciriogenicity they observed was associated 
with the structural features of symmetric triazines. 

Low blastomogenicitv of some urea derivative herbicides, particu-
larly monuron, was reported by Chepinoga (1970) and Ruben-
chik (1970). 

The classification used to evaluate pesticides for carcinogenic 
properties was offered by Shabad (1966) who separated all blastomo-
gens into four groups: 1) overt carcinogens, known to cat.ise human 
cancer; 2) strong carcinogens, known to cause tumors in various ani-
mal species by different routes of administration, but not carcino-
genic in human beings; 3) mild blastomogens, known to cause turners 
in a relatively minor percentage of the total population eg. 20 percent, 
and at later dates towards the end of their life-span; 4) suspected 
carcinogens, stated to be blastomogenic on the evidence that is either 
unconvincing or confliciting. 

The carcinogenic substances of the first group include 2-naphtlTy-
lamine, benzidine, some types of asbestos, chromates, arsenic aid 
nickel compomLnds, and diethvlstilbestrol, but no pesticides. While 
earlier on there used to he agricultural applications for some arsenic 
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unpounds, e.g. sodium and calcium arsenites, calcium arsenate. 
and Paris green, they have since been removed from the list of registe-
red chemical uses as being prohibitively toxic or carcinogenic.. The 
second group comprises polycyclic aromatic hydrocarbons, nitroso-
compounds, etc. In this group, consideration should be given to the 
possble synthesis of nitroso-compounds, particularly of nitrosoami-
nes from nitrates and amines, both in the environment and in the 
alimentary canal of humans (Rubenchik. 1977). This circumstance is 
increasingly emphasized now that N-containing fertilizers are being 
used on a grand scale. 

The third group is of the organochlorine pesticides DDT, aldrin, 
dieldrin, heptachlor, and metoxychlor; derivatives of dithiocarbamic 
acid 	TMTD, zineb, ziram, and maneh; derivatives of symmetric 
triazines 	syrnazine; the urea derivative monuron, and a host of 
other pesticides. These chemicals are potentially hazardous and some 
of them banned for use in agriculture (DDT, aldrin, dieldrin, ziram, 
and maneb) while the use of some others is strictly limited (heptachlor, 
TMTD, zineb, chlorophos, and phosphamide). 

Hygienic regulation (limitation) of carcinogenic chemicals, spe-
cifically pesticides in the environmental rriedia is an extremely ccrnp-
lex area. The subject stirred wide-ranging discussions at several 
conferences and in the media. In one such discussion, following 
L. M. Shabad's report at the 4th National Scientific Conference on 
Pesticide Hygiene and Toxicology we (Kagan, 1968) stressed the im-
portance of the dose effect and time effect relationship for the 
pesticides with blastomogenic properties. The Conference recognized 
the need for and feasibility of identifying pesticide (loses from which 
the probable risk of tumor causation would be negligible. The pesticides 
of Groups I and 2 must he banned for use in agriculture and those of 
Groups 3 and 4 may he registered for use under clearly defined con-
ditions (compliance with stringent hygienic standards). Albert (1975). 
Knizhnikov (1975). Shabad and Ilnitsky (1978), Kurliandskv and 
Nevzorova (1978) speak strongly for the possibility, indeed necessity 
to develop and enforce standards for environmental carcinogens. 
To accommodate this concern Maximum Allowable Concentrations 
(MAC) for benz (a) pyrene in the air of the working zone, ambient air 
and water (Jlnitsky, 1965; Shahad et al., 1973; IKurliandskv and Nev-
zorova, 1978) have been developed and approved in the USSR. 

Sanotsky (1972) conceives the carcinogenic and biastomogenic 
effects as having a clear-cLit threshold; he assumes that by defining 
the thresholds of blastomogenic action a theoretical base can be built 
for the hygienic standardization of carcinogenic substances. Pliss 
(1972) notes however that no dose of carcinogen, however small, 
leaves the organism unaffected arid rejects on that basis the possibi-
lity of setting MAC for carcinogens because every concentration 
"contributes" to tumour development. The author proposes a series of 
chemical engineering measures to lower the carcinogenic risk of in-
dustrial toxics. With respect to the carcinogens found in normal plant 
and animal tissues, such as arsenic, selenium and so on, their na- 
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tural background can he taken as the maximum allowable concentra-
tion for then-i. 

In theor, carcinogenicity is without threshold, because the inte-
raction between several molecules of a substance arid the cell DNA 
suffices to produce a mutation that can start tumor growth. In practi-
ce, however, it is always possible to decide on sale quantities of car-
cinogens from data of animal experiments (Sanotsky, 1972). One 
should keep in mind for such an experiment that it will commonly 
make use of limited experimental animal samples and therefore leave 
the possibility that tumors will appear as the sample size is extenced. 
But given a high probability level of errorless judgement (for example, 
0.999), the no-effect doses of carcinogens can be detected whose 
prohahihtv of tumors occurrence within the life-spat-i is negligibly 
low (Kagan, 1978). 

A method to determine the lowest effective amount of a carcinogen 
was proposed by Kurliandsky et al. (1978). It is based on locating 
the intersection point of the dose-effect curve with the baseline va:ia-
tion of the spontaneous background level according to the incidence 
of blastomogenicity in a given population. Different authors suggest 
reducing 50- to 06-totd the minimurni effective dose of a blastomogen 
and stress the necessity to have a reliable safety factor. 

Knizhnikov 	1975) considers the intergration of safety factors 
in relation to threshold concentrations to he without foundation 
and insists on the design of standards for chemical carcinogens to be 
approached in the same manner as the radiation factor. 

Pesticides may he suspected of carcinogenicitv if they are mulage:iic. 
The interrelation of carcinogenic, mutagenic, and teratogenic effects 
was perseived by Sanotsky (1072), Varshavskaya (1975), Turusov 
(1978). and Sanotsky and Fomenko (1979). Indeed, chromosomal 
aberrations are recogni2ahle in tumor cells and carcinogenic com-
pounds are all too often also mutagenic. However this parallelism 
between rnutagenic and carcinogenic effects is often but not always 
the case. For one thing, some non-carcinogenic compounds have cy-
togenetic potential; for another, carcinogens do not trigger chrornc'so-
mal rearrangements on all occasions. The presence of a mutagenic 
effect is therefori merely an impetus to proceed with carcinogeniity 
studies of chemical compounds. Also, the covalent conjugation Of a 
substance with proteins and DNA may he an indirect due to its possihle 
carcinogen icity (Ruhenchik, 1977). 

The hamster fibroblast culture has been widely accepted recently 
as the test system in primary screening of carcinogens (Turusov, 
1978). In the opinion of some workers, it provides a 90 percent discri-
mination capability of carcinogens from non-carcinogens. 

Because many carcinogens are simultaneously also teratogens the 
evidence of teratogenicity in a chemical prompts to start its investiga-
tiorl for probable carcinogenicity, Whene\.er a substance is teratogenic 
this attests to its ability to cross the placenta and may invite a study 
of transpiacental blastomogenesis. 



Khodosova (1976), Didenko (1977) and Ruhericfuk (1977) point 
to the predictive value of some biochemical a Iterations when thcy are 
detected. 

Chepinoga et a I. (1969. 1972) sought metliodologica I a pproaches 
to the discovery of early biological tests in predicting tumor deve-
lopment and lorecastmg on a short-time basis the presence, or lack, 
of blastomogenic properties in a substance. The deoxyri bon uclease 
activity in the Hood serum of non inbred rats was lou mid to go up in 
the precancer stage of chemical carcirlogenesis, when histological 
changes develop in the absence of apparent tumors. The chemical 
blastornogeriesis caused by urethane involved observable changes in 
the rn aj or ch romosornal component the n uc cop roteid of cell nuclei, 
in the lungs and hone marrow of albino mice. These alterations, 
including an excess content of histones and all altered relationship 
between the historic fractions rich in arginine and Ivsine, emilerge in 
the precancer stage and persist through the developirient of adenornas 
in the lungs. The deoxyrihonuclease activity in the blood serum of nonin-
bred rats is magnified not on ly by urethane exposure bi.i t also by expo-
sure to the dithiocarbamic acid derivatives zineb, zirarn, and maneb 
used as effective fungicides. The activity is at its highest by the time 
proliferative changes appear in the lung tissues. On the other hand, 
tire increase of deoxyribonuclease activity fostered by low-level expo-
sures to the blastomogeri ic pesticides that are d itliioca rbaniic acid de-
rivatives comes somewhat later than with urethane injection. Based 
on these data, the authors state positively that the determination of 
deoxvribon uclease activity can provide a means for early detection 
of blastornogeruc properties in chemical compounds. 

Didenko and (]upalovich (1975) found that urethane, zincb, and 
ziram push up DNAse activity mict cause hexokinase activity to appear 
in the blood serum of mice. None of these changes is present with 
lindane exposure. The former three substances are hlastomogenic. 

Ruhenchik (1972) suggests that the similarity Of the biological 
changes in the liver (rate of glvcolvsis, activity of gluco- and hexoki-
nase, swel lability of mitochoridria) provoked by administration of 
mon u ron arid known hep a toca rc inlogen s is important for predicting 
the former's hI astornogen icity. These res LII ts were borne out by data of 
morphological investigations. Monu ron induced mal igmiant t n mers of 
the stomach, liver and lungs in the rat. 

Rapid methods for detecting carcinogens are a strictly tentative 
guide arid the detected positive effect merely warrants further chrori ic 
experiments. Conversely, the negative result of such tests does not tie-
cessarilv rule out a possible expression of carcinogenicity. 

Mutagenic Effect of Pesticides and Their Influence on Progeny. The 
frill uence of pesticides on p rogen v and future genera tiori s can be a Va - 
riety of mechanisms. An important factor to note in this regard is 
rnutagenicitv of quite a few toxic chemicals enabling them to cause 
changes in the genetic apparatus of somatic and sex cells. Unlike the 
somatic cell mutations that are potentially hazardous to the host 
individual, the changes of sex-cell chromosomes and DNA can lead to 
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pathological alterations in the progeny and thereby endanger future 
generations and indeed the entire general population if mutagens 
become widespread. In addition to muagenici1y some pesticides can 
produce embryotoxic and teratogenic effects. The latter arise by pla-
cental transfer of the chemica]s into the embryo organism. A particular 
hazard looms large from the substances with a capacity for selective 
action upon the fetus in doses non-toxic to the maternal organism. 

Another adverse effect of pesticides is that which affects the repro-
ductive function by impairing the gonads, interfering with normal 
maturation of sex cells, crippling the ability for fertilization and con-
ception, and so on. 

Contrarnination of the environment with mutagenic factors in the 
absence of appropriate regulations and controls threatens humanity 
with a genetic disaster (Dubinin, 1977). 

The effect of mutagens may trigger gene or point mutations 
(breaches of DNA structures modifying the synthesis of various pro-
teins and inducing enzymopathies), along with changes in the number 
of chromosomes and chromosomal abnormalities visible under micro-
scope - 

Weak mutagens, if widely spread in the environment, can pose 
a greater hazard than limited applications of strong mutagens (IRa-
poport, 1970). 

Dubiriici (977) categorizes environmental chemical mutagens into 
three principal groups: 

- natural inorganic (nitrogen OXidcs, nitrites, nitrates, lead, 
radioactive materials, etc.) and organic substances (alkaloids, hor-
mones, etc.) processed natural substances (petro- and coal-burning 
products, etc.): and chemical products that do not occur in nature 
(pesticides, food additives, medicinal drugs. etc.). 

He distinguishes among nine classes of chemical niutagens by  
the mode of action: alkylatirig compounds, peroxides, aldehydes, 
hydroxvtamines, nitrites, antimetabolites, salts of heavy metals, dyes 
prossesing essential properties, some derivatives of the aromatic 
series including carcinogens, pesticides, drugs, and other chemicals. 
The agents in the pesticide category come under different catego-
ries of mutagens. 

An important step in evaluating the genetic hazard of substances 
identifies correlation between abnormalities in the chromosornal appa-
ratus of cells and subsequent development of disease states. This 
refers to both somatic and sex cells. Of additional importance with 
respect to sex cells is examining correlations between chromosome 
alterations in particular cells - because of the methodological diffi-
culties associated with the study of chromosomal aberrations in sex 
cells. A substance is as mutationally active as the total number of the 
gene, chromosome, and genome mutations (changes in the number of 
chromosomes), induced by it. 

The apparent numeric proliferation of all types of mutations with 
the increasing mutagen dose may occur unevenly in the sense that 
gene mutations have a greater proportion with low doses and chrorno- 
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some mutations with larger ones. This is a factor to consider for the 
evaluation of chrornosomal aberrations. With the aberrations present 
one is faced obiously with a symptom sLiggesting possihile mutagcnic, 
blastomogenic, and teratogenic risks from substances, because there is 
a certain relationship traceable between specific chromosome altera-
tions and these pathological effects. 

Tumor growth sets off changes in chromosome cells, both qualita-
tive and quantitative. It appears that the accutTlulation in the body of 
cells with chromosome lesions may well lead to their rnalignizations. 
Chromosonial alterations may also cause fetal death in uterus as well 
as a number of birth defects and hereditary diseases. Chromosomal 
anomalies in the embryos are frequent in spontaneous abortions and 
stillbirths. A fundamental requirement for weighing the signifcance 
of changes in the chromosomal apparatus dictates their comparison 
with the data directly obtained from several generations of labo:atorv 
an im a Is. 

Consequently, an excess of chromosome abnormalities due to 
pesticide exposure must he perceived as a sign of their potential ha-
zard and consideration most he given to the levels at which chromo-
somal anomalies become detectable and the latter's magnitude. 

Mutagenicitv is not an all-or-none (quantal) property, for it has 
many quantitative gradations. In the assessment of a pesticide for 
real niutagenic hazard, its quantities that may enter human body 
should be compared with the doses capable of inducing chromosomal 
changes in the cells of exposed warm-blooded animals. Given the 
mutagenic effect dose relationship, it is distinctly possible to esahlish 
the adequate pesticide doses to keep the incidence rate of mutations in 
the experiment at or below its level in the control. These doses can 
then be thought of as subtlireshold and used as a guide in setting 
hygienic standards whenever a particular mutagen cannot be fully 
banished from man's living environment. To expect all mutagens to 
be banned right away is unrealistic, whereas the lack of hgienic 
standards for their environmental concentrations can merely disarm 
public health authorities. 

In trying to characterize the hygienic significance of mutations, 
one must be aware that they can originate not only from direct inter-
action of a chemical agent with nucleic acids, but also as a conse-
quence of the action that toxic substances exert on the cell's regulation 
mechanisms. Hence follows the impossibility for all substances to be 
divided on the all-or-none (quantal) principle into mutagens and 
non-mutagens. The extent of mutagenic activity and the specific coridi-
tions needed for its realization should be described on a case-by-case 
basis, with special attention to the likelihood of reparative processes, 
yet another factor to consider in the evaluation of risks from chromo-
somal alterations. Dubinin (1970, 1976) holds that primary molecular 
damages in the chromosome, which cause "perturbation" in the DNA 
structure (excitation, ionization, and breakaway of atoms or the ra-
dical) can he repaired there and then. Even if disturbances of the 
DNA structure should persist long enough to produce a pre-mutation 
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state the latter can still be repaired. In fact, the pre-mu lotion state an (1 
mutation may he a long way to go from one to the other. beca use mi-  
tations are characterized hy already stable molecular rearrangements 
of DNA. There are a number of reparative systems acting to ci iminate 
pre-mutntions. Yet reparati. -e processes, too, can seem to have a role in 
the origin of a mutation, for reparative enzymes may, by mistake, 
excise not the lesion itself, but rather the length of a normal sti - and 
lying opposite it. 

KLiririnv and Pilinskaya (1976) reveal that of the 239 substances 
they had investigated for the ability to cause a rn utageri ic effect, it was 
actually detected in 119, or 49.8 percent. The evidence that a given 
agent was rnutagenic for some object is in itself not sufficient to state 
it to be a real hazard. Other relevant factors include the pesticide 
doses in which it was studied, the adequacy of a particular test svsten, 
the relevance of data extrapolation to humans, the niagnittide of de-
tected changes relative to the control, and several other variables. 

For the majority of pesticides as vell as other chemical si.ibstances 
the mutagenic effect is most commonly studied c\togeueticaily, by a 
rrietaphase analysis of the chromosomes. Failure to detect niicro-
scopical lv visible chromosome impairments is still no reason to rule out 
the possibility of gene point mutations, i.e. cell I) NA changes not vi-
sible in the microscope. One does well, therefore, to supplement the 
cvtogenetic methods with the studies to detect gene mutations. Tire 
assertion of a chemical having no mutagenic properties cannot be fuLy 
cred ii)! C unless con fi rrned by a series of negative results Irma several 
test objects. 

All we are having now is a set of guidance data on the potential 
mutagenic hazard of several iest icides. 'Those most thoroughly studied 
to date at the Na tiorial Research Institute of Hygiene arid Toxicology 
are: fungicides (derivatives of dithiocarhamic acid), herbicides (deriva-
tives of 2,4-dichlorphenoxvacetic ac:d ) , organophosphate insecticides, 
acaricides, arid some organochlorines (polvchloropiriene, polvchloro-
camphene, and dilor) - A research into the genetic activity of dithio-
carbamates on the Drosopiula has identified the effect for TMTD alone, 
while zineb, zirarn, and maneb were proved non-mutagenic ( Kurin ny, 
Pilinskaya, 1976). Oddly enough, the same authors have detected, in 
a study of hone-marrow cells in mice, an increased incidence of chro-
mosonial aberrations in response to both TMTD exposure and the 
injection, subcutaneously arid intragastricallv, or ziram, zineb arid 
rnaneb. Whilst in the control the metaphases with aberrations accoun-
ted for 0.46 percent, in intragastric exposure to the chemicals in a sing-
le dose of 100 mg/kg the incidence of the metaphases with aberra-
tions rose to 3.13 percent for ziram, 1.4 percent for zirich, and 1.8 per-
cent for mu aneh. In a study on the cvtogenetic activity of zineb arid 
ziram in the lymphocite culture of peripheral human blood in vitro 
(maximum z ineb concentration 0.5 g/  ml and zirarn 0.06 g/m I) tlie 
incidences of the mnetaphases with aberrations for zineb arid ziram 
were, respectively, 19.75 and 13.33 percent (up from 6 percent in the 
control). 



In a cohort of workers occupationally exposed to TMTD, with the 
duration of employment from one to 10 years, a cvtogenetic analysis 
established the number of aberrant blood cells to be 8.85± 1.06 per-
cent, up from the control aberration incidence of 0.75*0.43 percent 
(P<0.01). The TMTD concentration in the workers' breathing area 
was 1.3 to 3.4 mg/rn 3  (MAC==0.5 mg/rn 3 ). Among ziram-exposed 
employees the proportion of the cells with chromosome abnormalities 
averaged 5.94-0.59 percent, compared with 1.0±0.31 percent in the 
control. Its airborne dust concentration exceeded the MAC. The fre-
quency rate of the metaphases with aberrations among persons in 
occupational contact with zineb amounted, on the average, to 5.987t--0.41 
percent in the first group (1.0±0.31 percent in the control) and 
5.06±0.39 percent in the second group (0.89±0.31 percent in the 
control). The airborne zineb dust concentration also exceeded the MAC. 
Thus, the cytogenetic activity of the fungicidal derivatives of dithiocar-
bamic acid was confirmed both in experiments on bone-marrow cells 
of laboratory animals and in studies of chromosomal aberrations in 
vivo and in vitro. l'hese data inputs were applied in setting hygienic 
standards for these agents, whereafter maneb and ziram were dropped 
from the list of pesticides registered for use in the USSR and TMTD 
was permitted for the only use as a seed desirifectant. For zineb, low 
permissible residual amounts were allowed in plant foods (0.6 mg/kg) 
and no residual amounts in milk and dairy. 

Reports in the toxicological literature concerrung mutagenicity of 
sevin (1 -naphthyl- N-methylcarhamate) indicate that its cvtogenetic 
effect was discovered in vitro experiments on plants, insects, and human 
and animal cells, and in vivo experiments on animals (Vashakidze, 
1971; Brzhevsky, 1972; Vasilos et al., 1972). The herbicide 2,4-D was 
examined by Kurinnv and Pilinskaya (1976) in experiments with human 
lymphocite culture in vitro and bone-marrow cells in mice by injection 
into the stomach. The highest rate of the metaphases with aberra-
tions in the human lymphocite culture was detected on exposure to 
high 2,4-D concentrations (0.2 mg/mI and more), representing res-
pectively 8.6±1.25 percent and 9.4±1.34 percent (1.75±0.47 percent 
in the control). The incidence of chromosomal aberrations was a 
function of the 2,4-1) concentration in the range 0.2 to 0.002 ig/mI. 
In the bone-marrow cells of mice, the number of metaphases with 
aberrations correlated with the 2,4-D dose and exceeded the control 
(0.83±0.26 percent) following injection of 100 mg/kg (1.75±0.38  per-
cent) and 300 mg/kg (3.084-0.5 percent). 

Thus, 2,4-D was classed by the authors with mild mutagens on the 
grounds that in the concentrations that do not harm the lvrnphocite 
culture cells it has no cytogenetic effect, whereas its in vivo exposure 
does produce a cytogenetic effect in hone-marrow cells but only at 
toxic doses. 

The cytogenetic activity of OPP was investigated in hone-marrow 
cells of mice by oral administration of the chemicals in different doses, 
and also in human lymphocite culture in vitro. A significant nt.tmeric 
growth of chromosomal aberrations was noted after the animals were 
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injected a chlorophos dose of 100 mg/kg and phthalophos dose of 
20 mg/kg (2.70±0.51 percent versus 0.56±0.19 percent in the control 
and 2.0±0.46 percent versus 0.9±0.29 percent, respectively). Similar 
studies of abate, gardona, dibrorn, carbop]ios, metaplios, methylmer-
captophos, phosphamide, phosphamidori and cideal reported a signifi-
cant rise in chromosomal aberrations only for metaphos and phos-
phamidon. Since the cytogenetic effect resulted from exposures to 
relatively large quantities of the agents being tested, it seems hardly 
reasonable to consider it specific. 

