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FOREVORD

The general plan of the present "Survey" Volume 6 is the same as the
plan of any of the preceeding volumes in that representation was given to
a variety of phases of air pollution studies., Items in the Table of Content
were supplemented by names of journals in which they appeared to enable
readers to determine, at a glance, whether or not the.subject‘matter was
approached from the angle of greates% inte-est to them, A perusal of the
Table of Content, as now presented, will indicate to the reader that the
greatest weight of Volume 6 was given to papers published in the Russian
Journal of Applied Chemistry. Research students who are interested in the
application of Pavlovian perception physiology to certain phases of air
pollution investigations, such as limits of allowable pollutant concentra-
tions, may find the Appendix, beginning with page 290, of special interest,

A new classification of industrial sanitary clearance zones appears
beginning with page 117 of this volume. This clearance zone classification
replaces the one which was presented in Volume 4 (0.T.S. No., 60~21913) be-
ginning with page 165, The new classification contains many important changes.
The 2000 m wide zones have been abolished, the 1000 m sanitary clearance zones
vecoming the widest, width of other sanitary clearance zones have been reduced
either accordingly or to some degree. In addition, csriain types of manu-
facturing and processing industrial plants have been taken out from their old
groupings and placed into other groups. All this is of considerable signif-
icance, since it reflects improvement, on the one hapd, in the methods of

" production, mgnufacturing and.processing, and, on the other hand, in the
operation and efficiency of air and gas purifying installations. Readers
to whom the phase of sanitary clearance zones is of interest should make a

’ ééreful coumparative study of the classification appearing in this volume
(pagé 117) with the classification which appeared in Volume 4, beginning with
page 165. - o )

Several readers of the Survey "Books" and "Voluﬁes" had writien suggest-

E-..::1_i-rig-_t_had’._xnetric measures be oonverted into American and English customary
" measures. This would réquife.a:consid;};bie amount” of time on the-part of
~the undersigned._ Profsssional reference books have been ﬁublished which
contain convenient conversion tables of a wide range, one such book is the
“-Eandbook of Chemistry and Physics, issued by the Chemical Rubber Publishing
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_ llst of measures‘ convertlng taoles.

Co. A list of appropriate conversion tables, and pages on which they appear,
is presented in this Volume for the convenience of those who wight need such
a facility.

Readers of the more recent "Books" and "Volumes" of the Survey undoubt-
edly noticeﬁ that bibliograpnies of translated papers have been presented as
they. originally appeared in the Rus:ian publications.‘ One reason for doing
that was to save the valuable time i3nd expense transliteration would take.

It was also considered desirable, if not important, to enable resaders to
learn the Cyrillic Russian alphadbet, and to become proficient, or urge their
typists to become proficient, in trinsliterating such short items as Russian
titles, names and journals, For the convenience of those who might wish to '
do their own transliteration of selected Russian items of bibliography, a

Russian alphabet with transliteration is presented on the same page as the

-~ ———
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GCas Flow Dispersion as a Means of Increasing
Electrostatic Pr601p1tator Efflciency.

I. B. Idel'chik..

[Master of Technical Sciences, Staff Member of NIIOGAZ (Sclentifio-Research
-Institute of Gas Purlflcation) Giprogazoochistka (Government Institute

F
opn
Fctp

1mt

zs.opt
zs.syst

. for Designing Gas Purifying Installations)]

Koks i Khimiya, No. 1, 47—54, 1956.

Notations.

Diameter of the gas condui%, ° '

Diameter of the screen (work chembef)._

Ratio of the "live" (openings) area in the screen to the entire
screen, '. ' S

Cross section area of the precivitator work chamber,’

Cross section area of the gas (air) conduit.

Total "live" (Openlngs) screen” area. ' ’

Cross sectlon area of the gas stream.

Distance from the (top) screen to the top of the work chamber.
Distance between the screen and the center line (axis) of the gas
condult. o C -
Distance between the screens.

Number of screens.

Kinetic enérgy coefficient of the core of the constant mass of the

" (gas).'stream, _- , —

Ditto of the gas stream at its inflow into the work chamber.

Ditto of the gas stream between the end section of the gas conduit

and the screen.
Speed of the gas at'given‘points.

Gas speed at opening into the work chamber,

Maximum gas speed at opening 1nto the work chamber.
kiedian gas speed across the work chamber cross section.
Screen resistance coefficient limit.

Screen resistance coefficient.

Optimum screen resistance coefficient,

- Screen system resistance coefficient.

i



The eve. - ~3ratution of gas rlow through all the cperzting . o.cats of
electrostatic precipitators constitutes the uost essential condition for the
effective and efficient operation of electrostatic precipitators. One of the
means by which even distribution of the gus can be attained is forced distri-
bution of tie gas flow with the aid »f resistors placed in front of the oper-
ating eleuents ol the apparatus, anc exerting an even effect over the entire
crcss~section ¢f the working chamber. Such resistors can be made of flat

screens, periorated metal plates, Raschig rings, chord type partitions, strips

of -cloth, etc. In the absence of experimentzl data, such resistuance devices

(mostly screens) were selected in the past haphazardly and not as the result
of rationally erployed calculations.

This zuthor studied the problems of forced distribution of gas flow
El, 2]); thé date presented in the reports referred to presented the possi-
0ility to determine with precision the type of the resistor screen most suited
for the even distribution of the gas flow over the entire cross section of
the work chanber of a given electrostatic precipitator. Calculations made
on the basis of such results proved that the old resistor screens installed
in the electrostatic precipitators used in the purification of coke gas from
suspended tar particles (see Fig..l - precipitatof type C~140) could not

assure a sufficiently uniform distribution of gas flow rates. Keplacement

’ of the o0ld screens by screens selected on the basis
of rational calculations should increase considerably
= e - the purification coefficient and result in a more

than twofold increase in the precipitagbr productivity.
The above considerations and the work conducted
at Ciprogazoochistka (The Government Institute for

Designing Gas Purifying Installations) on the develop-

—

— 7 ment of a standard installation for the electro-
g ‘ lﬁ static purification of coke gases impelled this

author to make special. tests for the study of the
gas distribution in type C-~140 electrostatic pre-
Pig. 1. Electrostatic cipitators. . '
precipitator for the The following is a preliminary report on cal-
purification of coke

gas from tar. Lo T e -
1 - Screen. bution in electrostatic precipitators and on the study

culations made for the determination of gas distri-

.,



of the aerodynamics of an electrostutic precipitstor model under lcboretory
coniitions, using air as a working wedium. The main purpose of the experi-
ments wes to determine the disiribution of the air flow velocities over a
crose section corresponding to that at the zas intake openings of the tubular
electrodes of the electrostatic precipitator., To accomplish that it was
necesszary only to construct « model of the firsi section o the zrecipitetor,
vwinich consisted of the intake extension and the irst part of the precipitztor
work cnmmber without its electrodes (see Pig, 2). The model scale used wecs

rr__.bjm__,. 1:9.5. The rztio ol tae cross

&l section area of the w:odel work
____cAcreen |
chamber Fk to the cross secticn
2 . :
— area of its gas inTlow opening
& : = 16
. ny Fo was: Fk/Fo = 16,
® V‘ﬂfy Two ways of gas flow delivery
xm into the model were tested. Cne
stroen * with a lateral gas lelivery (see
vy Fig. 2), the other with a centrzl
/s (symmetrical) delivery through =
Cia downward directed inflow pipe
¢ - ~ facing an umbrella-shared deflector
Fig. 2. Plan of the experimental at the end (see Fig. 2b). By

electrofilter model.
a - Lateral gas entry; b - Central
downward gas entry; ¢ — Central it was determined [1] that the
eeeme...upward gas entry.

means of theoretical calculations

) . T magnitudes of'an optimum- resistance
'coefficient of a single screenya adequate for brlnglng about the distribution
of the gas flow over its entire area under given conditions of the field of
velocities in the gas flow beiore the screen,depended only on tne ratio F /Fo;

it can be €x;i1v.-2d by a formula.

‘ F
R Z._ k

s.opfua Né f: el e ()

. s el L UYL o SRR TIIELIEITTIIUT LU L
where - e _..Zs.optm. Y o e .
—2 '

2g
is an optimum screen resistance coefficient reduced to a uedian velocity up

in front of the screen;



“and . : FJ ( )dp

is the kinetic energy coefficient of the center (core) of the constant wmass
flow which depends upon the condition of the field of velocities at the given
cross section, . ‘ )

The theoretical amalysis and experimental results [2] show that flat
screens or perforated sheets can act as gas flow distributors in installa-
"tions having limited Fk/F ratios. However, in case of a lateral gas flow

“into a rectangular apparatug,and w1§h the resistor screen placed at a distance
HP/DO > 1.4 from the center line of the inflow opening (Fig. ZaZ’the limiting

relation between the arsas is:

R\ 3
Fo) vms = (2)

wae ’ (o} = ) JF (u) .
(o] o

is the coefficient of kinetic energy at the initial cross section of the gas
flow, that is, at the point of inflow,
In the case of central or symmetrical gas infloy’where the impact on the

resistor screen (2b) is directythe ratio of the areas will be:

.- ~ e (3)
Fo limit 0 )

Limitirg area ratios imply-or presuppose correspon dlng llmltlng screen

resistance coefficients [1 and 2]: TR

- .sz
’ Z w N (=

: -1 S (4)
s.1limit a FO llmit ‘

In apparatus installations with area ratios Fk/Fo > (Fk/Fo)limit and of

"single flat resistor screens, the resistance coefficients of which are higher .

than those derlved from formula (4), new gas velocity proflle dlstortlons

s =D ——— . m———

arise at the sections back of the res1stor scx@ens which make equalizatxon f»f-».
of gas flow unattainable, o '

Determination of the fitness of individual flat resistor.screens for the
even distrioution of gas flow in electrostatic precipitators must be based

~ on specific values of Na—and N6;<such-values can be arrived at by analyzing

-4



each of the ,a3s {low pictures after the
gas has entered the lateral and the cen*ral
symmetrical types of agparatus, as illus-

trated in Fig. 3.

The lzteral gus inflow, in this case

the gas flow after entering the appara-
tus, continues to move by its own inertia axis hori-
zontally until it encounters the cpposite wzll of the

working chawber (a), as shown in Fig. 3; the impact of

the gas against the wall of the apparatus body causes

it to disperse along the walls of the working chamber

Fig. 3. Schematic (¢) partially in an upward direction and partially
picture of gas flow
in the entering sec—

tion of the work of the body of the apparutus (b) in a reverse direc-—
chamber having a
lateral inflow and . ;
no resistance screen. wore in contact with the first section 0-0 along wall

horizontally along the laterzl section of the walls
tion to a point where this part of the gas flow was no

C at the inflow position, Here the gas stream is divided again into 2 compo-
nents: one directed upward along wall C, and the other sucked in by the in-
flowing gas creating an intermmixing turbulence. Sibultaneously; in the space
between the side walls of the apparatus body and the main stream of the gas
flow, there arises a horizontal circulatory (whirling) wovement of the gas
flow., A similar gas circulution is formed below and above the inflowing gas
stream as 1llustrated in Fig. 3. ‘The picture of gas flow is the same in all
apparatuses régardless of the cross section of their work chamber. However,
in thé case of round-shaped work chambers the horizontal gas flow along the
walls is of greater intensity. Therefore, the limiting relation (Fk/Fo)limi .
must be higher than in the case of rectangular work chambers, The actu:zl
value of this relation has not been established; however, its orientation
values can be calculated with the aid of the following approximation formuls:

ey s

F . L]
o/limit N

In the case under study the conditions for introducing air flow into <he
apparatus were such that the field of velocities at cross section 0-C were

practically uniform and it can be assumed that No = 1,0. Therefore:
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- ~ D
Fo limit
and according-to formula (4):
25 1imit = Dy -1 (5)

Along with the gas spreading effected by the chamber walls, a usual fliow
spreading develops along the entire course of the gas flow beginning at the
inflow poinﬁ,which causes the static gas to interuix in a turbulent manner
with the flowing gas [4]. This gas spreading 1s accowpunied by a loss of
energy which can be accounted for by the introduction in formula (1) of
the value of Na' Such complications normally arise in the lateral entry types
of apparatus; in such cases the value of Na can be estinated only roughly.

Calculated with the aid of free flow generalizations [4] Na was assigned
a value of the order of 0.25. l/ Accordingly, and on the basis of formula

(1):

- -~ R A

=.0.25 x (16)° - 1 = 63

s.0pt
and on the basis of formula (5):
zs.limit =25 x 0,25 ~-1= 5.25
Thus, the optimum value of Zs opt is considerably greater than the limit
valus 2 and, hence, in such a case a single flat resistor screen can-

not be-S;i;?lznstead it becomes necessary to install a system of resistor
screens, or if a single resistor screen is used, additional resistance ameans

" should be ;ntroduceé’suﬁﬁ.és directional blades, panels, honeycomb screens,
ete. - :

__ The number of screens in the system can be determined with the aid of

the following formula:

(6)

In the case under study: - — - A,
-16

n > =—a 3
p n

5

l/rBecause of a lack of space all intermediate calculations were omitted.

1
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The resistance coefficient of an individual screen in a system of screens
can be determined with the aid of the following formula proposed by this
author [1]:

2
B 2
k 3
Zs.sYst = No Fo -l= (lé) 1=5.4
This value of 2 correlates with the coefficient of the active area

s.syst
of the resistor screen perforations.

F
fn—F"-P— 0.56 = 56%

By slightly lowering the requirements for the uniformity of field veloc-
ities the number of resistor screens in the apparatus can be limited to 2
(np = 2); the resistance coefficient of each screen can be determired with

the aid of formula:
2
n

k\ P _,
Zs.syst - F ) =1=15

in correspondence with which f = 0.32 - 0.325.

The above considerations show that an even distribution of the gas flow
in the lateral gas entry type of apparatus can be attained with not less than
2 resistor screens, each having a resistance coefficient:

S ._zs ayst :ﬁlKS.(thO .32)

Central symmetrlcal downflow gas delivery. In this case the ‘gas flow

coming out of the delivery attachments meets an umbrella-shaped deflector,
which forces fhe incoming gas stream to spread out in a horizontal direction;
carried by its own inertia it reaches the walls of the apparatus work chamber.

Here the gas stream is split into 2 unevén'parts. The major part of the gas

-JrTha relation of the resistance coefflcient of flat resistor screens to the
coefflclent of the active area of the perforatlons is given by this author in
his book [1] as: '

(1+o707/ f)z()a
7
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is directed upwards zlong the chember walls.form=
ing a circular stream; the lower part uwoves down-

ward to the bottom in a circulatory .:.ovement, as

is illustrated in Fig. 4.

