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PREFACE 

The p-resent volume constitutes the second* compilation of technical 
reports resulting from a number .of investigations of the biological effects 
of specific air pollutants which have been conducted at various pub lie 
health institutes and in departments of public health of some of the univer-
sities of the USSR. · 

The great strides in the development of industrial chemistry in the 
country have stim_ulated studies of the biological effects of chemical air 
pollutants as well as studies dealing with public health implications of 
these pollutants. Such studies assume an ever-increasing importance in 
the Soviet Union. 

Professor Ryazanov, in his comprehensive survey "The Basic Problems of 
Sanitary Protection of Atmospheric Air", which is presented in· this volume, 
points out that industrial emissions and the automobile exhausts have become 
the primary problem of atmospheric pollution. He suggests that studies of 
the biological and toxicological effects of the newly produced chemical 
compounds as well as the establishment of their maximum permissible concen
tration must be intensified and.I accelerated as much as· possible. 

The material included in this volume deals with the biological effect 
of low concentrations of chemical toxic substances 

(1) emitted from oil refineries, 

(2) contained in the discharges of aluminum and superphosphate plants, 

(3) contained in the discharges of the industries involved in the 
hydrolytic cleavage of wood, and 

(4) contained in the emissions from a number of new substances which 
are either already ·employed in the current industrial use or are still 
under tests for use in industry. 

The results of the above studies provide in the USSR a basis for the 
establishment of a series of new maximum permissible concentrations for new 
toxic substances in the atmospheric air and constitute the scientific criteria 
for assessing the degree of pollution of the air medium. They also fa.rm the 
foundation for a number of ameliorative sanitation measures to be undertaken. 

Some background information on the distribution of the Soviet industry's 
production machine may be of interest in connection with that country 1 s present 

• rr.e rirst compilation of this natltff hes been p~blished ir. Volumi;;·v::r of :he AICE Survey of 
uSSR ~ir ?o,lJtion Litcniture. 

V 



and potential pollution problems and investigations. The planned distri
bution of production in the Soviet Union favors effective exploitation
of the natural resources of the USSR, especially in its eastern areas where 
enormous natural resources are concentrated, and has led to the creation 
of large industrial centers and complexes of heavy industry in many of 
the country's economic areas (see page ix). The many diverse climatic con
ditions of the country and its major economic areas as well as the geograph
ical distribution of the Soviet Union's principal industrial and mining 
centers and of its principal electric power stat ions and power systems can 
be seen from the various maps presented as background material in this volume. 

It is hoped that the papers selected for presentation in this volume 
will be conducive to a better appreciation of some of the air pollution 
investigations conducted in the USSR. As the editor of this volume I wish 
to thank my co-workers in the Air Pollution Section of the Institute for 
their valuable assistance. · 

M. Y. Nuttonson 

January 1972 
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CLIMATIC ZONES AND REGIONS* OF THE USSR 

Zones: I-arctic, II-subarctic, III-temperate, IV-subtropical 
Regions: I-polar, 2-Atlantic·, 3-East Siberian, 4-Pacific, 5-Atlantic, 
6-Siberian, 7-P acifi c, 8-At lantic-arcti c, 9-At lantic-cont inent al forests, 
IO-continental forests West Siberian, 11-continental forests East Siberian, 
12-monsoon forests, 13-Pacific forests, 14-Atlantic-continental steppe, 
15-continental steppe West Siberian, 16-mountainous Altay and Sayan, 
17-~ountainous Northern Caucasus, 18-continental desert Central Asian, 
l 9-mount ainous Ty an-Sr.an, 20-wes tern Transcaucas i an, 21-eastern Trans cau
cas i an, 22-mountainous Trans caucasi an· high lands, 2 3-dese rt south-Turani an, 
24-mountainous P ami r-Alay 

F'· 1 1 
~.1 ~·t:d er.:!-"' -

r~ ied l:.,•e\'i o~ "1£: 
f..J• :.,, I 

(Af':,,;·r- is, Levrist:~hev, "Ecor.omic Geographyviii :;f :.he U.S.S.'l.'', M:,scow 1')6'}) 
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MAJOR ECO~OMIC AREAS OF THE u.s.s.R. 

XVI! Ccn 1,el A,iar, 
V;U Wes I S.be,:an .XV::I ByclorJSdan 
IX (asl Siberian 
X Far fastepn 

PLA'l'ID DISIRIBiJ?IO'.i QF' ,,;:)JSTRHL PRoci:::r::::i I'i ORJ:::R 

':C :!R :C.\G l':' C:..OSER 7'.J ':<,;\'i t!A ERIA:.. Alill FL3L sc:,'RCE.3 

Ar. exarr.r,:e cf t".e plar.:-.e~ .ii!'.trib•.r:.:;:m of ir.::1;str:.a·. prod.uc-::.io:: ::.r. tr.r: l:Sc'R :.s t!:e. c:-ee.tior: of :.~I'E" 
ir.c:uslrial centl':·s ar:d comi;:exes of heavy ir:du,,try in ::-oGiny o:· tJ-:e cc::::try'~ ecJ:-10::ic areas: t::e :-lor-:;:i-We:;t 

(i<ircvsi<, Kanc.a:.aksha, Vor:cta), :.he J:-als (Y.agr..:.tog::irsk, :::helyatir.s"r<, !'liz::ny Tagil), l.'es~cr:: and Eas-::.e:-r. 

Siter:.a (S ovos: ni-:-sk, :,cvc:-c;z::e7.s", Kc:-:erovo, Kras::oyarsi<, l rk,:~!ik, :!rcit si<), Kazakhstan (KaraE;anda, R:.idny t 

Be lkt:"l s::, '.) zhc zka zgar.;. 

Large· .:.n<!:.rstrial s;;ste::-,s are b€bg c:-eate::l - r::1s7,:,.n:,.i, Pavlo-:::;:--:Ci::.:iil.s:.uz, ,\chir.sk-Kr~~,noyarE:t<, 

3rat.s;.:-·raisnet ~r.d ~ r.umtcr cf .)'.:.ht:rs. Fcrro:is 9-:::j non-:'e:-rot:s m~ta_:::.:rgy, pulp ar.d paper, :1ydro:..ysis ar.j 

~~w-::.:.!line; i::c.:.:strie:a are '::e.:.ng es-::ablis~.ed l:l t::e llra:.s:e-:aisr.et :.:id·~s:.rial system. :::::e .'.c:'.insk-K:-as

r.cyarsk incustrial syste::: :.s becomir.g or.e of the :arisest cer.ters cf a:::-:;_nu::: a:-.d. c.:-.er.ic~: :.::d·.is:.ries, ;;.r,d 

prcd·h~:.ion o:' fe:-rot:s meta:s, ccllu;ose 1 pc1pe:·, a:;d oil ;;.:-o:iccts. 

C;ms:::-uctior. of the t:1:.rd :-:etall:...:-gical i::ase .'.las bee:: laur.ched ·- Sibe:-ia, ar:::I a :ie-.; base of :fe:-:-:l!;s 

~.e:alkrgy, usir.g tr.A e,icr::o:.is local iro:i ,nd coa: r,,sourr:es, l:as :iee:1 createc: :.r. ?:na-:hs-:;An. ;, high

caprJc:~.Y powl'r s:,-,stcrr: ~s being o~ar.1.zcd 1n :.~H? sar:e a;-ecs. :,fo:i-ferro~$ metall~rgy is cc:ng fr.;rther 

developed in ,:azs.kr.sta:1, Central Asia ar.::I .:.n :::rar.sbaika: are:is. T>,e pulp an<! paper, as '/.el: as ':.he ti::-.ber, 

~nd:.iscries arE beir.g developed at a f?.st ra:e in :.r.e forest arca5 cf S:.beria a~.d t~.e Far :':as:., 

Ferrous me-::?.ll:..r!Sy :s a:;;o c'.evelopir.;::; b the Buropet.r: part cf' the CJur.::-y by- L:t:liz:.:i~ -:;he eno:-mo1,;s 

:.:-or. ore reso:.:rces cf the Ki;:'sk V.ag::et:.c Anc:::a:y er.d :te C"ra:.nia::1 <!eposi:s. Large new p:-:x!i;c': ior. syste::-s 

;;rr t.r.;!er co::str•Jc';:on in :he ,;ortr.-11:est, alo:1g t:-.e Vo:ga, in -::.:ie l>o:-:t.ern Cauc'!s:.:s ,rnc. the Ukraine. 

(:\rtcr ;..• ~v:-ist:chev,. 0 Eeonorr.ic Gc~rcphy 
1::f the V.S.S.R.", Yosc~w 1969) 
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THE MAJOR INDUSTRIAL CEtlTERS OF THE USSR 
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THE MAIN MINING CENrERS OF THE USSR 

-·----------·- ---....---------- -- ---

Oil A Oil refining 

Oa, - Oil pipe, 

Anlhracite -- G,u pipe• 
lignile- Shale, {11 Power •lalion, 

(After A. Efimov, "Soviet Industry", Moscow 1968) 



PRINCIPAL ELECTRIC POWER STATIONS Mm POHER SYSTEMS IN THE U.S. S. R. 

Principal Electric Power Stations 
Thermo! Hyclro-.power 

$ ¢: in operot;on 
.,A, Q under cont.huclion 
Y end planned

*0 @e ~~~_PS ol eleclric 
pQw11u station,

(:I) Operating atomic electric power slalions 

Areas of operation of single power grids 

~ Europeon port of the U.S,S.R, 

~ Central s;be,;1 

Areas or operation or integrated power grids 

~ Northern Kaukh1tan 

m Central Asia 

~ 
I-'· 

S=l~A=O-J_()=l(c:llc:U:...T:::.S~~ 

·r=-

f: 

24 Nurqk 
25 Raguns~aya 
26 Varzob 
'2~ Toktogul 
28 Afomedi~e... 0 

I 
360km 

I 

; 

\ 
\ 

(After A, Lavrishchev, "Economic Geography 
of the u.s,s.R,", Moscow- 1969) 



'MAXIMUM PERMISSIBLE CONCENTRATIONS OF NOXIOUS SUBSTANCES I~ THE 

ATMOSPHERIC AIR OF POPULATED AREAS* 

·~ (V. A. Ryazanov) 

From Akademiya Meditsinak.ikh Nauk SSSR. 11 Biologicheskoe deystvie i 
gigienicheskoe znachenie atmosfernykh zagryazneniy". Red. v. A. Ryazanova. 
Vypusk 11, Izdatel'stvo ''Meditsina"Moskva, p. 201-204, 0968).~ 

Concentration. mg/m3Pollutant 
Maximum single Mean daily 

1 2 3 

1. Nitrogen dioxide 0.085 0,085 
2. Nitric acid (based on HN03 molecule 0.4 0.4 

(based on hydrogen ion) 0,006 0.006 
3. Acrolein 0.30 0.10 
4. Alpha-methylstyrene 0.04 0.04 
S. Alpha-naphthoquinone 0.005 0.005 
6. Amyl acetate 0.10 0,10 
7. Amylene 1.5 1.5 
8. Ammonia 0,20 0.20 
9. Aniline 0,05 0.03 

10. Acetaldehyde 0.01 
11. Acetone 0,35 0.35 
12. Acetophenone 0.003 0,003 
13. Benzene 1.5 0.8 
14. Gasoline (low-sulfur petroleum 

gasoline in terms of "C") 5,0 1,5 
11C1115. Shale gasoline (in terms of ) 0,05 0,05 

16. Butane ~00.0 
17. Butyl acetate 0.10 0,10 
18. Butylene 3,0 3.0 
19. Butyl alcohol 0.3 
20. Butyl phosphate 0.01 
21. Valerie acid 0.03 0,01 
22. Vanadium pentoxide 0,002 

• Approved by the Assistar>t Chief Public :1ea1th Pr:y~,::aian o: t:ie :JSSR 01: 12 September ::;E:7, '.i~. 692-6), 
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1 

23. Vinyl acetate 
24. Hexamethylenediamine 
25. Bivinyl 
26. Diketene · 
2 7. Dimethylaniline 
28. Dimethyl sulfide 
29. Dimethyl disulfide 
30. Dimethylformamide 
31. Dowtherm 
32. Dichloroethane . 
33. 2,3-Dichloro-1,4-naphthoquinone 
34. Diethylamine 
35. Isopropylbenzene 
36. Isopropylbenzene hydroperoxide 
37. Caprolactam (vapors, aerosol) 
38. Caproic acid 
39. Malathion 
40. Xylene 
41. Maleic anhydride (vapors, aerosol) 
42. Manganese and its compounds· (in 

terms of Mn02) 
43. Butyric acid 
44. Mesidine 
45. Methanol 
46. Metaphos 
(+ 7. Metachlorophenyl isocyanate 
48. Methyl acrylate 
49. Methyl acetate 
50. Methyl mercaptan 
51. Methyl methracylate 
52. Monomethylaniline 
53. Arsenic (inorganic compounds other 

than arsine, in terms of AS) 
54. Nitrobenzene 
55. Parachloroaniline 
56. Parachlorophenyl isocyanate 
57. Pentane 
58. Pyridine 
59 •. Propylene 
60. Propyl alcohol 
61. Nontoxic dust 
62. Metallic mercury 

2 3 

0.20 0.20 
0.001 0.001 
3.0 1.0 
0.007 
0.0055 
0.08 
o. 7 
0,03 0.03 
0.01 0.01 
3.0 1.0 
0.05 0.05 
0.05 0.05 
0.014 0.014 
0.007 0.007 
0.06 0.06 
0.01 0.005 
0.015 
0.2 0, 2 
0,2 0.05 

0,01 
0.015 0.01 
0.003 
1.0 o. 5 
0.008 
0,005 0,,005 
0.01 
o. 07 0.07 
9 • 10-6 

0.1 0•. 1 
0.04 

0.003 
0.. 008 0.008 
0~ 04 
0, 0015 o•. 0015 

100.0 25. 0 
o. 08 0.08 
3. 0 3., 0 
0. 3 
0. 5 o. 15 

0. 0003 

- 2 -



3 

:. 

1 

63. Soot (carbon black) 
64. Lead and its compounds (other than 

tetraethyl lead) in terms of Pb 
65. Lead sulfide 
66. Sulfuric acid (based on HzS04 molecule) 

(based on hydrogen ion) 
67. Sulfur dioxide 
68. Hydrogen sulfide 
69. Carbon disulfide 
70. Hydrochloric acid (based on HCl molecule) 

(based on hydrogen ion) 
71. Styrene 
72. Thiophene 
73. Toluylene diisocyanate 
74. Toluene 
75. Trichloroethylene 
76. Carbon monoxide 
77. Acetic acid 
78. Acetic anhydride 
79. Phenol 
80. Formaldehyde 
81. Phosphoric anhydride 
82. Phthalic anhydride (vapors, aerosol) 
83. Fluorine compounds (in terms F) 

Gaseous compounds (HF, SiF4) 
Soluble inorganic fluorides (NaF, 
Na2SiF6) 
Sparingly soluble inorganic fluorides 
(AlF3, Na3AlF3, CaF2) 
In the combined presence of gaseous 
fluorine and fluorine salts 

84. Furfural 
85. Chlorine 
86. Chlorobenzene 
87. Chloropropene 
88. Hexavalent chromium (in terms of Cr03) 
89. Cyclohexanol 
90. Cyclohexanone 
91. Carbon tetrachloride 
92. Epichlorhydrin 
93. Ethanol 
94. Ethyl acetate 

2 

0.15 

0-3 
0.006 
o.s 
0-008 
0.03 
0.2 
0,006 
0.003 
0-6 
o. 05 
0.6 
4.0 
3. 0 
o. 2 
o. l 
o. 01 
Q. 035 
o. 15 
o. 10 

0. 02 

0. 03 

0.2 

0.03 
0.05 
0.10 
0.10 
0.10 
0.0015 
0.06 
0.04 
4.0 
0.2 
5.0 
0.1 

0.05 

0.0007 
0.0017 
0.3 
0.006 
0.05 
0.008 
0.01 
0.2 
0.006 
0,003 

0.02 
0.6 
1.0 
1.0 

0.01 
o. 012 
0.05 

0.005 

o. 01 

0,03 

0,01 
0.05 
0.03 
0.10 
0.10 
0.0015 
0.06 
0.04 

0.2 
5.0 
0.1 
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1 2 3 

95. Ethylene 3.0 3,0 
96. Ethylene oxide 0,3 0.03 

RE21ARKS 

1. In the combined presence in· atmospheric air of. seve·ral substances 
possessing a summation effect, the sum of their concentrations as calculated 
by the formula below(§ 2) should not exceed 1 for: 

a) acetone and phenol 
b) sulfur dioxide and phenol 
c) sulf.ur dioxide and nitrogen dioxide 
d) sulfur dioxide and hydrogen fluoride 
e) sulfur dioxide and sulfuric acid aerosol 
f) hydrogen sulfide and dowtherm 
g) isopropylbenzene and isopropylbenzene hydroperoxide 
h) furfural, methanol and ethanol 
i) strong mineral acids (sulfuric, hydrochloric and nitric) in 

terms of the hydrogen ion concentration (H) 
j) ethylene, propylene, butylene and amylene 

should not exceed 1.3 for: 
a) acetic acid and acetic anhydride 

should not exceed 1.5 for: 
a) acetone and acetophenone 
b) benzene and acetophenone 
c) phenol and acetophenorie 

2. Formula for the calculation: 
. --- -- b C

X=-a-+-+- .. ,
m, m,m2 

where Xis the unknown total concentration: 
a b ---c-- is the concentration of the substance being determined, 

- + -1- divided by the corresponding maximum permissible con-
rn, m,. m1 centration for isolated action. 

3. In the combined presence in atmospheric air of: 
a) hydrogen sulfide and carbon disulfide 
b) carbon monoxide and sulfur dioxide 
c) phthalic and maleic anhydrides and alpha-naphthoquinone, the 

maximum pennissible concentrations for each of them individually 
are retained. 



4. In the combined presence in atmospheric air of parachlorophenyl 
isocyanate and metachlorophenyl isocyanate, temporarily, until a method of 
their isolated determination is developed, the standardization should be 
made on the more toxic substance, 1. e., parachlorophenyl isocyanate. 

5. The maximum permissible concentrations of noxious substances in 
the atmospheric air of populated areas as.formulated in December 1966 
(No. 655-66), should be considered obsolete. 
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BASIC PROBLEMS OF SANITARY PROTECTION OF ATMOSPHERIC AIR 
~ 

Prof. V. /1. Ryaza11ov 

From Akademiya Meditsinskikh Nauk SSSR. "Biologicheskoe deystvie i 
gigienicheskoe znachenie atmosfemykh zagryazneniy". Red. V. A. Ryazanova. 
Vypusk 10, Izdatel'stvo "Meditsina" Moskva, p. 5-15. (1967), 

The problem of atmospheric air pollution, which became very acute about 
100 years ago, went through its major historic phase in the last century. 
At the present time, the state of the atmosphere has changed so much, and 
the sources of its pollution have become so complex, that the very problems 
that must be dealt with have become completely different and immeasurably more 
complex. 

We cannot subscribe to the point of view of our foreign colleagues who 
consider the problem of purity of urban air with great pessimism and point to 
the inevitability of an increasing atmospheric pollution and the necessity 
for mankind to "get used to" or ''adapt" to this "dis.ease of civilization," 
since in their opinion nothing else can be done. 

Many years of observations and reflection on this problem lead to the 
oppo_site conclusion. However, the striking changes which have occurred in 
this problem as a whole should be taken into consideration in order to arrive 
at a correct evaluation of the prospects and lines of its development. 

Whereas the last century and the first half of the 20th century were 
typically characterized by atmospheric pollution caused by the use of mineral 
fuel in home heating stoves, fireplaces, chimneys, boilers, and electric 
power plants, and the chief components of this pollution - sulfur oxides, 
soot, and ash - were the most widely distributed and dangerous, this situa
tion began to change in the middle of the 20th century. In many countries, 
particularly in the USSR, radical steps were initiated to eliminate the 
smoke pollution of the atmosphere: home heating stoves and small boilers 
were replaced by central heat supplied by heat and electric power plants, 
the process of coal combustion was improved so as to raise the efficiency of 
the furnaces and decrease the unburned _component, ash collectors with a high 
degree of purification were constructed, the sulfur content of the fuel was 
restricted, and finally, the mineral fuel was replaced by natural gas at 
the major heat and electric power plants as well as in consumer use. In 
addition, technological and utility processes were electrified with substi
tution of smoking fuel by electric power. The problem of "smoke" properly 
speaking had been solved theoretically by the middle of the 20th century and 
also in practical applications in many cities of economically advanced 
countries. 
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There is no doubt that for young deve1.oping countries, no other means 
of solving the problem of "smoke" can be invented than the one that has 
been successful in economically more developed countries (introduction of 
a district heating system, installation of gas, electrification). We are 
skipping a number of secondary measures whose introduction plays an auxi:!.
iary part in the solution of this problem. 

In addition to the fuel coi::ibustion process, other processes had a 
definite but more limited significance in air pollution. For example, the 
metallurgical industry contains major sources of polluted air, but their 
influence is confined to certain areas. Atmospheric air is frequently 
polluted in a given metallurgical district, but outside the limits of the 
latter pollution is absent. Dangerous concentrations of atmospheric pol
lution were produced by nonferrous metallurgical plants. When toward the 
end of the 19th century the oxide deposits were exhausted, the industry had 
to switch to poor polysulfide ores. This led to a very heavy pollution of 
atmospheric air with sulfur dioxide, causing the destruction of green vege
tation extending many miles outward from the nonferrous metallurgical plants. 
Polysulfide ores produced a dust of very complex composition: it included 
numerous metallurgical compounds, many of which had a high toxicity. The 
pyrometallurgical process involved the conversion of all these extraneous 
metallic elements into fumes, which in turn increased the dispersity and 
hence the danger of the dust, and the oxidation of these elements with the 
formation of oxides was usually accompaniec by an increase in their toxicity. 

The development of metallurgy of light metals (aluminum, magnesium, 
beryllium) was associated with the emission of specific pollutants such as 
fluoride compounds, which resulted in the appearance of fluoros is among the 
juvenile population, and with the formation of tars containing e:1omous 
amounts of 3,4-benzpyrene and berylliu:n, which produced an extremely dangerous 
disease, be ryll i osis, among the surrounding population. 

However, all these grave calamities suffered by the population as a 
result of the development of the metallurgical industry continued to remain 
a local phenomenon of regional importance, whereas the smoke produced ::iy the 
combustion of fuel constituted a national calamity. 

It is completely understandable, therefore, that although the solution to 
the control of smoke is still largely theoretical, it is nevertheless of major 
and fundamental importance. 

In a scientific-theoretical sense, the enterprises of the metallurgical 
industry as sources of atmospheric pollution also constitute a practical area 
that is slowly yielding to.the pressure of science. Theoretically, this 
problem has been largely solved. The solution found in this case consists i~ 
the cortIFlex utilization of the raw material. Instead of the emission into the 
atmosphere of enomous amounts of sulfur dioxide formed in the course of smelt-
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ing of metals, these concentrated gases, completely suitable for production of 
sulfuric acid, should be regarded as the raw material for sulfuric acid plants, 
which should be built with nonferrous metallurgy as their base. Instead of 
using polymetallic ore, the latter should first be subjected to a fine selective 
separation by flotation, and each fraction should be sintered and melted in 
separate metallurgical furnaces. The dust residue should be trapped in modern 
cloth and fiberglass filters. A metallurgical ~enter should consist of a 
complex of plants or shops producing dozens of different products and utilizing 
without residue everything of value contained in the ore. 

Moreover, it should be noted that nonferrous metallurgy now has a powerful 
competitor in the form of plastics, which are rapidly displacing nonferrous 
metallurgi~al products from the consumer market because of their low cost, ease 
of fabrication, strength, anticorrosive properties, and a number of other quali
ties which make plastics irreplaceable, even though many of them are initially 
made as substitutes. The age of nonferrous metals is being superseded before 
our eyes by the age of plastics, to which the future belongs. 

By the end of the first half of the 20th century, in addition to the fumes 
resulting from fuel cornbust~on, an increasingly important role in the smoke 
pollution of urban atmospheric air had begun to be assumed by the exhaust gases 
of motor vehicles. For example in the U.S.A., during the period from 1920 to 
1950, i.e., in only 30 years, the number of automobiles increased fivefold, 
from 10 to more than 50 million. ~tor transport is one of the sources of 
urban pollution of atmospheric air with various noxious and offensive fumes, 
carbon monoxide, hydrocarbons, aldehydes, and tar compounds, including 
carcinogens, products of decomposition of antiknock agents containing a finely 
divided smoke of lead oxides, etc. However, the middle of the 20th century 
is best characterized by the appearance of the photochemical fog, an entirely 
new factor in man's environment. 

The photochemical fog, which was incorrectly named 11 smog 11 
, was first 

noticed in Los Angeles in 1940. By 1945, the Los Angeles smog had become a 
serious problem. 

A characteristic feature of the photochemical fog is its formation as a re
sult of photochemical reactions taking place in the open air in the presence of 
sunlight. These photochemical reactions involve organic substances emitted with 
the exhaust gases of.automobile engines. The most important role in these 
processes is thought to be played by olefins, particularly pentene and hexene. 
An important part is also ~ttributed to nitrogen oxides, emitted from the exhaust 
pipes of engines. A ring reaction takes place with the formation of ozone. 
In the presence of light and hydrocarbons, nitrogen dioxide is reconverted into 
nitric oxide, and the reaction proceeds as long as sunlighi is present. Ozone 
in turn reacts with the ~lefins. 

As a result of complex and diverse reactions resulting in the formation of 
free radicals, ozonides, and various peroxides, a variety of organic iubstances 
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are formed in the atmosphere which differ considerably in chemical activity. 
Irritation of the mucous membranes of the eye associated with lachrymation, 
damage to vegetation, corrosion of rubber products, and a decrease of visi
bility are observed. The main complaints of the population concern the 
lachrynating effect of the photochemical fog. Prolonged efforts to determine 
precisely what specific compound is responsible for the phenomenon of the 
photochemical fog have been unsuccessful thus far. It is possible that each 
of its effects is due to a different chemical a.gent. A new compound named 
peroxyacetyl nitrate has been successfully extracted from at~ospheric air. 
It displays the same effects as the photochemical fog, but has not yet been 
proven to be the active agent of the Los Angeles smog. In any event, it has 
now been established that the photochemical fog is for:ned as a result of ?Ol
lution of atmospheric air with exhaust gases in the presence of sufficient 
insolation and temperature inversion. 

The appearance of the photochemical fog in Los Angeles for the first time 
was attributed to the presence of specific conditions: the lack of public 
urban transportation and the consequent excessive saturation of the city with 
private automobiles whose number is measured in the millions, the tendency 
of this entire region toward anticyclonic weather, and the abundance and· 
constancy of solar radiation. Wherever such conditions exist, such adverse 
consequences are possible in various degrees. In the last few years, in addi
tion to Los Angeles, the photochemical fog has begun to appear in ~any other 
cities of the U.S.A., including San Francisco, Washington, New York, etc. 
The areas coveied by the photochemical fog expand each year, and the number of 
cities affect~d by it is growing •. The photochemical fog is becoming the rriost 
"modern" disease of American cities. · 

It would be difficult to assume that the har.nful influence of the photo
chemical fog is limited solely to the lachrymating effect, although the latter 
alone is enough to make life miserable for the entire population (in Los Angeles, 
a fog of this type is observed for up to 100 days per year). This is most 
probably associated with chronic illnesses that thus far have not been success
fully identified. 

The expanding use of automobiles throughout the world is causing the ad
verse effects of exhaust gases to increase steadily; phenomena analogous to 
the photochemical fog may also arise in other countries. In any case, the 
time has come to tackle this problem in the Soviet Union as well. 

The A.~. Sysin Institute of General and Communal Hygiene of the USSR 
Academy of Medical Sciences has begun some exploratory studies along these 
lines. The chemist v:-A. Popov has adopted the pheolphthalein method ased in 
the United States for detennining the so-called oxidants in atmospheric air. 
Tentative studies in Moscow, Baku and Batumi have shown that in the sur.irnertime, 
i.e., in the presence of sunlight, oxidants, which are products of photochemi- · 
cal conversions of exhaust gases, may be detected in the air of these cities. 
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Although their concentrations are very slight (approximately eight times 
lower than in American cities), they nevertheless approach the limit per-· 
missible by the California standard. As the number of automobiles grows, 
the concentrations of oxidants will rise, and if no decisive steps are taken 
to reduce the emission of exhaust gases, it will be impossible to avoid the 
appearance of the disease of American cities in the Soviet Union as well. 

The universal presence of motor transport and its volume, the steady 
growth of the number of automobiles, emission of noxious substances in the 
zone where people breathe, ability of the components of these gases to under
go various photochemical conversions with the participation of highly reactive 
free radicals - all of these factors make the pollution of atmospheric air 
with automobile emissions the most threatening factor from the standpoint of 
modern sanitation. It is also necessary to consider that the exhaust gases 
contain many other ingredients such as aerosols of lead compounds, car~on 
monoxide, and carcinogens. 

It may be stated therefore that at the present stage, the urgency of 
this problem has supplanted the importance earlier justifiably accorded by 
hygienists throughout the world to the combustion products of mineral fuel. 
This problem should become one of the first priorities in our scientific 
and environmental efforts. 

However, the means of solving this problem do exist. Suffice it to 
mention the coordination of intracity transportation, checking of the oper
ating condition of cars, the removal of transit transport beyond the city 
limits, conversion of automobile engines to liquefied gas operation, etc. 
The main objective is of course the conversion of automobile transportation 
to electric power. Scientific research efforts should be concentrated 
primarily in this direction. Our country, which is building interstellar 
spacecraft, is certainly capable of constructing electric cars, that meet 
all the requirements of economy, comfort, convenience of use, and hygienic 
safety. 

We shall not stop to discuss the problem of radioactive contamination of 
atmospheric air, first because this is an entirely specialized problem, and 
secondly because the road to the solu_tion of the problem of protection of 
atmospheric air from radioactive contaminants is a matter of internad..onal 
policy, not medicine. 

>' 

However, it is indispensable to consider that aspect of the proolem 
which is connected with the development of industrial chemistry, a most acute 
and topical problem of the modern era. 

The role of chemistry in the acceleration of the building of Communist 
society is very prominent. The 23rd Congress of the Communist Party of the 
Soviet Union set forth high rates of development of the ·chemical and petro
chemical industries. Chemistry and its· products widely permeate all aspects 
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of production and living conditions of the popu~ation. The production of raw 
materials, semifinished products and finished articles fron synthetic naterials 
will become on of the most common, complex, and largest sources of pollution of 
the envirnoment and particularly atmospheric air, and will present the danger of 
a harmful effect on man if hygienists, chemists, and engineers do not study 
these compounds from the standpoint of their nature, biological characteristics, 
and danger for man, and do not learn to determine them (which will require 
specific and high sensitive methods of investigation) and to prevent their 
presence in atmospheric air in concentrations adverse to man. 

Interest in the pollution of the environment with chemical substances . 
has been increased throughout the world. In March 1963, the world Hea 1th Organ
ization convened in Geneva a special international symposium on michrochenical 
pollutants of the envirnoment. According to the data of this symposiu~, 
hundreds of new organic compounds are be:liig synthesized every year throughout 
the world. Many of them find practical applications and constitute a source 
of enviroru:iental pollution. The mere enumeration of the various areas of appli
cation of new chemical compounds would require considerable space. They in
clude various fertilizers, pesticides, defoliants, plastic articles used in 
machine building, in housing, and in municipal services, new fabrics for cloth
ing, shoes, objects for everyday use, packaging, effective washing agents, 
detergents, bonding materials, synthetic drugs, vitamins, antioxidants for 
fats, liquid fuel additives, etc. 

The acuteness of the situation is made worse by the fact that the majority 
of these organic compounds have not been studied from the toxicological and 
physiological points of view, and no methods have been developed for their 
determination in complex mixtures and low concentrations. 

The possibility of their combined action, c:ransformation in the environ
ment, and the lack of their study from the standpoint of hygienic, carcinogenic, 
and teratogenic effects compound the situation considerably .. Moreover, the 
planners require. data on the harmlessness of the new substances, which wi 11 
come in contact with the workers and engineers in the course of production, 
with the population around the plartts, and with millions of consumers utiliz
ini the products of industrial chemistry in all parts of the country. 

··" ..: For this reason, chemistry should now be at the center of at tent ion of 
-·-public health science and in particular, atmospheric sanitation. The objectives 

are large and, therefore, sonetimes appear unreachable. However, this spurious 
appearance should be resolutely rebuffed. It is necessary to mobilize all the 
available resources, plan the sequence of the work closely, and allocate the 
efforts appropriately. 