The literature contains a number of references to mutagenicity 
in OCP. For aldrin, dicidrin, heptachlor, hexachiorcyclohexane 
(HCCH) and DDT, cytogenetic activity has been ascertained from 
experiments in laboratory animals (Markoryan, 1972). With intrape-
ritoneal injection of the agents in the doses representing 4 to 6.7 per -
cent of the LD 0 , chromosornal anomalies in the bone-marrow cells 
of mice were several times their rate in the control. The author corre-
lated the cytogenetic effect of DDT with its dose and found the correla-
tiori to be quite definitive in the DDT dose range from I to 10 mg/kg 
by intraperitoneal administration. Further increase of the substance's 
dose affected to a smaller degree the intensity of the mutation pro-
cess. The author confirmed the cytogenetic potential of DDT in bone-
marrow cell nuclei of monkeys giving them orally from 5 to 50 mg/kg 
of the agent for 26 days. The incidence of chromosomal rearrange-
ments shot up to 2.6±0.7 percent at 12 days and 2.7±0.9 percent 
at 26 clays, from 0.6±0.4 percent in the control. Markoryan's view 
of the organochlorine insecticides is as relatively mild mulagens for 
mammals. By the oral entry at doses upwards of 5 mg/kg they can 
scale up almost four-fold the incidence of chromosomal rearrange-
nients in bone-marrow cells. The cytogenetic effect of polychlorpineie 
was discovered in the cells of testes in the mouse (Samosh, Kuzmenko, 
Bokotei, Altareva, 1976). The cytogenetic changes brought about by 
the agent's inhalation exposure accounted for 7.5 percent (with 
0.83 percent in the control) and those by oral exposure for 4.3 percent. 
The authors indicate that the cytogenetic activity of polychlorpinene 
rests with its ability to easily pass up the hematotesticular barrier. 
Samosh (1974) found metaphases with chromosomal aberrations in 
the peripheral blood lymphocites of eight human subjects and showed 
them to increase markedly (an average 13.1 percent) following acute 
polych?orcamphcne exposure. 

Experiments on bone-marrow cells of mice proved incontrover-
tibly the cytogenetic impact of the herbicidal triazine derivatives 
(Kulakov, 1970). Similarly, symazine, etymic]ine, trictazinc, chlor-
azirie, atrazine, ipazine, and promethrin induced a significant increase 
in the number of cells with chromosomal aberrations - likewise 
observed in human lymphocites in vitro and in bone-marrow cells 
of mice on exposure to dinitroorthocresol - as a result of intraperito-
neal injections to animals of the doses representing 1/30 LD50. 

Population prognosis is as important as individual prognosis 
to assessing the genetic hazard of pesticides (Bochkov, 1978). Tie 
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real genetic hazard of pesticides can be estimated with genetic moni-
toring as a useful aid. To make such an estimate, one has to bear 
in mind those 3 to 7 percent of the infants who are born each year in 
some countries of Europe and America with genetic congenItal di-
seases. Dubinin (1976) cites the data of Sutten and Harris who esti-
mated the spontaneous abortions caused by chromosomal aberrations 
to account for 30 percent of their total. The difficulty in estimating 
the speed and consequences of a mutation is that the same manifesta-
tion of a disease may be traced to several independent genes. A pro-
misirig approach to exploring the state of the mutation process was de-
veloped by Altukhov (1974). Investigations into the distinctive pat-
terns of protein polymorphism has led to the discovery of electro-
phoretically invariant monomorphic proteins which are biochemical 
markers for the genes as they occur in populations at a regular 
frequency reflecting the natural mutation process. A focused research 
on the proteins sheds light on the dynamics of mutation in the popu-
lations concerned. The method proves of advantage for comparison of 
genetic burdens hetween areas of intensive and limited pesticide co-
verage, with the goal of revealing, and estimating, the respective 
contribution of each in the rise of the mutation effect. 

In assessing the mutagenic contributions of individual compounds 
and environmental factors in their combined exposure one must be 
aware that each of them merely adds to already existing background. 
Metabolic conversions are known to result not just in the formation 
of inactive metaholites they can also cause new active rnutagens to 
appear both in the environment and the nrgansm as well. It is 
therefore not surprising to see researchers lavish attention on the test 
for mutagenic activity in microorganisms, now known as the host-
mediated assay. The basic assumption is of the mutagen undergoing 
modification in the host organism. With several mutagens acting jointly 
on the body, their metabolism will likely change because xencbiotics 
interfere with the activity of oxidative enzymes in the liver cell micro-
somes to produce more active mLltagens and enhance the detoxifica-
tion processes. Dubinin (1977) refers to the characteristic "coholeness" 
(integrity) of the biosphere and the integrated impact by all of its 
constituent mutagenic factors. Here, all kinds of defence, additive, 
sensitizing, and qualitatively specific effects are possible. 

A largely unexplored and fairly complex while also critical area 
of research in hygiene centers on the problem of chronic effects of 
minor quantities of mutagens, which for they are most often the case 
in real-life situations. The sheer urgency of rapid evaluation of the 
genetic risks from dozens if not hundreds of chemical compounds, 
new pesticides among them, rules out the possibility of their full-
scale investigation within a compressed time schedule and on many 
test systems. Hence the current emphasis on the selection of several 
relatively simple test systems permitting at least tentative characte-
rization of the genetic hazard posed by any particular compound. 
Dubinin (1976) maintains that a full-scale qualitative evaluation of 

mutagen as to its degree of hazard for humans calls for the use of 



tour svsterTis: a. point mutations in in icroorgan iSITiS with metabolic 
activation; b. dominant lethal mutation in mice; C. chromosomal chan-
ges in mammalian bone-rn arrow; d. chromosome iiij aries in human 
leucocytes. If necessary, the list can be restricted to the studies of 
bacteria with metabolic activation to identify gene mutations and 
cytogenetic research in human lymphocytes. The rnetaphase method 
to estimate chromosome rearrangements was thoroughly elaborated 
in Bochkov's laboratory (1972) It is important to note that the pa-
rallelism between chromosomal aberrations and gene mutations .5 

not always present, still less in cases of exposure to low-level chemi-
cal doses, the most common single cause of gene mutations. 

Several genetic-hygienic classifications have now been developed 
that identify pesticides by their potential mutagenic hazard. One such 
classification was proposed by Pilinskaya and Kurinny (1978). 

Its underlying criteria are: 1. multiplicity of excess of the maximum 
effect induced by the test substance over the spontaneous control 
level for a single exposure to the substance; 2, minimal effective dose, 
estimated in weight units and in relation to I D 5 . If so evaluated, 
pesticides can be categorized into several conventional groups with 
cli fferent potent ia I hazards of genetic action. 

Kuzrnenko (1978) defines four hazard groups of substances liv 
their doses as their niairi criteria, beginning from toxic dose according 
to toxicologic criteria and all the way to the doses existing in real 
life. The doses are going to be studied on several test objects in acute 
and chronic experiments. This offers a more comprehensive profiie 
on chemicals but is also more demand rig on time and information. 

We consider the Pilinskava and Kurinnv classification suitable for 
use at the first stage of the research expected to connie up with a rapid 
tentative evaluation of new pesticides for the degree of hazard; the 
Kuzmenl<o classification accommodates the second stage of a more 
detailed description of the chemicals that were cleared after the first 
stage. The second-stage evaluation will go a long way towards the 
all-round assessment of genetic pesticide hazard, especially when it 
employs such test systems as the blood lymphocyte culture of the hu-
man workers who were directly exposed to the pesticides concerned. 

While examining the sequelae of mutagenic effects possible genetic 
adaptation must be considered. For all organic forms it proceeds 
by "dismissal" in natural selection of genetic victims and creation 
of progressive mutations on the basis of positive ones. However no 
genetic adaptation of human populations can occur as long as they 
stand exposed to the rapidly expanding use of industrial chemicals 
(Dubinin, 1977). The problem lies therefore in the goal-directed mo-
dification of the environ mnent so as to make it impervior.is to contami-
nation by mutagens (Bochkov. 1974). This imparts new urgency :o 
the evali.iation of genetic hazard and standardization of new pestici-
des, particularly those of them whose production in huge tonnages 
will be hound to affect general public. 

Embryotoxic, Teratogenic, and Gonadotoxic Effects of Pesticides. 
Toxic chemicals become embr otoxic arid teratogenic when they ha\e 
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cleared the placental barrier and converged directly on the embryo 
tissi.ies. This may be associated alternately with their toxic effect on 
the maternal organism. The chemicals known to adversely affect the 
fetus include present lv about 600 agents ( Kiriushchenkov, 1978) 

Especially valuable and meaningful from the hygienic point of View 
are data on selective enibryotoxicity and teratogenicity of pesticides, 
taken to mean here the effect on the embryo of such doses and con-
centrations of a substance that have no effect on the niaterna. orga-
nism. The difficulty of evalu ating the embryotoxic arid teraogeriic 
properties of chemical agents and estimating their rnagniftide is 
actually the difficulty of constructing suitable experimental models 
and extrapolating the model data to man Dvban, 1968) 

With respect to emhryutoxic (emhrvolethal) action, its characte-
ristics md ride: total embryo mortality, pre- and post- imp lantatiori 
mortality (estimated by counting corpora lutea and live and resorbed 
embryos) meari litter size, average weight and size of embryos; with 
respect to teratogenic action, they are external and interna' deve-
lopmental a rioma lies, the state of ossification a re-is of the prirnordia 
of skeletal hones, and age distribution of offspring. Developmental 
abnormalities in internal organs are located by inspecting nonfixed 
erTibro sections thrOUgh a binocular lens and also with Wilson's 
method. Selective stainirg of the skeleton makes use of alizanin red, 
and biochemical changes in the embr o tissues are also integrated 
if required. 

One of the prime objectives in studying the ways in which pestici-
des affect the reproductive function is to determine thresholds of 
their harmful effect and the latter's degree of selectivity (Meiived 
et al., 1968; Sariotsky, Fomenko, 1979). Naturally, the most hazardous 
pesticides arc those producing adverse effects in doses approximating 
their life levels arid which selectively atfect the fetus once they gain 
access into the maternal organism in the doses non-toxic to it. With 
these distinctive patterns in mind, Sanotskv et at. (1978) developed 
methodological recommendations for experimental procedures to 
establish thresholds of toxic effects of industrial toxic chemicals on 
the reproductive fLinetion. The thresholds to he determined relate to 
the total (integral) action on the maternal organism and also on 
cmbrvogenesis. The ratio of the two thresholds is taken to determine 
the zone of specific (selective) effect. The recommendations set down 
the requirements to the selection of laboratory animals. 

There is a large body of experimental evidence revealing embryo-
toxicity and teratogenicity of mercury compounds. The effect of ethyl 
mercury on pregnant cats is responsible for still-born kittens and 
compromised activity of the central nervous system (Matsumoto 
ci at., 1965). Vashakidze (1970) fot.ind that granosan, if admir.islered 
to pregnant rats at 0.05 and 0.1 mg/kg, interferes with the implarita-
tion of the ovum, thus increasing the still-birth rate. Pregnant rats 
inih al at ion ally poisoned by rriercui- ani concentrations of 0.03-
-0.04 mg/m s  gave birth to pups with inhibited viability and retarted 
development. With the concentrations raised to 0.4 to 0.9 rng/m1, 



major irregularities were noticed in the course of gestation and re-
sorption of the fetuses (Goncharuk, 1968). 

Methyl mercury that enters water bodies in effluents and stores 
up in fish was responsible for Chisso-Minamota disease in the human 
persons who consumed the fish. In pregnant women with a previous 
experience of methyl mercury poisoning, the infants show develop-
mental abnormalities (Harada et al., 1971). 

Voronina (1971) established embryolethal action of phthalophos 
(the ester of phthalimide and dithiophosphoric acid) administered 
to females of noninbred albino rats every other day throughout gesta-
tion in a wide range of doses, from 15mg1kg (0,1 LD5 0 ) to 0.3 mg/kg 
(0.002 LD50). An injection of 0.06 mg/kg phthalophos (0.0004 LD5 0 ) 

failed to produce marked differences in the control versus experi-
mental animals. There was, however, a distinct relationship between 
the phthalophos dose and its embryolethal effect. The dams in the 
test group which had been injected with phthalophos at 0.3 mg/kg 
gave birth to malformed pups (edematose trunk, constricted pelvis, 
inaxillofacial abnormalities). In order to identify the period of embryo-
genesis with maximum sensitivity to phthalophos, the animals were 
exposed to a single 30 mg/kg dose at 3, 5, 7, 9, 11, 13 and 15 days' 
gestation time. The postimplantation death rate peaked at the 9th day 

Fig. 11. Teratogenic effect of phthalophos (Voroninas experiment). General truiical 
edema and hypognathia in the fetus after single intragastric phthalophos injection 

to pregnant rat at 9 day's gestation time 
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of gestatLon when edemalose trunks and solitary cases of secliosis 
were noted (Fig. ii). Compared with rats, rabbits appeared less 
sensitive to phihalophos. 

The pattern of phthalophos metabolism and the entry of its meta-
bolites (chlormethvlphthalirnide, oxyrnethylphtha]imide, and phihali-
mide) across the placental barrier were examined with a method of 
radioactive tracers. 

S 
CH3 O—_ 11  

- S - CH2  - 

pht ha 1 op h as 

oxidat nip 

0 

ci 	 C 
CH3O 

CH3O 	
- S - CR2 - 
	

HO - CH2 - 

0 
P—C analog 	 <ymthyl 

phthaLimLde 

0 

U 

hydroijisLs 

C 	S 

- 

	

o 	 0 	 0 
1-10 - C — (' +HzC 	HJ 	

HN 
—NH 	HO - C 

	

0 	 0 	 0 
phthalic 	 hemLamLdphthaiic 	phthat imLde 

	

acid 	 acLd 

DFagr;irn (if riietaholisin Hi eiiihrvo 1isLJes fAkerriiari Ct L11., 1978) 

The presence of phthalimide in the rat uterus, placenta, and 
embryo tissues was conclusively shown by Voronina and Pismennaya 
(1973). The chemical was also found capable of embrvotexi nd 
teratogenic action. 

Data are available suggesting an embryotoxic and teratogenic 
potential for OCP. Of these, DDT and its metabolites have been pro-
ed to move through the placental barrier and DDT and HCCH gamma-

isomer to expand the number of stillborn fetuses, retard physical 
development and cripple the viability of the progeny of the albino 
rats exposed to them during gestation. 
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The teratogenic effect of DDT in a dose of 170 mg/kg given to 
rats at different days through gestation was ascertained by Dinerman 
et al. (1970): it was manifested by suhcutaneons hemorrhages and 
alteration of the bioenergy patterns in the embryo liver. Fertility 
disorders in rats were also observed in response to daily DDT 
administration from the first through 20 days' gestation time, concomi-
tant with a reduction in the embryo weight and size, and hemorrhages 
and abdominal hernias in 45.9 percent of them. 

Exposing pregnant rats to polvchlorocamphene in daily doses of 
12 mg/kg, Badaeva (1976) has perceived a relationship between 
structural and enzymatic changes in the neural elements of internal 
organs and the central nervous system. The chemical's concentrations 
in the organs of the fetuses attested to pr.inctured permeability of 
the p'acental barrier and its suspected influence on the development 
of the nervous system. 

Pentachloronitrohenzene, which involves about 11 percent of hexa-
chlorohenzene, was administered to C 57 BI mice in large doses (250 
to 500 mg/kg) and seen to have caused the cleft palate and renal 
developmental defects in the embryos (Courtney ci al., 1976) . Flexa-
chlorobenzene also finds its way into the embryo organism via the pla-
centa (Mahelova et al., 1977). 

Enibryotoxic and teratogenic properties are known to be present 
in the derivatives of carbarnic and thio- and dithio-carbamic acids. 
Sevin becomes embryotoxic when admirnstcred to albino rats in the 
dose range of 10 to 40 mg/kg (Voiteriko, 1977). The mean embryo 
mortality per female was 0.9 to 1.4, up from the control 0.2. The 
progeny exibits functional deficiency and the threshold dose according 
to embryotoxic effect was 10 mg/kg. This feto-toxic action of sevin was 
further ascertained from investigations in rhesus monkeys, found to 
have aborted in response to the sevin dose of 20 mg/kg given alter 
fertilization. At 3 to 50 mg/kg, sevin exposure of dogs throughout 
the gestation period brought observable malformations in 21 pups out 
of 181, namely, deformed skeleton, absence of tail, and underdeve-
loped jaw. The embryotoxic and teratogenic properties of betanal 
(3-methoxycarbonyl-aminophcnyl-N- (3 methylphenyl) -carbamate) be-
come evident after repeated injection to rats of 0.01 LD. 1  dose and 
inhalation exposure to the concentration of 30 mg/rn 3  (Voitenko, 
1977). 

A comparative embryotoxic study of zineb, zirarn and maneb led 
Martson (1967) to conclude that maneb is the most embryotoxic of 
them followed by zirarn and then zineb. Distinctions between the 
three agents showed both in the magnitude of doses triggering 
disease states and the incidence of untoward effects. Embryotoxicity 
of zineb was registered at 9 and 13 days' gestation time (0.17 LD50), 
as suggested by resorption of the embryo, death of the progeny, and 
retarded post-embryonal development. This is further corroborated 
by Ryazanova's evidence (1967, 1968). Zineb was additionally shown 
to cause developmental abnormalities, defects of skeletal bones, 
shortening and curvature of the tail, nanisni of the pups maneb 
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produced shortening of the tail and non-closure of the hard palate 
(Kaloyanova-Simeonova et al., 1967). Larsson et al. (1976) relate 
teratogenicitv and embryotoxicity of maneb and mancozeb to the 
deficit of zinc that the fungicides produce in the tissues of the growing 
embryo. The teratogenic effect of maneb can be partially offset by 
simultaneous acetate injection. 

The feto-toxic and teratogenic action of polycarbacin was estab-
lished from administration in large doses (0.1 LD 50 ) to pregnant 
Fats (Martson, 1971). Polymarcine was found feto-toxic at 5 mg/kg 
(Karpenko, 1977). Biologically active metabolites of dithiocarbama-
tes, ethylenethiourea and ethylenethiuramirnmonosulIide, are detectable 
in the placenta and amniotic fluid (Antonovich, 1977). Captan and 
phthalan crosseasily the placental barrier to attack cells and paren-
chymatous organs in embryos (Vashakidze, 1976). For the former, 
fetotoxicity has been recognized from experiments in rhesus monkeys 
and New Zealand rabbits. The captan metabo]ite tetrahydrophthali-
mide is responsible for embryonal resorption (Zakordonets, 1977). 

Teratogenic and embryotoxic benzimidazole derivatives include 
benlat, benomyl, fundazole, uzgene, BMC, derosal, and olgin. Berilat 
(benomyl), in albino rats, produces embryotoxic, teratogenic, and 
gonadotoxic effects increasing the total number of fetal deaths by 
reason of post-implantation embryomortality and the number of he-
morrhages in the internal organs (the data of the Kiev Research 
Institute of Industrial Hygiene and Occupational Diseases; the re-
search work is going on to identify the doses of exposure). Admi-
nistered to Wistar rats from 7 through 15 days of gestation at 
125 mg/kg, the agent induced anomalies of ocular development 
(micro- and anophthalmia), cranial development (hydrocephalus and 
encephalocete), and the cleft hard palate and upper lip. A benlat dose 
of 62.5 mg/kg induced changes in the rat tests (the data of the Nutri-
tion Institute, USSR Academy of Medical Sciences). The evidence 
relating to its mutagenicity is somewhat controversial in that it has 
induced extensive gene mutations in microorganisms and some fungus 
strains and showed cytogenetic activity toward plants, mold fungus 
and human and animal cell cultures, causing the blockage of cleavage 
spindles and chromosomal nondisjunction; on the other hand, no do-
rninant lethal mutations were observed in the sex cells of male rats. 
Usgene, the Soviet analog of benomvl, exerts a cytogenetic effect on 
the bone-marrow cells of noninbred albino mice. 

As regards the teratogenic activity of benlat, Stenberg and br-
chinsky (1976) watched it decline markedly when, prior to adniini-
stration of the teratogenic doses, female rats had been treated with 
its subthreshold doses or those of DDT. The authors are inclined to 
attribute it to the induction of microsomal detoxifying enzymes in 
the liver. 

Some herbicides appear to he embryotoxic, particularly the 2,4-D 
group of chemicals (Aleksashina et al., 1979) capable of making easy 
progress through the placental barrier (Antonenko, 1975). Buslovich 
et al. (1976) discovered a pronounced embryotoxic effect in the case 
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of 2,4-D butvl estei -  (increased embryo niortality and reduced embryo 
weight and size) and a somewhat less obvious effect in the case of 
2,4-sodium and amine salts. Konstantinova (1975) reported no 
adverse feto-toxic effects of sodium am ides, nor of hutvl and octyl 
esters injected to pregnant rats in doses ranging from 7.1 to 
16.5 mg/kg. Sokolova (1975) injected 416 mg/kg of 2,4-dichloro-
p1ienox-gamma-hvturic acid to rats at 4- 5 days of gestation to find 
a higher incidence of pre- implantation deaths among the fetuses at 
that time and of pre- and post- implantation embryo deaths at 7 through 
14 days. Rats exposed to 2,4-DM at 34 mg/kg throughout the 
gestation period exhibited developmental anomalies of their embryos. 

F.mhryotoxicity was noted after multiple exposure of pregnant ani-
mals to 2,4-D at the rate of 5 rug/kg: 2,4-1)M at 3 mg/kg, and sodium 
amides and hutyl arid octyl esters at 2,4-D at 0.7 to 1.65 mg/kg 
(Burkatskaya, Diadicheva, 1977) . 1epeated injection of butvl ester 
2,4-I) at 1/30 and 1/50 LD50 were seen to have caused in-utero 
deaths, still-births and developmental defects in the offspring. At 
9 days' gestation time, rats exposed to the herbicides 2,4-1) and 2,4,5-T 
(trichlorophenoxvacetic acid) showed various disturbances of embryo-
genesis, specifically hemorrhages into the abdominal cavity and deve-
lopment of hvdrocephaluses. Of these, 2,45-T apparently owes its 
teratogenicitv to tetrachlorodibenzodioxine present in it as an impurity 
(Moore, 1977), because its toxicity is acutely reduced by purifica-
tion. Tetrachlorodibenzodioxine was observed to produce abnormali-
ties in a dose exposure as low as 0.5 v/kg. In the Soviet Union 
2,4,5-T is banned for use. 

