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GOALS AND METHODS OF INDUSTRIAL TOXICOLOGY

I. V. Banotsky

1. Definpnitions

Industrial toxicology belongs to a group of aclences which
desals with justification, elaboration and implementation of pro—
ventive measures against the lapsot of harmful substances {n
the production environment., More fully thie scilentific fleld
can be covered by term "oocupational toxicology", since in guch
4 cage the desoription should be extended to include sgricultural
and transport toxic;logy. Tnis group also includes the ﬁheminal
hazards that occur under extreme conditions, such as in the work
of astronauts or firsmen,

The entire group of occupational chemical influences should
be referred to the category of “hjgienic toxicology" and placed
there next to communal toxicology. A higher class should bé tern-
ed preventlve toxicology, and ecotoxicology should be included
into it along with hygienic toxicology,, Clinical toxicology with
its multiple subclaesses forme & parellel class.

Thusa, industrial tdxicology should be defined as th§ science
of prevention, diagnosis and treatment of intoxications cdused
by industrial %toxio cheumicals and prevention of IDAg—torm offects
of inodustrial polsons. )

Industrial pocisons ere subgtances which man encounters in
the oourse of his work as 1n1t1al,.1ntenﬁediate, b}- or end~
products {in the form of gsa, vapor, liquid, duat; smoke or
mist) exerting heruful effects on wrking men in cage oi non-

compliance with the labor safety and occupational hyglene re-
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quirements. aud, &8 a consequence, penstrating into the body in
amounts inconsiatent with its hereditary and acquired properties
(li.n. some caees this implies the gquality of external exposury
. foreign to the body).

‘It becomss clsar from the definition that all or almost
all industriel chemicals are potentlal poisons,

"lhe degree of virulence (toxicity) of s particular subatance
hapg long been measured in termms of ite absolute quantity produc—~
ing a definite blologlcal effect,

The definition of t o x i1 ¢ 1 ¢ty as the abllity of a
chemical molscule to exert harmful action (the most common defi-
nitien) is, iﬁ,our viow, inadequate, eince, firstly, any sub-
stance can exert a harmful effect if present 1‘n a btig enough quan=-
tity and, secondly, not every barmful effect, in our opin:lon;
csn be used to measure toxicity.

In his ertiols *The Content and Goals of Toxicometry™
N. 8. Pravdin wrote, "dagpite large individual variations in
the speed of the onset of death, ths very moment of death can
neverthelesa be ascertained in a suffioclently objective manmer,
But even this scanty inforuvation is not available in regard to
cther parsmeters of intoxications",.

lbxicity should be estimated on the basies of a lethal eaffect.
Abgolute toxicity is the valus reciprocal of the abmsolute magni-
tude of the dose or concentration causing the death of animals,

On the basis of this principle we proposed sometime &go a
continuous toxicity scale apsuming for zero toxicity (O%) the
valne reciprocal of the toxidty of carbon dloxide shose median
lethal concentration (CL"% a - the accepted notation for medien
lethal concentration in experiments on mice in/ for 120-minute
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exposure /120/) 1is sbout 10" )m/l (10/.m-n"3)| 100 per cent toxi-
eity 18 conditionally taken to be the vnlue reciprocal of toxi-
elty of the most toxie group of organophopphorus chemicals -I;osa
w5o is 0,000% ){H/l (10‘7 )un-n-J).

In reality there are subatances which are less toxilc than
oearvon dlioxide and more toxioc than the orgnnophosphorus compounds,
Thue, the toxiclty differential of the extrems coapounds in the
“continuous scals” (the real escale 1a discrete but every "atep"
in 1t ia reduced to one per cent) will appear still greater, The
poeition in the middle (50 per ceut on the continuous absolute
toxicity scele)} of that systeam la occupied by hydrogen cyanide,

In practice, enlarged tabulatlon of toxicity offers a far
more convenient alternative, We gugikested grouping substances
under three classes of toxtcity: extremely toxiec (50 per cent
on ths abgolute toxicity scale), medium-toxie (25 to 49 per cent
oh the scale), and slightly toxic (O to 24 per cent on the ab—
solute toxicity ecanle},

The USSR Nationsl Btan;iard GOBT "BSBT,. 12,1.007-76, Harmful
Bubptances) Clasepiffication and General Safety Rejuirements” gots
out four clmeses of toxicity, just ss In the classification of
the Council for Mutual Economic Asslstance (CMEA) (mee Table 1).
In the United States there are mix toxlcity classes.

As 1s evident froa Table 4, in addition to toxiclty, there
is 'a wider claes of concepts assoclated with the harmful effact
of subastarncea, Hazarde of a substance ls ons of such ¢onospts,

In industrial toxicology hazards mesn a totallty of propér-
ties deteraining the probsbility of intoxication (or, iR broad;
an un.favourabie, noxious effect under sctual production cun!ii-
tione or while using the chemical).

2-1
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Table 1

Farameter Rates for classsas of hazard

18t 2nd 3rd ath

Naximum allow-

able concen-

tration (MAC)

of harmful

substances in

tha eir of a

working zone,

ng/m3 Balow 0.1 G 1=1.0 4.1~-10,0 Above 10,0

Medlan lethal

conocentration,

intragastrio

adminiatretion, .

ag/kg Below 15 15-150 151-5,000 Above 5,000

dedian lethal

concentration,

akin applica-

tion, mg/kg Bslow 100  100-500 501-2,500 Above 2,500

Median lethal
ooncentrntiog :
in air, mg/w’ Below 500 500-5,000 5,001=50,000 Above 50,000

Index of po-

tential inhala-

tion toxicity

(KVIO) Above 3OO 300-30 29=3 Below 3

Zone of cone-
time effect

1c
- Below 6.0 6,0-18,0 18.1-58.0  Above 54,0
*¢ Liam, g

Zone of ohro=
nic effeot

Lim .
Ty, * —-—-22  Apove 10.0 10.0-5.0 4,9-2,5 Below 2.5
Ll-ch ’
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The husard claseification by the zone of specifio (selective)
effect was muggested by I. ¥, Sanoteky and V. N, Fomenko, This
¢lassification together with a proposed safety faotor (its con-
oept will be considered below) 1s presented in Table 2,

The "zone of irrivant effect” oconvept was piloneered by
a8, G, Ilaxiu.ov. in collaboration with I, V¥, Sanotsky and N. G.
Ivanov in examining regularities of safe levels prognosticated
by toxicometrio valuee found in an uwoute experiment, Subsequent-
ly, this notion wae extended to sll typeas of systematic actlon
by I, ¥, Bunoteky and his co-workers,

1% wus estublished that the more the systeamic thresholds
of single noxious dose exposure differ downward from thoge of
strictly integral mction (that is, at the level of composite
indices reflecting simultanecusly the state of several systems
or of the entire orgunigw), the wore they spproximate, in a
single-exposure experiusnt, those haraful effect thresholds
which will be found in & chronlec and life-long experiment, the
aore nazsrdous is the gubsbvance concerned and the larger safety
fuctor must be set up,

Table 2. Claesification of hazerds of industrial chemicals
by zone of eelective sffect

CGlass of hazard Bxtreaely Highly WModerately Slightly
hazardous hazar~ hazardous hazardous
doun

Zone of specifle
(selective) effect

Tim
2y, = —-28-1BY2EZ. >10 4=10 1-3 0
Bp Lim
a¢ spec,
Safety fesctor > 50 S0 under 10 usual

-2
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Safety factor ia the ratlo of the value of the chironle

effect threshold to the level of & sanltary sbeudard, 1,e. to
the auximum allowsble concentration. As & concept, the safety
factor appeared ka a consequcnce OI gw lgnorance of species
variations in gensltivity toward a given chemlcsl (iadevd, how
anyone dan coupare humen sensltiviCy and thuat of wxperiowwubal
solwais),

e safety fuctor has been introduced o prevent haraful
oftecta ol subatunces ou wolking wen in cuse of en sbrupt in-
crsuse in thelr concentrutions withlu the breathing ures,

‘Me magnitude of satety factor (Iu) is deduced us followas

KeLio z zBE Zutol

Iea&

ZBO IOM

All of the ebbreviatlons used therein have Leeu explailned
1n the text, except for I, . (cusulation coefficlent) aud Zy, ,
{zone of blological effoct), Hoth these paraacters, in udditlon
to the zone of chronic eftect, reflect the cumulative properties
of substsnce, that is, its avllity to accumulute noxious action
in the body as a result of both material acouwmulation and the
build-up of functional changes,

e cumulation cocfriclient 18 usually deterwimwd 1in sub-
soute exjuriwent by couwparlng the results for dogus causing
lothisl affect under a single exposBure with the results attalned

fol the totgl dose causing lethal effect 1o a subacute exposure.

L
cuw - T oL
2 S
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All of the parsweters previously described belong to toxico-
metry, a eysteu of principles and methods used to determine the

toxioity and hazards of chealcals.