It is perfectly obvious, for example, that additional resources should be 
directed primarily at reinforcing scientific groups that have already formed 
and proven themselves. Where qualified personnel, modern equipment and an 
experimental base already exist, it is easier to achieve a marked increase in 
the yield of practical research than in.cases where all of this must be 
created fron scratch. It is therefore necessary to give support as rapidly 
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as possible to scientific centers that are alrea·dy doing work in the areas of 
toxicology and chemistry, and in the·area of new synthetic compounds and 
pollutants of the environment, incl~ding atmospheric air, associated with 
their production. 

Problems subject to investigation should be planned in a more serious and 
active manner. Accelerated research methods should be adopted, with priority 
given to those research areas that are absolutely indispensable for the formu
lation of practical conclusions; studies that are less urgent and me·rely con
firm the conclusions reached should be postponed. 

The work of graduate students should be switched broadly to problems of 
industrial chemistry, particularly synthetic chemistry. Priority and even 
express handling should be accorded to the_publication of materials dealing 
with research in the area of industrial chemistry. 

Atmospheric pollutants associated with the development of industrial chem· 
istry have a number of characteristics which permit one to formulate the trend 
and prospects of measures aimed at preventing their harmful action and the ways 
of eliminating them. 

For the most part, these are organic compounds characterized by a considera
ble volatility, a di~tinct odor, and an irritant action on the mucous membranes, 
particularly those of the upper respiratory tract. They can be neutralized in 
the following ways. 

1. Method of combustio? in special furna~es. Unfortuantely, their combus
tion sometimes requires the consumption of fuel because of the low concentration 
of pollutants and an insufficient heat of combustion. A drawback of this method 
is the destruction of valuable organic compounds instead of their recovery and 
utilization in the national economy. However, in cases where no other means of 
neutralization of these compounds exist, the combustion method remains available. 

2. Compounds of this -type usually condense readily, and hence, are capable 
of being separated by means of units producing low temperatures. Once the 
bulk of a compound has been separated by the condensation method, the remaining 
amounts, which are no longer of any value, can be subjected to combustion. 

3•.Compounds of this type undergo purification by means of sorption fairly 
readily, this being followed by desorption of the products obtained and regener
ation of the filters. This is the chief method of recovery, and should be 
widely employed in practice as one of the most universal means of controlling 
·the emissions of organic compounds. 

The combination of these three methods makes it possible to find a satis
factory solution to the most diverse emissions of synthetic chemistry. 

In the case of substances marked by a low threhold of action, it is neces
sary to find ways of eliminating them from the chemical process, with substitu
tion of less. toxic compounds or the introduction of a technology based on 
fundamentally different methods not requiring the use of tox:ic substances. 
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Thus, for example, the high-temperature heat carrier Dowtherm, widely 
employed in synthetic chemistry and creating large zones of atmospheric pol
lution around synthetic fiber plants, can be replaced by electric heating, 
The development of this progressive method should be given considerably more 
attention in the plans of the technological institutes concerned, 

By comining the various enumerated trends in the prophylaxis of atmos
pheric pollutants consisting of emissions of synthetic chemistry (altering the 
chemical process, replacing noxious reactants by harmless ones, recovery, 
combustion of residual effluent, etc.), one can always find the necessary 
means of neutralizing industrial emissions, However, this requires two conditions: 

1. Hygienists and toxicologists should become involved in the work of 
scientific technological institutes dealing with the development of technolo-
gical schemes for new branches of industry. 

2. Studies on the biological and toxicological effects of new chemical 
compounds being placed in production, with the establishment of their maxi
mum permissible concentrations and with the development of specific and highly 
sensitive methods of their determination, should be intensified and acceler
ated as much as possible, 

As is evident from the above, the problem of atmospheric pollution has 
become considerably more complex and difficult during its one-hundred-year 
history. New problems have arisen which have gradually superseded the routine 
considerations that used to prevail in this area during the first half of the 
20th century. 

Industrial chemistry and the struggle with automobile exhausts have be
come the primary concern. In order to supply answers to the vital practical 
questions, the priority of research in the area of industrial chemistry, must 
be ensured, 
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:, COMBINED EFFECT OF HYDROGEN FLUORIDE AND SULFUR DIOXIDE 

ON THE BODY OF MAN A..'W ANIMALS 

Z. Ya. Lindberg 
Riga Medicsl Institute 

· From Akademiya Medi tsinakikh ~auk SSSR. "Biologicheskoe deystvie i 
gigienicheskoe znachenie atmosfernykh zagryazneniy". Red. V. A. Ryazanova. 
Vypusk 11, Izdatel'stvo "Meditsina" Moskva, p. 32-43, (1968) ... 

For quite some time, we have studied the pollution of the environment 
by discharges of a large superphosphate plant producing superphosphate, 
sulfuric acid (by the Mills-Packard process), and as a by-product, ammonium 
fluoride. 

The numerous studies have demonstrated that the superphosphate plant 
constitutes a major source of pollution of atmospheric air with sulfur 
dioxide, sulfuric acid aerosol, nitrogen oxides, and fluorine compounds 
whose concentrations at a distance of 2000 m from the plant exceed the maxi
mum permissible levels. The main ingredients of the discharges of the super
phosphate plant are hydrogen fluoride and sulfur dioxide. 

Our purpose was to study the combined action of low concentrations of 
hydrogen fluoride and sulfur dioxide and to obtain data for substantiating 
the maximum permissible concentrations of these substances when they are 
jointly present in atmospheric air. 

The isolated a.ction of sulfur dioxide as well as hydrogen fluoride has 
been adequately studied thus far, and the maximum permissible concentrations 
of each of th~m in atmospheric air have been established and approved. In 
order to subst.antiate the highest permissible single concentration of a com
bination of these two substances, we determined the thresholds of olfactory 
perception and· reflex effect of sulfur dioxide and hydrogen fluoride on the 
light sensitivity of the visual system. 

F. I. Dubrovskaya established the olfactory threshold of sulfur dioxide 
for the most sensitive persons at the level of 1.6-2 mg/m3. According to 
the data of M. S. Sadilova, this threshold for hydrogen fluoride is at a 
level of 0.11-0.03 mg/m3. The determination of the threshold of smell of 
the gaseous mixture was preceded by a separate verification of the thresholds 
of olfactory perception of sulfur dioxide and hydrogen fluoride. 

The observations we re made on 17 persons. The threshold of sme 11 of 
sulfur dioxide for the most sensitive persons (eight people) was established 
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at a level of l.6 mg/m3; the concentration of L 3 mg/m3 was impercepti'::>le. 
The threshold of smell for hydrogen fluoride for the most sensitive perscns 
(six people) was established at a level of 0.04 mg/m3, the maximum impe::::
ceptible concentration being 0.02 mg/m3. Thus, the results of our studies 
are close to the data of F. I. Dubrovskaya and M. S. Sadilova. Data on 
the detennination of the odor threshold for mixtures of the concentrations 
of sulfur dioxide and hydrogen fluoride studied are listed in Table 1. 

DetermiMt:.o:i or n.~ ~jor ~:ires",old o:' 
Hycrogen fl:or~~e-Sl:_l~~r Jicxide ~~~:~res 

Concenuetior: Fractions of '.[hreshold f,Sum of :lumber of 
in rg/mj Jurin@; Isoleted Action ractions Persons 

_ ----1-----~---- of Thres- --.-:---=-- ~ 

H d H d .::;ulfur old for >1.i:::~ _1..3 >4l'O 
~1y raozec..r.e.-.., 

-Is.ulf~r Fly r0f$en _ 1 t d 1 ..... ~ ~ 1 on· 'd . .... .d so a e "-~· ... 
: uori_ lOXl. e uorioe .;lOXl e Action d: 8S resas~ 

-----,------.------------,--- ..., 

I 
0,04 . 1,6

0,04 1,6 2 17o-;-01= I ~5=1 
: 0,03 - 0,2 - I 

0,03 1,2 : 0 04 "'" O',;:, 16 = 0,70: 1,45 .17 
; I ' 

0° 8 I! 0,02 
12 50,02 0,8 : b~o4 = o. 5 T\ = o,5 

0,01 0,G5 0,65 ; - 117 

It is apparent from Table 1 that the minimum perceptible concentratior.s 
in the mixture are 0.02 mg/m3 hydrogen fluoride and O. 8 mg/m3 sulfur dioxide 
for a sum of relative concentrations equal to 1. The odor of the mixture is 
not perceived if the sum of the relative concentrations is less than 1. 

The results obtained suggest that a complete summation of the action cf 
hydrogen fluoride and sulfur dioxide is noted in this case. 

We studied the reflex effect of small hydrogen fluoride and sulfur 
dioxide concentrations on the functional state of the central nervous system 
by determining the light sensitivity of the eye under dark adaptation con
ditions. 

F. I. Dubrovskaya (1957) established that sulfur dioxide in a concen
tration of 0,6 mg/m3 causes threshold changes (an increase) in the light 
sensitivity of the eye. For hydrogen fluoride (according to the data of 
M. s. Sadilova, 1965), the concentration having a threshold effect or. the 
course of the dark adaptation curve is 0.03 mg/m3, while 0.02 mg/m3 is 
inactive. 

Our observations were made on four person~ 26-38 years old, most 
sensitive to the threshold of smell, with a normal visual acuity. 
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A procedure recomnended by V. A. Ryazanov, K. A. Bushtuyeva and Yu. V. Novikov 
(195 7) was employed. 

To measure· the light sensitivity of the eye, we used an "ADM" adaptometer. 
The hydrogen fluoride-sulfur dioxide mixture was supp lied in the 15th minute 
of dark adaptation for 5 minutes. The light sensitivity of the eye was 
determined every 5 minutes up to the 30th minute and in the 40th minute. The 
tests were made three times with each concentration. 

We carried out observations with the following concentrations: sulfur 
dioxide 0.3 mg/m3, hydrogen fluoride 0.015 mg/m3, sulfur dioxide+ hydrogen 
fluoride in concentrations of 0.25 + 0.01 mg/m3, and sulfur dioxide + hydro
gen fluoride in concentrations of 0.3 + 0.015 mg/m3. 

In all four subjects, the concentrations of sulfur dioxide (0. 3 mg/m3) 
and hydrogen fluoride (0.015 mg/m3) and also the sum of sulfur dioxide and 
hydrogen fluoride (0,25 + 0.01 mg/m3) did not cause any changes in the light 
sensitivity of the eye. 

During inhalation of sulfur dioxide with hydrogen fluoride in concen
trations of 0.3 + 0~015 mg/m3, the light sensitivity of the eye in the 20th 
and 25th minutes increased considerably when compared with the normal sensi
tivity in three_~ubjects (F~!.'._ !) and in the 20th minute in one subject. 
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Statistical treatment of the data obtqined showed that the apparent 
changes of the light sensitivity of the eye were significant. Thus, the 
threshold of the reflex effect of the sulfur dioxide - hydrogen fluoride 
mixture on the light sensitivity of the eye was O. 3 + 0.015 mg/m3. The 
fractions obtained by dividing the concentrations studied into threshold 
concentrations during isolated action add up to 0.74 for the first mixture 
and to 1 for the second mixture. The only active mixture was the secon.d 
one, whose inhalation caused first an increase and then a decrease in the 
light sensitivity of the eye. A mixture of sulfur dioxide and hydroge~ 
fluoride of lower concentrations with a sum of the parts of th reshold con
centrations equal to Q. 74 was found to be inactive for all the subjects. 
In this case, there is a total summation of the effects of. each substance. 

In order to detect the resorptive effect of low concentrations of 
hydrogen fluoride and sulfur dioxide in a mixture, we subjected 90 white male 
rats weighing from 80 to 95 g to chronic exposure for three months. The 
animals were divided into six groups. 

The concentrations of the substances in the chambers during the period 
of exposure are shown in Table 2. 

Tahle 2 

Concentrations o:: Sulfur Dioxide ar.d :lyc.lroe;en F'l:;o::-id·. 
iJl E~per:r:en~aJ Char.i):lers, 

Sp 
0 

ecified Concen-tiumber Act~a~ Concentrations in ';';6/rn3traticns in 'II'{!,/m3.of 
Champer 

Sulfur lH;1dr~en IDioxide Fl~cr1de St:l~cr D:cx:de Eyj~ogen f~~=~ide 

I 5,0 · - 5,01 ±0,063 -
I[ - 0,3 - 0,297 :::0,0i08 

III 0, 15 0,01 0, I 47 ±0, 0004 o. o:,gg :r. o. 00039 
IV 0,25 0,01 0, 249 ±0, 003 0, 0899 ±0. 00038 
V 5,0 0,3 4, 99 ±0,048 i 0. 3 :1- 0, 0018 

Cor.trolVI 

For one month prior to the exposure, the general state of health of the 
animals was observed, and the following indices were determined: their 
weight, the motor chronaxy of antagonist muscles, cholinesterase activity, 
amount of coproporphyrin in the urine, morphological composition of peripheral 
blood, and the amount of calcium, inorganic phosphorus, sugar, and catalase 
in the blood. These indices were also studied during the exposure of the 
animals. Rats of the third, fourth and control groups were healthy, active, 
and gained weight normally in the course of the experiment. 

Rats of the first, second and particularly fifth group were less .active. 
Beginning with the fourth week of exposure, the fur of the rats in the second 
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and fifth groups lost its natural luster and bristled up. Irritation of 
the mucosa of the eyes was observed in rats of the fifth group. 

The motor chronaxy of the flexors and extensors of the shin was deter
mined by means of an ISE-01 pulsed electronic stimulator. The tests were 
carried out on five rats of each group once every 10 days under the .same 
conditions. 

Fig. 2 shows the chronaxy of antagonist muscles of rats exposed to 
hydrogen fluoride, sulfur dioxide and their mixture (average data for the 
groups). 

Reliable changes in the ratio of chronaxies 
of extensors and flexors were noted in rats of 
the second and fifth groups in the fourth week o.~ ~----....-...!o.2t'~

{)_f -- -...... --
of exposure, and in rats of the first group, I, I 
in the fifth week. In rats of the third and 

• I I I I I I I I I i 

fourth groups, a change in the ratio of chron o,s ______... ·.O.li l~'l' axies of antagonist muscles was observed in ·0., - --,, -~ 
the third month of exposure. I ·, I I I II I • , . 

Cholinesterase plays an important part '~~(~'fl
• 

- -1in the process of func.tional activity of the U) ..... ~-- .,,, ' g O.J • ~ ,--~ :-.~ . ' nervous system. The cholinesterase activity u 
'lJin the blood was studied on a photoelectro UI IV·.::: O.?colorimeter in five rats of each group once :;::: 0.t."'e ·'-' ~ every ten days by using the Fleischer-Pope -~........,,---------- I ,c: Of .....method as modified by N. N. Pushkina and 

N. V. Klimkina. The blood for the study 
was taken from the tail vein by incising 
the tail, asepsis rules being observed. 
The cholinesterase activity was expressed 
in micromoles of ace tylcholine per 2 ml of act v1 Jblood. ~';[~-=~~~--: 

The change of cholinesterase activity 
I 2 J lJ ti tJ 7 6 9 /0 II le !J.in rats of different groups is shown·in 

__ Exter.sors
Fig. 3. -- Flexors 

Fig. 2. Motor chronaxy o~ antag~:st
In animals of the first, second and fifth 111Jscles in rats of different grcups. 

groups, beginning with the third week from the 
start of exposure, a statistically reliable 
increase of cholinesterase activity was observed, ·and at the end of the 
experiment, there was a decrease of this activity . 
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Fig. ;. Change of cr.olbesterase .;ctivity .i:i rats o!' differe:,t grou;,s. 

We studied the chronic effect of hydrogen fluoride, sulfur d~oxide 
and their mixture on metabolism on the basis of the change of the porphyrin 
metabolism in the body of the animals. A spectrophotometric method 
(M. I. Gusev and Yu. K. Smirnov, 1960) was used to determine porphyrin. 
A graphic representation of the results obtained is given in Fig. 4. 

In rats of the first, second and particularly fifth groups, the amount 
of porphyrin excreted with the urine increased during the exposure. 

A study of the morphological composition of peripheral blood showed an 
increase in the number of leucocytes in animals of the first, second and· 
fifth groups. The number of erythrocytes and amount of hemoglobin in the 
blood of rats of the first, second and fifth groups decreased in the course 
of the experiment. A study of the blood of animals of the second and fifth 
groups showed a tendency toward hypocalcemia, hypoglycemia, and a decrease 
of blood catalase. 

After the completion of chronic round-the-clock exposure, some of 
the rats of each group were killed. Autopsy of the animals subjected to 
the combined action of hydrogen fluoride in 0.3 rng/m3 concentration and 
sulfur dioxide in 5 mg/m3 concentration showed distinctly visible changes 
in the lungs. On their surface, areas of normal tissue alternated with 
areas of dark red color. No visible changes were observed in other organs. 

Histological analysis of the organs revealed considerable changes in 
the lungs of rats of the fifth and also of the first and second groups. 
There was a marked thickening of alveolar septa in the lungs, a., inf lam
matory infiltration in the stroma and around the bronchi (interstitial 
pneumonia, peribronchitis), and emphysema in some areas (Fig. 5). 

The lungs of animals of the third and fourth groups had areas of 
emphysema, a thickening of the alveolar septa, and areas of interstitial 
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pneumonia (Fig. 6) . 
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Fig, 4. Content of coproporphyrins :n t~e urir.e of animals cf all 
groups. 

Rats of the fifth group had an inflammatory infiltration in the 
stroma of the kidneys, primarily around the glomeruli (Fig. 7). Histo~ 
chemical analysis of the respiratory organs and kidneys in rats of the 
first, second, and, particularly; fifth groups showed the accumulation 
of neutral mucopolysaccharides in the walls of the bronchi and in the 
glomeruli of the kidneys. 

Fig, 5. Rats of fifth series. Chinges in the ltmgs. Magn:fi
c~t:on 40 x 10. Inflaoroatory infi:tration i~ t~e stro1Da, 
t.hickening cf interalveolar septa ( ir.terst:.t::.al ;me..:::ionia), s:;ce
ti~s emphysema and ede!ll!l, Feribronchitis. 
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Fig. 6. Rats of fcurth:series. Changes in lur.gs. Occasional 
enph.ysema, tt.ickening of interalveolar se;,te with ce!lular infil
tration ( as !'eaction to irritation). 

Fig, 7, Rats of fifth series, Changes in kidneys, Magnification 
4C x 10. Photograph shows inflammatory infiltrate in stro:::a, 
c~iefly around glomeruli. 
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,. .J 

fig, 5. Striation cf enamel of lower incisors in experi=en:al 
rats of fifth series. · 

An increase of fluorine was found in the bones of rats of the second 
and fifth groups. The amount of fluorine in the bones of rats of the 
second group was 6.6 mg, in rats of the fifth group 6.8 mg, and in the con
trol, 4.8 mg per 100 g of dry substance. In.rats of the second and fifth 
groups, early 'signs of fluorosis were detected in the form of striation of 
tooth enamel (Fig. 8). 

Thus, a prolonged inhalation of a mixture of 0.3 mg/m3 hydrogen fluoride 
and 5 mg/m3 sulfur dioxide caused considerable changes in the rats: in the 
ratio of motor chronaxies of antagonist muscles; in cholinesterase activity; 
in the excretion of coproporphyrin with the urine; an increase in the number 
of leucocytes; a decrease in the number of erythrocytes and amount of blood 
hemoglobin; and also changes in the lung tissue and in the kidneys. 

In rats that inhaled a mixture of 0.01 mg/m3 hydrogen fluoride and 
0.25 mg/m3 sulfur dioxide (inactive concentration of the mixture for short
term inhalation) and also in rats exposed to a mixture of hydrogen fluoride 
and sulfur dioxide at the level of maximum permissible concentrations 
(0.01 mg/m3 for hydrogen fluoride and 0.15 mg/m3 for sulfur dioxide), the 
changes in cholinesterase activity, in the excretion of coproporphyrin with 
the urine and in the morphological composition of the blood were insignificant. 
Changes in the ratio of chronaxia of the antagonist muscles were reliable. 
A histological examination of the organs of the animals of these series showed 
significant changes in the lungs in the form of a thickening of the alveolar 
septa, areas of interstitial pneumonia, and emphysema. 

Thus, the studies showed that the combined presence of sulfur dioxide 
and hydrogen fluoride in the atmospheric air of populated areas at the level 
of the existing mean daily maximum permissible concentrations for each sub
stance is inadmissible. 
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The total mean daily concentration of sulfur dioxide and hydrogen 
fluoride present together, expressed in fractions of the maximum per- · 
missible values established for each of them, should not exceed unity. 

Conclusions 

1, The effect of complete su111nation was established in a study of 
the reflex and resorptive effect of a mixture of sulfur dioxide and hydro
gen fluoride. 

2. When sulfur dioxide and hydrogen fluoride are present together 
in atmospheric air, their highest single and mean daily maximum permissible 
concentrations, expressed in fractions of the individual maximum permissible 
concentrations, must not exceed unity. · 

LITERATURE CI TED 

Note: References mentioned in' this paper are to be found at the end of the 
volume in the 1968 bibliography. 
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NEW DATA FOR THE VALIDATION 9F THE MEAN DAILY MAXIMlr.1 PERMISSIBLE 

CONCENTRATION OF HYDROGEN FLUORIDE IN ATMOSPHERIC AIR 

M. S. Sadilova, E. G. Plotko, and L. N. Yel'nichnvkh 
Sverdlovsk Institute of ::.abor Hygiene and Occupational Diseases 

' From Ak.ademiya Meditsinakikh Nauk SSSR. "Biologicheskoe deystvie i 
gigienicheskoe znachenie atmosfernykh zagryazneniy". Red. V. A. Rvazanova. 
Vypusk 11, Izdatel' stvo "Meditsina" Moskva, p. 5-15, (1968). 

In the available literature on the toxicological characteristics ot 
inorganic fluorine compounds, there are no convincing data on changes 
induced in the organism by the inhalation of comparatively low fluorine con
centrations, and no data whatsoever on the threshold and inactive concentra
tions. The permissible fluorine concentrations of atmospheric air adopted 
earlier were not subjected to experimental verification and no account was 
taken of possible differences in the biological action of the various 
fluorides (S. V. Miller, 1955). And yet, the national economy plan specifies 
a further development of aluminum plants, the production of superphosphates, 
the expansion of the production of fluorine salts and of concerns for the 
enrichment of fluorspar and other branches of industry utilizing fluorine 
compounds. In view of these objectives, the problem of a scie~tific valida
tion of the safe level of fluorine content in the air of populated areas 
assumes a major importance. 

The present report and. two other studies of the present collection 
present the results of several series of investigations which provide a 
toxicological assessment and make it possible to determine the parameters 
of the noxious effect on the organism of gaseous and pulverized fluorine 
compounds marked by different solubilities in biological media. 

In 1965, on the basis of experimental studies, we proposed a permiss
ible mean daily concentration of hydrogen fluoride (HF) in atmospheric air 
at a level of 0.01 mg/m3, which was shown by tests to be the maximum inactive 
concentration. 

In order to refine certain problems .of the mechanism of action of 
fluoride ions and to study the phosphorus-potassium metabolism by using 
isotopic tracing, we continued the studies with HF at the level of the con
centrations investigated earlier: 0.10-0.03 and 0.01 mg/m3. In the course 
of exposure of the animals, the following quantities were also refined: 
1) activity of alkaline phosphatase of the blood; 2) degree of excretion of 
fluorine frOlll the body through the kidneys and the gastrointestinal tract; 
3) accumulation of fluorine in the teeth and bone tissue. 
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All the conditions of the previous (~trst) experimental series were 
observed: 1) the HF concentrations in the chambers during the period of 
exposure were 0.10 ± 0.002, 0.03 ± 0,001 and 0.01 ± 0.0009 mg/m3; 2) the 
experiment involved female rats two months old kept on the same food and 
water diet as the animals of the first series; 3) the animals were sub
jected to a five-month round-the-clock exposure followed by a one-month 
period of recovery. 

In the first series of studies, inhibition phenomena in the central 
nervous system were observed in animals of the first and second groups. 
In order to determine better the mechanism of the inhibitory effect of 
fluorine ions on the central nervous system, we studied the activity of 
brain and blood cholinesterase, the content of pyruvic acid in the blood, 
the content of sulfhydryl groups in the brain, and the state of nerve cells 
and interneuronal connections. 

It is well kilown that cholinesterase, which decomposes acetylcholine 
into choline and acetic acid, plays an important part in the synaptic 
transfer of nerve impulses. The activity of pure cholinesterase present 
in the gray matter of the brain was studied at the end of the exposure and 
at the end of the one-month recovery period (the activity of the enzyme was 
determined in 7~8 animals of each group after a Fleischer-Pope homogeniza
tion as modified by N .. N, Pushkina and N. V. Klimkina}. Our studies did 
not show any differences in the activity of the brain enzyme in the 
"fluorinated" and control animals. However, we did record a statistically 
reliable depression of the blood cholinesterase in animals of the first 
and second groups in the first two months of exposure, at its end, and 
after the recovery period. 

In the normal process of synthesis of acetylcholinelike substances 
in cells, conjugated synthetic processes take place between choline, which 
is a product of phosphatide metabolism, and a product of carbohydrate 
metabolism capable of acetylating choline. The formation of acetylating 
agents in the conversion cycle of carbohydrates proceeds via the stage of 
pyruvic acid (Kh. S. Koshtoyants). Our deter.nination of pyruvic acid bv 
the Friedemann-Haugen method confinns the presence of a "fluoride block" 
in animals of the first and second groups. An increased content of pyruvic 
acid was also observed one month after the end of exposure (Table 1). These 
data attest to tqe depression of carboxylase, an enzyme decomposing pyruvic 
acid. 

Many researchers have shown that an enormous number of enzymes partici
pating in the conversion cycle of pyruvic acid and also cholinester~se 
require for their activity the presence of sulfhydryl groups in the protein 
component of their nolecules. The binding or blockage of sulfhydryl groups 
depresses the activity of many enzymes of protein and carbohydrate metabo
lism. According to Koshtoyants, they are of major importance in normal 
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processes of stimulation and inhibition of the nervous system, since the 
activity of the receptor is determined by the presence of free sulfhydryl 
groups in the protein molecule. In the determination of the content of 
sulfhydryl groups by the Kolthoff and Harris method, we observed their 
decrease in the brain tissue at the end of exposure in animals that inhaled 
HF in a concentration of 0.10 mg/m3. After the one-month recovery period, 
the content of sulfhydryl groups returned to normal. 

After the completion of exposure of animals in the first group, a study 
of the histological specimens of the cerebral cortex showed a distortion .of 
the nerve cells, disappearance of the Nissl substance, and pyknosis and 
lysis of the nuclei. Extended areas with damage to the apical dendrites 
were observed. The dendrites had headed enlargements, and were broken down 
into fragments: the specimens showed black dots that were not connected to 
each other by strands of cytoplasm. Histopathologic changes of the nerve 
cells and dendrites in animals of the first group were also observed after 
the one-month recovery period. 

There were also changes in the cerebral cortex in animals of the 
second group. Hrn.tever, these changes were less pronounced. Nerve cells 
with granular cytoplasm containing clear vacuoles were found only occasionally. 
Cells were observed whose dendrites had enlarged beads. Changes of neurons 
in the presence of 0.03 mg/m3 HF were reversible in character. 

In animals inhaling HF in a concentration of 0.01 mg/m3, no pathologic 
changes were detected in the neurons. 

T&ble 1 

Con:=entration o!: Pyruvic Acid (in milligr:1;:;-;,ercer.t) in t;ie 
B:o::d of the Animals 

At the End of ., At End of Or.e-Month 
Chronic Exposure Recove~y Period 

Group of 
Statistical CriteriaAnimals 

6 1,6±0, 1415,85 <01001 
6 4,2±0, )6 3,6: <0,01 
6 3,7±0,IGl,37 ;,0,05 
6 3,4:t0, 15i -

Thus, the shifts in the functional state of the central nervous system 
which we observed in the first series of experiments resulted from the . 
inhibitory influence of fluoride ions on enzyme systems involved in the trans
fer of nerve stimulation and from the histopathologic damage to nerve cells 
and interrieuronal connections. 
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Disturbances in the phosphorus-calciur, metabolism and in the architectonics 
of bones are attributed by researchers to the inhibition of phosphatase activity. 
From esters of phosphoric acid phosphatase liberates inorganic phosphorus, which 
combines with calcium to form the phosphorus-calcium salts necessary for build
ing bone tissue. Kutscher and Wust, Massart and Dufait, Smith, and others ex
plain the mechanism of phosphatase depression by fluorine by the fact that 
magnesium, which enters into the enzyme complex and is the enzyme activator, 
forms a nondissociable form on combining with fluorine. The degree of phos
phatase inhibition does not always correspond to the concentration of fluorine 
ions; high concentrations either do or do not cause a lesser inhibition effect 
than intermediate or relatively low concentrations. On the basis of their 
studies, Reiner, Tsuboi, and Hudson believe that fluorine, by undergoing poly
merization in the organism, forms a dimer and a tetramer. The dimer is formed 
when low concentrations of fluorine enter the organism, and a tetramer is 
formed in the presence of high concentrations. The dimer ccr.nbines with the 
active center of the enzyme. The tetramer also combines with the active 
center, but may be replaced by a substrate, and the enzyme inhibition effect 
decreases at high fluorine concentrations. We studied the activity of alka-
line blood phosphatase under dynamic conditions according to G. K. Shlygin 
and S. Ya. Mikhlin in six animals of each group. In the presence of hydrogen 
fluoride in a concentration of 0.10 mg/m3, the inhibition of alkaline phos~ 
phatase of the blood was observed only during the second month of exposure of 
the a11imals. A more pronounced effect was detected as a result of inhalation 
of HF in a concentration of 0.03 mg/m3: inhibition of the enzyme was observed 
during the second, third, and fifth months of exposure. Even as low an HF 
concentration as 0.01 mg/m3 can depress the enzyme activity: a statistically 
reliable shift was observed at the end of the fifth month of exposure. 

We studied the rate of phosphorus and calcium metabolism in the body by 
means of isotopic tracers. The radioisotopes p32 and ca45 in tracer doses 
were introduced into the animals intraperitoneally at the end of c~ronic 
exposure and at the end of the one-month recovery period. Twenty-four hours 
after the introduction of the isotopes, the animals were sacrificed by decapi
tation. The analysis was performed on the teeth, humerus, femur, blood, 
and liver. The teeth and tubular bones were thoroughly cleaned to remove the 
soft tissues. All the specimens were then weighed, brought to a constant 
weight at 105°C., and ground into a powder. From each specimen, portions 
weighing 30 mg were evenly spread over aluminum targets. The activity was 
measured with a type B counter. The total activity produced by the radiation 
of p32 and Ca45 was determined first, then the activity of Ca45 was completely 
cut off with an aluminum filter, and the activity due to p32 was calculated. 
In calculating the activity, necessary corrections were introduced for the 
natural decay of the isotopes, absorption in the speci~ens, etc. The isotopic 
tracer method revealed a statistically reliable retardation of the inclusion 
of phosphorus and calcium in the biological substrates studied. More pro
nounced changes were found in the phosphorus metabolism in animals of the 
first and second groups; phosphorus was included more slowly in all the speci
mens studied than in the control. Even when the lowest Er concentration 
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~ryclusion of Ra~ioisotopes P~ and cs.45 in Tissu,,:; and f\looo of t,nimalc. ~t F::1d ~,r ~·iw-'lo:nl' :·x:s.':.<:::·,o 
to HP (in 1 g of-Moist Tissue in P<'rCent or t.ctivi• y int.."O<ll!Cl"d :n;-; f\()i;,--··· . -- ' 

uroul' of Anii!'i!!l.::i 

Iiiosubstrate Isotope 
·StatisticalI 

I Criteria 
i
I 

first I Second 
I 
I T'li rl'.i 

! 
I Control 

.. 