The movement of the gas stream,after it
leaves the space betuween the opening of the in-
flow attachment and the umbrella-shaped deflector

and until it reaches the work chamber'walle)fol—

Fig. 4. Schematic pic= lows the laws for fan~type flow expansion [5];
ture of the gas flow in - ’
the entering section

of the work chamber . laws for ring-shaped movement, or in approximate

having a central inflow
and no resistance

. screens, f4] restricted on one side by a solid wall.

1 - Fan-like stream;

2 - Ring-like stream,

after it begins to rlow upward it follows the
accordance with the laws for {lat stream flows

The formation of a ring-shaped stream causes
the formation of reverse streams in the central
part of the apparatus due to the fact that it sucked in some adjacent gas from
the central part of the work chambef’which in turn cuused an identical amount
0of gas to deccend from the distant upper levels of the apparatus. In this
type of apparathx'the initial cross section Fo is an undefined value; there-

fore, the calculation of 2 by formula (1),by subsfituting for Fo the

same values as in apparatu:eZPZf lateral gas delivexy;will be incorrect, On
the other hand, in this case it is possible to determine with a high degree
.of precision the area of stream F ctp before it spreads. out over _the resistor
screen. Therefore, the determination of the resistance coefflclent Z s.opt
can be made with the aid of formula (1) substituting F by a calculated value
for Fctp and Na by thp (since in the small portlon between the mouth of the
inflow pipe Fctp and the resistor screen there occur no losses of any con-
sideration). Calculations made with the aid of formulas in the case of the
fan-shaped stream [5] {(the part between the rim. of -the umbrella-shaped de-

flector and the chauber walls) and of the ring-s haped stream [4] (the remain-

"’1ng space) yleided ~the’ f0110w1né Qalues for the test nodel ‘with-g-work cham=

ber cross section of Fk = 0. 196 m : Fctp = 0.124 m _and for thp =4 +5,
Substituting these values in formula (1):
‘ F
k
Zs.opt = thp Fctp -1l= | : - -
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¢ - 11.5

The coefficient of the .ctive resistor screen area -.rich corresponds to
the above value is:

f = 0.36 - 0.38 _

Applying formula (3) to this type of gas entry apparztus, as sreviously
done ii: the case of the centruzl syrmetrical entry type, and reking appropriate
safety allowance, it can be seen, on the basis of fornula (4), that the
value for zs.opt obtained is considerably lower than the limiting value, anc
consequently in this case the use of a single flat resistor screen with the
characteristics found for it l/ would suffice.

The above considerations show thot a uniform distribution of the gas “low
in the apparatus with z central symmetrical downflow delivery of the gas, can
be wttzined with one resistor screen which has a resistance coerfficient of
Z, opt & ~ 11.5 (f . 0.36).

In cases of a substantizl decrease or increase in the value of the resis-
tance coefficient of the screen, as compared with the theoretically culculated
one, there can be no assurance of even distribution of the gas flow velocities
past the screen. E?r example, with too high values of Zs.opt’ i.e., with

lowered values of f, the character of the field of gas velocities must deccre
directly opposite ‘to those which prevail in the absence of resistor screens,
i.e., the field of speeds, will become "reversed".

-7 7 Désts were made for the determination of fiow velocities oi various cross
section points in the model apparatus in'frén{‘df tﬁg:élecfrodes; studies wexe
also made of the flow spectrum using silk threads. The results are illustrated
in Figs. 5 and 6 in the form of distribution ‘curves. of dimensionless velocities
q/mcp at separate cross section diameters (here o = the speed ¢t 2 specific
point, mcp.= the average cross soction Yglocity)..”tq_§§§¢1ntﬁion_pf the'cuyves
brought out the following: )

.:—--1, The spectral.diagrams.fully conflrm the COurse of us” flow dlstrlbu-

tion in the absence of gas resistor screens for the latergl inflow and central

= (6.5) N/N =
= 41.

y P P oS 3 -
In fact, from formulas (3) and (4) we receive: Sg 1imit =

1, but in this particular case Na = No = thp = 1; and thus, zs.limlt
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Fig. 5. Lateral gas inflow., Composite diagram of velociity fields in cross
section past the resisltance screen.
a - Without the screen; b — One screen f = 0.3 (ZE - 18); Hp/Dy = 1.13;

" H/Dp = 0.18; ¢ — Two screens f3 = o = 0.3; Hp/Do = 1.15 1/D, = 0.163
§/Dp = 0,323 4 - Two screens f] = fp = 0.3; HP/?D0 = 1.13% l/Dp = 0,263
H/Dp = 0.22; e ~ One screen £ = 0,3; Hp/Dp = 1.1; H/Dp = 0.32 and a sys-
tem of laminae; £ - Two screens f1 = fp = 0.3; Hy/Dg = 1.1; 1/D, = 0.16;
H/DP = 0.32 and a system of lamlinae.
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Fig. 5. Central downvzrd gas inflow,. Composite diagram of velocity fields
in cross section past the_resistance screens.
a - Without screens; b — One screen f = 0.11 (2p = 200); Hp/Do = 1.0;
B/Dp = 0.41; ¢ - One screen T = 0.3 (2p - C. 18), H,/Do = 1.0; H/ = 0.41;
d - One screen f = 0.35 (2p - 12.5); HE/DO = 1,03 p = 0.41; e e screen
f = o35(zp-125),np/1>p=14, = 0,323 f-O_Qescreenf-025
(2, - 12.5); /D = 1.4; H/Dy = O. 84, g€ = One screen f = 0.42 (Zp - 7);
/E = 1,0; H a 0.41; b - gwo screens £] = 0.3, fg = 0.35; H p?BO = 1,03
1/1>p = 0.1; B/D, = 0.41.
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symmetrical cownward inflow type of apparatus (see Figs. 5a and 6a).

2., The instzllation in a lateral ges deliverj type of apparatus of one
resistor screen with Zs = 18 (?'= 0.30) instead of 2 screens with computed
coefficierts Zs = 15, fails to insure zn even distribution of gas flow over
the entire cross section area of the work chamber. The characteristics of
uneven gas distribution are similar to those manifested in the absence of
resistor screens (see Figs. 5a and 6a).

3. The installation in a lateral gas delivery type of apparéfus of 2
screens with a resistance coefficient approxiumating those theoretically
cémputed, i.e., Zs.syst = 18 at f = 0.30, effects a thorough, even gas
velocity field throughout the entire work chamber cross section. The degree
of gas flow uniformity in this case is practicelly identical for between
screen distances of 1/Do - 0.16 (Fig. 5b) and 1/Do = 0.26 (Fig. 5a).

4, A combination gas distributing systen consisting of a system of
directing plates (Fig. 2a) and one resistor Zs = 18 (?i= 0.30), equalizes
the gas flow to a high degree (Fig. 5d). However, the equalization would
be better if two resistor screens were incorporated.and'omitting the direct-
ing plates. .

5. The addition of a set of directing pluates to 2 resistor screens
resulted in no worthwhile improvement in the even gas flow distribution in
the apparatus. However, the directional plates increased the stabiiity of
the gas flow and diminished their torsional and slope-~-like deflections

6. The use o6f "a single screen having an excessive resistance‘coeffidiént
such as Zs,g 200 as compared.with a low coefficient of the active screen area
f = 0.11 in connection with a central symmetrical downflow type of delivery
sharply changes the whole picture of the gas flow., In the absence of resistor
screens, maximum gas velocities may develop at the walls of the work chamber
accompanied by central negative velocities, or reversed flows (Fig. 6a); the
installation of a single resistor screen will shift the maximum gas flow
velocities toward the éentei;df:fhe‘ﬁork“éhamber and the reduced and the B
negative velocities move towa;d the periphexy'(Fig. 6b), A similar set of
conditions has been observed by Mr. P. J. Kuleshov [3] in testing an electro-
-t .pitator type C-140 equipped with 2z resistor screen of an approxi-

- —— .ar resistance coefficient.- This- author-explained [6] the particular

-12-



behavior of the gas flow observed by P. Ya. Kuleshov. The explanation was
bised on the factlthat for the spread of a ring-shaped gus flow over 2z screen
vith a high resistance cocfficient, the flow must forcelfully undergo a sharp
cnunge of direction from ﬁhe seriphery of the apparatus to the center (Fig. 7).

This change in the direction of

the gas flow is retained by the stream-

lets into vhich the major gas flow

splits as it passes through the screen

perforations, so that in the end the

entire strear. is diverted from its

ULER uuum\\\dJ _ | | A ‘
\\—\‘,‘I’ ‘ ’4’ ‘ ”“H“ \\\ J peripheral t¢ ua central direction,

Se B s ¥ 3, s 3 - s v e
Sereen ey ggg thereby crezting at some distance from

the screen a velocity profile with its

maximm at the center. In the case

under consideration this maximum veloc-

op)max ~ 4.2,
It must be remembered that this {low

ity reaches the value (w/w

~of the gas strean from the periphery
toward the central region is enhanced

by the previously described tendency of

the circular type of gas flow to con-

verge toward the center even in the abw

o sence of a resistor screen.
Fig. 7. Schematic picture of the '
gas flow before and after passing

through a high resistance screen for screen resistance coefficient, i.e.,

symmetrical downward gas inflow,

7. ~ith the reduction in the

with the increase in the coefficient
of its active area of perforationg,the entire picture of gas flow velocity
distribution at first chunges in direction of enhancewent, Thus, as it can

be seen from Fig. 6b, the installation of a screen with Zs = 18 (§.-'O.30),
the maximum of the gus velocities at the center acguires a lower value of
(&/mcp)méx = 3,0 - 3.3, which is 30 - 40% below tuit ol the previous variant.
+4ith the installation of 4 screen having a resi<tince coefficient close to

the one computed, l.e., 2 = 12 (?'z 0.35), the woximun ouS velocity cecrewses
to (m/wcp)max = 2 - 2.2 (Fig, éb, ¢, d, e), which is ayrroximately 50% bnelow
thit of u screen variant in which f = 0.11. Zcres of negztive velocities dis-
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appear almost completely, the gas flow becomes stable, the torsion movement
is reduced to a minimum, ' '

Where the resistor screen is selected on the basis of theoretically com=~

- puted resul{s, further lowering of the screen resistance coefficient from the

computed value to 2_ = 7 (f = 0.42) creates unfavorable conditions in the ve-
locity field cross sectionally (Fig. 6). This chunges the character of the
field of veloc;ties causing them to approxinate velocity fields of large ZS
and small f. This character of the field of velocities results basically
from the previously described sucking-in action in the central or axial part
of the work chauwber in front of the resistor screen, The relatively low
screen resistance shifts the gas flow from the periphery to the inner central
part of the section.

8. The installation‘of 2 resistor screens in an apparatus of central
symmetrical downflow gas delivery is superfluous. It results in no noteworthy
beneficial changes in the field of gas velocities accompanied with the effect
of a single screen selected on the basis~of theoretical calculations (Pig. 6h).

9. Shifts of the gus flow direction past the resistor screen from the

work chamber periphery to its center may be caused by slanting the gas movement

_in that direction. To prevent the appearance of such slanting gas movement

effects and of the occurrence of "reverse' velocity fields v it is necessary
to install a honeycomb screen above the regular resistor screen (Fig., 8).
Similer results may be achieved by
placing the screen supporting beams
;»crossw1se in several TOWS, dlrectly over

the resistor screen.

. o o . 2l 3
o o o o ... .- Conclusions.

oloo ® o

1. The optimum operative character-

Fig. 8. Schematic drawing of a
rectifying resistance screen. - -
1l - Flat screen; 2 — Honeycomb in electrostatlc precipitators have been

_sereen. ”71"437 . detérmined by experlmentally verlfled

.1st1cs of &as dlstrlbutlng resistor screens

théoretical'computations; For any given apparatus of lateral type.of gas

"deIivery having a ratio Fk/Fo = 16, best gas distribution is achieved by in-

l/>For more information on this subject see [2].



stalling 2 resistor screens with a resistance coefficient ZS o 18 (coefficient
of the active perforated area to the total screen area ?}u 0.30). The relative
distance between the screens should be not less than 1 = 0,15 Do, and between
the first screen and the axis of the gas delivery conduit Hp = 0,3 Do.

In central symmetrical downflow gas delivery, equipped with an umbrella-
shaped deflector, best distribution of gas velocities can be achieved with
the aid of one screen having a resistance coefficient Zs =11 - 12 (?'= 0.35 -
0.36). The relative distance of the screen from the axis of the inflow open-
ing must be not less than Hp = 0.9 Do.

2. Replacement in electrostatic precipitators of o0ld screens of high
resistance coefficient Zs ~ 200 (?'= 0.11 - 0.12) by a theoretically computed
screen with Z_ = 11 - 12 (f = 0.35 - 0.36) lowers the maximum velocity of the
gas cross sectionally by approximately 50%, correspondingly increases by more
than 100% the productivity, and raises considerably the gas purification co-

efficient.
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Rate of Nitrogen Oxides.Absorption by Alkaline Solutions and by Nitric acid.
V. I. Atroshchenko and E. G, 3el:as:ova,
‘(Khar'kov Polytechnic Institute i... V. I. Lenina).
Zhurnal Prikladnoi Khimii, Vol. 25, FNo. 11, 1143-1150, 1952,

Absorptlon of nitrogen oxides by alkaline solutions has geined wide ac-
ceptance in the nitric acid industry. The process louered considerably the
cost Qf absorptlon, freed the capital ordinarily invested in construction
equirment and maintenance of absorption towers, und yielded nitrate fertilizer
as a by-product. Of equal importance is the concentrzted nitric oxide ob-
tained in the cdnversion of the alkaline nitrites into nitrates from which
concentrated nitric acid can be produced by direct synthesis.