2. Goals of Industrial Toxicology

Back 15 the late 1920's, the 1lnitial years of an lntenaive
industrializaclion caupalygn in the USSR, N, B, Pravdin, oms of
the forefathers of Bovliet toxicology, formulated ity principal
goals aa followss

{1) hyglenic expert exawination of toxic Bubstances;

(2) bygienic expert stundardization of raw materisls and
producta;

{3) hygleunic expert rating (of haraful substances content
in objects of the production and blological environmenta),

The sanitary standurds lialting concentrations of hazardous
substances ln the alr of a working zone snd on the worwen's skin
are most essential for industrial todcology. Of soume luportance
are also the po-called "exposure teste", or biological MACs
which 1deatify critical contents of nu;doue substances or thelr
wetubolites (end &lso the wost vulnerable enzywes or other blo-
chemlical indicators, e.g., enzywe substratea, etc.) in bio,logioal
materials; workwen's urine, blood and exhaled gir, Sometiwes
puch viologicel wediua ure also taeken lnto account as working
wothers' wilk, smniotic fluid, bair and unalle (for s.ome chro-
uically scting wetale which tend to sccuaulate in the body).

T™e twats, which wake 1€ poeaible to use toxlcoklnetlic
eguatlons Lo assescing the total polson dose penetrating into

the vody via different rouves, cannot, however, replace MACs
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and TGELs, since the exposure tests have been developed for
comparabively few substances,

The hyglenic standardization of raw materials and productas
{(or toxicological Umitation of admixtures), pleys very iusport-
' ant gole because technical epecificatione of the manufacture
of product admixturee are generally limited by technological
oriteria only. Bome sdeixtures may have pranounced tox city.
For example, an admixture to virtually safe freons in the form
of perfluoroisobutadiene which could sppear ae & by-product, is
cepable of causing acute intoxlcation., Or another example; pet-
rol, as everybody knowas, represents a complex mixture of hydro-
ocarbons with certaln additives. In soww instunces ftechnical spe-
cificatlons reQuire constraints on the composition of petrol of the

same grade whioh are maintained in accordunce with engineeriag

requirements only. Meanwhile petrol of the same grade may include
pubstuntial amounts of especially hazardous sromatic hydrocarbone,
su'lfu.roua compounds end other chemicals. Limitatlon of their per-
centagea according to wedical indications 18 exactly what the
hyglenic standardization of raw waterials and products seeks &o
achleve.

Toxicological (hygienlc) expert examinstion refers alse to
the primary toxicological assessment of a product, As a rule,
it couwprises estimation of its toxicity (LDSO’ and sometimes
IB50 in case of saturating concentrations); local and sensitiz~
ing effect on the skin and mucous membrarnes, and on the eyes;
and determination of the cumulation coefficient with subsequent
calculation of TREL.

Sometimes these need be supplemented with a list of tests

to provide a more comprehensive characterizatlon of a substance
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meant for sale, complete with recommendatlions as to the sensiti-
vity levels of the control methods used, A toxicclogical mafe
data shoet, such as this, developed by the Soviet Toxlcological
IRPTC Center of the USSR Ministry of Public Health and the USSR/
UREF Project "Control of Hazarde PoBed by Chemicals to Human ;
Hmalth and the Bnviroament", is offered for discussion by an

international experta group.

3. Btages in Cetting MACa

Btudies in industrial toxicology should best be carried
out in stages begin'ning wi th early phases of technologioal deve-
lopment, A schemstic sequsnce of toxicological proced;xres in sud-
stantiating TSEL or MAC values, simultaneously with technologisal
deaign stages im given in Table 3.

The table showa that generally the toxicological evalustion
of a new chemical, prior to its introduction into the ocountry-
wide application, includes the following stegess
Table 3, Btages in technological development and toxicological

aspogoment of industrial poisone {according to
I, N. Banotseky)

Stages of technologlcal Btage of toxlcologloal vasaesament'

development .

1. Prooess design Preliminary evaluations analyais of the
literature, computation of toxicometrie
parameters

2. Laboratory design Toxicological expert examipnationt acute
and pubacute animal experlments, toxlco-
loglcal teste of production engineering
prototypen )

3}, Pilot-plant manhu~- Toxicologieal certification, substantia-

facture tion of MAC: chronic experiments, inves-

tigation of long-term effects, examina~
tion of eaployees

4, Commercial sanu- Additional repgarchi atudy of effective
facture deglign mechanisme, esarly and differentisl diae-
nosis, experimenta’ theripy
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Teble 3 (cont'd)

Stages of technological Btags of toxicological assessament

development
5+ Commercial In-eitu studiest
nanufacture examination of employees'! working (and

living) conditions, medical examina=-
tions, epldemiological studies, clinical
verificatlon of experimental data on
prevention, dlagnosis and treatment;
adjustment of medlcal and technical
requirements for production

This integrated approach pays off in terme of regource
economy. It also provides for the ilmplementation of ons of the
basic principle of hyglenic standardization - toxlcological re-
pearch should preceds the introduction of a chemical into the
country~side application; in greater detail the general princip-
les 0f sanitary standardization are dealt with in I, V, Sanote-
ky's lecture "The Concept of Preventive Toxicology and Under-
lying Principles of Health Stendards in bthe USSR,

According to UREP estimates, with timely use of the sani-
tary atamlarde data, based on the toxicclogical research in
the design, the costs of purification facilitlies would account
from 6 to 12 per cent of the total project investment, If, how-
ever, such sanitary standards are developed only at the final
stage of commiesioning,the modernization costs would run up to
50 to 100 per cent of the investments, that is, the chemical
plant will in effect have to be builf anew.

3.1. Toxicological Analysig of the Literature

A review of data on the substances structurally similar
to the chemical in question, should take into account the se—
ries of homologs and enalogs. Within the geries, inter-~ and
extrepolation of toxicity and hazards are quite possible,
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These operations, however, need by done with great caution since

the first member in the Beries proves 4o have the greatest toxi-
¢ity (despite general increwent in toxicity in the homological
serles} and because the so-called “break" in toxicity due to
higher welting apd boiling peints of the cowpound in the homolo-
zous series, accompanied with a simultanecus decrease In its so-
lubility (usually observed starting from 05—08 onwards) .
Tentative Safe FExposure Levels (TSEL), or interim sanitary
standards for the exercise of hyglenle control during the early
stages of process and preduction deisgn, may be suggested for
use during the first stsge of the téxicological avaluation - box
xicological analysis of the literature., Thus the general corre-
lation coefficient between the I'SELe deflned by physical and

chemical properties and the MACs adopted in accordance with the

complete program ig, according to E,I. Lyubline and co-workers,0.5.

The use of more comprehensive physical and chemical charac-
teristice of the substance {electronic parameters, dipole, sym-
metry, etc.) for limited groups of chemicals, increases the cor-
relation, which sometimes reaches +0,9. Yet this 1s not of fre-
quent occurrence. G, G. Maximov with co~workers found that the
uee of wultiple correlation techniques augments drastically the
fereoast reliability 1n relation to the levels of sanitary stan~
dards based on the physical and chemical properties.

At the present tilme, as an exception and 1f so permitted
by the sanitary inspection, TSHELs can be applied for designing
the production facilities manufacturing substances of the 3rd
end 4th classes of hazard, This may be done in case of limited

exposure to the substances representing a well-studied group.

3-1
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One such olassificotlion by the quallty of effects of the
ochronic exposure to industrial chemicale in the lowest doases and
concentrations as _well a8 by the extent of irreversible changes
haa been proposed by Q. G. Avilova., For inatunce, in lire with
the recommendations provided by toxicologlate, chemists modified
a numves of production procesces in synthetle dye manufacture
with a view to avoid the formation of the potent carcinogen -
naphthylamine {e.g.in I-acid production). In the pharmacsutical
industry, the hesting elements causinig excesaive heatins of the
reasctors and causing harmful diecharges into the alr were sliai-

nated. Another examplet sulfuric acid was integrated into caffeine

production at the stege of synthesizing cyanacetylaethyl urea

to rsplece acetic acid with a view to decrease the temperature
necosssry for eubmequent nltrosation; on the joint recoamende~
tions of toxicologlsts and hygieniets some changes wers introduo-
ad into producktion processes to avert the formation of especially
hazardous semi-products., In the same manner, solvent replaceaents
were suggeated for some production processen, Thus, in the pro~
duction of fatty acids methyl alcohol was replaced by butyl
aloohol; in the petroparaffin manufacture benzene solvent 1ia
gonerally substituted by btolus.e| atyrene-free glaass-reinforced
plantics and new graciea of ¢hloroprene-rubber latexes contalning
no residual chloroprene have been developed,

3.2. A toxicological experiment includes deteraination of
the toxlcodetric parameters described above in sddition to the
investigationa covered by the program of toxicological expert
exaninations of 6hon1cal'a prior to their industrial application
{(the sxperts' requircuents were referred to earlier); a chronig

toxicological experiment, not infrequently of life~lons A-ma-
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tion, 1s carried out in order to establish the probabllity of
long-teru effecta,

Accordlng to our dabts a etudy of accelerusted ageing in small
laboratory animele in respense to the efrect of chemical producte
has to take yo wore than nine months to one year upon comple-
tion of the chronlc experiment whiéh by itself may not be always
sufficient to obtain the necessary inforustion. Many suthors in-
siet on one year ss the time pufficlent for studying experimen-

tel carcinogeneseis in mice, while othera disagree, nnd favour
a lite-long experiment.

It i# nelther pructicable nor necessary to examine here
epecific sethode of etudying particular integrel, systemis, or-
ganlc, cellular and biomolecular responses Lo noxious exposures,
The japortant thing is to define the threshold of a haruful ef-
fect und t0 calculate the safety factor,

The baelec principles of panitary standardization sre re-
viewed in I, V. Banotsky's lecturs "“The Concept of Preventive
Toxicology; Principles of Sanitary Stunderd Ruting".