Teeth p12 
fl 

X±Sx 
I 
I 

7 
0, 75±0, 12 

G 
l ,00±0,05 

8 
1,20±0, 10 

.., 
l ,3'.;:'.0.12 

t 
p I 

I 

I 
4,24 

<0,001 
2,56 

<0,05 
1,00 

>0,05 
-
-

I 
I 

I 

Ca4~ 
n 

X±Sx 
t 

8 
3,00±0,36 

1.87 

7 
3,34±0,25 

1.35 

7 
3,88:::0,26 

O.Ol 
I 
I 

: 

6 
3,82=0,25 

-
I 

: p >0,05 >0,05 >0,05 -
J 

; i 

Femur I 
I p3t 

n 
X±Sx 

t 
p 

7 
0,43±0,05 

6,66 
<0.001 

7 
0,52±0,11 

3, 18 
0,01 

' 
i 

' 

8 
0, 72±0,02 

3,35 
<0,01 

I 

I 
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0,93±0,06 
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Ca 0 
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X±Sx 
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I 
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7 
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0,74 
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I 

s 
V38=0.15 

-
p <0,001 I <0,05 >0,05 I -

l 
p ,~ !Humen;s n 7 7 8 8!X±.Sx 0,45±0,05 0,56±0,09 0,69±0,04 0 ,85:: 0, 08I 

I 

l 

-' 
t 4,08 2,36 ' 1.83 

ip <0,002 <0,05 >0,05 -
! 

' 
I n 8 6 I 8 s ' i 

Ca4a X:±:.Sx 1,96±0. 14 2,1.7::=0,28 i 2,59±0.13 ! 2.~l :::0.24' !I 

j ' t 3,44 2,00 I. 19 -
i p <0,01 >0.05 >0,03 -

i ' I 
! 

, 
n 7 ; 6 6 8 

' 

pn3lcod X±Sx 0,060±0,006 0,060± 0,010 0, 090 ± 0, 005 o. ! :0±0,005 
t 7.00 5,00 2,86 -! I 

Ip <. 0, 001 <0,001 <0.~5 I -
I I 
I ! 

r. 8 6 5 8 
Ca45 X±Sx 0,030±0.001 0,030±0,004 0,040::0,0'.)7 ' 0, 0~0:'.: 0, 007 

t 1,40 1.20 0 ! -
p >0.05 >0,05 >0.05 -I I 

I 
I ! 
I I• II 

I I 
! 
I I n 7 6 8 s 

Liver X±Sx 0,61 ±0,05 0,70±0,04 0,78±0,05 I 0,95±0,06I p32 

I t 4,07 3,54 2,30 

l 
' -

: 
I p <0,002 <0,01 <0,05 -
t 

, I 
i JI ! 
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(0.01 mg/m3) was acting on the organism, a delayed inclusion of radio
active phosphorus was noted in the femur, liver and blood. Disturbances 
in the calcium metabolism were noted only in animals of the first and 
second groups (Table 2). <llanges in the phosphorus-calcium metabolism 
continued to be observed in all three "fluorinated" groups of animals and 
after the one-month recovery period. It is necessary to postulate that the 
observed mottling of tooth enamel and the histologic changes in the bone 
tissue in animals of the first and second groups resulted from a disturbance 
of the phosphorus-calcit.mt metabolism. 

Repeat determinations of the fluorine content of the urine in the 
second series of experiments confirmed a high level of excretion of fluorine 
from the body. A higher fluorine concentratio~, which occurred during the 
second month of exposure in the urine of certain groups of animals, was re
tained until the end of the inhalation period. The fluorine content of the 
urine 'was almost directly proportional to the con cent ration of hydrogen 
fluoride in the air inhaled. A reliable increase of fluorine in the urine 
and in animals of the third group was observed. 

We were interested in the problem of the level of fluorine excretion 
from the body through the kidneys and through the intestines. These studies 
were made at the end of the chronic exposure on animals of the first group 
and on the controls. It was found that in animals subjected to the inhala
tion of hydrogen fluoride, over 78% of the fluorine is excreted through the 
kidneys, and 15% through the intestines. In the control group, the reverse 
relationship was observed. These data lead to the conclusion that the 
gaseous fluorine that has entered the body is excreted through the kidneys 
as a result of a complete absorption in the respiratory organs (I. D. Gadaskina) 
and penetration of the general circulatory system. The fluorine retained in 
the body is deposited in the teeth and bone tissue. A higher degree of fluor
ine accumulation was observed after exposure to the higher hydrogen fluoride 
concentration (Table 3). · 

After the chronic exposure was completed, histological analyses were 
carried out which showed that HF in 0.10 mg/m3 concentration causes changes 
in all the internal organs. 

In the study of the upper respiratory tract, the main changes were 
observed in the mucous membrane and submucous layer. The mucous membrane 
is thinned out in some places and swollen in others. In some areas the 
epithelium is absent, cast off, or lies in the lumen of the air tube. 
Leucocytes, erythrocytes and lymphocytes are visible among cells of the cast
off epithelium. Large leucocytic clumps are present on the mucous membrane 
that remains. In the submucous layer, the capillaries and vessels are great lv 
enlarged. There are hemorrhages. The same type of changes were observed i~ 
the bronchial epithelium. In some areas, the cast-off epithelium fills the 
bronchial lumen, obstructing the bronchi completely. In the submucosa of the 
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Table 3 

Fluorine Content of Teeth, Huirerus and rerrrur (in Milligram-Percent of Moist Substance) after Exposure 
of the Animals to Hydrogen Fluoride. 

Teeth Humerus Femur 

Animal Statistical Indices
Group 

p pI• I X±S• I n I X±S.c I t I P In I X±S1t 

First 8 75,5±2, 19 23,66 <0,001 8 73, 1±1,67 27,76 <0,001 8 80,3±2,76 25,5 <0,001 

w Second 7 33,0± 1,47 8,96 <0,001 7 · 37,9±1,96 10,31 <0,001 7 23,9±3,49 3,33 <0,010 

Third 8 17 ,3± 1,38 0,91 >0.05 8 18,5±2,29 1, 96 7>0,05 8 13,2±2,12 J >0,05 

Control 8 15,6± 1,27 - - 8 13,3± 1,36 - - 8 12,3±0,61 - -

. 



bronchioles, a polymorphous cellular infil rration is visible which sometimes 
destroys the epithelium and comes out into the bronchial lumen. An acute 
hyperplasia of the peribronchial lymphatic nodes resulting in the deforma
tion of the bronchi was detected. The hyperplastic nodes extend under the 
mucous membrane, causing it to bulge out in the lumen and fom outgrowths, 
thus destroying the muscle layer of the bronchi, causing its segmentation a~d 
atrophy. This in turn causes the formation of bronchiectases. The inter.,. 
alveolar septa are enlarged because of the dilatation of the capillaries and 
their congestion with erythrocytes, and also the appearance of lymphocytes 
and histiocytes in them. The space of many alveoli is filled with a transudate 
containing cast-off epithelial cells, leucocytes, and erythrocytes. In so~e 
areas, there are so many erythrocytes in the alveolar lumen that the contents 
assume a hemorrhagic character. A perivascular edema is observed. In isolated 
cases, bropchopnetimonia is superimposed on the process described. 

In the liver, kidneys, adrenal glands, and spleen, congestion phenomena 
are observed in the form of an expansion and overfilling of capillaries with 
erythrocytes and the formation of hemorrhages. Degeneratively dystrophic 
changes are represented by pyknosis of the nuclei of renal convoluted tubules 
and of liver and Kupffer cells. In addition, a development of infiltrat:.ve
proliferative processes around the liver vessels is notP.d. The formation of 
clear foci consisting of erythrocytes, cellular fragments with pyknotic nuclei, 
and reticuloendothelial cells was observed in the liver. 

Congestion in the red pulp, a certain loss of follicles anc an increase 
of the reticuloendothelial elements in then were observed in the spleen. 

Changes were also noted in the cardiac muscle, i.e., the disappearance 
of transverse striation and disjunction of the myofibrils. 

A hydrogen fluoride concent ration of O.03 mg/m3 causes changes in the 
liver only. The nature of the injury is similar to the above. No histopath
ologic changes in the internal organs were detected following exposure to a 
hydrogen fluoride· concentration of 0.01 mg/m3. 

Conclusions 

1. Round-the-clock exposure to hydrogen fluoride concentrations of 
0.10 and Q.03 mg/m3 causes inhibition in the central nervous system, decreases 
the activity of a number of enzymes, impairs the phosphorus-calcium metabolism, 
and causes the accumulation of fluorine in the body and damage to the internal 
organs and bone tissue. 

2. A hydrogen fluoride concentration of 0.01 mg/m3 should be regarded as 
the threshold concentration. Its effects on the body of the animals showed 
changes in the phosphorus metabolism only (inhibition of alkaline b load 
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phosphatase and a delayed inclusion of radiophosphorus in bone tissue, liver, 
and blood at the end of a five-month exposure of the animals). 

3. The mean daily maximum permissible concentration of hydrogen fluoride 
in the air of popu'lated areas, adopted ear_lier as 0.01 mg/m3, should be lowered 
to 0.005 mg/m3. 

LITERATURE CITED 

Note: References mentioned in this paper are to be found at the end of the 
volume in the 1968 bibliography. 
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·SANITARY EVALUATION OF FLUORTDES READILY SOLUBLE 

IN BIOLOGICAL MEDIA 

M. S. Sadilova and E. G. Plotko 
Sverdlovsk :nst:..:11':;e of Labor 'lygiene er.d :::·ccupat:..onal :1iseases 

"From Akademiya Meditsinakikh Nauk SSSR. "Biologicheskoe deystvie i 
gigienich~skoe znachenie atmosfernykh zagryazneniy". Red. V. A. Ryazanova. 
Vypusk 11, lzdatel'stvo "Meditsina" Moskva, p. 16-26, (1968). 

Having studied the nature of the action of hydrogen fluoride, we con
sidered it necessary to investigate fluoride salts as well, since we sus
·pected that gaseous and powdered fluorine compounds may differ in the 
degree of their toxic effect on the body. These differences may ~e due to 
different levels of retention of fluorides in the respiratory organs and 
their different solubilities in biological media. 

It is known from studies made by I. D. Gadaskina and T. A. Shtessel' 
that HF is completely absorbed in the respiratory organs. The behavior of 
fluorine salts present in a finely dispersed state in air is partially indi
cated in Table 1, taken from a handbook on the toxicology of radioisotopes. 

'.l:'able 1 

Jistrituticn of Pine Partic:es in tne Respirat:::ry Orgtns of a 
"-5t_ar.dard" Person. 

Compounds 
Readily Soll 
uble Com- Other Co:>Nature of 
pounds, '/, pounds, _%Distribution 

Excret.ed nth exhcled air •••••• , ••. 25 25 
Depw-;s in upper respiratory :.rut, 
- then ingested ••••.•••• , • • • . . • . 50 50 

Jeposits in the l~ngs..... . 251 251 

1 Thi~ pa:-t assimilated in the tcdy
2_or this, one-ha:r is excreted t~ t~e 1:mgs ar.d L1ges~eQ in 

the first 24 hours, sc tr.at the fraction of swallowed particles
increases ':o 62.%, T:1e remainin;; :2.* reach the tooy fluids, 

It is evident from Table 1 that for one and the same concentration 
of gaseous and powdered fluorine compounds in air, different amounts of 
F- will enter the human body. 
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'.:able 2 

Soluti:ity of f'lt:orides in Dif:'erent Media (Average Data for 
· Three Observat:cns)l 

. ~i.nger-Tyro:le Gtst;-ic Ju~ce 
so::rt:on (pr.= 7.2) pH " 2.5 

Ti:e .of 
,: ,;:'llithdra11,-al _of 

NaFSamples for ~ <.. ,: Cl... ~ ~ .. I ,: 
Analysis < z a z < z I 0

' 
Percent of Amat.mt of Fluorir.c Intrcduced 

l I
After I hour 94,9 3.9 0,0 o.o 48.4 o.o 0,0 0,0 , 2 . :iours 98,8 3,9 2,9 o.o ! 48,4 0,0 0,0 ·0,0 , 5 hours 98.8 3,9 2,9 o.o: 46,4 _0,0 0,0 0,0 

, 24 hour-s 96,6 5,9 3.9 o.o 62.5 0,0 0,0 0,0 
> 5 days I00,0 5,9 12.9 1,9 82.5 9.7 4,8 · 4,8 , IO > 100.0 21.2 29,9 3.9 100,0 9.7 4,9 21, I 

1 9,7 35,020 > 100,0138,7 37,5 21,2 100.0 9,9• 
1 l'ht· minimur:, :i:::.Jun-,s were t2~en fo:- the study of s~lt:bility -

o. 16 ~ of f i:i ~:JO r.;l o!' solut:.-:m, 

The data we obtained on the degree of solubility of different fluorides 
in biological media are listed in Table 2. 

The highest solubility in biological media was displayed by sodium 
fluoride. It ~s completely soluble in weakly alkaline media. In acid 
medium (gastric juice) during the first five hours, which are of practical 
importance, the solubility of NaF was also higher - 48. 4% of the fluorine 
introduced. As the period of exposure increased, the solubility of NaF in 
the gastric juice increased to 82.5-100%. 

Aluminum fluoride and cryolite are very similar in their degree of solu
bility in the Ringer-Tyrode solution. During the first 24 hours, the solubil
ity of aluminum fluoride and cryolite is equal to 4-6% of the amount of 
fluorine introduced; calcium fluoride is insoluble. As the period of contact 
increases, the solubility of aluminum fluoride and cryolite increases, and 
on the 20th day reaches 38%; the solubility of calcium fluoride is slightly 
lower. Aluminum fluoride, cryolite and calcium fluoride are insoluble i~ 
gastric juice during the first 24 hours. These data permit the assumptio~ 
that the NaF retained in the body dissolves completely in certain biological 
fluids. Aluminum fluoride, cryolite, and particularly calcium fluoride will 
not dissolve completely in biological fluids and hence may have a lesser 
toxic effect than HF or NaF. 

To study the fluorine salts, we set up a special experioental apparatus 
which enabled us to obtain a condensation aerosol. The experimental influence 
of fluorine condensation aerosols on the body frequently corresponds to actual 
conditions (aluminum and other industries where high temperature processes 
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are employed). The experimental assembly was equipped with autonatic 
blocking of the air supply instruments and with signaling that came on when 
the operating conditions of its main units were impaired. 

TahlE- :; 

L:g.1t Sensitivity cf :.he Eye :luring Inh:ilat i.on of Eiorliur.t rlt:oricle 
__py Sut:,'c.£_t_'.,. 

-
! ,-t 

~ ~ .....s~ 
~ Observ9tion Time ir. ~in~tes1 

§~ E~ 
U•.-IS ..... ...,....,........ ..., ..... 

:0 s.. 20 25 30 •o~ew ...:.u:z:...., Ul 1-I I 
I I -

126,3± 7,6 - 183,0±21,t 223,5± I 7 ,9i 281, 9±31,5Pure Air ( ±Sx 

·-
-

Lo,01 X±SJ 198.1 ±8,3 195,4::: rl, I 324,4±48,0 399,4± 18,8 
t 6,35 0,5] . 1,96 3,2 
p 0.01 >0,05 >0.05 <0.05 

0,05 x ... sxl 154, I± I. I 166, I ::::2,0 215,3± 16,5! 2S9,3± 40,3 
3,6) o. 78 . o.34 I 0.34 
0,02 >0,05 >0,05 > 0,05 : I 

0,03 X :±.S.1 134 ,0± 3.9 21G, l ±9,2 259 , 7 ± I O , ~, 304 , 5 :J-: 17 • 3 
t 0,89 1.41 I, 73 0,63 

p >0,05 >0,05 >0,0o >0,0:i 

l~~ per~ent of 15-~:r.tr..e dark ada~tatior., take~ as lCO. 

In order to standardize the highest single maximlllll permissible concen
tration of ~aF, the reflex effect of the latter on the light sensitivity of 
the eye was studied by using the common method of dark adaptation in three 
persons with normal vision. The study of the reflex effect of NaF showed 
that a concentration of 0.07 mg/m3 causes an increase of the light sensi
tivity of the eye in all the subjects, and a concentration of 0.05 mg/rn3 
does so in one person only. A con cent ration of O. 0 3 mg/m3 of NaF did not 
cause any deviation of dark adaptation (Tab le 3). 

To compare the results of the study with those obtained in the experi
ments with HF, a chronic exposure of the animals to sodium fluoride was also 
carried out round the clock over the course of five months. The Naf concen
trations were checked four times a day. The withdrawl of air samples from 
the chambers for the purpose of analysis for the degree of absorption of F
was carried out by using dinitrocellulose membrane filters No. 2 in combin
ation with absorbers filled with double-distilled water. Fluorine was 
determined by the alizarin-thorium procedure (sensitivity of the met~od, 
0.001 mg/m3). Since in the chronic exposure of animals the HF concentra
tion of 0.01 mg/m3 was found to be the threshold value, only two concentra
tions, 0.10 and 0.03 mg/m3, were studied in the experiment with NaF, which 

- 35 -

http:15-~:r.tr


is incompletely retained in the body and in our view should be less toxic. 
The actual NaF concentrations in the chambers during the period of exposure 
are indicated in Table 4. 

Table 4 
~ea:i Daily liaF Conce!1trations ( in terns of r-) 

During the Period of ExpoSUN!, 

Che.mber No. 11· Given Concentration Chamber No. 2; Given Cor:centra-
0.10 rrg/m; tion o.o; rfl!,/m3 

I ~ariation I
Variation Li.cits ¾ Limius % 

0,07 0,8 0, 028-0, 033 56,0 
0,09-0, II 86,9 0,034-0,040 25,4 
0, 12-0, 15 12,3 0,041-0,050 13,8I 

0,050 3,8I--- ------- ----- --r-----~------
X±S.r 0, 10±0,007 X±Sx 0,036±0,003 

NaF dust, which entered the exposure chambers, must be classified as 
highly dispersed: particles of up to lµ comprise 75.0-89.2%, and those of 
1-2µ, 10.8-25%. The natural content of p- in the food and water was the 
same as in the experiment with HF (the daily intake of F- with the food was 
0.045 mg, and with water, 0.007 mg). 

During the first month of exposure, as in the case of HF, some of the 
animals of the second group were. stimulated. The "fluorinated" and control 
animals did not differ in weight over the course of the experiment. 

·------
ao15 I· Grcuji I (Na..P-0~10 11g/c3) ,
0.0IO i;......--:--

.-.._?_aooo __........,D~ru;g Recovery 
0 6 7 

0.0!6 Group n (NeF-0.03 f!f!/r..3oo,o ___ I 

o.oos -----=----...-:--.--------r--~ 
QL--..L,--'i-----J~-...."--~::---6~-~7 

~ 00,0 ~ l Co:itrol · *1 
~ 0005~+--------------==

0- I I 1-1 

~ J I/ ' 6 7 

Observation ':ime, ~:onths 
C lg. 1. Average dat.s. for the chr:maxy of ·3ntagonist 

:uscles in each group. 
1 - extensors; 2 - fiexors 
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The functional state of the nervous s:•stem was studied by the method 
of motor chronaximetry on ten animals of each group. ln animals of the 
first and second groups, a slight but stati-stically significant prolongation 
of the chronaxy of the ·extensors and flexors was recorded. No disturbances 
of the ratio of chronaxies of antagonist muscles were noted (Fig. 1). Data 
from the measurement -of motor chronaxy attest to a certain inhibition of the 
processes in the central nervous system, under the influence of KaF. Under 
the influence of similar HF concentrations, a prolongation, equalization and 
inverse ratio of the chronaxies of the antagonist muscles were observed in 
the animals. 

At the end of exposure of animals of the first group, morphologic 
changes were observed in the cerebral cortex: deformation of dendrites, 
nerve cells of enlarged volume with clarified cytoplasm and vanished ~issl 
substance. In addition, there was a wrinkling of the nerve cells and 
pyknosis of the nuclei. The process was focal in character. After the one
month recovery period, altered neurons occurred much more seldoo than 
immediately after the exposure. An HF concentration of 0.10 mg/m3 caused 
more profound destructive changes in the cerebral cortex, up to and includ
ing the destruction of nerve cell nuclei a~d neuronophagia. 

During exposure to NaF in a concentration of 0.03 mg/m3, the animals 
of the second group showed slight changes of neurons which could be regarded 
as functional and reversible, i.e., they were not observed one month after 
the exposure. 

The content of active sulfhydryl group5 in the brain tissue, determ~ned 
by the Kolthoff and Harris•method, was the same in the "fluorinated" as in 
the control animals. 

A study of blood cholinesterase activity on eight animals of each group 
using the Fleischer-Pop~•meth~d showed that both NaF concentrations, like 
HF, had an inhibiting effect on this enzyme beginning with the first month 
of exposure (Fig. 2). 

Sodium fluoride also has an inhibitory effect on the activity of blood 
alkaline phosphatase (the phosphatase activity was determined on s:.x animals 
of each group according to G. K. Shlygin and S. Ya. Mikhlin). An NaF concen
tration of O.10 mg/m3 causes an inhibition of the activity of the enzyme in 
the animals over the entire period of exposure. During exposure to 0.03 
mg/m3 NaF, there was an obvious tendency toward a decrease in the activity of 
the enzyme, but statistically reliable differences from the control occurred 
only during the first two months of exposure (Fig. 3). 

Having established the fact of the inhibitory effect of ~aF on phospha
tase, which is involved in the phosphorus and calcium metabolism and in the 
processes of bone formation, we thought it desirable to study the phosphorus-

Ir,;r<.;t:r's r.o:e: Kcl 'tgoff a:-.d Garis, ?leyshe~ and Po·Jp, a';co:-ding tc t~., -:-.r?.nsliteratic:. · :~ 
R~ss~s~ r~fer~nce. ] 
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calcium metabolism as well, by using the method of isotopic tracers. Upon 
intraperitoneal ·administration of the p32 and ca45 radioisotopes, it was 
noted that the phosphorus metabolism tended to speed 'up in the bone tissue 
and humerus and that there was a retardation of the calcium metabolism in 
the femur. After the one-month recovery period, the phosphorus-calcium 
metabolism returned to normal. The content of stable P and Ca elements in 
the bones, determined by spectral analysis, did not change under the in
fluence of the NaF concentrations studied. 

_ 3cfore 
:Jl ... ::>uring exposure 
§ J,.'6 

·-<..., 
0 
C 

·rl .... 
>< ,oo
tJ 

.;; 
~ 75 
'-' .., 
~ . 
J
.:i ~o ... 

0 

0 
'c ?o 
>, 
.µ..... 
> 

•rl..., OL......11..J..3:.:J_..J..J:~J.....W=L-...J.!..=.l.:..1.-..l..l,;:r.a.-i;..='---''-"-"""'--'--..u.J...-'-'-'---
C 123 I ll m N V 
"" Observaticn time, ~or.tts 

Fie, 2. 31cod cholir.csterase' ac-;ivity o~· sxper.:.:-.cn~al i:.r.illlals, 
l - Nef - 0,10 i:g/n:3; 2 - tiaf' - 0,03 ~/m3; 3 - cont:-ol. 

8e:'ore ... --- Juring eY.::)osure -c During 
exposure Recovery 

I ~J Iii tY V Vlf 

O:isf;r-vat::.cn t irne, ::ior::r.s 
Ac':. i vity of b:ood a lka lir.e p:ics:Aa<;ese of ex!-'€ ri

::-.en:al ar:imals. 
'.lotatio:i same as in f:g. <'. 
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During the exposure, observations were ~ade every month to determine 
the excretion of fluorine from the body through the kidneys, and at the 
end of the exposure, the deposition of fluorine in the bone tissue was 
determined (fluorine was determined by ion exchange chromatography). It 
was found that in the first and second groups of animals during the ex
posure, the fluorine content in the urine was respectively 4-5 and 2-3 
times that of the control group (Fig. 4). However, the fluorine that had 
entered the body was not excreted, and it accumulated in the skeleton. 
After the exposure, the fluorine level in the bone tissue of animals of the 
first group surpassed the control level by a factor of 5-7, and that of the 
second group, by a factor of 1 1/2-3 times, but it was 2-3 times lower than 
during exposure to hydrogen fluoride (Table 5). There was no damage to the 
tooth enamel under the influence ·of the NaF concentrations studied. Histo
logical analyses of the bone tissue established certain disturbances in 
animals of the first group only. Focal changes of osteocytes in the form of 
a faint color and lysis of the nuclei and also an irregular anc frequently 
substantial deposition of lime were occasionally observed i:1 the dense sub
stance of the humerus, femur and pelvic bone. After the one-month recovery 
period, the altered nuclei. of osteocytes had almost disappeared, but an 
irregular deposition of lime was observed as before. 

3efcre ex;iosure During exposi:.-re D'..:rir.2,12 Ri,co"erv,o Period' 

8 
·O .... ...... I; 

~ 
2 

c... 0 
l?J I II . Ill /'I V .Vt VII VIII 

Gtserva: i or. time, mc:it'ls 
f'.ig. 4, fluorine cor.::ent in t.i1e t:rir.e of elq:erimental onimab, 
witt ccnfidence li~~ts. 

Not!lti::n same as in F:g. 2, 

The state of the respiratory organs deserves some attention. In cor.
trast to the experiment with HF (an irritant gas with a low pH), the upper 
respiratory tract remains unchanged during inhalation of a finely dispersed 
sodium fluoride dust, The latter penetrates into the deep reaches of the 
respiratory organs, causing injury to the lungs at the 0.10 mg/m3 concentra
tion. The interalveolar septa are enlarged as a result of being infiltrated 
by lymphocytes, histiocytes and epithelioid cells. The capillaries of inter
alveolar septa are expanded and overfilled with erythrocytes. Numerous fine
focus hemorrhages and areas of desquamative alveolitis are observed. Pul~on
ary emphysema is pronounced. Some changes in the lungs were also detected 
one month after the exposure was discontinued (enlargements of the interalveolar 
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Tatle 5 

fluorine Content ~ in M:.lligra.m-Percent of Moist Si.:bslirnce) in Teeth, H:Jcierus_ and fen;:;r, 
- --- . . ---- - .. - - . . -- . 

Teeth I Humerus I Femur 
Statistical Criceria 

Group cf Anima.lJ; 
p pI X~S.r t In I X=.S.r t ! X±S.c t I 

' ! 
p 

n I! I I I" f I 
'I ~ 6 J 5 29First .16 52,4 ±5,41 8,06 <0,001 6 .42,.:i± ·" • <0,00i 8 35.5::!:4,6) 5,97 <0,001 

Second . •• ! 6 17 ,5±2,4' "3,64 <0,01 7 .4±2.91 4.86 <0,001 7 11. 7 :r.0,9 2,:;s <0.05 
Control . 1,2±1.s1 - - 7 7,9±0,7: - - 6 6,8±1,4 - -·. · 15 122 1 

septa: and emphysema). The 0.03 mg/rn 3 NaF concentration does not cause any 
serious changes in the lungs. 

Histological analysis of the liver in animals of the first group 
showed a varied staining of the protoplasm of the liver cells. The tissue 
was mottled in appearance - clear foci with unstained cytoplasm alternated 
with normally stained areas. Clear nodules from fragments of hepatic cells 
and reticuloendothelial type cells were observed .. There was a lymphohistio
cytic infiltration around the vessels. No appreciable histomorphologic 
changes in the liver were found in animals of the second group. 

Afte:- cl:ronic At end of re
exposure covery ps:riod 

Fig, 5. Content of S~ groups in 
tt:e ::.ver tissi.:e of experimental
animals. Notation saire as in 

Fig, 2. 

During both periods of observation, i.e., at the end of the exposure 
and at the end of the one-month recovery period, the content of active SH 
groups in the liver of "fluorinated" animals was lower than in the controls. 
However, statistically reliable differences were established only in the 
first group at the end of exposure (Fig. 5). 
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The heart, kidneys, adrenals, and sp1Pen were not damaged by the action 
of the sodium fluoride concentrations studied. 

Conclusions 

1. The threshold of the ref lex effect of NaF on the huma.'1 bodv 
established by the method of dark adaptation is 0.05 rng/m3. 

2. NaF concentrations of 0.10 and 0.03 mg/m3 during round-the-clock 
chronic exposure of the animals have a generally toxic effect and cause 
the accunrulation of fluorine in the bone tissue. The extent of the changes 
observed in the body depends on the NaF concentration in air. 

3. Because of the neutral properties of sodium fluoride dust and its 
incomplete absorption in the body after penetration through the respiratory 
organs, its toxic influence is less than that of similar hydrogen fluoride 
concentrations. 

4. The highest single NaF concentration in the air of populated areas 
should not exceed 0.03 mg/m3, and the mean daily concentration should not 
exceed 0.01 mg/m3. 

LITERATURE CITED 

Note: References mentioned in this paper are to be found at the end of 
the volume in the 1968 bibliography. 
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BIOLOGICAL EFFECT OF POORLY SOLUBLE FLUORIDES 

M. s. Sadilova 
:~verdlovsk Jr,stitute of Labor ! .,~iene ,9nl1 0ccup11tional )~seases 

From Akademiya Meditsinakikh Nauk SSSR. "Biologicheskoe deystvie i 
gigienicheskoe znachenie atmosfemykh zagryazneniy 11 Red. V. A. Ryazanova.• 

Vypusk 11, Izdatel' stvo ''Meditsina" Moskva, p. 26~32, (1968) 

Aluminum fluoride, a typical representative of poorly soluble fluorides, 
was selected for the study. The experiments were carried out with a conden
sation aerosol of AlF3 (at a sublimation temperature of about 700°C). 

To substantiate the highest single maximum permissible concentration of 
AlF3, the light sensitivity of the eye was studied on three persons. An 
AlF3 concentration of 0. 3 mg/m3 was found to cause a reliable increase of 
the light sensitivity of .the eye in all the subjects; a 0.1 mg/m3 concentra
tion was found to be. inactive. Data on the light sensitivity of the eye for 
one of the subjects are listed in Table 1. 

As in the experiment with HF and NaF, a chronic exposure of the animals 
to AlF3 was carried out around the clock .over the course of five months. 
The con cent rations of fluorine in the chambers were checked three times a 
day. The withdrawal of air samples from the chambers was perfonned in the 
same way as in the case of exposure of the animals to HF and NaF. Consider
ing the fact that aluminum fluoride fon:is the hydrated complex ions Alf++ 
and AlF2 , which are insoluble in water and decrease the effective quantity 
of the fluoride ion in the sample by 30%, in determining the AIF3 concentra
tion we introduced a correction factor of 1.33. The correction factor was 
established on the basis of experiments on the determination of the fluoride 
ion content in AlF3 by the method of volatilization and dissolution of AlF3 
collected on a filter in a 0.2 N solution of alkali. 

The animals were exposed to highly dispersed AlF3 powder: in the air 
of the exposure chambers, particles up to lµ comprise 67.6%; 1-2µ~ 29.9%; 
and 2-4µ, 2.5%. 

The experimental animals (white female rats two months old) were divided 
into three groups, with 20-23 rats in each: the first group included animals 
exposed to aluminum fluoride in 0.10 mg/m3 concentration, the second group to 
0.03 mg/m3, and the third group was the control. The aluminum fluoride con
centrations in the experimental chambers during the period of exposure are 
listed in Table 2. 
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Tat:e l 

Ligt.t Se:isi:.ivity of the Eye Dur':.r.::,; Inhalation of 
Aluminum fluoride in 51,:\.>~ect L. _ 

~ CJ2:i!1D'.ation Time in V.io:.rt~~l8-~ 
§ d"s Statis-
(.) o--. tical~f Criteria
~f.. ..., 

20 25 30 40 

Pure X±Sx 126,3±7,6 183±21,5 223,5± 17,9 281 ,9±31,5 
Air 

' . 
l0,3 X±Sx 

t 
163,6±7,2

3,58 
169,2± ]2, 7 

0,55 
206,2±8,9 

0,86 
258,4 :i:20,8 

0,62 
p <0,05 >0;05 >0,05 >0,05 

0,1 X±Sx 123,0± 1. 7 149, I ±4,2 190,9± 17,4 237,9±26, I 
t o._42 1.50 1,30 1,07 
p· >0,05 >0,05 <0,03 >0,05 

11~ perce:it ~f l>-min~"te dark adaptation taken as 100•. 

Table 2 

U:.r::.::.nu::i F'luo:-i:ie Concentrali.on ( i!'l ·rerrr.s of p-)
D1,:ring Exposure Period. 

Cha:-.':ier t.o.· l; Specified Chamber No. 2; Specified 
Co:icentra-:.ion, 0.10 rr'(!J:-.3 Concentration o.o~ mg/m3 

..,.Variation Limits % Variation LimitsI I 
0,06-0,08 13,8 · 0,018-0,02 6,9 

'0,09-0, 11 77,7 0,031-0,0-l 70,0lo, 12-0, 16 8,5 0,041-0,05 21.6. <0,05 1 ,5 

X ± Sx_ 0,0J0~0.0013 X ± Sx 0,036 ± 0,00056l 
The fluorine content of the food was the same as in the experiments 

with HF and NaF. In the course of the experiment it was found that AlF3 
in the concentrations studied does not affect the weight of the animals. 