The herbicide pyramine (1-pheniv1-4-amino-5-chloropvri(lazone-6), 
as also some derivatives of dinitrophenol, show pronounced embryo-
tuxieity and teratugciiicity. 

A prime objective of studies on gonadotoxic pesticide effects is 
to identify the dose response relationship and determine its thre-
sholds (as much probabilistic as possible) . The ratio of the gonadotoxic 
and general toxic action thresholds suggests the degree of sëlectivit 
to be expected from the pesticide being tested. 

Vashakidze (1970) presented convincing data about a major 
gonadotoxic effect of granosan. Ch roriic intoxication with ethvlmercu r -
chloride in doses of 1 and 0.2 mg/kg caused structural abnormalities 
in the testes and ovaries of experimental animals. Particularly notable 
were inhibited mati.iration or the follicules, death of the ova, and an 
increasing amount of the corpora lutea. In males, these alterations 
included death of spermatogenous epithelitim along with other sper-
iii atogenetic injuries. Gon adotox ic proper ties of merc uran arid tiler-
curhexane were detected by Goucbaruk (1968) in chronic experiments 
with inhalation exposure of albino rats to their concentrations of 
0.03 to 0,04 rrig/m. The affected animals had their reproductive 
function heavily impaired and physical development was retarded in 
the progeny. 

Stenherg and Matnetkuliev (1976) investigated, in a chronic nine-
TTionth experiment, the impact of HCCH gamma-isomer on the func- 
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iional state of sexual glands in rats, It transpired that a 0.5 mg/kg 
dose of the chemical kept down the rats' ability to reproduce. The 
progeny was underweight at the end of the fteding period. Injection 
of maneb in different doses was implicated in a variety of biochemical, 
histological, histoenzvmatic arid electron - microscopic irregularities of 
the gonads as well as a change of the reproductive capacity (Ivanova-
Chemishanska et a]., 1975). Spermatogenesis in rats was likewise 
aflected by exposure to the syrntriazine derivatives ipazine, pronncthrin, 
and serneron. A svmazine dose of 62.8 mg/kg lowers the relative 
number of normal spermatogonia and heightens the number of tubules 
with a scaled-off ernbrvonal epithelium. 

OCP display more intensive gonadotoxicity than either carbamate 
or OPP pesticides. The gonads can be affected directly or indirectly 
through a modified ITietabolism of the sex hormones in the liver. 

Wozniak (1977) reports that lindane and trichlorfon (chlorophos) 
at doses equal to 1 / 15 L D 5  are associated in rats, singly and in 
combination, with microstructural changes in the testes and modified 
activity of the enzymatic systems therein, as well as with spermato-
genetic disorders. The author claims that his data is adequate to 
explain the cause of sterility arid impotence in male workers occupa-
tionally exposed to these pesticides. It is well-known that DDT is 
the inductor for mixed-function oxidases vigorously involved in 
the metabolism of steroid hormones. KLlpfer and Bulger (1976) 
indicate that stepped-up hvdroxylation of steroids by chlorinated 
hydrocarbons of the DDT type is accompanied by a reduced effect 
of endogenous and exogenous steroid hormones, which interferes 
with the functioning of gonads. The estrogenous activity and the effect 
of DDT upon the reproductive function Found confirmation in the 
work of other researchers (McBlain et al., 1977). 

Polycvstosis of the ovaries with a varying degree of change in the 
follicules up to the point of complete degeneration was reported by 
Haralamb (1976) following intraperitoneal 2.5 mg/kg DDT injections 
to rats five times a week for five months. Dikchith et al. (1978) cite 
evidence of degenerative injuries developing in the seminal ducts 
together with necrosis of the spermalogenic epithelium in response 
to hexahenzene exposure by dermal application to guinea-pigs in the 
dose range 100 to 500 mg/kg. 

Dirierman and Shigan (1975) report DD'I' accumulation in the 
sexual organs of birds, assumed to affect their egg-laying capacity. 
Similarly. DDT and dieldrin act upon hormonal processes in mammals 
to modify their reprod uctive Fri nction. 

The property of gonadotoxicity is presumably inherent also in the 
derivatives of carbamic, and thio- and dithiocarbamic acids. 

Stenherg ci al. (1970) established a severe effect of sevin on the 
state of sexual glands in rats, responsible for the reduced mobility and 
shorter life of spermatozoids in the males and modification of the 
estral cycle in the females. Also the males were more sevin-sensitive 
than the females. In the testis tissues, sevin exposure decreases the 
DNA content, interferes with enzymatic activity arid triggers cytologic 
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changes. The gonads were seen malfunctioning after comparatively 
low-level exposure to sevin which, in addition, was more gonadotoxic 
than DDT. Vashakidze (1970) revealed a relationship between the 
dose of sevin and its effect on the gonads. She defined the threshold 
dose of the agent according to gonadotoxic effect (1 mg/kg) in 
chronic experiment. Daily exposure to this sevin dose resulted s:x 
months later in a modified estral cycle and diminished fertility, neither 
of which was detected in a 0.3 mg/kg dose exposure. The gonado-
toxic action threshold for sevin was estimated by Vashakidze to be 
eight times less than its general toxic threshold, making readily 
apparent the agent's selectivity towards the gonads. 

Ozhovan (1970) experimented with five generations of albir.o 
rats to see if sevin affects their reproductive function. At 2 mg/kg, 
the chemical had no effect in the parental and first generation but 
did affect adversely the generations that followed. 

The severe gonadotoxic action of sevin suggested by these data has 
been part of the reason for limiting its uses in agriculture. 

Lastly, the gonadal function is influenced by the dithiocarbarnic 
acid derivatives: zineb, zirain and maneb, TMTD, etc. (Martso], 
1967; Kaloyanova-Simeonova, 1977). The influence becomes manifest 
in conjunction with other effects embryotoxic, teratogenic, mnutage-
nic, and carcinogenic. 

Long-Term Effects of Peslicides on Body Organs and Systems. 
Alongside the pesticide toxicity seen to take effect immediately after 
their single or multiple (lose enters into the fody, some of them have 
the ability to give rise to pathological processes (injuries of the ner-
vous system mental disturbances, pareses,' paralyses; and of the 
cardiovascular system - coronary insufficiency, atherosclerosis, he-
patocirrhosis, etc) obvious in the long term. Such a pathological 
process may result also as the immune reactivity of the body is 
waning. Fridlyarid (1966, 1971) considers low-intensity chemical expo-
sures to he capable of increasing the incidence of hepatites, exacerba-
tions of chronic diseases (hypertensive crises, peptic ulcers, etc.), and 
infectious morbidity (influenza, angina, pneumonia, tuberculosis, etc.). 

Sos (1976) allocates to pesticides a large role in the causation 
of quite a few desease states. 

In the recent years, information became available about systemic 
and specific effects of some chemical agents on the nervous system 
(Vievskaya, 1973). Nervous and mental disorders arose sometimes 
from OPP intoxications. The affected workers had difficulties of co:i.-
centration and their speed of psychomotor responses was impaired. 
The allied mental symptoms may include dejection, schizophrenic 
syndrome, fear, and erethism. Their EEGs show fast high-voltage ac:i-
vity intermittent with bursts of high-altitude waves (3 to 6 oscilla-
tions/sec). 

Zilber (1970), Aldridge and Johnson (1972) described OPP neuro-
toxicity highlighted by developing pareses and paralyses. Mipafox, 
DFP, triorthocresylphosphate, triorthotolylphosphate, phosvel, chloro-
phos, dichlorvinyldiethylphosphate and other pesticides affect the 
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axons of nerve cells to cause their demyclinization and to phosphory-
late the protein. In hens per os exposure to phosvel (leptoçhos) 
resulted in the swelling of sciatic nerve tissues and fragmentation 
of the myelinic membrane, followed in 8 to 14 days by ataxia and 
in 13 to 30 days by paralyses. Similar changes were reported from 
investigation of the spinal cord in rats. Reduced velocity of impulse 
conduction via the sciatic nerve in rats was correlated with the destruc-
tion rate of its myelinic tunic (Kovtun, Kokshareva, 1980). Neurctoxic 
activity is known also for fenitrothion. 

It seems that ataxia, paralvses and neuropathy 8 to 14 days after 
an OPP injection are not associated so much with the inhibition of 
cholinesterase as they are, chiefly, with the phosphorylation of the 
active center in the enzyme specific for the nerve tissue and now known 
as neurotoxic esterase. This type of OPP exposure was shown to 
increase copper concentration in the blood serum of test animals and 
send up the activity of ceruloplasmin. These data inputs have usefulness 
in predicting a neurotoxic effect. Itis also believed that the OPP-inhi-
bited neural membrane ATP-ase plays a role in triggering the 
effect. 

Both OCP and OPP induce pathomorphological alterations in 
the thyroid and adrenal glands (Rodionov et al., 1976). Badaeva 
(1975) noticed phase changes in the thyroid and irritation of the adre-
nal system of the suprarenal glands in response to tetramethyl 
thiuram disulfide, lindane, and tigam. The dithiocarbamate zineb also 
contributed to the enlargement of the rat thyroid gland. Electron-
microscopic studies into the gland's ultrastructure revealed its hyper-
stimulation, namely an 80 percent increase in the incorporation of 
' 31 J from the control. 

Adenohypophysis contained an increasing number of basophilic 
cells with PAS-positive granules. The authors perceived these distor-
bances as a compensatory response to the antithyroid action of zineb. 
An altered thyroid function was ascertained from data concerning 
the metabolism and distribution of 131 J in the thyroid on exposure 
to the dithiocarbamates of maneb and ethylenethiourea. 

Administration of polychloropinene to experimental animals was 
followed by expansion in the size and relative weight of the thyroid 
itself but diminution in the size of its follicules, along with a greater 
height of the epithelium lining them and several other alterations 
suggesting in sum an abrupt surge of its functional activity (Grigorie-
va, 1975). 

E. I. Makovskaya et al. (1975) noted, as a result of polychlor-
opinene intoxication, depletion of the adrenal cortical substance, dege-
nerative cell alterations, edema and minor focal hemorrhages. and 
local cell death in the lascicular zone. 

Several chlorinated hydrocarbons demonstrate the capacity to pro-
voke agranulocytosis and aplastic anemia. Hemolytic anemia was seen 
to result from direct work exposure to a formulation of heptachlor, 
dieldrin and toxaphene, and also to zineb persistent megaloblastic 
anemia was observed with intoxication by chlordanc and porphyria 
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with intoxication by hexachlorohenzene. leeding rats on a diet con-
taining 0,2 percent of hexachlorobenzene led to gradually developing 
porphyria hepatica, with porphyrines and 5-amiriolevulinic acid 
excreted in increasing amounts during the process. This went parallel 
to growing activity of anilinhydroxvlase and cvtochrome P-450 in 
the rnicrosomal fraction of liver cells. The investigators assume the 
induction of microsornal enzymes to appear first, leading to an ever 
greater quantity of HCB rnicrosoriial oxidation pi -oducts which are 
more active porphyrogens than hexachlorobenzene itself. 

IKomarova (1976) links some blood diseases to the effect of OCP. 
Among the 1083 patients examined for the causes of the various forms 
of leukoses, hvpoplastic anemia, and diatheses those with a past 
history of lasting exposure to pesticides accounted for 17.4 percent - 
way up from the six percent of patients with other than hcmatologic 
diseases. In the hemopoieflt organs of persons who died of leLikoses 
or hypoplastic anemia DDT and DDE contents were higher than in the 
hypodermic tela. Among practically healthy producers and applicators 
of OCP, cvtochemical changes in leukocytes were nonetheless detected. 
The i.infavourable effect of DDT exposure on the md uction of leLikoses 
was borne out by experiments in rats subcutaneously inoculated with 
a leukotic cell suspension following chronic administration of the 
chemical. 

Kagan, Lukaneva, and Rodionov (1974) looked at the effects of 
several pesticides in the progression and origin of several types of 
experimental cardiovascular pathology. Lukaneva in her experiments 
kept rabbits long-exposed to small doses of organuchlorine (DDT, 
lindane, aldrin) organophosptiorus (chiorophos) . and carbamate (Se-
yin) pesticides and then reproduced coronary insufficiency in them 
using intravenous hvpophysin injections in small doses (0.35 units). 
In thp control animals free from pesticide exposure, hypophysin caused 
the minor short coronary spasm normally observed in the initial forms 
of coronary insufficiency. Most of the rabbits given during six months 
a DDT dose of 0.001 LD 50  were seen to develop in response to hypo-
physin atrial fibrillation and, in some of the experiments, electrical 
alternation of the ventricular complexes. When DDT or aldrin were 
administered in (loses representing 0.01 LD hvpophvsin injection re-
sulted in an acn.itelv enhanced intensity of coronary insufficiency, 
ventricular fibrillation and occasional anirrial deaths. Some rabbits 
emerged with observable evidence of infarction-like myocardial ne-
croses (Fig. 12). 1,indane administration in the same doses dimini-
shed the voltage of atrial complex waves, with a different shape aiid 
height of the P wave. Somewhat less obvious [CO changes were re-
corded with hypophysin administration to animals given sevin or 
chiorophos at doses equal to 0.01 LD. It was thus recognized that 
organochlorines and especially DDT and aldrin increased cardiac sen-
sitivity on exposure to the coronary spastic agent by prolonged entry 
into the body. Verich described experiments in which organomercury 
compounds likewise modified cardiac sensitivity to the coronary 
spastic agents (hypophysin and vasopressini) and resc Its of similar 
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Fig. 12. trIL,lrctIiL[I 	iiiI.. 	UI IIUH 	..lHiJUit, 	LUIL.I U 	intrave- 
nous hypophysiii injection (0.35 unit/kg) after daily administration of aidrin (Luka- 

neva's experiment) 

experiments were reported in detail by Trakhtenberg in his review 
(1978). 

Another type of a disorder reproduced in experimental animals 
was adrenal-caffeine myocarditis. Some of the rabbits given DDT 
daily at 0.01 LD50 exhibited more obvious ECG changes (tachycardia, 
appearance of a Q wave and a split QRS complex). There were diffe-
rences in survival between the two groups of animals. Chronic DDT 
intoxication aggravated the course of myocarditis and pushed up the 
percentage of animal deaths (Lukaneva, Ivanova, 1970). 

We, too, investigated the influence of OCP on the initiation of 
atherosclerosis. The latter was experimentally reproduced in rabbits 
by giving them cholesterol in sunflower-oil solution at 0.2 mg/kg 
during 2.5 to 3.5 months. The animals' characteristics that were 
subsequently estimated included the functional state of the myocardium 
(EGG), total cholesterol in the blood serum, lecithin, beta-lipopro-
teids, and total blood lipids. A pathomorphologic research was carried 
out also and it was found that cholesterol and DDT (1/20 LD50 for 
three months), by combined administration, bring on a higher and more 
rapid rise of the cholesterol, lecithin and beta- lipoproteid concentrations 
in the blood. 

Chronic exposure to an isotoxic sevin dose of 1/20 LD50 was 
discovered to have produced more apparent alterations of lipid meta-
bolism. A comparative pathomorphologic macro- and micro-examina-
tion of the aorta offered evidence on more persistent lipoidosis of the 
intima in rabbits exposed to cholesterol in combination with DDT and 
especially with sevin than in those treated with cholesterol singly. 
A parallel development involved the formation of extensive confluent 
plaques (Figs. 13, 14). The way in which cholesterol atherosclerosis 
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Fig. 13. Intramural branch of coronary heart artery. Marked enlargement of the 
intima and abundant deposits therein of neutral fat and cholesterol Deposits of lipids 
(dark) beyond the internal membrane and in perivascular miocardial stroma. Staining 

by sudan III X90 (Rodionov's preparation) 
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in rabbits is affected by DDT, lindane and chlorophos (0.01 LDu) 
was studied also by their continued administration during eight months. 
It turned out that DDT had a more severe effect on lipid metabolism 
than lindane or chlorophos. Atherornatous changes in the intiria of 
the aorta in response to joint DDT cholesterol exposure were fr 
more evident in its ascending portion than elsewhere. Deformation 
and luminal constriction of the heart vessels were also observed and 
necrobiotic alterations similar to infiltration processes were found to  
have developed in the myocardium. Lindane induced similar patho-
anatomical changes though not as pronounced. 

Some indices of lipid metabolism such as increased cholesterol 
and tn-glyceride levels are modified by lengthy polychloropinenc 
exposure (seven months 0.25 mg/kg; Lukaneva, Reisig, 1976). 

The findings of numerous toxicological and pathornorpholDgical 
investigations asserted positively pathogenic effects on the liver from 
quite a few OPP chemicals. IKagan, Voronina, and Rodionov (1974) 
showed that in animals receiving orally a chiorophos daily dose of 
0.01 LD5D  for nine months carbon tetrachloride caused more severe 
changes of their liver, biochemical as well as morphological, than in 
the control. Grave changes in the antitoxic functions of the liver were 
identified (by a hexenal test), as was also an increase, of alanine amino-
transferase and sorbitdehydrogenase activity in the rat blood serum. 
None of these changes was in evidence on exposure to chlorophos or 
carbon tetrachloride acting singly. Administration of carbon tetrachlo-
ride in conjunction with protracted chlorophos exposure was followed 
by a decrease of glycogen and RNA quantities in the liver (hisroche-
mical studies) and then, in six months' time, distinct and widespread 
cirrhotic changes, adipose degeneration and adenomas in some of the 
rats. At nine months, these changes became obvious to a striking degree 
and destructive-degenerative injuries showed up in the kidneys, a pro-
liferative process in the spleen, and circulatory disorders in the brain. 

Attempts at mathematically modelling the behaviour of the liver in 
the toxicokinetics and toxicodynamics of toxicants are certainly appeal-
ing. Popov's studies (1977) with the model he devised of perfused rat 
liver gave him an opportunity to estimate in dynamic.s the activity of 
mixed-function oxidases (MFO) while maintaining the organ's struc-
tural and functional organisation sustained throughout; to study 
metabolisation of toxic substances by the liver to provide a mathema-
tical description of biotransformations for a number of chemicals; and 
to identify the role of the liver in the processes of adaptation to toxic 
insults. 

Derivatives of ethylenglvcol are toxic agents damaging to the 
kidneys so that the paints containing the monobutvl ester of diethylen-
glycol cause lesions in the kidneys and liver. 

Some compounds selectively affect the lungs, for example, di-
pynidilium derivatives, e.g. paraquat. Experiments in hamsters si-
mulated pulmonary fibrosis due to paraquat injection. In rats, inlersti-
tial inflammation of the lung parenchyma followed a single dose of 
the agent injected intraperitoneally (IS mg/kg). Histologically, the 
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lungs were found to have thickened septa inliltrated by lymphocytes. 
histiocytes, fibroblasts and plasmocvtes, and patches of atelectasis. 
Three paraquat doses administered at a weekly interval (5 to 
10 mg/kg) induced observable pulmonary fibrosis, 

Therefore, the data available to date give evidence that some 
organochlorines., organophosphates, organomercurials and a host 
of other pesticides can and do influence the development of disease 
processes in the cardiovascular system, liver, kidneys, and lungs of 
experimental animals. This fact must he always considered in attempts 
to evaluate the potential hazard of the comrrion as well as new pesti-
cides, particularly those showing remarkable persistence arid cumu-
lativit. 

COMBINED, CONCOMITANT, AND JOINT EFFECTS 
OF PESTICIDES 

The system for protecting plants from pests, diseases and weeds 
employs during the year a large quantity and wide variety of pesti-
cides. Some of these are applied concurrently and others successively, 
at different dates depending on the emergence timing of pests or weeds. 
There may be also involved combinations of pesticides acting in con - 
cert with chemical or physical environmental factors such as low or 
high temperatures, solar radiation, humidity, etc. 

Combined effect refers to simultaneous or consecutive action upon 
the body of two or more chemical compounds or other, essentially 
sini lIar factors. Concomitant effect refers to the entry of one or several 
different substances, siiTlultaneously or successively, but by different 
IOU tes (orallv or dcriiial I; through the al imentaiv canal or respira-
tory system; via the respiratory systeni or skin; or by all of the above 
routes at once). Joint effect takes place when the body is exposed to 
essentially different environmental factors, for example, poisons and 
high air temperature, or poisons and ii Itraviolel radiation. 

Three distinct patterns are recognized for the combined action of 
substances: summation, potentiation, and antagonism. 'Synergism" 
is an alternative term used occasionally though improperly, because 
it only describes an action as unidirectional and says nothiri about its 
magnitLide. The term is construed to mean an increasing influence, 
that is, potentiation though additive action is likewise an alternate type 
of synergism. References are sometimes made to the so-called in-
dependent action which has different points of application but fails 
to produce either sum nia tion or potentia tion. The term is justly crb i - 
cized (Kustov et al., 1975) on the grounds that there can be no indepen-
dent effects of chemical substances on the organism while the term 
commonly applied in such cases is to denote actually incomplete surri-
matimi of these effects, or antagonism. 

The above terminology is usually employed in reporting the re-
sults of organism's exposure to different environmental factors physi-
cal atid chemical. 
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A classic method of research into the combined effect of chemical 
substances is Loewe's method (Loewe, 1927). It consists esse:itiallv 
in building isodvuarnic diagrams by plotting on the coordinates of 
the test substances as fractions of the dose of each one of them that 
causes some recordable effect, for example, the death of the experi-
mental anirTlals (Fig. 15). Different dose combinations are tested for 
two substances so that the suiniTlary disc should amount. for example, 
to one W i m .  If the sum riiation line coincides with the hvpo:enu Se 
of the triangle that connects the points representing the LD1 00  of each 
poison, the action is additive. If two substance doses sum up to less than 
one LD1011  but are sufficient to produce lethal effect the points of the 
effects in conibined exposure will fall within the triangle and the action 
is characterized as potentiation. Ii, however, lethal effect is ac .uiieved 
with the summary dose of substances greater than one LD, the 
points corresponding to their combined exposure occur outside the 
triangle and their effect is defined as antagonism-relative if the isohol 
passes inside the triangle and absolute if outside. In some cases combi-
ned exposure may be of the svnergo-ar;tagonistic type when some 
length of the effect's isohol passes inside and the remaining portion 
of making it outside the triangle. The method has the advantage of 
making it possible to assess the pattern of combined action by two 
substances in different combinations. It may be extended to include the 
effect of three substances but this requires building an isodynamic 
diagram in a three-dimensional space. Failure to evaluate the conihi-
ned action of more than three substances and a comparatively 
large expenditi.ire of laboratory animals constitute the disadvantages 
of Loewe's method. 