Following toxlcological experiments, it 1s possible to
recowwend more crodible TSELs than those calculated on the
basle of physical and cleamical properties, Bimple calculations
indicate that the MAC level in the USSR 1s, on average, 1,000
times lower then the 1050 level, though ite variations are
great, The highest reliability to dute has been eecured in pre-
Aicting WACSe of irritating agents by both the threshold of their
irritant efrect and Zsp' The correlation coefficient of the
MACe, found by express methods, and those established in Comw

pliance with -the complete procedure, was above .9,

3-2
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To essure comparability of research results obbained in

different laboratories, it is necessary to have a comparable or,

atill better, mtandard sef of experimental conditions shown in

Table 4,

Table 4, Experiwmental conditions requiring etandardization

Indices Animsl species Exposure
ond other Notes
conditions
LCSO' IC .5y  Mouse (20=2 g) 2 hr 2-weeks Berens-Schlosser's
1738 Rat (220140 g) 4 bhr obser-  200h0d; Probit-
vation analysis in Prozo-
roveky's modifica-
tion; study of cli-
nical picture and
pathomorphology
LD5O’ LD16' ditto 2-weelk Indeéy used if ne-
LD, observation cespary
"
Irritating Mice (tall) Quantitatively
effect with estlmated
gkin or eye ﬂ:g?its {back,
application (1-2 kg)
Threshold of Any specles 15 min Use of most sansi~-
irritant Man (if sa- 1 min tive guantitative
effect fety gua- methods (to be dis-
ranteed) tinguished.
from response
threshold)
Threshold of At least 2 4 hr, study Use of at least
acute effect speclea (rats 1/4 hr post- 2 integral methods
Limir mandatory, exposurse
cats de-
sirable)
Cunulation
Mice Intragastric Ieam's or Kagan—
coafflclent; Stankevich's
(Icum aethod
Threshold of At least 2 4 hr daily 5 A% 1088t 2 dntegral
chronic ef- species days weekly, Both dp (Higt logl
fect {rats man~- 4 months. 91 tect mgngaggr—)
Limgy, datory, At least 1 month i: fi;:tstwo~wee; 7
cats post-exposure and then monthl
desirable) surveillance, 7

Three concentra=-
tions at a time
(Iim,q) with
5-102£01d differ-
ence.No-effect,

observations

concentration must

be established *
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Unified conditions of anlmals' keeping are required.

Proceeding from differences in snimals' response ability,
many authors believe that a three-fold error in establishing
LD50 and L050 is pnorual, since it is explained by unaccounted
changes in the conditlons under which the animals are kspt.

The animal experiment would be worthless if it were not
possible to extrapolate its results onto humans.

Scme authors argue that such extrapolation ig solely feasible
in case of simultaneous use of many species (up to 10, including
monkeys) and lines of laboratory animals. Others mailntain that
where there is a monotonous pattern of responses by four species
of btest rodents to the administration of the same poison (the
coefficient of speciss differences should not exceed 3) there
must be 70 per cent coincidence between the human and animal pat-
terns of sensitivity,

In terms of the chronic and long~term effects, there has
been a greater measure of coincldence observed in the response
paﬁtern of animel ard humans, as well as a greater éimilarity
between the response thresholds (Fomenko et al., reported it
for 90 per cent of the cases), v

Thus, the probability of error in extrapolating laboratory
mansal data onto humens sppears to be not so greab. Still, it
does exist, The answer lies in recruiting buman velunteers for
determining some toxicometric parameters {thresholds of the
response, irritant and olfactory effects). To make this possible,
the subjects must be guarsnteed full gafety in accordance with
the Helsinki Convention and many international and national
safeguards,

Another way to cut down experimental errurs is to test the

repults of in-situ studies.
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3.3, io-situ Btudies

e correlation of employees'® health and their working con-
ditione is tested both during plenned preventive medical check-
upe and special epldemiological tests, The former's frequency
varles usually from once in sli-month 4o once in two years,
depending on the toxiclity of the pubstance in question and the
specific production facilities,

Regrettably, epidemiological tests often take into account
only the workers' occupation (a substance or, more freguently,

a group of substances acting in combination with other factors),
sex, and the duration of employwsnt. In our opinion this 1s not

enoughy both the production facilitiee and the sffective factors
(conceatration of hazerdous eubstances in thae breating zone, on

the gkin, temporal fluctuation of concentrations),must be

thouroughly etudied.

4, GConclusicn

It is only & brief review of the principal goals of indust=-
rial {occupational) toxicology and the methodological procedures
to awttain these goals.

™e accent was on the preventive side of the science
ap previously noted, the tasks of dlagnosis, especially the searly
and differential one, as well as of treatment of intoxications
and other forus of the diseasvs induced by the chemical agents
precent in the working environment (long-teru effects, decline
of total resigtaence %o exterual iampacts and other forus) also
form part of industrisl toxicology; they ere dealt with in con-
Junction with the climlcal symptoms of occupstional diseases and
other related disciplines,
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The methods of industrial (ooccupationnl) toxicology are in-
oreasingly introduced into the related flelds of knowledge, pav~-
ing the way to toxicologloal (applied) genetiocs, applied tera-
tology, "molecular toxloology", end a host of other sclences lo-
cated at the oross-roada of the major avenues leading to the
goals of prevention, i1dentification and aversion of the immediate '
and long-term effects of chemical exposure.

The solentifis potenoy of toxicology stems from the union
of hygiene, olinlcal data and experiwente that ties them toge-
ther, said Prof. N. 8. Pravdin., The practical potency of indust-
rial toxioology lle®s in concerted work of chemistry, tedhnology
and medicine, aimed at developing safe production processe's, ab
thelr timely ad justment on the basis of toxlcologicel findings,
and directed to drastio improvement of the working conditions.
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BIOLOGICAL VALIDATION (F MAXTMUM SINGLE-EXPOSURE
AND AVERAGE WORKING SHIFT ALLOWABLE CONCENTRATIONS
OF CHEMICAIS IN THE ATR OF THE WORKING ZOKE

I.P, Ulanova

Banitary~valldated concentrations of harmful substances

in the air of the working zone has always been a matter of prié
mary concern for toxlcology and lndustrial hygiane;. In an 1ne-
dustrisl environment, even under continuous production condi-
tions most favourable from the hyglenic standpoint, toxic sub~
gtances are known to exert intermittent actlon. This action is
much more pronounced In batch productiop conditions because che~
nical concentrations reach higher levela due to loading and une
loading operations, involving raw materlsls, semifinished amd
£inished products, sampling, etc, However, the intermittent ac
tion of airborme concentrations of toxlc substances has so far
besn underestimated both in shopfloor and laboratory tests. Ac—
cording to the norme adopted in the Soviet Union, the maximum
allowable concentrations (MAC) of harm:ful substances must not
be exceeded even for a short while. Only for some highly cumule-
tive substances, such as cadmium oxide; metalllc mercury, anti=
mony-; lead and its inorganic compounds, average working=-shift
concentrationa have been approved, Undoubtedly, for most orga-
nic compounds exhibiting a chronic tendency for accumulation,
concentration variations (within certain limits of course) arve
unimportant since their bioclogical aotivlty is determined pri-
marily by the dose received by the body. In hygienic standardi~
sation, such substances should preferably be treated in terma
of time-weighed concentrationa. However, lack of special rese-
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arech into Intermittent action holds back taking final decision
on hyglenle standardization, since a hasty standard may be de-
trimental for workera' health or, on the other hend, a too
stringent concentration may prove to be economically burdensome.

In mout'counbriaa, the MAG of. harmful substances for in-
dustrial environments are expressed in average working-shift
concentrations, while in othera (GDR, Rumania, United States,
Ozechoslovakia, Bweden, etc,) two values are used = the maximum
and averages worklng-shift concentrations. However, maximum
single—expogurs safe cohcentrations adopted in these countries
are not well founded as evident at the WHO meeting where safe
exposure levels were discussed for some metals and solvents,
Bome countries failed to provide scientific support for a safe
iange of meximum single—exposure and average time-weighted con-~
centrations.

To resolvs these problems, firat of all, the damaging
effect of polisons and adaptation to them, depending on the ex=
posure conditions have te be studied experimentally on aenimals,

Experimental Data on Intermittent Effects of Chemicals
Relatively few studies have been carried out in which the

body response to different exposures of chemicals was compared,
with experimental conditions varying widely. The experiments.

in which continuous and intermittent exposures were involved

can be singled out, the former implying tninterrupted effect

of a toxio substance over a period of several hours and the
latter, variations in its concentration within the sams period,
Thus, ®continuous™ should be used here with some reservation.
Such en ex'pe::;imental approach is more consistent with the proce-
dures commonly used in industrisl toxicology. Another outatand-

4-I
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ing feature, is that these experiments, use the principle of
equality of time-welghted comcentrations throughout the day-
long exposure, These two conditions determine the inequality
in the effective concentrations in both typeas of expoasure, As
a rule, the intermittent exposure to chemicals waa less favour=
able as compared to the conti.nuo:xa ane (1,2,3,4,5,6,7).