In animals of both experimental groups, a slight but statistically 
reliable prolongation of the chronaxies of extensors was noted (by only 
1 JF, compared with the control). The method of functional loading was 
used to enhance the toxic effect. At the end of the exposure, each animal 
was given ·o.003 mlof a 40% alcohol solution per gram of body weight, but 
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no statistically reliable differences were observed in the neuromuscular 
excitability of the "fluorinated" and control animals. A very slight pro
longation of the chronaxy of antagonist muscles, observed during the period 
of exposure, immediately disappeared when the action of AlF3 was discontinued. 
Thus, whereas serious disturbances of the subordinational influences were 
found in the central nervous system, observable even during the recovery 
period, less significant changes of the motor chronaxy were found during 
exposure of the animals to NaF, and they were still less significant during 
the action of AlF3, which also produces an inhibition effect on the blood 
enzymes later than NaF does. 

AlF3 has an inhibitory influence on the activity of the blood cholines
terase, studied on eight animals of each group by the Fleischer-Pope method, 
only with the 0.10 mg/m3 concentration, beginning with the end of the third 
month of exposure (Fig. 1). An inhibition of the activity of alkaline phos
phatase, detennined according to G. K. Shlygin and S. Ya. Mikhlin in seven 
animals per group, was observed during the fourth and fifth months of exposure 
under the influence_ of A1F3 in concentrations of 0.10 and 0.03 mg/m3 (Fig. 2). 

The mineral metabolism, studied at the end of the experiment by isotopic 
tracer and spectral analysis methods, is not disturbed during exposure of the 
animals to low concentrations of aluminum fluoride; tooth enamel is not 
damaged either. 

Befc:-e Exposure During Exposure 
Dur.:ng

-....,..------1Recovery 
?eriod 

+-'
X 

(,~ fl){) 

>, 
+-' 

75 

?S 

1?J JI Ill IV V VI VII 

Observal, ~en Time, ~~onths 
F'~. l. A:tivi:y ot b:ood cholinesterase of experil!l€r.tal 
P.r.1roals, 

1 - ~:.?:; 0,10 r:g/m'; 2 - C.0; ~/m'; 3 - ~ontrol 

The fluorine content in the urine of animals subjected to the inhala
tional action of aluminum fluoride during the period of exposure was higher 
than in the control by a factor of l 1/2 (Fig. 3), but it was considerably 
lower than for animals in the experiment with HF and even NaF. 
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.5 
?OO 

3efore 
Exposure 1---- During Expose_,., 

:-..,
·~ :,... th ,,.., .. 

• ,.,--4 

t} C 
-. :.....:> 

1 cJ I II Ill IV V VT Vil 
Observat~on Time, V.onths 

Fis. 2. Ac:ivity .of blood alkaline pl':osi;hatase of experir.:e-:ita: 
en1mals. 

:lotaticn same as in F:.g. l. 

Our experiments have shown that during inhalation of HF, the excretion (1
of fluorine by the body takes place mainly through the kidneys (about 90%); 
during inhalational exposure to AlF3 , the excretion of fluorine is greater 
through the intestines (about 62%) than through the kidneys (28%). These 
differences may be explained by the fact that HF 1s completely absorbed in 
the re~piratory organs, enters the blood, exerts a generally toxic influence, 
accumulating partly in the bone tissue, and the remaining fluorine is ex
creted from the body through the kidneys. AlF3 is swallowed in considerable 
amounts from the upper respiratory tract and enters the stomach. Insoluble 
in acid media, it passes into the intestines with the food, and thence, 
judging from the solubility of AlF3 in the Ringer-Tyrode solution, may be 
absorbed in the blood in small amounts only; most of the unabsorbed AlF3, 
however, is excreted from the body with the stool. 

10,0 
Before 

Ex;:iosure • Du::-ir.g Exposure 

8.0 
b.O 
IJ.0 

'2.0 
~. 01-.u...t..:.1..-L...El.;;i...i~.:a.:.:i-!.;L..W..-L.._._..,_...,_.:i:l...1_,'--'-"....,__......._..L..L....,_ 

l. II Ill IV V VJ VII 

Observe:ion ~ime, Mon:hs 
fig. 3. fl~o::-ir.e conten~ in tr.e urin~ of experiments: ani::als. 

'.iotat:.on same as :.c1 Fig, 1. 

Because of its poor solubility in biological media, AlF3 has a slight 
cumulative capacity. The level in the bone tissue during exposure of the 
animals to AlF 3 is considerably lower than during exposure to HF and NaF. 
After the animals were exposed to AlF3 in 0.03 mg/m3 concentration, statis
tically reliable differences in the accumulation of fluorine (as compared 
with the control) were observed only in the teeth. In tubular bones (shoulder 
and hip) only a tendency toward an increase of the deposition of fluorine 
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was observed (Table 3). 

:'eeth ., I Humerus I Femur 

Statistical Criteria 
Group of 

Alli::ials i 
p p pn X::;: Sx t n I X ±S.a: I ll I X :::Sx I ! 

II I I l I I I II 

' I 1 
IFirst ' 9 22,8±3,f 2.851 <0,02 I 9 24,9±1,712,50 <0,05 9 Ir o. 2 ') 4,231 <0,C0I
/ -"· :: .v 

Second 9 l6.7zl.4 3,13 <0,01 t 9. 22, I ~2.3 2,21 >0,05 .8 16.1 :::2,0 0,90 >0,05 
Control 8 !l,8±0,i - I 8 18,5±1.9 - - 8 i14,0± 1,2 - -I 1 I' 

O Analysis of the individual indices shows that the fluorine content of 
the bone tissue of the controls and "fluorinated" animals is frequently 
the same. 

At the end of the exposure, we determined the content of SH groups in 
the liver tis'sue by the Kolthoff-Harris* method, but no reliable changes were 
found. 

A histological analysis of the internal organs and bone tissue of the 
animals did not reveal any appreciable changes either. Slight changes in 
the lungs in the form of focal enlargements of interalveolar septa were ob
served in only a few animals of the first group (at the 0.10 mg/m3 AlF3 

CJ con cent ration). -~.: 

Thus, during round-the-clock exposure of animals to concentrations of 
0.10 and 0.03 mg/m3, AlF3 has. only a slight generally toxic effect. The 
0.03 mg/m3 aluminum fluoride concentration may be regarded as a subthreshold 
value that causes no accumulation of fluorine in the body and produces no 
histopathologic changes in the organs and tissues. 

During inhalational action on the body, gaseous compounds of fluorine 
(HF) are first in toxicity, next are fluorine salts, which are highly soluble in 
biological media (NaF), and last are poorly soluble fluorides (AlF 3 , Na3Al f 6 , 
CaF2). 

Conclusions 

1, The threshold of the reflex effect of fluorides poorly soluble in 
biological media, established by the adaptometric method, is 0.3 mg/m3 , and 
the concentration of 0.03 mg/m3 during chronic exposure of the animals is the 
subthreshold value. 

CJ 

• ('!'::-ar.slator's ncte: Kol 'tgcff an:: Garis, according Lo :he' lran,literetion of R~ssi?.n :refer,;,ncP. 
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2. In atmospheric air, the highest sjngle maximum permissible con
centration of fluorides (AlF3, Na3AlF6, and CaF2) sparingly soluble in 
biological media is recommended at the level of 0.2 mg/m3, and the mean 
daily value, 0.03 mg/m3. 

LITERATURE CITED 

Note: References mentioned in this paper are to be found at the end of the 
volume in the 1968 bibliography. 

- 47 -



MATERIAL FOR STANDARDIZATION OF THE MAXIMUM PERMISSIBLE CONCENTRATION OF 

HYDROGEN FLUORIDE IN THE AIR OF POPULATED AREAS 

Candidate of Medical Sciences M. s. Sadilova 
Swrdlovsk Institute of 'liork Hygiene and Occupetior.a l ?at.h,'.)log'( 

·!!.2!!! Akademiya Medi tsinskikh Nauk SSSR. "Biologicheskoe deystvie i 
gigienicheskoe znachenie atmosfernykh zagryazneniy11 • Red. V. A. Ryazanova. 
Vypusk 10, Izdatel 'stvo ''Med:itsina" Moskva, p. 186-201, (196 7). 

The literature in the Soviet Union and abroad contains extensive material 
on the toxicology of fluorine and the clinical course of industrial fluorosis 
(Ye. Ya~ Girskaya, 1959, and others). The effect of fluorine in drinking 
water has also been adequately studied. However, the importance of the rela
tively low fluorine concentrations present in atmospheric air as a result of 
industrial discharges has been insufficiently studied thus far. 

For a number of years, we conducted studies to determine the level of 
pollution of atmospheric air ln the areas around the aluminum and cryoli te 
ir,dustries of the Urals. The zonal df.stribut:l.on of fluorine in air was in
vestiiated in co~nection with the setting up of industrial discharges at 
various· heights (M. S. Sadilova, 1958, 1959, 1964). 

Simultaneously with the study of the air medium, an investigation was 
made into the health of children residing within the effective range of 
fluorine-containing industrial discharges. It was found that in children 
subjected to the influence of fluorine compounds, the level of general 
morbidity and diseases of respiratory organs is higher, and an affection 
specific· for fluorine is observed - mottling of tooth enamel and a higher 
fluorine content in the urine. In children who live in regions where 
aluminum plants are located, an increased deposition of fluorine in the bone 
system was noted. These observations showed that fluorine in atmospheric air 
should be regarded as onj of the major factors in the pathology of the juvenile 
population (M. s. Sadilova, 1957, 1962; A. F. Aksyuk and G. v. Bulychev, 1962). 

Further growth of the aluminum, cryolite, superphosphate, and other in
dustries requires the elucidation of questions concerning the safe concentra
tion of fluorine in atmospheric air. 

It should be noted thats. V. Miller (1955) has proposed maximum per
missible concentratio~s of fluorine in the air of populated areas on the basis 
of calculations. In validating the standard, Miller used the maximum per
missible concentration of fluorine in drinking water, l.5mg/l, assuming that 
the fluorine.compounds in ~ater and air are equally toxic, that the amount 

http:df.stribut:l.on


of drinking water consumed is 1.5-2 l per day, and that the amount of air 
passing through the lungs is 15-20 m3 per day; the author thus calculated 
that the concentration of fluorine in inhaled air should not exceed 0.15 
mg/m3. In other words, Miller considers a fluorine concentration of 0.15 
mg/m3 (in terms of the ion) as the threshold value. Considering the fact 
that fluorine has a significantly unfavorable effect on domestic animals 
in areas around plants with fluorine-containing discharges into the atmos
phere (because of the penetration of fluorine not only with inhaled air, 
but also in large quantities with grass and vegetation), Miller recommends 
a maximum permissible concentration with a 15-fold margin coefficient: a 
highest single concentration of 0.03 mg/m3, and a mean daily concentration 
of 0.01 mg/m3, both of which were adopted. 

In our experiment, we studied the influence of several concentrations 
of hydrogen fluoride, which is the most toxic compound present in industrial 
discharges of plants. Further stages of the investigation will deal with the 
influence of hydrogen fluoride and fluorine-containing dust (present both 
separately and together). An, experimental device was used to determine the 
threshold of olfactory perception of hydrogen fluoride in accordance with a 
procedure adopted in the Soviet Union. The constancy of the concentrations 
was checked by collecting samples of inhaled air before and after the study. 

The threshold of olfactory perception was determined in 17 subjects with 
a normal sense of smell. A total of 672 determinations were made, and hydrogen 
fluoride concentrations from 0.22 to 0.02 mg/m3 were studied. The minimum 
perceptible concentration ranged from 0.03 to 0.11 mg/m3. For the majority 
of the subjects (10), it amounted to 0.03 mg/m3. 

The maximum imperceptible concentration was 0.02 mg/m3 (Table 1). 

Table 1 

Concer.tratior.s of hydrogen fluoride studied in :he determ
·ination of its odor threshold. 

Concen:ra:ior;, rIJZ,/m3 
r-.u~er of N~r of : 
SubjH·ts Observations 1

Thr&S:iold Sublimbel 

l 
1 

43 
37 

0, 111 
0, 106 

0,054 
0,054 

2 76 0,052 0,042 
3 

10 
123 
~93 

0,042 
0,030 

0,032 
0,020 

The next stage of our study consisted in the determination of the effect 
of hydrogen fluoride on the central nervous system via the receptors of the 
upper respiratory tract. We studied the change in the light sensitivity of 
the eye of three persons with nonnal vision, using a procedure commonly 

- 49 -



employed in hygiene. Concentrations of 0.02, 0.03, and 0.06 mg/m3 were studied. 
Data of the observations showed that the inhalation of hydrogen fluoride in a 
concentration of 0.03 mg/m3 and especially 0.06 mg/m3 causes a marked increase 
in the light sensitivity of the eye. A concentration of 0.02 mg/m3 as well as 
inhalation of pure air did not cause any change in the light sensitivity of 
the eye (the results are statistically significant)~ Fig. 1 shows data on the 
light sensitivity of the eye for one of the subjects • 

. I,..,,,. 
__,,. J ,r,,,...,. 

/..,,,.,,,,, l 2 ,.,,,. .,./.,,,. .,,, . ,,,.. .,,, 
I/'. ,, 

i/
I/ 

/
/I ,//~·/ ..-"!: 

f)t: 
IA 

j)
/,,' 

5 10 15 20 25 JO 1,.0 

ldinutes 

F'ig. 1. Light ser.sitivity o:' tl".e 1cve in or.e of the sub
jects d'Jring inhalstio:, of pue air'(l;; ar.d l".ydrogen 
fli;or:.de in concentrations of 0.02 ~/..:.-' (2), 0,03 ::g/m~ 

( 3) ar.d O,o6 ~/m3 ( 4), 

Thus, the odor threshold and threshold of the reflex effect of hydrogen 
fluoride on the functional state of the cerebral cortex determined by the

3method of adaptometry, are at the same level, 0.03 mg/m. These data make it 
possible to classify hydrogen fluoride among substances with a trigeminal 
effect. 

A chronic round-the-clock exposure of the experimental animals was carried 
out over the course of 5 months. 

The animals were exposed in exposure_ chambers. The hydrogen fluoride was 
dispensed by a special device whose glass section was coated with paraffin (in 
order to prevent the glass from corroding). Distilling flasks were filled 
with hydrofluoric acid, whose vapors, appropriately diluted with pure air 
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(18 1 /min), were supplied to the exposure chambers. The air leaving the 
chambers was purified by passing through glass vessels filled with water. 

. Before the stajt of the experiment, the concentrations studied - 0.10, 
0.03, and 0.01 mg/m - were adjusted so that they were constant in the ex
posur:e chambers. The work involved,~in producing different concentrations 
of hydrogen fluoride proved to be extremely time-consuming, since the degree 
of dilution of hydro-fluoric acid had to be determined empirically. The 
initial solution taken was 40% hydroflu~ric acid. It was found that in order 
t~ produce a concentration of 0.10 mg/m in the chamber, hydrofluoric acid 
must be diluted with water in the proportion of 1:27; for a concentration of 
0.03 mg/m3, 1:500; and for a concentration of 0.01 mg/m3, 1:40,000. The 
samples of air from the chambers were collected in a filter holder on an ash
less membrane filter No. 2, and then in two absorption units connected in 
sequence and containing doubly distilled water. Fluorine was determined by 
the alizarin-thorium procedure of s. K. Chirkov (1957). The sensitivity of 
the procedure was 0.001 mg/m3. During the exposure, the concentrations of 
hydrogen fluoride in chambers 1 and 2 were checked five times a day, and in 
chamber 3 four times. The predetermined concentrations in the chambers 
showed only insignificant fluctuations. 

The experiments were performed on four groups of white female rats 
with 19-22 rats in each group. Animals two months old were used. 

Group I - concentr~tion of hydrogen fluoride 0.10 ± 0.002 mg/m3. Group 
II - 0.03 ! 0.0001 mg/m. Group III - 0.01 ! 0.00009 mg/m3. Group IV -
control. 

The fluorine content in the food ration of the rats was normal: wheaten 
bread 0.13 mg %t black bread 0.36 mg%, cabbage 0.17 mg%, oat grains 0.17 mg%, 
dry matter, milk 0.14 mg/1. The animals drank boiled tap water with a fluorine 
content of 0.7 mg/1. Before and after the experiment, the general state of 
the animals, their weight, and the composition of peripheral blood were ob
served. It was noted that the majority of the animals of group II during 
the first month of exposure were excited (the animals bit each other and also 
showed aggressiveness toward the experimenter). Subsequently they became as 
quiet as the animals of the other groups. Ko weight changes were detected. 
The composition of peripheral blood (hemoglobin, erythrocytes, reticulocytes, 
leucocytes, differential leucocyte count) did not show any significant devia
tions from the norm. 

In setting up the chronic experiment, particular attention was paid to 
the study of the functional state of the central nervous system of the ex
perimental animals. We studied the state of the central nervous system by 
using the methods of conditioned reflexes ar.d chronaximetry. The method of 
neurohistology was also employed. The tests ~ere conducted on 8-11 animals 
of each group. 
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.In the study of the conditioned reflex activity against a background of 
chronic exposure, use was made of an accelerated variant of the motor-food 
method for small animals. In animals in Kotlyarevskiy's chamber, two positive 
conditioned reflexes were developed - to a bell and to red light, and one 
negative reflex - to a buzzer. After reinforcing th~ positive reflexes, a 
stereotype was developed. The stereotype included seven signals that were 
alternated in a definite sequence: bell, light, light, bell, buzzer, bell, 
light. 

The influence of fluorine on the conditioned reflex activity was 
estimated from the rate of formation and reinforcement of the reflexes, the 
number of correct responses, and the length of the latent period. In the 
development of the stereotype, account was al.so taken of the state of the 
differential inhibition, successive inhibition, and character of the inten
sity relationships of reflexes to stimuli of different intensities. The 
chronic action of hydrogen fluoride in concentrations of 0.03 and 0.01 
mg/m3 was also studied against a background of functional loads. 

The studies showed that hydrogen fluoride in a concentration of 0.10 
· mg/m3 causes serious disturbances in the conditioned reflex activity of ex

perimental animals: a retardation of the reinforcement of positive reflexes, 
an insufficient stabi li t'y of the latter, and a lengthening of the latent 
period (Table 2). · 

Table? 
?orlll8tior. and Sta'::lili-:,y of ?ositive Cor.:litio,,ed Reflexes :.n ~xpe:-i-

mental .;:1:.:--,als Under the ~nflucnce of :iydroe;en !'ll;oride _ 

.Bell LightCon Statis-
cer. t:?ai --------- I 
tra I.:r1::ces Re-flex Reflex Percen- 'Reflex . Reflex , Perce:1.-
tior. ., Ap~eare4 ~s :taee of ·Appeared. R11as t:e;e cf 
Tr(l,/m;, . Re::i- :,oss of . et:n- ,.,~,,s o 

forced •ReCJexesl 'f;,rced 1 f,eflexes 
: i I I 

0, 10 .M±m ·~.2±0,s: 15,1-t-2.9 6 ,3±0,8 5, 7±0,8138,1::;:7,6 17,0:: l,:i 
I 1,6(c)*'.3,6(b) 5,7(c) 4,l(c) 4,3(c) 9,S(c;) 

, I 

0,03 M,::m !4,3::::0,3!9.5±2,3 5,5± 1,7 3,9±0,111,3..:4,5 6,3± 1.0 
t i 3,0(b}2,l(a) 2,3(a) 2,3(a) 1 l,5(o);·1,0 (h) 

1 I I . 
-0,0 I M±m ,3,3::::0, 14,7± I,! 1,3±0,4 2,4±0,2 4,3± 1,0 1,8.::::0,4 

t ·1 J,6(0) 0,2 (o) 0,2 (o) 0 (o) 0,1 (o), 0,6 (o) 

. · I ! : i 
Control M± m 13,4±0, r5=0,6 I, 4±0,3i2,4 ·. 0,2 4,5±0,'(' I =D,3 

• Degree of signi!"i~ance: a - 95%; b - 99%; c - 99.g/;; 
o - not signifi~Rr.t 
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In the development of the stereotype i~ these animals, there was recorded 
a large percentage of cases of successive inhibition and disinhibition of 
differentiations as compared with the groups of animals exposed to lower con
centrations of hydrogen fluoride and with the control group. Also observed 
were disturbances of the intensity relationships of conditioned reflexes to 
the weak and strong stimuli (appearance of equalizing and paradoxical phases, 
Table 3). 

':able 3 

Effec~ of Hydrasen Pl!foride on the Condit:.one<!, Reflex A9tivi:y of 
Experiroentai An1llll!ls in the Process of for~t1or. and ~e:nforc~IIIE,r.t. 

o~. t.l!_e_ Organ:.s:;:. 

Concentration, rrg/m3
Statis-· 

Indices peel Cor.tre>lIndices 0.10 o.o, I O.Cl 

Late:it period: 
0,69 ± 0 ,65 ::.To bell Mtm 1,37-:: 0,63 ± 

t . 0,03 0,0·1 0,02 0,03 
16,7(c)* 2,0(o) I, I (o) 

To light , M±m 2,09 ± 1,38 ± 1.49 ± 1,41 :i. 
t 0.05 0,03 0,03 0,03 

II ,5 (c) 0,7(o) 1,8 (u) 

Disturbance cf 
Intensity 
Relat::.cns:1:.;is: 

Eqt:alizing ~hase M±m 3,3 ± 1,8 3,0 ± 0,9 Her 1,8 ± 0,7 
I I ,3 (o) I ,u(o) 

Paradoxical pnase Mtm 6,3± 1,40 2,7±0,9 Her Her 
l 4,5 (c) 3,0 (b) 

Loss of reflex: 

To bell M±m 3,0±0,45 Her 0, 11 :: Her 
I 6,6 (c) 0, I 

I, l (o) 

To light .M ± m 13,0±1.22,6±2,6 0,33 ::. . 0,36 ± 
I IO, 4 (c) 3,6 (b) o. 18 0, 12 

0, I ·(o) 
Successive 

Inhibition: 
To bell .M±m 23 ,3:: 13,3 t 0,33 ± 

I 4,02 3,3 0,18 l°,l:;0,13 
5.7 (c} 3.9 (c) 0 ,6 (o) 

To light M±m i31,0±5, I 17,7 ± 0,77 - '.0,9 ± C.:3 
I 5,9 (q 4,7 0 29 · 

3.3 (11) 0,32 (o) I 

* DP.~ree of sigr.ifica.~ce: a - 95%; b - <m; c - 99.g,;; 
o - r.ot si6nificant. 
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Changes· in the cond.i tioned reflex activity were also noted in animals 
subjected to the action of hydrogen fluoiide in a concentration of 0.03 mg/m3, 
but they were observed with particular clarity against the background of 
functional loads (24-hour starvation). After the 24-hour starvation, animals 
of this group showed an increase in the number of losses of conditioned re
flexes to light and an increase in cases of successive inhibition. 

A concentration of 0.01 mg/m3 caused no changes in the conditioned reflex 
activity of the animals. 

Toward the end of the one-month recovery period, the conditioned reflex 
activity of the animals subjected to the action of hydrogen fluoride in a con
centration of 0.10 mg/m3 improved somewhat, but remained altered relative to 
the control. The conditioned reflex activity of the animals which inhaled 
hydrogen fluoride in a concentration of 0.03 mg/m3 was restored completely. 

The motor chronaxy of antagonist muscles was measured on the shin of the 
right hind limb. The tests were performed with a GIF condenser chronaximeter 
an average of three times a month at a fixed time and. under the same conditions. 
The nerve·cords were stimulated by the unipolar method. Average data on the 
measurement of the chronaxy of antagonist muscles according to groups are 
shown in Fig. 2. 

In rats of groups III and IV (control), the subordinational influences 
of the brain were within the normal range. 

In the experimental animals of groups I and II, changes i~ chronaxy were 
observed irranediately after the start of exposure and were manifested in a pro
longationi equalization, and reversed ratio of the chronaxies of antagonist 
muscles. It ~hould be noted in this connection that the prolongation of the 
chronaxies in animals of groups I and II was characteristic chiefly of flexors, 
whereas a prolongation of the chronaxies of extensors was observed in 38.4 
and 30.8% of the cases respectively. The results of the tests are statisti
cally significant. 

The changes which we observed in the activity of the central nervous 
system may be regarded as a manifestation of a deep inhibition encompassing 
the complex system of cortical and subcortical subordination centers. In 
the experimental animals of groups I and II, there was established a statisti
cally significant depression of the activity of ~holinesterase, the enzyme 
involved in the transmission of nervous excitation. 

Neurohistological studies* of the brain were conducted in the area of 
motor and sensory systems. Interneuronal connections and the state of the 
nerve cells were studied in this case. 

• :r.e histJlogical exa::ine:.icr.s were per~crmed by O. K. St.t:irkina (Sve!'d1ovsk l1eCica1 ::1s4:..i:u:~). 
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Fig, 2, Chronaxy of antagonist muscles in rats 
durl!'.g their exposure to :iydrogen r::.ioride in 

groups I , II , :n, ar.d IV • 
1 - extensor muscles; 2 - flexor muxcles1 

AB - period of exposure, 

The following symptoms were observed in animals of -group I: hyperemia of 
vessels of the membranes and substance of the brain, perivascular edema, thick
ening of dendrites with the formation of beaded swellings on them and the dis
appearance of cytoplasmic outgrowths, the so-called spines. With regard to 
the nerve cells, a change of their structure consisting of an uneven staining 
of the Nissl substance, its partial lysis, thickening, swelling~ and shriveling· 
of the cytoplasm were established. In some nerve cells, death of the nuclei 
and neuronophagia were observed. At the end of the three-month recovery period, 
some shifts tending to offset the process were noted: the destructive changes 
in the nerve cells were less distinct, and the spines on the dendrites were 
seen more distinctly. The process was not completely compensated, since in 
some nerve cells profound destructive changes were observed, i.e., cells with 
lost nuclei. These data account for the fact that the conditioned reflex 
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activity of animals of group I during the recovery period continued to be 
altered. For this group of animals, disturbances of the nervous activity 
cannot be considered to be exclusively functional. 

Some authors (De Eds, 1936; Roholm, 1937; Thomas, Wilson, and De Eds, 
1935) attribute the changes in bone tissues characteristic of fluorosis to 
a disturbance of the phosphorus-calcium metabolism as a result of the inhib
itory action of fluorine on the enzyme phosphatase. These authors postulate 
that phosphatase participates in processes of bone formation by liberating 
inorganic phosphorus from esters of phosphoric atid; this phosphorus combined 
with calcium ions forms phosphorus-calcium salts necessary for building bone 
tissues. Roholm (1937) ascribes in these processes a prime importance to 

. alkaline phosphatase. However, literature data on the effect of fluorine on 
the activity of phosphatases are very contradictory. 

Our observations on alkaline phosphatase were carried out on 6 animals 
of each group. The phosphatase activity was determined by using the procedure 
of G. K. Shlygin ands. Ya. Mikhlin. It was found that the initial period of 
increase in the activity of the enzyme in animals of groups I and II is follow
ed by a decrease in this activity. The activity of alkaline phosphatase in 
animals of·group III, exposed to hydrogen fluoride in a concentration of 
0.01 mg/m3, was at the level of the control. 

Despite the fluctuations in the activity of alkaline phosphatase during 
certain periods of exposure, the inorganic phosphorus content of the blood 
was practically stable and did not exceed the limits of the physiological 
norm. This is apparently because the phosphorus level in the blood is not 
maintained by the activity of phosphatases alone. It is known that the 
activity of phosphatases even in a healthy organism is not a constant, while 
the content of inorganic phosphorus fluctuates within very narrow linits. 
Probably the mechanism by which inorganic phosphorus is maintained at a 
constant level in the blood is complex and varied. It has been established 
that phosphoric acid salts can irranediately enter the blood from their reserve 
in the bones when the inorganic phosphorus content of the blood has dropped. 

Since the literature contains indications of a decrease in the activity 
of bone phosphatase in rats acted upon by fluorine, we also checked its 
activity in our experimental animals after the end of exposure. Bone phos
phatase was determined in the tibia of 6-11 animals of each group using A. 
Bogdanskiy 1 s procedure with slight modifications by Ye. P. Yeremin and z. A. 
Kasparskaya (1950). Our studies did not show any change in the activity of 
bone phosphatase under the influence of the hydrogen fluoride concentrations 
studied. As soon as clinical symptoms of fluorosis became known, it was 
commonly accepted that one of its early manifestations was the mottling. of 
tooth enamel. 
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Before the start of the·experiment, the condition of the teeth was checked 
in animals of all the groups, and was subsequently checked regularly in the 
course of exposure. The tooth damage was evaluated on a 4-point scale. Our 
observations (Table 4) confirmed that the mottling of tooth enamel is indeed 
an early specific manifestation of morphological changes under the influence 
of fluorine. In white rats, the color of healthy teeth is yellowish, and 
the teeth are shiny and resemble amber. In 5 animals of group I, as earlJ as 
after the first month of exposure, the teeth became transparent, whitened, and 
lost their shine. As the period of exposure grew longer, the extent of damage 
increased, and toward the end of the 5th month, all the animals showed a 
moderate form of damage:· the upper and lower incisors resembled marble, they 
were. rough, streaked, and the ends of the incisors were worn down. 

In animals of group II, the changes in the teeth were less marked and 
appeared later than in group I. 

Table 4 

Y.cttling of Tooth Sna1111'1 in Experi~ntal Anillll!:s 

Tiu~ of Obs~~tion 
:luring the l'~riod .of 

--·-- t;xposureJQJlt.h:.;
"umber 

of 1. _:_ J_ __3___ 
· Degree of Damage

Animals ~umber of Ani1116l5
Observed with :iacagec. Teeth 

- - --- -· - - --

Groi;p I 

19 Very little 
i:.i:.:,le 

9 
4 

2 
2 2 

Moderately 2 15 Ii 19 
Mari<;edly 

Group II 

20 Very little 
Little 

2 
2 

2 
6 ' 

4 
7 

M::xlerat;ely 
r.la.rke:dly 

Group III 
22 Very little 2 

Lit-tle , 
Moderately 
Markedly 

At the end of exposure, histological analyses of animals in groups I 
and II showed a thinning of the enamel and dislocation of the enamel prisms. 
In the-animals of these groups, definite changes in the bone tissue were also 
noted. In animals of group I, a narrowing of the bone-marrow channel of tubu
lar bones was observed, and the outlines of the periosteum were irregular. In 
the pelvic bones there was disturbance to the structure of the osteons*, lysis 

1 Editor's :1ote: prot,at:y bone :.issues. 
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of osteocytes, and in the region of the periosteum, a focal resorption of the 
osseous substance with growth of connective tissue. Calcium was deposited 
unevenly in the bones; In animals of group II, the changes were less pro
nounced and were localized primarily in the lumbar section of the Spinal 
column and in the pelvic bones. An irregularity of the periosteum, focal 
disorganization of the structure of osteons, and an irregular deposition of 
calcium were noted. 

The changes observed in the teeth and bone ,tissue constitute an irre
futable proof of a disturbance of the phosphorus-calcium metabolism under the 
influence of hydrogen fluoride. 

H. Christiani attaches considerable importance to the level of deposition 
of fluorine in the bone skeleton, assuming that an increased fluorine content 
of bones constitutes a diagnostic means of detecting early symptoms of fluorine 
intoxication. He also holds that the severity of osseous changes is related 
to the extent of deposition of fluorine. After the completion of exposure, 
we determined the deposition of fluorine in the teeth and tibia of 6 animals 
of each·group. The teeth and bones·were carefully separated from the soft 
tissues, dried to·a constant weight, ground up, then a sample of 0.03 g was 
taken, calcinated, and dissolved in 3 drops of 1:1 hydrochlpric acid, then 
passed through an ion exchange column with an AV-17 anion exchanger. The 
amount of fluorine evolved from the column was then determined by the alizerin 
thorium procedure. The analyses·showed that hydrogen fluoride concentrations 
of 0.10 and 0.03 mg/m3 cause the'accumulation of fluorine in the organism. 

We can draw a certain parallel between the osseous changes and the level 
of deposition of fluorine in the bones, and in this respect our data are in 
accord with H. Christiani's point of view. 

Table 5 
Fluor~"~ Con~ent.in tbe.:ooth an1 BonefTd'ssues~of f.xwr:mental An1ma~s ,1n ffllil1gram-percent c ry su~s.ancej. 

