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FOREWORD

The organization of the material in Volume 4 is based on the same principles
as in Volume 3, a brief statement of which was presented in the Foreword to that
Volume (0.T.S. No. 60-21475). Papers which appeared in Zhurnal Prikladnoi Khimii
and similar journals, which in the opinion of the undersigned had a direct and
in some cases indirect relation to some phases of air pollution, were given
greater representation in Volume 4.

The reader's attention is dalled to Section VI - Sanitary Clearance Zones,
and to Section VIII - Bactericidal Substances Emitted by Living Plants. In
connection with the material presented in Section VI it is interesting to note
the following: In the introduction to the second edition of his book "Atmos-
pheric Air Pollution, Its Origin and Prevention", A. R. Meetham states: "An-
other fruitless effort to rid London of smoke was made by the philanthropist
John Evelyn in the reign of Charles II, He proposed that the factories of
brewers, dyers, lime burners, salt and soap boilers, and others of the same
class, should be moved lower down the Thames; and that Centrzl London, as we

Jnow it, should be surrounded by a green belt thickly planted with trees and

scented flowers." This, in essence, is the idea and principle of the Sanitary

Clearance Zones,

The papers presented in Section VI, though few in number, will neverthe-
less enable the English readers to form a basic picture of how the U.S.S.R,
sanitary-hygienic authorities are endeavoring to put the principle of Sanitary
Clearance Zones, or Sanitary Green Belt Zones, into practice on a national scale.
It is to be noted in this connection that all sanitary codes in the U.S.S.R.
are fluid and are subject to revision in accordance with pertinent developments,
This also applies to the prescribed widths of Sanitary Clearance Zones. The
classification presented by M. S. Goldberg in the first paper of Section VI
appeared in 1948, At the time this volume was completed, the undeisigned re-
ceived a copy of the 1953 compendium of U.S.S.R. sanitary codes which shows
that the sanitary clearance zone classification has been revised. The revised
list will appear in Volume 5,

The material in Section VIII was selected from a book entitled "Fhytoncides
and Their Role in Nature". The undersigned selected from its content papers

which had a bearing on natural air purification from bacteria. It is hoped
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that it will prove of interest to American and English readers, and that it
will prompt some investigators to make studies of their own in the field of
"Phytcncides",

B, 5. Levine, Ph. D.

3312 Northampton Street, N. W,
Washington 15, D. C.

Note: By way of grateful acknowledgement each item in this collection is
headed by the original title (in translation), the name of the author or authors,
institutional affiliation and periodical or book from which item was selected.
The volume, issue number, year of publication and inclusive pages are indicated
for the convenience of those who may wish to consult the Russian original or
make full reference to sare.

B. S, Levine.

-iv=-



Contents,
Foreword

Section I, Methods and Determinations Analytical.

Rapid Determination of Small Quantities of Dimethylaniline in the
Air, N, I. Fomicheva and P. A. Mel'nikova.

The Polarographic Method in Sanitary-Hygienic Investigations.
M, S. Bykhovskaya and M. I, Poletzev.

Spectrographic Determination of Manganese in Animal Organs and
Tissues. L. V. Kuznetsova.

Determination of Paratoluidine Vapors in the Air of Industrial
Premises, V. A. Vinogradova.

Spectra and Spectrophotometric Analysis of Chlorinated Crganic
Compounds. Report, The Determination of Chlorex in Dichlorethane.
Ts. N. Roginskaya and A. I. Finkelshtein,

Titrimetric Method for the Determination of Ionic Chlorine, Bromine
and Iodine in Mixture. A. S, Vorob'ev.

Improved Experimental Toxicological Method of Animal Inhalation
Exposure. G, N, Kotov.

Calculating "Physical" Toxicity for the Preliminary Determination
of Maximunm Permissible Concentrations. E, I. Lyublina,

Determination of the Direct and Indirect Effects of Pharmacalogical
Preparations on Blood Vessels. V. M. Khayutin,

Section II. Apparstus, Devices and Equipment.

An Apparatus for the Determination of Dispersed Polyelemental Air
Pollution. P, N, Matveev.

An Apparatus for Work with Hydrogen Sulfide in the Open,
V. P. Mikhailov,

A Continuously Operating Stationary Water Aspirator.

P, G, Kil'kovskii.

A Device for the Evaluation of the Dust Collecting Property of
Wetting Agents., S, A, Nikitina and A. B. Taubman.

The Use of Battery Combustion Chambers in the Purification of
Industrial Emissions into Atmospheric Air. S. P, Belousov,
A, S. Dun and I, I. Nikberg.

Rapid Determination of Nitrogen Oxides in the Air of Industrial
Premises by Special Tubular Indicators. L. A, Mokhov,
Yu, F. Udalov and V. S. Khalturin.

-

iii

11

15

16
21
24
30

37

42
43
45

48

54

56



Section III. Absorption of Gaseous Pollutants.

Czrbon Dioxide Absorption by Potash Solution Foam, I, G. Plit and
K. N. Shishkin.

Purification of Exhaust Gases of a Sulfuric Acid Tower Plant by a
Flowmeter Pipe Type of Apparatus, M, L. Varlamov, G. A, Manakin
and Ya. I. Staroselskii,. '

Scrubber Application to Carbon Dioxide Absorption by Potassium
Carbonate Solution. I, G. Plit,

Coke Gas Purification from Hydrogen Sulfide in High Speed Rotary
_Absorbers, S. N. Ganz and M. A, Likshin.

Oxidation of Ammonium Sulfite-Bisulfite Solutions in the Recovery of

802 from Smoke Gases. B, A, Chertkov,

Carbon Dioxide Absorption by Sodium Hydroxide Foam. M. E. Posin,
B. A, Kopylev and E. Ya. Tarat.

Section IV, Poisoning, fAcute, Chronic and Other.

Hygienic Aspects of Industrial Vanadium Aerosol. I. V. Roshchin,

Effect of Vitamins C, PP and Bp on the Course of Acute Poisoning
by Orthonitrochlorobvenzene, Yu. S. Grosman and Z. A. Nazarova.

The Peculiar Relationship between Air Concentrations of Some Volatile
Substances and the Development of Pulmonary Edema. A. A. Golubev.

Acute Dichlorethane Poisoning. G. N. Morozov.
The Toxicity of Highly Dispersed Cadmium Oxide Aerosol.
E. A. Melinikova,

Section V. Hygienic Evaluation and Linmits of Air Pollutants.

Hygienic Evaluation of Atmospheric Air in the Vicinity of an Abrasive
Plant., M. Karimov.

Determination of Limit of Allowable Concentration of Hydrochloric
Acid Aerosol (Hydrogen Chloride) in Atmospheric Air, E, V. Elfimova.

The Determination of Limits of Allowable Concentration of Lead
Sulfide in Atmospheric Air, Yu. P. Shalamberdize.

Effect of Garages and Filling Stations Located in Residential
Sections on Health and Living Conditions. F. F, Lampert.

~vie=

60

68
78
85
93

100

109
115

122
128

133

141
144
154

161



Section VI, Sanitary Clearance Zones.

The Sanitary Protection of Air. The Sanitary Classification of
Industrial Plants and Sanitary Clearance Zones, M. S, Gol'dberg. 165

Effectiveness of Sanitary Clearance Zones between Industrial
Enterprises and Residential Quarters. D. N. Kalyuzhnyi,

Ya., I. Kostovetskii, S. A. Davydov and M. B. Aksel'rod. 179
Planning anc Effecting Sanitary Clearance Zones in the Ukraine.
D. N. Kalyuzhnyi and Ya., I. Kostovetskii. 183

Sanitary Clearance Zones between Residential Sections and Places
of Fuel Storage in Sovkhozes of Saratovsk (Oblast) Territory.
V. A. Kononova. 187

Section VII. Effect of Meteorological Conditions; Ventilation.

Ratio of Sulfur Diocxide and Sulfuric Acid Aerosol in Atmospheric Air,

in Relation to Meteorological Conditions. K. A, Bushtuyeva, 193
Effect of High Air Temperature on Biochemical Processes in Vivo.

G. Kh. Shakhbazyan and F, M., Shleifman. 196
Selection of Air Intake Points for Ventilation of Premises in

Petroleum Processing Plants., B. E. Stankevich and M. I. Isaeva. 202
Purification of Ventilation Air from Tetraethyl Lead. A. S. Arkhipov,

P. I. Bogatkov, I. V. Oreshkevich and N, V. Seredinina, 209

Section VIII, Bactericidal Substances Emitted by Living Plants (Phytoncides).

Disinfection of Air by Dispersion or Evaporation of Lactic Acid.

V. I. Vashkov, A, K, Astraf'ieva and R. M, Ginzburg. 216
Effect of Atmospheric Pollution on the Bactericidal Effectiveness of

Solar Radiation., A, P, Krupina, D, M, Tyukov and A, M. Ponomareva. 220
An Investigation of the Phytoncidal Action of Live Plants.

B, C, Drabkin and A. M, Dumova. 224
Bmission of Phytoncidal Substances by Cereal Grains,

N. V., Novotel'nov and I. S. Egzhov. 232

An Experimental Investigation of Bactericidal Substances of Plant
Origin (Phytoncides) and Their Use in Disinfecting the Air,
M. A. Komarova. 239

-yii-



Section IX, Dustiness Investigations.

Effect of Mixed Industrial Dust on the Organism. ¥N. M, Demidenko.

Investigation of Air Dustiness in Agriculture, S. I. Sosnovskii
and D. Kh. Khakimov,

Dustiness and Meteorological Conditions in Seed Houses and in Some
Sections of Cottonseed 0il Mills. S. I. Sosnovskii,

Dust Concentration in Residential Districts of Asbest City and Tts
Effect on the Children's Health, A. T, Bobyleva, R, M, Bukhantseva,
S. E. Lovtsova and ¥. S, Sadilova.