In ancther group of experiments, the effeciive concentra-
tiona were maintained equal under intermittent and continous
sxposure, their duration being the sume almost 1n all experi-
mente, including breaks 1n intermittent exposure., Thus, the
total amount of substances uptaken by the body during the en~
tire experiment was higher under comtlnuous exposure rather
than in intermittent one. Buch an experimental procedure is
common, primarily, in day-to-day toxicelogy. The intermittent
effeot of chemicals in these experiments was often less dangerw
ous than under continuous exposure to the sawe concentration,

dpparently, a lower overall concentiration in the inter-
mittent expoaure is reaponsible for a leas pronounged biclogl=
oal effeot (8,9,10,11,12,13)% However, in experiments with sul-
fur dioxide (14), formaldehyde (15), and methyl mercaptophos
{16), the lntermittent exposure was more effective in gome
respocts than the continucus one,

It hag been speculated that differences in the continucus
and intermittent exposures to barmful substances depend on the—
ir phyaioo—cﬁemical properties of polsons and the associated
processos of uptake by, accumulation in, and removal of these
substances from the vody (17,18). 0f partiocular interest, in
this connection, are experimentu with ethancl and chloroform
{17). Experiments in which equul smounts were 1lnhaled indicate
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that, beceuss of ite high water oiu‘bil:lty, ethanol 1s sccumu=-
lated slowly in the blood, and the concentration fluctuations
unier the magk , produce no effect whatsoever on resorption of
the pelson as compared to continuous expogure, At the same time,
in the c¢aps 6f chloroform which 1s poorly soluble and saturates
the blood at a fast rate, the amouxllt;n inhaled at peak inten—
sitles exceeded those in continuous exposure,

Thus, a more pronounced effect of a fat-moluble substancs,
such as chloroform, undsr intermittent exposure can be aseribed
to 1ts higher content in the blood, Yet, when the ooncentrations
were selected in such a manner that tho- blood oontent of the
harmful substance was the same under both exposures, the inter-
mittent exposure proved to be more dangerous in addition, Ac~-
cording to {17), enhanced toxic effect in such instances depend
on a decreased body adaptability, although ne special research
has been conducted to corrborate this sssumptiom,

The literature give data on the adaptation to different
exposure to methylene chloride (19) and xyleme (20,21), their
content in the bdlood being determined at equal air-borne avers~
ge weighted concentrations, It hasg been shown that continuous
exposure to methylens chloride at one tenth of the threshold
acute effect and at 1ts content in the blood baing as high as
0,28 mg/ml virtually throughout the polsoning leads, in the
final snalysia, %o true physiological edaptation, In this caae,
the polson content in the blood decressss towsrd the end of
the experiment, wheress under intermittent exposure, when the
poison content in the blood remained invariable, a pronounced

§ pathological ‘proces's was obgerved,
® In experiments with xyleme, with gradual adaptation of the

&2
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body to this subgtance under both exposures, its content in
the Hlood decreases in both modes, although the early developed
gdaptat:ion to the intarmittent exposure broke down after a short
while. When the experimental procedurs was alightly modified,
namely, when effective rather than welghted average concentrae:
tione were made equal @& that the’estimated accuwnulation rute
of xylene wus lower under the Intermittent exposure, the latter
wag Btill found to be less favourable than the continuus one(21),
Adaptation breskdown was accompanied with a higher polson cone
tent in the blood, which, however, could be detected only after
exposure Lo a high concentration,

As can be inferred from the foregoing, the polson contant
in the blood was determined while studylng adaptatioun to sub-
stances exhibiting so—called “physical toxlcity", that 18 to
say they remsin almost intact in the body, Bubstances display-
ing "chemical toxicity", ere especially dangerous and have a
capacity for specific action aince they undergo transformations
in the body (22}, Buch substances phould be studied with due
account for the possible development of adaptation as well aws
lateat pathological process primurily in response to ithe spesi-
f1¢ effect. It should also be borne in mind that atudies of cheo-
micals under the interwittent effect in the context of eustablish~
ing bygienioc stendsrds, provide reliasble information anly wlien
the substances are taken in low concentrutions. In this conneo—
tion, wo ahould like to single out & series of experiwusnts in-
volving the intermitient effect of cheaicals, carried out at
the Research Institute of Industriasl Hygiene and Occupstional
Disvanes, USSR lcudouq'of Medlcal Sclences (23). The experi-

manta followed a unified prooedure ln which contibous exposure
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to poisop lasted for four hours, concentration being relative-
ly invariable. The intermittent expoaure lavolved
five 15~ainute "peaks™ and four 4#0-ainute breaks during which
clean air was let into the chamber, The 15-minute “peak" effect
waa selected on the aswumption that in industrial environment
& worker handling a short-time operution, say, in opening some
equipment, may be exposed to increased concentrations of harme
ful substances for a short while.

Cne of the maln precconditions for comparing both exposure
patterna waa equality of the total amount of the polson pass-
ing through the roespiration zone of the animale in the groups
being coupared. To meet thie conditions, almost equal average
wolghted sir-borne oconcentrations of poiaons in the test cham~
bers were maintained for both exposures, This, in turn, provid-
#d for ineguulity of the effective concentrations under conti-
puous and lintermittent exposures, The concentratiom within a
15-winute peak exceeded the aversge weighted cne by a factor of -
three, on the average,

The experiments were conducted at different levels and
dirferunt exposure durations, Qhanges in the biological systems
were wtudied at the level of a whole body as well as at syate~
mio, orgwnlo, cellular, subcellular, snd molecular levels, Par-
ticular atilenion was given to the state of the systems most
ausceptible to atfection, Loading teste were used to reveal
pessible latent changes. Also determined was the coﬁtent of the
substance being tested or its metaboliam products in the blo-
materisl,

The coupounda selected for testing, such as carbon tetra-

chloride, benzene, tetrachloroethane, and dimethyl rormamids,
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are widely used in industry and represent highly cumulative
substances with a broad range of toxlo effecta. Apart from the=
ir effective concentrations, it is also important to také into
aocount the time Factor (for poisone cumulating in time) -that
15'; the time period during which compensated and noncompensat-—
od‘functional end structural changes are accumulated, The ailr-—
borne concentration of substences in the test chambers was de-
termined by gas chromatography.

Bince the experimental studies of the changes in biologi-
cal indices enabled the maximum end aversge weighted airborme
concentrations of some subptances in industrisl environment te
be established for the first time, let us now dwell upen their
results,

Qarbon Tetrachloride

¥hen xemobiotic 18 presemt in a concentration correspond-
ing to a level of 6 Lim (12 MAC), its intermittent action is
less favourable than the ocontimwus one bath in the number of
changed indices (17 under intermittent exposures and ¢ under
oontinuous exposure) and in the extent of thess chenges (Figu-
re 1)« That liver undergoes a more pronounced damage under in-—
termittent exposure, la evidenced by the marked decrease in
the rate of hippuric¢ acid synthesis (on the fourth day), the
appearance in the blood of mitochondrial enzymes (GDH and OCT),
indicative of the severe lesions of hepatocytes'. a perceptible
increase in the activity of cytoplesmic enzymes (P-1-PA, SODH)
in the blood as compared to contimous exposure, and a reduced
content of cytochrome P-450 in the hepatic tissus, indicative
of altered structursl organisation of microsomes,

The cbperved inhibition of the reaction to loading with
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the substance (at the Lim . level), expecially as suggested by
changes affecting the enzymes, which go beyond the physi clogical
adaptation resction, ie indicative of & latent pathological pro-
ceus,

The resulte of funotional tests agree well with thoss of
morphological analysis of the liver structure. The obaerved
differences in the aotlon of carbon tetrachloride under the two
exposurea cannot be explained by the dlssimilar CGLu contents
in the blgod becaupe it wag approximately the same under both
exposures, ranging from 0,62 to 0,76 mg (Pigure 2) (23).

in an experiment with a chronic action threshold of ccL,
squal to Lim (2 Ma0) (Figure 3), the changes were much less
pronocunced, In thie cane, the activity did not inocrease under
intermittent exposure) on the contrary, the changes under con-
tinuous exposure were more manifest, Hence, the ;ffect produced
by interwittent and oontinuous action of the xemobiotlc depends
cn its effective concentration.

ganz eng

In the experiment with benzens, two levels of effeots were
involved, At 12 Lim, level (Figure 4), the teet enimals develqpé
ed leukopenia with & more manifest effect on the blood system
under intermittent exposure, whioch wes indicated not ac much
by the number of chenges as, Lrimarily, by their eﬁtent and perw
eistence,

At this level; the intermittent mode was definitely less
favouruble than the continuous one, The dynamica of the content
of puenol ~ the wain metabolite of benzene — in the wrine of
test animals was wurked by & olearly defined increace beginning
from the eighth day of exposurs, was more provounced in the in~-
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termittent mode (Figure 5),

When berngene wes present in a concentration corresponding
to 3 Lim, (Pigure 7), the changes affecting the blood system
regulted in moderate leukocytosie due to higher lymphooyte co-
unt, The exposure was not found to produce any effect on reac=
t1lon natures. The phenol content in the urine of enimalas (Figure
8) was even higher under continuous exposure, Hence, the inter-
mittent action of benzene at a low level does not enhance its
harnful effect (25),

In a similay experiment with dimethyl formamide (Figure 9);
no differences. in the body response to céntinuous or intermit—
tent exposure to xencblotic at two levels equal to 2‘;6 and 7.6
Lim were observed either (26),

Thus, aa was shown in subacute experiments with four high-
1y cumulative spubstances, the biological effect produced by vare—
ing concentrations as ocompared to the constant ones at the game
average welghted concentration depended both om the physiw -
chemlical and blological properties of the poisons as well as
the level of thelr exposure, Three-fold concentrations of ben-~
zens and carbon tetrachloride are harmful only at a relatively
high action level. For other substances (1,1,2,2-totrachloro-
ethane dimethyl fommida); no difference was observed under
contimuous snd intermittent exposures either at high (6 and 7.8
meh' respectively) or low (1,25 and 2.6 I'imch) levels, Hence,
are greater variations in concentration allowable? To answer
this question, special experiments were conducted with carbon
tetrachloride at a low actiom level (Lim ).
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Pig.1 Changes in indicatirs st oontinuous and intermittent
exposure to CGL4 at the 6 Lim level.