Tee~.h ___ \ ____ Tibiii ___ ....Gr9:.i;:, of 
An1rr.als M±m I , M±m [ t 

- ~------- . - --

I l110,S±.'i,60 17.27 (c)' ll2l.~:::S,70 9,57 (~) 
,, , I 2 (r)II 1~.2:!:l.20 3·,87 (b) 5\,,(:'--3,20 

III I.J,2±2,11 1,27 (o) . 28/1:i::2,85, J. l I (ol 

Control 12.2±0,9S · 23,3±4,0 [ 
1 1 

• De~ree of confider.ce: b - 99"~; c - 99.~: o - not si~n~fic~nt 

During the experiment, we followed the fluorine content in the urine. 
Fluorine in the urine is also determined by ion exhange·chromato~raphy, which 
was first used·for this purpose in the U. s. A. (Harold, Nielsen, Logan, Utan, 
1960; Talvitie, Brewer). 
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An increase of the fluorine c~ncentration in the·urine was noted starting 
with the 2nd month of exposure, and its highest level, which substantially 
exceeded the control in all the experimental groups, was established toward 
the end of exposure~ Despite the high degree of excretion of fluorine, the 
latter, as indicated above, was deposited in the bone system. 

Histological analysis of the viscera (after the completion of exposure) 
in animals of group I show~d in the upper respiratory tract, desquamation of 
epithelial cells with the baring of the basal layer,hyperemia of the vessels, 
and focal inflammatory infiltratiop with lymphocytes, leucocytes, and histio
cytes. Symptoms of acute focal infl8J!11lation of the nasal mucosa were pro
nounced in all the animals, but in different degrees. Symptoms of bronchitis 
and peribronchitis were observed in the bronchi. The vessels of the lungs 
were hyperemic, and symptoms of focal pneumonia were noted in two cases out 
of 5. In the liver there w~s protein and fatty degeneration, and in the 
kidneys, protein degeneration and an increased permeability of the arterioles. 
In the spleen, hyperemia of the vessels of the red pulp was noted, and in 
the white pulp there was a reduction of certain lymphoid follicles and 
hyperplasia of reticular cells. The walls of the central artery of the spleen 
were thickened as a result of plasma infiltration. Changes in the myocardium 
were characterized by the disappearance of cross striation and separation of 
myofibrils. · 

In animals of group II, the changes were less pronounced. In some areas, 
the nasal mucosa was thinned (the structure of the cells was not distinctly 
visible), and in some cases, on the contrary, proliferation of the epithelium 
was noted. Hypersecretion and desquamation of the epithelium was present 
in the bronchi. Hyperemia was noted in the lungs and in parenchymatous organs. 

In animals bf group III, the histological analysis did not uncover any 
changes. 

Conclusions 

1. The threshold of odor and the threshold of the reflex effect of 
hydrogen fluoride on the hwnan organism, established by the method of dark 
adaptation, are both at the same level, 0.03 mg/m3. 

2. In a five-month exposure, hydrogen fluoride concentrations of 0.10 
and 0.03 mg/m3 cause a number of disturbances in the organism of warm-blooded 
animals: 

a) Phenomena of inhibition in the central nervous system, with the 
0.10 mg/m3 concentration causing irreversible destructive changes in the 
nerve cells; 

h) Change in the phosphorus-calcium metabolism; 
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c) Accwnulation of fluorine in the bone s;stem; 
d) Histopathological changes in the teeth, bone system, and viscera. 

3. The extent of the changes observed in the organism is related to the 
concentratio~ of hydrogen fluoride in the inhaled air. 

4. A hydrogen fluoride concentration of 0.01 mg/m3 causes no changes in 
the organism of the experimental animals. 

s. Our investigations showed that: 
a) A hydrogen fluoride concentration of 0.15 mg/m3 (in terms of the 

fluoride ion 0.147 mg/m3) cannot be regarded as the threshold concentration; 
b) A hydrogen fluoride conc~ntration of 0.03 mg/m3 cannot be the 

maximum permissible r.ighest single concentration. 

6. The highest single concentration of hydrogen fluoride must not ex
ceed 0.02 mg/m3, and the mean daily concentration, 0.01 mg/m3. 
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REFLEX EFFECT ON THE Hl"MAN ORGANISM OF LOW CONCENTRATIONS OF ACETIC ACID 

A.~D ACETIC ANHYDRIDE PRESE:NT SEPARATELY AND TOGETrlER IN ATMOSPHERIC AIR 

M. T. Takhirov 
A. :1. Sysin· :nstitu':e of Ge::eral enc Conmrur.al :~ygiene, 

Academy of Yedi::al Sciences of ~he '.JSSR, and ::'ast.kent r.edica: :ns~ i:,1;te 

-From Akademiya Meditsinakikh Nauk SSSR. "Biologicheskoe deystvie i 
gigienicheskoe znachenie atmosfernykh zagryazneniy". Red. V. A. Ryazanova. 
Vypusk 11, Izdatel 'stvo "!-ieditsina" Moskva, p. 73-91, (1968). 

Acetic acid, CH 3COOH (methanecarboxylic acid), is a monobasic organic 
acid of the fatty series. It has a pungent acid odor; it is miscible with 
water and organic solvents (alcohol, ether) in all proportions, solidifies 
at a low temperature, its melting point is +16. 7°C., boiling point 118.1°C., 
and specific gravity at 20°C., 1.049. Acetic anhydride, (CH 3co) 2o, is an 
organic compound, the simplest of the carboxylic acid anhydrides, a color
less liquid with a sharp stifling odor; its boiling point is 139. 6 °C, 
melting point 73°C., and specific gravity at 20°C., 1.082. It dissolves in 
cold water to the extent of 12% and dissolves well in alcohol and ether. 

Acetic acid has been known in Europe since the ninth century, and is 
widely employed as a mordant or solvent in the textile industry, in dye 
works, in the production of linoleum, cellulose acetate, alkylacetates, and 
in many organic syntheses (production of esters, acetates, etc.). 

Acetic anhydride is used in the chemical industry for the production 
of cellulose acetate and many drugs and in the manufacture of certain 
explosives. 

Sources of atmospheric pollution with acetic acid and acetic anhydride 
may be plants that either produce or consume them in their technological 
processes. The literature contains no data on acetic acid or acetic anhydride 
as atmospheric pollutants, but data from sanitary studies of the air of 
industrial buildings confirm the possibility of such pollution. <, 

According to the data of Ye. N. Kuprits and B. S. Shender, a study of an 
acetic acid plant revealed acetic acid vapors in concentrations from 62 to 
120 mg/m3 in the air of a plant section. S. L. Danishevskiy (1951), in a 
study of plants producing acetic acid and· acetic anhydride by dehydration of 
ketene, found vapors of ketene, acetic acid and acetic anhydride in total 
concentrations ranging from 1 to 70 mg/m3. 

High concentrations of acetic acid vapors (125-440 mg/m3) were found in 
1957 by Ghiringhelli Di Fabio in the production of cellulose acetate. 
G. ~. Nazyrov studied the air of sections in three hydrolysis plants where 
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acetic acid was formed as a by-product. According to his data, the highest 
concentrations of acetic acid vapors in the air of a plant section amount 
to 50 mg/m3. Since acetic acid and acetic anhydride in the air of plant 
buildings and in atmospheric air are in the form of vapors, they enter the 
human body mainly via the respiratory tract. Acetic acid vapors cause 
considerable irritation of the mucous membrances of the respiratory tract 
and eyes, resulting in lacrimation, cough, and restriction of breathing. 
The problem of the toxic effect of acetic acid has been insufficiently 
treated in the literature. 

· The effect of high concentrations of acetic acid is discussed in 
the works of Flyuri and. Tsernik, N. V. Lazarev, Ghiringhelli Di Fabio, 
B, V, Vladykin, A. I. .Shibkov, G. G. Zakharov, Jamado, M. G. Ibragimov and 
Ye. Z. Lisnyanskiy, and others. The chronic action of acetic acid vapors 
causes affections of the nose, nasopharynx, mouth, larynx and also conjunc
tivitis and bro:1chitis among workers. The concentrations responsible range 
from 62 to 125 mg/m3 (Shender, Ye, N. Kuprits, Ghiringhelli Di Fabio). The 
maximuci permissible concentration of acetic acid for plant buildings adopted 
in the Soviet Union is 5 mg/m3. In the USA, it is five times as high as 
the concentration adopted in the USSR for acetic acid and is equal to 10 parts 
per million (by volume), i.e. , to 24. 5 mg/m3. 

Literature data on the toxicity of acetic anhydride are very limited. 
The toxic effect of acetic anhydride vapors is qualitatively analogous to 
that of acetic acid, but is stronger and more dangerous because of the 
removal of water from the tissues (F. Flyuri, F. Tsernik, N. V. lazarev). 
The maximum permissible concentration of acetic anhydride for plant shops 
has not been established. 

Thus, neither in the Soviet nor in the foreign literature have we 
found any studies dealing with the influence of low .concentrations of acetic 
acid and acetic anhydride vapors (of the order of the maximum permissible 
values for plant sections or lower) on the human and animal organism. Their 
odor threshold concentrations have also been unknown. In view of this fact, 
we decided to substantiate experimentally the highest single maximum per
missible concentrations of acetic acid and acetic anhydride present separate
ly and together in the air of populated areas. 

To determine acetic acid under experimental conditions, we used a color
imetric method developed by Yu. V~ Dyuzheva (1960). The method involves a 
preliminary transfer of acetic acid into ether and its determination with 
hydroxylamine and ferric chloride. The sensitivity of the method is S mg per 
3 ml. The method is nonspecific: the total monobasic carboxylic acids are 
determined; esters interfere with the determination. However, these impuri
ties were absent in our studies. The air was drawn at a rate of 0.5-0.6 1/min 
through two absorbers with porous plates No. 1 filled with 2 ml of alcohol. 
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The samples may be withdrawn by using ASM ~ilica gel with a grain size of 
1-2 mm (2 g of silica gel is placed in one modified Zaytsev absorber) at a 
rate of 5 i/min (M. V. Alekseyeva). 

The method of determination of acetic anhydride in air was developed 
by Ye. V·. Deyanova (1964). The method is based on the preparation of 
hydroxamic acid by the reaction of acetic anhydride with hydroxylamine 
hydrochloride and involves the colorimetric determination of hydroxamic 
acid with ferric chloride. The sensitivity is 0.01 mg per 3 ml (according 
to the author). In accordance with the author's recommendation, we raised 
the sensitivity of the method to 0.005 mg in a volume of 3 ml. Specificity: 
acetic acid does not interfere with the determination. The air samples 
were drawn at a rate of 0.8-1 1/min into two absorbers connected in succes
sion and containing porous plate ~o. 1, filled with 4 ml of a 1% alcohol 
soluti_on of hydroxylamine. In the determination of the combined action of 
acetic acid and acetic anhydride, each substance was determined separately. 

Tabl'l 1 

:nresr.olds of Olfactory Per::e;::t. :on of /\cet ic 
Acid and Acetic Anhvdride • 

• Jj_ -

Cor.centr~tion., 
~/m3Numl:er of 

·sutjects 

I 1,f,7 1,22 24 
3 1.22 0,9:l 69 
5 · 0,92 U,81 119 

10 0,Sl 0,60 2~3 
5 o. 70 0,60 102 
6 0.60 0.51 162 

'.:'otel 30 I 731 

Acetic Anhydride 

I l ,20 1,03 24 
2 1,03 0,80 49 
7 0,80 0,60 195 
6 0,60 0,51 137 
5 0,40-0,51 0,41 122--,~Total 21 
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In order to determine the highest single maximum permissible concen
tration of acetic acid and acetic anhydride in atmospheric air, we used 
the methods reconnnended by the department of sanitary protection of atmos
pheric air. We studied the threshold of olfactory perception of acetic acid 
vapors in 30 persons. Ten acetic acid concentrations ranging from 5.51 to 
0.51 mg/m3 were investigated. In all, 731 observations were made. The 
threshold of olfactory perception was determined for acetic anhydride in 
21 persons. Eleven acetic anhydride con cent rations were studied, ra.'"lging 
from 4.50 to 0,41 mg/m3, and 533 determinations were made. The results are 
given in Table 1. 

As is evident from this table, the threshold of olfactory perception 
of acetic acid in the most sensitive persons is 0.60 mg/m3, and that of 
acetic anhydride, 0.49 mg/m3. Concentrations of 0.51 mg/m3 acetic acid 
and 0.41 rng/m3 acetic anhydride were found to be imperceptible. 

The threshold of the reflex effect of low acetic acid and acetic 
anhydride concentrations on the light sensitivity of the eye was deternd~ed 
with an ADM adaptometer using a common procedure. Three persons 17, 18, and 
30 years participated in the study. In all, 120 observations were carried 
out. 

The data obtained show that the inhalation of acetic acid vapors in 
a concentration of 0.60 mg/m3 causes a marked increase of the light sensi
tivity in the 20th minute in all the subjects. A concentration of 0.48 
mg/m3 caused a statistically reliable increase of the light sensitivity in 
two persons. A concentration of 0.37 mg/m3 was found to be inactive in all 
three subjects. 

Results of adaptornetric studies with acetic anhydride showed that a 
concentration of 0.50 rng/m3 causes a statistically reliable change in the 
course of the dar~ adaptation curve in all three subjects, a concentration 
of 0.36 mg/m3 in only two subjects, and a concentration of 0.25 mg/m3 did 
not produce any changes in the subjects. 

Results of the effect of the substances studied on the light sensitivity 
of the eye are presented in Table 2. 

Thus, the threshold of the reflex effect of acetic acid on the functional 
state of the cerebral cortex, determined by the adaptometric method, is equal 
in the most sensitive individuals to 0.48 mg/m3, and the threshold of acetic 
anhydride, 0.36 mg/m3. The inactive concentration for acetic acid is 0.37 
mg/m3, and for acetic anhydride, 0.25 mg/m3. 

The next stage of our study consisted in determining the threshold of the 
effect of acetic acid and acetic anhydride vapors on the electrical activity 

- 64 -



Table 2 

Light Sensitivity of Eyes in the 2oth and 25th Minutes of Adaptation During Inhalation of Acetic Acid and 
Acetic Anhydride Vapors in Percent of 15th Min'utc. 

I 
Acetic Aoid Cencentration rrg/m3 Acetic Anl1ydride Goncentration 

~/m3Minute Pure Pure 
Subject of Test Air Air 

0,60 0,48 0,37 O,!'.iO . 0,36 0,25I I I I 
N. 20- I 146,0 254.0(c) 246,0(c) 149,0 (o) 144,6 223,4 (c) 21l,6(c) 147,5 (oJ 

25- 187,0 225,8 (c) 192,8 (o) 193,0 (o) 190,3 217,0(c) 217,4 (c) 192,0 (o) 
T, 20- 176,5 269,0 (c) 217,I (c) 178,5 (o) 173,8 214,7 (c) 206,2 (c) . 1,C.,2 (o: 

0\ 2J- 242.8 190.6 (c) 239,1 (o) 237 ,5 (o) 235, I 197,7(c) 225 ,6 (b). 2,1.;,5 (o) 
V, A. 20- 139,5 177.0(c) 152,0 (o) 146,0(o) 145,2 174,0 (c) 149,2(0) 141 .2 (o:,,-

-.J· 204,8 184, I (b) 198,2 (o) 194,9(0) 208,9 247,4(b) 206,9 (o) 20'1 ,·! (o; 

Note. Confidence f11ctor: a - 9~, b - 9~, c - 99-~, o - unrf'l i.;ir;1<o. 



of the brain by means of the electrocortical conditioned reflex method 
described by K. A. Bushtuyeva, Ye. F. PoiP.zhayev and A. D. Semenenko (1960). 

Our observations were carried out on an eight-channel Hungarian elec
troencephalograph (Orion Budapest). The biocurrents were recorded from the 
temporal and occipital parts of both cerebral hemispheres of the subjects, 
using the bipolar method. The experiment involved five persons with a 
normal function of the olfactory system and a distinct alpha rhythm. 

We studied the influence of inhalation of three acetic acid concen
trations (0.36, 0.29, and 0.18 mg/m3) as well as three acetic anhydride 
concentrations (0.25, 0.18, and 0.11 rng/m3) on the change of the electrical 
activity of the brain. The tests were conducted four times for each con
centration, with alternation of the test with pure air. In all, 140 obser
vations. were made. 

The data obtained were treated and checked for statistical reliability. 

The material of the electroencephalograms was treated in the following 
manner: in each pairing of light and gas in the first ten seconds (before 
the light was turned on), the duration of desynchronization was calculated 
in seconds (desynchronization smaller than 40% of the amplitude of the basic 
rhythm and lasting less than 0.5 second was not considered in the calcula
tion), both during the action of pure air and in the presence of the speci
fied concentration of acetic acid and acetic anhydride. 

The statistical treatment was carried out in ~o variants: 

In the first variant, the values of the duration of desynchronization 
were summed up for all 25 pairings during the action of both pure air and 
the substance studied; 

In the second variant, the values of the duration of desynchronization 
of the alpha rhythm were also summed up, but only if they blended with 
desynchronization caused by the light, also over 25 pairings, in the presence' 
of both pure air and the substance studied. 

Statistical treatment according to the two variants gave almost the 
same results. 

Data obtained by studying the influence of acetic acid vapors on the 
electrical activity of the brain showed that of the five subjects tested, 
the threshold of formation of the electrocortical conditioned reflex is an 
acetic acid concentration of O. 36 mg/rn3 for two subjects, and O. 29 mg/m3 
for the remaining three (Fig. 1). The O .18 mg/m3 concentration was found 
to be inactive for all the subjects. 
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a LRII-P cA(l9) 

b a·--.r-lr"lfL.___________, '-----~v 

F:.g, l. f.lect.roencepha logram of subjec-: r.. R. ConcLticned reflex 
desynchror.izaticn occurred curing inhala:ion of acetic a~id ir. a 
co:;cen~,:-s.dor c,f 0,29 :-..;/m~ (at tl:e 19th ,>6i:-ir.;;). 

l - elec.troer.ce~ha:cgram from tr.e :eft temporel-occi~:ta: area; 
2 - electroer.ce~ha:ogram from tr.a right ~emporel-occ1f:tal area; 
a - ma!'k ir.:licat:.."lg light was turned on; b - !llllrk bd:cat:.ng !'t:ppl;,
of ges, 

Results of the study of the influence of acetic anhydride vapors showed 
that in three subjects, the conditioned electrocortical reflex was formed at 
acetic anhydride concentrations of 0.25 mg/m3; the 0.18 mg/m3 concentration 
produced a conditioned reflex desynchronization in two subjects (Fig. 2). 
The 0.11 mg/m3 concentration was found to be inactive for all the subjects 
(Fig. 3). 

The changes we obtained were statistically reliable. In attempting to 
give a general evaluation of the observations made in the study of the con
ditioned reflex effect of acetic acid and acetic anhydride on the electrical 
activity of the brain, we note that the conditioned reflex (or desynchron
ization of the alpha rhythm) was developed in the course of a single experi
mental day, usually at the 7th-9th pairing of light and gas (acetic acid and 
acetic anhydride) and was retained until the 22nd-23rd pairing, after which 
it became extinguished (Fig. 4 and 5). Desynchronization of the alpha rhvthm 
appeared with a minimum latent period (2-5 seconds) and continued until the 
light was turned on. 

Thus, we have established that in the most sensitive persons, the thres
hold of the conditioned-reflex change of the brain's electrical activity for 
acetic acid lies at a level of 0.29 mg/m3 and for acetic anhydride~ at 0.18 
mg/m3. The inactive concentration for acetic acid was found to be 0.18 mg/m3 
and for acetic anhydride, 0.11 mg/m3. · 

Combined data on the odor thresholds and reflex effects of acetic acid 
and acetic anhydride are listed in Table 3. 
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'.lctat:or, SP.rr.e as in ,:.g, 1, 

----,'-- ----i~---
0 ZtI:I-Ac~n(ll) 

.________b________;L___a___n_r-J'7["-

fig. ,. ::::ec:roer.cepr.o:~ra;; of :.;"::ij~c1. 'll:, 'J, Con-:.itionod
:-c:'lcx r:csyncn:-onizatior. d:d no: occur juri:ig :.n':ala:ior. of . 
acetic a:,nydr:.ce ir. e co!'l,;e:1:ra:ior: of O.l'. ~/-::., (llti. p~ir:!'lg). 
tiotat10:i sa::-.e as i~. fig. :. 
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--
Thresr.old~ of ':.he E:'fect of' Acetic Acid !Ind Acetic Ar.hydride or, Yan 

.• 
o:rae-::o:-y List:~ Sensi- Electro::or-:- iPe-.i-ce;:r.;ior. t:i.cal ccr.id1-tivit~ cf C,

S:Jbstance the ye t1or.ed rer:.e .... 
b:J •-

"' .....,.,...I i1) .... ~ .,..> r::: 

_1,,..., .... OJ ..., :fl¼~ 
·--< 
> 

,,< 
> ...,., ..c

1,,,,... ~0.11)Ori .., " ..., " d ;/l 
u J:l "'r::: C&:-1 H <C " H < " '"H .i . I ~ ::cConcer.trat1ons, q; m 

Aeet:.c Acid 0,60 0,51 0,48 0,37 0,29 0,18 0,2 
Acetic Anhy-
dride .... 0,49 0,41 0,36 0,25 0, 18 0, 11 0,1 

~ 

Acem 
Acid 0,16 0, 19 0,25 0,15 o. 15 0, 145 

Comtn;;'
at :an& 

Acet:.c 
An:iy:.. 
dride 0,35 0,24 o. 18 0, 18 0,0871 0,06 

s~m of fractions tf 
Effect Threstold 0,94 0,80 1,06 0,81 0,99 0,83 

Sum of fractions of mxilll'JC permissible concentra:ion: 
active - 1.62; bactive - l.~. 

On the basis of all of the above data, we propose 0.2 mg/m3 as the 
highest single maximum permissible concentration of acetic acid in atmos
pheric air, and 0.1 mg/m3 for acetic anhydride. 

In recent years, the combined action of low concentrations of atmos
pheric pollutants has been wideiy investigated. Studies have been made 
on the combined action of sulfur dioxide and sulfuric acid aerosol 
(K. A. Bushtuyeva, 1961), chlorine and hydrogen chloride (V. M. Styazhkin, 
1962), carbon disulfide and hydrogen sulfide (B. K. Baykov, 196 3) , carbon 
disulfide, hydrogen sulfide and Dow therm (Kh. Kh. M.annanova, 1964), acetone 
and acetophenone (N. z. Tkach, 1965), phenol and acetophenone (Yu. Ye. 
Korneyev, 1965), etc. The authors showed that the character of the effect 
of a mixture of two and three atmospheric pollutants on the human and 
animal body is determined as a total or partial summation. In one case, 
during inhalation of a mixture of hydrogen sulfide, carbon disulfide and 
Dowtherm, a certain potentiation of their effect was noted. For this 
reason, the next objective of our study was to investigate the combined 
action of acetic acid and acetic anhydride on the human organism. The 
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study of this combination is of major sani t~ry importance: the source of 
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..1 ,.. pure air; 2 - G.11 q;/m3; 3 - 0.18 q;/m":I 

study of this combination is of major sanitary importance: the source of 
their combined discharge into the atmosphere are plants producing acetic 
acid and acetic anhydride, and also cellulose acetate plants, whose number 
and output are increasing considerably, particularly because of a growing 
-consumption of cellulose acetate in the production of rayon, plastics, 
synthetic lacquers and ot~er products. 

In order to determine the character of the combined action of acetic 
acid and acetic anhydride, after determining the threshold of smell of each 
ingredient separately, we began the determination of the odor thresholds of 
acetic acid and acetic anhydride in their mixture. 

Seven mixtures of different concentrations of acetic acid and acetic 
anhydride were studied in 20 subjects. In all, 338 observations were made. 
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Results of the studies are listed in Table 4. 
Tab:e .. 

0c:or :r,resho:.ds of Acetic Acid ar.d Acetic Anhyd::-ide for 'i':~1:ir 
Co::bi:1ed Presence. 

Thre~r.olc..:or.c~n- SubU-.reshold Con- I 
r;:.;:;-.ber of trat1ons 1~ ~~1/m3 s~~ ~f cer.trations in i sum of 
Sr;bjects -- ------- fractions q;;/ro 3 I f::-acticns0 

CH,COOII .:.. (CH,CO), Cl-1,COOI [ + (CH,COl,
l I 

' 
2 0,60-1-0,25 1,05 0. 20+0, 45 0,80 
3 0,37+0.28 0,98 0,29+0,24 0,S0 
4 0,6'.l 1-0.25 0,96 0,20+0,45 0,77 
2 0,2!:1~ 0,2-t 0,96 0, 19-~0.24 0,80 
3 0, 16-:-0,35 0,94 0,20-,-0,25 0,62 
3 0,10 j-0,25 0,90 0,30 -0,?Ei 0,78 
I 0,30; 0,25 0,78 o. 20....0, 25 0,65 
2 0,60+0,25 0,71 

The studies performed showed that the odor thresholds for the most 
sensitive persons correspond to the following concentrations of the mixture 
of acetic acid and acetic anhydride: 0.16 + 0.35 mg/m3 and 0.29 + 0.24 mg/m3. 
The imperceptible concentration of acetic acid in the mixture was O.19 mg/m3, 
and of acetic anhydride, 0.24 mg/m3. 

The material obtained should be treated from the standpoint of detenn
ination of the nature of the combined effect of acetic acid and acetic anhy
dride, i.e., it should be determined whether we are dealing with synergism, 
potentiation, or antagonism. In order to obtain comparable data, the con
centrations studied should be expressed in fractions of the threshold values 
for each of them. In other words, in order to determine the character of 
the combined action of these two substances, the acetic acid and acetic 
anhydride concentrations studied should be split into their threshold concen
trations for each subject and summed up. Thus one can obtain the total con
centrations of the mixture in fractions of the individual effect threshold. 
As is evident from Table 4, the odor was perceived in cases where the sum of 
the relative concentrations of acetic acid and acetic anhydride was close to 

·unity (0.90-1.05). The odor of the mixture was imperceptible if the sum of 
the relative concentrations amounted to 0.82 and lower. For only one sub
ject was the index of the total concentration of the active mixture equal to 
O. 78, and that of the inactive mixture, to 0.65. She was more sensitive to 
the mixture of these gases. 

The next section of our study involved the determination of the effect 
of lo~ acetic acid and acetic anhydride concentrations present toget~er on 
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the reflex change of the light sensitivity of the eye. We studied the 
following mixtures of acetic acid and acetic anhydride: 0,31 + 0.25 mg/m3; 
0.25 + 0.18 mg/m3; and 0.15 + 0.18 mg/m3. Three persons participated in 
the experiment. In all, 60 determinations were carried out. 

The effect was evaluated in the same manner as in the determination of 
the threshold of olfactory perception. The data obtained are listed in 
Table 5 and Fig. 6. 
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Pig: 6. Cha!lge of :.h~ light_sensitivi:.i of the eye :..n . 
sub~ect •;:. R. during JJlhalation of acetic acid a::d ace:.1c 

· anhydr:.de. 
1 - acetic a:id C.15 + aceti~ anhydride· 0.18 mg/~3; 
2 - acetic gcid C.25 + acetic anhydride 0.18 mg/n3; 
3 - acetic acid C.31 + acetic anhydride, 0.25 ':f,/-:}; 4 - p·..;!'f: air 

From Table 5 and Fig. 6 it is also evident that the reflex change of 
the light sensitivity takes place in the most sensitive persons at the con
centration of a mixture of 0.25 mg/m3 acetic acid and 0.18 mg/m3 acetic 
anhydride. The concentration of a mixture. of 0.15. mg/m3 acetic acid and 
O. 18 mg/m3 acetic anhydride was found· to b~ inactive with respect to the 
course of the curve of dark adaptation of the eye. 

The index of total concentration of the active mixture (with respect 
to the adaptometric thresholds) is 1.06, and that of the inactive mixture, 
O. 81. Thus, an effect of complete summati-on is observed during the combined 
effect of acetic acid and acetic anhydride· on the light sensitivity of the eye. 
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'l'able 5 

Threshold of Reflex Char.ge of the Light ::.ensit~vity o~ tr.e lJe in 
the 20th Minute During Inhalation of a Mixt~re o~ Acetic Acid and 

Acetic Anhydride. -- -- - ---·-·,, .. 
-------------··------ ·-

Th h 1.. C Sum of Sur:t· re~ 0 ~ onl!l"'f- Fraction Subth.eshold ~~~ of Fre.c-
!_ret1c-:1s, rrg/m of Ad.Bl)- centrat1ons, ng/m..- t::.ons of 

t.ometric Maptoin-Subjects 
CH,COOH + (CH,COJ, Thresho cH,COOH + (Clf,CO). etric 

· I breshold------'~------'----·-------_.;..__ . 
N, o,2s+o.1~ (c) I • O(i 0, 15-~0. IS (o) C,81 
T. 0,25-f-0, 18 (c) 1,0l 0, 15-' 0, 18 (~) D,81 
A, 0,31+0.25 (b) 1,01 0,25~0, IS (o) 0,77 

Note, Confider.cf'? factor: :, - '1.Jf,, c - -~9.~, o - 1.mre:iaole 

The third stage of our study dealt with the effect of subthreshold con
centrations of the acetic acid-acetic anhydride mixture on the electrical 
activity of the brain as determined by the method of the electrocortical 
conditioned reflex. 

The following mixtures of vapors of acetic acid and acetic anhydride 
were investigated: 0,18 mg/m3 + 0.13 mg/m3; 0,15 mg/m3 + 0.087 mg/m3; and 
0.145 mg/m3 + 0.06 mg/m3. In all, 75 observations were made. Five persons 
~1th a distinct alpha rhythm participated in the experiment. In all the 
subjects, the threshold of formation of the electrocortical conditioned 
reflex was determined for acetic acid and acetic anhydride taken separately. 

According to the results of the determination of the threshold of the 
electrocortical conditioned reflex during inhalation of the mixture of 
acetic acid and acetic anhydride vapors and according to the statistical 
treatment of the data, in three out of the five subjects the threshold of 
formation of the electrocortical conditioned reflex corresponded to a mix
ture of 0.18 mg/m3 acetic acid vapors and.0.13 mg/m3 acetic anhydride vapors, 
with a total concentration index of 1.02 (relative to the individual thres
hold in the study of the isolated effect of these substances). For two 
subjects, the threshold mixture consisted of 0.15 mg/m3 acetic acid vapors 
and 0,087 mg/m3 acetic anhydride vapors (the sum of the relative concentra
tions of this mixture was 0.99 for them). The subthreshold (inactive) mixture 
in the electroencephalographic tests for three subjects consisted of 0.15 
mg/m3 acetic acid and 0.087 mg/m3 acetic anhydride (the total concentration 
index of the inactive mixture was 0,75). For the remaining two subjects, 
the index of the total concentration of the inactive mixture was 0,83, for 
an inactive concentration of the mixture of acetic acid - 0.145 mg/m3 and 
acetic anhydride - 0.06 mg/m3. 

Fig. 7 shows graphs of the change of the brain's electrical activity 
during inhalation of different concentrations of a mixture of acetic acid 
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and acetic anhydride. 
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Fig. 7. Change ir. the electrical activity of the brain of subject 
Zh. N, durin6 inhalation of different concentrations of a cix~ure 
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1 - pure air; 2 - 0.145 + o.06 fff!,/m 3; 3 - o.15 + o.C87 rr,g/m3 

Thus, analysis of the results obtained from the de termination of the 
threshold of the electrocortical conditioned reflex during the combined 
action of acetic acid and acetic anhydride vapors, both for the determina
tion of the threshold of olfactory perception and of the threshold of reflex 
change of the light sensitivity of the eye, indicates a complete summation 
of the effect of these substances, i.e., the sum of t~e active concentrations 
expressed in fractions of the threshold values is close to unity, and the sum 
of the inactive concentration is less than unity (0.83). 

In converting the threshold concentrations of the acetic acid-acetic 
anhydride mixture (based on the electroencephalographic test) to values rela
tive to the maximum permissible concentrations of the ingredients for isolated 
action, the minimum total active concentration in fractions of the maximum 
permissible concentrations of the components was found to be 

0,15 mg/m3 0.087 mg/m3. + ~ 
0 75 0 870. 2 mg/m3 + 0. 1 mg/m3 • • L 62 • 
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The maximum inactive concentration is the total concentration at a 
level of: 

0.145 mg/m3 + 0.06 mg/m3 = 0.72 + 0.60 = 1.32.
0.2 mg/m3 0.1 mg/m3 

It follows that for the combined presence in atmospheric air of acetic 
acid and acetic anhydride vapors, their total concentration expressed in 
fractions of the recommended maximum permissible concentrations of each of 
the substances for isolated action should not exceed 1.3. 