In order to appraise the combined effect of two, three, or several 
chemical agents in any interproportions, it is useful to apply Firiney's 
method (Finney, 1952). If the appraisal relies on the 'lethal outcome" 
criterion, the LD 50  values riced to be determined for each of tJ:e test 
substances and then for their mixture; their respective quantilies in 
the 1-D5() of the mixture are calculated and the percentage each quantity 

Ig. 15. Evaluation at comhFued etteil 
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represents in the LD 50  of every substance is computed; the percentages 
are then summated. Should the percentages sum up to more than 100, 
i.e. the total dose of the agents required to produce lethal effect exceeds 
the LD5{h this is antagonism. If, however, the doses sum up to less 
than 100 per cent but nonetheless are sufficient to bring the effect, this 
is potentiation. An effect equal to the calculated one (the percentages 
total 100) typifies summation. 

The calculation by Finnev's method can he written thus: 

if 	 100+ L B 	ioo+...+ 	N 	
100=100%, 

	

D5{ 	 LD {fl  

then summation takes place; 
if 	 100+ L B 

	ioo+.+ 	N 	
100<100%, 1. 	 LD {l  

then potentiation is the case; and 

if 	 100k L B 	lOO+...+ 	
N 	

100>100%, 
L 	 LD50 , 1  

then antagonism occurs; where 
A is the quantity of the substance "a" (mg/kg) in the LD 50  of 

the mixture "a+b+...+IN"; 
B is the quantity of the substance "b" (mg/kg) in the LD50 of 

the mixture "a+b+  ... +N";  and 
N is the quantity of the substance "N" (mg/kg) in the 1.D 3()  of the 

mixture "a+b+...+N". 
Assuming the problem is to estimate the combined action of che-

niicals A and B, their respective LD50  equals to 100 mg/kg for A ar.d 
200 mg/kg for B. The LD50 of the A and B mixture in the ratio 1:1 equals 
to 50 mg/kg. We find that the LD 5fl  of the mixture comprises 25 mg/kg 
of substance A and 25 mg/kg of B. For A, 25 mg/kg represents 25% of 
its LD 0  (100 mg/kg); for B it is 12.5% because its LD 50  is 200 mg/kg. 
In sum the percentages make tip 37.5. Consequently, the case here is 

100 
poteritiation with the potentiatior coefficient 	= 2.6. However37.5 
when the sum of the percentages approximates 100, the combined 
effect of the pesticides involved becomes somewhat difficult to identify 
by type. Svetly (1972) suggested for such cases basic reliance on the 
confidence limits of the LD 0  established with a necessary probability 
(commonly P=0.05). Under this approach it is possible in each specific 
case to decide at the accepted level of probability between summa-
tion, potentiation, or antagonism. 

Finney's method is applicable for this kind of calculations provided 
the combined effect of the factors is expressed in the same measuring 
units (e.g. the effect of substance doses expressed in mg/kg). We 
took this method as a basis to develop a universal evaluation technique 
for a combined or concomitant effect of any two or more injurious 
environmental factors (Kagan, 1973). In essence, it involves estimating 
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first the inj urious effect of each hid kid Li I factor a rid determining 
its LD 5  (or ED5)) ) and then evaluating the effect of theft combination 
in any proportions (or of the same factor in simLi Itaneous (ntry by 
different routes) The experimental I.J) (ED 50 ) vali.ies are expressed in 
fractions of the LD 50  (ED 5)) ) of each constituent factor a rid compared 
with the calculated LD 55  (ED5)) ) for the case of summation. From the 
comparison emerges a quantitative estimate of the observed effect 
(the degree of potentiatin n or antagonism) 

Q uantitation of combined or concomitant exposure can be based 
on any quantal or graded index e.g. 50 per cent inhibition of an 
enzyme's activity. To do so. the close that reduces by 50 per cent the 
activity of the enzyme (FD, A  ) has to be found for the substance A; 
a similar dose for the substance B(FD5 1 1 ), arid for the sum of the 
two substances EDS ) S+H ) . The experimental data is then watched 
against the ca Ic til ated values. The proposed technique permits qua ii ti-
tation of combined or concomitant effect of any two or several 
injl.Irious agents. 

A method used in the recent years is mathematical experimental 
design (orthogonal design, analysis of variance. etc.: Soya et aL, 
1974; Zlatev et aL, 1977). Experimental design based on variance 
(dispersion) sets allows for a variance analysis of the results, sepa-
rating the effect of each one of the factors being studied and of their 
interactions. A special difficulty with identifying the type of combined 
exposure arises in chronic experiments. They are staged in four 
groups of animals: control - group 1, exposure to the first substan-
ce group 2, exposure to the second substance group 3, and 
combined exposure to the two sm.ibstances group 4. The experiment 
in group 4 is designed on the principle of summation of the doses adop-
ted for groups 2 and 3, and not their half-doses. Usually the effect is 
proportional, not to the doses, but their logarithms and therefore 
the contention that the added effects of a half-dose of the substance 
A and a half-dose of the substance B will be equal to the sum of 
the half-effects of either s ti hstance is fall acic LI S. 

In order to evaluate the experimental results it is good practice 
to apply variance analysis of bi-lactor proportional sets for qualitative 
attrihutes of small groups (Plokhinskv. 1970; Soya et al.. 1974). Its 
use in this application provides information on various aspects of 
the effects tinder study, such as their magnitude as coming from either 
of two isolated factors and from their joint action; the significance 
of either's action, and so on. In addition to estimating the factor-
related effects, it reveals also the random influence of extraneous 
(non-organized) factors. The farther does the factor-related effect 
depart from the random effect, the more significant it is. The surnrniarv 
effects of organized p1tis non-orgaruzed factors determine the total 
variability of an attribute, or its dispersion. The method is advanta-
geotis in that, with no increase in the amount of work to do, it provides 
the investigator with a source of information as to the intensity of 
the overall effect of these factors on the indexes of concern and the 
extent of interplay between these indexes. Yet the specific application 



of vu FianCe anal vsis to evaluating the results of cmii bined exposure 
in a chronic experiment ci isa I lows him to avoid sonic difficulties inhe-
rent also in the use of other approaches. Since the action of chemical 
agents is explored at comp arativelv low levels that fall to cause animal 
deaths, the criterion ii eva I uatin g the effects relies on a variety of ph\-
siological and biocherTlical indexes reflecting the effects of the test 
substances and their combinations. Not infrequently, changes of these 
indexes work in dilerent directions. 

Still another method, besides analysis of variance, is regression 
analysis. MLI Itiple regression aria lvsis is of particular value for the 
toxicological assessment of the combined action exerted by a set of 
volatile substances when the composition of chemicals released into 
the atmosphere is not fall v knuw n ( Na gornv, 1973).  

All types of combined effects from pesticides exposure, found 
in an irrial experiments can he con fined to three basic altert ate pattert s 
Shim mation , potentiation, and antagonism. Sum mation of toxic effects 
in warm-blooded a niina Is has been defined in a single exposure to 
pesticides categorized in the salTie class e.g. chiorophos and phospha-
mide (Kagan. 1965), or chlorophos and ITletaplios (Junusova, 1966) 
or in difFerent chemical groups, for example, sevin and butvphos or se-
yin and cvanamide (Dernidenlo, 1968) or TMTD, HCCH gamma-
isomer, and copper trichlorophenolate ( Svetk, 1970). Zlatev 1976) 
observed additive action, according to the lethal outcome criterion, 
resulting from a single injection to albino nilce and rats of the 
1)1-ga nochloric aca ricidc l'iel thane in conibination with pht halophos, me-
taphos or phosphamide or the dinitrophenolic pesticide acrex in concert 
with phtha lophos or p hcsp haul de. 

Svnerphos-4-nitrophenoxvdielhylsulfide, a syriergist for some 
organopliospliates on insects, Nicicls the effect of ilicorriplete summa-
tion rather than potentiation in warm-blooded aninials ( Slobodkin, 
1975). These differences in the characteristic modes of combined 
action of pesticides on insects (potentiation) and warm-blooded ani-
nials (summation or antagonism) open up a prospect for designing 
combinations of chemicals having selective insecticidal potential. 

Kustov et al. (1975) note with regard to the effects of chemicals 
from different cl asses that their summation occurs relatively seldom 
if at all. 

Additive action of pesticides has been established also in chronic 
experiments. Not in frequent lv, this involves methodological difficul - 
ties, owing to the need to eva I nate the pattern and type of combined 
effects of substances at low levels of exposure. In acute experiments 
it is possible to estimate such an effect from the lethal outcomes it 
causes - the most integral of all available criteria. Not so in chronic 
experiments where one has to record a set of integral arid, if possible, 
specific indexes relating 10 the effect of substances and draw conclu-
sions carefully weighing the biological significance of the studied 
indexes. Thus Junusova 1966) found that a chlorophos-metaplios 
mixture in chronic experiment s causes more severe disorders in ani - 
mal behaviour and the state of several biochemical and morphological 



characteristics of the blood than independent administration of either 
chemical does alone. However the author failed to Further qcalifv 
that action as summation or potent!a t ion 

Slobodkin (1975) reported a mode of combined action by a mixture 
of svnerphus with rnethylniercaptophos in chronic experiments con-
sistent with incomplete summation and by a mixture of synerphos 
with intrathion, with simple summation. With chronic exposure to 
lenthinrarn, the chemical composed of TMT[), HCCFI gamma-isomer 
and copper trichiorophenolate, the changes in the organism of test 
animals are less obvious than with single exposure to each OF the 
constituents, revealing a tendency towards incomplete summation 
(less than additive) of the effects, or antagonism (Svetiv, 1970). 
It is a ppropr late to remind that in acute experiments the same onibi-
nation produced the summation effect. Zlatev (1976) points out also 
that in chronic experiments the combined effect of kelthane plus me-
taphos aniounted to summation with some tendency towards anta-
gonism as contrasted from the summation effect identified in acute 
cx per im en ts, 

Thus, when summation is registered in acute experiments it may 
either persist or become incomplete in chronic experiments (the so-
called independent action or a tendency towards antagonism) 

Sanotskv (1968) reckons that at the level of lethal concentmtions, 
one is likely to observe all types of combined toxic effects - sumrna 
tion, potentiation and antagonism. At threshold-level concentrations 
summation or "independent" effects will most typically conic about. 
This point of view is not without some theoretical validity, as poten-
tiation or antagonism are most often associated with the effect pro-
(Iuced by one of the ingredients on the enzymes metabolizing the 
other ingredient. For the effect to he tangible, sufficient lv severe 
exposures are required. 

For all this, the prediction of chronic effects from low-level combi-
ned exposures presents a complex problem whose solution should be 
approached with care. 

Potent/a/ion constitutes the most hazardous type of combined action 
and its accurate recognition is essential (Kagan, 1977) . Cases of poten-
nation of insecticidal effects on insects have been documented. For 
example, sesarnex inhibits the oxidation of vinviphosphate and enhances 
its toxic effect on insects (Medved, IKagan, 1962). This is also the key 
principle for the use of sonic svnergists. Because in warm-b:ooded 
animals the processes of pesticide metabolism may he different from 
those in insects, the use of svnergists presents one of the alterratives 
in increasing selective toxicity of insecticides. 

Potentiation of toxicity in case of corn bined exposure to sonic pcsl I- - 

cides was ascertained in acute experiments on warm-blooded animals. 
Thus, FICCFI and TMTD gamma-isomer, and also I ICCH gamnimila-
isomer and heptachior, were found to produce a combined efiect of 
the potentiation type in experiments on rats and cats (Osetruv, 1962) 
HCCH gamma-isomer potentiated TMTI) in inhalation-exposed rabbits 
(Voitenko, 1962). Heptachlor is known to transform in the organism 
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rito the more toxic epoxide (lethal synthesis) . Presumably, the po -
jentiation of heptachlor toxicity by HCCFI gamma-isomer is due 10 

the latter's inductive effect on the mixed-function oxidases present in 
the microsomal fraction of the liver, which are involved in the epoxidi-
zation of the toxic chemical. 

There is also evidence for the potenhiation of alcohol toxicity by 
tetramethyithiuram disutfide and tetraethvlthiuram disuifide, owing to 
the inhibitory effect of the dithiocarbamates on the latter's oxidation. 
In some cases, potentiation identified in acute experiments persists in 
chronic ones, as in the case of chronic administration to cats and rats 
of I-ICCH gamrrla-isolTIer and TMTI) (Osetrov, 1962) or sevin and 
butyphos (Demidenko, 1968) or anabasinsi.ilphate and thiophos (La-
zutka, 1973). 

Antagonism is a rather common alternate pattern of interaction 
among pesticides. Cases of antagonism were documented in the in-
teraction of organochlorines with organophosphates (Spasovsky, 
Tsonevskv, 1974; Zlatev, 1976). Zlatev (1976) observed antagonism 
following exposure of the organism to a combination of organochlorine 
and organophosphate acaricides (kelthane with phosaione or anthi; 
milbex with phthalophos, phosalone, phosphamide or anthio). Yakus.i-
ko and Zlatev (1975) found the organochlorine acaricides kelthane and 
milbex to be inductors for mixed-function oxidases (MFO) , the degree 
of induction in liver microsomes correlating well with the degree af 
antagonism between organochlorines and organophosphates. Giving 
milbex together with phosalone resulted in the coefficient of antaga-
nism by LD50 equal to 5.6*0.84 (Fig. 16). Dernethylation of amina-
pyrine, which is the measure of MFO activity in combined inilbex-
phosalone exposure, increases 5.3 times, thus showing a correlation 
with their degree of antagonism. Demethylatiori activity is increased 
with milbex administration in large doses (1/5 LD 51  three times), bLit 
also with its daily administration to animals at I / 100 LD5 0  (Kagan 
et al., 1975). This evidence confirms that the antagonism of organo-
chtorines and organophosphates depends on the OCP ability to accele-
rate OPP detoxification in the organism of warm-blooded animals. 
Since in the insects other ratios may occur in the interaction of 
these compounds, simultaneous or alternate application of organo-
chlorine and organophosphate acarieides leads to a system of their 
use increasing their effectiveness as acaricides (the OCC-OPC atternt-
ing use makes less probable the emergence of OPP- or OCP-resistant 
ticks) and lowering the hazard to humans and animals. 

We investigated the impact of phenobarhital and milbex, both of 
them inductors for mixed-function oxidases, and tetramethvlthiuram 
disulfide (according to Kuzrnenko et at., 1977; it inhibits the MFO 
activity by 50 per cent) on the toxicity of several organophosphates 
(Kagan et at., 1977'). It has been found that the reduction of mixed-
function oxidases considerabty decreases the toxicity of the organo-
phosphorus compound NSh-6 containing two carboxyl groups in its 
molecule (the LD5 for rats in the control and experiment equal to 
95±13 mg/kg and 155 mg/kg respectively). The liver MFO activity 
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in the control Was 0.8k M/g of the tissue and in the experiment, 
2.4t M/g. Administration to the animals of the MFO inhibitor TMTD 
had no appreciable effect on the NSh-6 toxicity. Apparently, the in-
duction of mixed-function oxidases intensifies OPP detoxification. Yet 
its effect on the toxicity of different organophosphates is by no meatis 
un-equivocal and neither is the role of MFO in the metaholisri of 
organophosphates. Increased MFO activity promotes detoxificatioi as 
well as more rapid lethal synthesis (oxidative desuliuration). The 
relation between these phenomena varies with the OPP involved, and 
therefore any alternate patterns are possible as concerns the influence 
of the MFO inductors and inhibitors upon toxicity. For the same reason, 
all predictive exercises must be designed with due attention to the 
chemical structure of organophosphates (the presence of the PS 
group in the molecule) , as well as their metabolic pathways. There nav 
be also wide interspecies differences in metabolism which can well be 
put to advantage in looking for selective pesticides. 

In combined pesticide exposure antagonistic relations show ttemn-
selves in not just the acute experiment, but in the chronic experiment 
as well. According to Svetly (1970), HCCH gamma-isomer, copper 
trichlorophenolate and TMTD, the suhstance.s including the combined 
fungicide fenthiurarn, show a moderately antagonistic pattern of be-
haviour in the chronic experiment. Spasovsky (1962) observed antago-
nism between the organochlorines DDT and FICCI-I and the organo-
phosphates systox, ecatin, and parathion. Zlatev (1976) classifies the 
combined action of milbex and phosalone in the chroruc experiment 
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as antagonism and of keithane aud metaphos as summation biased 
towa r d ant agonism. 

It is hence inferable that, while in acute experiments the type of 
combined cifect that arises is either suiiirnation or antagonism, the 
manifestation of potenhiation is hardly likely in chronic exposure. 
The inference is iniportant hvgieriicalk, for it suggests that chronic 
experiments are mandatory in all those instances when cases of po-
tentiatiori were recorded in acute experiments. 

In order to predict interaction of toxic substances on the polen-
tiation principle it is essential to know their specific patterns of me-
taholism and identify incidents of one substance inhibiting detoxifi-
cation of the other constituents in the comhination. Less frequent is 
the type of potentiation through activation by one constituent of 
another's lethal synthesis. Nevertheless both possibilities must be con-
sidered if cases of potentiation in the action of various pesticides on 
the body are to he anticipated in good time. 

An important question centers on quantitative evaluation of envi-
ronmental status in combined toxic exposure. The USSR National 
Standard 12.1.005-76 'The Air of the Working Zone" specifies that, 
with several harmful substances 01 unidirectional action present at 
the same time in the air of the working zone, the total ratios of 
the actual concentrations of each chemical (C , C2 ... C ) in the indoor 
air to their respective MACs (MAC 1 , MAC.MA( I1 ) should not be 
greater than unity: 

C 	C 2 	 C. 

	

MAC ± MA 	' ' MAC,, 
Given simultaneoLls presence in the air of compounds with other than 
the unidirectional mode of action, the MAC rem ains the san -ic as it 
would he for each one of them acting singly. It remains debatable 
whether correction factors need to he introduced to account for the 
degree of attenuation of the toxic effect by the phenomenon of anta-
gonism (Kustov et al., 1975) . We are inclined to concur with Sanotsky 
et al. (1968) in that MACs should be adopted for each substance 
without any corrections for cases of antagonism. Potentiatiori, of 
course, is a different matter for then its coefficient needs to be de-
terniined and a correction introduced into Averyanov's formula, giving 
it the form (Kagan. 1973): 

C 	C 	 C. 	I 
MCI 	M1C2 	MAC U 	K fl : 

Concomitant and Joint Etfects of Pesticides with Physical Environ-
mental Factors. Concomitant effects imply the action of pesticides by 
entry into the body from different media. The fact is that toxic chemicals 
can access the organism in air, via the skin, and in food and water. 
A question arises how to evaluate the concomitant effect of pesti-
cides according to type and whether sum niation occurs as they enter by 
different routes or merely deviations from the ride of additivity? 

Voiten ko (1978) found conconi itant en try of lin dane into anini al 
organism via the respirator\: system and the stomach to bring no major 
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differences in the variation of the indices being studied as compared 
with its separate entry by either route. The author proposed further to 
make summation of the effects the basis for integrated hygienic stan-
dardizatiori of the pesticide. But, when studying to concomitant entry 
of phosphamide via the respiratory system, skin and alimentary canal, 
Voitenko and Larionov (1976) identified more significant alterations of 
the morphological and functional characteristics of the peripheral blood 
than by each route, alone. Also, the anticholinesterase effect of 
phosphamide was magnified. 

Research on the concomitant action of pesticides employs methods 
of simplex experimental design, and of orthogonal design with pro-
cessing of the results by the regression method (Spynu et al,, 1975, 
1978). The authors concluded on the interrelation of the dermal and 
oral entry of organophosphates into the animal organism. For example, 
the effect of chlorophos can be characterized as summation with a 
tendency towards antagonism. Based on such data, it is possible to 
predict the extent of inhibition of blood erythrocvte cholinesterase 
by the concomitant action of chlorophos. 

The question arises: how does one assess environmental status if 
the same pesticide can enter the both in different media - air, water, 
and food? IKorhakova (1972) considers it useful, in order to get a notion 
about the hazard posed by concorrutant action of environmental che-
micals, to apply the toxicity summation formLla: 

C.. 	C.., 	C H  
+ 	 1, 

Should potentiation be detected in the concomitant action of a che-
mical, the formula must be properly corrected by dividing unity by 
the potentiation coefficient. 

Evaluating the joint effect of pesticides with physical environ-
mental factors presents an important if challenging problem. High 
temperature elevates pesticide concentrations in the air of the working 
zone and the absorption rate of chemical substances from the skin 
surface. Yakubov (1964) notes that a high ambient air temperature 
(34 to 38C) increases the toxicity of sonic organophosphate irisecti-
cides (intrathion, methyl mercap(ophos) . Deniseriko et al. (1968) 
indicate that the bodily response to the joint effect of elevated tempera-
tLlre with chlorophos is different in quantity and quality frorr. the 
response to either factor alone. Their single exposure enhances the 
toxicity of chlorophos. Two important factors therein are the time of 
the high-temperature exposure and the intermitting effect of tempera-
ture. 

lskanderov (1972) found that with high temperature exposure the 
toxic effect of methylmercaptophos, hutvphos, kilval, anthio, milbex, 
mnonuron, and sodium fluosilicate in orally dosed albino mice and 
rats becomes 1.5 to 2 times higher. The author showed that the effect 
of temperature creates a new set of conditions, modifying the inteisitv 
of pesticide absorption, distribution, metabolism and elimination. In 
its turn, the toxic effect of the chemical agents may dislocate the tole-
rance of organism to high temperatures. 