1-fructose monophoaphate aldolase; 2-sorbitol dehydrogenase;
J-weight coefficient of the liver; 4-alanine amino transferadle;

5. hippuric acid; 8-body weight; 9.urocaninese;

10- cytochrome -~ P-450.
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Pigure 2: CCl, content in the blood of test animals (6Limch}

Continuous exposure T™WA; 39 ¥ 2 mg/mJ
] e~
1 2 4 8 9 27 days
Intermittent exposure TWA: 3941 mg/'m3
7z 4 Peak: 123+4 mg/m3
111 3 3 1

Fig.3 Changes in indicators at contimuous and intermittent
exposure to CCI4 at the Lim,, level.

1-fructose monophosphate aldolase; 2-bromosulfonphtha-
leln teat; 3-SIP
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Continuous exposure

TWA: 48B0+1.34 mg/m’
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Intermittent exposure
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Peak: 1580+44 mg/m3
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Fig.4 Chenges in indicators at continuous and intermitternt
exposure 1o benzene at the 12 Limch level.
1-81P; 2-leukocyte count; 3-lymphocyte count;
4-gsegmented neutrophils; 5-hemoglobin count;
€-reticulocyte count; 7-marrow ceil count.
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Pig.5 Phenol ogontent in the urine of rats at coatinuous
and intermittent exposure to benzens at the ‘Izmmoh level.
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Carbon Tetrachloride, Different Conditions of Intermittent

Action
It wan demonstrated that up to five-fold concentration wva=
riations (intermittent exposure with five 10-minute peaks) as
compared to continunous exposure to &n equivalent average weight=
¢d concentration, OCl, did not intensify the toxic effect of
xenoblotict no sharp differences were observed between the ex-
posures in the number of changes in the indices aa well as qua—
litative aspects of the effect. When the 001, concentration was
varied up to ten-fold (intermittent expoeurs with five S5-minute
peeke), the detrimental effect of the intermittemt action is
enhanceds the number of ohanged indices increased and the chang-
®s become mors psraistent (Figure 6)% Thus, at the Linob leval
and an average welghted concentratiomn, three to five-fold varia-
tions in the COl, oconcentration, ere poasible without adversely
affecting the test animals. _
Bignificantly, identical results were obtained in experi=
ments with 0C1, at 8 Lim, level (325 mg/a’, comducted in Oze-
choslovakia (27). EBquality of average weighted concemtratlons
under continucus and intermittent exposure was a prerequisite
here as well, but the experimontal procedure wus different, At
the same average weighted oconcentration, the 1nve5t13&tor;
oreated different numbers of peaks of varylng duration, hence,
the peak concentration wae n~tuple the average welglited concen-—
trationt mode 1 = one 72-minute peak, cne concentration was
five-fo0ld the other (peak cocentration - 1625 ng/h3)| mode 2
one 1B-minute peak, one concentration was 20-fold the other
{pesk concentration -~ 6500 mg/h3)| mode 3 - six 2-minute pesks,

one concentration was 20-fold the other (peak conecentration -
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6500 mg/m3). These experiments were aimed at elucidating the im—
portance of not only the extent to which peak concentrations
exceed the average weighted ones, but of the peak~to-peak inter-
val as well, To assess the biocloglcal effect of CCl,, a number
of biological indices were used, adequate for determining chan-
ges in hepatic functions. The experimental results indicated
that the peak concentration exceeding the average weighted one
by a factor of five at the 8 Lim, level, emhanced the toxic
effect of CC1l, wnder intermittent exposure as compared to con-
tinous one, Similar data were obtained when the peak concentra-
tion was 20 times higher that the average weighted one, regard-
less whether the exposure to the peak concentration wag unin-
terrupted (18 minutes) or intermittent (six 3-minute exposures).
These results corroborate the data obtained in the USSR accord-
ing to which the blologlcal effect produced by varying concentra~
tions depends on the action level, It has been established in
Czechoslovakia, for example, that at the 8 I.imch the effect of

CCl, concentrations varying by a factor of 5 is less favourable

4
as compared to continuocus exposure, while Soviet researchers

have found that the seme five-fold variations &t a lower level
(Limch) do not evhance the toxic effect of CCl,; that is, even
when the pesk concentration is five times higher that the ave-
rage welghted one, the biological effect produced by varying

concentrations also depends on the action level just as in the

case of the three-fold concentration difference.

Validation of the Procedures Used for Establishing Double

Sanitary Standards
Ag can be inferred from the above, it is expedient to intro-

duce MAC values, both maximum and average working-shift ones
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more extansively to satisfy not only the health but also econo-
mle criteria (23), At present, general procedurss must be deve-—
léped for determining the permissible extent to which the ma=
ximum single-exposure concentration of chemicaels may exceed
the time-waighted one., Bome recommendations to this effect can
bs found in the literature. D. Henachler (28) recommenda, for
example, to take into account the possible danger of a toxig
substance, ite action, half-life, and odour while substantiating
the limit, frequency, and duration of the variations in oconcen-—
tration, These requirements sre definitely eesential but diffi-
ocult to meet in practice, L.i. Timoflevsknya, P, Bchmidt, ot
al (29) suggest that the coefficient of tolerable limits be esw
tablished within an interval from 1 for poorly cumulating to
3 for exceedingly cumulsting subastences, bascd on calculations
of the chronic actlion zone,

A hyglenic analypis of intermittent exposures brings to
light some instences where the possibility of double standard
i1s ruled out. A case in point ia irritating poisons as well as
subestances with a narrow range of towic effect and a sharply
focused antlenzymls action. It 1s known that evem short-time
presence of large amounts of such substances &s nitrogen oxi-
den, perfluorolsobutylene, hydrogen arsenide and fluoride in
the air of workshops, can cause heavy poisoning within a few_
minutes, Therefore, for substances producing acute effect at
ghortwtime exposures, the only possible standard must be the
maximum allowable single-exposure ocomcentrations (30;31)'.

Conclusion

Exporiments with harmful substances in low concentrations
(1-6 Lin_,) have shown that three- to five-fold variations un-
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dor similar average welghted concentrations, do not cause any
changes in the human body's responses both under interwittent
end contlinuous exposures, This research pioneered the hioloslé
cal foundution for valldating the average working-shift and aa—
ximum pingle~exposure concentrations for the air in the working
rone, In this case, the term "meximum allowable single—exposure
concentration of a harmful substances", s per the CMEA defini-
tion, implies the concentration of a substance in the working _
gons, time-welghted on the basis of short-time sampling (15 min.)s
An allowsble harmful substance concentrution time-weighted for
a alift 1a a4 concentration determined by continuous or intermit-
tent aly sampling a time periocd not shorter than 75 per cent of
working shift or a concentration time-weight sl ovur the entire
shift in production areus where workers are present all or part
of the working time (32),

The gualitative and quantitptive data accumulated so fer
concerning the effect of harmful substances ullow the following
recommendations to be mades

1. Ip the case of harmful subsatances exhibiting pronounc—

ed cumulative properties, the concentration tiwe-weighted for

& shift 1s determined along with the maximwa allowable short-
time concentration that may 3-5 times exceed the former,

2, In case of harwmful subatances characterized by specifioc
effect (lrritating, antienzymic, eto.), enly the maximum allow-
able pingle-exposure concentration is determined,

Of course, the problea of interwittent effect in the con=
text of hygienic regulation still remains to be resciveu, Auai-
tiona) experimental snd, what 1s more important, clinicomygio-

nic studies are reiuired.

6-1
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ERINCIPLES FUR VALIDATION UF 'THE MAXINUM
ALLOWABLE CUNCENTHATIONE OF HaikWwbUL SUB-
BTANCES IN THE AIR OF THE WORKING ZUNB

L.a, Timofievekaya

The development and substentiation of preventiive measurea
%o avert the effects of hermful chemicala in the workplace are
the mein problems of industrial toxicelogy.

The problems relating to etandardization of haruful substan-
cos in the air of the working zone were treated on & systematic
baasis In the firast third of the 20th century.

The first guideline for sulfurous anhydride, was set in
the USSEK in 1922. By 1956 an All-Union Commiesion under the UBSH
Minietry of Public Health wee alresdy working regularly to set
MACe at that time.

The standardigation in the Soviet Union was wainly based
on the analyais of the literature data and heelth practice.

In the United States, simlilar efforte were undertaken in
the 40's through the 50's *) after L.1.Fairhal suggested the term
- Threshold Limit Velue (TLVY) for the use in hygienic standardi-~
gation, Somewhat later, the term MAK-Werte appeared in Western
Europs.

In view of urgent requirements of pructical hygienic regu-
lation, the need waa reccgnized for the development of the theory
for the rating procedures and standardizetion of the methods and

approaches to the validation of MACse for noxious substances in

*) The Commiesion of Government Industriel Hygleniste was insti~

tuted 1n 1938,
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the air of the working zons. Concurrently, the key concepts éf
preventive toxicology wers further updated.