Conclusions 

1. The threshold of olfactory perception of acetic acid in the most 
sensitive persons is 0.60 mg/m3, and that of acetic anhydride, O.l.9 ni.g/m3. 

2. The threshold of reflex change of the light sensitivity of the ~ye 
during inhalation of acetic acid is 0.48 mg/m3, and that of acetic anhvdride, 
0. 36 mg/m3 .. 

3. The threshold of formation of the electrocortical conditioned reflex 
for acetic acid is 0.29 mg/m3, and that of acetic anhydride, 0.18 mg/m3. 
Concentrations of 0.18 mg/m3 acetic acid and 0.11 mg/m3 acetic anhydride did 
not have a reflex effect on the electrical activity of the brain. 

4. The proposed highest single maximum permissible concentration of 
acetic acid in atmospheric air is 0.2 mg/rn3, and that of acetic anhydride, 
O. 1 mg/m3. 

5. During the combined action of acetic acid and acetic anhydride vapors 
(according to data from the determination of the threshold of s~ell, adaptom
etry, and electroencephalography), an effect of complete summation takes place. 

6. The threshold mixture in electroencephalographic tests consists of 
acetic acid (0.15 mg/n3) and acetic anhydride (0.087 mg/m3) with a total 
concentration index of 0.99. The total ·concentration index of the inactive 
mixture is 0.83 (acetic acid 0.145 mg/m3 and acetic anhydride 0.06 mg/m3). 

7. When acetic acid and acetic anhydride vapors are jointly present in 
atmospheric air, their total concentration expressed in fractions of the 
adopted maximum permissible concentrations of each of the substances should 
not exceed L 3, 
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THRESHOLD CONCENTRATIONS OF PARAFFINS IN SHORT-TERM 

AND LONG-TERM INHALATION 

M. L.. Krasovitskaya and L. K. Malyarova 
Ufa I::s:i~ute of Hygiene anc Occupat::m,.11 DiseasP.s and Perm Uedic~: ::;sLi::.rt<· 

From Akademiya Medi tsinakikh N'auk SSSR. "Biologicheskoe deystvie i 
gigieni cheskoe znachenie atmosfernykh zagryazneniy". Red. V. A. Ryazanova. 
Vypusk 11, Izdatel'stvo 11Meditsina" Moskva, p. 43-50, (1968). 

Iri connection with the rapid rate of development of petroleum refining 
and petrochemical branches of industry and an ever-increasing role of large
capacity refineries and petrochemical enterprises, a major importance is 
assumed by the study of the biological effect of hydrocarbons and their 
sanitary standardization in atmospheric air. 

The chief atmospheric pollutants in the area of a refin~ry are ali
phatic hydrocarbons (olefins and paraffins). 

The present article is devoted to the study of paraffin hydrocarbons 
as atmospheric pollutants. 

The data available in the literature (Kochmann, 1923; Eulenberg, 1925; 
Nelson et al. 1943; N. V. Lazarev, 1954; Z. Kh. Filipova, 1961) indicate a 
relatively slight toxicity of paraffin hydrocarbons. Nevertheless, their 
sanitary standardization is considered necessary for the following reasons. 

l. In areas around petroleum re fineries, paraffins are the chief 
hydrocarbon pollutants. A number of studies dealing with the content of 
hydrocarbons in atmospheric air around petroleum refineries have been pub
lished (B. P. Gurinov, 1958; R. S. Gil'denskiol'd, 1958, and others). 
However, a sanitary evaluation of the data obtained'and further observations 
are complicated by the lack of sanitary standards. 

2. In areas around petroleum refinery plants, paraffin hydrocarbons 
enter into the composition of organic pollutants of the atmosphere and make 
up a significant part of the "sum" of hydrocarbons widely employed in s ani
tary practice. Because of the great variety of hydrocarbons ir. atmospheric 
air, the inconstancy of their composition and varying toxicity, the concept 
of a "sum" has no sanitary meaning and requires an interpretation. 

Paraffins (metha~e hydrocarbons) are open-chain saturated compounds. 
Paraffins with up to four carbo~ atoms are gaseous su~stances, those with 
5 to 15 carbon ator:i.s are liquids, and higher representatives of the series 
(with c16 ) at room teITT?erature are solids. Paraffin hydrocarbons are narcotics 
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whose narcotic effect increases with the number of carbon atoms in the 
chain. In the body, paraffins do not undergo chemical transformations 
and do not accumulate. 

, ', 
In dealing with the problems of atmospheric sanitation, the hydrocar

bons of greatest interest are the gaseoux ones and the first liquid homologs, 
since they are the chief atmospheric pollutants and, because of their physi
cal properties, spread over considerable distances. 

We studied the reflex effect of butane and pentane, the most toxic lower 
hydrocarbons of the series found in atmospheric air. 

The thresholds of olfactory perception and thresholds of the effect on 
the electrical activity of the brain were determined. The study of the 
threshold of olfactory perception was made on twelve iractically healthy 
volunteers ranging in age from 18 to 48 years. 

The experiment with every concentration was repeated three times. We 
studied the concentrations of 777, 498, 355, 242 and 305 mg/m3 for butane 
and 328, 257, 217 and 155 mg/m3 for pentane. In all,. 327 determinations 
were made. The results are shown in Table L 

'?abl~ 1 

Thresholds or Olfactory Pereepticn 
of A;iphatic(Hydrtcat~~ns (Bi:tar.e, 

Per.tane J. 

Cor.centr-ation in l!J!,_Lm3 
I'.'h·!:.'b:·r of J.:aximum rAiniUU,im 

S:ibjects Inactive I Active 

Per.tane 

4 155 217 
6 217 257 
2 257 328 

Bi:t;.ine 

9 242 305 
3 305 3;;,5 

Thus t it was found that the odor threshold concentration in the most 
sensitive persons was 217 mg/~3 for pentane and 305 mg/m3 for butane. 

The threshold of the effect on the electrical activity of the brain 
was studied by the electrocortical reflex method on four subjects whose 
threshold of smell had first been determined. The results are given in 
Table 2. 
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~hr~shold Concentrations :a~~in~ ,Jr~..a:ior. of r1~c
tr9cortic~l ::ond:.t:.oned Reflex !):ir_:n!;; _'!_rlhalation._ 

H:z"drocarbon Concen~i:atiao::i, :&!m3 
PentaneS:ibieot I Butane1-

150 130 I 100 • 350 3~0 I 2SO 200I II 
I 

s. A, -·- -1- -! ' . I 

-· R. + + -· 
V. T. + - -I ' 
Kh, :::. + + 

Cor.ven~ional sy1:1bols: -,. dectroccrtical ref:.ex 
for::...rl; - not formed, 

The minimum concentrations causing the formation of the electro
cortical reflex during short-term inhalation lie at the imperceptible 
level and are 130 mg/m3 for pentane and 280 mg/m3 for butane. 

In view of the fact that hydrocarbons of the paraffin series are 
constantly present in atmospheric air, we studied the character of their 
combined action. The tests were conducted on three persons whose thresholds 
of olfactory p'erception and of the isolated effect of these substances on 
the .electrical activity of the brain had first been determined. The effect 
of the hydrocarbons was determined in the following combinations: 

Combination I: maximum inactive concentration of pentane + maximum 
inactive concentration of butane; 

Combination II: 1/2 maximum inactive concentration of pentane + 1/2 
maximum inactive concentration of butane; 

Combination III: 1/2 maximum inactive concentration of pentane + J/4 
~aximum inactive concentration of butane (Table 3). 

Hence, all the combinations of paraffin hydrocarbons ~or which their 
sum is greater than or equal to 1 (in fractions of the maximum inactive 
concentration of each substance) cause a conditioned-reflex desynchroniza
tion of the a rhythm. 

With a combination 6f pentane and butane whose concentrations (in 
fractions of the naximum inactive value) added up to less than 1, no elec
trocortical conditioned ref lex could be formed. 
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:atle 3 
In order to study the chronic 

P<"S'Jlts o~ Study of the C:0111- effect of paraffin hydrocarbons, white 
0.:ntd E.:'.'.'ect of ?c:1tane and 
3:.i:,:--.e -:m tr.e forr..at.:.on ;1f. male rats weighing 85-95 g were subjected 
t·,,:, SJectrocort~;:a: Ccnd1:.1or.t::l to a chronic round-the-clock exposure. 

Exposure to the first liquid homolog, 
pentane, was tested.p;~::. ]?1~,=-

The choice of concentrations was.due 

I+ I + ,-~~ to the following considerations: 30 mg/m3
1/2+ 112 + + + is one-third the highest single (proposed
½+¼ 1- mean daily) concentration; 100 mg/m3 is at 

the level of the highest single concentra:'l~t<:. Cor:cer.t:--at~c:.s of 
;,c::t.a~e and bi;tar.e given in tion; 300 mg/m3 corresponds to the maximum
fr2~ti ons of ~xi mum i::active 
vo::;es. permissible value for plant shops; 800 

mg/m3 was taken in order to obtain a pro
nounced effect. 

The following tests were used in the 
study: weight and behavior of the animals, blood pressure, chronaxy of 
antagonist muscles, cholinesterase activity of the blood, and determination 
o: :he nur.iber of blood leucocytes. Before the end of the exposure, the 
adsor~tive capacity of certain tissues and organs was studied by vital 
staining. 

The exposure was carried out for 117 days 
:aole 4with the exception of series IV of the experi

oents (exposure to pentane in a concentration Pe~tane Concer.tratic~ D~ring
Chronic Exposureof 800 mg/m3). The exposure of animals of this 

group lasted 66 days until the appearance of Cor.centrati:;hs 1 !Ji/::;~
distinct changes. SeTies of 

Z:xperi Spe<:i.fi~ I Ac:.~al 
me~ts

At the end of the experiment, some of the 
animals 11e re killed for the purpose of vital I 30,0 25,5 
staining of the organs and histopathological II 100,0 116:=,2,5 

!II 300 332:;!:7ar.alyses; the remaining animals were left alive 800±20,7IV 800 
for observation for 12 days during the recovery V Control 

period. In the course of the entire exposure, 
the behavior of the experimental animals was no 
different :ram that of the intact animals. 'The initial weight of animals of 
all groups was practically the same {the differences were statistically unre
liable). Observations of the weight dynamics did not show any changes at sub
sequent stages of the exposure either. 

The initial blood pressure level in all the rats was in the range of the 
physiological norm for this species of animals and amounted to 113-110 mm Hg 
in the various groups. A statistically reliable drop of the blood pressure 
level was observed after a one-month exposure in animals exposed to pentane in 
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concentrations of 800 and 332 mg/m3. The drop of the blood pressure level 
became more pronounced in subsequent st ages of the exposure. Pentane in a 
conc~ntration of 116 mg/m3 also showed a hypotensive effect after a two
month exposure. The blood pressure level in animals exposed to the action 
of pentane in a concentration of 25 mg/m3 remained unchanged. 

A distinct distortion of the chronaxies of the flexors and extensors 
was established after two months of the experiment in animals exposed to 
pentane in concentrations of 800, 332 and 116 rng/m3. Pentane in a concen
tration of 25 mg/m3 did not cause any change of subordinative chronaxy 
(Table 5) ~ 

Tatle 5 

Ratio of Chrc:iaxiP.s of Antagonist Muscles in Experi::ental e:id 
Contrc: .bi::ials Ecfore and During t-.e Experinent. 

, Series IISc;J:cs II ISo::-ies III Ser!eS :v1·-
~ q;/m3 1:6 ~/m3 3:2 ~/m3 sno ITJZ./m3 Control 

. r M:::m , M::ni Mim M:fm-----'-------'-----
7/X 1965 r. I,69±0,2811 ,67 ±0,22 I ,45i l, 12!1 ,82:l--0,3211 ,49:.:0, 19 

IO/X 1,48±0, 12 I, 18±0,22 I, 14 :.!:0, 12 I ,29±0,27 I ,36 :±.0,34 
IO/X I ,4.J±0. l2·o,7.'i±0,08 0,71 ±0, 12 0,54±0.1211 ,4 :!.0, 12 
10/1 1966 r. 1,69±0,21 0,46±0,05 0,98:!: 0,08 11,!i6 ~' 0, 15 
I /II 1,56±0,190,87±0,ll 0,72:i0,19 . 1,47±0,12 

The cholinesterase activity was determined by using·a modified Fleischer
Pop~ method. During the entire exposure, the cholinesterase activity of the 
blood (in micromoles of decomposed acetylcholine) in all the experimental 
animals did not differ appreciably from the .control. A statistically reliable 
difference as compared with the initial level was not found in any of the 
observed groups either. 

The number of blood leucocytes in the experimental and control animals 
during the exposure did not exceed the limits of the physiological norm and 
amounted to 8825-15580. 

The method of vital staining was determined by the degree of absorption 
of the dye by the various organs (method of D. N. Nasonov and V. Ya. Alek
sandrov). 

Combined data on the accumulation of the vital dye (neutral red) by the 
various·organs are listed in Table 6. 

As is evident from the above data, the degree of absorption of the vital 
dye by the brain tissue in animals of series II and III of the experiments is 
approximately twice (l. 9-2. 3) as high as in the intact animals. According to 
the remaining data, the differences are insignificant. 

• [ ::n:isli:t:::-':o r.ote: f:eys~er er.c Po:.:p, a.~::ordir.g to the tra:isliteratior. of K'.lssian rc:'Erenc~.] 
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Injex of Accumulation of Vital Dye (in r..:.~ligrams p<:r gn,rn cf 
t:ssue weight) in ExJ'.)f'rillW'!nt;,J and Control An1mah,. 

E Cont rel 
tratioo ration tretion
(Con941r,•I ~ (Cor:,:en- (Concer.-III 

Organ 25.5 11 b 3::'e 
~7m3) ~Jm3) r!f!,/m3) 

bain 24.7±3,3 67±9,o I 53±8.s 29±8,6 
tieart 106±6,4 108±7,3 i 103±4,7 9,6±7,3 
Liver 260±50,5 247±48,3, 170±16 155±16 

All the tests were carried out two weeks after the end of exposure. 
Tests that revealed changes in the course of exposure establ~shed a return 
to the physiological norm at the end of the recovery period. 

Studies of atmospheric air in areas around petroleum refineries estab
lished the content of the paraffin hydrocarbons (Table 7). 

Tat,le r 

Co:'lte~:. of Aliphatic riydroca::-b•Jr.!; in th" A:r:ospheric /1.:.r of 'J 

Resident i.al ,r..rea. 

1· Single Cor.centrations l Lleen Dail'/ Co:::en-
in ~/rn3 t::-atior.s 'i.n rr,g/r:.3 

Component 
!l--a-x:i.-.a::-:.i-r:':"'"~-in-~-mum ~v::i~X~"l>~ rir.i~~. IAverag: 

2,56 o.ss 1,4 2, 13 0,1<5 · i ,4 l 
Propan~ 12,9 O,~G 3,0:i 21 0,30:i 3,59 
Buta..,e • 4,0!1 o,:ti 1,8S 2,76 Cl, 7·1 1,(19 
Pentane 33,6 0,f>2 7,45 4,05 0,7(1 2,70 

'Sthar.e · 

Con clus ions 

1. The lower paraffins (butane, pentane) have an olfactory effect whose 
threshold for the most sensitive persons is 305 and 217 mg/m3 respectively. 

2. The minimum concentrations at which the formation of the electrocor
tical reflex is possible in the most sensitive persons are 130 mg/m3 for pen
t.ane and 280 mg/rn3 for butane. The maximum inactive concentrations were 100 
and 200 mg/m3 respectively. 
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3. The highest single maximum permissible concentrations of paraffins 
which are proposed are below the thresholds causing olfactory perception 
and reflex shifts in the most sensitive persons: 100 mg/m3 for pentane and 
200 mg/m3 for butane. 

4. In the combined action of butane and pentane, an additive effect 
takes place, established by the most sensitive test, the EEG reflex. Thus, 
when these substances are jointly present in atmospheric air, the permissible 
concentrations are such that when expressed in fractions of the maximum per
missible concentration, they do not exceed a sum of 1. 

5. After ·a prolonged exposure of the experimental animals to the action 
of paraffins (pentane), the blood pressure _decreases, the subordinative 
chronaxy is distorted, and the adsorptive capacity of the nervous tissue 
(brain) changes. The changes already take place at pen tane con cent rations 
of 116 and 332 mg/m3. 

6. Pentane in a concentration of 25 mg/m3 during chronic round-the
clock exposure does not cause any appreciable shifts in the body of the 
.animals. This concentration is proposed as the mean daily maximum permis
sible concentration of pentane in atmospheric air. 

7. Petroleum refineries pollute atmospheric air with paraffins hav
ing up to C5 carbon atoms. 

8, The results of the studies demonstrate the usefulness of the concept 
of the "sum" of hydrocarbons and the need for a differentiated definition of 
diverse clas~s of organic compounds in a sanitary evaluation of atmospheric 
pollutants. 

LITERATURE CITED 

Note: References mentioned in this paper are to be found at the end of the 
volume in the 1968 bibliography. · 
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BIOLOGICAL EFFECT AND HYGIENIC EVALPATION 0F POLLUTION OF ATIK)SPHERIC AIR WITH 

PHTHALIC ANHYDRIDE 

L, P. Slavgorodskiy 
Lisra:.!'1::.an Scier.t ific Research Ir.st it ute :Jf Corrum..'Jla: Hyg:ene 

From Akademiya Meditsinskikh Nauk SSSR. "Biologicheskoe deystvie i 
gigienicheskoe znachenie atmosfernykh zagryazneniy". Red. V. A. Ryazanova. 
Vypusk 10, Izdatel 'stvo "Meditsina" Moskva, p. 86-96, (1967) 

Phthalic anhydride is the anhydride of ortho-benzenedicarboxylic acid. 
Its boiling point is 284.5°C, and its melting point, 128-131°C, It has the 
odor of bitter almonds. 

Phthalic anhydride sublimes readily. Its solubility in water is 0.6 g 
in 100 ml of water at 25°C. When dissolved in hot water, it converts into 
phthalic acid. It is soluble in carbon disulfide, alcohol, ether, benzene. 
Phth~lic anhydride is marketed in the form of flat, white, frequently rhombic 
crystals. 

Phthalic anhydride is used in various branches of industry, It is widely 
employed in the production of dyes: phthaleins, rhodamines, indigo, anthrani
lic acid, derivatives of anthraquinone, phthalocyanines. Esters of ortho-phtha
lic acid are used as plasticizers in the production of glyptal, polyester, and 
epoxy resins. Phthalic anhydride is used in the pharmaceutical and leather 
industries. • 

Its ability to enter into a series of characteristic reactions nakes it 
widely applicable in chemical laboratories. 

There are several methods of preparing phthalic anhydride, The most popular 
method used in industry is based on the oxidation of naphthalene in the prese~ce 
of a catalyst at 350-500°C. The preparation and use of phthalic anhvdride are 
associated with its pollution of the atmosphere. 

The waste gases of phthalic production after purification in scrubbers are 
discharged into the atmospheric air. Part of the phthalic anhydride is discr.arged 
with ventilation gases. In the literature accessible to us, we were unable to 
find any studies dealing with the presence of phthalic anhydride in the air 
around industrial enterprises. 

The effect of phthalic anhydride on the human and animal organism has been 
studied by many investigators. Several authors (Friebel et al., 1956; L.A. 
Titunov and A. A, Denisenko, 1957; Yu. K. Korotkova, 1957, 1960; S. N. Kremneva 
and N. S. Tolgskaya, 1961) studied the toxicity of phthalic anhydride introduced 
into the gastrointestinal tract. 
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Kremneva and Tolgskaya (1961) administered intratracheally a 2% emulsion of 
phthalic anhydride to white rats under anesthesia. Doses above 30 mg/kg were 
found ~o be absolutely fatal. Death of the animals occurred within the next 
few hours or within a day. 

An inhalational exposure to dust and vapors of phthalic anhydride was 
carried out by Friebal et al. (1956) on guinea pi~s. The concentrations of. 
vapors were maintained at the level of 644.S rng/m, and those of dust, at 8.5 
mg/~. 

In such concentrations, the product irritates the conjunctiva and respira
tory tract. An admixture of naphthoquinone and maleic acid increases the 
irritant effect. 

An inhalational exposure of 10 guinea pigs to phthalic anhydride dust for 
30 days, 15 minutes once a day, at a concentration of 600 mg/m3 , was carried 
out by Korotkova (1959). The concentrations were determined gravimetrically. 
During the exposure, coughing and sneezing were observed in the animals. In 
three guinea pigs after the first exposures, edema of the eyelids, hyperemia 
of the conjunctiva of the eyes and liquid discharges from the nose were 
observed. In some cases, a weight loss was noted. Autopsy revealed a hyperem
ia of the mucous membrane of the trachea and bronchi, adhesions in the pleural 
cavities, and a moderate hyperemia of the internal organs. 

Kremneva and Tolgskaya (1961) carried out a static exposure for 6 months, 
6 da3s a week and 3 hours a day, to phthalic anhydride concentrations of 5-12 
mg/m. At the end of the 6th month, the level of arterial pressure was 70% of 
the normal. Eosinophilia was observed in the majority of cases over the entire 
course of exposure. Concentrations of 1-2 mg/n3 were found to be inactive under 
the same conditions. 

It is evident that only high concentrations of phthalic anhydride during 
periods of moderate duration were studied. The effect of low concentrations 
in a round-the-clock exposure was not studied on the experimental animals. 
The maximum permissible concentration of phthalic anhydride for industrial 
buildings was adopted at a level of 1 mg/m3 , and has not been established for 
atmospheric air. 

The wide use of phthalic anhydride in industry, the inadequate study of 
its toxic properties, and the presence of sources of atmospheric pollution 
indicate that the sanitary evaluation of this compound is quite urgent. The 
purpose of the present study was to give an experimental validation of the 
maximum permissible concentration of phthalic anhydride in atmospheric air. 

This was done by determining the odor threshold and studying the reflex 
effect of phthalic anhydride on the light sensitivity of the eyes. 
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Under the conditions of the experiment, the determination of phthalic 
anhydride in a current of air was carried out by using a spectrophotometric 
method proposed by M. D. Manita. 

The threshold of olfactory perception of phthalic anhydride was determined 
on 27 practically healthy persons (374.observations). The results are given 
in Table 1. 

Table 1 

_:hreshold of Olfactory Perception of Fh~halic Anhydride 
-

I I · 
Number , :lumber of :M~nilllll1D ?erce;>--I l.!exilllJJlll Iwi;e~

of 

fbservetions t1ble Concen- cept1ble Con~ 
Sub~ects ltration, ~/r:i.3 cer.t~ti.on,

~m:> 

6 100 0,32 0,22 
~ 66 0,53 0,32 

17 208 0,72 0,53 

It is evident from Table l that the minimum perceptible concentrations 
of phthalic anhydride in different persons ranged from 0.32 to 0.72 mg/m3. 
The threshold of odor perception in the most sensitive persons was 0.32 mg/m3. 
The maximum imperceptible concentration was found to be 0.22 mg/m3. The 
concentrations studied had no irritant effect on the subjects. 

In recent years, the study of the effect of vapors of various toxic 
compounds on the light sensitivity of the eyes has been widely used for validat
ing the highest single maximum permissible concentrations. 

The effect of phthalic anhydride on the light sensitivity of the eyes was 
studied on three persons by means of an ADM adaptometer, using a widely accepted 
procedure. The light sensitivity was measured up to the 40th minute every 5 
minutes. The effect of each concentration on the light sensitivity of the 
eyes was studied no fewer than 3 times (Table 2). 

Thus, a phthalic anhydride concentration of 0.96 mg/m3 caused significant 
changes in the 20~h minute of dark adaptation in all the subjects. A concentra
tion of 0.55 mg/m was found to be inactive. 

In 2 out of 3 subjects under adaptometric obser~ations, the threshold of 
odor perception was observed at a level of 0.72 mg/m, and in the third subject, 
the perception threshold was not determined. 

Based on what appeared to be a primarily trigeminal action of phthalic 
anhydride, the data of our studies make it possible to recommend the highest 
single maximum permissible c~ncentration of phthalic anhydride in atmospheric 
air at the level of 0.2 mg/m. · 
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------------
Results of Adaptometric St::<l :·es 

Conc~~tr~t~or.s. of l~~ht 5ensit~v:.ty
S:.ibj ect Phtha.1c ,, no_yc:ride, 'I l!l the 20:h l'llnde 

------'---~_fr:._;_- _____ __:~:>ar~&daptaticn, 

Pure Air 23 533. 

E, 0,50-0,55 
0,96-1,09. 
I ,49-l ,i9 

21 066 (o) 
. 30 700 (b) 

45 899 (c) 

Pure Air 41 330 

0,50-0 ,,",.') 39 933 lo) 
P. 0,95-1.09 59 433 (bl

J,64--1,79 77 100 (c) 

Pure .Air 21 067 

0,50-0,55 21 333 (o) 
!'. 0,96-1,09 35 367 (3) 

1,6-l-l ,79 41 633 (b) 

~etc. Degree of significance: a - 95%; b - 9'*-; 
c - 99.~; o - insign:ficant. 

In order to validate the mean daily maximum permissible concentration of 
phthalic anhydride, we studied the influence of its low concentrations in a 
70-day round-the-clock inhalational exposure. The experiments were conducted 
on 60 white male rats in 100 1 chambers. Each chamber was supplied with 20-23 
1/min of air to which was first passed through FPP-15 filters. Group I of the 
rats was exposed to phtha lie anhydride in a concentration of 1. 52 mg/m3, group 
II, to 0.54 mg/m3, group III, to 0.18 mg/m3 . The animals of group IV were the 
controls. The concentrations were chosen on the basis of the following consid
erations. The concentration of 1.32 mg/m3 was taken as the value close to the 
maximum permissible concentration for the air of industrial buildings. The 
concentration of 0.18 mg/m3 in the subliminal value from the standpoint of 
olfactory perception and is close to o~r recommended highe~t single maximum 
permissible concentration. The concentration of 0.54 mg/m was chosen as one 
that is frequently encountered at a distance of 500 m from the phthalic anhy· 
dride plant in the atmospheric air of residential areas. 

During the chronic experiment, observations were made on the general con
dition of the animals, their weight, motor chronaxy of antagonist muscles, 
choli~esterase activity, and morphological composition of the blood. The 
behavior and activity of the rats of all three groups did not differ from 
those of the controls. Rats of all the groups gained weight in uniform fashion. 
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Studies by numerous authors have shown the high sensitivity of the study 
of the ratio of motor chronaxy of antagonist muscles as a method for character
izing the functional state of the central nervous system (Yu. N. Uflyand, 
1941; A. N. Magnitskiy, 1948; A. F..M,1.karchenko, 1956). In the establishment 
of the mean daily maximum permissible concentrations of noxious substances i~ 
atmospheric air; this index was first used and widely employed by the staff 
of the department ·of communal hygiene of the Central Institute for Advanced 
Training of Physicians. We used this test to study the effect of low concen
trations of phthalic anhydride on the organism of the experimental animals. 
The studies were carried out on an ISE-01 electronic pulse stimulator. The 
chronaxy of the antagonist muscles was determined on the right hind leg in 5 
rats of each group once every 10 days under the same conditions. A distur• 
bance of the normal ratio of motor chronaxy of flexors and extensors in rats 
of group I occurred on the 31st day of exposure ana returned to normal two 
weeks after the end of exposure. In rats of group II, the changes were less 
pronounced. In the animals of group III, no· such changes were observed (Fig. 1). 

msec A
7tli't 
o,; ,1 - -...0.,0 ----J,'to.os 

. ,____ 0::~ 
aos I . .·~:-=~ 

;>, 
X g 020 

5· o,s 
.,,--,,____ ,______________ C 

oro - / 

aos 

azo 
a,s 
0.10 ',,~--------- -- ... ...-.............,,,' -----

d aos 

10 .?O JI I.{} SO E1 JJ 

T:ne (days) 
f'ig. l. ~ffec: o:' pt.thalic ar.hy:lride en the motor chronaxy 
of antegonis: muscles of rats in ei,rcui: T (a); group ::"I (b); 
group III (c) and group ri (d;. So:id line ::-efers t~ ex
~er.sors end dashed li~e to flexors; A3 - period of exposure. 
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·Numerous experiments established that the cholinesterase activity changes 
in many pathological conditions of the organism. This method found applica
tions in sanitary standardization practice. G. I. Solomin (1961), V. I. 
Filatova (1962), D. G. Odoshashvili (1962), and V. A. Chizhikov (1963) confirm 
that the cholinesterase content changes under the influence of chemical sub
stances. 

The cholinesterase activity of whole blood was stuided by a chemical method 
of A. A. Pokrovskiy's (1953), modified by A, P, Martynova (1957). The cholin
esterase activity during the experiment was evaluated from the change in the 
time of decomposition of acetylcholine. The determination was made on rats of 
each group once every two weeks. On the 42nd day of exposure, a depression of 
cholinesterase activity occurred in animals of group I. The time of acetylcho
line hydrolysis increased to 49 minutes. In rats of group II, statistically 
significant but less pronounced changes were also observed. The time of acetyl· 
choline hydrolysis for animals of group III did not differ from the control 
(Fig. 2). 

According to the literature data, phthalic anhydride acts on the blood
forming system (k. Ye, Bakaleynik, 1960; S. N. Kremneva and M. S. Tolgskaya, 
1961; V. S. Anatovskaya, 1961). Th is served as the bas is for our study of 
the morphological composition of the blood. The blood analysis included 
determinations of the ar.iount of hemoglobin, erythrocytes, thrombocyte·s, leuco
cytes, and a differential leucocyte count. On the 70th day of exposure, we 
obtained a change in the thrombocytes in animals of groups I and II. The 
leucocyte count did not change appreciably. The content of hemoglobin and 
erythrocytes fluctuated within norma 1 limits. 

Thus, in the course of chronic exposure it was possible to establish a 
change in the ratio of the motor chronaxy of antagonist muscles and in cholin
esterase activity, and an increase in the thrombocyte count in rats of group 
I exposed to phthalic anhydride in a concentration of 1. 32 mg/m3 . Less 
pronounced changes and later ones were observed in animals of group II. In 
the course of the two-week recovery period, the disturbances which occurred 
returned to nonnal. No deviations could be established in rats of group III. 
The data obtained from the chronic exposure were subjected to statistical 
treatment and confirmed our conclusions. On the basis of the chronic exposure, 
we propose a mean daily maximum permissible concentration at the level of the 
highest single concentration, 0.2 mg/m3 . 

Studies of pollution of atmospheric air with emissions from the phthalic 
anhydride plant were conducted by using a polarographic method (I. G. Kogan, 
1961). 

The sanples were collected on an FPP-15 filter mounted in a special holder 
and in two a·bsorbers connected in series and containing porous plate No. 2. 
The absorbing liquid was 96° ethanol. 
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To determine the possibility of the spread of vapors and condensation 
aerosol of phthalic anhydride in the atmosphere, we cond:.icted studies arot.:nd 
plants producing phthalic anhydride. The output of the plants was over 10,000 
tons of phthalic anhydride per year. Data on the degree of pollution with va
pors and condensation aerosol of phthalic anhydride are present in Table 3. 
From the latter it is evident that only at a distance of 1000 m were the 
concentrations obtained lower than our proposed maximum permissible concentra
tion (0.2 mg/m3). 

Fol::iti::n of atrr.os('t:eric air with p:1t'ialic P.r:t:,cr:.de in tr.F. ar~,i 
or the ciccmical plant comp:ex on ~ ht> leeward side. 

Distar.ce from Number 
So:.;:--ce of :Jis of 

cha::-ge, m Collected 
Samples 

250 17 
500 37 

I 000 32 
I 500 10 

A sanitary protective zone of no less than 1000 m must be provided for 
this plant. The sanitary protective zone (500 m) adopted in accordance with 
the standards of the building code for enterprises with an output of over 
10,000 t must be considered inadequate. 
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Conclusions 

1. The threshold of olfactory perception of phthalic anhydride for the 
most sensitive persons is 0.32 mg/m3. and the subliminal concentration is 
0.22 mg/m3. 

2, A study of the curve of dark adaptation during short-term inhalation 
of phthalic anhydride indicates that the threshold at which it is affected is 
0.92 mg/m3, and the _subthreshold concentration is 0.55 mg/m3 . 

3. The highest single maximum permissible concentration which must be 
reconnnended is 0.2 mg/m3. 

4, Chronic round-the-cloc~ exposure to vapors and condensation aerosol 
of phthalic anhydride in concentrations of 1.32 and 0.54 mg/m3 for 70 days 
causes significant changes in the ratio of chronaxies of flexors and extensors, 
changes in the activity of whole blood cholinesterase, and an increase in the 
thrombocyte count. A concentration of 0.2 mg/m3 was found to be inactive and 
may be reconnnended as the mean daily maximum permissible concentration. 