17 



Demidenko and Mirgiyazova (1974) reported enhanced toxicity uf 
the organophosphorus pesticide anthio at 36 to 40CC. They consider 
it necessary, therefore, that the pesticide MAC be lowered 5- to 10-fold 
in hot climates. 

It is generally recognized that the uncoupling of oxidative phos-
phorylation and suhsequent hyperthermia constitute the essential 
mechanism for the action of dinitrophenolic pesticides. Between them, 
they trigger the hazard of joint action by dinitrophenol derivatives 
and high temperature exposure (Burkatsl<aya. 1974). Panshina (1977) 
established a 1.5 to 2 times higher toxic effect of herbicides (haloi-
sLibstituted anilides of carhoxvlic acids) with elevated ambient tempe-
rature. It is therefore necessary, in setting standards for the pesTi-
cides identified for use in high-temperature environments, to incorpo-
rate larger safety factors. 

Effects of pesticides are susceptible to air humidity, barometric 
pressLire, radiant energ, ionizing radiation, and physical stresscs. 

Yusupov (1975) investigated ways in which the factors associated 
with high altitudes influence the toxic effects and cumulative pro-
perties of some organophosphates, urganochiorines, and organomer -
curia Is. Their enhanced toxicity with elevation is explained by Pie 
author as being due to hypoxia induced by oxygen deficiency in the 
mountains and by the action of pesticides. His findings agree with 
the data of Tiunov and Kustov (1969). 

Gabovich et al. (1975) have studied the joint effect of hex achloro-
bcnzene (HCB) , temperature and ultraviolet radiation (UV) . He found 
low tolerance of the organism to hexachlorobenzene with overheating 
and intensive UV-radiation. However, inadequate UV-radiation also 
increases HCB toxicity, thus leading the authors to believe that maxi-
mum tolerance of organism to HCB comes with optimum UV-radiation. 

UV-radiation may also affect the photochemical conversion of 
pesticides in the environment. Klisenko et al. (1977) examined in 
the laboratory the impact of IJV-radiation and temperature on the pro-
cesses fostering the formation and toxicity of volatile compounds in 
a soil containing polychloropinene (PFTP) and mineral fertilizer. 
Their conclusion was that the source of highly toxic volatile compounds 
discharged into the atmosphere comes from utilization of the ammonia 
water containing iron carbonyl impurities. UV-radiation breaks them 
down to release carbon monoxide. It is possible for carhonyl iron to 
react with polychloropinene forming toxic substances. 

Involvement of photochemical processes in the conversions of PCP 
and mineral fertilizer is pointed out also by Kundiev et al. (1975) 
and Altareva (1975). 

Noise and vibration exposure appears to modify the response of 
the body to the effects of pesticides. 

No discussion on combined, concomitant and joint effects pesti-
cides and other environmental factors, chemical or physical, is comple-
te unless, besides their specific patterns of toxicity, it addresses also 
the long-term effects of chemicals. They are, in fact, intimately re-
lated with the concomitant action of chemical and physical environ- 
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mental factors. Many chemical agents, while neither carcinogens 
nor mutagens, can nevertheless affect the development of these effects 
under the influence of other substances. It is necessary, therefore, 
to detect and predict possible cocarcinogenic and comutagenic effects. 
Much depends on the ability of substances to intervene into the meta-
bolism of carcinogens, teratogens and mutagens. 

HYGIENIC REGULATION OF PESTiCIDES 

The maximum allowable concentrations of pesticides now effective 
in the Soviet Union are in most cases several times lower than those 
current abroad (Table 7). 

Table 7 
MACs for Pestkides in the Air of the Working Zone 

Included in USSR (Standard 12.1.005-76) 
and US Standards, mg/rn t  

PIicid LSSR USA 

Aiiiidoptios 1.5 5/20 
Atrazitie 2 10 
gamma- I ICCI-! 0.05 0.5/1.5 
Heptachlor 0.0 I 0.5-1.5 
2,4-D 10120 
DDVP 0.2 1/3 
[)DT 0.1 1/3 
Dibrom 0.5 3/6 
Dk'l d rio 0.01 0.25/075 
Din ii 10011 hoeresol 005 0.2/06 
Dich loropropa ne 10 350/525 
Dich I ortict ha ne 111 200/1025 
Carhophos 05 10 
Merca ptopho 0.02 0.1/0.3 
Met 0 1 m crc a pt opinos 0.1 05/1 .5 
MelhInutrophos 0.1 0.2106 
Nicotine-su Iphale 0. I 0.5/1.5 
Pentachluruphenol 0.1 0.5/1.5 
Mercury (organic 

ConnpoiJnd ) ODDS 0.01/0.03 
Sevin I 5/I0 
Carhon disul Ode 1 60/90 
Thiodane (1.1 0.1/0.3 
Thiuram 0.5 5/10 
Trihiitvlphospliate 0.5 5 
Formaldehyde 0.5 3 
Ch loriridanc ((Di 0.5/2 
Cli lorophos ((.5 1/3 
tree c\dnamide 05 2 

The n unierattir a rid derionitilatoF identify the mean 

and mu.xirnuni workshift curicentruticjnis, respectively, 



The MAC specifications for some pesticides in the United States are 
equal to or higher than the thresholds of chronic effect, indeed higher 
than thresholds of acute effects for some substances. In the recent years. 
however, there has been a tendency to lower the MACs and bring 
them closer to the USSR standards (organomercurv compounds, 
methylnitroplios, thiodane, formaldehyde, chiorophos, etc.). 

Soviet legislation roles that a hygienic standard for the concentra-
tion of a substance in an environmental media must be such as to 
guarantee no diseases or impaired health in the short and long term 
and no harm to future generations. 

The standard-setting procedure for pesticides goes through three 
basic stages: 

I. Validation of calculated hygienic standards on the basis of phv-
sical and chemical constants for substances and the findings of 
short-term toxicological experiment. 

Execution of a full-scale research program complete with 
establishment of the thresholds of chronic effect and a study of the 
long-term effects. 

Hygienic investigation of pesticide concentrations in environ-
mental media; evaluation of their effect on qualitative composition 
and organoleptic properties of food and water; and drawing of clinico-
h'gienic parallels in order to adjust the hygienic standards. 

Tentative Safe Exposure Levels (TSEL) are used as official by-
gienic standards. They are proposed for use from the basic inputs of 
calculation methods (involving a short-term toxicologic experiment). 
In keeping with the Methodologic Instructions for the Use of the Cal-
culation Method (1977), the TSELs for harmful substances in the air 
of the working zone are approved to he effective for a limited period 
of time (two years). It is mandatory iii so doing to have avai able 
a chemical method to determine the airborne concentrations of these 
substances. The TSELs for pesticides are usually set at the tirrie their 
Official (State) Production Tests are in progress in agricLlhture. 
With the affirmative results of the tests, the TSELs for common pesti-
cides will further he replaced by MACs. In those cases, however, 
when a chemical continues to he tested or in limited use, a full-scale 
toxicological experiment is riot practical and the TSEL may he re-en-
dorsed for the next term. The TSEL approval system provides a tool 
of sanitary control over all pesticides proposed for registration for 
agricultural uses. 

Besides the calculation-based program of hygienic standardization, 
MACs can he determined under an abridged program by rapid methods. 
This applies to new pesticides which belong to a well-known class of 
compounds which have hygienic standards on their content deve-
loped for one particular medium but require them to he validated 
for some other medium. 

The complete experimental program includes detection of threshold 
(loses arid concentrations in acute experiments (as probabilistic as 
possible) to provide a guide to selection of the doses and concentra-
tions for determining the thresholds of harmful effect in chronic 
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experiments. The latter threshold, as defined in the chroruc experiment 
according to the limiting criterion of harm (the basic initial index) 
is integrated in setting hygienic standards. Its reduction several times 
over (the safety factor) to allow for the degree of hazard presented 
by the substance, differences in species sensitivity to it and other perti-
nent factors is essential to predicting maximum permissible safe expo-
sure levers for man. 

On occasion, other criterion than the toxicologic criterion of harm - 
for example, organoleptic (an altered flavour or smell of food or 
water) -. - is assumed as the critical indicator. If so, the hygienic stan-
dardization program should take these properties into account. 

When a pesticide remains in use over a number of years, revision of 
the pertinent hygienic standard may be needed to incorporate clinico-
hygienic (epidemiologic) research data. Where it is possible to identify 
the groups of individuals in constant or predominant contact w:th a 
given pesticide, as in packing departments, the correlation of their 
health indices with a pesticide concentrations detected in ambient 
air may provide useful insights. 

Hygienic regulation of pesticides should be an integrated program 
covering simultaneously different environmental media. Fundamental 
to such an integrated hygienic regulation program is the establishment 
of a maximum permissible dose for man on the basis of the subhre-
shold dose, found in a chronic experiment by selection of suitable 
safety factors (Methodological Instructions for Hygienic Evaluation of 
New Pesticides, 1969). The next step estimates possible ratios between 
the pesticide quantities which enter the human body in food, water, 
and air and determines the MAC for the chemical so as to keep its 
total dose entering the body by all routes below the maximum permis-
sffile dose and preclude any adverse effects of its concentration 
specified for each particular environmental medium (for example, 
to avoid changes in the orgarioleptic properties and qualitative corn-
position of the food or water concerned). Maximum permissible 
daily doses of pesticides for man are defined by WHO from their daily 
intake into the human body or per kg body weight. The threshold 
principle was discussed earlier (see page 10) 

Although hygienic standards are set for each chemical agent on 
an individual basis, assessing the state of man's environment is a 
comprehensive venture in terms of covering the entire aggregate of 
factors to which man is exposed (See page 116). 

Preventive sanitary supervision of pesticides' integration into agri-
cultural practices is a most effective means of setting adequate hygienic 
standards for pesticides. Registration is granted exclusively to the 
pesticides included in the List of Chemical arid Biological Means for 
Control of Pests, Diseases, and Weeds Iecornmended for Use in 
Agriculture. Prepared by the State Commission on Chemical Means 
for Control of Plant Pests, Diseases and Weeds under the USSR 
Ministry of Agriculture, the List is updated on an annual basis in 
coordination and agreement with the Ministry of Health. Pesticides 
shall not be included in the List which are the most hazardous and 
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1 sted as such in the Extremely Toxic Chenilca is category or which 
have the capacity to cause severe disease states, untoward tong-term 
effects, and so on. The List specifies the use rates of the prcparatic.n, 
the agricultural crops to he treated, the replication of the treatments, 
and the dates of the last treatment before harvesting. It incorporates 
an inventory of the pesticides currently in the process of experimental 
commercial testing. Also, the approval of the USSR Ministry of 
Health is sought for the list of chemicals (pesticides) identified each 
xear for official tests. For a pesticide to be entered into the list, its 
complete data profile developed in the toxicologic experiment must be 
available together with all hygienic regulations and standards 
pertaining to its concentrations i ri all en vi ron mental media. 

The List of the pesticides approved for use in personal and coope-
rative orchards and vegetable fields is reviewed and endorsed by the 
Chief Sanitary Physician of the USSR. 

At the present time, standards are imposed on pesticide concentra-
tions in the air of the working zone, ambient air, foods, livestock 
forages, water bodies designated for hygienic and domestic uses, aid 
soil. 

MACs for Pesticides in the Air of the Working Zone (Airborne 
Pesticides in the Working Environment). As defined in the National 
Standard 12.1J005-76, the "working zone is the space no more than 
two meters above the level of the floor or of the site which is the place 
where the workers are permanently or temporarily employed. The 
maximum allowable concentration of a harmful substance in the air of 
the working zone is the concentration that, in the case of exposure in 
work conditions for eight hours daily (with the exception of non-work-
ing days) or during another period, but not more than 41 hours per 
week throughout the entire working life, will not cause any disease or 
deviations from the normal state of health detectable with currently 
availahle methods of investigation, either during the work itself or in 
the long term, in the present and subsequent generations". 

To establish MACs for the chemical agents present in the indoor air 
of production environments at the stage of preventive surveillance is 
necessary for design of production facilities, calculation of ventil a-
tion facilities, and as a means of control over the working conditicns 
at workplaces during scheduled sanitary inspections (Addendum 1). 
The MACs of pesticides, approved for the air of the working zone are 
used also for sanitary compliance inspection of the application of 
toxic chemicals in agriculture. Nevertheless the MACs of pesticides 
used in agriculture may differ from those for the indoor working 
environirTlent because of the short duration and multiplicity of exposure 
and the specific patterns in joint action of pesticides with physical 
environmental factors. 

MACs for pesticides in Ambient Air. 1-lygieriic standards for he 
levels of harmful substances in the ambient air are set in order to 
have objective criteria for the cutaway (protection) zones to he allo-
cated around production facilities; to validate the measures designed 
for neutralization and dilution of toxic substances; and to evaluate :he 
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produchon processes and units of plant and equipment that are sources 
)1 toxic discharges. In agriculture, the MACs for pesticides in ambient 
uir serve likewise to set up cutaway (protection) zones (Addendum 2). 

The development of hygienic standards for pesticide concentrations 
in ambient air has some distinctions. For one thing, such a standard 
must be thoroughly validated to take into account round-the-clock 
inhalation exposure to the substance being standardized. For this 
reason animal experiments too make use of the round-.thc-clock 
poisoning parameter. Secondly, while those occupationally exposed 
to toxic substances are healthy adult persons who undergo pre-
employment and then regular medical examinations, the substances 
in ambient air may affect the children, the aged, and the ailing. Flence 
follows the necessity to impose more stringent demands on their MAC 
values in order to take care of age-related reactivity and the responses 
of sick persons, and also of the persons sensitized to a given chemical 
agent. In setting standards for substances in ambient air, smell is 
an essential consideration. Whereas the presence of a mild odour can 
be tolerated in defining the MAC values for the air of the working zone, 
none is permissible in setting ambient-air MACs. The hygienist must 
realize that any stimulus becomes disagreeable and intolerable if 
omilipresent and obtrusive (Ryazanov, 1954). 

Hygienic standardization requires, along with animal experiments, 
that thresholds be determined for olfactory sensation and irritant 
action in man. The concentrations tested must be lower than the 
MAC values for the air of the working zone, and the reflex action is 
estimated by a change in the bioelectrical activity of the Fuman 
brain. 

With respect to ambient air, two MAC values for chemicals are 
recognized: maximal single and daily average. For the substances 
with potential for acute poisoning but without marked cumrlative 
properties the two values are often identical. For the cumulative 
sulutarices, on the other hand, their maximal single concentrations 
should be several times their daily averages. 

MA Cs for Pesticides in Water. Standards for harmful suhslances 
in water (termed in the USSR "the bodies of water" (are derived 
in regard of three critical indicators of harm - sanitary-toxicologic, 
organoleptic, and the effect on the general sanitary condition of a water 
body. Of these, the organolephc parameter proves a major constraint 
and a critical index in the majority of cases and therefore 35 per 
cent of the pesticides have standards in water established according 
to the organoleptic criterion. 

The MACs of pesticide concentrations in water bodies are aoplied 
not merely in validating permissible ceilings on the effluents from 
pesticide production facilities, designing systems of treatment faci-
lities and neutralization of effluents from production units, but also 
in order to provide adeqr ate cutaway zones of water bodies from 
pesticide-treated croplands, as well as to assess the proposed systems 
for pesticide treatment of farm crops and a host of other uses (Adden- 
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ci urn 3. "Ma xiillLim Allowable Concentrations of Harmful Substances 
in Eviron mental Media", 1977). 

MACs for Pesticides in Food. This hygienic standard has been 
termed in the USSR "the permissible residual amount ( PRA) of a pes-
ticide in foodstuffs". A WHO Conference decided to set similar stan-
dards in terms of maximum permissible levels" (MPL) of toxic 
chemicals. 

Pesticide standardization in foods proceeds in agreement with 
the Methodological Instructions for Hygienic Evaluation of New 
Pesticides (1969)- It requires a threshold dose to be determined from 
a chronic experiment in laboratory animals so as to arrive at the maxi-
rnal safe dose for man (Din) - The factors to consider in SO doing 
include the magnitude of cumulative properties, the resistance of the 
pesticide concerned to environmental factors, its ability to he excreted 
in milk and adversely affect the progeny, and data on comparative 
animal and hLiman sensitivity to the substance. For the agents whose 
Dm represent decimal fractions of one mg/kg and which show high 
persistence in the environment and marked cumulative properties, 
the recommended safety factor is 100. With Dm in the 1 to 5 mg/kg 
range, the safety factor is selected to he within 50 to 100. Finally, 
for the chemicals with moderate persistence and low cumulative poten-
tial and with the Dm value for animals above 5 mg/kg, the recom-
mended safety factor should fall within 30 to 50, For man, the Dm is 
calculated by the formula: 

- Dm (animal) mg/kg. 50 (body weight in kg) 
Safety factor 

After that, according to Spvnu's recommendation on integrated 
standardization for concomitant ffferts, the Din is divided by the thre' 
media. From our point of view, this standardization procedure fails 
to consider properly variations in the ratio of the pesticide amounts 
entering the body in diverse media under its different applications 
(Addendum 4). 

MACs for Pesticides in Livestock Forages. The primary source 
of pesticides in the foods of animal origin derives from livestock forages 
and feeds. As a resLilt, strict standards have to he imposed to control 
their concentrations in the livestock forages if toxic chemical re-
sidues in dair y  and meat are to be minimized (Addendum 5. The List 
of Chemical and Physical Means for Control of Pests, Plant Diseases 
and Weeds Registered for Use in Agriculture. 1979). 

MACs for Pesticides in Soil. The practical need to devise standards 
for harmful substances in soil was recognized by the 16th National 
Hygienists Convention in 1972: it has been pursued in the recent years 
with new vigor and emphasis by a number of authors (Spynu, 1972; 
Goncharuk et al., 1974; Perelygin, 1975; Sidorenko et al., 1978. 

The standardization procedure to take care of pesticides in soil is 
based on close consideration of their transition pathways in the 
biological chains: soil plants - man and soil - ambient air - man. 

Per,iiis,ihIe daily ininke br 111ar1 
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The idea is to prevent their build-up, in the media contacting soil in 
concentrations in excess of the maximum allowable ones, but do so in 
a wa• non-damaging to the self - purifying, barrier, and other functions 
of soil. The duration of a pesticide's persistence and metabolism in a 
soil appears to he strongly influenced by its microhioceonosis, pH, 
temperature, and moisture content. The method used to set MACs for 
pesticides in soil is experimental modeling (Goricharuk et al., 1974; 
Addendum 6). 

Specific Hygietuc Standardization Procedures for Pesticides of 
Biological Origin. Pesticides of biological origin are classified into 
antibiotics and microbial preparations. The former comprise essentially 
the same chemical constituents as do most other pesticides so that the 
same methodological approaches are applied to setting hygienic stan-
dards for them. In addition to determining the thresholds of systemic 
toxic effect one must be sure to identify the minimum doses and 
concentrations exerting sensitizing, allergic and antibacterial action 
(the applicable Soviet term is "intestinal dvsbacteriosis") since they 
may and often do turn out to be the critical indicator in the establish-
ment of the MACs. 

The strains pathogenic to man are prohibited for agricultural uses. 
For them, pathogenicity should be assessed in special experiments 
with intragastric administration to animals of the chemicals being 
investigated. Microorganisms may be potentially pathogenic, due to 
their ability to become pathogenic on exposure to enyironnierital 
factors. To evaluate the likely effects of these preparations on the 
human p0pUlation it is required a thorough-going investigation into 
health status among the persons occupationally exposed to them. 

Calculation and rapid methods for hygienic standardization of 
pesticide concentrations in environmental media. A series of equations 
have been proposed to calculate tuxicities and MACs for volatile and 
nonvolatile organic compounds. They provide guidance estimates as 
to lethal and threshold concentration levels of substances and help 
caLcuLate hygienic specifications for their phvsico-chemical properties 
such as molecular niass, density, refractive index, melting arid boiling 
points, etc. TSELs can be calculated for various toxicity indices 
(CL 5 , DL 5 , threshold concentrations) derived in a short-term experi-
merit. The toxicity and TSEL estimation for inorganic compounds 
presents a more difficult problem as sufficiently close correlations 
between their structure and toxic action have not been found as yet. 
In a similar manner, attempts are being made to trace a correlation 
between toxicity and the electron structure of the atoms in the crystal 
lattice of a substance, as well as its nriolecular mass, boiling point 
and some physico-chernical parameters (Filov, Liublina, 1976). 

The rapid and calculation methods of hygienic standardization can 
be divided into; 

Methods used to validate calculated standards on the basis of 
physico-chemical characteristics of suhstances. 

Methods used to validate TSELs of substances from the iiipLitS 
of a short-term toxicologic experiment. 
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3. Methods used for rapid setting of calculated standards for 
substances in a particular environniental rTiediuril when the standards 
for their concentrations in another niedium are already available. 

Most 01 the methods proposed to (late are rested on the common 
general principle of identifying correlations between the established 
hygienic standard values and various physico-chemical and biological 
parameters. Not infrequently, biological parameters are predicted from 
physico-che.mical parameters and complex indices from more simple 
ones found in experiment. The predictive exercise achieves more 
success when undertaken within homologous series. Sonic regression 
equations are based on correlations between the standards set for 
different en vi ron mental ni edia. 

Validation of Calculated Standards on the Basis of Physico-
Chemical Characteristics of Substances. The information a hygienic 
toxicologist gets first from a chemist about a new substance con-
cerns its structure, arid physical arid chemical properties. Already at 
that stage and even prior to the start of a biological experiment, 
there is some possibility to predict in a strictly tentative manner 
toxic properties an cl MAC vu I ties. I iubl ma and Gol ubev (1973) 
employed correlations to derive a series of regression eqi.iations relat-
ing MACs in the air of the working zone to molecular mass, boiling 
arid melting points, density, and refractive index. Reliance on the re-
gli I ar patterns derived for homologous series or t lie compounds simi-
lar in chemical structure enhances the accuracy of such calculations. 
The use of Ilanimet's correlation equations for the substituerits in 
the benzene ring: Taft's equations for the derivatives of al iphatic 
compounds; Zahradnik's equations to tie the biological activity of 
the i-th homologue to that of the ethyl derivative; and H ansch's 
equations incorporating the effect of steric factors on biological acti-
vity, iiay benefit the preci ictioni of a substance's toxicity and biological 
activity from data concerning their structure within related compounds. 
Zaeva (1964, 1970) proposed a MAC calculation method based err 
assumed additivity of the contributions by chemical radici Is, atoms 
and bonds to the magnitude of biological activity: 

MAC = ' 	(mg/rn), where 

M is [110leCUlar weight, arid 
1 is the sum of biological activities. 