Many basic studies have been conducted in the U.S.3.R. dealing with the
problem of nitrogen oxides absorption by alkaline solutions by the present
aﬁtéors [1 - 5], by Zhivotovskii [6] and by Perelman and Kantorovich [7], and
- with the conversion of zlkaline nitrites into ni&ratés b&—éoéin and~Miniovich
(8, 9], Zhivotovskii [10, 11]; in this connection studies by Krichevskii and
Kantorovich [12] and Perelman and Strakhova [13] established imﬁcrtant and
necessary constants, Of basic impo;ténce to the Tuture expansion of the nitric
acid industry is the enlargement of the so~called alkaline departments, so
that gfeater volumes of nitrogen oxides could be absorbed, accompanied by a
corresponding reduction in the absorption of nitric acid. -

It has been known that the. absorptlon of nltxogen oxides by water in the
mproductlon of nitric acid was acc ompanled by nltrlc acid decomposition and
a partial liveration of nitric oxide which had to be reoxidiged repeatedly.
Absorption of nitrogen oxides by alkaline solutions prevented the decomposi-
tion of nitric acid and eliminated the extra steps of regaining the nitric

acid by repeated coxidation. Alkaline solutions absorbed not only NO, gas but

2
2 3 [vo + NO ] as well; the formatlon of the ldtter is accomplished in a

considerably shorter time than the formatlon of nltrlc oxide., It is pertinent -
to mention at this point that_N2 3 (nitrogen tr10x1de),or an equivalent wix-

ture of NO +‘N02

rapidly than nitrogen dicxide. The nitrites formed in the process of alkaline

were absorbed by alkaline solutions most readily and more

absorption were converted into nitrates aécording to the following equation:

3NaNO2 + 2 HNO - 3NaNO3 + H20 + 2NO

~16-



The nitric acid formed as = by-.roduct is returned tc tiue irivizl otege
cf the ~bsorption system; it can a2ls0 be concentrated by centrifugation wné
cun be used in the wanufacture oI concentrated nitric azcid. Litrogen cxides
are avsorbed at present by solutions of Ca(OH)2 instead of NaCO3. Absoryption
cf nizrogen oxides by Ca(OH)2 czn produce highly concentrated Cz und N by-
procucts, The heretofore pieveiling meximun ustsorption ol nitro.en oxides
ran.ed between 5 - T%; absor.tion with solutions of Ca(GH)2 ruised the uaximun
to 25 - 50%.

On the basis of the above cited studies, trhese authors [5] cowputed the
siow reaction time and found tnat with a coubtination of z2cid and zlkaline
absorition of nitrogen oxides there was a minimum reaction tite for the entire
process and a winioum capacity fcr the aBsorption towers Zcr each retio be-
tween tiae degree of acid and alkaline absorptioniof nitrégén oxides, -

Curves in Fig. 1 show that the waximum reaction fate, znd consequently
the wnininum absorption volume, vere attained when the nitric zcid yield
amounted to 40 - 70% and of nitrates 25 - 55%.

Curves in Fig. 1 are plots constructed on the basis of tue following

corresponding reactions:

B 5 25 & 6 & ¢ Nitric acid oxidation:
500, {or.25 2NO + O, = 2NO, (1)
00 7540 Alkaline nitrites inversion:
. NaNO, + NO, = NaliO, + NO (2)
J30g 56.55 2 2 - 3
e or 3NaNO2 + 2 HNOB-:.3NaNO3.*.H20.¢<2NO“.
200 77 Acid ‘absorption of nitrogen oxides:
100 1885 . 3NO, + H,0 = 2HNO; + NO
) ’ and 2N0-+ O, = 2NO 3
Ao 0w 20 0" 2 =2 (3)

Oxidation of the nirogen oxides to N203:

Figs e Functional relation between re- 2N0 + O,SO2 - NO + 1\102 (4)
sction time and absorption volume on.the - .

one hand and the ratio vetween the re-
sulting nitric acid and sodium nitrate on . NO + NO

Alkaline absorption of nitrogen oxides:
+ NayCOy = 2NaNO, + €O, (5)

the other hande . = R 2
AB - Time in seconds; AD - Percent of At a given ratio between acid and
HNO3; DC - Reaction voluwe in »*; EC -~ .
Amount of NaNO3. alkaline absorption of nitrogen oxides
| - Curve of nitrogen oxide oxidation; ) .
2 _ tnversion curve; 3 — Curve of acid under atmospheric pressure, the absorrtion

absorption; & - Curve of nitrogen oxide
oxidation in 2nd toeer; 5 - Curve of
alkaline absorption; 6 - Curve of. jeneral ‘ton of ammonia oxidized in 24 hours.
process - amounts of treated gas per ton
of ammonis per day.

volume is reduced from 171 to 40 m3 per
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A different reaction time ratio may hwuve to come into play if considera-
tion is to be given to the question of nitric oxide formed as the result of
the inversion reaction:

3NaNO, + 2HNO; - 3laNOy + H,0 + 2NO (6)

for the purpose of obtaining concentrated nitrogen tetroxide withcut return-
ing it for reconversion into acid and salt, )

With a total 95% absorption the degree of alkaline absorption of nitrogen
oxides must amount to 57%, as can be seen from equation (6), and the degree
of acid esbsorption must be 38% (or in a 3:2 ratio). In all instances the
nitric oxide amounts to 2/3 of the nitrate salts. In this case the gas remains
in the towers 116 seconds and the absorption volume is 22 m3 per ton of ammonia
oxidized in 24 hours. In the case of simultaneous preparation éf dilute nitric
acid, nitrate salts, and nltrlc oxide the changed time of the gas remaining
in the towers can be determined from curves in Fig. 2.

In connection with the complex processes which take place in the forma-
tion of nitric acid and alkaline nitrites from nifric oxide, fhese authors
made an experimental study of the relative velocity of the total nitric oxide

conversion (reactions 1, 3, 4 and 5) at different ratios between acid and

B 5 25 45 &5 ¢ alkaline absorption. The apparatus
. 00 , 47300 used in this study is illustrated
o0 ‘5‘55 diagramatiqally in Fig. 37
o N ) The absorption apparatus con-
o 200} 19770 7 T sisted of 5 individual absorption’
100 :,&&, units (4), performing as independent

1 S - horizontal towers., Acid-or alkali

4Y%0 80 86 00

Fig~ 2. Functional relation betweon reaction time

and sbsorption volume on the one hand and the ratio
between the result'ng nitric acid and sodivd hi-

trates on tho othor hand at sirultencous removal of

alk.lone salts of nitric acid formod by.the in-.

i vErslon creaetion, Y o - T el o8 0 -

AB - Yomo in secends; AD ~ Percent of HNO3; OC -
Resction voluse in ®3; BC - Anount of NaNO3.

! - Curve of nitrogen oxides oxidation and nitro-

gen dioxide absorption i. acid towers; 2 - Curve of Fig. 3. Plan of the incteliation employed in
nitrogen oxide oxidation to Np033 3 ~ Curve of ni- studying tho rote of nitrogen oxides absorption
trogen oxides absorption in alkaline towers; & - ot difforeat acia and alkaline ahsorption
Curve of the general proceas — amounts »f treated . o rates.
gas on the besis of | ton of ammonia per day. ) < Ges meter for mitragen oxide; 2 --Flow
Amount of resulting nitrogen oxide amgunted to 2/3 moter; 3 - Constant air temperature chumber;

of the produced NeNO3. % ~ Abserbor apparetus; 5 - Electric motor.
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was poured into each absorption unit znd the absorption apparatus was rotated
with the zid of an electric metor until the absorption unit walls vere wetted
by the liquid. A wixture of z constant composition of air, nitrogen, and
nitric oxide were run into the first absorpt;on unit and then into the others,
after wvnich it was discharged into the atmosphere.

The volume of a single absorption unit was 110 ml, and the free volume
was 100 ml. The liquid-wetted surface of a single absorption unit was 100 cm2.
The diameter of the absorption unit was 3.9 cm; with such a combination of
dimensions each m3 of the absorber had a surface area of 110 m2. Ten ml of
acid or alkali were poured into each azbsorber unit. The nitric oxide liberated
during the experiment ranged between 800 ml with high degrees of absorption,
and 1200 ml with a low degree of absorption. The chosen ratio of the liquid
volume to the nitric oxide volume was such at which no marked changes could
take place in the concentration of the liquid, but which could increase the
accuracy of the analytical results. The gas volume was regulated so as to
obtain a mixture containing 10% of NO, 9.5% of 02, and 81.5% of Nz. The
nitrous gases remained in the absorption apparatus 50 to 300 sgconds. The

'absorption system was placed into a constant temperature chamber kept at 25° C.
During the first experiment, acid was poured into all the absorber units. In
subsequent experimeqts, in place of the acid, alkaline solutions were poured
first into one, then into 2 absorbers, etc., beginning with the end of the
absorption apparatus, thereby creating different ratios between the acid and
the alkaline absorption. The distribution of the acid concéntration in g/li

“in'the absorptlon units was as fellows: 1 - 610.33 2 =.536.4; 3 - 358.9; 4 - B
222 7 and 5 < 85.5., The dlstrloutlon of the NaOH concentration in g/ll in the
absorption units wes: 5 = 32.6;5 4 ~ 112; 3 = 177; 2 - 254.9 and 1 - 396.1.

) Determination of the degree of absorption was attained by analyzing the
liquid phase for total acidity or élkalinity. The results were checked by
.several parallel experiments and also by ges analysis., Thus, this set-up
accorded with all the conditioms of the technological process, with the ex-

. ception of the llnear 888, velocity, which in the experimental tests was
several times below the ones prevalllng under 1ndustr1€i condltlons.'

Results of the experiments are.listed in Table 1. Curves in Figs. 4,

5 and 6 are plots of data listed in Table 1; they 111ustrate the changes in
the absorption rate of nitrogen oxides correspomnding to changes in the degree
of acid and alkaline absorption, ~~
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TABLZ 1.

Changes in the degree of nitrogen oxides ubsorption in the absorbers ut
different ratioz between acid and alkaline =zbsorption, at different time-

duretion of the gas remaining in the absorbers and
at different rates of zus -flow,

(Temperature 25%; concentration of NO = 10%, and of 0y = 9.5%;

T = absorption in seconds; a =

percent of absorption).

Alkaline absorption

-20-

Absorbver : . : :
Yo, : 1 2 : 3 : 4 5
i Rate of zas flow 114.6 (in cm3/min) or 12,6 m3/hour
Acid absorption
T 52.5 107.6 164.0 221.0 285.0
a 6.3 30.1 49,2 61.8 71.9
T 52.5 107.6 164..0 221.0 288.0
a 5.9 28.8 48.6 61.4 81.6
T " 52.5 107.6 164.0 223.0 292.0
. a ) €.1 B 29.4 48.3 G3.7 96.4
T 952.5 107.6° 170.0 229.0 - - 293.,0
a 6.4 30.4 58.7 97.0 8.2
T 52.5 112.7 171.0 230.0 293.0
a 6.1 80.9 95.4 92.5 99.5
T 57.0 115.0 172.0 230.0 293.0
a 91.1 99.0 101.0 101.5 101.5
Alkaline absorption
Rate of gas flow 344 (in cm3/bin) or 37.8 m3/hour
Acid absorption
g 17.5 -- 7 .35.67 54.3 - --72.7 ...62.3
a 4,1 21.6 40.6 53.6 £2.3
T 17.5 35.6 54.3 T2.7 93.1
a 3.6 21.0 40.5 53.3 70.5
T 17.5 - 35.6 54.3 74.8 4.5
a 3.9 20.2 39.7 71.8 84.9
T 17.5 35.5. 56.1 15.7 5.0
a 4,2 21.8 7.4 87.5 ¢l.1
T " 17.5 37.5 56.8 - 76.2 . 95.5
a 3.7 73.5 g8.1 94.8 G6.7
T 16.8 38.1 57.3 76.5 95.8
Ta " 81.6 S TG4, 8.1 h 10C.3 1C0.3



Rate of gas flow 688 (in cm}/bin) or 75.6 mB/hour

Acid absorption

RAAYavadiadiagA

8.72 17.52 26.9 36.3 46.8
0.00 7.10 29.3 44.6 54.1
8.72 17.52 26.9 36.3 47.2
0.00 7.10 29.1 43.9 58.0-
8.72 17.52 26.9 - 36.8 47.5
0.00 6.80 28.4 58.3 67.0
8.72 17.52 - 27.5 37.3-- 47.8
0.00 6.70 56.2 72.8 81.3
8.72 18.40 28.1 37.8 48.5
0.00 62,10 78.6 86.4 88.1
-9.35 19.00 28.6 38.3 49.0
72.90. . 93.0Q. 96.1 98.2 99.3

Alkaline absorption

.
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Fige 4. Degree of nitrogen ox-
ides ebsorption g% different
acid and olkalina ‘sbsorption

ratios at gas volume rates of

12.6 #3/hour. Tesperature 259,

concentration of nitrogen oxide

© 108, oxygen 9.58. - -

A - Porcent of sbserption; 8 -

Number of absorbers.

| -~ Renge of clkaline sbgorp-
tiong 1] - Range of ecid ab-

sorption,

Fige 5. Degrae of nitrogen ox-
ides sbasorption at different
acid and alkajline absorption

ratios at gas voluzs rates of

37.8 z3lhwr.' Cther notations

F 2

sses a8 in Fige W.

Fig. 6. Dasgree of nitrogen ox-

ides absorption at different
acid and sikaline absorption .
ratios at gas volume rates of

75.6 w2/hour.

Other notations
same as in Fig. 4.

Data in Table 1 show that the degree of nitro-

gen oxides absorption was determined largely by the

time the gas remained in the absorption unit, which,
in its turn determined the degree of NO oxidation, and in particular by the

linear velocit§”8f théuéés; B} virtue of its effect on the degree of nitrogen

oxides absorption.

Thus, an increase in the time the gas remained in the ab-

sorber units from 47 to 285 secondﬁ,and a consequent reduction in the linear

gas velocity to 1/6 of the initialyresulted in an increase in the total nitric

acid yield from 54.1 to 71.9%.

This indicated that a comparison of the rates

of nitrogen oxides absorption, as a function of the rutios of acid to alkaline
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absorption, must be made at jdentical linear velocities. Replacement of acid
absorption by alkaline sharply increased the absorption rate of the (higher)

nitrogen oxides., Thus, at volume velocity of 12.6 m3/hour, or 114.6 ml/min,

the total degree of the (higher) nitrogen oxides zbsorption in a nitric acid

absorption unit amounted to 71.9%. Replacement of the 5th acid absorption
unit by an alkaline increased tﬁe degree of absorption of the (high) nitrogen
oxides to 81.6%. Replacement of the acid solutions in the 5th and 4th ab-
sorption units by alkaline solutions increased the absorption degree of the
(higher) nitrogen oxides to 96.4%. Similar replacement in the 5th, 4th and
3rd absorber units increased the absorption degree t6 98.2%, and similar
replacement in the 5th, 4th, 3rd and second units raised the absorption to
99.5%. : .