5. The atmospheric air around phthalic anhydride plants with a capacity 
of 10,000 tons per year is polluted. In the presence of purification equip
ment, phthalic anhydride is observed in concentrations below our recommended 
maximum permissible value only at a distance of 1,000 m. For this reason, 
the sanitary protective zone for this plant should be no less than 1000 m. 

LITERATURE CITED 

Note: References mentioned in this paper are to be found at the end of 
the volume in the 1967 bibliography. 
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DATA FOR A SANITARY ASSESSMENT OF METHANOL IN ATMOSPHERIC AIR 

Candidate of Medical Sciences'"R. Ubaydullavev 
A. :-1. Sysin lnstit:te ?f.Ge-r.e:-al and ·cor.;iunal !:ygienE/ of the ~cadr!:y of l.'.Pd;i.cal S?:ences,of the V:9' 1and Uzbek 5c1cnt1f1c Research Inst1:ute of Hyg:ene, San1tat_on, nnd Occupat1cnal Diseases 

From Akademiya Meditsinakikh Nauk SSSR. "Biologicheskoe deystvie i 
gigienicheskoe znachenie atmosfemykh zagryazneniy". Red. V. A. Ryazanova. 
Vypusk 10, Izdatel'stvo "Meditsina" Moskva, p. 65-74, (1967). 

At the present time, methanol is obtained in huge amounts by synthesis, 
and also by hydrolysis of plant raw material. Methanol finds extensive 
applications in the manufacture of organic dyes, chemicopharmaceutical prep
arations, formaldehyde, and other chemical compounds. 

The chief sources of pollution of atmospheric air with methanol are 
paint-and-varnish plants, wood-processing plants, metal-working shops, 
furniture factories, and many other enterprises. 

In the nature of its action, methanol is a nerve and vascular poiso~ 
with a marked cumulative property. 

L. I. Kaza (1925) and V. M. Rozhkova (1948) held that an essential 
role in the mechanism of action of-methanol is played by the primary pro
duct of its oxidation in the organism - formaldehyde, which paralyzes 
cellular respiration and inhibits the oxidation processes. 

The action of low methanol concentrations on the human and ani:nal 
organisms was first studied by Chao Cheng-ch'i (1959). The author experi
mentally determined the thresholds of the odor of methanol (4.1 ~g/m3) and 
of its reflex effect on the light sensitivity of the eye (3.3 mg/m3), and 
also carried out a chronic exposure of white rats to methanol vapor in 
concentrations of 50 and 1.77 mg/m3 in the course of three months for 12 
hours a day. 

On the basis of these studies, the highest single and mean daily 
maximum permissible concentrations of methanol in atmospheric air were es
tablished at 1.5 and 0.5 mg/m3 respectively. 

However, in his investigations, this author did not use the most sensi
tive method, which is the study of the electrical activity of the cerebral 
cortex for the purpose of validating the highest single maximum permissible 
concentration. Moreover, a continuous, round-the-clock exposure was not 
carried out in the chronic experiment. Therefore, we decided to refine 
these norms by using the most modern experimental methods. 

To determine methanol in atmospheric air, we used the method of 
M. V. Alekseyeva (1963). 
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We began the study of the problem by determining the odor threshold of 
methanol in 25 persons aged 18 to 40 years. Nine concentrations from 12.2 to 
3.9 mg/~ were tested (Table 1). 

Table 1 
Results of ~et~rmir.atjon of the :hreshcld 
of Olfactory Percept ion cf Me:hanol Vapor 

Number tMinimum Percep- ; Maximum Imper
of tible Concentra- / cep:iole Con~ea-

S~bject tion, rr:g/m3 tration, ~tm' 

3 
5 
4 
2 
5 
6 

I0,3 
8,4 
7,5 
6,5 
5,6 
4,5 

~ 

9,7 
7,5 
6,5 
5,6 
4,5 
3,9 

As is evident from Table 1, the odor jhreshold in subjects with different 
sensitivities ranged from 10.3 to 4.5 mg/m. The threshold concentration in 
the most sensitive persons was found to be 4.5 mg/m3, and the maximum impercepti
ble concentration, 3.9 mgin-3. Thus, our data almost coincided with those of 
Chao Cheng•ch'i (4.1 mg/m ). We then studied the effect of low concentrations 
of methanol on the light sensitivity of the eye by means of an ADM adaptometer 
on three subjects ranging in age from 18 to 25 years. The study was made daily 
at a strictly defined time once a day under identical conditions for each 
subject. 

A physiological background was developed in each subject, i.&, a standard 
curve of dark adaptation, during inhalation of pure air between the 15th and 
20th minute for 8 days. Concentrations of 4,11, 3.53, and 3.06 mg/m3 were 
tested, The 4.11 mg/m3 methanol concentration caused a marked chan~e of the 
light sensitivity of the eye in all the subjects, and the 3.53 ~/rir' concentra
tion did so in only one subject. For the latter, the 3.06 mg/m3 concentration 
proved to be inactive (Fig. 1). 

The effect of low methanol concentrations on the electrical activity of 
the cerebral cortex was studied on the 6 persons with the lowest odor threshold 
(Table 2) by the method of A. D. Semenenko (1963) with the aid of an 8-channel 
electroencephalograph. The test was conducted no fewer than 4 times with each 
concentration and was regularly alternated with pure air. 

The studies showed that methanol in a concentration of 1.46 mg/m3 affected 
the magnitude of the amplitude ot the alpha rhythm and caused statistically 
significant changes in all 6 subjects, whereas a concentration of 1.17 mg/m3 

did so in only two subjects. 

The inactive concentration for all the subjects was 1.01 mg/m3. The re
sults of the studies are summarized in Table 3. They show that the highest 
single maximum permissible concentrat!on of methanol established earlier at 
1.5 mg/m3 should be reduced to 1 mg/m. 
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Fig, :. Changes in the light sensitivi:y of 
the eyes dur:ng inhalation of Ethanol vapor. 
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Table 2 

Results of St~dy of the Thresr.old of the Reflex Ef~ect 
of Methanol Vapor on the E,cctrical Actlvity of the 

Cerebral Cortex, 

Methanol Concentration, rry,/m3 

Subject I1,46 1. 11 J,OJ
Il 

·a. K. + _L 

R, K, + !,-I.. I 

I 
I1'. A. Not Stt:died 

..;..11.. K. 
L, T. + i + 
L. LI, I Not St;idied' 
'lote. + statistically significa:-.t changes, 

- fosignificant char:ges. 

To check the mean daily maximum permissible concentration of methanol, a 
round-the-clock exposure of 45 white male rats weighing 100-120 g (three groups 
of 15 animals each) was carried out in the course of 90 days; group I was ex
posed to methanol vapors in a concentration of 5 mg/m3 , which slightly exceeded 
the odor threshold, group II to 0.5 mg/m3~ which was the existing mean daily 
maximum permissible concentration, and group III was the control. 

During the entire period of exposure, the air temperature and methanol 
concentration in each chamber were measured daily. In group I, the average 
concentration was 5.31:: 0.62 mg/m3, and it> group II, 0.57 mg/m3 ± 0.59 mg/m3. 

In the course of chronic exposure, the animals of all the groups were. 
healthy, active, and gained weight moderately. However, toward the end of the 
period of exposure, a slight lag was noted in the weight of animals of the control 
group. 
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Table :; 

Results of Study. of the Oc.o:- ·:hr·(':;.nold and Reflex Effect of !<'.ethanol 
on the bma:i ~rgan_ism 

et,a of. Chae C":eng-ch 1L Our Da:a 
·concen::-ations, '.:'f!,/m3 

r 
----

/ "' . .. .Minimum IMaxi~m \ .,,ini~m ..ax1.JDUm ·Threi;hold 1
Active Inact~ve Active · Inactive

I 

Olfcctory Fercc,tion 4, 1 3,7 -1,5 3,9 
Lifht Ser.sitivity 

o the Eye 3,3 2,4 3,53 3,06 

Eleo:rical Activity 
of Cerebral Cortex sti.diec I I, l7 ·, 

I 1,01\ ~ot I 

The study of the motor chronaxy of antagonist muscles was carried out on 
5 rats in each group once every 10 days. The results show that! prolonged 
inhalation of the methanol vapors in a concentration of 5.3 mg/rn in rats of 
group I starting with the 6th week of exposure causes statistically signifi
cant changes in the chronaxy of antagonist muscles with the appearance of a 
reversed ratio of their indices. Toward the end of the recovery period, the 
ratio of the chronaxy of flexors and extensors returned to normal. 

R B:;~
,.s, . 

_.,..-- _.. \-~ ,.,l,.....-:,. '" _....... \.,• '· I I \._.' ,.,\
~ f.J ........ ,/
J.. ', ·./ I \ 

\ I \'cl t.2 \ I \ ..., , 2\ I \ I-~ .., ,., \ I \ I
\ I \

E to 
I 

/\ \ , ' ' ' I 
~ /u Q9 \ ......J ' 

aa 
a1 

exposure 
~~'-~--'---'-~--'---~~-~-_..___ '-~-~ 

lJ/tV 3/V IJ n JI S/1'1 19: l9 9/V!i 18 zg II/YI/I 2J 1/1¥ 

Dat,-s Jf s·,t.:cy 

fip;. 2. Change i:-. tt:e ratio o:· crcronaxy of -,ntagonist :::iscles 
ir. rat~ j,ring ir.halaticc. of ~ethar.o: vapors. 
;. ar,d Ii - per:od of exposure; l - pur_e air; 2 - cor.cer.tra:ior. 

5, 31 ~/m3; 3 - concPr.trat:cn C. 57 ~/m3. 
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No changes in the chronaxy indices occured in rats of group II (Fig. 2). 

Several authors (M. I. Gusev, 1960; K. A. Bushtuyeva, 1964; B. ~. Muk~itov, 
1961, and others) observed changes in the excretion of coproporphyrin with 
the urine in animals exposed to a prolonged action of certain noxious chemical 
compounds. We also used this method in our studies. The daily portion of 
urine from each group of animals (5 rats in each) was collected in special re
ceiver chambers made of glass. The extraction of porphyrins from the urine 
was carried out by Fischer's method, and coproporphyrin was determined quanti
tatively on an SF-4 spectrophotometer in the wavelength range of 400-410 
The coprop~rphyrin was determined once every two weeks. In rats of group I 
(5.31 mg/m ), the excretion of coproporphyrin with the urine per 100 g of 
weight starting with the 7th week of exposure decreased sharply and remained 
at this level until the end of exposure (Fig. 3). Normalization occurred after 
20 days_of the recovery period. In rats of group II (0.57 mg/m3), no signifi
cant changes were observed. 

.,,.-·-- J 
,,, 2 

-- _,,,," 

0.2 
Ex;,osure 

27/IY ,JY 14/~ 25/Y 8/VI ?2/Vt G/1!I 19/VII J/tlll 15/VIII 2$/vlll J/IX 

Dates of ~ud:y 

r:g. 3. Excreticn of coeroporphyrin witt :he urine 1~ ra:s 
during inhalation of ~~tr.anol vapors, 

liotatioo sa:::e a,s ir. f'ii;i;. ?. 

We studied the activity of whole blood cholinesterase by using A. A. 
Pokrovskiy's method (1953) modified by A. P. Martynova (1957). 

The cholinesterase activity was determined in 5 rats of each group twice 
a month. Before the exposure, the original levels of acetylcholine hydrolysis 
a~ounted to an average of 38-39 minutes. In rats of group I, starting with 
the 6th week of exposure, the time of hydrolysis increased to 41 minutes, i.e., 
a decrease in cholinesterase activity was noted. At the end of exposure, 
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it amounted to 43 minutes (Fig. 4), and returned to normal at the end of the 
recovery period. In rats of group II, no significant changes were observed. 

Mi:,·J:es 

46 ·R B 

., 
C .,,,,._,..,.. .......... .,..___....-.c 
0 

4Z ,--_,. ............ 
(.) ; ....... ,2; 
>, ....-....... .-..-+>., .._.__-:::,.---·, 
(.) J8 ...._ 
:0 ·-J... 
0 ,,.... JI,_, 
>, 

0 - Exposurer... 
-:, 
>, 

:,: !8/IV 1J/V 21./V 7/'li 21/VI 5/m f9/1'1I Z/¥i// 12/¥111 1/IK 

Dates :,f stt:dy 

Fig. 4, C:iange in t.r.e activity o:' who>, :ilooc cr.oli:iestcrase 
ir. rats o·Jring inhalatic:i of metr.anol vapors, 

r--otatio:, same as in fig. 2. 

The literature contains many papers indicating a change in the total amount 
of blood protein or in its individual fractions in various diseases and during 
the action of certain chemical compounds on the organism (R. Ubaydullayev, 
1961; V. A. Chizhikov, 1964; P. G. Tkachev, 1964; Granati and Sekavo, 1956; 
Mario and Carlo, 1957). 

In a chronic experiment, we studied the effect of low methanol concentra
tions on the protein f~actions of the blood serum of rats by using paper 
electrophoresis. The protein fractions of 5 rats of each group were studied. 
The blooed was taken from the tail of an empy stomach every 15 days. 

In group I, changes appeared 7 weeks after the start of exposure. This 
was associated with a decrease in the content of albumins and an increase in 
the amount of gamma globulins and beta globulins. There was no change in alpha 
globulins as compared with the control. In rats of group II, the fractional 
composition of the proteins remained unchanged (Table 4). 

No changes were observed in the total proteins of the rats. Results of 
the study show that a continuous exposure of white rats to methanol vapors 
in the course of 90 days caused changes in animals of group I only (5.31 mg/m3). 

The 0.57 mg/m3 concentration was found to be inactive, On this basis, 
we consider it possible to recommend 0.5 mg/m3 as the mean daily :naximum 
permissible concentration. 
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:stl~ 4 
:otal prote~ns ar.d protein r:;-acti,,ns cf :he b:ood ser:ir:; during 

chronic e~osure of __!!l_;te rats to ~etharol vapors. 

Globulins 
Perio:I of Albu- A::..bu:rc.n-

~otalExposure Gra-Jp Pro- m1r.s · A:..;,h& j Beta !Gamma Giob:.ir. 
ems Ratio 

! IBefore I 9,02 41,8 24,6 20,7 I 12,9 0,72 
exposure II 9,31 44,8 23,2 19,4 , 12,6 

1 
· 0,81 

19,21 12,4 : Ill 8,91 45 ;1 23,3 0,83 
(Control 

On 45th day I 8,791 34,7 2LO 24 ,0 i ti .31 0,53 
of exposure II 9,01 ' 44.1 21,5 20,2 14,2 , 0,79I 

I Ill 9,02143,6 20.9 20,9114,6 0,87 
I (Control), · I 

l ' 
On 9otr. day I I 9, 17 32,8 23,3 25,81 18. I ; 0,49 

of exposure II 1 9,16 42,0 21,8 21,9 14,3 · 0,72 
Ill , 8,89 42,9 21,8 21 ,2 , 14,1 0,76 

(Control) - I 
On 20th dey · I 9,27 39,4 25,3 21 2 ! 14 I ' 0.65' I ,

II 22, I , 15,5 0,73 
period Ill 8,79 , 44,2 20,2 22,9 , 12,7 0,80 

(Cor.trol) 

or recovery 9,05 42,2120,2 

Table 5 

Pollutior.. of atr:;os;,heric air with methar.ol vapcrs aroonc the hydrol-
__'._ 1~~s p:iants of .!J~be_kistan, 

- -------·-
ISingle Concentrations, rrO,r ., ''"''" Distsnce '/,':,th Cor,crtreticn,

From Number i:EL!.11~ ~ lol:I 
Soi.rce of of l and ISamplesD: sc;iarge j \'.axinru!!l j Min::.t".'Jtr. · Above I '.Jmler l 

Andizhan Plant 

100 16 2,26 · 0,46 10 6 
200 18 1,67 0, 11 5 13 
300 27 0,33 0,05 27 
500 18 0,14 18 

Ferp;ena ?:.ant 

100 17 4,49 0,89 16 I 
200 15 2,2 0,1 9 6 
300 25 0,83 ·0,11 25 
500 19 0,3 19 

Yengiyul' Plant 
100 1-1 I, 15 0,1 ~3 11 
200 2-t 0,55· l 24 
300 1-t 0,05 14 
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In order to make a sanitary evaluation of the pollution of atmospheric 
air around the Andizhan, Fergana and Yangiy11l' hydrolysis plants of llzhekistan, 
we studied the range of pollution of atmospheric air with methanol vapors. 
The tests were taken i.n May and August 1962 at distances from 100 to 500 m 
on the leeward side of the source of the discharge (Table 5). 

It is evident from Table 5 that at distances of 100 and 200 rn from the 
andizhan and Fergana plants, the methanol concentrations exceeded the recom
mended maximum permissible concentration 1 mg/m3). At the Yangiyul' plant, 
this excess was observed only at a distance of 100 m. At larger distances 
from the plants, all the concentrations were bel~ 1 mg/m3. 

Conclusions 

l. Atmospheric air around hydrolysis plants producing methanol is 
polluted by its vapors at a distance of up to 200 m. 

2. A study of the effect of methanol on the human organism showed that 
in the nost sensitive persons, the threshold of olfactory perception of 
methanol is 4, 5 mg/m3 , the threshold of reflex change of the light sens it ivit:· 
of the eye is 3.35 mg/m3 , and jhe threshold of action on the electrical acti
vity of the brain is 1.17 mg/m. 

3. The highest single maximum permissible concentration of methanol in 
atmospheric air should be no higher than 1 mg/m-3. 

4. Chronic round-the-clock exposure to methanol in a concentration of 
5.3 _mg/m3 over the course of 90 days caused changes in the normal ratio of 
chronaxy of antagonist muscles, activity of wholj blood cholinesterase, 
excretion of coproporphyrin with the urine, and protein fractions of the blood 
serum in the experimental rats. 

A concentration of 0.57 mg/m3 had no effect on the rat organism. 
5. The mean daily maximum permissible concentration of methanol which 

can be recommended is 0.5 mg/m3. 

LITERATURE CITED 

Note: References mentioned in this paper are to be found at the end of 
the volume in the 1967 bibliography. 
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DATA FOR THE VALIDATION OF THE MAXIMml PERMISSIBLE CONCENTRATION 

OF AMMONIA IN ATMOSPHERIC AIR 

A~uirant (graduate student) ·x. M. Sayfutdinov 
Moscow Sc1enti!'ic ·Research· Ins':.itute of 'iygiene i::. r. · f. Erismen 

From Akademiya Meditsinskikh Nauk SSSR. "Biologicheskoe deystvie i 
gigienicheskoe znachenie atmosfernykh zagryazneniy". Red. V. A. Ryazanova. 
Vypusk 10, lzdatel'stvo "Meditsina" Moskva,_1 p. 108-122;,(1967). 

Ammonia is the simplest compound of nitrogen and hydrogen, a colorless 
gas with a sharp suffocating odor and a pungent taste. rnder pressure or on 
cooling, it passes to the liquid state. It is soluble in ether, alcohol, and 
fats. It dissolves readily and in large quantities in water, forming ammonium 
hydroxide. It reacts actively with acids and other compounds. Ammonia is 
obtained chiefly from nitrogen and hydrogen (I. D. Fotonich, 1965; S. A. Beskov, 
1962). 

Ammonia is a valuable nitrogen-containing liquid fertilizer and also the 
main raw material in the production of nitric acid and ammonium fertilizers. 
It is used in considerable amotm.ts in the manufacture of ammonium hydroxide 
and ammonium chloride. Ammonia is widely used in refrigeration engineering, 
in the production of soda, and in nitriding steel products. 

The chief sources of discharge of ammonia into atmospheric air are 
nitrogen fertilizer plants, enterprises producing nitric acid and ammonium 
salts, refrigeration units, coking and leather plants, and livestock breeding 
farms. 

The largest of these sources are nitrogen fertilizer plants and coking 
sections of ferrous metallurgical enterprises. Small amounts of alllillonia 
reach the air from the soil and from open water reservoirs. 

However, the literature available to us gives scant data on the quanti
tative content of ammonia either in the air of industrial buildings or in 
the atmospheric air of populated areas. 

According to the data of V. A. Ryazanov (1961), at the site of one of 
the largest chemical plants around the ammonia synthesis section, single 
concentrations from 20.1 to 57 mg/m3 were observed at a distance of 10 m, 
and from 0.1 to 0.2 mg/m3 at a distance of 1 km. The mean daily concentra
tions at different points of the plant site ranged from 0.216 to 3.309 mg/m3. 
In the air of the town located at a distance of 2 km from this chemical plant, 
the ammonia concentrations did not exceed 0.004-0.005 mg/m3. 
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To study the degree of _pollution of atmospheric air with ammonia around 
metallurgical plants, the Novolipetsk Metallurgical Plant, the largest source 
of discharge of arrmonia into atmospheric air, was investigated. The coking 
and nitrogen fertilizer sections are located on the territory of the plant. 
In the coking section, ammonia is present in the composition of the coke-oven 
gas and of the tar water. Ammonia reaches the atmospheric air as a result 
of the discharge of coke-overi gas at various points of the plant through 
leaks in gas lines and units (scrubbers, exhausters). The gases are also 
emitted from open reservoirs (storage tanks, measuring tanks) where ammonia 
water or tar water is stored. 

The nitrogen fertilizer plant synthesizes ammonia from coke-oven gas 
supplied by the coking plant. The entire technological process of this plant 
takes place in a closed system; the discharge of the gas into atmospheric air 
takes place during repairs, during·purging of the system and dispensing of the 
finished liquid ammonia into tanks, and also during distribution among the 
consumers. 

We studied the atmospheric air aro~nd the Novolipetsk Metallurgical Plant 
in September-October 1963 and in May-June 1964 and 1965. The latter study was 
made in connection with the start-up of a new nitrogen fertilizer plant synthe
sizing liquid ammonia. The air samples were taken on the leeward side of the 
emis~ion source ·at a level of 1.5 m above ground. A total of 400 air samples 
were taken. 

Results of- the studies are given in Table 1. 

As is evident from Table 1, the highest concentrations of anunonia were 
found at distances of 500 and 1000 m. In 1965, as a result of the starting 
of a nitrogen fertilizer plant synthesizing ammonia, the concentration of the 
latter at close distances increased even more. 

:!!tle l 

Polktion cf Atmospheric Air with Ammonia ~.roun:l ~:ie 
Novolipetsk W.e::illurgical P:ant. 

. 1----------:-_A_mro_onia, l!_f!,/m'. ________ 
lhstancel l?ti3c. j 196-ir. I _ J9G5r-

Sc~~~~, ·1, . I 1-----i--. .I 1· 
::; .taxilllUm Average : )'.axinrJ:::. Average ; !laxi:c:ur:; Awrae;e 

-------
I 

soo 1,-to 0,31 3.60 0,6:? 4,68 2.19 
I 000 3,5 0,5 0.39 0,18 1,73 0,91 
3 000 2 ,25 0,-15 1,30 0.26 0,39 0,2-1 
5 000 1,0 0,16 1.30 0, )8 0,28 0,22 
7 000 · 0,20 0,09 I .~O. 0, 19 0, !7 0, 16 

10 ouo 
• I 

0, 13 0, 12 
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A number of authors studied the pollution of atmospheric air around more 
minor sources of discharge of ammonia. 

z. D. Markova (1941) detected ammonia in concentrations of 0.02 to 
0.05 mg/m3 in the residential areas of Rostov-on-Don, whereas in the city 
parks, the concentration did not exceed 0.02 mg/m3. 

v. A. Kononova and v. B. Aksenova (1963) found ammonia in amounts from 
0.015 to 0.057 mg/m3 in the air around livestock farms in a zo'.'\e of up to 
150 m. 

According to the data of American authors, in areas wi-th-pure air, the 
concentration of l!Jnmonia in Chicago ranged from 0.0058 to 0.0143 mg/m3 (cited 
by v. A. Ryazanov, 1961). According to the data of Stoklaz, the concentration 
of ammonia in pure air varies from 0.02 to 0.04 mg/m3, which accordi'.'\g to 
Ryazanov (1961) is exaggerated. Thus, from the literature data cited it is 
evident that, depending on the source of. pollution, the concentration of 
ammonia in atmospheric air ranges from 0.015 to 0.057 mg/m3, and in air where 
special pollution sources are absent, the content of ammonia ranges from 
0.003 to 0.005 mg/m3. 

Ammonia is an irritating gas which affects primarily the mucous membranes 
of the respiratory tract and the central nervous system. This effect of 
anrnonia is due to its ~igh solubility on the moist surfaces of mucous nembra~es 
and its ready absorption into the blood stream. 

Cases have been described involving an acute poisoning with ammonia as 
a result of the rupture of cylinders during production or when pouring 
ammonium hydroxide in'everyday use (R. N. Vol'fovskaya and G. N. Davydova, 
1945; Ye. I. Lyublina, 1948; v. K. Trutnev and~. v. Velikorussova, 1955; 
K. v. Yegorov, 1959, and others). 

Vol'fovskaya and Davydova (1945), Trutnev, Lehmann (1886-1889), Horvath 
(1926, 1929) and others classify ammonia among suffocating poisons with a 
marked inflammatory-necrotic effect. Vol'fovskaya and Davydova also admit 
the possibility of a resorptive effect. 

Injury to the nervous system is manifested in the loss of consciousness 
and a strong excitation to the point of violent delirium. 

According to the observations of I. P. Pavlov (1896), ammonia in a dose 
of 50 mg per kg of animal weight caused drosiness and ataxia, and when the 
dose was increased by a factor of 2\, convulsions followed by death of the 
experimental animals were observed. Studies made by V. v. Pravdich-~eminskiy 
(1958), .Ye. A. Vladimirova (1938), E. E. Kosyakov (1962), N. B. Kozlov (1962), 
E. E. Martinson (1962) and others confinned Pavlov's observations. 
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Studies made by Recine (1956) showed that in poisoning with ammonia, 
because of its action on prothrornbin, the coagulability of the blood is 
impaired, and the content of residual nitrogen in th~ blood increases. 

An increased content of ammonia in the blood and tissues is accompanied 
by changes in the physicochemical properties and structure of the tissue 
proteins, a disturbance of the ion exchange and acetylcholine exchange, and 
a depression of tissue tespiration (N. B. Kozlov, 1962). 

The chronic action of gaseous arranonia in low concentrations is manifested 
in the form of inflammation of the upper respiratory tract, conjunctivitis, 
and a lowering of the resistance of the organism to iniectious diseases. 

Workers of the municipal sewer network, who because of the requirements 
of their work are exposed·for long periods of time to an atmosphere contain
ing small amounts of ammonia and hydrogen sulfide, have displayed chronic 
hypertrophic catarrhs changing into atrophic ones (M. D. Ayzenberg, 1927; 
T. v. Ass, V. v. Vol et al., 1926). 

Abadie, Trachta, and Trousseau (cited by R. M. Zhmudskaya, 1933) re
veale~ conjunctivitis involving ulcerations of the cornea in workers exposed 
for a long time to the action of low concentrations of ammonia. 

According to the data of Henderson and Haggard (1930)~ the threshold of 
perception of ammonia for man is 37 mg/m3. According to I. M. Alpatov (1964), 
the threshold of the reflex·effect of ammonia for man is 22 mg/m~ According 
to Lehman (1886), Silverman, Whittenberger, and Muller (1949), the highest 
permissible concentration of ammonia for le~gthy exposure is 69mg/m3. The 
maximum permissible concentration of ammonia for the air of industrial build
ings, adopted in 1930 in accordance with a proposal of the Moscow Institute 
of Labor Protection, is 20 mg/rn3. 

Despite a considerable number of sources of discharge, ammonia as an 
atmospheric pollutant has been inadequately studied. The existing studies 
give contradictory data. The maximum permissible concentration of anvnonia in 
atmospheric air has not been established thus far. The object of our study 
was to give an experimental validation of the highest single and mean daily 
maximum permissible concentrations of ammonia in atmospheric air. 

The gas in the experiment was obtained by using a 25% solution of· 
ammonia in a distilling flask. 

The concentrations of ammonia in air were determined by a colorimetric 
method based on the yellowish-brown coloration of solutions formed when 
ammonia acts with Nessler's reagent. The sensitivity of the method is 0.3~g 
of arranonia in the volume analyzed. 
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To validate the highest single maximum permissible concentration of 
ammonia in atmospheric air, we determined the threshold of olfactory per
ception by using a method proposed by the Committee on Sanitary Protection 
of Atmospheric Air (1957). The tests were conducted on 22 practically 
healthy persons aged 17 to 48 years. A total of 432 tests with concentra
tions from 5 to 0.4 mg/m3 were performed (Table 2). 

:able 2 

Tl:resncld of Olfactory Percept ion of ·,:-l!lonia. 

l·~:~tre_t~2:-~-2!:.....:'ili.31-~/r.::-
Number of l'i:.i:::ber of 

. ~'.inir:::.i::: 1 r<.axinu~ 
l?erce;:r;.ible fmper::c::i:ible 

St,biects Observations 

2 36 1,95 l ,O 
7 138 0,98 0,75 
9 200 0,70 0,55 
4 58 0,50 0,45 

As can be seen from Table 2, the threshold of·olfactory perception of 
ammonia in the most sensitive persons is 0.5 mg/m3, and the subthreshold 
concentration is 0.45 mg/m3. 

Numerous studies established that fragrant substances in concentrations 
of undetectable odor can cause definite reflex responses in the human organism. 
Such reflex changes arise in the visual system and in the cerebral cortex, 
and we utilized them in the study of the subsensible effect of ammonia on 
the human organism. 

Adaptometric studies were performed with the aid of an ADM adaptometer 
on 3 subjects whose threshold of olfactory perception of ammonia was first 
determined. 

The tests were conducted with concentrations of 0.65 and 0.51 mg/m3 
for one subject and 0.51, 0.45, and 0.32 mg/m3 for the other two. This 
distribution was due to the subjects' different thresholds of perception of 
ammonia odor. The effect of each concentration was studied no fewer than 
three times. The data obtained show that ammonia in a concentration of 0.45 
rng/m3 decreases the light sensitivity of the eyes in two subjects (D. ~. and 
L. N.), whereas a concentration of 0.32 mg/m3 was found to be inactive for 
them (Fig. 1). In the third subject (Sh. L.), the threshold concentration 
for the change of the light sensitivity of the eyes was found to be 0.65 
rng/m3, and the subthreshold concentration, 0.5 mg/m3. 

To determine the threshold of the electric activity of the brain, we 
used the method of recording the flare-up of the alpha rhythm during the 
action of intermittent light timed to the intrinsic potentials of the brain. 
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The work was performed in the department of communal hygiene of the Central 
Institute for Advanced Training of Physicians. 
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fig. 1. Change i:: the lif,1:t se:-:s:.tiv:t·: of the eye 
:~ sub;ect D. ~- dur:ng intalation of ctlfferer.t 

cor.centrat :.or,.s o: arr.r.:on:a. 
1 - pr~ ai:-; 2 - co~centraticn 0. 32 ~/m3; 3 - :qn
ce:1t:-a: 1on 0,45 rr!f!I::::.'; 4 - conce:1tratior, 0.5 rrg/=;J, 

The studies were conducted on 5 subjects aged 18 to 24 years, whose 
ammonia odor threshold was -first determined.· The changes in biopotentials 
were recorded on an 8-channel Kaiser electroencephalograph. The total 
activity of the human cerebral cortex was analyzed with the aid of a multi
channel integrator of B. N. Balashev's system (1964). The biocurrents were 
taken off in the bipolar manner. Rhythmic photic stimulation was carried 
out by means of a photostimulator at a frequency of 8 flickers per second 
and an intensity of 0.1, 0.2, and 0.6 J. Three observation~ were carried 
out with each concentration, and 2-3 observations with pure:~ir for the 
control. The total bioelectric activity for the entire period of action 
of the light was calculated by means of an integrator •. The results ob
tained were expressed in percent. The average acticity calculated for the 
first three minutes was taken as 100%. 

In 3 subjects with an odor threshold of 0.55 mg/m3, a concentration of 
0.35 mg/m3 had a substantial effect on the electrical activity of the brain; 
in two subjects (Kh. V. and K. V.), an attenuation of the total bioelectric 
activity was observed during the first minute of supply of the gas, and a 
reinforcement was observed in subject D. M. In all three, an ammonia concen
tration of 0.22 mg/m3 caused no changes (Fig. 2). 