A Device for the Evaluation of the Dust Collecting Property of
VWetting Agents, S, A, Nikitina and A, B, Taubman,

Experimental Determination of Air Dustiness in Kiev. G. E. Tsapko,
The Orgahization and Methods of Fluoroscopic Examination of
Workers in Dust Generating Industries., A. G. Shumakov,

Secticn X, Tuel and Gas Combustion Studies,

The Effect of Combustion Lethod and of Fuel Type on the Content
of 3.4-Benzpyrene in Smoke Gases, B, P, Gurinov,

Purification of Cupola Furnace Gases Discharged into the Atmosphere.
Discussed at the Moscow City Council of National Economy.
L. S. Rozanov,

Section XI. Street Noise Abatement,

Street Noise Abatement by Proper Allocation of Tree and Shrub
Plantings in City Blocks., P, I. Leushin and M., Ya, Nikitin,

Section XII, Administrative and Semipopular.

A Compendium of Official Materials Related to Problems of Sanitation
and Prophylaxis., ‘

=viii-

243
248

249

251

48
254

251

260

264

268

276



Rapid Determination of Small Quantities of Dimethylaniline in the Air.

By

N. I. Fomicheva and P, A, Mel'nikova,
(A11-Union Scientific-Research Institute of Labor Protection, VI'sSPS).
Gigiena i Sanitariya, No. 5, 49-52, 1952,

Dimethylaniline [06H N(CB ) ] is a liquid of 0.962 specific gravity at 15°
and boiling point of 193 at 760 mm pressure, it has an unpleasant odor., The
vapor tension of dimethylaniline at 40 is about 2.5 mme of mercury, and the va-
por is 4.2 times as heavy as air., Dimethylaniline is used in the aniline-dye
industry, the pharmaceutical and rubber industries. Its effect on the organism
is similar to that of aniline; it is predominantly a bloocd poison; intoxication
results from inhalation of its vapor and from contact with the skin.

Of the several reagents which produced color with dimethylaniline, only one
has been used for its colorimetric determination, as suggested by A, S. Zhitkova
in 1927. This determination was based on the reaction of dimethylaniline with
nitrous acid in hydrochloric acid solution, in which hydrogen in the para posi-
tion was substituted by a nitrose group, forming a water soluble paranitroso-

basic salt, according to the scheme shown below:

i
. _
<> (CHj); 4+ NaNO, 4+ lICl = NO <> "ll (CHy); + NaCl + H,0 —~

H
Cl

i
HON—-\ /

==§(0Hﬂn

The resulting compound imparts to the solution a yellow color the intensity of
which can be determined colorimetrically. Dimethylaniline can be absorbed from
the air by hydrochloric acid. This method requires the aspiration of large air
volumes and, therefore, considerable time and bulky equipment. The same reaction
forms the basis of the recently proposed determination of dimethylaniline and

of other tertiary amines in the presence of primary and secondary amines with

the aid of photoelectric absorptiometer,

On the basis of data found in the literature a rapid colorimetric method



was developed for the detemination of dimethylaniline in the air, by applying
the above mentioned color reaction of paranitrosobasic salt in hydrochloric ac~
id solution. In testing hydrochloric acid concentrations of 10%, 5% and 1% for
use in the preparation of a standard solution of dimethylaniline it was noted
that during the formation of paranitrosobasic salt deepest yellow color was ob-
tained with 1% hydrochloric acid. It was also noted that dimethylaniline was
fully retained in the first 1% HC1l absorber.

The possibility of the colorimetric determination of dimethylaniline in
small volume air samples was established first; this was followed by the devel-
opment of precise methods for the preparation of low concentration standard
scales. Standard solution was prepared with 1% hydrochloric acid containing
0.01 mg dimethylaniline per 1 ml, from which was prepared a_standard scale con-
taining correspondingly O, 0.001, 0.002, 0.004, 0,006, 0.008 and 0.0l mg dimeth-
ylaniline per 1‘m1. Into each test tube of the scale 0.2 ml of 10% sodium ni-
trite solution was added. The maximum color intensity developed within 5 min-
utes and no color fading could be detected after 3 days. Differences in the
color intensity in the tube were easily perceptible. Smaller amounts of sodium
nitrite produced unstable colors,

A permanent artificial standard scale was prepared from 0.05% aqueous so-
Iution of sodium dichromate, as shown in Table 1,

TABLE 1,

Artificial scale for the determination of dimethylaniline,

¥l of 0.05% KéCrO4 solution

$ H $ $ $ $ 3 :
§ 0.0 0.1 0.2} 0.4 3 0.6 g 0.8 1 1.2
Ml of water 1.2 } 11§ 1.0 0.8f 0.6} 0.4 i 0.0
Mg of dimethylaniline £ 0.0 {0,001} 0.002 0.004 0.006} 0.008¢ 0.01

The artificial scale was first checked against the natural scale prepared
as previously described and errors and deviations were corrected accordingly.
Several lots of K20r04 were tried; all were found satisfactory. The color in=-

tensity of artificial scales kept in tightly stoppered tubes did not change
with time,



The determination can be speeded up by absorbing the dimethylaniline into
a combined hydrochloric acid and sodium nitrite solution so that the color may
develop directly in the absorber while the air is being aspirated.

It was established that the aspiration of pure air through two absorbers
containing the combined reagents menticned above at a temperature of 18 -~ 40°
and an aspiration rate of 2 - 15 li/hour did not produce any color in the so-
lution due to the formation of nitrogen oxides which tended to persist in the
absorbers. Aspirating air containing dimethylaniline through absorbers with a
mixture of acid and sodium nitrite and through absorbers containing only acid
(sodium nitrite was added to the absorbers after the end of absorption) pro-
duced similar results under otherwise identical conditions. It was noted that
after standing for 24 hours the mixture of acid with sodium nitrite lost some
nitrous acid; hence, the absorber should not be filled with this mixture in ad-
vance.,

Air containing 0.114 - 0.002 mg/li of dimethylaniline was aspirated through
the consecutively arranged absorbers, each filled with a mixture of 1 ml of 1%
'hydrochloric‘acid and 0,2 ml of 10% sodium nitrite; 70 to 200 ml of air was as=-
pirated at the rate of 10 to 100 ml/min until a pale yellow color appeared in
the first absorber. Five minutes after the collection of the sample was com—
pleted the color intensities developed in the absorbers were compared with the
permanent standard scale. No dimethylaniline was detected in the second ab-
sorber.

Known concentrations of dimethylaniline were determined colorimetrically
using the natural and the permanent artificial standard scales., As seen in
Table 2 in either case the results were satisfactory.

TABLE 2,

Checking the method of dimethylaniline determination with known
concentrations in mg.

¥g dimethylaniline Mg dimethylaniline

¥g methyl- } { Mg methyl- }

aniline 3 found ~——=—: aniline : . f9¥¥97 —
$aken i Natural ;_Artificlal i taken i Katural : Artificial

$__ scale :___scale : $__ scale i___scale
0.0005 - 0.0005 0.004 0.004 0.004
0.001 0.001 0.001 0.004 0.004 0.004
0.002 0.002 0.002 0.005 0.005 -
0.002 - 0.002 0.006 0.006 0.007
0.003 0.003 0.003 0.008 0.008 0.008



The rapid method for the determination of dimethylaniline was checked at
a pharmaceutical plant and in a workshop which used dimethylaniline. The air
was drawn with the aid of a 200 ml microaspirator through a single microabsorber
containing 1 ml of 1% hydrochloric acid and 0.2 ml of 10% sodium nitrite solu-
tion until a pale yellow color appeared., After five minutes colorimetric de-
terminations were made on the location usihg the artificial standard scale.
Conditions under which samples were collected and the results of dimethylani-

line determinations are presented in Table 3.

TABLE 3,

Dimethylaniline in the air of working premises.

sMinutes of :Mg/1i of di-

Air vol.: iRate in%Temper—. = i
¢ sample @ . imethylanilines Place of sampling
inel § yne (Rl/min.g ature iy N iy
o At place of dimethylaniline
2,000 23 87 36 0.002 distillation at beginning
of work
1,000 11 91 xn° 0.004 At dimethylaniline drum
1,000 10.5 95 31° 0.003 At dimethylaniline drum
o Near dimethylaniline and
1,000 10 100 31 0.0025 toluol distillation
apparatus
o In the center of the
1,000 10 100 32.5 0.004 department
o In the center of the
800 8 100 32.5 0.0025 department

Near open apparatus for the

o treatment of dimethyl-
600 5 120 32.5 0.017 aniline~toluol mixture with
alkali B
o Ditto, during pumping into
400 3 130 33 0.01 sedimentation tank
600 7 86  30° 0.0033 On the work bench
o Near dimethylaniline
400 4 100 37 0.012 distillation apparatus in
the middle of day
800 11 73 34.50 0.005 In the center of the

department



Toluol, methanol and dichlorethane vapors did not interfere with the di-
methylaniline determinations., The same was true of the presence in the air of
aniline, monomethylaniline, ether or benzene. Diethylaniline produced an iden-

tical color,
Conclusions,

1. A rapid colorimetric method was developed for the determination of
small quantiiies of dimethylaniline in the air, based on the formation of a
yellow colored paranitrosobasic salt; the air aspiration and the colorimetric
estimation with the aid of an artificial scale can consume approximately 15 to
20 minutes; the dimethylaniline content per 1 ml of the air must be within
0,001 - 0.01 mg.

2. The method suggested is simple, requires no complex eguipment and is
suitabls for dimethylaniline determination in the air of indusﬁrial premises
at concentrations in the order of hundredths and thousandths of a milligram

per liter.,

The Polaroéraphic Method in Sanitary-Hygienic Investigations,

By
M. S. Bykhovskaya and M, I, Poletaev.

(Institute of Labor Hygiene and Occupational Diseases of the Academy of
Medical Sciences, U.S,S.R.).

Gigiena i Sanitariya, ¥o. 12, 47-50, 1952.