One of the ploneering concepts of MACs defined them as
*,..+8uch concentrations which, by a prolonged (during many months
and years) affect upon human organism (and, moreover, in working
conditions} induce no morbld changes and can be recognized as
esfe with the present level of our knowledge™.

A large stride in hyglenio stendardigation weg made ati tﬁb
1959 International CUongress in Prague which formulated ite con~
cept and the bamio goal. It was aimed at ldentifying such a con-
ocentration, whose prolonged inhalation over many years for 7-B
hours daily, will not induce marked phymiclogioal chenges. Tha
definition, slightly rectified, weas later to become internmatio-
nal.

While preparing & new hyglenic standard consistent with
the GDH "Alr of Working Zone. General 8anitary Hygienic Hequire-
ments", the MAC definition generally accepted until 1375 was
extended to incorporate an addition, proposed by Profeassor I.V.
Banoteky, periaining to relatively long-term effectm that coour
in the present and subsequent generations.

Prewently, the recognitlon of the need to profect pfosohy
is inocluded in the definition of the MAC concept for harmful sub-
stanoces, agreed upon by the CMEA member-countries.

The firet TLY inventory published in 1948 teatures the-
concentrations that would induce no pathological effectas, irros--
peotive of the duration of the ;xpésuro. .

In the 195508 the preamble to the TLV inventory seid the
objective of the TLV wam only to improve hygienic conditions in

the workplace rather than to set a safe value of'thb exposurse.
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Froor 1362, the preamble to the TLV defines the concept of
tho_threshold limit value which, like the XAC concept kept belng
modified and updated over the yeara.

It ehould be noted that blistering criticiesm wase leveiled
in tHhe USA sgainst the term "ithreshold limit values". ror inustance,
back in 1956 H, Smyth doubted the validity of this term substitui-
ing it by ®"hyglenic stundard", which be aspumed, will give & wmore
eccurate interpretation of the ldea,

One of the early definitions of the TLY specifies it as
a standard of the dose levels to which almost all the ewployees
might be exposed regulasrly, day by day, wlthout adverse effects.
In 1965 the definition was suppleanented with a reference to va-
riatione in individual seneltivity.

As of now, the definition of thne ILV cuncepl reads that
“ILY specifies the concentration to which woatl workers can be
repeatedly exposed daily without an adverse effect. Lue tu a broad
variability in indivicual sensitivity to the effect of chemical
conceatrationa at or below the TLV level, & small percentage of
workers uay feel diecomfort and & still lower pexcentage develop
more serious effectis such as the aggrevation of the previous
oondition or the initiation of occupational diseases®.

It should be emphapized that in 1962 the inventory of the
U8 etandarde indicated that TLV referred io time-weiphted average
concentrations. In 1965 the duration of the exposure was specl-
fied (7- or &-hour workday). Besides, 1t made an exception for
five aubstances with & carcinogenlc potential and 23 "C" labelled
(ceiling) eubstances for which the listed TLV values were the

meximum ones end no exposure to them was allowed.
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In 1976 the liasting of TLY values waa divided into three
categorien: average weighied concentrations for 7-8-hour workday
and 40-hour working week (TWA), limit values labelled "C" and
phort-term MACS degignated for 15-min sxposurs.

The dMAK-Werte inventory in tpo Federal German kepublic was
published by the German hesearch Aesociation in 1963. In 1970
the preamble to it addressed explicity the MAK-Werte concept and
a host of reievant fasues, for instance, skin, senaitizaticn and
onrcinpgenicity.

The'only standard value given 1n_the inventory identifies
the time-weighted average. This and the subsequent FGR norm liet-
inge epecify that MAK epplies to pure substances and refer to
the likelihood of individual eeénsitivity verietions, depending
on age, a#ex, constitution, dietary condition, and other factors.
8pecial attention 1s pald to poiential carcinogens.

The definition of MAK by the Senate Committee under Profes-
gor DL, Henscher in 1960 says that "MAK-Werte is the maximum
allowable concentration of.a substence in the form of gas, vapor
or sugpended airborne particles in the amblent air which, with
the present state of knowledge, even in 8 regular and usuelly
prolonged, daily exposure during eight hours and with the obser-
vance of the averuge worktime of 40 hours per week (or 42 bours
per week averaged for 4 succesasive weeks at plants operated onm
& four-shift basis), does not, in general impair health of the
workera and their progeny, or places a burden upon them". The
inventory provides the prerequisites for MAK validation, includ~

ing the purpose of MAK, snalytic control, approaches to rating
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mixtures and & number of specific effective factors asuch as odor,
alldrgioc manifestations, skin absorption, osrcinogenic substances,
etc.,

Despite th; significant diseimilarities between the defini-
tions of MAK and TLY the respective UB and FRG guldelines fit
almos¥ completely.

It should be underlined that three countries possess now
the longest -tnndlrd'inventorlas; they are the FRG with > 450
chemicals, USA with > 550 chemicals and USSR with over 1000 che-
micals. Buch inventories exist aleo in other ocountries., The ocom-
pnriion of such inventories by the Internstional Labor Organima-
tion shows they are currently available in 19 countries., Howsver,
it sbould be noted that these countries rely in general on the
TLY or MAC vlluoi and only in numbered cases do they depart froa
them.

By and large, the recommended MAC values are lower in the
USSR than those in the United States. Judging by the TLV/MAC
ratio, the substances differing two-fold or more, make 72 per
cent of the total {the analyeis was psrformed on the 220 chemi~
cals, listed in the inventories of the UBSR National Standards
and those of the American Commission of Government Induetrial
Hyglenists (AGGIH, 1980). A more detailed analysis has shown
that a two- to five-fold difference is found in 48 chemicals
or 22 per cent; & 5= to 10~fold difference in 42 chemicals or
18 per cent} and pyer ten-fold differences in 69 chemicals or
31 pex cenk. About 10 per cent of the US standarda ars more than
50 times higher than the corresponding USSR standarde, The ext-

rexe values of the gaps betwsen them apply to chloroprene



“ 5] -
(TLV/MAG = 1800 times), ocsprolsctam and selenium (MAC/YLV w 10
times). For 16 chemicals the USBSK Standards are above the US
counterparts (see Table 1).
Table 1
List of Chemiocals with the MAC/TLY hatio Over [

Value in ng/-3

Chemical
HAQ TLY
1, Amgonis 20.0 18,0
2., ~Anieldine 1.0 0.5
3. Blaphenol 4 (diphenylol-
propane) 5.0 3.0
4. Vanadiua pentoxide .1 0.05
5. Caprolactam 10.0 1.0
6, Cadmiua oxide 0.1 0.05
7. Metallio cobalt and cobal$
oxide 0.5% 0.1
8. Ferchloromethyl merxcaptan 1.0 0.8
9. Selenium 2.0 0.2
10, Taatalum and its oxides 10.0 5.0
11. Phoagene 0.5 0.4
12, Zinc oxide 6.0 5.0
13. Uetallic sirconium and its
compounds 6.0 5.0
14. Vinylidene Chloride 50.0 40,0
15, Vitrium oxide ' 2.0 1.0
g 16. !rinttrotcfluono 1.0 0.5

6

7-2
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The analysis of the inventories in two countries brought to
light eseentinl differences between classes and catsgorise of com-
pounds. For inatance, the differsnces between the MAC and TLV va-
lues appear to be minor for several irritant toxics and signifi-
cant only for acetaldehyde and formaldehyde (36- and 6-fold res-
pectively. Sea Table 2). Furthermo;e, the formaldehyde disparity
was formerly wider still (72 times) - until its TLV was halved
in the recent years. The above divergsncies are apparently due
to the Soviet acetaldehyds rating procedurs which took into acc-
ocunt not only its irritent properties but alsc & etrong unplea-
sant o¢dor, inducing reflex reasponses in low concentrations. The
8imilar procedure in the USA had the onlé intent of avoiding
excessive irritation and damage to thes respiratory tracte in
"habituated” employeesn.

The USSk formaldshyde MAC ;ns reduced from 5 to 0.5 mg/m3
in 1967. The rationsls for the revipion was extensive cliniceal
hygienic end experimental evidence suggesting for formaldehyde
a8 atrong lrritating potentisl when present in tha air in the
concentration of its formerly effective MAC value. The specileal
literature in the USA also reports of the formaldehyde toxicity
at 6 mg/m3 or one fifth of that level. The TLV document package
on formaldehyde showe that the 6 mg/m3 concentration cannot en-
sure againet irritation, which perhaps 1s the only reason why
in 1972 its standard value iaa made twice ase low, or 3 mgla3.