When alkaline absorbiné solutions alone were used, 99% of the (higher)
nitrogen oxides were absorbed in as few as 2 absorber units, as compared with
only 30% in the case of acid absorber solutions. Approximately the same ratio
in the rates of acid and alkaline absorption was noted at other gas flow
velocities. The fact that the difference in the absorption rates of the

(higher) nitrogen oxides by acid and alkaline solutions increased sharply

‘with the change from low to higher concentrations of the higher oxides is of

great signifibance in the absorption of (higher) nitrogen oxides bj nitric
acid solutions. The reaction, tlme in the reglon of the low degree of absorp-

tion can be determined approxlmately by the equation:

n“;mi_ e e e ) RO RN - e (7)

R S S -]

where v is the time in seconds; a the degree of absorptlon of the (hlgher)
nitrogen oxides; a is the lag in the absorption of the (higher) nitrogen
oxides after their oxidation in secondsj; and K is the reaction velocity
constant. In absorption of the (higher) nitrogen oxides by NaOH solutions
the reaction time at high absorption degree can.te determined. approximately
from the eguation:

N T T S | I

e
Data in Table 2 present the values of a and K for acid and alkaline ab-

C e . T —'i in

sorption, In‘éddition, the numerical value of a depends on the gas and acid
concentratlon. These data can be used for the determination of the relative

rate of nltrlc oxlde ‘conversion into nitric acid and alkaline nitrites,

=20



‘A - Troatoent in %3 B -~ Time in seconds,
,.1.& 2 - Corresponding degree of acid and

TABLE 2, ’ A direct study was made of the

£ s ps N .
Values of a and K at 250 C and effect of specific gravity 9f the

110 m2/m3 of specific inflow offset alkaline absorber solution on the

surface area. . .
change in volume of the absorption

:  AbSorboT appargtus; the results showed that
Qgizmilggte§ Abéorber HNO3 ! NaOH 70% absorption of the higher nitrogen
m3/hour gsezozgs g K E K oxides required 5 absorbers; whereas

T : the same degree of nitrogen oxides
%?:g ??:g g:ggggé g:gg%g absorption by alkaline solution was
75.6 15.0 0.02790 0.1193 attained with one-half the absorber

solution volume of one unit.

At greater linear gas velocity, such as prevailed under industrial condi-
tions, the absorption rate of the higher nitrogzen oxides is controlled by the
oxidation rate of nitric oxide. The latter rises with the increase in the
nitric oxide and oxygen concentration and rapidly declines at low gas concen-
trations, Under such conditions the reaction velocity is determined by the
speed of the nitrogen oxides dissolution in the liquid, as can be seen from
equation (7). .

!0‘0 The functional relationships between

90 the rates of nitric oxide oxidation and

80 the absorption of the oxides of nitrogen

;Z by nitric acid and by alkaline solutions
50 - are plotted in the form of curves in Fig. 7.

w0

Por efficient absorption of nitrogen
30

20
10

i oxides by solutions of nitric acid, the

nitric oxide rmst be oxidized to. the point

0 26 $0 5030 150/2011}0160130200?:20 8 at which the NO2 concentration exceeded

Fig. 7. Ratio of rates of nitrogen ox~ the NO2 nitric acid balance concentration.
ide and nitrogen oxides oxidation in . . .
- olkaling and nitPic acid solutions: -~ - For 47.5%-concentration of the acid in

the first absorber unit the nitrous gas

~-glkalino aoserytion at. gas flow voiune e cbr;taiﬁi?i 104 NO and 9.5% O mmust be -~ 7
rate of 12.6 n°/hour; 3 & 4 -~ Ditto at g » 9.5% 2
37.8 o3/hour; 5 & 6 - Ditto at 75.6 oxidized to the extent of 55%. Therefore,
m3/hour; 7 - Nitrogon oxide oxidation to . ; ) i o —
nitrogon dioxido; curva 7 was constructed prior to the g=s oxidation in the initial
on tho bagis of .he course of tri- . . . . .
molocular oxidation of nitrogen oxide stage the acid may be reduced by the nitric
in a miature °°;“i"i"9 10 NO_in -.  .oxide; and.only when .the acid will
9.5¢ of 02' N ) - -
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have been reduced to 55% will the NO2 abéorption by the acid become uctive ..
again. The time required to reach such degree of nitric oxide oxidation is
the factor which determines the delay in the absorption of the nitrogen ox-
“ides (value ;). This also explains the low degree of nitrogen oxides ab-
sorption in the first absorber~unit.

In alkaline absorption, on the other hand, taec formed nitrogen dioxide
is absorbed together with an equivalent awount of nitric oxide. This fact is
responsible for the sharp increase in the absorption rate of the nitrogen cx-
ides in an alkaline absorber.

" In nitrogen oxides absorption by nitric acid solutions, the process is
controlled in the initial stage by the rate of nitric oxide oxidation and
later by the absorption rate of nitrogen oxides and at the end of the process,
again, by the rate of nitric oxide oxidation, as indicated by the curves
depicted in Fig. T. . .

' The data presented above show that under the same conditions the absorp-
tion rate of nitrogen oxides ﬂy.alkaline solutions is many times greater than
absorption rate attained with nitric acid solutions.

The basic data produced by this study show that with an increase in the
rate of alkaline absorption of nitrogen oxides and a corresponding decrease
in the rate of acid absorption, the reaction volumes will be lower than those
plotted in Figs. 1 and 2. : )

Conclusions.

- i. The results of the study demonstrated that a functional relation-

“ship éxisted between the degree of nitrogen oxides absorption and the increase
in the specific gravity of alkaline absorbers, accompanied by a corresponding
reduction in the degree of nitric-acid absorption.

2. The results also established that at the combined productian of

nitric acid and sodium nitrate by the method of increasing the degree of

ﬁifroéen oxides absorption by alkaline solutibns, the reaction volume can be

A reduced C‘Qnside?‘?bly'

T e e T i -7~ - 7 Bibliodgraphy. CE e e

1] B. Arpomeugo. TexHozorus asoTHOH KHCAOTH. Focxumuanar (1949). —

-q2) é Atpomernxo, Yxp. xuM. w. 3, 215 (1935) n 10, 444 (1937).—(3] B. Arpo-
menko, XIMNX, 2 167 1939).—1:] B. Arpomesriko, XXM, 7, 26 (1938).—
46) B. Arpomenuo, Tp. Xapex. XTH, 5, 75(1945) u 6,29 (1946). —[6] A. dKumoToOB-
cxnfl, Xnucrpofi, 3, 158 (1935). —[7] lepeapmar & Jl. Kantoponu9, X,
5, 3 (1940).— (8] B. Torum u M. Mwnnosuu, Xuucrpodt, 9 2470 (1933).—
9l M. Maanosuw, MXI, 2 108 (1937).—[10} A. Musosroscunil, XM, 20,

oot e ‘{&2]21 1936). — [11] A. XX W BoY 0.8 C x B &, Xumcrpon, 7, 380 (1934).—[12)U. Kpueencunh
wJl. Kentoposuu, XXII, 2, 139 (1935).—[13] C. Mepeapuanu B.Crpaxoss,
23X, 12, 28 (1938). . .

-24~



Bubbliﬁg Air Through Viscous fluid.
I. P. Levi and O. B. Balandina,
(The Middle asian Polytechnic Institute).
Zhurnal Prikladnoy Khiwii, Vol. 30, No. 5, 1029-1039, 1957.

Determination of pressure drop in the bubbling process is necessary for
the hydraulic calculation of reactivation columns, bubvle towers, bubble ab-
sorbers, gas purification scrubbers, distilling columns and other similar
apparatuses in the chemical and food industry. Hydrodynamics of bubble ap- -
paratuses was studied by Stzbnikov [1, 2], Rerw [3], Zhavoronkov and Furmer
(4], Usyukin and Axelrod [5], Axelrod and Dil'man [6- 9], Pozin, kukhlenov,
Tumarkina and Tarat [10], Aerov and Darovskikh [11] and others. iIxperiments
of the above authors were conducted in relation to operation of bubble towers
or foam apparatuses with height of fluid layer often not exceeding 5 cm., The
following bubble systems were used: water-steam [1, 2], low-concentration
salt solutions-air [10], water—air [10, 7], ethyl alcohol=air [7]; water--
nitrogen 9], liquid air-air [5), organic solvents-air [9] ané other systems
of low viscosity in liquid phase. Because of the low liguid phase viscosity
due consideration was not given to viscosity e{iect on pressure drop in the
bubbling process, and many authors entirely disregarded viscosity in making
hydrodynamic calculations of bubbliﬁg processes. There are practically no
data on bubbling throﬁgh thick viscous fluid layers.

' ;n thisARapeyhngu;ts are presented of a study of air bubbling through
an aquéoﬁs giyéerine solution layer Sf-IZfO'BO ééqtipoises viscosity and 0.3 -,
to 70 cm thick, using a laboratory column;-equations ﬁere derived for the
calculation of pressure drop developed in the process of bubbling at given
fluid viscosities., Glycerine solution was chosen for these experiments
because changes in viscosity occurring in this liquid pbase within wide linits

had a negligible effect on surface tension and specific gravity of the fluid

(vpq)- ‘ : ——

‘The course of the .process. "At high rate gas feeding into the bubbler,

placed deep bvelow the surface of the liquid phase, an emulsion is formed by —-
the rising gas bubbles, which accumulate over the bubbler. Under such cir-
cumstances the hydraulic resistance which the gas layer has to overcome

depends upon the hydrostatic pressure of the ewulsion column and the hydro-



dynamic resistances created during the gas passing through the liquid phase
layer. The hydrostatic pressure is deterwmined by the specific gravity of the
emulsion, which depends upon the degree of liquid saturation with the gas.
Saturation of the liquid with the gas reduces the specific gravity of the
emulsion and thereby decreases its hydrostatic pressure. But, an increass
in the saturation requires an increase in the gas supply rate, which, in turn,
creates increased hydrodynamic resistance. Thus, in the process of bubbling
hydrostatic pressure and hydrodynamic resistance act as functions of one

. another: increase in hydrostatic pressure automatically leads to a decrease
in h&drodynamic resistance., Both factors act as functions of the fluid vis-
cosity u, in kg/aec/mz, and of the gas quantity supplied V, in m3/sec, pro-
vided the thickness or height of fluid layer H in m, the fluid's specific
gravity v, in kg/m3, specific gravity of gas Ye ig kg/m3, the diameter of
the bubdling column D in m, the diameter of the bubbler d in m, the fluid
volume in the column Vfl in m3 and the surface tension ¢ in kg/m remained
constant, .

. A study of viscosity effect on the bubbling process at constant rate of
gas supply established that an increase in fluid viscosity increased hydro-
dynamic resistances, décreased.specific gravity of the gas emulsion and changed
the course of the bubbling process. Change in viscosity automatically results
from an increase in the hydrodynamic resistance, as can be seen from the fol=-
lowing equation: '

A L2
APg=Xg3 o2y (1)

. wﬁére APg-éeﬁoteéfiydrodynamic rési;fahce in’kg/mz, A denotes the friction
coefficient, 1 the distance of gas movement in m, 4 the bubble or gas jet
diameter in m, w the rate of the gas flow in m/sec, g .gravity acceleration
in m/seca. It is known that A = @ (Re), where Re is the Reynolds criterion.
Hence, all other values being constant, A = @(p) and APg = @(u). A change
in specific gravity of the gas emulsion with a change in fluid viscosity is
connected with an increase in the dizmeter of the rising bubbles. For the
determination of the bubble diameters in relation to viscoéity the assumption
is ﬁéde.that ﬁuriﬁg the bubbling process a transitory intermediate state
comes into being; with such an assumption in wind Zrelov’s [12] generaliza-

tion can be used for the calculation of bubble diameters.
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n /ﬂ°d.3-n.(p1-p).g

2=n . (2)

6 °K v
n

where 4 stands for the bubble diameter in m, 04 and p for the densities of
the fluid and gas in kg/sec /ﬁ , K and n are coefficients related to the rzate
of bubble mwovement, v is the coefflclent of kineuatic VlSCOblty in m /sec

For the tran51tony stage and with Re = 25 to 350, according to Zrelov's
data [12], K = 10 ° n/8 = 3.92, n = 1.5. Under such conditions equation (2)

assumes the following form:
1. ° 1. o L 2
5 [u e al+? (b, -9) " &

W o= 3
N/ T e 05 -, )

On the basis of experimental data of previous investigztors vresented
by Ramm [3], the speed of rising gas bubbles & > 6 mm increases only slightly
with increase in the diameter z2nd constitutes about 0.25 m/sec. Consequently,
with a certain épproximation allowance, it can be accepted that w = const.

It was previously shown that 0y = const, and p = const.; accordingly:

a=K"° 5 (4)
where K is a numerical coefficient of all the constant values: w, Pys Py &

and others. For different diameters dl’ d2 and different viscosities Bys Bo

use can be made of the following equatlons.

e geg %1 S (5)
ot Vig ©

It was previously indicated that Ki = Ké, hence:

(1) .

Assuming that d = 1 cm and"p,_ .1 centipois,determinations -can:be made of
bubble diameters at By = 10 cent1p01aes, By = 20 centipoises, etc, The .sizes

of gas bubbles, in relation to viscosity, calculated in accordance with

generalization (7) are presented below:

Viscosity in centipoises 1 10 20 30 40 50 60 70
D%ise22§ of bubble - 1 2.16 2.72 3.11 3.43 3.69 3.91 4.13
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Reynolds criterion in the case of bubble movement of above values is within
the limits of 150 - 250, which corresponds to stage III of the transitional
movement course. . A

The above calculation is only approximate since single bubble movenment
doés not exist even when gas is bubbled through fluid phases of very high
viscosity. However, this calculation demonstrates the increase in the bubble
diameter with increase in fluid viscosity, which can be clearly observed during
the tests; this actual increase in the size of bubbles is greater than indicated
by the values obtained according to equation (7).

Changes in the bubbling system created by increase in viscosity lead to
loss in kinetic energy of the gés jet in overcoming the increased hydrodynanic
resistance. The general picture of changes appears as follows: .in the initial
low viscous fluid a stream~like movement of gas is formed in the shape of a
clearly defined torch as shown in Fig. 1. The hydrodynamic resistance in the
case undef consideration depends on the fluid viscosity; therefore, with the
increase of the 1atter,the fate of‘gas flow diminishes correspondingly while
its incoming volume remains constant; as a result,the cross section of the
torch-~like or funnel-shaped gas stream increases, simultaneously minor indi-
vidual jets of the torch flow together and the torch-like formation begins to
break up into gas bubbdbles.

With the increase in the fluid Yiscosity the torch-like jet gradually

.disintegrates and,at sufficiently high viécositybit completely disappears,

transforming into large bubbles (Fig. '
2). Consequently, as the fluid vis-
cosity increases the system of the bub-
bling process must become transformed

from the stream -to the bubble system.

DU

This was substantiated by our experi-

)

ments,
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Change in the rate of-gas inflow. -

R
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- ‘causes changes in hydrodynamic resistance,
Gas :
b md

-— in specific gravity of the gaS emulsion
Fig. 1. Gas Fig. 2. Gas and in the performance of the bubble
- bubbling.through  bubbling through  gystem, Specific gravity of the emulsion

low viscosity high viscosity ] :
fluid,  fluid. is determined by the degree of fluid
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saturation with gas, which increases with the increase in rate of gas inflow.
The increase of hydrodynamic resistance depends upon the increase in the rate
of the gas flow in the medium. At constant viscosity the bubbling process
changes from a continuous stream into.a succession of bubbles as the gas
supply decreaseé, and vice versa. Hence, a change in the rate of gas inflow
must noticeably affect the hydrodynamic system of the bubbling process,

The suggested bubbling system characteristically presents 2 extreme
possibilities: bubbling through a low-viscosity fluid with a clearly defined
torch-like gas jet, and bubbling through a high-viscosity fluid with an almost
completely disintegrated jet and the formatiom of single large gas bubbles.