An attempt has been made to apply a quantum-chemical approach 
to predicting toxicity and setting hygienic standards of organophos-
phorus pesticides (Kagan et al., 1976). It involved computer-aided 
estim ation of quantum-chemical constants for the value of positive 
charge on the phosphorLis atoni (\' ) and the rupture energy of the 
ester bond. Jsing the Del Rae method to obtain data on the elect ron 
structure of the molecule, a multiple correlation was identified between 
quantum- and phvsico-chemicu I constants, on the one hand, arid the 
toxic properties of pesticides and their hygienic specifications, on 
another. The regression equations were checked for their efficacy 



I brough the estim atioll of CL 50  an ci MAC in the air of the workiti g 
zone for a number of new organophosphorus compounds. 

However, the calculated hygienic standards based on physico-che-
mical characteristics alone are primarily in the nature of tentative 
guides and therefore cannot as yet be approved as official standards. 
They can nevertheless be efficiently applied for the design and deve-
lopment of new compounds in the laboratory, as well as in the toxi-
cological experiment. 

TSEL Validation from Data of Slzort-Term Toxicological Eperi-
merit. Filov and Liublina (1976) argue that the estimates of substances' 
toxicities and MACs hased on the characteristics of their biological 
activity (experimental data) are more accurate than those derived 
from their physico-chemical properties. 

Golubev offered several forroiulas to calculate CL 50  values from 
DLs, threshold concentrations from DL,5(i and CL, and TSEL in the 
air of the working zone from DL 50, CLs, and threshold concentra-
tioris. The formulas are listed in the book (1976) titled "Fundamentals 
of General Industrial Toxicology" (Osnovi obshchei promvshlennoi 
toksikologii). 

Kagan, Sasinovich and Ovseenko (1971, 1972) developed on 
computer paired and multiple regression equations to permit TSEL 
calculation for the air of the working zone using for the purpose pesti-
cide toxicity arid cumulation indices. The formulas were then put to 
advantage to estimate the TSFLs in the air of the working zone for 
all of the pesticides currently used in the USSR (Kagan, Sasinovich, 
1973). Likewise, paired and multiple correlations between the per-
missible residual doses (PRD) of pesticides in food and their toxicity 
indices were established and regression equations constructed on 
that basis. The latter can serve to arrive at tentative PRf) estimates 
for new pesticides in foods (Kagan et al., 1972). Using the formulas, 
Antonovich (1976) defined PRDs for 26 new toxic chemicals. 

In the drive towards specialization and on i ficatiori of rriethodolo-
gical approaches to design of a toxicologic experiment, new informa-
tion has been accumulated over the recent years, sufficient to exarrune 
the correlations of the MACs with the toxicity parameters of si.ibstances 
and their physical properties not only for the pesticide category in 
its entirety, but also for the latter's more common chemical classes 
organophosphates, organochlorines, and derivatives of carbamic and 
thio- and dithiocarhamic acids. 

They provided new inputs for updating the formulas and nomo-
grams (Figs. 17 21) used to identify the pesticide TSELs in the 
air of the working zone (Kagan, Sasinovich, Ovseenko, 1976). The 
highest accuracy of the calculated standards is achieved by deterrruni-
ing the MAC multifactorial dependence on the degree of toxicity by 
the oral and derrnal routes, along with the integration of their cu-
m LII ative properties. 

The nomograms thus obtained save the need to resort to elaborate 
calculations in the tentative estimation of TSEL values for the pestici - 
des present in the air of the working zone. 
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An example from the regression equations for the organophos-
phates is given below: 

In v=0.517 In 	3.928 	 (1) 
In v= 0.299 In x  +0.255 In x-4.458 	(2) 
in v=0.483 In xi+0.086  In  x3-- 4.347 	(3) 

	

in v=0.284 In x1+0.237  In  x2+0.08  In x3-4.81 1 	(4) 

where v 	TSEL, x 1 	LDSLI per os, xa 	LD via skin, and x 3 	the 
cumulation coefficient. The same principle was applied in deriving the 
similar equations for the organochlorines, derivatives of carbamic 
l2 
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and thio- and dithiocarbarruc acids, and several other pesticide catego-
ries. Also, nomograms have been constructed for all variants. Diffe-
rentiated TSEL calculation with respect to individual pesticide classes 
has increased their consistency with the relevant hygienic standards 
developed under the complete validation procedure. 

For some pesticides, the critical indicator of their effects on the 
organism considers primarily their irritant properties and not systemic 
toxic effect. Where this is the case, one can apply the irritant action 
threshold to estimate the TSEL values (Maxirnov, 1969; Golubev et al., 
1973). 
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IKrotov (1971) examined closely the correlation between olfactory 
sensation thresholds, photosensitivity of the eye, bioeleclrical activity 
of the brain cortex and maximal single (one-time) ambient-air MACs 
and deduced several regression equations. 

Andreeshcheva (1971, 1976) has found the correlation between 
the accepted maximal single ambient-air MACs and olfactory sensa-
tion thresholds for 101 chemicals. The maximal single MACs fell below 
the olfactory sensation threshold by a factor of 3.8 on the average, 
and by a factor of 5 when the triple error of the coefficient was con-
sidered. On that basis, the author proposed a rapid method to set maxi-
mal single MACs for airborne substances, using their olfactory thre-
shold with the safety factor of 5. Because for most pesticides the thre-
shold concentration according to systemic toxic action is above their 
olfactory threshold and because two thirds of the 700 substances 
now standardized for the air of the working zone provenly possess 
that threshold, the author thinks it quite reasonable to employ a method 
for rapid standardization of the slightly toxic substances (hazard 
classes 3 and 4) centered on the criterion of smell. 

Zaugolnikov et al. (1975) derived several equations to determine 
by calculation hygienic standards for pesticides in ambient air and 
water (with the sanitary toxicological index as the critical indicatcr) 
according to their acute toxicity indices and some physico-chemical 
properties. The authors additionally plotted nomograms to establish 
MACs for the air of the working zone, ambient air and water bodes 
from the CL50 and DL50 of respective pesticides. 

Setting Rapid and Calculated Standards for Substances in a Par-
ticular Enviroatnental Medium from Available Standards for Their 
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Concenlrations in Another Medium. The relation hetween the MAC 
of a chemical in the air of industrial areas and its ambient-air MAC 
was determined by Tolokontsev (1967), yet the correlation coefficient 
has not been significant (+0.49).  Spynu and Ivanova (1969) obtained 
a significant correlation coefficient (p=O.00l) between the pesticide 
MAC in the air of the working zone and their maximal single (+0.63) 
and mean daily (+0.69)  ambient-air concentrations. They came u 
with a set of regression equations relating the pesticide ambient-
air MACs with their MAC in the air of the working zone, and the daily 
average with maximal single ambient-air MACs: 
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MAC mg/mi 

,AC vat u&'s peros, m1/A 
E- 1L1 21. Nonigriiii lo (IClille TSLLS Inv p(5t1cideS 

iKagari. Sisiiauvich. 
1): 	j; 	skrir. 	CIIIllrILIiorL 

of (litlertlil classes, i.ising thr.e 
Ovseeiilic I 

,iixi iru 	Liri 

Ig v j  = ( -2.16±0.28)+(0.8 8± 0 . 16 ) Ig x (r=+ 0 . 69 ). 
Ig Vi,. = 	1.777±0.3) + (0.55±0.09) Ig x (r=+O. 63 ) ,  
Ig v, 	(- 0.15±0.03) + (L0±0.2) Ig y 	(t +0.94), 

where y 	is the mean (lady MAC in ambient air. 
Y:l is the maximal single MAC in ambient air, and 
x 	is the MAC in the air of the working zone. 

The somewhat lower correlation of the maximal single MACs of 
chemicals in ambient air than of the daily avera ges with their MACs 
in the air of the working zone can be accountedJor by the way they 
have been obtained: whereas the former were estahlished primarily on 
the basis of reflex action indices, the mean daily MACs as also the 
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MACs in the air of the working zone are most typically rested on 
the threshold concentration value for the skin resorptive effect. In the 
analysis of the causes for this disparity, one must hear in mind that 
some ambient air MACs have been defined by the organoleptic cii-
te r ion - 

A series of regression equations to estimate ambient-air MACs of 
substances from their respective MACs in the air of the working zone 
was proposed by ZaLlgolnikov et al (1975): 

ig MAC .(1.  (mg/m) = 2.0+0.86 Ig MAC \V/  (mg/m) 
(r= +0.65), 

Ig MAC IT,, (mg/m a ) = —1.78±lg MAcV . ( mg/rn 1 ) 

(r= +0.65), 
Ig MAC I ,, 	(mg/rn 3 ) = 0.47+0.86 Ig MAC I.. (mg/rn 3 ) 

(r= +0.88). 
jolubev and Subbotin (1968), having performed a correlation ana-

lysis on the data secured from a survey of 37 substances, suggested 
the following equation for the estimation of MACs in bodies of water: 

lg MAC (mg/I) = 0.61 lg MAC,-0. 1 (mg/rn). 

The equation is applicable to setting tentative standards for water 
concentrations of those substances whose critical indicator is the 
toxicological principle of harmfulness. 
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ADDENDA 
A d d e n d ii m I 

MACs of Pesticides in the Air of the Working Zone 
(USSR National Standard 12.1.005-76) 

Trade n litre Chemical 	ricirrie (:ojicentr 
mg/rn 

Slate cii 
ciggreg 

Class of 
hazard 

Abate C  0000-tctramethyl-O0-thiit- 

d i-p - phert vi lti ci h 10- phos- 

phate 05 v-(-a 2 
Ac 	late Acetoxvisop ropyiphinvica 

bamate 2.0 v--a 3 
Atugati * 00-diethslihiophosphorv1-5 

meth\i -6-carhoethoxvpv- 

razoiylpvridvl 0.05 v+a 
Aidrin HexachJorohexahvdro-dinic- 

tharlonaph tha lerie 0.01 v + a 
Amidnphos * 0- )4-trrtbuiyi-2-chiorophc- 

lvi 	-0-methyl-N-methyl- 

arnidophosphate 0.5 v+a 2 
Amiphos 0,0-dimethyl-S-2 	(acetvl- 

amino) -ethvidithiophtis- 

phate 0.5 v+a 2 
Anilafe MoiiOthtjiioIaiiljn 	ci Ii 	of 

SLII)alliiC 	acid 1.0 a 3 

Aiifliio 0.0-d irnttliyi-3- ( N-methyl- 

N- f or rilyica r ha in oviniet- 

hvl ) -dithiophosphate 105 v+a 2 
Arsen lIe 	che by As 
mica IS 10 a 2 
Atmazine 2-ch ioro-4-ethylamino-6-iso- 

propyl am ino-svm-t riazirte 20 a 3 
Basudine e 0,0-diethvi-0- 	2-isopropvi- 

4-methyl -6- pvrimid yl) 

thiophospllate 0.2 v-f- a 2 

Baiex 0.0- dimelhvl 	0- 14-meth vi- 

mercapto-3-methyiphcrlyl I 

Ihiophosphate 0.3 v-(-a 2 
Beta n a I 3-methoxycarhitriel -amino- 

ph e a vi - N- (3- met hy ph c- 

tivi) 	carharnatc 0.5 a 2 
Boverine Futigai drug 0.3 a 2 
Bromophos * 0,0-dimethyi -0- (2,5-iNch lit- 

ro-4-brom phetivi ) 	thio- 

phosphate 0.5 V+a 2 
Bulvica piax 2-bulvil hiobenztiiiozenr 2.0 v 3 
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Addendum 1 (carttd 

Trade name 
- 

Chetilical name 
Cnncentr 

mg/ m r 
State at 
aggreg. 

Cas 	IJI 
hazard 

Carbathione Sodium 	Nmethyldithiocar- 0.1 	(by 
bamate methyl- 

isothio- 
cyanate.) a 

Carbin 4-chlorobutin-2-yl-N- (3- 
chiorophenyl) 	carhamate 0.5 a 2 

Carbon 	disol- 
fid e * 1 v 2 

Carbophos 0,0-dimethyl-S- (1,2-hiscar- 
bethoxyethyl) 	dithiophos- 

phate 0.5 v+a 2 

Carpene 	(mel- N-dodecvlguanidineacetate 

prex) 0.1 a 2 

Carbon 	tetra- 
chloride 20.0 v 2 

Cliloramp 3,5,6-trichloro-4-aminopi- 

colinic 	acid 101) a 3 

Chlorindan * Octachloroenduritethyfente- 

trahydroindan 0.01 v+a 1 

Ch br IPC Isop ropvl-N- (3-ch lorophe- 

nyl) 	carbamate 2.0 a 3 

Chborophos * 0,0-dimethyl- (1 -oxv-2.2,2-tri- 

chioroethyl 	phosphonate) 0.5 v+a 2 

Cidial * Ethyl 	ether 	of 	0,0-dirncthyl 
d ithiophosphorvl-l-phe- 

nylacetic acid 0.15 v+a 2 

Copper 	vitriol Copper sulfide 03 a 2 

Cotorari 3-trill uoromethylphenyl - N, 

N-dimethylurea 5 a 3 

Cuprosan Zinc ethylene-N,N-bis-dithio- 
carbamate and copper 
chloroxide {}.5 a 2 

Cuprocine Mixture: zinc and copper et- 
hylerie-his- dithiocarha ma- 

tes 0.5 a 2 

Cy an amid e 
(free) (15 v -f- a 2 

Cyanox * 0,0-dimethyl-0-4-cvano- 
phenvl-thiophosphate 03 v+a 2 

2.4-D 2,4-dichlorophenoxyacel ic 

acid 1.0 a 2 

2,4-D amide Amide 	2,4-dichlorophenoxv- 

acetate 1.0 a 2 

2,4-D, butyl Butyl 	ether of 	2,4-dichl0r0- 

ether phenoxvacetic acid Chloro 0.5 v + a 2 
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A ilc'tiurri / ( contd ) 

- 
rack 	rarric 

- 
hc'riucal 	Tiallic 

(ancentr 
aig/n1 •  

Stale at 
oggrag. 

Class oF 
hazard 

2,1-b. 	cmlvi Cmlvi ether of 2,4-dichioro- 

ether phenoxcacetic acid 1.0 v -f-a 2 
2,4-b, 	sod i urn Sodium 	2,4-dichiorop heno- 

salt xyacelale 1.0 a 2 

2.4-ft octyl bettyl 	ether 	of 	2,4-dich mitt- 

ether phenoxyacetic acid If) v+ 2 

Dalapott Sodium 	(I,IL-l!ichloropropio- 

nate 5.0 V+il 3 

DDE) ,-\-)lxtLlrc: 	1 ,2-dichlorllisobu- 03 	(by 

lane, 	I ,3-dieii iorcnsobLitv- dichioro- 

cue, 	3,3-dichioi'oisobutv- isohtilv - 

erie lend) 2 
DI)VP * 0,0-dirnethvl-0.22-dichll.lro- 

vinviphosphalt' 0.2 v 2 
D b] 4,4- d i c h I llIod i phen cit r t ebb- 

roet}ianc 0.1 v-I-a 1 

Diii 11 ate 2-inelhoxv-3,6- dcii loroben - 
zoic 	acid ft I a 2 

Dihroiii 0,0- d iriiethvl-0 (1 4-b ibro- 

mo-2,2-djch Iort)elhyl I - 
pltosptizilc 05 v 2 

Dicotex 2-methyl -4-ch iorophennxv. 

acetic 	ticid 1.0 a 2 

Dicresci Die reavi ether of melhylcar- 

hamic acid 0.5 v-f-a 2 
Dicid rio 1,2,3,4,10, 10-hexachlor-6,7- 

epoxy- I ,4,5,8-dieridnme- 

thvlene- 1 4 ,4a.5 .6 .7 .8 ha- 

iic tally dron a phI ha I en e 0.01 V + a 

1)i [lit room t Ii OC - 2,4-cl itt it 10- 6-Ill el h vi piie 1101 

reso! 005 v + a 1 

I)initrorodan- 2,4-li Oil rophenvi thiocy an ate 

bert zetie 2 a 3 

Didi loron aph - 2,3 -d cd ioro- 1,4-n aphthoqui - 
1 hoquinrine nOflL' 

(Phrgori) 0.5 a 2 

Dich ioroprl.pv- eu 	-- dcii lorop 'opyoll ic 

onic arid cd 1.0 a 2 

DichioroeFiarie 1.2 	dichloroc'lhane 10.0 v 3 

t-itiiobactemitie Bacteria I drug 3.0 a 3 

kpItii S-eihi1-iN, 	N-dipriipvilhio- 

carbairiate 9 v-f--a 3 

liMP Lthyhtnercury phosphate 0.005 V 

a  [lhvlrnercui'v 	chloride 0.005 v I 



Addodurri I (conii, 

1ide r1n€ Cherni1 name CorliOr. Sr,t, oi CIssof 

[upareri N ,N -d irnethyl -N -phenyl -N - 
fluat- od ichioromethy Ohio- 
sulfaniide 1.0 v+a 3 

Ester 	sulturiate p-chlurophenvl-p-chlorobcn- 
zenesiilfonate 2 v-J- a 3 

Gamma HCCH * Gamma-isomer of hcxachlo- 
rocyclohexane 0.05 v-j- a 

Ciardona Trans- isonier-2-chloro- 1 	(2, 
4,5-trichlurophenyl ) 	vi- 
nvldimethvlphosphate 1.0 a 2 

Glitter 70% 	1,3-difltioropropariol- 
2+30% 1-iluoru-3-chloro- 
propancil 0.05 V 1 

Granosan 	(by Active 	ingredient 	etfiylrner- 
Hg) cury chloride 0005 v+a 

Hexachioran * 1,2,3,4,5,6-hcxachlorocvclo- 
hexane 0.1 v-j-a 2 

1-lexachloroben- Hexachlorubcnzene- (1,2,3, 
zene * 4,5,61 0.9 v+a 2 

1-lexach lorobu - Hexachlorohuladicrie- 1,3 
tadiene 0.01 v+a 

Kept achlor * 1,4,5,6,7,8,8-heptach1oro-4, 
7-endomethylene-3a,7,7a- 
tetrahydroinden 001 v 

1 -lerban N- (tetrahydro(iicyclopen- 
tadienvi) -N',N'-diniet hyl - 
urea 5.0 a 3 

Ilvdrocyanic Hydrogen cyanide 
acid 0.3 v 2 

1 -lvdrochloric Hydrogen chloride 
acid I v 2 

lodcoenphos * 0,0-dimethyl-0- (2,5-dichior- 
4- iodaphen y I) 	th iuphos- 
phate 0.5 v+a 2 

I PC lsupropyl-N-phenvl-carba- 
mate 2.0 v+a 3 

Karathane 2.4-dini(ro-6- (2-uctyl (-0,2- 
phenvi-crotonate 0.2 a 2 

Kilval 	' 0,0-dirrielhvl-S-2- (1-methyl- 
carbomoylt'thylthio) ethl- 

thiophosphate 0.1 	* v+a 2 

Linu ron N- (3,4-dich lerophenyl) - I - 
N-methyl-N-methoxv-urea I a 2 

Melprex Dodecylgranidinacetate 0.1 a 2 



Addendum I (contd.) 

Trndc name I 	Chemical 	iiarne Concentr. 
mg/nt 

State of 
aggreg. 

Class ol 
hazard 

Mercuran Mixture 	of 	ethylmercury- 
(by Hg) chloride and gamma-iso- 

mer of hexachlorcyclohe- 
xane 0.005 v+a 

Melaphus * 0,0-dimethyl-0- (4-nitrophe- 
ny!) 	thiophosphate 0.1 v+a 

Methylaceto- 0,0-dimethyl-S- (carbaetho- 
phos * xymethyl) 	thiophosphate I v+a 2 

Methyl bromide Methyl bromide 1,0 v 2 
Methylmercap- Mixture: 	0,0-dimethyl-0- (2- 

tophos * ethylthioethyl) -thiophospha- 
te 	and 	0,0-dimethyl-S-{2- 
ethylthinethyl) -thiopho- 
sphate 0.1 v+a 

Methylethyl - 0- methyl-0-ethylnitrophenyl- 
thiophos * thiophosphate 0.03 v+a 
Mnnuron N- (4-chlorophenyl)-N',N'-di- 

methylurea 2 a 3 
M-81 0,0-dimethyl-S-ethylmer- 

captoethyldithiophosphate 0.1 v + a 
Octamethyl * Octamethyltetramide 	py- 

rophosphate 0,02 v+a 
Pentachloronit- Pentachlornnitrobenzene 0.5 v + a 2 
robenzene 

Penfachlcirnph- Penfachlorophenol 0.1 v-i- a 
cool * 

Phenazon l-phenyl-4-amino-5-chlorn- 
pyridazon 0.5 a 2 

Phosalon * 0.0-diethyl-S- (6-chlorohen- 
zoxazoniline-3-rnethyl) 
dithiophosphate 0.5 v 2 

Phosphamide * 0.0-dirnethyl-S- (N-methyl- 
carbamidomcthvl) 	dithi- 
ophosphate 	. 0.5 v+a 2 

Phthalophos 0,0-dimethyl-S- (phthalimi- 
domethyl) 	dithiophosphate 0.3 v+a 2 

Phy(obacterio- Streptotricin 	antibiotic 0.002 a 
mycin 

Polycarbacin Zinc polyethylenthiuram dis- 
ulfide 0.1 v+a 2 

Polymarcin Mixture: 	zinc 	ethylene-bis- 
dithiocarbamate, 	ethylen- 
(hiuram disultide and man- 
ganese 	ethylene-bis-dit- 
hiocarbaniate 0.5 a 2 
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Addendum I (contd.) 