Irritents apart, the XAC-TLV dieparities seem very minor
in the cna; of aerosoles, metala, metalloids and thelr compounds.
*or instance, in the ligt of chemicals, shown in Table 3, thege

dipparities are more or less eignificent for lead, manganese
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Table 2

MAC and TLV Values for Several Irritant Toxice

e e e e . e P S -

-

lue in mg/m3

MAC, USSR TLV, USA Dilsparity

Ya
Chemical

Acrolein 0.2
Ammonia 20.0
Acetaldehyde 5.0
Diethylamine 30.0
Kltrogen dioxlide 5.0
Chlorine dioxide 0.1
Icdine 1.0
Methylacrylate 20.0
Ozone 0.1
Sulfuric acid . 1.0
Sulfurous enhydride 10.0
Toluene diisocyanate 0.05
Acetio acid 5.0
Formaldehyde c.5
Hydrogen fluoride 0.5
Chlorine 1.0
Hydrogen ohloride 5.0

0.25
18.0
180.0
75.0
9.0
0.3
1.0
35.0
0.2
1.0
13.0

0.14

25.0
3.0

1.3
2.8
5.0
6.0
4.0
N0

and tellurium - 15, 16 and 10 times respectively (Table 3). It 1i»

essential to note that some 5 years or so ago, the US TLV of lead,

chromium and mercury exceeded not only the Soviet MACs but also

the standards eccepted in other countries, e.g., the TLV velue

for mercury was reduced by half to match the International Ke-
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commendation resulting from & long-term program of dynamic epide-
niqlogical cbpervetions completed in the USBR. Of late, there
have beean reductions in the TLY valuea for chromium ocompounds
and mol ybdenum.
Tabls )
MAG and TLV Yalues for Beveral Metals, Metalloids

and Their Compounds

A e i . e . S . S Sy e e o e - - - ——— ] - -

Value in mg/m3

Chemical
HAC, USBK TLY, UBa Dieparity

1, Beryllium and its compounds ¢.001 0.002 2
2. Venadium ahd its cowmpounds,

saoke of vanadium pentoxide 0.1 0.05
3. Cadmium oxide 0.1 0.05
4. Metallic cobalt and its oxide 0.5 0.1
5. Manganese 0.3 5.0 16
6. Moiybdenum (solubls compounds) 4.0 5.0 -

7. Wolybdenum (insoluble coam-

pounde} 6.0 10.0 2
6. Nickel (oxide, protoxide,

sulfite) 0.5 1.0 2
9. Metallic mercury 0.0 0.05 S
10, Lead nnﬁ its inorganic

compounda 0.01 0.15 15
11. Metallic antimony duat 0.5 0.5 -
12. tunt-iun and ite oxides 10.0 5.0
13. Tellurium 0.0 0.1 10

4. Titanium oxides 10 15 1.5
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Table 1 {continued)

- - - -t - - -

Yalue in mglm3
Chemioal Disparit
HAC, USBK TLY, USa

y

15, Uraniua (moluble com-

pounds) 0.015 0.2 -
16, Ursnium (insocluble com-

pounds) 0.075 0.2 b
t7. Chromium snhydrids,

chromates, bichromates 0.0 0,05 5
18. Zino oxide - 6.0 5.0 V -
19, Metallio sirconium and its .

insuluble compounds 6.0 5.0 -

L L e L b T o vy — —— -——

The MAC mnd TLY values differ mostly in the series of ohlo-
rinated hydrocarbons (Tabla 4). Yet thers im a recent tendency to
bring some of them down, e.g. those of methylene chloride, chlo-‘
roform, and dichloroethyl sster, ato. Significantly. the TLY va~
lues of scme chlorinated hydrooarbonms ars still way above not
Just the reapective Boviet MACsE, but mlao those of other count-
ries. Une example i@ the average workehift concentration of di-
shloroethane of 50 mg/n3 in Osechoslovakia and the EDR, 20 mg/m?
in Bweden and 80 n;/mJ in the FRG, Italy and Switzerlend which
are in contrast to that in the US of 200 mg/m’.

Somewhat lessax divergencies occur in the golventa category
except for the MACs of bentene and acetone that mre reppsctively
16 and 12 times lower than their TLVa (Teble 5). The benzene

AAC value in the USSR wae decressed from 20 to § ma/mj, conala-
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tent with the data of expsrimental and alniflry hygienic observe-
tione maintained concurrently by thres research organisations in
the Soviet Union.

In the foreign literature, too, the need to lower the ben~
len; TLV is widely recognized. In particular, R, Truhault {1968)
recomuended 1ts reduction at least five times over. The largeast
diaparity in this category is that of aniline (130 times) whoae
MAC was lowersd from 3 to 0.1 mg/mj in 1971, aa required by dats
from clinical hygienic and experimental observations.

Table 4
MAC and TLV Values for Some Chlorinated Hydrocarbonse

Yalue 1nlng/m3
Chemical Diaparity
HAC, USSR TLV, USa

t. Benzyl chloride 0.5 5.0 10

2, Dichlorobenzene {ortho) 20.0 300.0 15
3. Dichlorocethylene 50.0 790.0 16
4. Dichloroethene (1,2) 10.0 200.0 20
5. Methylene chloride 50.0 700.0 14
6. Methyl chloride 5.0 210.0 42
7. Tetrachlorosthylene 10.0 670.0 67
8. Trichlorcethylene ' 10.0 535.0 53
9. Ghloroﬁen:ena 50.0 350.0 7
10. Chloroprene 0.05 90.0 1800
11. Carbon tetrachloride 20.0 65.0 3.3

12. Ethyl chloride 50.0 2600.0 52

——-—
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Table 5

wAC and TLV Values for Some Solvents

Valuea in mg/m3
Chenical Disparity
WAC, USSH TLY, US

e o e o e e e - —— . -

1., Amylacetate 100 530 5
2. Aniline a.1 19 190
3+ Acetone 200 2400 12
4., Benzene 5 30 i6
5. Mnmethylformamide 10 30 3
6., Xylidine 3 25 [}
7. Xylene 50 435 9
8. kethylacetate 100 610 &

9, Unsaturated alcohols of the

fatty geries 2 5 2.5
10, nitrometihane 30 250 8
11. Nitroethane 30 310 10
12, Nitrupropane 30 90 3
13. Nitrobenzene 3 5 1.6
14. Propylecetate 200 840 4.2
15. Carbon disulfide 1 60 60
16, Yoluidine 3 22 T
17. Toluene 50 3175 7.5
18, Cyclchexane 80 1050 13
19. bthylacetate 200 1400 7
20, kEthyl, diethyl ester 300 1200 4

o A o Y A0 o s o 8 S O o o £ Y D o PO e e o e S S e B o o T

8-1
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A eimilar cumparative survey o1 lne LAC and MAK-Werte, FhG,
alpo lcgentified a close tit four the irritant chemicals and an ege-
entiul digparity for chloriuated nyurocarbona (up io 150 times).
ine dilferences between the hypienic re;ulations for chloroprene
(e times), siyrene and wlfomethylsiyrene (64 and 26 times),
aulline and nitrosnitine (140 snd €0 times), methyl and ethy]
browmade (80 and 178 tiwes) ure snolmous.

With respect to seven compuunds, Ltheir USsk LACe are two
to 8lx times over the i WwACse. L tne uther hand, the +hG MAC
for quartz-containing austs st 0.15 mg/m3 ia lower ithan in most
vther countries and nearly six times &s luw asg in the USSh.

Among the metals, on lead, wanganese and mercury the two
liestings differ woest - by 10.6 and 10 times respectively. Of the
sulvents, mention musi be made of acetone and tcluene that de-
part from the correspunding «wACs by a tactor of 12 to 15.

The caupes behind the aiscrepancies were analyzed by nume-
rous specialleta in the USA, UK, [taly aud US58h.

A8 we see it, the standard listinge d%ffer because their
underlying principles of hygienic rating are different.

In the USSk the fundamenial principle of toxicological 1li-
mitation on the awcunts of noxious substances present in the en-
vironment 18 one of ithe threshelds intrinsic in their effects.
The concept postulating the exisience of & threshold of harmful
effect for the majority of bioclogicel effects from chemicAl sub-
stances meets no objections. The threshold concept remains dis—
putable, however, aa regards the mutagens, blastomogens and ra-
diation lemgions. Lr. H.S5.Stokinger, to cite cne example, 1ig

biased, though with some reservations, towurds the existlence
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and necegsary establishment of threshold levels for the effects
of chemicals and DUr. H.imagnusson offers the definition of the la~
tter's values, whereby s threshold can be defined as the value
below which no effect will be produced, not even by a life-long
expopure.

hegearchers in several countries, not least in the United
States, pay a specisl atteniion to different gensitivitiea of
the methods used to validete LiACs and 1LVe, with & particular
reference to conditioned reflexes as the method to study the ner-
vous system. In fact, the frequent use of this highly sensitive
method in the USSEk is referred-to ss one of the sources for the
disparities that occur between the HMACs and TLVe. For example,
Professor H. Stokinger assumes that in the USSK they take as the
limiting value any response of the body (whether physiologically
meaningful or not) plus the safety factor of 10. Some of the
studies published in the USA to validate individual TLVe employ
less sensitive methods. Furthermore, in the Soviet studies de-
gigned for hygienic rating purposes the method of conditioned
reflexes is held to be neither main nor mandatory. The rafing
progrems in the USSR rely on B set of indices and take thelr
hyglenic significance into considerstion.

Another fundamental principle of hygienic chemical rating
in the USSR postulates pre-emption of medical indications. Per-
mniesible limits of exposure must be determined strictly on the
basis of credible physiological and medical data. The limits
must not be geared to technological feasibility but rather
should be set up to stimulate technological end éngineering

innovations (materiml/process substitution, eanitary hygienic

8~2
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efforte, etc.). The latter are easier tc achieve through pre-
emptive efforte towards the vallidetion of MACe and formulation
of nyglenic standsrds for environmental quality than through
their design upon the inception of new production technologies.

In the USA and several other countries, techno-economic
parameters outweigh.

Beyond the differences between the key principles of hygi-
enic rating in the USSR and USA there are pignificant methodolo-
gical divergenclies and varied patterms of research management.