The purpose of the investigations was to establish optimum conditions for
the polarographic detemmination of small guantities of lead, zinc, copper and
cadmium, The study was made with the aid of a recording polarograph of the
Odessa Institute of Rare Metals, employing model No. 5 with a mirror galvano-

meter of 3.7 x 10_9A sensitivity, having a capillary with a constant mercury



dropping rate of 10 drops per 15 seconds. Polarographic determinations were
made using an interior anode, as well as an outer calomel electrode, connected
with the analyzed solution through a salt-agar bridge. Temperature fluctua-
tions did not exceed 1°.

Determination of lead. Hegardless of the method by which lead was ab-

sorbed from the air and of its subsequent separation from the absorber, the

study dealt with the problem of minimal determinable lead quantities in dif-
ferent solutions used as basic electrolytes.

In the first step of the investigations the oxygen present in the solu-
tion under study was removed by blowing through it pure hydrogen for 20 - 30
minutes. A few drops of 1% glue or agar were added to the solution to prevent
excessive foaming., In the study 2 - 5 ml of the solution were used contained
in an electrolyzer.

For the absorption of lead from the air under field conditions, industrial
sanitary laboratories have been using solid absorbers, such as absorbent cot-
ton, glass wool, filter paper, and the like, sﬁbsequently leaching the lead
out with 5% solution of nitric or acetic acid, Accordingly nitric and acetic
acids were used as basic electrolyzers. Solutions of these acids containing
2 to 50 mg of lead per liter were tested first. The results indicated that a
5% HNO3 solution was the most suitable medium for the polarographic determina-
- tion of lead, since in the presence in the solution of 2 mg or more of lead
the maximum diffusion current, as reflected by the amplitude of the wave, was
proportional to the lead concentration in solution,

Fig, 1 is a curve of the functional relation between the amplitude of
polarographic waves and the lead concentration in a 5% nitric acid solution.
Minimum determinable lead concentrations amounted to 2 - 3 mg/li; which corre-
sponds to 0,01 - 0.015 mg of lead per 5 ml of the solution, Half-wave poten~
tial of a nitric acid lead solution in relation to a standard calomel electrode
was equal to 0.47 V. Working in the region of highest galvanometer sensitivity
it is best to use agar to prevent foaming, since glue is frequently contaminat-
ed with substances which interfere with the examination of the solution under
investigation.

Having established the possibility of determining lead content in the
presence of nitric acid, additional tests were made for the polarographic de-

termination of lead in acetic and hydrochloric acid, Such tests also yielded
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clear—-cut polarographic waves with half-wave potentials in relation to a stan-
dard calomel electrode, in an acetic acid solution equal to 0.36 V and in hy-
drochloric acid solution equal to 0.45 V. In Fig, 2 are presented curves of
the functional relation between wave amplitudes and lead concentrations in 5%
acetic and hydrochloric acid solutions as basic electrolytes. The curves in-

dicate that a linear relation existed between thc lead concentration in solu-~
tion and the wave amplitude.

'§ 29 ’ ’
- B '
s RV
A s
B w
K3 —
g
B oy
z 5 1 5 20 PE 10 5 2
Lead oonocentrations in mg/li
Fig. 1. Galvanometric I - Hydrochloric acid 5%
sensitivitys II - Acetic acid 5%
I-1/10, II - 1/5, Fig. 2.

Analysis of the results lead to the conclusion that all the acids tested
could be used as basic electrolytes for the polarographic determination of
small quantities of lead.

However, experiments in the recovery of the lead from the absorbers with
acids and its subsequent polarographic determination demonstrated that best
results were obtained with 5% nitric acid solution, If the quantity of lead
in the sample is no less than 0.1 - 0.2 mg and the volume of nitric acid after
recovery does not exceed 20 -~ 30 ml, the polarographic determination can be
carried out directly in this solution, after the removal of suspended admix-
tures by centrifugation, Acetic acid in 5% concentration can be used as a ba-
sic electrolyte for the determination of lead content in skin or work clothes
wash water,

It must be pointed out that in attempting to determine the lead content
in the air approximating the maximum permissible concentration of 0.00001 mg/li,
the described polarographic method of direct lead content determination fol-

lowing its recovery from the absorber Yy means of acids proved to be inadequate.
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‘In such cases the sample should be first concentrated by evaporation to drymess
and the residue redissolved in a suitable small volume of the basic electrolyte.

Lead nitrate was dissolved in a buffer solution consisting of 30% acetate
of ammonium and 1% acetate of sodium dissolved in 1% acetic acid solution; this
buffer solution is generally used in the determination of small quantities of
lead in samples containing lead chromate, Polarograms obtéined indicated that
both solutions could be used in the polarographic determination of lead. Most
clear-cut polarographic waves were obtained with 30% ammonium acetate solution
at pH = 6,6 = 7.0. The half-wave potential in relation to the standard calo=-
mel electrode in a 30% ammonium acetate solution was 0.58 V and in 1% sodium
acetate 0,41 V.,

In Fig. 3 are presented curves of the functional relation between dif-
fusion current and lead concentration in 30% ammonium acetate solution and
in 1% sodium acetate solution in 1% acetic acid,

Supplemental tests were made to determine the effect of copper and zinc
on the determination of lead., Analyses of solutions in which lead, zinc and
copper were present simultaneously indicated that copper and zinc in concen-
trations exceeding the content of lead by two or more times did not interfere
with the polarographic determination of lead. It was also established that
separate determinations of copper, lead and zinc were possible only in a 30%
ammonium acetate solution and in 1% sodium acetate solution in 1% acetic acid.
As seen from Fig., 4, polarographic waves of copper, lead and zinc were distinct,
and no shifting on the half-wave potential nor fluctuations in the polarographic
wave amplitudes were noted. In 5% solutions of nitric and acetic acid, copper
and zinc could not be determined; only the lead wave was clearly expressed in
the polarogram. Data contained in the literature on the possibility of deter-
mining lead presented some interesting facts.

According to Teisinger lead albuminate was destroyed in the blood by the
addition of hydrochloric acid. In this way Teisinger was able to determine
polarographically lead recovered from the blood. In checking this method only
faintly expressed lead waves were noted. Blood analyses of animals which re~
ceived lead chronically revealed no lead either in the whole blood or in the
plasma after the separation of the erythrocytes. Thus, Teisinger's results
could not be confirmed. Only after the destruction of organic substrate were
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characteristic lead waves obtained. This was done with a mixture of sulfuric
and nitric acids and using 30% ammonium acetate as the basic electrolyte medi-
um,

Determination of zinc, copper and cadmium. For the polarographic deter—

mination of zinc and cadmium a solution of armonium was used as the basic

electrolyte medium in accordance with recommendations found in literature.
Zinc and cadmium compounds were absorbed from the air onto solid absorbers
from which they were removed with the aid of acids. In the polarographic de=-
termination of these metals the basic electrolyte medium consisted of 20% hy-
dorchloric acid neutralized to a slight excess by sirong ammonia, The oxygen
present:- in the solution was bound to a small amount of added dry sodium sul=-
fide; two drops of 1% agar were added to prevent excessive foaming. The half=-
wave potential in relation to the standard calomel element in the test solution
was 0.6 V for cadmium and 1.2 V for zinc. The lowest determinable quantity of
cadmium was 1 mg/li and 2 mg/li for zinc, At lower concentrations the func-
tional relation between concentration and diffusion current became irregular,
The results demonstrated that under above described conditions small

quantities of copper and zinc could be reliably determined when present simul-
taneously. In the usual chemical analytical procedures their separation pre-

sents difficulties. Polarograms presented in Fig. 5 manifest distinct and
easily measured waves,



On the basis of the results obtained it is
s 0 2n recommended that in the determination of zinec,
copper and cadmium absorbed from the air onto
z the solid absorbers should be removed with 20%
hydrochloric acid solution; the solution should
5 V10 Cu then be filtered, neutralized with concentrated
" ammonia to slight excess and the polarographic
determination made after the addition of a few
37 se 05 a8 g iz -1« 76 drops of 1% agar solution, In cases of low con-
Voltsage. - centrations of the isolated metals, the hydro=

Wave amplitude in mm

Fige 5. chloric acid should be evaporated to dryness and

the residue dissolved in 1 = 2 ml of hydrochloric acid and neutralized with
ammonium,

Conclusions,

1. It was demonstrated that polarographic determinations of small quan-
tities of lead in the air can be made by using 5% nitric acid solution, 30%
ammonium acetate solution and 1% sodium acetate in 1% acetic acid as the basic
electrolyte medium, Zinc and copper did not interfere with the polarographic
determination of lead.

2. It is recommended that 30% ammonium acetate be used as the basic elec-
trolytic medium at pH of 6.6 - 7.0 in the séparate determination of lead, zinc
and'copper.

3. A 5% acetic acid solution is recommended for obtaining test wash sam=
ples from the skin or from working clothes,

4, Lead in blood can be determined only after the destruction of the or-
ganic substrate to which it is bound; a 30¢ ammonium acetate solution is rec-
ommended as the best basic electrolyte medium,

5. Small quantities of zinc, copper and cadmium can be determined polaro-

graphically in ammonia solution of ammonium chloride when present individually
or simultaneously.
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Spectrographic Determination of Manganese in Animal Organs and Tissues.
By
L. V. Kuznetsova,
(Department of General Hygiene, lst Moscow Order of Lenin Medical Institute),
Gigiena i Sanitariya, No. 10, 48-50, 1954.