Tidde rame 

J mg/rn 
Chemicoj r1mt' Conen1r SIte of 

aggrtg. 
CIas. 	of 
hazard 

Polychlorocam- Mixture of chlorinated cam- 
phene * phenes 0.2 2 

Polychioropi- Complex 	mixture 	of 	chlo- 
nene rinated hicyclic compounds 0.2 v+a 2 

Prumetrin 2-methylthio-4,6-his- 	isopro- 
pyl amino) -sym-t riazine 5 a 3 

Propanide 3,4-dichloropropionanilide 0.1 a 1 
Propasin 2-chloro-2,6-bis-isopropyl- 

amino-sym-triazine 5 a 3 
Ramrod 2-chloro-N-isopropylaceta- 

nilide 0.5 a 2 
Ronit S-ethylcyclohexylthiocarba- 

mate 1 v+a 2 
Sayphos 00-dimethyl-S-(4,6-diami- 

no-I ,3,5-triazin-2-yl-met- 
hyt) 	dithiopliosphate I v-i-a 2 

Sevin 1 -naphthyl-N-methylcarba- 
mate I a 2 

Sima z ne 2-ch loro-4,6- his-ethyl a mino- 
symtriazine 2 a 3 

Solan N-(3-chloro-4-rnethylphe- 
nyl)-2-methyl pentanami- 
de 1.0 a 2 

Sodium trichlo- Sodium trichoroacetate 5.0 * a 3 
roaeetatc 

Tillam S-propyl-N-ethyt-n-hutyl- 
thiocarbamate I v-i-a 2 

Thiodan * 1,23,4,7.7-hexachlorobicyc- 
lo- (2,2,1) -heptene-5,6-bis- 
oxymethylensultite 0,1 v-+-a 

Thiopho 	* O,U-d iethyl-O- (4-nitrophe- 

nyl) 	thiophosphafe 0.05 a 
TMTD Tetramethyl 	thiuram-disul- 

tide 0.5 a 2 
Trichloro-me- 0-methyl-0-ethyl-0-trichlo- 

taphos-3 * rophenylthiophosphate 0.3 v+a 2 

Trolen * 0,0-dimethyl-0- (2,4,5-tn- 
chloropheriyl) 	thiophos- 
phate 0.3 v+a 2 

Valexon * 0,0-diethyl-thiophosphoryl- 
u-oxvmino-phenylnitryl 

acetate 0.1 v + a 1 
Vitavax 2,3-dihydro-6- methyl -5-phe- 

nyl-carbamoyl- I ,4-oxathiin 1.0 a 2 
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Trdcnj na 	 iTn,lIaame 

Yal an 	 S.elh1 - N- hexairethylen 1. 

hi near ha mate 

Zineb 	 Zinc ethylene- N, N-his 

d it h inca r b a rn ate 

1- lazardous by entry through skin. 

.1diIiuui I 	on 1.1.) 

tiet 

0.5 	 V-fa 	 2 

0.5 	 a 	 2 

A 11 d e ii d u ii 2 

MACs of Pesticides in Ambient Air, mg/rn 

L-7 I  L'11111111 	9  
Anthio 0.02 

Arsenites By arsenic 

Atiazine 0.02 
Basudine 0.01 

Carbathione 0005 

Carhin 0.01 * 

Carbophos 0.015 

Chior IPC 0.02 

Chlorophos 0114 

Cidial 0.006 * 

Copper vitriol 0.009 

Cyanamide free 0.01 * 

Cuprosali 0.01 * 

2,4-D amide 0.02 * 

2A-D Ejutyl ether 001 * 

DDB 0.009 * 

DDVP 0.007 

I3DT 0.005 

J)jnitroorlhocrcsol 0.003 * 

Dichloronaphthoquinnne 0.05 

Dichloroethane 3.0 

[ptam 0.02 * 

[thy Iniercu i- y 	chloride 	by FIg) 	0.0009 

Ctlier sultunate 

I 1 

0.02 * 

.Yc*ii ]ii1v 
cflncelIj I 

0.006 
0.003 
0.02 
0.1)1 

0.001 * 

0,006 
(1.02 * 
0.02 
0.002 

1004 * 

0.006 * 
0.006 
0.01 
0.006 * 
0.004 

0.002 
0.061 

0.0008 * 
0.05 
1.1) 
0.02 

0.0001 + 
0.02 



,4cdendum 2 (mmd.) 

Maximal single 	 Mean daily 
F 	 IT r 

Ga rdona 0.007 - 

(.iranosnn 	(b\ 	Hg) 0.0009 0.0001 * 

Hexach loran 0.03 0.03 
Ilexaclilorohutadiene OOOl * 0.0002 * 

lleplachior 0001 0.0002 
IPC 002 * 0.02 * 

Kilval 0005 0.00) * 

Mercu ran 	(by Hg) 0.0009 * 0.0001 
Metap hos 0.008 0.001 
Methyl bromide 0.02 0.01 
Methyl nierca ptophos 0.005 0.001 C  
Monuron 0.02 * 002 * 

M-81 0.001 0001 
Nit raphen 0.02* 001 * 

Oct a mel h 0002* 0.04)1)4 * 

Pentachloromi itrobemizerie 001 0.006 
Peritach br 	phenol 0.005 * 0001 
Phosaloo 001 001 
Phosphamide 0.003 0.003 
Phthaluphos 0009 * 0.004 
Polycarbucin 0.002 0.0005 * 

Polvchloropinene 0.005 0.005 
Prornetrin 0.04 * 004 C  
Propasiri 0.04 0.04 
lroanide 0.005 0.001 
Sevin 002 * 0.02 * 

Sirnaz inc 11.02* 0.02 
Tillam 0.02* 001 
Thiodan 0005* 0001* 
TMTD 0.01* 0.006 
Tr cli loromet a p bus- 3 0.1)09* 0.004 

an 0.01 * 0.0061 
Zirieb OUt * 000Ei 

* Calculated values (Maximum Allowable Concentrations of Harmful Substan-
ces in Fnxironjnerita I Media, 1977). 
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A d d e n d u m 3 

MACs of Pesticides in Bodies of Water for Domestic, Public, and 
Recreational Uses ("Sanitary-Domestic") 

Pesticide 

Acre x 
Aidrin 
Anthio 
Arsen ites 
Atrazine 
Basudin 

Baytex (sul!idophos) 
BMC 
Captan 
Car ha thione 
Car bin 
Carbon disulfide 

Car hop hos 
Car pene 
Ch lorophos 
Copper vitriol 
2,4-D, amide 
2,4-D, buttil ether 
24-DM 
2M-4CD 
2,4-D, octyl ether 
Dxix pon 
DD 
DDB 
DDVP 
DDT 
Dicotex 
Di lo r 
Dinitroorthocresol 

Dinitrorhodan benzene 
Diuron 

Diphenamide 
Dichloronaphthoquinone 
Dichioroethane 
EF-2 
Eptam 
Gardona 
01 i Ito r 
Granosan (by Hg) 

I-Ic xach loran 
l-Iexachlorobenzene 
Hexach lorobutadiene 

42 

Limiting criteria 

0.2 Sanitary-toxicologic 
0.002 Organoleptic 
0.004 General sanitary 
0.05 Sanitary-toxicologic 
0.5 General sanitary 
0.3 Sanitary-toxicologic 
0.001 Organoleptic 
0.1 
20 
002 
003 

0.05 
0.005 
0.05 
0.1 
0.2 Sanitary-toxicologic 

05 
0.01 
20 
0.2 Organoleptic 
2.0 
0.4 Sanitary-toxicologic 
04 
1.0 Organoleptic 
0.1 Sanitary-toxicologic 
0.25 Organoleptic 
01 
0.05 Toxicologic 

0.5 General sanitary 

1.0 Organoleptic 

1.2 Sanitary-toxicologic 

025 11 

2.0 Organoleptic 

0.01 General sanitary 
0.1 Organoleptic 
0.3 General sanitary 
0.006 Sanitary-toxicologic 
0001 11 

0,02 Organoleptic 
0.05 Sanitary-toxicologic 
0.01 Organoleptic 



Addendum 3 (contd.) 

MAC, mg/I Limiting criteria 

Hexilur 0.2 Sanitary- toxicologic 
lieptachlor 005 
Herhan 2.0 
Isophos 0.4 
IPC 0.2 Organoleptic 
Kotoran 0.3 
Melprex 0.005 
Mercaptophos 0.01 
Metazin 0.3 
Metaphos 0.02 
Methylacetophos 0.03 
Methylmercaptophos 0.01 
Methylnitrophos 0.25 
Monuron 5.0 
Morocde 0.03 Sanitary-toxicologic 
M-81 0.001 Organoleptic 
OP-7 (OP-to) 0.1 Sanitary-toxicologic 
Pentach lorophenol 03 Organoleptic 
Phosalon 0.001 
PDN 0.003 Sanitary-toxicologic 
Phenazon 2.0 Organoleptic 
Phenuron 0.2 General sanitary 
Phthalan 0.04 Organoleptic 
Polycarhacin 2.0 
Polychlorocamphene 0.004 
Polych loropinene 0,2 Sanitary- toxicologic 
Prometrin 3.0 

Propasin 1.0 Organoleptic 
Propanide 0.1 Genera I toxicologic 
Ramrod 0.01 General sanitary 
Sayphos 0.1 Sanitary-toxicologic 
Sevin 0.1 Organoleptic 
Simazine Not permitted 

Sodium trichloroacetate 5.0 General sanitary 
Solan 0.1 Organoleptic 
Tillam 0.01 
Thiophos 0.003 
TMTD (thiuram) 1.0 Sanitary- toxicologic 
Trich Iorometaphos-3 0,4 Organoleptic 
Yalan 0.07 
Zineb 0,03 
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A d d e ii d ii :1 4 
Maximum Permissible Pesticides Residues in Foods (Approved 

by Deputy Chief Sanitary Physician of the USSR) 

(after Burkatskaya et al; Sanitary Inspection of Pesticide and 
Mineral Fertilizer Applications, 1979). 

Pstiide 

Abate 

Age Ion 
Aciex 
Aldr n 
Amibert 
Aniip hos 

An thu 

Are z jut' 
Arsisnites 

Air a z in (' 

Bnvtex 
{ levhacide, 
stullidoptios) 
Ba va a ii 
Basti d in 

Ben I at 

Bet anal 
B ruin Op hos 

Br urn tan 
Bordeaux liquid 

C apt ii Il 
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Sugar beet, vegetables, cit IU-

ses, cotton oil 

Corn 
Cucumbers, apples. citruses 
All toods 
Cabbage, tomatoes 
Sugar beet and other foods ol 

plant nrigirl 
Apples, 	pears. 	p louts, 	citr Fi- 

xes, grapes, cabbage and 
other vegetables 

Potatoes 
Meat and plant prod nets 

Cereals, trial, vegetables 
Meat and eggs 
Milk 
Grain 
Meat and meat products 
Milk and dairy products 
Cereals 
Cabbage, onion, potatoes 
Tomatoes, heel, cucumbers 
(4 r ala 
Meat fat 
Carrots, milk, dairy products 
Sugar beet, wheat 
Fruit, 	cucunihers, 	torTlatocs, 

cabbage 
Beet 
Cabbage, stone fruit, apples, 

hop 
Berries 

Vegetables, melons 
Fruit and vegetables 
Meat and eggs 
Stone and seed tutu. gi'apos, 

veget. 

:Sln'PQ, mg/kg 

0.3 * 

0.2 
0.05 * 

Not permitted 
0.25 
0.1 
(1.3 

0.2 

Not permitted 	evalti ated by 
natural contents: up to On 
mg/kg for Ir Flit. veget., meat 
and ml 1k and up to 1 0 mug/kg 

for cereals) 
0.1 

0.02 
Not permitted * 

0.15 
(1.2 

Not permitted 
0.2 

0,1 
0.5 
1.0 
0.7 

Not permitted * 
1 .0 

0.5 
0.2 

0.5 
(1,1 
Sf) 

5.0 * 
2.0 * 

0.35 



Addendum 4 (contd.) 

Psecid' Focal MPRQ, mg/kg 

Caragard Stones and grapes 0.1 
Carhin Vegetables and fruit 01 * 

Cereals 1.0 
Carbon disulfide Grain 10.0 

Flour and groats 1.0 
Bread 	and 	other 	cereal 	pro- 

ducts 0.006 
Carbon 	tetrachlo- Flour and groats 

ride 10.0 
Cereals 50.0 
Bread 	and 	other 	cereal 	pro- 

ducts 0.05 
Carbophos Vegetahk-s, 	fruit 	and 	other 

plant foods 1.0 
Flour and 	groats 	(less semo- 

lina), and 	pulses 3.0 
Carpene Fruit 0.6 
Chlorophos Herbs, fruit, cabbage ti. 

Other vegetables 0.2 
Meat, milk and dairy products Not permitted 

(lh' 	...IPC Carrot 0.05 
(.idiil Stones, grapes, citruses 0.1 
Ciodrin Milk and dairy products Not permitted 

Meat D.DO.5 
Copper vitriol Fruit 5.0 
Co-ral Milk, dairy products, eggs Not permitted 

Meat, meat products 0,2 
Cotoran Cotton oil 0,1 
Cuprosan Vegetables, 	fruit, 	grapes, 	me- 

lons 5.0 
Cereals 1.0* 

Cupronaphth Grapes 4.0 
Cuprocine Potatoes, tomatoes, grapes 1.0 
Dacthal Plant foods 3.0 
Delapon Fruit, grapes, 	vegetables 1.0 
DDVP Flour, groats, 	milk, meat Not permitted 
DDVP Bran, grain 

Stone and 	seed fruit, 
berries, grapes 0.05 

DOT 	arid 	its 	me- Fruit, vegetables, 	pulatoes 0.1 
tabolites 	(the Fish 0.2 	(temporarily) 	together 
chemical banned with PCB 
for use in agri-
en 11 u r e) 
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Addendum 4 (could) 

Potdde 	 Food 	 MPPQ. nig/kg 

:1 tiiied 	fish 0.2 	(tern porarily) 
Lreals 002 

Milk, 	baby-food 	and 	dietetic 
dairy, meat, eggs 0.005 	(temporarily) 
Milk-processing products 
(curds, clean] and sour crc- 1.25 	mg/kg 	in 	terms 	of 	fat 

am, butter) (CMEA standard) 

DDT and 	its 	me- Tobacco 	and 	tobacco 	products 
tabolites 0.7 

(DDE, 	DDD) 

Dilor Grapes, potatoes 0.15 

Tomatoes 	and 	other 	vegetab- 
les, sugar beet 0.2 

Diuron Cotton oil 0.05 ' 
Dicresyl Milk and dairy products, eggs Not permitted * 

Dicotex Grain 005 

(ruetaxon) 
Dinitroorthocresol All 	foods Not permtted * 

Diphenamide Vegetables 0.15 

Dichluralurea All foods Not permitted * 

Dihrcm Potatoes 0.1 	* 

Dichloroethane Grain 7.0 
E'lniir 5.0 

Dinitrorodan 	ben- Vegetables, fruit, grapes 0.2 * 

zerle 
Dosanex Vegetables, cereals 0.1 

diton Plant foods 1.0 

Eptam Beet 0.05 

Ethylene urea Plant foods 0.02 

Ethylenethiura- 0.3 
rnammonosu ifide 
Fuparene Plant foods 1.3 

Strawberry Not permitted 

Ether su)fonate Apples, citruses, grapes 3.0 

Galecron Apples, citruses 0.1 

Gardona Stone and seed fruit, hop, cabb- 
age 0.8 

Berries 0.01 

Gamma-isomer 	of Potatoes, peas, cereals 0.5 

hexachlorocyclo- Butter, Fat 0.2 

hexane 	(lindane) Fish 0.2 

Milk, 	dairy, 	meat 	(muscular 
tissue), eggs, sugar 0.005 
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Addendum 4 (conEd.) 

Pest icide 

1-lexachloran 	(sum Potatoes and vegetables 
of isomers) Cereals 

Butter and fat 
Fish 
Milk, dairy, meal, eggs, sugar 

Hexachlorobutadi- Grapes, grape wine 
ene Grape juice 

F-Iexachlorobenzene Wheat (grain) 
Herbicides from All foods 

2,4-D group 
1-feptachlor All 	foods 
Herhan Plant foods 
Inorganic bromides Grain 

Flour 
Vegetables, dry fruits, potato-

es, fish 
Fruits 
Bread 

Isophos 	R ice 
Ka rathane 	Melons 
Kel thane 
	

Fruits, vegetables 
Kilval 
	

Vegetables 
Len acil 
	

Garden beet 
Linu ron 	Potatoes, pulses, corn 

Carrot 
MG-sodium 	Potato tubers, onions 
Mezarunil 
	

Vegetables 
Mercaptophos ' 

	
Grain, cotton oil 

(Systox) 
Mrcury-conta-

ining pesticides 

MPPQ. mg/kg 

0.5 
0,2 
0.2 
0.2 
0.005 
001 

Not permitte.d 
0.01 

Not permitted 

Not permitted 
0.1 
35.0 
10.0 

14.0 
5.0 
3.0 

0.1 * 
1.0 
1,0 
0,2 
0.5 
0.1 

Not permitted 
14.0 
0.2 

Not permitted 

All foods 	 Not permitted (evaluated by 
natural Hg contents in live-
stock liver -, not more than 
0.03 mg/kg, and kidneys - 
not more than 0.05 mg/kg) 

Methylmercapto-
phos 

Met hyl nit rophos 
Methallyl chloride 
Met ha ldehyde 
Metaphos 
Methoxychl or 
Miltox-specia I 

Apples, sugar beet, hop 
Stone, seed, and citric fruits 
Legumes 
Vegetables, fruits 
All foods 
All foods 
Vegetables, fruits, grapes, me- 

lons 
Grain 

0.7 
0.1 
3.5 
0.7 

Not permitted 
14.0 

0.5 * (by zineb) 
1.0* (by zineb 
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Addendum 4 (contd.) 

Pos 11cr de 
	 MPRQ. en/kg 

Mon u run 

Mn ro ci d e 
M-8 I 	(intuit hi- 

on) 
Mores tan 
2M-4CM 
2M-4C U 
Neoron 
Nit r aphen 
Octamethyl 
Pentachloronitro- 

benzene 
Phenocapion 
P hos a ion 

iThos ph a Ffli d e 

Phthal an 

Ph th a lop hos 

Phos to sin 
Phytohacter iomy- 

cm 
Polvm a rein 

Pnlvcarbaein 
Polvchlorocam-

phene 

Polch lurop in cue 

Preparation 242 
(Chioropicrin) 
Propanide 
Prop asin 
Prometrin 

Ramrod 
Region 
Ron it 

48  

Stones, grapes, citruses, ve-
getables 

I"FUItS, citruses 

Apples 
Stones, grapes 
Cereals 
Cereals 
C'otton nil, oil cake 
All foods 
Mu I herr ii's 

Cereals 
A P p es 
Stone and seed fruits, citru-

sc's, gropes, cereals. pota-
toes 

Fruits, citr uses, potatoes, ye-
getables. cereals 

Stone and seed fruits. graprs, 
vegetables. potatoes 

Sugar beet 
Potatoes 
Cereals 

Haricot, soya 
Apples, grapes, tomatoes, po-

tatoes 
Vegetables, fruits, berries 
Potatoes, sugar beet 
Green pea, sugar, milk, meat, 

eggs 
Potatoes, sugar beet, Peas. su-

gar, milk, meat, eggs 
Flour 
Grain br processing 
Rice 
Legumes 
Vegetables, potatoes 
Car rt 
Cabbage and other vegetables 
Plant londs 
Sugar and garden beet 

0.05 
0.002 

0.5 
Not permitted 

0.1 
0.25 
0.02 * 

Not permitted 
Not permitted 

1.0 * 
0.3 
0.2 

1.0 

20 
125 

Not permitted 
0.01 (by hydrogen phosphide) 

Not permitted 

0.1 * 
1.0 
0.1 

Not permitted 

Not permitted 
Not permitted 

2.0 
0.3 
0.2 * 
0.1 

Not permitted 
0.2 
0.05 
0.3 * 



Addendum 4 (cr.ntd.) 