It follows from the aforesaid that an increase in the fluid viscosity created
the following paradoxical conditions: an increase in the hydraulic resistance
as the gas flows through the fluid phase, and a decrease in the hydrostatic
pressure of the gas emulsion column over the bubﬁler due to the lowered specific
grgyitx of the emulsion. Depending upon the prevalence of one or the other of
these factors, the total hydraulic resistance in the process of bubbling, with
viscosity rising, may increase or decrease. The effect of viscosity becomes
more pronounced as the height or thickmess of the fluid layer increases, which
is a consequence of the very nature of such forces, since their absolute value
increases with the increase in the surface and the path of their action.

Jith low height (thickness) of the fluid layers the viscosity effect will

be considerable. ‘ '

The proposed bubbling system points to some means of deriving equations
for the calculatighubf'hydraullc re31stance of bubbling apparatuses.- The fol-

lowing is offered as a general equation:

Ap = bp; + Bp, + - Bp, (8)

where AP is the hydraulic resistance of a bubbllng 1nsta11at10n in kg/m ’
APy hydraullc resistance of the bubbler screen in kg/m » AP, resistance re-
bultlng from the forces of surface tension in kg/ma, Apj resistance of the
_fluid layer in kg/m .

The vulue of Apl is determlned with the a1d of" the usual equation for the -

calculation of dlfferent tyles of partial resistance [10, 13].

The nature of surface ‘tension forces in relation to the systems under

study gives rise to the following equation:
ap, = 9(o ) i (9)
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where ¢ is surface tension in kg/m, T wet screen perimeter in m.
Evaluating the functional interrelations in equation (9) and with the
aid of the theory of differential values the following equation is derived:

Ap, = 4 ° % . (10) .
where A is dimensionless coefficient.
Equation (10) has been verified by many authors [6, 10].
The value of Ap; can be derived from the following equations
A3-B (k+c) o (11)

where k is a dimensionless coefficient which takes into account the effect of

viscosity on hydrodynamic reeistance of the medium layer, ¢ is a dimension-

less value, which takes into account the effect of fluid saturation with gas.
'Other values remaining constant, fluid saturation with gas will depend

‘on the gas volume passing through the fluid layer.

_ _In this study the volume of gas (n) vudbled throu@ the fluid 'phase is

derived with the aid of the followmg equation: T 7 Tt oo

(12)

where Vn is the volume of fluid passing over the area of the bubbler screen F.
I.n the progent study it can be assumed thats '

Vy=H'P (13)

colewB (:_O)kl e il (14)

where m is the quantity of gas bpbbled through the fluid phase, n, is the initial
&gas volume, B is the proporticnality coefficient,.kl is the experimental co-
efficient. -

In determining the valuo of coefficient k the fact should be taken into
consideration that in the bubbling process the effect of viscosity on value
Ap; is invariably comnected directly with the amount of ‘ges (n) bubbled through
the tluid phase, . :

The functional relaticmehip of the baaio msical prmc.ple of the process
of bubbling can be exprosced bWy the following egquations

x = ¢85, v, & D, ) (15)
where v is the coefficient of the kinematic fluid viscosity in mz/sec.

=30~



If the functional relations of (15) are expressed in the form of an ex-
perimental equation:

k-A.na.‘b.gc.De.dm (16)

and the differential values are substituted'as shown below:
2 ,
a M M e .
0 = [sec] . [:.s-e—o‘ . [ 3 . [¥) " (17)
seq
then it will follow that:

0= sec® ~ b~ 2c . u2b +Cc+e+n (18)

Assume that @ « O and m = O. Then & = 3/2 c; b= =c/2. For the determination
of the interrslation between e and m, assume that a8 = Oj D= O3 ¢c = 0, in

which case @ = =m, As a result the follow;ng is derived:

(__0_5_3> @ | —

introducing into the calculatlon the followlng m value:

o B - . ) sec
. m
. ‘sec.

and d981gnat1ng it as the specific rate of gas 1nflow, then equation (19) will

become as followss

k=A"° Cnl 5 0 5) @ ~ ‘. (20)

0.5 . O 5 ~
where .. . - g - & - Ro e
-7 . - N - mlls [ \'0.5 ml.s s 0 5 - -

Rea,the dimensionless value, will be designated as the Reynolds bubdling

criterion, D/d = G is the criterion of geometric similtude. To prove that
Rea,by the nature of physical values inherent to iﬁ,is analagous to Re{ m must

be evaluated as shown below:

I . Véec w . F :ﬂ . e e el e e el
i Yy H T 8§ o (21)

" where wg is the rate of gas wovement over the entire surface area of the
bubbler screen in m/sec. Substituting the derived value of m the following
is obtained:

o gled
e v e S CO R
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A comparison of Re  value with the usual Re = w ' 1/r, where 1 is the length
of the flow stream to be determined, discloses that H is the determining
dimensional factor in the bubbling process,and that the appearance of g is
predetermined by the presence of a fres rise of gas bubbles, Hence, Reo is
to a degree analagous to Re,

Substituting in equafion (li) the determined values for K and ¢ and with
the aid of some ;imple conversions, the following equation can be derived:

ﬁ—?-%-;a A* (Re )® * (—5) (23)

where Ap3/H * Yep = E is a dimensionless value characteristic 'of hydrodynamic
turbulence in bubbling processes,

Finally, the following criterion type of equation is derived:
| T .c » e S /m kl .
E=4"R *G°+3 (Tng) (24)

which holds true in cases where an increase in fluid viscosity lowers the
hydraulic resistance of layer Ap3.

Next, an equation is derived for cases where an increase in fluid vis-
cosity increases the hydraulic resistance in the course of gas bubbling. In
this connection it should be noted that b = -¢/2, a = 3/2 ¢, and hence, c =
-2b, a = =3b. |

Substituting tﬁe determined coefficients ?n equation (16) the following

equation is obtalned'

_'”;; l.”f o %) (?) R » (255.» |

In equation (25) r ° J/g - l/Re a. Consequently, the general form of
equation (11) becomes: ‘

‘ k
. - Y . 1
. E=A " (RTP)" % B (Gl (26)

Equation (26) holds .true in cases where the increase in fluid viscosity

increases the hydraullc “resistance of the. layer durlng the bubbllng prdcess. h

Experimental part. The experimental part of the work was 1ntended for

the clarification of the basic principles underlying the physical picture of

the bubbling process, and to check the derived equations,
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Air was bubbled through a
layer. of glycerine in glass
?%i; cylinder (1) 6 cm in diameter
l\\;gjl and 110 cm bigh (Fig. 3). The
ifz; air was forced into the cylinder
:gg: by 2 rotating blower (2) through
7L e a buffer vessel (3), provided
| with a valve (4) for air supply

regulation. from the buffer
Fig. 3. Scheme of the bubblin, zrparatus. vessel (3) the air passed into

: the gas meter (5), =nd from there
into another buffer vessel (6), through a flat screen (7), of thae bubbler, znd
into the layer of fluid. Hydraulic resistance Ap of the bubbling installeztion
was registered manometrically (8). . .

The bubbler screen was made of a nickel plaete 2.1 cm in dismeter and 0.14
cia thick., Nineteen apertures 0.13 cm in diameter were distributed concentri-
cally. The tests were conducted with glycerine of 100, 90, 80, 60, 40 and 20%
by volume having the following corresponding viscosities: 80, 30, 10, 5, 2.5,
1.7 centipoises; pure water and aqueous hyposulfite solutions were used as the
diluents. The height (thipkness) of the fluid layer in the bubbler was of the

_following range: 0.3, 5, 15, 20, 50 and 70 cm. Rate of air flow through the
apertures of the bubbler screen was w = 2 to 16 m/sec. The glycerine sp. &Y.
was. deteruined pycnometrically. Solutibn viscosity was determlned by the
Ostval'd viscosimeter. Surface tension of glycerine solutions o was deter; :
mined by measuring the maximum pressure at the bubbles' breaking point in

Rebinder's apparatus; the data are presented below:

Concentration of glycerine
solutions (in volume %g Hater 20 40 60 80 20 100

Surface tension (dyn/cm 73. oi 70.50 68.91 68,01 67. 41 69.32 70.03

Experiments were conducted in the following order: hydraulic resistance

of the. bubbler w1th a m01st screen was d determlned flrst, then the r651stance -

~ e AL -

of the fluld layers of 0.3 cn ~ 5 10 cm and up to maximum 70 cm- tnlckness ‘was
established. Resistance of different layer heights was determined for solu-
tions of same viscosity at air flow rates of 2, 4, 6, 8, 10, 12, 14 and 16
m/sec. A series of experiments were conducted thereafter with glycerine of

nigher concentration, = -~ T - ot cemst e oelo -
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Pressure drop curves were comnstructed with the

1 aid of the experiuwental data throughout the entire
1660 bubbling installatior (Ap) in relation to different
: 1 viscosities. Some of the curves are presented in
- 2 E - Fig. 4; curves indicating changes in hydraulic re-
1200} !

sistance of the fluid layers of different thickness

/'\~3 H
;;;;;EE;;;;::’ . during the bubbling process (APS) in relation to air
5 +

0+ _ flow rate over the bubbler screen (w) are presented
1 in Figs. 5 and 6. Computed values of hydraulic re-
R X R . 51stance of the fluid layer Ap3, are presented in
0 40 |a0 Tables 1 and 2, :
_Fige 4. Total nydraulic s . :
resiotence (proscurs drop) To facilitate the calculations, equation (24)
of the bubbling set-up in was converted to the following form:
relation to glycerine so-
tution viscosity at w - 0.5 . o. 5
10 »fsec. . . . g Yfl
A - Hydraulic resistance AP3 = A" H Yfl 1.5 C:,(D (27)
(prescure drop) delta p in m 7 p

an water; B - Glycerine ;s 3 s
solution viscosity mu in where mO =lm /-sec/m . Experimental values of coef-
centipoises. )

Layer thickness of bube ficients for equation (27) weres A = 0.1, B = 1.2,

e g T 0,25, k- 0.5, |
5-5) 6 - 0.3, Equation (26) was converted intos
vAp =4, "H"'y /r 1o e ; BA o (28’
3=4 TE vy T \go 5. Yer 5 5 1Q (D
- where -the values of the. experimental coeff{elents wereid_Alze“g:}O! p_i.}/B,
'Bl = 0.3, k, = 1/3, - '

Qiscusslon of experimental results. The picture of the bubbling process

appeared as follows: +the air passed unevenly through the screen mesh; it failed
to pass through some apertﬁres and passed as a pulsating stream through others.
The pattern of operating apertures of the bubbler screen cortinually changed,
-pointing fo & mode of chance operation. The character of the bubbling process
with a con,tant air supply depended on the fluid viscosity. With fluid vis-
0051ty of 1 - 10 cent1p01ses ‘and an adequate ‘air supply the gas penetrated the -
_flu}@»thlckpees as a churning @urbulent stream; its further movement was of a
whirling type and in the upper section of the bubbling column a layer of foam
was formed. In reducing the rate of gas flow through the fluid of same vis-
cosity the spiral type of movement was more clearly egtlined and its span in-

creased,

=34~



TABLE 1,

Hydraulic resistance rates of a fluid layer of viscosity p = 1 - 10 centi-
poises, computed with the aid of equation (28) and obtained experimentally,
(At p = 1 centipoise = 1000 kg/m”; at p = 10 centipoises y,, = 1200 m3).

Ye1 B f1

. 3 3 3 s - s t . :Experi-:Rela- :
B0t o iniHinimin i H =0 25§ 0.33 gAp3 A0 ental § tive i
centi-: 3 3 : Re iRe ~"“/i—F7* § 2 : L8 i B
. im/sec : m 11/sec H %% i 0.33 ;kg/m iAp3 in terror {
polsess : i H i in H P kg/m@ : in § ¢
1 4,0 0,70 0.40 36,500 0.073 0.40 760 690 +11.0 0.98
1 6.0 0.70 0.62 19,850 0.084 0.35 695 680 + 1.0 0.98
1 10,0 0.70 1.04 9,250 0.104 0.29 640 620 + 3.0 0.89
10 4.0 0.70 0.42 12,700 0.093 0.40 950 840 +13.0 1.00
10 6.0 0.70 0.62 6,870 0.110 0.96 890 860 + 4.0 1.02
10 10.0 0.70 1.04 3,220 0.134 0.29 795 870 - 7.0 1.04
1 4.0 0.50 0.59 21,100 0,082 0.36 505 500 + 0.5 1.00
1 8.0 0.50 1.18 7,670 0.108 0.28 449 520 -14.0 1.04
1 12,0 0.50 1.77 4,240 0.123 0.25 426 455 - 6.0 0.91
10 4.0 0,50 .59 17,340 0.108 0.25 426 455 - 6.0 0.91
10 .8.0 .0.50 " 1,18 2,660 0,139 0,36 645 610 + 7.0 1,02
10 12,0 0.50 , 1.77 1,450 0.164 0.28 584 - 600 - 3.0 1.00
1 4.0 0.20 1.45 5,560 0.116 0.26 174 180 - 3.0 0.90
1 6.0 0.20 2.20 3,020 0.135 o0.23 168 190 -11.0 0.95
1 12.0 0.20 4.40 1,070 0.175 0.18 164 170 - 3.0 0.85
10 4,0 0.20 1.45 1,940 0.151 0.26 229 230 - 0.5 0.96
10 6.0 0.20 2.20 1,040 0.176 0.23 225 240 - 6.0 1.00
10 12.0 0.20 4.40 368 (,228 .0.18 220 ' 210 + 8.0 0.87
1 4.0 0.05 5.90 687 0.127 0.17 45 58 -12.0 1.15
1 8.0 0.05 11.30 242 0.260 0.13 45 5 . =-10.0 1.00
10 4.0 0,05 5.90 236 0.254 0.17 58 75 -22.0 1,25
10 8.0 0.05 11.80 84 0.329 0.13 64 70 - 9.6 1.17
-1 8.1 0,04 37.50 42 0.390 0.09 44 40 +10.0 1.10

In case of high-viscosity fluids with p = 60 t& 80 centipoises the stream—
like floﬁ of the gas was disrupted at the surface of gas outflow, the minor
flow streams combined forming large ﬁhbbles, the size of which increased with
viscosity rise, and at maximum values reached 6 cm in diameter and more.