In this paper are presented data obtained by the spectrographic method in
the determination of manganese in organs and tissues of animals suffering of
manganese intoxication. Tests were conducted with three groups of rabbits:
the first group, consisting of 6 rabbits, was not treated, and served as the
control group. Four rabbits of the 2nd group were injected hypodermically with
small doses of manganous chloride over a period of one month to a total of ap-
proximately 60 mg/kg of body weight. Some of the rabbits died during the in-
jections; the organs and tissues of these animals were examined to establish
the distribution of manganese in the organism when introduced parenterally in
solution, Four rabbits of a 3rd group were exposed for 6 months to the inhala-
tion of oxide of manganese in the form of highly dispersed aerosols obtained by
vaporization of manganese dioxide by an electric arcy the rabbits were exposed
daily for one hour to 0,05 mg/li concentration of manganese in the experimental
chamber, At the end of the experiment the rabbits were killed and their organs
analyzed for the content of manganese. Table 1 presents averages of 8 - 12
analyses for each organ,

The results indicated that chronically inhaled manganese aerosol accumulat-
ed in the blood and in the cerebrum and that manganese passed from the lungs,
where it is retained in the insoluble form, into the blood. This fact is par—
ticularly significant since under actual conditions intoxication is caused by
the inhalation of the insoluble manganese dust,

Accumulation and distribution of manganese in tissues and organs was studied
by the spectral method. The Hilger type of spectrograph was used in this inves-
tigation, equipped with a quartz lens of 10 cm focal length. The electric arc
image was projected on a background with a rectangular aperture facing the cole
limator slit located 3 cm from it, so that the points of carbon electrodes would
not run into the slit., This was necessitated by the fact that the radiation
coming'from the incandescent electrode points is replete with molecular spectral
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TABLE 1.

Manganese content in mg# in organs and tissues of rabbits,

H { Subcutaneous i Chronic
3 Controls, H manganese H inhalation
Organs i first group ; injection, ; exposure,
: : second group & third group
Heart 0.4 1.5 0.4
Lungs 0.2 1 0.43
Kidneys 0.225 3 0.248
Spleen 0.18 1.5 0.2
Liver 0.512 5.6 0.6
Cerebella 0.2 5.4 0.3
Diencephalon 0.029 8 0.03
Medulla oblongata 0.3 5 0.3
Spinal cord 0.4 4.5 0.4
Blood 0.05 29.8 0.3

bands which seriously hamper the analysis of the spectrum. The illuminating
condenser lens is provided with a diaphragmal iris for the control of degree of
illumination coming through the spectrograph slit. The position of the elec~
trode points, set at 4 mm distance between them, were indicated on the back=
ground. This facilitzted the conirol c¢f distances between the electrode on a
constant standardized basis, The digtance between the arc flame and the col=-
limator slit was about 20 cm., The arc was fed by an alternating current and
supplemental activation. The arc intensity was kept coﬁstant at an 8 A level,
A slit 0,02 mm wide was used for qualitative analysis, and a slit 0.1 mm wide
for quantitative analysis. In most cases the analytical bands were selected
from the nost 1nten51ve spectral tands, or, the so-called, end lines, Spectral
bands 2576. lA, 2593. 7A 2605, A are recommended for use in manganese determina-
tions,

In the study of manganese distributicn in the organism an 0.02 g per 0.02
ml solution of BeSO4 was used as the standard. The work was carried out by the
method of triple standard of comparison. Such a procedure records on one plate
the spectrum of the substance tested together with spectra of each of three
standard solutions of different strength. Solutions of MnSO4 were used in the
preparation of the standard, The range of standard concentrations was chosen

in relation to the expected manganese concentration in the material investigated.
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as The spectra of standards were used in

21 2 rlotting a standard curve of comparison.
< It is of utmost importance that the
‘J: . standard and tested Mn concentrations
7 ] be burned and photographed under identical
conditions,
25 The standard curve is prepared as
l/y/1: Y follows: the relative darkening of
! 75 05 ! 15 2 duplicate bands of standards were de-
_25:‘ termined micrgphotometrically and the
Calidbrated graph, logarithm of ai was recorded, where d1 =

microphotometer position of the beryllium band and d2 = microphotometer posi-
tion of the manganese band. The value thus determined, called the extinction

difference (blackening), was plotted on Z&.S ordinate; logarithms of standard
concentrations (logC) were plotted on the abscissa.

All calculations for the calibrated graph are presented in Table 2.

TABLE 2,

Data for the construction of the graph.

s s
i i Mn. conen. 1} Log C
dl 2 d2 lﬁks 183; § iny §
2
0.15 2.05 100
1323 0.35 1.63 50 1.1
12.17 0.8 3.27 lg 0.7
2.3 L] *
iz 10.8 0.17 0.5 -003

For spectra of unknown manganese concentrations photographed on the -same
plate, the difference in the darkening (extinction) of the analytical pair was
determined as described, and their values were plotted on the axis of extinction.
The corresponding point was established on the standard curve; the values of
the unknown concentrations were determined with the aid of this point,

This study was made with spectrally pure carbon electrodes 6 mm in diame-
ter. A hole was drilled in each carbon 3.5 mm in diameter and 4 mm deep.
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Hygroscopicity of the carbons was eliminated by the use of cupferron and other
suitable substances, and of collodion in particular. Solution of the standard
was poured into the drilled hole and the carbons were dried. The carbon elec-
trodes thus prepared were then filled with the ash of thé organ under investi-
gation and used in the quantitative analysis. Preliminary tests indicated that
complete vaporization of the test samples from the drilled carbon electrode
opening occurred in 6 minutes, Positive films of 2 = 3 X-D sensitivity were
used. These photofilms kad a constant contrast range within 2500 - 3100 A.
Hilger's microphotometer was used in the determination of the intensity of
spectral line extinction (darkening).

Samples for analyses were ashed in the usual way, and the weight of the
ash determined in relation to the original weight of the raw tissue. A weighed
portion of the ashes was then used in the final spectral analysis as described
above,

Conclusions,

1, Manganese was found in all tissues and organs of rabbits living under
normal environmental and nutritional conditions.

2. The subcutaneous administration into rabbits of soluble Mn salts brought
about Mn accumulation in the kidneys, liver, cerebrum and, particularly, in the
blood.,

3. Following the inhalation of aerosolized manganese dioxide the manganese
content increases in the tissues of the lungs, the cerebrum and, particularly,
in the blood.
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Determination of Paratoluidine Vapors in the Air of Industrial Premises.
By
V. A. Vinogradova.

(Gas-Analysis Laboratory of the Novosibirsk Scientific-Research
Sanitation Institute).

Gigiena i Sanitariya, No. 11, p. 48, 1954.

Paratoluidine is used widely in the production of dyes, liquid fuel, phar-
maceuticals, etc., It is a white crystalline substance which melts at 45° and
boils at 200.40; its specific gravity is 1,058. The maximum permissible con-
centration of paratoluidine vapor concentration in the air of industrial prem-
ises was set at 0.005 mg/li. Paratoluidine reacts with bichromate of potassium
in sulfuric acid medium, with paranitrophenyldiazonium and with ferric chloride.
Experiments were conducted to establish tke suitability of some of the above
reactions for the quantitative determination of paratoluidine in the air; the
results were as follows:

1, Potassium bichromate in sulfuric acid produced a yellow color not spe-
cific for paratoluidine; the reaction proved to have a low sensitivity.

2. In the presence of paranitrophenyldiazonium paratoluidine produced a
yellowish~-pink azo dye; the reaction's sensitivity was 0.001 mg in 5 ml; the
reaction was not specific and the presence of aniline and of other aromatic
amines interfered with it.

3. In the presence of ferric chloride in hydrochloric acid medium para-
toluidine produced a brown to pink-red color; the sensitivity of this reaction
was on the level with the one above.

A quantitative colorimetric method for the determination of paratoluidine
in the air was developed based on this reaction. The only advantage of this
method was the low cost and easy availability of the reagents; as was the case
with the previous reaction, the presence of aromatic amines caused some inter—
ference,

The paratoluidine vapors are aspirated through two consecutively connected
Petri absorbers, each containing 10 ml of 0.1 N hydrochloric acid solution,

The air is drawn through the absorbers at the rate of 30 li/bour. For the de-
tection of 0.005 mg/1i of alr, which is the maximum permissible concentration,
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it is necessary to draw through the absorber no less than 10 liters of air,

For the determination of paratoluidine content in each of the two absorb-
ers 5 ml are taken from each absorber and placed into a test tube. 4 standard
scale is prepared simultaneously. Into a series of colorimetric test tubes.
are placed 0.1, 0.2, 0.4, 0.6, 0.8 and 1 ml of a standard solution containing
0.1 mg of paratoluidine per 1 ml; the volume of fluid in all test tubes is
brought up to 5 ml with 0.1 N solution of hydrochloric acid.

5 ml of 0.1 N hydrochloric acid solution is poured into the first, or
control, test tube. Thus, a scale is obtained with a paratoluidine content
ranging from zero to 0.1 mg per 5 ml.

Then, into each of the test tubes of the standard scale and of the samples
are added 0.1 ml of a 20% ferric chloride solution; the content is stirred with
a glass rod or shaken, heated to boiling and cooled to room temperature by sub-
merging into cold water, Colorimetric determinatioﬁs are made as usual after

tke full development of brown to brown-red color.

Spectra and Spectrophotometric Analysis of Chlorinated Organic Compounds.
Report. The Determination of Chlorex in Dichlorethane.

By
Ts, N. Roginskaya and A, I. Finkelshtein.
Zhur. Anzl. Khim,, Vol. XI, No. 5, 602-605, 1956,

Analysis of a mixture of chlorex, i.,e., B,P-dichloroethyl ester, and of
dichlorethane by chemical methods is a complex problem, The fractional dis-
tillation of the mixture by Engler's method may produce only approximate re-
sults. A more elaborate distillation is time consuming, and, therefore, not
suited for use in rroduction control. On the basis of the marked difference
in the molecular structure of chlorex and dichlorethane, it can be expected
that one of the methods of molecular spectral analysis might offer the solution

to the given problem., In this connection a detailed investigation of the
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spectral properties of chlorex was undertaken; the results of this investigation
are presented in this report.

Among all the reports found in the literature only one [1], dealt with
the ultraviolet spectrum absorption band of chlorex dissolved in hexane. In
the work described chlorex was used which had a boiling point of 1750;.d201.200;
n 1.4562; according to literature the data are: dio 1,220 - 1.2223 n 1.4560 =
1,4570; boiling point 178.50. A quartz photoelectric spectrophotometer SF-4
was used for the analysis of the absorption specfra, and the analytical work
in the ultraviolet region. A detailed description of the instrument, as well
as the descriptions of other decmestic spectrophotometers used in the present
work are described in Prokofiev's [2] and Khrashanovskii's reports [3]. The
absorption spectra of chlorex in ethyl alcohol and in dichlorethane, as well
as the absorption spectrum of dichlorethane, are shown in Fig, 1.