Pregently, the hygienic rating of indusirisl chemicals in
the USSR amcunts to & three-staged procedure:

Stage I - determination of TSEL (Tentative Safe Expcpure
Levels) - is scheduled to be concurrent with the design of new
compounds in the laboratory;

Stage 2 - the velidation of MAC in animal experiments - is
concurrent with pemicommercial testing and production design;
and

Stage 3 - correction of the experimental sACs by compari-
son of employee working conditions and health condition (epide-
miological studies).

The US etatutory document "Baeic Principles and Methods
of Deta Acquisition for Validation of Threghold Limits in Aip®
conpiets of two pections, and namely: I - principles and methods
of animal experiment and II - human deta development. The latter
sectlon outlines the framework for research on human volunteers
to asgess irritant, narcotic and sensitizing action of chemicals.
It defines the program of occupational and employee investiga-

tione needed primarily to classify the workers from & medical
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and anthropological viewpoint, as well as a technical program of
research on the air medium at production facilities. Dr. H. Stok-
inger points ocut that US stendards rely on sequential apeessment
of industriml practices in dealing with chemical hazards though
the preamble to the methodological guide above favors the TLV
eatgblighment based on experimental animal data. The latier sta-
tement, though, is gqualified by addregsing the need for the TiVs
thue established to be confirmed, 88 ie commonly done in prac-
tice, by their verification in production environment.

Though a detailed examination of the document just mentioned
a number of differencee come to light in the approaches to the
MAC validation from animal experiment inputs. For example, such
parameters as Limﬂc whose aspesement was strongly'recommended
by h.S. FPravdin, one of the founders of industrial toxicology
in the USSR.

This is odd because not only does the threshold of an acutse
effect assist the validation of the dose and concentration levels
of a toxic sulteble for a chronic experiment but, more important-
ly, facilitetes estimation of essentiml hazerd criteria for the

substance in question, such as zac, and Zch. Neither is the

zsp
spaesement of cumulative properties and estimation of Icum re-
commended by the US methodological instructions, even ithough
the methods of cumulation studies are valued by American toxico-~
lecgists for the subetantial advantages they can offer.

It 18 worth diecussing briefly aleo the study of chronic
effect from toxic chemicals. The US methodological guide sought
to do it by conducting a two-year experiment on the grounds, es

stated in the basic principles and methods of TLV design, that
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satisfactory data... should be gecured from & lengthy chronic
study because neither ghort-term research nor rapid methods are
adequate for the purpose. Contrary to that ptatement of intent,
no gtudies of this kind heve been conducted even in regard of
highly cumulative compounds.

H. Stokinger {(1969) noted also that only 20 per cent of
the chemicals on the US inventory were validated on the basis

of a chronic experiment as a relevant data source. H. Smyth
concludes from his analysis of 122 compounde that only 45 were
recommended for the use after being tested in chronic experiments.

A closer scrutiny of the TLV validations for a number of
chemicals suggests that short-term studies were the only support-
ing rationale for them. For example, the TLV validation for the
super-mutagen ethylenimine hed no date pupport apart from consi-
deration of its ecute irritating effect.

The findinge of our experiments with ethylenimine exposure
at the US TLV that had existed earlier incluced marked systemilc
toxic, gonadetropic and embryotropic effects, and overt mutage-
nic and carcinogenic effects. After these repults were publicized
the TLV of ethylenimine was lowered to 1 mg/mB. However & follow-
on research on the toxicity of ethylenimine revealed a strong
effact of 0.7 and 0.4 mg/m3 concentrations. Gonadotropip, embryo-
tropic and mitagenic effects of ethylenimine became evident with
even lower concentrationa, ranging from 0.2 to 0.18 mg/mB. The
research inputs were taken gs the basis for the validation of
the USSR MAC for ethylenimine in the air of the working zone at
0.02 mg/ma.
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It is appropriate to note & significant share of the studies
underway in the United States and other countries, e,g. Czechoslo-
vakia, linland, and Creat Britain in order to clarify the fate
of industrial toxice in the body. Similar experiments constitute
an essential component in the siudy of acute chemical toxicity.
The US methodological ingtructions allocate a large role to the
assessment of & chemical's quantiities exhaled in air and excreted
in urine by comparisoh with ite concentrations in the bloocd -~ for
volatile solvents; and to the identificatlon and disiribution in
the body - for the principal metabolites of low-volatile substan-
ceg. ‘Yhese studies, in the uvpinion of the authors who cdmpiled
the instructlona, pruvide a simple test to determine the exposure
levels and thus promote more effective control of the occupatio-
nal exposure to which workers are subjected. Studies such as
these, deserve special attention since the questiona related to
kinetica and elimination of toxic chemicala are central to fore-
casting safe levels of expoesure to chemical compoundas.

It should be stated that ancther scurce of the basic diff-~
erences between wmAC and TLV arises from the disperate methods
uged in etther country to do & chemical anelysis, notebly thelr
selectivity and peneitivity.

The analysis into the causes for the TLV-MAC divergencies
carried out by H. wagnusson led him t¢ identify five beeic essen~
tiales that account for these dijferences:

1. Lifferent MAC aetermination brocedures.

2. Lifferent techuiques for uvbtaining experimental and cli-

nical aata.

3. Speclial attention to the study of ihe nervous system.
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4. Lifferent mechanisms of oflicial authorization (in the

USSR, wACe are decreed by public law for everyone; in
the USA, IuVe are endorsed by state committees without
legal suthority).

5. Sanitery inepection (in the USSk, it is performed by

the full-time sanjitary physician of Sanitary Epidemiolo-
gical Stations, Minietry of Public Health, unionm inapec~
tors and those of the Central Council of Soviet Trade-
Unione; in the USA, by personnel of the HEW and Labour
Lepartments, insurence companies und, seldom, by unicn
ingpectors).

It should be noted that the key rating provisions and the
definition of the MAC concept have by now been standardiged
among the CMEA couniries. ‘throuph their concerted effort and
Joint procese of discusslon, standard terms end definitions
were adopted (uAC, P5nk, classification of toxicity and hazard,
and design of experiment for WAC validation).

A picneering liet of guidelines sugpested for use as inter-
national stendarde was the inventory made by the panel of expert
toxicologiate under FProfessor Truhaut (1963). Comprised of 28
chemical titles, it was endorsed by the 2d Symposium on MACs of
harmful substances in the air of industrial workplaces.

At present, it seems poasible to propose as an internatio-
nal inventory, a liet, epanning the values of sanitary standarde
for 60 chemical compounds, whose MAC/TLV ratio is 2 or below.

In light of the proposed inventory, it is eppropriate to
draw attention to the recent trend for TLV reduction. As a rule

the new US guidelines approach the Soviet MACs, thus offering



6300

- 65
an additional besls for the development of a single international

lipting.

We submit that, because of the Soviet Union's longer history
of hyglenic rating, its methods currently used are better-suited
for the development and validation of the standarde and establish-
ment of more precise guldelines for them. The evidence to support
the latter statement }a en increasing amount of TLVe, subjected
to a downward revieion. Thus 59 TLV values were revised in the
United States during the decade from 1962 through 1972. Further—
moxre, while over the firet eix yeare the TLV standards wers dec-
Yesaed for 27 compounds on that 1ist, their number reached 32
chemical titles in the next four years.

It is our feeling that we are edvancing step-by-step towards
the development of en international inventory - i{f not for all
known chemicale then at least for many of those now in common
use throughout the worid. Poseilbly, these stmndards would allow
& certein mergin for variation. But in any case their development

and adoption should bes anticipeted by relevant netional practices

in mapy countries.
SUMMARY

The present lecture sets forth basic principles and methods
of validation for maximum allowable concentrations of harmful sub-
stancea_in the air of the working gone in a number of countries
and, mainly, in the USSR,.USA and GFR in the historical aspect.

Levele of standards for chemical compounds in the air of
the working zone are cowpared in a number of countries and propo-
sals are offered for elaboration of an international MAC list of

hermful substances in the air of the working zone.

9-1
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CHEMICAL ANALYSIS METHODS IN INDUSTRIAL TOXICOLOGY
AND PRODUCTION ENVIRONMENT

8. Muraviova

Industrial epterprises of today use a wide variety of che-
micals which in the form of gases, vapors, or dust may be hazar-
dous for human health when they get into the working zone air;
To prevent such risks, a special commission eatablishes, on the
strength of the toxicity data for a large number of industrial
chemicals, the maximum allowable concentrations (MAC) of harm~
fu) subetances in the air of the working zone, and updates them
from time to tlme %o keep up with the latest research resulta.

Whether MAC is within the prescribed limitg la determined
by chemical analysis techniques used to measure the concentra~
tions of harmful substances in the alr and their conformity to
the existing standards. )

Chemical analysis of airborne harmful substances involves
several suscessive stages: air sampling, extraction of the ana-
lyzed substance from the sample, and its quantitative determi-
nation,

1, Adr Bampling

Alr sampling is the key stage, because preclse results and
thorough snalysis loose meaning in case of incorrect or lnade-
quate sempling,

A proper choice of sampling procedure primarily depends
upon the state of sggregation of an airborne substance (vapor,
gas, serosmcl) and its solubility in various solvents. Ammonia,
divinyl, ozone and other substances, gaseous under normal con=-
d¢itions, are present in the air as gases. Liquids whose boiling
polnt ranges from 230 to 250°C exist in a vaporous state. This
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very large group comprises organic sclvents (aromatic hydro-~
carbonsy chlorinated aliphatiec hydrocarbons, lower acyclic al-
oohols, aclda, etc.). Alr also carrlera the vapors of some so-—
1ids with a comparatively hi