Thus, even the observed picture of the bubbling process (Figs. 1 and 2)
brought infé evidencehthe 6onsideréﬁle«affébt“which_viscqsity"had on the proc-
ess. under study, since changes in other véiﬁes, such as surface tension (a)
and fluid specific gravity (yfl) were of }hsignificant nagnitudes. V

The quentitative effect of viscosity on hydraulic resistance during the
bubdbling process is shown in Fig. 4, where curves Ap = p manifest a clear
maximum with u = 5 t0.10 centipoises, Thie maximum is noticeable in a very

s



TABLE 2.

Hydraulic resistance rates of a fluid layer of viscosity p = 10 - 70 centi-
poises, computed with the aid of equation (27) and obtained experimentally.

w in : : : : : : jExperi-: Rela-
. iwin { Hin { min i : 0.25; 0.5iAp3 in imental ; tive
centi-~ m/sec i m i 1/sec i Re, iRe il.2m™" 7 ké/m2 iApy in } error
oisesi : : : : : : $BP3 N
p : : : : : : ! kg/mw? i in %
10 4 0.70 0.42 4,920 8.37 0.77 192 740 + 7
10 6 0.70 0.62 2,640 7.20 0.84 1700 710 -1
70 10 0,70 1.04 1,230 5.92 1.21 624 580 + 8
10 4 0,70 0.42 12,710 10.62  0.77 965 . B840 +15
10 6 0.70 0.62 6,870 9.10 0.95 887 860 +1
10 8 0.70 0.93 3,820 7.86 1.16 1760 860 -12
70 4 0.50 0.59 2,720 7.21  0.93 510 490 + 4
70 8 0.50 1.18 1,020 5.65 1.32 435 400 +9
70 10 0.50  1.45 750  5.21  1.45 415 360 - +15
70 12 0.50 1.77 560 4.87 1.59 403 340 +17
10 4 0.50 0.59 7,350 9.30 0.93 611 610 0
10 8 0.50 1.18 2,660 7.20 1.32 516 600 -14
10 10. ..0.50 1.45 1,940 6.65 1.45 490 540 -9
10 12 0.50 1.77 1,520 6.25 1.59 474 540 -13
70 4 0.20 1.45 750  5.21  1.44 166 140 +18
70 6 0.20 2,20 402 4.50 1.78 159 160 -6
101/ ‘12 0.20  4.40 141  3.41  2.52 148 110 +34
10 - 4 0.20 1.45 1,940 6.61  1.44 193 220 -12
10 6 0.20 2,20 1,040 5.70 1.78 179 210 -15
10 12 0.20  4.40 370 4.40  2.53 166 195 -15
101/ 4 0.05 5.90 91 4.5  1.55 37 30 +23
701/ 8 0.05 11.80 32 3,18  1.85 31 30 + 3
101/ 12 0.05 17.70 18 2.62 2.06 28 22 +28
_.101/ 4 0,05 - 5.90 - 240 6,21 ---1.55-- - 46 70 -33
10/ - 8 0.05  11.80 - 84 4.37  1.85° 731 50 ~26
101/ 12 0,05 17.70 46 3.60  2.06 33 25 +31

;7*&alcu1ations were made on the basis of A = 0.1, B = 1.0, k; = 0.25, ¢ = 0,33,

1
deep layer;‘it alwwost disappears in layers of 5 cm and less in depth. Effect
of viscosity is particularly noticeable in Figs. 5 and 6, which show that this
effect is more clearly outlined with the increase in the depth-of-the fluid
layer. Increase in viscosity from 1 to 10 centipoises caused an increase in
hydraulic resistance of the layer (Ap3) 1.2 to 1.3 times (Fig. 5). Further vis-
cosity increase from 10 to 70 and 80 centipoises reduced the hydraulic resis-
tance 1.3 to 1.5 times (Fig. 6). In case of viscosity p = 60 to 70 centipoises,
the value of Ap3 is considerably lower than the hydrostatic pressure of the

pure liquid column. - . © s e e e T T e s e
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Fige S. Hydraulic resictance
{presoure drop) of glycerine so-
tution of | - 10 centipoises vis—-
counity in relstion to rate of air
passing through screen openings.
A - Hydrsulic resistance deita p
in &a uster; B ~ Plots of air flow

through screen openings w in afsec.
Thicknose of fluid layer In cma | -

705 80 - 503 H1) —=20; IV - 5;

Glycorine solution viscosity in

centipoises: 1 — 1; 2 - 2.5; 3'-
.. ' S3 b - 10,

-~ O~ \\-‘
B
AR - L
A - = . .8
4 8 g

Fige 6. MHydraulic resistence
(pressure drop) of glycerime layer

of viscosity mu - 10-70 cantipolses °

in relation to rate of air pescing
through screen openings.
A - Hydreulic resistance of fluid
layer in =0 water; B - Rate of alr
flow through scresa opoRimgs » in
n/sec. Thickness of fluid layor N
ince: | -~ 705 11 - 50; W0 - 203
IV - 5. Glycerine sclution vie-
cosity in centipoisess | - 105 2 -
30; 3 -50; & - M.

Such phencmena in
the viscous medium can
be explained Yy high
gas saturation of the
£luid which lowers the
system's sp. g¢. vbich
in twrn controlled the

hydrodynamic resistance '

in the layer. In low
viscosity solutions,
where p = 1 to 10 centi-
poises axd the fluid
saturation with gas is
lower, the hydsrodynamic
resist:ance of the gye=-
tem prevailsy in such
cases the hydrodynamic
resistance was deter—
mined by the larger
dimensians of the torche
1ike ges styeam which

inoreases the hydraulic resistance (pressure drop) in the layer (Ap;) ‘as vie~

" “cosity rises. T

" _ Comparison of values calculated according t.o equation -(28) with experi-
mental Ap3 values, indicated (Table 1) that in' case of glycerine soluticns vith
1 to 10 centipoise viscosiiy, the caloulated values of Ap3 produced deviatian
from experimental data within *15%. In most cases such deviamtions noted in
_this study yv:‘i.j;t}mH '_> 5 cm did not exceed +7§. In cases of fluid layer depth
< 5’c.m and speecific air flo;v‘x;é.ie m> 6: the relative error in calculations

incressed comsiderably, At the same time the proceseing.of Posin's [10) experi-
mental dasa, where m = 25 to 100 with H = 1 %0 5 aa, ‘imdicated that the 8py

values caloulated according to equation (28) produced deviasicme of 10 to 15%
from the experimental data. Thus, aquation (28) can be used in ths caloula~
tion. of Ap3 within wide limits,
. Comparison of caloulated Ap3 values for glycerine solutions with p « 10 -
10 cemtipoises imdicated (Table 2) that the relative error in using formula (27)

-37-



was within £15% limit. Here the relative errors were determined for solutions
with ﬁ = 20 to 70 centipoises and H = 15 t0‘70'cm. Deviatdons from experi-
mental data increased noticeaﬁly'with the decrease in viscosity to u = 10
centipoises. Greater deviations of calculated and experimental Ap3 values
were observed with Reo < 400, enabling to draw preliminary conclusion regard-

ing change in the bubbling system having Reo values previously mentioned. More

accurate checking of experiﬁental and calculated Ap3 were obtained for this new

system with coefficients vdlues in formula (27) of A = 0.1, B = 0.1, K = 0.25,
c = 0.33. However, here also, with small absolute deviations in the value of
the ppy the relative error was within +30% limit, which may have been due to
the determining effect of the criterion of geometric similitude. In most cases
the effect of the criterion of geometric similitude is not great, which we con-
firmed in pérticular by Axelrod's [9] conclusions emphasizing a lack of notice-
able absorber geometric dimensions effect on bubbling hydrodynamics.
Conszderatlon must be given to the fact that with H< 5 to 10 cm layer
and ‘extensive gas flow, the effect of foam on hydraulic reelstance in the proc-
ess of bubbling begins to be noticeable; the resistance of the latter mist be
ascribed to the surface tension ¢ of the foam, Under conditions mentioned, i.e.,

in the ﬁresence of a relatively high resistance of foam proper, as shown by

© Axelrod [9], it may be necessary to introdpce the p/o ratio into the equation

”partlcularly in a sufficiéntly deep 1ayer.~- i m ma seeam o aal

in calculating the value of Ap3 For layers of H> 10 cm, as indicated by

previous calculations and experimental data, the effect of o may be ignored,

Apartlcularly since it- is taken .into. account as Ap2 in determlnlng total hydraullc

resistance (pressure drop) of the bubbdling installation; derived. equations (27)
and (28) are suitable for such calculations.

Conclusions. T

1. A bubbling through a fluid system is suggested with p = 1 to 80 centi-
poises viscosity and layer height of H> 10 cm. It was.demonstrated that vis-

cosity was one of the most lmportant factors affecting hydrodynamlcs of bubbling,

PO

2. Based on the theory of differential values and of emp1r1ca1 functional
interdependence an equation was derived for the determination of hydraulic resis-

tance in a bubbling system.

3.. Experimental results demonstirated that the functional pictu;es of bubbling

through low-viscosity and hlgh-v180091ty fluids differed greatly. Hydraullc Te-
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sistance of fluid layers (Ap3) of different viscosities and specific air flows
were also determined. - ‘

4. Experimental and computed Aps values were compared. Results indicated
that computed values coincided satisfactorily with the conditions of the ex~

periments at H> 10 - 15 cm and with experimental results of other investiéators.
Calculation error in most cases did not exceed +15%.
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Effect of Hydrodynamic Conditions on Rate of Nitrogen Oxides Absorption by
c&(on)2 Solution, with the Aid of a Mechanical Absorber under
o Semi-Industrial Conditionms.
STy e : - (Communication I), - -

S. N. Gansz.
(Dnepropetravsk Chemical Technological Institute).v
Zhurnal Prikladnoi Khimii, Vol. 30, No. 9, 1311-1320, 1957.

The effect of hydrodynamic conditions on the rate of nitrogen oxides ab-
sorption by a solution of Ca.(OH)2 was studied with the aid of a rapidly rotat-
_1ﬁé_beéhan16al‘absorber under semi-industrial conditions, using industrial gas

from a nitric acid shop;-l/ Similar laboratory investigations were made at an

l/;The study was made with the active cooperation of B. G. Ovcharenko, M. A.
Petrichenko and Yu. V., Yastrebov. M., A. Lokshin, S, B. Leibovich, 4, S.
Kaigorodova and O, V., Avilov participated in-this work,
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earlior date {1]. The horigomtal mechanical absorber of the sewi-industrial
installation was 1.54 m long and 0.88 m in diameter. The absorber equalled

1 m’. A shaft with 4 attached perforated discs extended from end to end. BRach
diso had M4 paddles bent toward ome another. The discs were attached to the
shaft so that their ooncave sides faced each other., Hapid rotation of the
shaft and of the attached discs oreated heavy foam layer and spray curtain.
Nitrous gas oaning from a comtact apparatus was cooled to 60 - 70° in a gas
cooling ochamber; it then emtered pipe 1 and was driven by fan 2 into absorber
3. The collector was oquipped with a valve through which air was sucked into
the abgorber. Such an arrangement made it possible to wuix the gas with any
desired nitrogen oxides concentration.

The amount of gas entering the system was governed by a control gas valve
in pipe 1 located betweem the pipe and the contact apparatizs. Precise ad-
Justoents could be made by a control sliding gas valvé installed on a hQy-pass
pipe above fan 2. The amount of entering gas was determined by a membrane
manometer 4. _

FPran the abeorber the ges passed through separator 5, where it was freed
of liquid droplets; it was then discharged into the atmosphere through conduit
6. The Ca(oa)2 solution was prepared in a tank equipped with a mixer 7. From
the tank the solution was measured out into a2 small circulating tank 8, into

¢
% ;
L -
/74 24
- .
| !
ol
et - a7
’ P
75
T ] # EZ 7 Nitrous gas
Shies

Fig. 1. Plan of the semi-industrial installation. (Descripticm in text).
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which were fed the alkalinized nitrite-nitrate solutions circulating through
the system. Bach addition of Ca(OH)2 solution was followed by the removal of
an equal volume of the alkaline nitrite-nitrate solution, The solution was
" taken from tank 8 by means of centrifugal pump 9 and fed into the absorber
from above., Whenever the solution in the absorber rose to 1/4 of its diameter,
it autamatically drained back into tank 8 through level controlling flow pipe
10. The total volume of the liquid circulating in the system was 5 m3. Samples
of gas to be analyzed were taken directly at the absorber outflow at points 11
and 12, Samples of liquid to be analyzed were taken at points 13 and 14, and
the pressure was measured in front and in back of the apparatus; it was recorded
by. manometers 15 and 16, Power consumption was determined by a c ntrol amp-
ermeter and voltmeter installed on panel 17,

Experimental part. The investigations made with the semi-industrial in-
stallation were conducted in 2 stages: 1) a study of the effects of the sys—
tem's hydrodynamic, physical and chemical factors on the absorption rate; during

this study the installation was operating periodically for time intervals deter-

mined by the requirements of each test; the phases investigated were: the ef-
fect of the peripheral speed of the discs, the volume rate of gas flow, the
quantity of liquid in the absorber, the Ca0 and nitrite-nitrate salt concen-
trations in the solution, the degree of gas oxidation, etc.; 2) during the
second stage, the installation operated continually under one set of conditions,
selected on the basis of results obtained during the first stage of the inw-
vestigation; results of the second stage indicated that the process of nitrogen
" oxides absorption had "to bg‘basg@ugp:g rationally (empirically) developed and
controlled technological procedure, Thé first étudy siagé'eitended over wore
than 1-1/2 months, and the second over more than 2-1/2 months. More than -
3,000 anaiyses of the gaseous aﬁd liqﬁid phases were made, which yielded suf-
ficent experimental data for the determination of optimal technological condi-
tions. '

Effect of peripheral disc speed. Results of previous studies [1] showed "
that peripheral disc speed was a basic hydrodynamlc factor which determined

the rate of the process, This factor was studied us1ng the seml—lndustrial in-
stallation as follows: Ca0 concentration in the solution varied between 70 to
80 g/li, and the concentration of the nitrite-nitrate salts between 10 to 20
g/1i, the volume rate of gas flow 400 m3 of gas per m3 of the absorber solution

per hour; the concentration of NO + NO, in the gas variéd from 0.14% to 4%, and

2
41—



0

the degree of NO oxidation from 65 to 75%, depending upon the concentration of
nitrogen oxides and oxygen in the gas and upon the temperature. The foilowing
peripheral disc speeds were tested: 14 - 15, 22 - 23, and 27 - 28_m/sec.
Changes in the peripheral disc speeds were attained by shifting interlocking
gears and motor pulleys. Power was transmitted by V-shaped belts.
Averages of experimental results are presented in Table 1; plots of the

data in the form of curves are shown in Fig. 2.