. It is seen from Fig, 1 that the ab-

AN, sorption of the chlorex solution in dichlor-
Z:: J ethane has its maximum at 267.5 mmc. Since
art dichlorethane produces no noteworthy ab-

asr sorption in this region the above wave

Zt length can be conveniently used for ana-

ot lytical purposes. The calibration curve

azr shown in Fig. 2 was constructed with the

i aid of artificial mixtures.

230 M0 250 360 30 280 250 H00 At The results of the analyses of artifi-

Fig. 1. Absorption specira in  cial mixtures shown in Table 1, indicate
1 -tgilziziaizlzig;lziglgn: di- ‘that the mean relative error amounted to
chlorethane in alcohol; 3 ~ chlor- 4,0f. The analysis can be completed in 3
ex in dichlorethane to 5 minutes, and the sensitivity, using an
absorbing layer of 1 cm thick, is 0.2%.

This method is not suited for the analysis of substances containing res-
ins, tars or rubber. Removal of ‘the interfering admixtures by activated char-
coal yielded no desired results. Therefore, a new method was developed for the
analysis of substances containing the above mentioned constituents, based on
the absorption spectra in the infra-red region. In the development of this
method spectrophotometer IKS-11 was used, which is equipped with a rocksalt

prism and a 0.1 mm thick potassium bromide cell. The temperature at the source
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TABLE 1.

Chlorex % g Error £
s Abso- : Rela-
Taken i Found i lute ; tive
4.00 4.05 40,05 1.25
13,30 13.0 -0.30 2.26
8.40 8.20 -0.20 2.38
7.40 7.25 =0.15 2.03

2.50 2.50 o 0
1.20 1.30 +0.10 8.35
1,62 1.70 +0.08 4.95
3.36 3.20 =0.16 4.75

4.63 4,35 =0.38 8.2

5.57 5.30 =0.27 4.85
T7.95 7.75 =0.20 2.52
9.32 9.45 -0.37 3.71
12.12  15.75 =0.37 3.06
1.96 1.90 =-0.06 3.06
3.98 3.85 =0.13 3,26

Average relative error 4.0.

of radiation ranged between 1600 to 17000.
The chlorex absorption spectrum in the infra-
red region is shown in Fig, 3,

The spectrum plot was constructed by
consecutive recording of the absorption
curve of the empty cell and of the same cell
filled with the analyzea substance, The
width of the slit was regulated manually,

A comparison of the chlorex spectrum with
that of dichlorethane indicated that for the
analysis under discussion the 8.50 mc ab-
sorption band was the most suitable. The
calibration curve constructed on the basis
of mixtures of chlorex and dichlorethane is
shown in Fig, 2, Resins, tars and dissolved
rubber produced no appreciable effect on the
results of analyses,

A single analysis was made in 15 to 20

minutes, the sensitivity was 0.3%, and the mean relative arithmetical error
AI5.5%. Analytical results of the artificial mixtures are shown in Table 2.

S+ ¢ w iz A K E

Fig. 2

Fig. 2. _ :
1 - Absorption in the ultra violet region, A - 267.5 mpj.
2 - Absorption in the infrared region, A - 8.50 p.

Fig. 3. "Chlorex absorption spectrum in infrared region.

) R R R T R R )

Fig. _370

Calibrated curves:
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TABLE 2.
Chlorex § 2 Exror %
H § Abso- : Rela-
Taken { Found { ) 4. 1§ tive
9.74 9.72 =0.02 0.20
3,98 3.90 70,08” 2.01
12.48 12.35 -0.13 1.0
7.65 7.75 +0.10 1,31
1.73 1.5 =0.18 10.4
6,02 6.02 0 0
12,96 12.90 -=0,06 4.64
7.65 6-90 -0075 0098
6.65 6.80 +0.15 2,26
8.50 8.44 -0.06 0.70
4.90 4,92 +0.,02 0.41
0.92 0.68 -=0.24 26.0
3.81 4.25 +0.44 11.55
3.8% 4.47 +0.62 16.1
9.31 9.72 +0.41 4.4

Average relative error 5.5.

In the course of the investigation spec-
tra were obtained of combined dispersion and
of absorption in the near infra-red region,
Combined dispersion spectra were obtained
with the aid of a three-prism glass spectro-
graph ISP-51 with a single bulb source of
light and a standard light filter thch brought
out the Hg 4358 line, used in eliciting the
spectrum. A comparison of the diczhlorethane
spectrun with that of chlorex, shown in Table
3, indicated that the spectra of combined
dispersion, in principle, could be used in
the analysis,

A universal monochrometer UM-2 with two
lead sulfite photoresisters, type FS-A-1,
connected to an unbalanced bridge hookup, was
used for the study of chlorex and dichlorethane

absorption spectra. Notwithstanding the small

TABLE 3,

Spectrum of

combination dispersed light

Chlorex § Dichlorethane 4

242 et (1) 124 an? (5) 1143 et (1)
295 cnt (1) 264 cu™ (4) 1207 aa! (5)
671 cmt (10) 301 e (10) 1263 ot (2)
57 ™ (3) 410 ™} (5) 1302 cu> (6)
792 at (1) 653 emt (12) 1428 et (5)
1219 cu ! (10) 676 ™! (5) 1442 ca™! (a)
1258 ca™) (1/2) 753 et (15) 2845 cal (2)
1460 ot 881 el (3) 2956 c} (10)
2877 et (2) 943 ca™t (5) 3002 aa~L (6)
2916 et (2) 991 et (0)

2968 cm L (7) 1032 an t (2)
3017 et (2) 1054 ot (3)
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dispersing power of the instrument in this particular region of the spectrum,
the results obtained, as shown in Fig. 4, were definitely of value to the de-

velopment of a simplified method of spectral analysis of a mixture of chlorex
and of dichlorethane.

w0 Conclusions,

1, Methods are described for
obtaining absorption spectra of
chlorex in the ultraviolet, infra-
red and the near ultra-red spectral
regions and the combined dispersion

spectrum,.

2, A technigue is described
for the determination-of chlorex in
Fig 4, Absorption spectra in the nearest .;;i,1e with dichlorethane, based
infrared regiont

1 - Clorex; 2 - dichlorethane; pure sub-  on light absorption in the ultra-
stances ; absorption layer 3.0 cm.

ar T mw e mu

violet and infra-red regions,
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Titrimetric Method for the Determination of Ionic Chlorine, Bromine
and Iodine in Mixture.

By
A, S, Vorob'ev.
(Vdrmurt State Pedagogical Institute, Izhevsk),
Zhur, Anal, Khim., Vol, XII, No. 3, 395-397, 1957.

There are two widespread methods for the determination of large quantities
of halides in mixtures: +the titrimetric and the gravimetric, Beck [1] devel-
oped a gravimetric method based on the precipitation of halides by the Ag* ion,
Freedheim and Meyer (2], following preliminary processing of the solution,
detemmined I” and Br by Na,S,0, titration; the C1~ ion was precipitated by
Ag+ and then determined gravimetrically,

Berg [3, 4] described a titrimetric method for the determination of the
three halides in mixture, The I  ion was titrated with potassium iodate in
the presence of acetone in a solution acidified by H2304. The precipitating
ion reacting with the acetone formed an iodoacetone., Tha Br and C1~. ions.were
determined simultaneously by titration according to Folgard., The C1  ion was
determined in a separate sample containing C1°, Br and I”; for this purpose
ions of I” and Br were oxidized with potassium bromate, and, after binding the
free I2 and Br2 by acetone the Cl~ ion was detsrmined according to Folgard., In
cases of small amounts of C1 it was determined nephelometrically. The amount
of Br was determined by difference. Using this method Mitchel and Ward [3]
obtained higher yields for ions I  and Br . Alpine [[6] ascribed the higher
yield in determining Cl~ 4o the hydrolysis of bromo- and iodoacetone. Accord-
ing to the data furnished by Berg [4] the loss of C1~ ion due tvoxidation by
bronate may range from 2% to 407 depending upon the duration of the reaction
and the halide concentration. 411 the indirect methods mentioned consist of a
large number of operations, are complex, time-consuming and are insufficiently
accurate [5].

The titrimetric method of R. Berg for the determination of large amounts
of halide ions in mixture was improved as the result of experiments carried out
by the present author in the direction of simplificat;on, precision and rapid-
ity.
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Chlorine, bromine and iodine were determined in one sample, The précedure
to be followed in the modified method is as follows: into an Erlenmeyer flask
of 100 - 200 ml capacity place 5 or 10 ml of 0.0l or 0.10 N KI solution, 0.02
or 0.10 N KC1 solution and 0.20 N KBr solution. Add 15 ml of acetone and 3 to
5 ml of 1:3 colorless H2804 solution, The iodide concentration in the final

- 2
should be respectively 0.8 to 1.3 N, The I is titrated with 0.0l or 0.10 N of

a KIO3 solution. The liberated free iodine reacts with the acetone. The solu-

solution should be respectively 0.001 or 0.01 N, and the concentration of H SO4

tion containing 0,001 N KI becomes colorless intermittently, while the solution
containing 0,01 KI retains its color and becomes colorless only toward the end
of titration., Further titration should be carried out gradually adding two to
three drops of the KIO3 solution at a time, In both cases the change from yel-
low to colorless, or vice versa, is very distinct. At the point of equivalent
ionic I” oxidation the solution remains colorless to the last drop of the KIO3.
To assure full oxidation of the I ion, it is enough to add a one or two drop
excess of KIO3. At H2$O4 concentration range of 0.8 to 1,3 N only the I” ion
becomes oxidized, while the €1~ and Br ions remain in the solution.