In two subjects (D. N. and I. N.) with an odoc threshold of O. 76 mg/m3, 
the active concentration was found to be 0.44 mg/m3, and the inactive concen
tration, 0.32 mg/m3. Ammonia had the most pronounced effect in the fourth 
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minute of the experiment with a gradual attenuation in the 5th-6th minute. 
A more pronounced effect on the orgar.ism when arranonia first begins to act 
is also observed when the threshold of olfactory perception is established 
and when the light sensitivity of the eyes is studied. 

,; 

ttO 

I 2 J ' 5 6 1 8 9 10 II 12 

!.lir.utes 
Fig, 2. Amplitude cf ':>reir. pote:it:.ais in subject K. 'I, 
:iuring inhalation cf diffe~r.t ccn::e:itra:i or.s of 5r-.::Jnia, 
l, - p:ire air)• 2 - concent;-aqor. 0,22 ~/m3; 3 7 ::_o:icer:i:re
tlon 0,35 ~ m:'>. :.rrows 1.ndicate tile t1111e of ·inhala-:.1on 

o~ tr.e p;as, 

Table 3 shows the thresholds of the reflex effect of arranonia on man. 

Thus, the concentration of 0.2 mg/m3, which was found to be the sub
threshold value according to the most sensitive method, may be recorrnnended 
as the highest single maximum permissible concentration for atmospheric air. 

Table 3 

! Concentration, r.g/Jll3 
I IEffect Studied 
J Tr.reshcJj fubt~.:-E'st~oi.1 

o::.ractory perceptiro 0,50 0,4;> 
Cha:-tge of the light sensi-
1::.v:.ty of the eyes 0,45 0,32 
Cha:ige of the electrical 
activity of tt:e brain 0,35 o,n 

In order to establish the mean daily maximum permissible concentration 
of ammonia in atmospheric air, we studied its chronic effect on the animal 
organism. A continuous round-the -clock exposure of white rats to gaseous 
ammonia was carried out for 84 days in the following concentrations: group 
I, 20 t 0.1 mg/m3 (level of the maximum permissible concentration for indus
trial buildings), group II, 2.0 ± 0.061 mg/rn3, and group III, 0.2 ± 0.0072 
mg/m3 (level which we propose for the highest single maximum permissible 
concentration for atmospheric air); group IV was the control. 
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Sixty white male rats weighing 105-150 g were selected for the chronic 
exposure._ The latter was carried out in 100-1 chambers~ Purified air mixed 
with gaseous armnonia in definite concentrations was supplied to the chambers 
at a rate of 28-30 1/min. Samples of air for analysis were taken from the 
chambers every day. 

In the course of the chronic experiment, the general condition of the 
animals, their weight, state of the latent reflex time, porphyrin metabolism 
and ammonia content in the 'urine were observed. In the blood of the animals, 
the cholinesterase activity, oxidation-reduction function, number of fluo
rescent* leucocytes, hemoglobin, erythrocytes, and nucleic acids were deter
mined. At the end of the exposure and recovery period, part of the animals 
were killed and subjected to anatomico-pathologic analyses. The results of 
the experiment were evaluated by calculating the reliability between the 
indices of the control and experimental groups of animals, obtained by statis
tical treatment using the range method. 

In the course of the experiment, the rats were healthy and active in all 
the groups, and no weight lag was observed in comparison with the controls. 

Measurement of the latent tine of the reflex response permits an evaluation 
of the functional state of the central nervous system for different actions 
of toxic substances on the organism (A. A. Minayev, 1965; A. P. Fomin, 1965). 
We used for this purpose a 11 chronoreflexogenometer" instrument proposed by 
s. I. Gorshkov (1964). The time (in sigmas) of the appearance of the motor 
response to the action of the pain stimulus (electric curr:nt) was determined. 

Results of the studies are given in Table 4 and Fig. 3 

In our studies, a significant shortening of the reflex time was observed 
during the first month of. exposure only in group I during the action of ammonia 
in a concentration of 20 mg/m3. 

We determined the cholinesterase activity of the blood by the Fleischer
Pauns procedure modified by N. N. Pushkina and N. V. Klimkina (N. N. Pushkina, 
1963). A depression of cholinesterase activity occurred in rats of gro~p I. 
No changes were observed in the other groups (Fig. 4). 

The oxidation-reduction function of the blood serum was detennined by 
using a modified method of Tumberg (Yu. L. Anin, 1964). The method is based 
on the change in the color of methylene· blue with blood serum during boiling 
on a water bath and the determination of the time of its total bleaching. 

• Edi-:,o~'s r.ote: .:::ir :~e R:issian :.ise of t~e ter:'\5 "lumir.escent'' anc. "ll;minescence" ir: this ;:>:;per, we h~·,,; 
su:is:.it,:ted "~:·1;rt>scer.:" anj "f:u::,:N>sce·r.ce", :in :.he ba!'.is :if -:;he defin:.t:cns of tlces;, ter~. 
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A lengthening of the time of total bleaching as compared with the control 
group oc~urred in rats of groups I and II (Table 5, Fig. 5). This phenomenon 
characterizes a depression of the oxidation-reduction processes in the animal 
organism. 

Sigmss 
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Periods of s:udy 

: ig. 3. Change in :.r,e later.t refj_ex ~ ime :.n rats 'f?',c'.er 
t:~e in:!'l:ience of d ifferen:. co:-.cen~rations of ammon:a. 

:- group I (20 n:e;/:n3); 2 - group :I (2 ~/m3); 
~ - group TII ( 0,2 rrg/m3); 4 - control ~r:up 1\/; 

AB - period of exposcre 

Tat:e 4 

Cha?'jge in th~. :;._,!ltlillt. f<e:!'lex ':'.illle ;n _}lats---------------~-----------
Group 

I IVIIl l 111 " IPeriocs 
,20 ':'.l{,/m'>) I I~ ~/r-:.3) (0.2 -€/m-") I (:::in:rol) 

71 ,4(o) 69. 2(o) 70, -l(o) I 71.3 
1st 11'.c:ith exposure 57 ,6(c) 66. 4(o) 67 ,8(0) I 67,0
B(-:'ore ex;i0si.;re 

66,3(0) 68,0(o) 67 ,G(o) 68,32r.d mc,:ith expo~;;re l 
3rd mon:h exposure 68 ,3(o) 68,4(0) 68, 4(o) 68, I 
Recovery . 

68,0(o) 68,S(c) 68,0(o) 68,2perio-:i 

,;ot,:s. Degree of significance: c - 99,9%; o - ir.sig,.i:icant 

One of the methods of determining the early qualitative changes in the 
formed elements of white blood cells is fluorescent microscopy. The method 
is based on the ability of nuclear nucleoproteins of degenerating cells to 
combine with acridine dyes in a different manner than the nucleoproteins 
of undamaged cells (M. K. Meysel 1 and V. A. Sondak, 1956). However, during 
the exposure we failed to observe any degenerative changes in the leucocytes 
in the blood of the experimental rats as co~pared with the control group. 
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Nor were we able to detect any changes by studying the blood for the content 
of erythrocytes. hemoglobin and total quantity of nucleic acids. 
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Dates of !ibdy 
Fig, 4. Ct:ange cf cholinesterase activity :.n :he bloo::I 

of rats :.inder tt:e infl:.ence of ar.unon:.a. 
Notation S!IIDE! as in Fiµ;. :;. 

Table 5 

Change of the Ox:da~ior.-Red~ct:on Fur.ction cf :he Blood Ser~~ 
in Rats (T:~e in ~ir.utes) 

G!'Q..UQ_ 

I :\· 
420 ~/:::3)I (2 TI1!,/m3) 10.2 ~/m3) (Control) 

Per:ods 1 II tu 

I 

10 ,-lE(o)Before ex r.:isu:-E, 10 ,53(o) 10,93(0) ! l0,66 
Exposure 19, IO(c) 15 ,0(:) l2,20(o) 12,05 
Recovery ;ieriod 
period 12 ,66(0) 12,73(0) 12. 6.3(o) 12,66 

Note. Confidence facto:-: c - ·-A.~; o - insig:ii!'icant. 

In order to characterize the chronic action of ammonia on the organism 
of the experimental animals, we also atudied the porphyrin metabolism. 

Yu. K. Smirnov (1953) showed that excitation of the nervous system 
causes an increase in the porphyrin metabolism, and inhibition causes a 
decrease. M. I. Gusev (1960) was the first to study the porphyrin metabolism 
in connection with a sanitary standardization of lead in atmospheric air. 
Subsequent studies by.G. I. Solomin (1961), Li Sheng (1961), V. I. Filatova 
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(1961), B. M. Mukhitov (1963), and others confirmed the high sensitivity 
of this method. The content of coproporphyrins in the urine was determined 
spectrophotometrically •. It was found that during the exposure, an increase 
in coproporphyrin occurred only in group I of the animals (Fig. 6). 
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,./All 20/111 JO/I.II .'J,'J .. IS/II 8/111 J0/111 11/W Zo/1'1 5/V 

Dates of study 
Pig. 5, F.ffect of amJDonia on the oxidation-reduct ion 
function cf the blood -serum of rats. 

Notation same as in Pig, ;. 

Simultaneously, we de·term-ined the content of. ammonia in the urine of 
the animals. An increase in the ammonia content was also noted only in 
group I. 

From the round-the-clock chronic exposure of white rats which was per
formed, it was found that ammonia in a concentration of 20 mg/m3 caused a 
shortening of the time of the reflex response,- a depression of cholinesterase 
activity and oxidation-reduction function of the blood, and also an increase 
in th_e excretion of coproporphyrin and ammonia in the urine. 

Ammonia in a concentration of 2 mg/m3 caused only a depression of the 
oxidation-reduction function o~ the blo~d serum. A concentration of 0.2 mg/m3 
was found to be inactive. 

Histopathological examinations did not show any changes in the internal 
organs and central nervous system in animals of the experimental groups as 
compared to the control group. 
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Mg per lOC g of we:.ght 

f/XII 15/XII IS/XII lS/1 ll/11 ff/Iii 1/IV IS/Ir 18/IV 6/v 

Cates of study 
Fig, h, Effect .of ammonia on the copropor~hyrir, exch~nge of rats. 

t;otation same as in fig. :;. 

Conclusions 

1. A whole series of enterprises including metallurgical plants whose 
composition includes coking and nitrogen fertilizer sections constitute major 
sources of pollution of atmospheric air with ammonia. 

2. The subliminal concentration of ammonia which did not cause a change 
in the biopotentials of the brain, equal to 0.2 mg/m3, is proposed as the 
highest single maximum permissible concentration in atmospheric air. 

3. A similar concentration of ammonia (0.2 mg/m3) during around-the
clock chronic exposure was found to be inactive and can therefore also be 
recommended as the mean· daily maximum permissible. concentration in atmos
pheric air. 
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~POLLUTION OF ATIOSPHERIC AIR WITH VAPORS OF rlYDROLYTIC ETHYL ALCOHOL AND ITS 

EFFECT ON THE ORGANISM 

Cand.idate of Medical Sciences R. Vbavdullayev 
A. N, Sys'.~ In~:it~t~ of General enc._:.;omm·Jnal Hy~1er.e ~f ~he ~SS!l ~cade::-.y Jf i:!ec::.cal_Sc:.e~ces sr.d 

Lz't:eK Sc1ent1:'1c ~esearch Institute of Hygiene, :::,an1tatior., end C:-ic:Jpat1onnl C1seases 

From Akademiya Meditsinskikh Nauk SSSR. "Biologicheskoe deystvie i 
gigienicheskoe znachenie atmos fernykh zagryaznen'i..y". Red. V. A. R_vazanova. 
Vypusk 10, Izdatel'stvo "Meditsina" Moskva,,,,p. 74-860 (l96i'.) 

Hydrolytic alcohol is ethyl alcohol (ethanol) containing diffeient impuri
ties of acids (inter~ of acetic acid, 0.036-0.12 g/1), unsaturated compounds 
(in terms of allyl alcohol, 0.07-0.89 g/1), 3-6.2 g/1 of methyl alcohol, car
bonyl compounds (in terms of acetaldehyde 1.7-21.6 g/1), 0-0.24 g/1 of furfural, 
and higher alcohols ~n terms of isobutyl alcohol, 2.3 g/1). 

Ethanol is a transparent, colorless, volatile liquid with a specific odor 
and a boiling point of 78.4°C. Ethanol is miscible i~ all proportions with 
water, ether, and chloroform; it dissolves inorganic salts, particularly 
chlorides, nitrates, and acetates, essential oils, and some fatty oils. 

Ordinary ethanol is obtained by alcoholic fermentation of s~ch starch
containing materials as potatoes, cereals, rice, and also molasses; synthe
tic ethanol is obtained from ethylene and acetylene. 

In the ethanol-producing industry hydrolytic alcohol has become the most 
common product. Its production is based on the fermentation of hexose sugar, 
obtainable from hexose-containing plants. Ethanol finds applications as a 
solvent in the manufacture of lacquers and varnishes, and is used as the 
starting ma~erial in the synthesis of many organic compounds, in the prepara
tion of synthetic rubber by Lebedev's method, as a fuel for internal combustion 
engines, in the food industry, in medicine, and in many other branches of the 
national economy. 

In the nature of its action, ethanol is a narcotic and a nerve poison. 
In high concentrations, it first causes stimulation, and then paralysis of the 
central nervous system. Prolonged chronic exposure to large doses may cause 
serious organic diseases of the nervous system, digestive tract, cardiovascu
lar system, liver, etc. 

There are no literature data on the effect of low ethanol concentrations 
on man and animals during inhalation. Its maximum permissible concentration 
in atmospheric air has not been established. Nor are there any data on the 
pollution of atmospheric air with ethanol around the plants producing it. The 
object of the present study was to elucidate these questions. 
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The determination of ethyl alcohol in atmospheric air was made with the 
aid of I. A. Pinigina's method (1961), hased on the reaction of alcohol with 
the vanadiurn-hydroxyquinoline complex with the formation of an orange color. 
The sensitivity of the method is 0.002 mg in a volume of 2.5 ml. To obtain 
the desired concentration in the experimental mixture of air and ethanol, 
we passed air through a distilling flask filled with hydrolytic alcohol. 
Before the start of the experiments, the constancy of the ethanol concentra
tions in the cylinder was studied for several days, and found to remain at the 
same level with only slight fluctuations. To determine the odor threshold, 
25 persons aged from 18 to ·40 years were chosen. A total of 385 determinations 
of the odor threshold were made with 7 concentrations (from 14.8 to 6.3 mg/m3) 
(Table 1). 

Tab:..e l 

Results of Jetermination of the Odor Threshold 
of ~ydrolyt_i~!~Yl _:!c.chol 

Cor.ccntrsticn 1 ng/m3 

Number of llir.imum I llaximu:c 
· Subjects ?erce;i~.ible Imper:epti!:>le 

I 10,2 9,4 
7 8,7 8,0 
7 8,0 7,3 
4 7.3 7,0 
6 7, 1 6,3 

Thus, the threshold of olfactory percept ion of hydrolytic alcohol in the 
most sensitive persons of this group was found to be 7.1 rng/m3 , and the sub
threshold concentration, 6,3 mg/m3. We then determined the effect of low 
ethanol concentrations on the light sensitivity of the eye by the dark adapta
tion method. A total of 42 tests on persons aged 18 to 27 years were carried 
out. Concentrations of 8.29, 6.9~ and 6.12 mg/m3 were studied. 

An ethanol concentration of 8.29 mg/m3 caused a change in the course of 
the dark adaptation curve in all four subjects. For the most sensitive two 
person, the minimum active concentration of ethanol with respect to the light 
sensitivity of the eyes was found to be 6.97 mg/m3 . The inactive concentration 
for these persons was 6.12 mg/m3 (Table 2). 

In studying the effect of low ethanol concentrations on the electrical 
activity of the cerebral cortex, we used A. D. Semenenko's method (1963) of 
a reflex response involving a flare-up of the alpha rhythm in man during simul
taneous stimulation of the subject with intermittent light whose frequency· 
corresponds to his rhythm and with sound whose intensity was varied continually 
Superimposed on the background of the functional load was a reinforcement of 
the intrinsic alpha rhythm of the subject, and under the influence of the inhaled 
gas mixture with the active ethanol concentration, there was a change in the 
character of the recorded surves, indicating a change in the dynamics of the 
nervous processes occuring in the cortex of the cerebral hemispheres. 
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'::llt;.e 2 

Thres'·old of Reflex Variation of the l.i11:ht :c;~nsitivitv of the E:,P.s 
Duri:,c: Inhalation of Vapors of llydrolytlC Et':yl Alcor.ol ( in 20tr. 

minute in percent of l 5th :::in·.rt ,, ) . 

--------- . ·---- .. -- ---
Ccincentrat::.o..!!_._trf!,b/ _____ 

Subject Pura Air 
8,29 6,97 u. 12I r~~rlt~t~

. l.e>ld 

I. :. 158,6 (o) l94,8(b) ·150,0 (o) I - . I 8.2916.9i 
B, Ye. 156 ,0 (o) 226, 7 (b) 155,6 (o) - i 8,29 6,97 
Ch. A. 133,5 (o)· 223,6 (c) 151,9 (b) 13-t,3 (o) 6,97 , 6, 12 

l!. \'. 148,0 (o) 214,4 (b) 130,7 (b) 1-H,8 (o)i 6,97 I 6,l2 

Notf:, ;)egree of significance: e. - 9%; h - 9C'fi>; ~ - 99 • .j}: 
o - insigni~icant. 

The curves were recorded on an eight-channel Hungarian electroencep:.alo
graph of the Orion Budapest Co. The study was made on five persons with the 
10\lest odor threshold under the same conditions and at the same time. 

Ethanol concentrations of 6.14 and 4.9 mg/m3 were studied. The experiment 
was conducted no fewer than 4-5. times with each concentration. Results of the 
study and analysis of the statistical treatment of the data show that a concen
tration of 6.1 rng{m3 was active for all five subjects. The inactive concentra
tion was 4.9 mg/m (Table 3). 

Results of all the studies of the reflex effect of ethanol are surranarized 
in Table 4. 

On the basis of the study of the reflex response of ~an, we propose 5 mg/m3 
as the highest single maximum permissible concentration of hydrolytic ethanol 
in atmospheric air. 

To validate the mean daily maximum permissible concentration of ethanol 
in atmospheric air, we conducted a 90-day round-the-clock dynamic exposure of 
45 white male rats weighing 100-120 g, which were divided into three groups. 

In selecting the concentrations for the exposure, we used the results of 
the study of the reflex effect of ethanol on the human organism. Group 11 of 
rats was exposed to ethanol vapors in a concentration of 5 mg/m3 at the level 
of our propose·d highest single maximum permissible concentration, and in group I, 
the· ethanol concentration was five times as high. 

Group III of the rats was the control group. To evaluate the effect of 
ethanol vapors on the organism of the animals, we studied the behavior and 
weight dynamics of the animals, motor chronaxy of antagonist muscles, excre
tion of coproporphyrins with the urine, activity of blood cholinesterase, to-
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tal proteins, and protein fractions of the hlood serum. All the numerical data 
obtained were .subjected .to statistical treatme.nt. 

:'able 3 
Effect of 1011 Concentrations of Hydrclyt ic Etr.anol on 

the F.lectrical Activ:ty of the Cerebral Cortex 

6,1 ':f!,/m-- 4,9 mg/m3 

S:i:iject He::;isphere Hemisphere 

Left I Right Left IFight 

-'-I •. s. + 
.L, Ii. ' + 
R. K. + 
L.B. + 
M, K. + + 

~ote: ~ statistica:ly significant changes, 
- ir.sigr.ificant char.ges. 

Te.ble " 

Effect or Low Cor.:en~ratior.s of Hydrclytic Ethanol 
.en Receptors of Respir11tory 0::-gans. 

tancentration 1 11Jli{m3Fw:ction 
jrr.reshold Subthres-_______________ told 

Odor perception 7,1 6,3 

LiEht scr.sitivity of eye 6,9 6, l 
Electrical ect:vity of 

ce~bral cortex 6,1 4,9 

The experimental mixture of air with a given ethanol concentration was 
supplied to the chamber at the rate of 35 1/min. Such a rate of supply of air 
produces the most favorable conditions for the animals (V. A. Popov, 1964). 
The actual ethanol concentrations in the chaJbers were: in group I, 29.25 = 
2.1 mg/ml, and in group II, 5.59 ± 0.45 mg/m, During the exposure, the animals 
of all the groups were healthy, active, and gained weight moderately. However, 
a slight weight lag was observed in rats of group I. We determined the chrona
xy of antagonist muscles every 10 days in five rats of each group at the same 
time and under the same conditions, using an ISE-01 electronic pulse stimulator 
(Table 5 and Fig. 1). 

The above data indicate that in rats of group I, a distrubance of the normal 
ratio of the chronaxy of extensors and flexors occurred on the 6th day of exposure. 
At the end of the recovery period, all the ratios returned to normal, 

In rats of group II, there were no statistically significant changes as 
compared with the animals of the control group. The activity of whole blood 
choli~esterase was detennined by the method of A. A. Pokrovskiy (1953) and 
A. P. Martynova (1957) in five rats of each group. 
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during inhalation of vapo~s of hydrolytic ethanol. 

A-F, - period of exposure; 1 - pure a:r; 2 - concentration 
29.25 11g/113; 3 - concentration 5.57 ~/m!;,. 

Taole 5 

Ratio of Ct:ronaxy o~ Ar.tagonist lkscles in Rats Curing :::halF.
t:cn of Vapors· cf Hydrolytie ::-:hanol 

Grouri 
II • i Control, IIIDate ofPeriods 

Study Ratio of Chr~naxia of Extensors to 
Chronaxy o~ Flexors 

Before exposure 23/IV ' I ,G2 (o) 1,53 (o) 1,65 
3/V l ,29 (o) 1,33 (o) 1.45 

13/V I I ,30 (o) I, 43 (o) 1,58 
Ex~csure Zl./V I 1,55 (o) ' 1,50 (o) I .54 

31/V I ,26 (o) I ,58 (o) 1.48 
9/Vl I ,37 (o) I ,53 (o) I .53 

19/VI 0,82 (c) I .42 (o) I .41 
29/Vl 0,93 (c) ' I ,49 (o) 1.54 

. 9/Vll 0,91 (b) 1.35 (o) ).57 
18/VII u (o) 1,42 (o) I i. 14 
29/Vll · 0,91 (a) I ,2n {o) I, l.t 
I I/Vll1 0,79 (o) I ,:i6 (o) 1,39 

Recovery 23/VJII 1,08 (o) I, 15 {ol 1.22 
1/IX I ,23 (o) I ,09 (o) 1.23 

N~te. :)egree of signi:'icance: a - 9%; b - 99,9%; c - 99.9'.K:; 
o - insignificar.t. 
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Table 6 

Change of Cholines~erase ,\ctivtt:i tn Rats D11ring ~n:,~~ation vf 
Vapors of Hydrolyt1c Et:ianol (1r..m:ntr:ec of ~ydro.ys1s of 

acet:i:lc!'~~~ 

Period !late 
1-·----.' 
I (~-" 'pg/111?~ 

_ Oroups 
I

II , 
1:,:,g rr'4!,/m7:J, 

::ontrol 
Ill . 

Before exposure 28/IV I 37 .6 (o) 37 ,0 (o) 39,2 

E 
X 

p 
0 

s 
II 

13/V
24/V 
7/VI 

21/Vl
5/Vll 

19/Vll 

37 ,8 (o) 
39 ,8 (o) 
39,0 (o) 
42 .0 (ci 
42,2 (bl 
39 ,8 (o) 

38,8 (o) 
3 I, 4 (o) 
39,2 (o) 
38,6 (o) 
38,8 (o) 
37 ,4 (o) 

39.2 
38.0 
38,0 
38.2 
38,8 
38,S 

r 2/Vlll
€ 12/VIII 

------ -----
41,8 (D) 
-1::? ,2 (a) 

37,8 (o) 
37 ,8 (o) 

38,0 
37,6 

Recovery I/IX 38,7 (o) 38 ,0 (o) 37,4 

Note. Jegree of signif:.cance: ·, - 9%; ~ - 99%; c - 99.%; 
o - insigni~icant. 

Minutes 

R B 

............ 
'-..z

-·-·-·]~-....i---, 
0 

.... 
'-

,, I 
~- 1,r
-a\ ... 
;:: I Expcsure.____.___.____.____.,____ _,._____.____._______ 

Zf.Jn· IJ/V z,/r 1/YJ Z,/n S/Vfl 18/'t'/1 1/Vlll 1//VIII ,;,r 

Cates of s:.:1dy 
_Fig. 2. Change :.n ch?l ir.esteY-a$e activity d-:iring ir.halaticn 
of vapors of hydrolytic ethane]. 

'.lotat ion. sanic il"· in f'ig. l. 

The blood was taken from a caudal vein under aseptic conditions once every 
15 days. Normally, the time of acetylcholine hydrolysis was 37-39 minutes 
(Table 6, Fig. 2). At the end of the 6th week of exposure, a certain depres
sion of cholinesterase activity occurred in animals of group I, and the time 
of acetylcholine hydrolysis increas.ed to 42 minutes. However, at the end of 
the 9th week of exposure, it returned to normal, and in the 10th-11th week it 
increased again. This was obviously due to the defensive function of the 
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ani:nal organism. After 20 days of the recovery period, the time of acetylcho
line hydrolysis returned to normal. No changes were observed in rats of 
group II as compared to the control. 

mg 

lG 
II 

,., 
l,l 

-~ 1,0 ,,.E 
c.. 

aa 
s ''-·-...... --p 

\ ·,......-·-'s fl.G 
"' \..__,, ....p \ -----
u 
c· a, 

o.i 

27/IY ,;r 11/V l5/r 8/1'1 1!/VI 6/YII 19/i'II J/NII !S/Yl/1 lS/Vftl 5/J 

Daces of study 

fig: ";,, qu,r,g1; in th!/ excretion of co;iroporpt.yr:.:-: wi:h the 
ur:~e·during inhalation or vapors of hydrol~t1c ethanol. 

!,otation same _as in Fig. 1. 

We evaluated the effect of low concentrations of ethanol vapors on the 
metabolism from the change in the porphyrin metabolism in the animal organism. 
The coproporphyrin was determined by Fischer's method. The extraction of 
porphyrin from the urine was carried out with ether, and the quantitative 
determination, on an SF-4 spectrophotometer in the 400-410m~ region. The 
daily portion of urine from each group of animals (with 5 rats in each group) 
was collected in special glass containers. 

Coproporphyrin was determined once every two weeks, and its amount was 
recalculated in terms of 100 g of the animals' weight. In rats of group I, 
the excretion of coproporphyrin with the urine starting with the 6th week 
of exposure decreased sharply, and remained at this level until the end of 
exposure (Fig. 3). Normalization occurred at the end of the recovery period. 
No stat;stically sigrificant changes were found in rats of group II as 
compared with the control group. In the chronic experiment, the effect of 
low concentrations of ethanol vapors on the total proteins was also studied, 
and their fractional composition in the blood serum was deter~ined with the 
aid of paper electrophoresis. The blood was taken on an empty stomach, from 
the tail every 15 days. In rats of group I, by the end of the 2nd month of 
exposure, the content of albumins decreased, and the gamma globulin fraction 
increased. This increase was statistically significant and lasted until the 
end of exposure. Even during the recovery period, the albumin-globulin ratio 
did not return to normal (Table 7 and Fig. 4). 
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Notation saine as in F'ig, l. 

Ko changes whatsoever were observed in rats of gro11p II. No 
change was noted in the total. proteins of the rats in any of the groups. 

Thus, continuous ex~osure for 90 days had a marked effect on animals of 
group I (29.l i 2.1 mg/m ), but had no effect on those of group II (5.59:: 
0.045 mg/m3 ). On the basis of these data, we can recommend that the mean 
daily maximum permissible concentration of hydrolytic alcohol be taken at 
the level of the highest single concentration, 5 mg/m3. In order to obtain 
a sanitary evaluation of atmospheric pollution with vapors of hydrolytic 
ethanol, we conducted a survey of three hydrolysis plants in Uzbekistan. A 
total of 186 air samples were collected at distances of 100, 200, and 300 
meters on the leeward side of the source of discharge. The samples were 
collected by suction into two absorbers containing activated car~on. From 
10 to 40 1 of air was collected in each sample at a rate of 1 1/min. The 
air temperature during the sampling ranged from 20 to 35°C, and the relative 
humidity, from 25 to 70%; the barometric pressure was 730-750 mm Hg, and the 
wind velocity, from l to 5 m/sec. During the sampling, the weather was dry 
and clear (Table 8). 

It is evident from Table 8 that at a distance of 100 m and farther from 
the source of discharge around the three Uzbekistan hydrolysis plants studied, 
the ethanol concentrati~ns were below our proposed highest maximum permissible 
concentration of 5 mg/m. 
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0 

Tabli> 7 

Chang£' in t.he :!'ot11l Proteins 11r.d ?rotein Frect1ons of th" l:llood 
Seruc: During :hron~~ Exposure of '/jhite Hets to Vapcrs of Hydr<r 

lytic f.tt-qno~ 

fJ) fJ)I I Globulins :.:.hued.....s .s 
Perioo Group "" <I) 

8 
:::, 

Globul ........ 
00 ;:, 

rl 
Ratif.-C.. 

C. < Alph4 Setts/Ga~~I 
I I I I

42,3 0,73..,,,...,,,.1 
0.74 

23 .8 ' 19 '5114 .4 
II 9 ,05 42,6 22 ,9 20 .4 14 , 1I r09
Ill 8,91 45,1 22,9 19,4 12,6 0.83 

(Contro ) I 

I i 
' 

On 50th day I II 8,89 l, 32,3 I1 ~4.6 ' 26,0 I17, I 0,-18 
of exposure II I 9,0~ , 42,6 I 21 ,6 21 ,4 l I,\ 0,7 i 

III . 9,88143,7 , 20,8 ' 20,9 l-1,6 o. i7 
(Control) - i1 

II I I 
I 

/ 23 .-i 16 s I 0,54On 9oth day I j9,40 Is~.3 23,5 
' of expos:.1re II 8,63 4o,4 21,1 21, ! 0,8-l 

21,8 0,76Ill 8.73142 •9 21, 1 14,212 ·' i
(Control 

Recovery I 9,38 37,9 24,0 22,6 15,5 0,60 
II 8,67 44,8 21 I l 21.8 12,3 0,83 
m ,8,79 44,2 19,8 23,4 12,6 0,80

(Control 

::'ab:e 8 

'lesults of St,idy o~ tr.e ?ollution of Atmospheric Air w:.th E:hanol 
V~eo_x:s_Ar~u!-.~J:i.Y.dro~:L.~is Plants ~n Jzhei<is~a:i 

Sinsle Concen N:.i::ber of Samples w~th C:in
trations, ~/m3 cen:ration of, rr,g/:-:.'Distan~frc:r: Number 

!hscha of i frc::: I 
m Samples Maxi=um lMinimuC"t 2 ar.d I I to 2 Below 

above 
-------------------·-·-· 

Fergaria Plant 

100 26 0,55 6 9 II2. 79 I
200 17 0,16 17 
300 27 0,018 27 

Andizhen Plant 

JOO 25 4,52 0,45 10 10 5 
200 16 I ,68 2 Ii 
300 27 0,37 Zf. 

Yangiyul' Plant 

100 44 2,2 10 
200 25 0,5 

r.-
ir. 
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Conclusions 

1. The atmospheric air around the surveyed Uzbekistan hydrolysis plants 
is slightly polluted with vapors of hydrolytic ethanol. 

2. A study of the biological effect of hydrolytic ethanol vapors showed 
that the threshold of olfactory perception in the most sensitive persons is 
7.1 mg/m3 . The threshold of change of the light sensitivity of the eyes is 
6.97 mg/m3, and the threshold of the reflex effect on the activity of the cere
bral cortex is 6.1 mg/m3 .. The ~ximum inactive concentration according to the 
most sensitive test is 4.9 mg/m. · 

3. The highest single maximum permissible concentration of hydrolytic 
ethanol may be established at a level of 5 mg/m3 . 

4. Chronic round-the-clock exposure of the experimental rats to ethanol 
vapors in a concentration of 29,25 mg/m3 for 90 days caused changes in the 
normal .ratio of the chronaxy of flexors and extensors. cholinesterase activity, 
excretion of coproporphyrin with the urine, and in the relative amounts of the 
protein fractions of the blood serum. Ethanol in a concentration of 5.59 mg/m3 
had no effect on the rat organism. 

5. The mean daily permissible concentration of hydrolytic ethanol in 
atmospheric air based on the data of the chronic experiment may be recommended 
at the level of the highest single concentration, 5 mg/m3. 
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