4 : Under production'conditions NO +
NO, concentrations in the gas are fre-

2
quently of a close range, as is the case,

9o+ for instance, in curve 1 for 0.14 -
0.3% and in curve 2 for 0.6 - 0.8%, etc.
Corresponding data in Table 1 represent

&k averages of such close concentrations

along with the computed rates of ab-
sorption, the motive force and absorp-

tion coefficients. Deviations of in-

dividual points followed no regular
patterns, and it appeared as though

these deviations were the results of

i
Lors - 22 2& J;*B some variations in the NO + NO

o 8as

Fig. 2 Changes in nitrogen oxides concentrations and of some experimental

absorption degree at ‘periphéral disc ~errors, T .. I .trooro o
velocity w = 400 m3/hour at t = 60°
at nitrite-nitrate salts concentra=-
tions 10 - 20 g/li. ) : sults of analyses of the gaseous and

A - Absorption degree in $; B -

The experimental data were the re-

Peripheral disc velocity in m/sec. liquid phases. Ca0, Ca(N02)2 and Ca(NO3)2
NO + NOy concentrations in the gas concentrations were determined in the
in%: 1 -0.14 + 0.3; 2 -~ 0.6 + - . .
0.8; 3 =~ 0.9 + 1.55.4 = 3.5 4 4.."h“11qu1d phase., Analysis for nitrogen ox:

ides was made by the calibrated flask
method, total .nitrogen in the liquid phase _was. @etermzned according to Devard,
‘and calcium nitrite was determxned by titration with 0.1 ﬁ ;;;manganate solu~
tion,
The absorption rate, i.e., Productivity of the absorber unit reaction
volume expressed in kg of nitrogen per 1 m3 of the mechanical absorber per hour,

was determined by the following generaiizatiqn:



TABLE 1,

Changes in rate of absorption at different peripheral disc velocities and
3 different NO + NO, concentrations in the gas. .
(w = 400 m”/hour; t = 60 - 70°; Ca0 = 70 - 80 g/li; Ca-nitrite-nitrate = 10 -
20 g/1i; oxidation of NO = 60 - 68%).

tAverage percent con- : :Absorption:Absorption

Peripheral contration of Degree of § Absorption ¢ notor coof—
giSFt : NO + NO» at absorption G/:afe § force ficient
Ve 061W i Inflow : Outflow | ¢ T i ap Kg
; H 100 (x) - x9) 328 « w (2, - x,)30.00 (x} - x5) .
.V, in x, H X9 L T 727 I 2 e €1G/delta p in
ofoee. IR AT Rl
n O
15 0.066 70.0 0.770 0.00128 601
22 0.220 0.048 78.3 0.860 0.00113 760
28 0.045 79.7 0.875 0.00110 793
15 0.190 73.0 2.550 0.00392 651
22 0.700 0.075 89.0 3.125 0.00280 1115
28 0.060 . 61,0 . 3.200  0.00261 1226
15 0.300 75.0 4,500 . 0.00650 692
22 1.200 0.100 91.6 5.500 0.00443 1241
28 0.080 93.3 5.600 0.00414 1352
15 - "¢ 0.870 76.8 14.400 0.01974 729
22 3.750 0.260 93.0 17.450 0.01309 1332
28 0.205 94.5 17.725 0.01221 1451
¢ .28° w(x1 - xz) Kg ¥, )
V o~ ) 2204 hd 100 m3 . hour )

~ -where xlvand X, are respectively. the-initial and the final NO + N02 concentra-

3

tions in the gas in percentage,” w is the volume rate of the gas flow in m
per hour,

The absorption motive force was determined as the mean logarithmic dif-
ference of nitrogen oxides concentratiqps at the inflow and outflow. The

buoyancy of nitrogen oxides over the solution was assumed equal to zero.

0-01x) <5 41
ap = s "Ii'—t*:‘: .oTTTL <o
P T S-S~ PR LN ;'5 t el 2 2.3 '.]:g‘:.__ ._‘.‘ Rl Shmrer ‘—:-,.‘-‘:'-;'-: — — -
xz -~ - —
The abso¥ption coefficient was determined according to the following
formulas
o .
U ~‘ T e el e Kg--Ap e v e e P - —_—- - (2_)



Values of the absorption coefficients derived from equation (2) are listed
in Table 1 and are also plotted in Figs. 3 and 4,

Analysis of the data obtained leads to the conclusion that the degree of
nitrogen oxides absorption increased with an increase in the peripheral disc
velocity irrespective of the oxides concentration, However, such disc velocity
increase had its limit. During the initial increasé of the peripheral disc
velocity the absorption rate increased rapidly, and the curves showed a steep
upward trend, particularly conspicuous with an increase of Vg to 20 -~ 23 m/sec.
Later the upf?rd rise diminished markedly with the continued increase in Vg’
and at Vg equalling 27 - 28 m/sec curves ran approximately parallel to the
abacissa,

Laboratory experiments in nitrogen oxides absorption by alkalies and other
absorbent agentis conducted at rapid disc rotation rates disclosed the existence
of critical values for peripheral velocities, which, if exceeded, resulted in
decreased absorption rates. - It. should be noted that the absorption rate of
nitrogen oxides correéponding to'Vé = 28 m/sec was only siightly higher than
the absorption rate corresponding to Vé =22 - 23 m/sec. The power consumed
by the rotation of the shaft with the discs [2] was proportional to the number
"of revolutions to the 2,02 power. Therefore, the peripheral velocity Vé = 22
m/sec was selected as the most expedient.

Curves in Fig. 2 show that with increase in the concentration of nitrogem

oxides in the gas, the curves which represented the NO + NO, concentrations

rose- to- higher levels. It should be noted, however, that_w?th_an_igcrease in
the periphéral disc velocity ghese cﬁrves tended to apbroébh one another. Curve
1l was an exception, since it corresponded to an extremely low NO + N02 concen-
tration. This fact confirmed the conclusion.mentioned elsewhere [3] that the
effect of the NO + N02 concentration in the gas upon the absorption rate
slightly diminished under highly turbulent conditioms..

The data listed disclosed thkat in low concentrations, such as 0.14 to 0,3¢,
..Yhe gas was comparatively well absorbed even under highly turbulent conditioms.
The practical results obtained with many industrial installations disclosed that
nitrogen oxides at concentrations lower than 0.3% were absorbed slowly in the
regenerating towers, and virtuaily had not been absorbed in concenirations
ranging between 0.15 and 0.18%, in the existing reaction volumes,

By applying the method of graphical analysis for formulating experimental
data [4], it was found that the eguation for determining>partial values of the
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absorption coefficient was: K = f (11 y
vs). It was also found that the gener—

mz'al':'a’ 07“05 e‘ ‘{" afla ¢ ‘alized equation for the determination of
the absorption cosfficient within the
200 limits of concentrations HO + Noz
pod 0.22 - 3.75%, and for peripheral disc
1650 velocitios ranging from 14 to 30 m/sec.
;:: wass 3 ' T )
/vg+n (3)

Coefficient \‘ra.lues m and n for each
value of x werse found in the ourves shown
in Pig. 3.

By selecting two points on each curve

T T

Fig. 3. Nitrogen cxideo ebsorption coef- two equations can be derived:
ficieat in rolntio:’;o peripheral di:: veloc~ . 3 .
ity ot w - 400 hour, t gas - 60 and . f——
nitrite-aitrate salts conceatration IO - x]_ = +n
20 g/ili. } :
A - Mhuorption coefficient in kg/.’lhrloh; o 3f——-
B - KO ¢ NQ, coaceatraticn in ges '4/_&1131 K4 = m V4 +n
C - Coofficienta mand n iIn K - @ Yv, - 0 . -
0 - Poripheral disc velgalty in njuc. £ - By substituting experimental values
Scale Yoo o - .
HO & N conoeatration’ in ges in$. | = for Klv Vi and 149 V4 and solving tbese

0.223 2 - 0.7; 3 - 1.2 & - 3.75.

Solid lines - NO 4 RO, cencentration in the equations, actual values for coefficients

s, rtioral y cocrdinsteny dash-det .
9"‘.”9‘;}?.@ “‘:':: e :n:t“. Lines detere @m and n can be derived. ‘In this manner
ainieg M"ie;nh ||;ad ne 5 -n, lny tue following partial abeorption coef-
- -. Y
R ) o ) _ficj.@nts were derived. S
x_l..390°3/ m;atxl.oaax ‘ : (4)
K, = 1130 ° 3/% - 2260; at x, = 0.T% (5)

. Ky = 1425 ° /v - 2920; at 1, = 3.75%. .

o Q)

Po- obtain a general eqqation for the absorption coeffici@nf, the mmctional
"relationship.vetween m = fl(x:.) and n = fa(z) had to be established.
" The rectilinear functional relationships were recorded on a screen with
a receiproocal scale along the x axis apd a uniform scale along the m and ®
axis. This functional relationship is expressed by the formmlas:
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t =60 -_170°.

) m = a&zi) +_b'
n= 81.<EE> + bl

Since the modulus of the uniform scale (x) on the basis of which the
reciprocal scale was constructed (see Fig. 3) differed from the modulus of

the uniform scale for the secopd variable (a, b), the coefficients a and b

can be determined respectively as followss
!

o (m4 - ml) x " x,
x -x,

a
o b =@ = x,
&y and bl are obtained similafly. " Accordirnigly the following formulas are
derived:

D~ 1490 — 241 * x1

n = ~-(3080 - 590 °* x—l)‘
The general absorption coefficient K.8 = f(vg, X) can be expressed in the
form of the following equations '

. x—l) . vgp.333 + (590 ° Xfl - 3080) (8)

This equation holds true for w = 400 m3/hour, Vg = 14 - 30 m/sec, x =
0.22 - 3.75%, C5y = 10 = 20 g/li of Ca nitrite-nitrate, Ca0 = 70 - 80 g/1i and

Kg = (1490 - 241

’ Valubs“bf'Ké“bompﬁtéd‘accordiné;to ‘equation (4) differed from those ob~
tained experimentally by 3 to 4%, indicating a close similarity between the
éomputed and éxperimentally obtained values; -

Volume rate of zas flow effect on the absorption coefficient. The second

hydrodynamic factor controlling the rate of the process in the apparatus is
the volume rate of gas flow, Assuming that the free cross~section of the ab-

sorber was constant, the volume rate of gas flow would determine the linear

rate of gaé fiow"anélhengét with the increass in the volume rate of gas flow,

the linear rate of éaé flow would-aiso wncrease, The experiments disclosed
that an initial increase in the volume rate of gas flow markedly increased the
absorption rate, since in this case the rate of gas flow increased the fluid:
turbulence.- The absorption rate- increased to a definite maximum, after which

a further increase in the volume rate of gas flow resulted in a decreased ab~-
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sorption rate, Thehexperiments revéaled that an optimal hydrodyﬁamic condition
in absorbers was reached at a linear gas flow rate ranging from 0.8 to 2.5
n/sec.

Linear rates of gas flow exceeding 2.5 m/sec disturbed the effective hydro-
dynamic conditions by destroying the foam layer and causing the fine droplets
fo coalesce into coarse aggregates, which fell out of the gaseous phase. This
resulted in a decreased surface contact between the phases and in the formation
of gas spurts breaking through the apparatus., The volume rate of gas flow
determine@ the contact duration between the phases and the consequent absorp—
tion degree. The interaction between these factors determined the apparatus
efficiency. For the determination of gas flow volume rate effect upon the
degree of absorption, the following constant'conditions were selected: - vg of
the discs = 22 m/sec, t of the gas = 60 = 70°, Ca0 = 50 ~ 75 g/1i and nitrite-
nitrate salts from 10 to 15 g/li. Separate series of experiments were carried
out with each of the following NO + NO2 concentrations in the gas: 0.15 -

4 ' 0.3, 0.7 - 0.9, 1.2 - 1,5 and up to 4%.
wok - The volume rates of gas flow equal to

200, 300, 400 and 500 m3/hour were tested
for each of the concentrations enumerated.

‘The data derived from these experimentis

" are plotted in Fig. 4. Each point in this
diagram was derived as the average of 2 or
. ... . . analyses under the constant conditions
. - ”‘of'tﬁe'pfoceés.
****** ce . i _ The same data are listed in Table 2
2l ' T T as averages of computed gas concentra="
tions., Averages of absorption rate (G),

motive force absorption (Ap), and ab-

: 4t 4+ ... .. g ..sorption coefficient (K ) were computed
190 200 J08 $00 500 8

for these concentrations. These data were

i . e o niirisin Silis-wbiniution.  god- i constructing the- curve showm in’
byﬁu(Oﬁ)z solution in relation to gas volume

rete and N0 4 NOp concentration. v, - 23 Fig. 5 for K = f(w °* x), where x is the
mfsec; t gas — 60®; Cad -~ 50 to 70 g/ftiy v
nitrite—nitrate salts 12 - 15 g/li, initial concentration of NO + NO2 in the
A - Absorption in $3 B « Gas volume rate in
a3/hour. gas.
NO 4 NO, concentration in gas in $: | - 0.15 . ) .
to 033; 2 - 0.7 to 0.9; 3 - 1.2 to 1.7; According to Fig. 4 the nitrogen ox-.

4 = 3.5 to Uo5e ides absorption raite decreased gradually
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TABLE 2,
.Chahges in absorption rates at different gas'volume rates and NO + NO, con-
centrations at vg = 22 m/sec; t = 60 to 709; CaO = 60 to 70 g/li; Ca-nitrite-
nitrates 10 to 15 g/li.

Average NO + NO» con-: . :Absorption:Absorption
Gas volume centrations in 2§g§eet§f Absorztlon motor §{ coeffi-
rate percent at sorption q/ra.e force i cient
Inflow : Outflow ¢ v Ap i Kg
: In t .

w in x : 3 In : :mg nitrogen

m3/hour 1 : _x2 In percentl kg/m3 /br tecgzlcal §E§37£;7;E;-
200 0.0450 80.1 0.456 0.001120 402
300 0.225 0.0460 19.5 0.671 0.001130 595
400 ¢ 0.0470 79.1 0.890 0.001140 782
500 0.0475 78.9 1.109 0.001142 971
200 0.0800 90.0 1.800  0.003130 567
300 } 0.800 0.0920 88.5 2.655 0.003280 810
400 * 0.0960 88.0 3.520 0.003320 1058
500 0.1000 87.5 4.375 0.003370 1298
200 0.0810 94.4 3.423 0.004750 T20
300 } 1.450 0.1120 92.3 5.017 0.005230 959
400 * 0.1350 90.7 6.575 0.005545 1185
500 0.1460 89.9 8.150 0.005687 1433
200 0.1200 97.0 9.700  0.011080 876
300 } 4.000 0.2200 94.5 14.175  0.012840 1104
‘ 0.2800 93.0 18.600 0.014010 1328
0,3400 91.9 22.875 0.014800 1940

]

with an increase in the volume rate of gas
S f;§w for all concentrations of NO + NO

346 2*

Furthermore, theiaﬁsorptidn of low NO + NO2
concentrations may be sufficiently complete
" at high intensities of the reacting volumes.
The straight lines in Fig. 5 indicate
that the absorption coefficients increased

with the increase in volume rate of gas flow

. N T ¢ Jtahd—withithe increase in the NO + N02 con-
w0 200 Jw0  w My 0 L L. )

- 'Y B . ’ -
o Fige 5. Determination of cosfficient of centration in the gas, ' For convenience the

NO + No% abeorption of Ca{0H), colution " ahgorption coefficients were given in kg
in relation to gos volume rate and N = 3
, NO, cancentration. nitrogen/m” per hour/atm.