For the determination of the Br ion, 15 ml of 2:1 H.SO, is added to the

2774
solution while stirring. The total K,SO, concentration in the solution will be

6.7 = 7.30 N, and the concentration og biomide will be 0,018 N, The solution
temperature will rise due to the addition of the H2804; in this warm solution
the Br ion is determined by titration with an 0.40 N solution of KIO3, which
is added a drop at a time., Under the above conditions only the Br ion becomes
oxidized; the latter together with the iodine formed in the process of iodate
reduction will turn the solution yellow; this color will rapidly disappear as
the result of the reaction between the halogens and the acetone, At the point
- of equivalent Br ion oxidation the last drop of the KIO3 will no more color
the solution., To assure complete oxidation of the Br ion, add a one or two
rop excess of iodate,

For the determination of thé C1” ion the solution is cooled to room tem-
perature. The lowest initial chloride concentration which can be determined
by'titration is 0.0017 N. In solutions of such or higher chloride concentra-
" tions the C1” ion is determined according to Folgard; at lower concentrations
it is determined nephelometrically. Detemmination results are shown in Tables
1 and 2.
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TABLE 1,

The I” ion was titrated with 0.01 ¥ KIO3 solution and Br_ ion
with 0,40 ¥ KIO3 solution,

Paken in ml Found in ml

0.01 ¥ KI { 0.20 § KBr § 0,20 ¥ KC1 { 0.01 ¥ KI | 0.20 ¥ KBr § 0.20 N EC1

[escase Joscese

500 5.0 5.0 4.95 40% 4.85

5‘0 5‘0 500 S'w 4092 4094

5.0 5.0 5.0 5.00 5.00 5.00

10.0 10,0 10.0 9.94 9.95 9.85

10.0 10.0 10.0 10.00 10.00 10.00

10.0 10,0 10.0 10.05 10.00 - 10,05
TABLE 2,

The I” ion was titrated with 0.10 ¥ KI03 solution and Br ion

with 0.40 N KIO3 solution,

Taken in ml Found in ml

oecees Joveoss

0.10 N KI { 0.20 ¥ KBr { 0.10 N XC1 | 0.10 ¥ I § 0.20 ¥ KBr { 0.10 ¥ KC1

5.0 5.0 5.0 4.96 5.00 5.09

5.0 5.0 5.0 5.00 5.10 4.98

5.0 5.0 5.0 5.05 5.08 5.10

10,0 10.0 10,0 10.05 9.80 10.14

10.0 10.0 10,0 10.15 10.12 10,01

10,0 10.0 10,0 10.20 10,00 2.91
Conclusions.

1. A titrimetric method was developed for the determination of I~, Br
and C1~ ions similtaneously present in solution. The I  and Br . ions are ti-
trated with calcium iodate, C1~ ion is titrated according to Folgard.

The determination of the three halogens is made in one sample. The deter—
mination requires 12 - 15 minutes. The method is simple and accurate,

2. Optimum initial 328Q4 concentrations were established for the separate
titration of the I and Cl2 ions with potassium iodate,

3. Lowest initial concentrations that can be determined by titration of
mixtures of the three were found to be 0,0014 N for I-, 0.0180 N for Br and
0.00170 N for C1~,
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Improved Experimental Toxicological Method of Animal Inhalation Exposure.
By
G. N. Kotov.
People's Republic of Bulgaria (Sofia).
Farmakologiya i Toksikologiya, Vol. 20, No, 2, 70-73, 1957.

The exposure of laboratory animals to dust inhalation is a basic method

employed .in the investigation of effects of harmful dusts, gases and vapors

on the living organism., Inhalation exposure of test animals is carried out in

special chambers such as the dynamic exposure chamber, in which concentrations

of harmful substances in the air can be varied automatically in the course of

the experiment.

In the existing experimental toxicological practice complete examination

of test animals is made before and after the exposure of the animals, that is,

before blacing them into the exposure chamber and after removing them from it,

thereby interrupting the process of the experimental exposure.

a

This constitutes

great shortcomingnih present-day toxicological experimentation. Until re-

cently only a most general and cursory examination of the condition and beha-
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vior of the experimental animals was possible without interrupting the active
experimental inhalation, i.e., without removing the test animal from the ex-
perimental exposure chamber. This was due to the lack of appropriate dynamic
toxicological methods and procedures for the intimate observation and recording
of changes occurring in the physiological and behavior indexes of the test ani-
mals, This was and still is particularly true of the so-called chronic toxico-
logical exposures,

The present article presents an account of a preliminary experiment in
improving presently existing experimental toxicological procedures. The meth-
od developed enables automatic kymographic recording of changes in respiration,
pulse beat, blood pressure, and to obtain vitograms under active exposure con-
ditions,!insidé_the treatment chamber. By the new experimehtal procedure it
was possible to take blood samples from the femoral and common carotid arteries
for blood pictures, biochemical and chemical investigations under active condi-
tions of acute intoxication, thereby enabling a more thorough examination of
the organism during a prolonged uninterrupted action of harmful substances en-
tering the organism via the respiratory tract,

This procedure may prove of value in the study of pathological and clinical
problems and in experimental therapy of acute intoxication caused by highly
active paralyzing or. lethal poisons,

The following laboratory equipmént is employed in the suggested procedure:
1) exhaust hood; 2) set-up for the dynamic exposure of laboratory animals to
vapors of the substance under study, or exposure chamber (250 - 500 1i capacity);
3) universal stanchion built to order; 4) laboratory animal (medium size dog);
5) kymograph, Ludvig manometer and time recorder; 6) fine rubber tubing and
glass connections; 7) Hofman, Moore and Diefenbach clamps; 8) 30% sodium citrate
solution (500 ml); 9) set of sufgical instruments for exposure of arteries,
arterial cannulae, rubber gloves; 10) 30 = 50 ml toxic substance under investi-
gation in a spray apparatus.

With the exception of the universal stanchion, description of the rest of
laboratory equipment and of the set of instruments can be found in any handbook
of physiology or toxicology.

The universal stanchion consists of a regular wood or metal frame into
which the fest animal is fixed to maintain a standing position; attachments for

the kymographic recording of respiration and blood pressure of the animal are
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arranged, The stanchion with the animal in fixed position is then wheeled into
the experimental exposure chamber which contains other equipment or apparatus
required for performance of the experiments. The stanchion, illustrated by
Fig. 1 and Fig. 2, is essentially a modification of the Pavlov frame, and can
be built to accommodate work with laboratory animals of any size. Supplemental
attachments or contrivances can be introduced for the performance of special
studies,

TN e MDA
» :

Fig., 1, Universal stand for dogs under study during
their (dynamic) exposure to a poisonous gas or dust,

1 - Perforated steel floor for retemnsion of fecesj

2 - steel funnel, connected with 3 - glass urine col-

lectors 4 - moving wheelsy 5 - wooden platform con-

nected with device recording movement of front legsj

6 - rubber cushioned steel chains for holding dogs in

place; 7 - upper adjustable frame; 8 - adjustable head

holder; 9 - animal entrance doory 10 - adjustable hind

leg holder; 11 - adjustable front leg holderj 12 - res-

piration recording connections 13 - Ludwig manometer
connection; 14 - general actogram connection

The procedure. For kymographic records of respiration and blood pressure

under conditions of dynamic exposure to vapors of harmful substances, medium
size dogs weighing 6.8 and 10 kg are the most appropriate laboratory animals,
The test animal is secured to the operating table and prepared for the
operation; the femoral or carotid artery is bared and the cannula inserted,
fastened to the animal's hip with 2 - 3 skin sutures, and the artery shut off

with a Diefenbach clamp; the animal is then taken carefully off the operating
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table and secured in the universal stanchion in a standing position, as shown
in Figo 2s

Fig, 2, General plan of apparatus for recording blood
pressure and respiration in the course of animals' ex-
posure to the poisonous gas or dust

1 - Exhaust hood and fany 2 - exposure chamber; 3 - act-

ivated charcoal air purifier; 4 - activated charcozal

and calcium chloride air drier; 5 — flow meter; 6 - test

substance disperser; 7 - fan; 8 - universal animal stand;
9 - glass and rubber connections; 10 - kymograph.

With the help of four iron rings, soldered to the base of the stanchion
(the front rings are immobile and the rear ones mobile), the dog's paws are
fastened firmly to the base of the stand. In preparing the dog for kymographic
recording of respiration and of blood pressure all four legs should be securely
fastened, and in preparation for the vitogram record only the rear legs, allow=
ing the front legs to move freely. When the dog is highly irritated, or stimu-
lated, which usually occurs during the reflex period of intoxication by the
tested substance, the animal will struggle in an attempt to break loose from
.the stanchion which will cause the free legs to exert some pressure on the
movable disc in the middle part of the stand., The pressure on the disc will
transwit itself to the rubber balloon and from it, along a closed air pressure
system through narrow rubber tubing to the second "mareevskaii drum"; changes
in the latter will be recorded on the kymographic tape. Sharp deflections in
the actogram, or vitogram reflect the degree and duration of the animal's agi-
tation. Agitation will be followed by inhibition of the animal's nervous system,
and the actogram deflections will become infrequent and of low amplitude,
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In addition to fastening the feet to the base of the stand, the test ani-
mals are also held by four rubﬁer rings. The dog's body is fastened to the
stand with two wide canvas belts at the origin of the front and hind legs. The
dog's head remains free during the test. Held in this position the test ani-
mel maintains a relatively normal physiological balance when it is calm. The
chest movements (inhalation and exhalation) are normal, and the blood circula~
tion and respiration can be recorded in a natural standing position. The dog,
fasﬁened to the frame, remains composed and can be held in this position up to
10 - 12 hours; frequently the animal will fall asleep. Recording of respiration
movements is done with the help of the rubber cuff fastened around the animal's
chest. The cuff is connected by means of fine rubber tubing with the first
"mareevskaya kapsul"., The blood pressure is recorded via the cannula inserted
into the femoral or carotid artery, and comnected by means of fine rubber tubing
filled with a 302 sodium citrate solution to a graduated Ludvig manometer.