P'socide 	 Food 	 SSPRQ. mg/kg 

Sayphos Vegetables, 	potatoes, 	sugar IA) 

beet, 	melons, 	pulses, 	stones 
and other 	fruits 

Seviri Fruits, 	berries, 	corn, 	cotton 
seeds Not permitted 

Senieron Cabbage 0.05 

Simazine Fruits 0.2 
Grapes 0.05 

Cereals 1.0 

Sodium 	silicofluo- 
ride Meat 0.4 

Sodium 	trichioro- 
acetate Vegetables, fruits, 	grain 0.01 

Solan Tomatoes 1.5 

Tediun Vegetables, fruits 0.7 * 

Tenorari Carrots 0.02 

Tcrbacil Apples, 	cilruses, 	grapes, 	pea -  0.05 

ches 
Thiazone Potatoes, cucumbers, other ve- 

getables, fish 0.5 

Tillarn VegetabLes, 	tomatoes, 	sugar 
and garden beet 0.05 * 

Thiophos°° All foods Not permitted 

TMTD 
Trich lorometa- Fruits, vegetables 1,0 

phos-3 Grain 0.5 

Trichothecin Cucumbers 1.0 

Trolene Milk, dairy products, eggs Not permitted 

Meat and meat producls 0.3 

Yalan Rice 0.2 

Zineb Fruits, vegetables 0.6 
Cereals 1.0 
Milk arid 	(lairS 	producls Not permitted 

N o I e s. The term "not 	permitted' 	denotes 	failure 	to 	detect the chemical at the 

sensitivity level 	of the officially designated method; 
* 	identifies a standard set by calculation; 

identifies 	pesticides currently 	banned 	for 	production and 	use 	in 	the 	Soviet 

I 	ii inn 
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Adderiduni i 

Maximum Permissible Pesticide Residues in Livestock Forages 
(approved May 17, 1977 by the Chief State Veterinary Inspector of the USSR) 

Pestiddr' 

MPRQ, mg/kg 

Dairy cattle, egg.iayuig r 
Faileing lveatock 

pciiLt 	y and penury 

Aidrin 	(dteldrin) Not permitted Not permitted 
Anthio 2.0 2.0 
Arsenite pesticides Not permitted Not permitted 

(evaluated 	is 	natural arsenic content 	in 	forages, 
to be not more than 	1.0 mg/kg) 

Atrazine 1.0 1.0 
Butyphos 3.0 3.0 
Carbon disultide 10.0 10,0 
Carbon tetrach bride 50.0 50.0 
Carbophos 2.0 5.0 
Chborophos 1.0 3.0 
DDT 	(slim of isomers and me- 

tabolites) 0.05 0.05 
2,4-D 	(all 	derivatives) 0.1 0.6 
Dinitroorthocresol Not permitted Not permitted 
Dursban 0,2 0.2 
HCCH (Sum of isomers) 0.05 0.2 
Heptachbor (heptahlor epoxide Not permitted Not permitted 
Inorganic bromides 35.0 35.0 
Mercury-containing 	pesticides Not permitted Not permitted 

(evaluated 	is 	natural mercury content, to be not 
more than 0.02 in green, succulent and grain fora- 
ges and not more than 0.05 mg/kg in mixed feeds 

containing fish flour) 
Metaphos Not permitted 0.5 
Methylmercaptophos 1.0 1.0 
Methylnitrophos 1.0 2.0 
Phosphamide 2.0 2.0 
Phthalophos 1.0 2.0 
Polychiorocamphene Not permitted 	' 025 
Polycliboropinene " 0.25 
Sevin 1.0 1.0 
Sodium rhodanide Not permitted 0.5 
TMTD " Not permitted 
Valexon - 0.6 
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A d d e n d I: IT] 6 

MACs for Pesticides in Soil 
(approved by Deputy Chief Sanitary Physician of the USSR; Nos 
1134-73 of December 19, 1973 and 1496-76 of August 11,1976) 

Pticidc PIicid' 4AL. mfJcg 

Carbophos 2.0 DDT 1.0 
Chiorophos 0.5 Polych loropinenc 0.5 
Ch Iorarnp 0.05 Polychlorocam phene 0.5 
Hexach loran I 0 Prometrin 0,5 
Hexach loran gamma-isomer 1.0 Sevin 005 

A (I (I e n d u rn 7 
TSELs for Pesticides in the Air of the Working Zone 

(Standard 12.1.005-76) 

Petiide Chemical 	lame Colwtntrat I  ion. 
aggreg 

Acres lsopropyl-2( I-methyl-n-pro- 
pyl) -4,6-dinitropheny! 
carbonate 0.2 a 2 

Afugan 2- )0,0-(l iethylthiophaspho- 
my]) -5-rnethvl-6 	carhoetho- 
xy- pyrazole- (1 .5a) 	pyri- 
rnidjne 0.5 v+a 2 

Basudin 0,0-dethyl -0- (2-isopro- 
pyl -4-methyl -pyrimidyl -6) 
thiophosphate 0.2 2 

Baytex 0,0-dimethyl-0- (4-methyl- 
rnercaplo-3-methyl phenyl) 
thiophosphate 0.3 v+a 2 

Ben lat Methyl- I - (hutylcarbamayl ) - 
2-bezim idizole-carba- 
mate 001 a 

Cupronaphth Copper naphthenate 2 a 3 
CGA -18809 S- )6-ch loroxyazolopyrid 

nyl)-2-yl-3-methyl -(0.0- 
d imethylthiophosphonate) 0.5 a 2 

Demo phos 0,0-dimethyl- N-methyl iso- 
propylurethanphosphate 1 x + a 3 

Djeryl 3,4-d ichlororriethylacrvl a- 
nilide 0.1 a 
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Addendum 7 (cond.) 

OflPeticLd 	 Chemftal 	
CIs .1 

lug/rn 	aggreg 	hazard 

Dilor 2-exo-4,5,6,7.8,8-heptuchlor- 
3'4',7,7'-tetrahydro-4, 
7-methanoindene 0.1 v+a 	 2 

Durshan 00- diethy!-0- (3,56-trichlo- 
ropyridine) thiophosphate 0.3 v+a 	 2 

Ethaphos 0-ethyl- S-propyl-2,4-dichlo- 
rophenyl-phosphate 0.3 v+a 	 2 

EF-2 2-dichloromethylene-3a- 

7a - d ichioro-3a,4.7,7a - 
tetrahydro-4,7-nithano- 

indan-i,3-dion I a 	 3 

Eup rene N N - d imethyl - N - phen yl - N- 

iiuorodichlorornethyithio- 
suifam!de I a 	 3 

Chloreth Ethyl-2,4,5-trich!orophe- 
nvl-B-chloroetIiiphosph- 

Hydrel 
ate 

Hydrazinite 	5-chtoroethyl- 
0.2 v 	a 	2 

phosphonate I a 	 3 

i-Iostaquick 0,0-dimethylphosphorl - 
6-chlorobicyclo 	(3,2,0- 
Iiepta-1,5, 	diene) 0.3 v+a 	 2 

Hostathion i-p henyl-3- (0,0-diethy I- 
thiophosphoryl) - 1,2,4- 
thiazole 0.2 v+a 	 2 

Kitazin 00- d iisopropyl-S-benzy)- 

thiophosphate 1 v+a 	 3 

Lasso N-rn et hoxymethyl -2,6- d ic 
thylchloroacetanilide 0.5 a 	 2 

Malorari N- (4-bromo-3-chloroplie- 

liv!) -N-rnethoxv-N'-mc- 
thvlurea 1 a 	 3 

Men ide 3-chloro-4-rnethylpropiana- 

nilide I a 	 3 

Orthene O-S-dimethyl-N-acetylphos- 

phoramidothionate 0.7 v + a 	 2 

Pesticide 	228-E O-butyl-S-methylbenzyldi- 

th!ophosphonate 03 v + a 	 2 

Prefar S- (0,0- diisopropy!dithio- 

phosphate) 	benzenesul- 

famidoethyl I v + a 	 3 

Roundup N-phosphonome(hyI) 	gly- 
cm 1.5 v+a 	 3 

Regione 1,1 -ethylene-2,-2dipyridyl- 

bromide 0.2 v + a 	 2 



PeslicIde mica] pnme 

Ryci de 0,0-diethyl-S-benzvithio- 
phosphate 

San 	197 0,0-dimethy1-0- (2-ethyl-4- 
cthoxypyrimidinvl 	6- (thi- 
ophosphonate) 

Sayphos 0,0-d imethyi-S- (4,6-dia- 
ni inn-I 3,5- 	riazinyl -2)- 
methyl - d Oh iophosph ate 

CP-52 223 N-isohutoxymethyt-2'-c.hlo- 
roacctate-2,6-djmcthvla- 
nhlide 

Suffix Ethyl 	ether- N• heozoyl- N- 
(3,4-dichlorophenyl) 	2- 
am inopropionate 

Tach Igaren 3-oxy-5-rnethyl-isoxazole 
Thiocron 0,0-dimethyl-S- (2-metho- 

xvethyIcarhamovImethyl 
d it h lop ho sph a te 

Topsin-M I ,2-bis-3- (methoxyca rho- 
nyl-2-thiourea) -benzene 

Trichothecin Antibiotic 
Valexon 0,0-diethyithiophosphoryl- 

2-oxym inophen vi n itvl 
acetate 

.4ddc'nrjum 7 (colitd,) 

Iric€I13 
0.3  

0.5 v-)-a 	 2 

v+a 	 3 

0.3 a 	 2 

(1,5 a 	 2 
I a 	 3 

0.15 v+a 	 2 

1.5 a 	 3 
0,2 a 	 2 

0.3 v+a 	 2 

A d ci c ii cI ii iii 8 

The List of Principal Antidotes for Pesticide Intoxications 

1nto.cnsing peSticidOs 5,iitJdoieS 	and 	their dosing 

Organophosphorus 	pe- 4tropine sulfate 	in 	the early 	stage 	of 	OPP 	intoicath- 
sticides: 	methyl 	mci- on 	(nausea, 	vomit, 	bronchospasm, 	psychic 	and 	motor 
captophos, 	pliospha- excitation) 	2-3 	ml 	of 	0.1% 	atrophic 	sulfate 	injected 
m ide, 	chlorophos, 	roe- intrarnuscula rlv 	in 	the 	stage 	of 	rn uscu!ar 	fibrillation 
taphos, DDVP, etc. and convulsions and 	in the state of coma 4-6 ml of 

0.1 % 	atropine 	sulfate 	solution 	injected 	ml ravecously 
a id 	then 	2 --3 	ml 	in tramuscularlv 	every 	8- 10 	mm; 
after 	that 	20-25 	mg of 	atropmne 	sulfate 	injected 	wi- 
thm the hour and another 50 mg or so per day (24 his) 
in 	the 	period 	of 	Supportive 	atropiniztion 	(Luzhrrikov, 
977). The atropinization maintained until normal brea- 

thing 	resumed, 	hronchorrhea 	halted 	and 	tachycardia 
seen 	to 	appear. 	The 	antidote 	injection 	combined 	with 
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Ad derul u in 8 ( con Id ) 

the use of cliolincsterase reactivators, resuscitative flea-

5Ure5 and means of pathogenetic and symptomatic the-

rapy. Cholinolvlic drugs also antidotal for the anti-

cholinesicrase derivatives of carhamic acid ( Buslovich, 

Zakharos, 1972). 

Dipzjroxirne (TMB-4, trirnedoxime bromi(le). Chemically, 

it represents I ,3-trirnelhylene-bis- (4-pvri(linaldoxinie) 

ci bromide: a yellowish fine-crystal line powder, odour - 

with bitter taste and readily soluble in water; a 

cholinesterase reactivator applied fit combination with 

a trupinc and other cholinolvtic drugs to treat OPI) pa: 

soning; with early signs of OPP intoxication, I nil of 

15% dipyroxime solution injected subcutaneously or 

intramusculi:I;l\ in 2 3 ml of 0.1% atrophic sulfate; if 

necessary, the dipvroxinie injection repeated after 2— 3 

liuu re; prescription of the drug for the later stages of 

OPP poisoning only niarginiillv effective and hardly 

advisable for fear of probable toxic side-effects. 

Isordtrozirie- 1-dirnethylarnino-2-isonitrosohutcioone-3-chio-
ride- a while crystalline powder soluble in water; a 

chr,liriests'casc reactivator with the ability for CNS ae-

nr'lration, applied rouiirielv in conjunction with atro-

pine arid ilipyroxiitie at 3 nil of 409/, )  sal ution intra-

muscularly; in case of severe poisoning (conxolsioas, 

coma) 3 ml of 40% solut on injected i ntravenouslv and 
I hen repeated evc[t 30— 40 ruin until fibrillation stop-

ped and consciousness rega ned in the total dose of 

8 —10 Fill (3 4 g). 
Diethyxune - hydrochloride- N-diethvlaminoethyl ether of 

o -hrornbenzthiohydroximie acid; a fine-crystalline pow-

der, od:>urless with bitter taste and readily soluble in 

waler; the water solution can withstand sterilization 

with flu cl steam at 100°C for 30 minutes; supplied in 

5 nil am pou es of 10% water solution for intrainus-

cci or injection (the therapcutic dose 7- If) ing/k) 

for joint use with d pyroxime the latter's dose reduced 

to 1.5 mg/kg, and of diethyxime up to 5 mg/kg; diethy-

xime rapidly reactivates AChE in the brain and eliniiaa-

tes smptonis of OPP poisoning; it is 5 --7 less toxic than 

dipvroxime; stored with precautiotis (List B) in a place 

protected hum light at minimum temperature of +8 ° C 

Dialcob - his- fN-allyldiethanol-amine)-cobalt chloride: a 

fine - crystalline powder, odourless, pale-pink colour, 

readily soluble in water (about 20% at 18°C); tunstab-

Ic in water and oxidized when exposed to atmosphcrrc 

134 



ii of rico d urn 8 1100 Id - 

intox.-causirig pesticides Aritidntes and 	their siosine 

oxygen; sterilized by irradiation from bactericidal 	lamp; 

dialcob 	restores 	()PP - inhibited 	c.holinesterase 	acti- 
vity; 	applied 	to 	treat 	acute 	OPP 	intoxicatioris 	in 	COFT1 - 

bination 	with 	atropine by 	intramuscular 	injection, 	mild 
intoxicatioris 	(excitement, 	rnvosis, 	hidrosis. 	salivation, 

initial 	symptoms of 	bronchorrhea) 	treated 	with 	single 
intramuscular 	dose 	of 	0.3 	g 	(2 	nil 	of 	15% 	solution) 

and 	moderate 	and 	severe 	intoxications 	(muscilar 	ii- 

brillation, 	convulsions, 	comatose 	state) 	with 	repeated 

intramuscular injections ever\- 	2-3 hours in 	the same 

dose 	as 	supplement 	to 	intensive 	atrnpinization: 	in 	es- 

pecially 	severe cases 	the 	dose 	per 	course 	increased 	to 
1.2 	g 	(tour 	injections 	at 	4-6 hour 	interval); 	prescrip- 

tion 	of 	dialcob 	coritraindicated 	in 	allergic 	states; 	deli- 

vered 	in 	0.3 	g 	hermetically 	sealed 	vials; 	if 	needed, 

dissolved 	in 	ampulled 	0.1% 	atropine 	sultate 	solution; 

stored with care 	(List B). 

Halogen-containing 	hyd- Cysteirre -- L-cysteine-1-amino-2-mereapto 	propinnie 	acid: 
rocarbons 	of 	aliphatic a 	white 	crystalline 	powder, 	slightly 	odorous 	and 	so- 
series luble 	in 	water; 	water 	solutions 	unstable 	and 	oxidized 

by 	atmospheric 	oxygen 	with 	precipitation: 	rlegraded 	if 

sterilized; 	supplied 	in 	powder 	torn 	and 	ri.icornrrii'nrlerl 

for 	use 	at 	0.5 	g 	the 	first 	day 2-3 	tines 	every 	3 - 4 

hours, the next 2-3 days 2 times at 4-6 hours 	(Mi- 
ziukova, Bakhishov, 	1071) 

A cat jJcysieine 	N-aeetyl- L-cysteinc-: 	a 	white or 	\ CI IOWiStL 

crystalline 	powder, 	emits 	slight 	smell 	readily 	soluble 
in 	water; 	recommended 	to 	treat 	dichloroethanr 	poiso- 
ning 	( Miziukova et al , 	1978); 	supplied in 	priwdcr form 

or 5 and lb ml ampoules of 20% solution as a mueofvtic 

roleans and 	10 nil of 5% solution 	(for intravenous injec-- 
tions 	in 	dichioroethane intoxications) ; 	stored 	in a 	place 
protected trotoi light at temperatures from 0 to 55 C; steri- 
lized 	acetytcysteine solutions reducer] 	by addition of 	so- 
ilium hydroxide solution to pH 7--7.5; keep acet1cyst6- 

ne solution from contact with metal 	and rubber to pre- 

vent formation of sulfates; 	as a stabilizer, use 11.04% 	di- 

sodium 	EDTAte; 	acetylcysteine solution 	is 	a 	etrourless 

liquid 	with 	characteristic 	smell; 	utter 	ripening 	the 	am- 

poule may turn pink but reioiairis usable as before; aretyl 

cysleine 	injection 	used 	to 	treat 	dichloroethane 	iiitoxica- 

(ions: 	intravenously 	at 	1.25-1.5 g 	(25--30 	nil of 5% 
solution) 	as soon as possible after poison 	gains access 
into the body; 4 	5 injections every 3--4 h the first day 

and 2 injections every 6-8 h the second day; 	after the 
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third injection change to intravenous injection 	dropwise 

it 	necessary; 	prescription 	of 	acetvlcysteine 	is 	not 	to 	the 
exclusion of other pathogenetic and symptomatic remedies. 

Diene -synthesis 	organo- Toeopherrit 	acetaEe 	(vitamin 	F 	acetate) 	atfa-tocophe- 

ch lorines 	(a Idrin, 	diet- rol-6-acetoxc-2 	rncthyl2 	(4,8,12 	trimethvltridecyt )- 

drin. 	lieptachiur, 	etc.) chriirnan: 	a 	light-setlow 	transparent 	oily 	liquid, 	slightly 

odorous and 	darkening when 	oxidized 	in 	light; 	an 	ac- 

tive 	antioxidant, 	it 	prevents 	oxidation 	of 	various 	sub- 

stances 	the property utilized in treatments with drugs 

subject 	to 	lethal 	synthesis 	by 	oxidation; 	prescribed 	ii-  

ti'aniiisciilarlv 	in oil 	soLutions; 	delivered 	in 	1 	nil 	arnpou- 

les; 	contains 	50, 	113) 	rod 	3(1(1 	trig 	per 	ml; 	the 	dose 	a 

100-300 mg/day; contraindications include severe car- 

diosclerosis and mvocardial 	infarction. 

Arsenites and compounds Unithiol --- sodium 2,3-dimercaptopropanesultonate: a whi- 

containing mercury and te 	or 	cream-shaded 	fine-crystalline 	powder 	emitting 	a 

other heavy metals weak mercaptanc 	smell; 	readily soluble in 	water; 	used 

to 	treat 	acute and 	chronic 	intoxications by 	compounds 

of 	arsenic, 	mercury 	and 	other 	heavy 	metals; 	injected 

iritrarnuscularlr 	or 	subcutaneously 	in 	5% 	water 	solu- 

tion at 5-10 ml every 6-8 It the first day, every 8 	12 IF 
the second 	day, and 	1-2 injections daily the 	following 

6-7 	days; 	for 	chronic 	inioxications, 	unithiol 	is 	pres- 
cribed 	internally 	at 	0.5 g 	(pills or 	capsules) 	two 	times 

daily in courses of 3---4 days each: in 	inhalatiorial poiso- 

mug 	injected 	as 	aerosols 	in 	a 	tO-dr 	course 	of 	two 

20- minute 	inlialtions/day 	(at 	5 	uI 	of 	5% 	solution 

to 	remove 	attendant 	hvd rogen -stilfide 	smell 	add 	1-2 

drops of 	menthol 	oil; 	in 	efticacy, 	the 	inhalational 	unti- 

thiol 	therapy 	not 	inferior 	to 	intramuscular 	injection 

(Sidorenko, 	1978). 

Calcium 	tetacirie - calcium-disodiurn 	ettiylenediarninete- 

traacetate; delivered in 	10% solution for injections: a co- 

lourless 	transparent 	liquid; 	a 	complex-forming compo- 

und ; 	calcium earl 	he substituted by 	metal 	ions to form 

water-solo bk 	low-toxic 	corn pouni do 	rapidly 	exeretab e 

in 	urine; 	used 	to 	treat 	acute 	and 	chronic 	intoxicatiora 

by heavy metals 	(lead, mercu ry, ca (Imiumn, cobalt, etc.) 

through 	intravenous 	injection 	dropwiso 	in 	isotonic 	so- 

ilium-chloride or glucose solutions; 	a single dose is 2 g 

(20 ml of 	10% solution) 	and daily dose 4 g; 	if injected 

twice 	a 	day, 	the 	minimum 	interval 	must 	he 	at 	least 

three hours; 	routinely 	injected 	daily 	0-4 	days) 	3- 4 
rlay 	interval; 	the 	course 	is 	one-month-long; 	in 	case 	of 

eh ionic intoxication by heavy metals use 0.4 g pills (foil 

tinies) 	(lay or 0.25 g 	(eight times ) 	day every other dry 

during is 20 	30-day course, totalling 20 g or above for 
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intox -cans/rig pesticides 	 Antidotes and their dosing 

the course but not more than 30 g (Mashkovsky, 1977) 
contraindicated in nephrites, nephroses and hepatic con-
ditions involving functional disorders. 

Disodiurn ethylenedicimnine/etraacetale: forms corn plex 
compounds with various cations; used to treat heavy-
metal poisoning by intravenous injection in 5% glucose 
solution dropwise at 2--4 g daily during a 3---6-day 
course; 

Penicillamine - 3,3-dirnethycysteine; prescribed in intoxi-
cations by copper, mercury, arsenic, lead, and other 
metal compounds; the daily dose is 2 g; complications 
possible including leukopenia, thrombocytopenia, agra-
nulocytosis, anemia, alimentary canal disorders, etc.; 
supplied in 0.15 and 0.25 g capsules and pills and 
prescribed internally. 

Hydrocyanic acid and its Sodium lhiosulfate 	sodium hyposulfite: colourless cry- 
salts 	 stals soluble in water; injected intravenously at 5-10 ml 

of 30% solution, and up to 50 ml in acute intoxications 
by hydrocyanic acid; delivered in 5, 10 and 50 ml am-
pules of 30% solution. 

Methylene blue (trirnethylthionine chloride); dark-green 
crystalltne powder or dark-green crystals with a bron-
ze shine; water solutions blue; endowed with oxidative 
and reductive properties and can serve as donor and 
acceptor of hydrogen in the body; its water solution 
injected intravenously to persons poisoned by hydro-
cyanic-acid pesticides, at 50-100 ml or as 1% solution 
in 25% glucose solution (chromosmone); has the ability 
to convert hemoglobin in part to methemoglobin whose 
trivalent trot: binds the hvdrocyanic acid and diminishes 
its tnteraction with tissue respiratory enzynies. 

Sodium nitrite - white tinged yellow crystals soluble in 
water; injected intravenously to cyanide poisoning ca-
ses at I0---20 ml of 1-2% solution (methemoglohin 
former); stored in places protected from light. 

Amy/nitrite - soamyl ester of nitrous acid: a transpa-
rent yellowish volatile sitbstance with a characteristic 
frtitt smell; inhalation of amylnitrite vapors causes di-
latation of corollary and cerebral vessels; the effect 
is soon to appear but also soon to subside; has the 
ahility to convert blood hemoglobin in part to methe-
moglohin, the property utilized to treat cyanide into-
xications; used inhalationally by applying 2-3 drops 
on handkerchief, cloth or wad; the maximal single dose 
is 6 drops and daily dose 30 drops; delivered in 0.5 ml 
darkglass ampules and stored in a cool place protected 
from light. 
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