Application of the method during the test. By means of the special univer-
sal stanchion it is possible to record respiration, blood pressure and the

vitogram or actogram under conditions of dynamic exposure of the animal to va=
pors of a harmful substance (Fig. 2). The stand with the laboratory animal
fastened in it is placed inside the exposure chamber., During the dynamic ex-
posure of animals, air containing known concentrations of the harmful substances
is aspirated through the chamber at = constant rate, Special provision is made
to prevent the escape of the poison~saturated air into the external air medium,
Details of the construction and operation of universal stanchion inside the ex-
posure chamber are shown in Figs, 1 and 2.

[Note: Electrocardiographic studies can be carried out in a similar manner
by making appropriate provisions for the extension of the leads and extra con-
nections. ] '

The tubes comnecting the arterial cannula with the Ludvig manometer must
be absolutely clean, washed with a 30% sodium citrate solution immediately
before the test; they ought to be as short as possible to avoid blood coagulation
in the cannula.

' Thus prepared, the system is ready for‘operation. First, a thorough in-
spection is made of all recording parts of the kymograph and of their connec-
tions. The Diefenbach clamp on the artery is then released allowing automatic
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recording of blood pressure, Appropriate connectioﬁs are then made for the
recording of the respiratory movements, The door of the treatment chamber is
then tightly closed. During 1 - 2 minutes "normal" or "control" records are
made. Then, without stopping the movement of the kymograph, the dynamic ex-
posure set-up is plugged in., Vapor of the harmful substance of the desired
concentration in air, is aspirated into the exposure chamber. The begirming
of the test is marked on the kymograph paper with the letter "D"; for a period
of 3 - 5 minutes changes in respiration and blood pressure are recorded in the
initial period of reflex intoxication., Following this, one minute records are
made at 10, 30, 60 and 90 minutes for 2, 3, 4, 5 and 6 hours; during the inter-
mittent intervals the kymograph is stopped. The duration of the intermittent
periods and of the total duration of the experiment should be determined in-
dividually for each case under investigation.

The test procedure described is carried out under conditions of forced
air current in a speciélly built exhaust hood. At the end of the test the
rubber tubes are disconnected and the stand with the dog in it is taken out of
the exposure chamber into the exhaust hood, where it is freed of residual toxic
vapor,



Calculating "Physical™ Toxicity for the Preliminary Determination of Maximum
Permissible Concentrations,

By
E. I. Lyublina.

“?pxigglggigg;'Laboratory, State Scientific-Research Institute of Industrial
Hyglene and Occupational Diseases.

Gigiena Truda i Prof. Zabolev., Vol. 2, No. 2, 41-47, 1958,

New substances are being steadily introduced into the production industry,
some of which possess.properties deleterious to health, It is impefative that
methods be found for the rapid determination of maximum allowable concentrations
in the air of such substances béfore their production and industrial utilization
assume extensive proportions. Clinical, statistical and animal experimental
data frequently proved inadequate for this purpose, The rapid determination
of limits of allowable concentrations of air pollutants should be based on
general principles derived from a study of the action of a significant number
of different substances., Some of the general principles which determine the
properties of organic sﬁbstances, chiefly volatile organic fluids, are now well
known. '

In 1944 N. V. lazarev summarized the information available on the relation
between the narcotic potency of organic substances and their pbysiochemical
properties. He presented formulas for the estimation of narcotic concentrations
of such substances., Lazarev called the biological action of nonelectrolytes,
as determined by their physiochemical properties, noneléctrolytic or non-specific
in distinction from the specific action of a poison as a function of its active
chemical properties, Similarly, foreign scientists speak of "physical" taxicity,
when referring to the ponglecti@iy}ig effect, or of "chemical" toxicity when
the poison acts on the organism through special chemical reactions.

Ferguson concluded that concentrations producing identical biological ef-
fect (death of insects after several hours) were within relatively narrow lim-
its; his conclusion was based on calculations of the concentration intensity of
the deleterious substances present in the animal's environment. Ferguson found
this to be true of liquid and gaseous solutions or suspensions. In the case of

the gaseous or air phase Ferguson expressed active concentrations as percentages
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of gas buoyancy or vapor pressure, and called them "thermodynamic" concentra-
tions. '

Results of experimental studies by the Toxicological Laboratory of the
Leningrad Institute of Industrial Hygiene and Occupational Diseases established
the existence of a relationship between the potency of nonelectrolytes and
their physiochemical properties by showing that lethal, narcotic and threshold
concentrations, which affected the flexor reflex in rabbits after 40 minutes
exposure, varied with solubility of the substance in water and with the distri-
bution ratio between o0il and water. Threshold concentrations of various organic
substances for rabbits were compared with official maxiimum pgrmissible concen-
trations and those determined by this author., Results indicated that where
organic solvents have no marked "chemical toxicity, the ratio between the two
series of values fluctuated within comparatively narrow limits. On the basis
of the data the following empirical formulas were derived for the presumptive
estimation of maximum permissible concentrations of substances with nonelectro-

lytic action:

log C = 0.92 log S + log M = logh - 3.15 (1)
log C = -0,87 log K + log M - log\ - 0.35 (2)
where S = solubility of the substance in water in millimols per liter;
M = molecular weight;
A = factor of vapor solubility in water;
K = distribution ratio between oil and water,

Data derived from formulas (1) and (2) are expressed in milligrams per
liter.

In 1955 MacGowan proposed two other formulas for the determination of
maximum permissible concentrations of substances free from "chemiczal" toxicity.
Por preliminary estimation MacGowan used formulas he advanced for the
computations of average lethal concentrations of insecticides and dividing the
final result by 25, or by subtracting 1.4 from the logarithm of the concentra-

tions,
log C = (3.12 + log P - log L + 0.001n) - 1.4 (3)
where C = maximum permissible concentration;
P = vapor pressure in mm mercury;
L = a fraction, the numerator of which is the density (in practice the

specific gravity) multiplied by 1000, and the denominator is equal



to the molecular weight;
tt = parachor (a constant related to molecular volume).

MacGowan introduced additional values for the computation of 0,0014 w,

It is pointed out that this formula was derived on the basis of an assumption
of equal thermodynamic poison effects of "physically" toxic substances, The
formula is based on extensive experimental data and is useful for the calcula-
tion of the toxicity of vaporized liquids.

MacGowan's second formula is a simple one:

log C =5f - 1.4 (4)

The total of factors (Z.f) is taken from a special table of €. f values for
ethane, cyclohexane, benzene and naphthalene. Corrections in the totals are
introduced where definite groups consisting of carbon and hydrogen elements are
substituted by groups which contain different numbers of carbon and hydrogen
atoms, and those in which hydrogen was replaced by C1, N02, CHB’ CN and other
groups., By the gradual substitution of groups most closely simulating the ex=
ternal structural formula by other suitable groups it is possible to arrive at -
homologues; in the course of this process values corresponding to each substitu=-
tion are added to or subtracted from the original total of factors, i:fz

The calculation is simple and is based on the knowledge of the structural
formula of the substance. Factors for the original compounds and the correc—
tions are obtained experimentally. It has been established that each succeeding
member of ‘a homologous series is two to three times more toxic than the pre-
ceding member, Accordingly, substitution of C—CHSCH for the CH group decreases
the logarithm of the sum of the factors by 0.34, which is equivalent to the
division of the toxic concentration by 2.2, Toxicity intensification by sub-
stituting CCl1 for the CH group, according to this Table, requires that the con-
centration logarithm be decreased by 0.74 or the absolute concentration divided
by 5.5, etc, Both MacGowan's formulas yield results in parts per million,

For the evaluation of the different methods of calculating maximum permis-
sible concentrations, the values derived were compared with the maximum permis-
sible concentrations fixed by law or suggested by Soviet industrial toxicologists.
This was done for 53 organic substances. In addition to checking the above four
formulas, calculations were made on the basis of average threshold concentrations
. for rabbits, divided by ten:
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. § log C = log C; ~ 1 (5)
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mulas in relation to ad-
opted limits of allowable
concentrations, yielded the
highest correlation (82%)
with values obtained ex-
perimentally. Calculations
based on the coefficient of
distribution between o0il
and water and on MacGowan's
complex formula, yielded a
correlation of 68¢. Solu-

’ —~ bility in water, according
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to our calculations, was

Fig. 1. Distribution curves of limits of allow- 060%; according to MacGowan's
able concentration deviations arrived at by diff- gipple formula, it was only
oerent. methods from those adopted by or proposed ]

. to the U, S. S. R, 41%., The curves in Fig. 1
‘Bolid line = distribution of experimental con= show that the spread of data
centration deviations; heavy dash line - based ]

‘on solubility in water; light dash line ~based calculated by the American
‘on coefficient of distribution between oil and
waterj dash and dots line - according to Mac
Gowan's simple formula; solid fine line - aco- greater than of the data

ording to MacGowan's complex formula calculated according to our

formulas was considerably

formulas.

The value distribution curve derived from threshold concentrations for
rabbits has a median tending toward overestimation. In determining the cor—
relation of such data with adopted U.S.S.R. limits of allowable concentrations
and in deriving the correlation equations the need to decrease the values by
subtracting not 1 but 1.1 from the concentration logarithm became apparent,

If the values obtained from MacGowan's formulas are to be dbrought into closer
agreement with the Soviet maximum permissible concentrations, their logarithms
must be reduced by at least 1.1, MacGowan's formula log C = &f - 1.4 will
then appear as:

log C = £f - 2.5

The limits of allowable concentrations established in the U.S. are based
on the assumption that it was safe to work at a pollutant concentration 1/25th

of the one lethal for insects, In the U.S.S.R., the lethal concentration for
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insects must be divided not by 25, but by 316 the antilog of 1.4 being 25 and
of 2.5 - 316,

Fig. 2 presents distribution curves obtainéd after making appropriate cor-
rections, i.e., after subtracting 0.1 from formula (5) and 2.5 instead of 1.4
from MacGowan's formulas (3) and (4). Following such corrections the distri-
bution curves fell more in line with the maximum of data for each curve with a
deviation of % 0.2. The greater part of the data calculated according to each
formula were within % 0.6 of the logarithm of the maximum permissible concen-
tration required by the Soviet regulation or within a range of values 4 times
higher or lower,

Most overestimated val-

::T ues according to MacGowan's

'agl simple formula were obtained

a0l for the following chemical

26l compounds: formaldehyde,
o0 acetaldehyde, propionic al=-
:zak dehyde, vinyl acetate, butyl-
9 aldehyde, and vinylidenedi-
& 20 chloride. All these sub-
® st stances have strong irri-
p',; tating effects related to

gk their chemical activity,

and it is not surprising
X B . that a formula, based on the

" -18 ~14 -10 -06 202 06 10 1.4 18 22 26

) t
Fig. 2. Distribution curves of limits of allow- 2°SumPtion that a substance

able concentrationg devaationsarrived at by diff- possessed only “physical"
erent methods from those adopted by or Proposed toxicity, should yield in-
to the U, S, 8. R,y after the introduction of cor-
rections as indicated in the text congruent values., The maxi-
(Rest of legend is the same as in Fig, 1) mum permissible concentra-

tions for aldehydes were not calculated by MacGowan's second formula for lack
of certain constants. Results of calculations by this would place vinyl buty-
rate, vinyl proprionate and vinyl acetate, i.e., irritants with marked chemical
activity and "chemical" toxicity at the extreme right end of the list.

It was not possible to calculate the maximum permissible concentrations
for aldehydes either by their solubility in water or by the ratio of distribu-
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tion between 0il and water because the coefficients of their fume solubility

in water, necessary for such calculations, were not known. Van Ventyan obtained
experimental data for formaldehyde and butylaldehyde., Values obtained for both
substances had a deviation range of *o.2.

Lowest deviations were obtained in calculations based on resulits of ex=-
periments with effects of vapor threshold concentrations of the flexor reflex
response in rabbits. Only for 2 or 41 poisons (methyl alcohol and cyclohexanone)
did the calculations yield fourfold overestimated concentrations, '

The specific action of methyl alcohol caused by its chemical transforma-
tions in the organism is well understood. In addition vapor of methyl alcohol,
like vapor of c¢cyclohexanone, is highly soluble in water and slowly saturates
the organism upon inhalation. The action of these substances is augmented by
inerease in concentration and by exposure time, Naturally, correct results
cannot be obtained for such poisons with 40-minute exposure tests as the basis,
The data of A. P. Voronin derived from 8-hour experiments on rabbits were taken
as indexes of threshold concentrations, If the threshold concentrations of
cyclohexanone at 8-hour exposure are taken as the basis, the maximum permissible
concentration of cyclohexanone will ba only twice the one proposed by the writer
on the basis of his experimental results. It can be concluded that all the for-
mulas cited were generally useful for the preliminary estimate of limits of al=-
lowable concentrations of substances free from marked "chemical" toxicity, and
that appropriate correction factors must be introduced into MacGowan's formulas,
The fact that MacGowan's simplé formula produced the highest deviations must
also be kept in mind., For "chemically" toxic substances calculation by the for-
mulas determined upper limits; maximum allowable concentrations should be estab-
lished at levels below such upper limits,

In practice it is useful to make preliminary determinations of maximum
permissible concentrations by all methods applicable to each specific case,
Since limits of allowable concentrations were established for a comparatively
sfiall number of harmful organic substances, preliminary calculation of an ap-
proximate maximum concentration would be valuable for newly introduced sub-
stances as well as for substances currently employed in industry but little in-

vestigated.
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Determination of the Direct and Indirect Effects of Pharmacological
Preparations on the Blood Vessels.
By
V. M, Khayutin,
(Institute of Normal and Pathological Physiology, A.M.S., U.S.S.R.).
Parmakologiya i Toksikologiya, Vol. 21, No. 3, 78-81, 1958.

In measuring the resistance of blood vessels by the method of minute by
minute autoperfusion by regulated blood volumes, there appear two conditions
which make it possible to immediately determine the nature of the direct or
indirect effect of pharmacological preparations on the vessels of any organ,

The determination of the blood vessel resistance is based on the following
principle (Fig. 1). A perfusion punp (a - d), equipped with outside electro-
magnetic valves (e!, e") draws blood from the central end of the artery (f),

1 By direct effect is meant the change in tonus of the vessels of an organ due

to the action of a substance within the given organ, i.e., on the smooth muscles
of its vessels, or on the elements’ of the peripheral nervous system found therein,
By indirect effect is meant the change in the lumen of the vessels due to the
action of the substance on the elements of the nervous system found outside

the organ in question, or due to reflex reactions to the vessels of this organ

arising after the introduction of the given substance.
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which supplies the given organ, and forces it into the peripheral end of the
same artery (g) in constant minute by minute amounts. Constriction of the
“vessels forces part of the blood into a manometer (h), the pressure between
the oﬁtflow valve of the pump (e") and the vessels of the organ rises, reach-
. ing a new level needed to pass the desired minute by minute constant amount

of blood through the constricted vessels. Contrariwise, when the vessels are
dilated, their resistance to the blood flow falls and consequently the pres-
sure caused by the minute to minute constant blood flow through the organ also
falls, Variations in pressure are proportional to the type and degree of
chénge in the vessel lumen and, therefore, to the resistance by the blood ves~-
sel to the blood flow.

o , | .
Fig, 1, Plan illustrating the determination of vascular re-
.'sistance by the autoperfusion method on the minute inter-

) val basis,
@& - Syringe; b —rigid conneoting tubej o ~ pumphead chamberj
d - an elastic"finger valve" which separates the working
liquid (water) from the blood; e! and e'' ~ outside electro-
‘magnetic valves; f and g = cannulas inserted into the centr-
.2l and peripheral arterial terminij h — mercury manometer.

The apparatus here proposed was described in 1957 by V. M. Khayutin,
V. M. Danchakov and V, L. Tsaturov. In this apparatus use is made of indepen-
dently regulated electromagnetic valves which separate the organ vessels from
the animal's arterial system and the use of a constantrwater-drive system,
The construction of the apparatus is such that the minute-by-minute discharge
of blood and perfusion pressure remain constant despite fluctuations in the
animal's arterial pressure,
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This is the first condition which makes possible the differential obser-
vation of the direct and indirect effects of pharmacological preparations on
the vessels of an organ under study. The second condition is created by in-
corporating into the arterial system of the organ an auxiliary artificial cir-
culatory system consisting of cannulas, connecting tubes, and elastic "finger"
of the perfusion pump, (Fig. 1d). Accordingly, to the blood circulation time
T (e.g., from the femoral vein to the arterioles of the organ under study)
additional time ¢t is added, equal to the time required for the blood to pass
through the artificial system, Time t can be determined by dividing the amount
of blood contained in the system (V ml) by the volume of the blood per second
(Q m1/sec) forced through by the perfusion pump:

V ml
Q ml/sec

Take for example the effect of intravenous injection of adrenalin., It

= t sec

enters into the arterioles of the major circle causing their constriction and
increasing the cardiac output per minute, The result is a rise in the arterial
blood pressure, As noted above, such pressure has no direct effect on the per-
fusion pressure; therefore, it remains unchanged at first. It begins to rise
only after a lapse of time equal to T + t, i.e., only after the adrenalin has
entered the vessels of the organ. The marked time interval between changes in
the arterial and perfusion pressures is the manifestation of the direct effect
of the substance in question, This is confirmed by the kymogram shown in Fig.
2a which is a record of the reactions of thé arterial pressure and of the prese
sure of the hind leg vessels of a cat after intravenous adrenalin injection.
The interval between the pressor reaction of the arterial pressure and the
beginning of leg vessels constriction, as revealed by a rise in the perfusion
pressure, equalled 22 seconds. With a blood inflow of about 18 ml per minute,
(as roughly determined from the scale on the pump) and pulse beats of 120 per
minute, the amount of blood perfused is 0.3 ml per second. In this case the
capacity of the perfusion system was about 6 ml. Consequently, the adrenalin
could not reach the vessels of the leg earlier than 6 ml: 0.3 ml/sec - 20
seconds,

This statement applies only if the substance under investigation cannot
get into the vessels except through the perfusion pump, i.e., through the col-

lateral vessels, Different time relations develop between the reactions of
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" arterial and perfusion
pressures in instances
where the injected sub-
stance affected the
central nervous system

or the elements of the

peripheral nervous sys-
tem outside the perfused
organ. .

' Fig. 2b is a record
of the effects noted

after intravenous in-

' L's hind - : ' "~ jection of nicotine.
Fig., 2, Cat's hind leg vascular reaction to the Je nicovin

intrajugular injection of (a) 25 mg/kg of adren~ The pressor reactions

:nn and (b) 4 mk/kg of nicotine. Records from of arterial and perfusion
op down: perfusion pressure in the carotid artery
(mercury manometer; zero (base) line of perfusion Pressure occur almost

and arterial pressures respiration mark showing similt

3PLTLE aneously due to
the injection of test substance  intrajugularly; v \
time-30 sec, Dotted line - latent reaction period, Tthe Well known stimila~

tion of the sympathetic
'gahglion by nicotine. a and b of Fig. 3 illustrate the time correlations fol-
lowing the injection of vasodilators papaverine and tetamon.

In the first instance vascular dilation in the extremity began 9 seconds
after the arterial pressure fell; in the second instance the reactions occurred
simultaneously. The capacity of the perfusion system in these experiments was
3 ml, which at a rate of blood flow of 0.4 ml per second, delayed the entrance
of the substance into the extremity vessel by 7 1/2 seconds., Such delay didn't
appear when ganglioblocking tetamon was used; it appeared after the injection
of papaverine, which acts directly on the vessels.

Fig. 4 presents a record of the reactions to adrenalin, substantially dif-
ferent from those shown in a of Fig. 2. The perfusion pressure fell the moment
the arterial pressure rose; but not as a result of