A - Absorption coofficient in kg/o3/hr/tachn, ato.; B - Coefficient b at scalo ba's; C - NO ¢ NOp cone
o T ) contration in ges-in £5-D - Cos voluns rate-in @ /hour.___
NO +H02 cencentration in gas in $1 | - 0.2255 2 « 0.8; 3 - 1.,u45; § - 4,03 5 - Chengoa in b

) coefficients, at scroen ncale x = b2+
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In deriving generalizations on the basis of the experimental.data it was
established that K = f(w) for different concentrations of nitrogen oxides can
be expressed as a linear function:

Kea'w+bd . _ (9)

Values of coefficients a and b were determined in Fig. 5 by the graphical
analysis method and formulas for the determination of partial values of the ab~-

sorption coefficients were expressed as:

K - 1.896 * w + 2}; at x, = 0.225% NO + NO, (10)
x? = 2,410 " w + 93; at x, = 0.8% NO + NO, (11)
Ky = 2.376 * w + 245; at Xy = 1.45¢ NO + NO, (12)
‘ K, = 2.213 * w + 434; at x, = 4.0% NO + NO, (13)

A formula for the determination of the general absorption coefficient with
the limits x - 14 was derived by rectifgigg the curve of coefficient b changes
on the screen with the scales of x and b "7, The average of coefficient a was
assumed to be equal to 2.4. Conseéaé;£iy, the equatlon for the determination
of the general absorption coefficient is as follows:

v Kg=2.4 " w+ 115 * x (14)

This equation holds true for w = 200 - 500 m3/hour, x=03-4%, v
22 - 23 m/sec, t = 60 - 700, concentrations of nitrite-nitrate salts Cfl =
8 - 15 g/1i and Ca0 = 50 - 80 g/li.

For NO «+ N02 concentrations lower than 0.3% formmula (14) shows deviations -
up to 10 - 12% For thls reason it is better 1o use the follow;ng formula for
B the determlnafién of partlal absorptlon coefflclents in cases of low NO -+ NOé
concentrationss

K=1.9 "w+ 23
In thls case the difference betiween the exper1menta1 and the computed data did
not exceed 1.5%. - )

-Optimal amount of liquid. The experiments showed that the ratio of liquid

volume to the volume capacity of the absorber was an important factor which

" affected the absorption-rate.,. When the amount of liquid was small its concen—
tration in the gas dééreased, its agitating effect upon the system declined

and the contact area between the two rhases decreased, Filling the apparatus
with liquid above the optimum reduced the free volume of the apparatus, resulted

in excessive linear rates of gas flow and intensified strong stream flows which
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broke through the apparatus destroying the foam condition and discharging
greater quantities of the liquid from the apparatus.

The determination of optimal amounts of liquid whibh might create most
favorable hydrodynamic conditions in the apparatus was attained by a series
of experiments conducted under *he following constant conditions: w = 400
m3/hour; v8 = 23 m/sec; Ca0 = 50 - 60 g/li; nitrite-nitrate salts from 10 to
20 g/1i. The content of NO + NO, in the gas varied from 1 to 1.32%. The
_amount of liquid varied between 50 and 200 li, or.6 to 24% of the absorber
volume, A measured amount of liquid was poured into the apparatus and the
absorber was set into operation., After the predetermined conditions of opera-
tion were organized, samples of the gas and of the liquid were taken for
analysis at'points of inflow and outflow of the ébsorber. Thereupon the gas
was turned off, the apparatus stopped, and the liquid measured.

Note: A constant amount of the liquid in the absorber was maintained at

a constant level by natural‘overflow circulation through & pipe connecting
the absorber and the separator.
The next experiment was repeatedly conducted under the same conditions
but with different volumes of liquid. The eiperimental data obtained are
plotted in Fig, 6,

) The plots show that with an initial in-

crease in the fluid volume, all other condi-

! ——e tions remaining constant, the absorption rate
ot /(J%o :%’? increased rapidly; it reached its maximum when
P )f( . ... _the absorber was 19 7;21% filled, thereafter-
) :?23° o }" the absorption rate began to decrease,
nr o The total capacity of the absorber used
ol . /g{' ‘ f in the present experiments was 850 1li and the
>£/ volume of fluid which assured the best techno-
5070 ; logical performance, varied between 160 and_
° : oot g 180 1i, or 19 to 21%. .Similar data were ob-
S P 1765 206 25° 770 T 0T . . .
50 100 150 ‘ﬁblc tained for absorbers with 55 to 70 1i capacity.

In desigﬁing apparatuses of larger dimen-

Fig. 6. Degres of nitrogen oxides ab- Sions and in determining volumes of the fluid
sorption in relation to volume of R .
fluid in the appsratus. and the overflow height at the outflow point of
A - Abszerption degree in §; B - Fluid
voluee in % of absorber capacity;

C - Liters of fluid in the apparatus.  patyg should be determined on the basis of the

the absorber, the optimum content of the appa-
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data referred to above. The rate of the horizontal liquid movement had no ap-
preciable effect on the hy&rodynamic conditions prevailing in the apparatus,
since the flow rate of liquid transported by the discs in direction perpendicular
to the gas flow was thousands of times greater than its horizontal movement.
The direction of the liquid movement in relation to the gas flow had no ap-
preciable effect on the rate of the process due to the irreversibility of the
process, The investigation showed also that the number of discs to be in-
stalled on the absorber shaft can be computed with the aid of the following
formula: '
100 N'= &1
100 - x: ¢,

" where n is the number of discs on the absorber shaft epd c1 and s are respective

(15)

concentrations of nitrogen oxides at the inflow and outflow points of the appa~
ratus. '

The highest absorption rate and the least power consumption were obtained
with 4 discs, each equipped with 14 .to 16 paddles set at 15 to 170. The dis-

tances between the discs were 0.6 ~ 0.7 of their diameters.
‘' Conclusions.

1. It was established that an increase in the peripheral velocity of the
discs up to the optimal value rapidly increased the absorption rate, A periph-
eral velocity above the optimal decreased the absorption rate. The peripheral
_.velocity of the discs was the basic factor which determined.the hydrodynamic
" conditions in the apparatus and the rate of convection diffusion. _

2. The volumz rate of gas flow was the second important hydrodynamic
factor which determined the rate of the process. Increased volume rates of
gas flow to the optimal value rapidly increased the absorption rate; any further
increase in the volume rate of gas flow decreased the absorption rate.

- 3;--The optimal liquid volume in the‘aﬁparatus was 19 to 21% of thé volume

of the apparatus. The rate and the direction of the horizontal mevement of
the 11qu1d had no appreciable effect on the absorptlon rate in irreversible
process.

4. It was established that the most rational installation was one in
which the absorber shaft was equipped with 4 discs spread at distances equiv-
- alent to 0.6-= 0,7 of-their diameters. . - ... _
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Adsorption of Nitrogen Oxides by Alumosilicates.
Second Report.

S. N, Ganz.'
(The Dnepropetrovsk Chemical Technological Institute).
Zhurn. Prikl. Khim., Vol. 31, No. 3, 360-368, 1958.

It was previously reported [1] that powdered or granular alumosilicate
effectively adsorbed nitrogen oxides. This paper is a report of a more de-
tailed study of hitrogen oxides adsorption by alumosilicate at different NO +

2
moisture content,

NO, concentrations in the gas, degree of NO oxidation, volume flow rate and
Experimental part. The apparstus used is schematically depicted in Fig. 1.

Nitrogen oxide and air were supplied in given ratios into miiér'i,.féépect{Qel&
from gas meters 1 and 2. The air and NO volumes were measured by flowmeters 4.
Prior to mixing, the gas coﬁponents were passed either through vessels 5, which
were filled with concentrated sulfuric acid, to remove the moisture, or they

ere run directly'into mixer 3 through side tubes 6, depending on the purpose

of the experiment. Gases which contained moisture were passed through bottles
5, filled for the purpose with distilled water heated to any required tempera-
- ture. -Mixers were of different sizesgsince they also served as volume oxidizers.
Approximaté NO oxidation degree was .determined prior to adsorption on the basis
of mixer volume, From the mixer the gas mixture was admittted into thé glass
adsorber 7, having a porous bottom 3, which supported adsorbent c. Prior to
beginning the experiment, the gas in the mixer was analyzed for total nitrogen

oxides by the vacuumated flask method, also for the degree of NO oxidation. The
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Fig. 1. Plan of the experimental device. (Details in text).

latter was determined by the iodometric method [2], passing the N02 through a
5% KI solution contained in absorber flasks 8. After the adsorption, total
NO + NO2 in the gas was azlso determined by the vacuumated flask method, and the
discharged nitrogen oxides were absorbed by a 1% NaCH solution contained in
vessels 9, and FeSO4 solution in vessel 10, Gas samples for analysis were
taken at points 113 the gas pressure at points of entering and leaving the
system were recorded manometrically.

Alumosilicate utilized in the experiments consisted of orange or milk-
white spherical grartles 3 mm in diameter. Uniform size of the granules was
obtained by gauge sifting. The adsorbent weighed 0.72 t/m3, its free volume .
was §,0.38 m3/m3, and the‘mechanicalrcompression strength was 90 kg per granule,
The composition and the method of preparing the alumosilicate adsorbent were
briefly discussed elsewhere [3, 41].

An identical amount of the aluminum silicate, namely, 50 cmg

into the adsorbent container for each of the tests, The adsorbent column was

was placed

27.5 cm high, and the initial weight was 35.8 g. The adsorbed nitrogen oxides

were computed according to formulas



Yvo * o) init. = (wo * Vo)

. fin
2 2 .
22400 . Yov (1)

where (V. No * Vhoa) init, oTe separately determined initial amounts of NO and

G =

NO2 at entering, expressed in cubic entimeters at standard pressure and tempera-

ture; (V wo * vﬁOg)
NO + NO

mined by weighing the adsorbent on an analytical balance before and after ad~

fin. Same, at exit; Mav is the average molecular weight of

> in the ‘gas in percent, Volume of adsorbed nitrogen oxides was deter-

sorption,

To determine the degree to which adsorption of nitrate oxides depended
upon the degree of NO oxidation, and to determine the catalytic effect of the
adsorbent upon tne rate of NO oxidation, a small (50 cm3) and large (2270 cm3)
oxidation volumes were used. Avérages of data obtained under static adsorption
conditions in adsorption column 7 are shown below; in computing,the results
were based on averages of experimental data obtained in connection with the

larger installation,—— . ... .. . - -

Results of 1nvest;gatlons. The first series of experlments was devoted

to a study of the effect of nitrogen oxides concentration in the gas,the degree
of NO oxidation and the volume velocity of the gas on the degree and rate of
nitrogen oxides adsorption., Results are plotted in Figs..2 - 5.

Curves “n Fig. 2 show the adsorption degree of nitrogen oxides which
passed through the smaller oxidizing volume. As expected, the degree of NO
oxidation was reduced with the increase in the volume rate of gas flow, due
"to the shorter time the gas remalned in the OxldIZIHg flask. The follow1ng

data may apply when volume rate of gas flow w = 1000 - 115O.m3/m Aof sorbent

per hour:
Concentration of nitrogen Degree of NO oxidation
oxides in percent in percent
0.5 5~ 1
- 1,06 - - 18 - 21.. ..
1.52 . 22 = 25
2 15 ' A o 30 - 36

" Data plotted in Flg. 2 show that w1th an increase in the nitrogen oxides
concentration in the gas, and rise in the degree of their oxidation, the rate
of nitrogen oxides adsorption also increased. "An increase in the volume gas
flow rate in all cases lowered the nitrogen oxides adsorption consequent to

the shorter contact time between the gas and the adsorbent. At gas flow vol-
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ume rates up to 400 - 500 m3/hour, the adesorption degree fell gradually as the

flow rate wasg reduced. With further increase in volume gas flow rate, the ad-

sorption curves descended more abruptly.
Adsorption rates for nitrogen oxides, computed on the basis of experimental
data shown in Fig. 2 are presented in Fig. 3. The data indicate that the unit

volume productivity of alumosilicate adsorbent increased with an increase in

the nitrogen oxides concentration in the gas

mwf . ' 'énd in tﬁe‘volume gas flow rate, However,
ol the lgtter holds true only up to w = 600 =
S00 m /hour{ Continued increases in the
“t volumetric gas flow rate diminished the ad-
ot sorption rate, in other words, it lowered the
20f adsorbing unit capacity of the reacting ad-
| -~ B sorbent per unit time., This holds true for

260 400 620 800 w00 1200 a sorbent which moved toward the flowing gas;
Fig. 2, Degree of nitrojon oxides ad-
sorption in relation to 3es flow voi-
ume rate, NO 4 NO, concantration in
the gas and NO oxiﬁttion degree at t -
18 -~ 200, ’
A - Degree of adsorption in 43 B ~
Volums rate gas flow in p>fhour.
‘Solld tines - Degree of adsorption;
Dotted lines - Degree of NO oxidation.

under such conditions the degree of adsorbent
saturation with nitrogen oxides did not exceed
60 - 65% of the equilibrium saturation. The
adsorption coefficients computed on the basis

of experimental data are shown in Fig. 4.

NO + NO, concentration in $: | - 0.5; In computing the adsorption coefficients,

2 -1.08; 3 - 1.52; 4 - 2.15. ) .

the motive force was assumed equal-to the
[} .
: Y 7' S e -
T I S i “ o o e e
T T LT L : .
7 - — 1200}

T

0" J oo
i 2 800}

' —_
609

6
- 2 "______————:—-‘-'-'T'Tf! = //,//f/. L.
0 —— SOSEr— s — g +00}
200 400 603 862 I )
Fig. 3. Rates of nitrogen oxides adsorption aith 6 200 490 600 829 1000 B

aluninum silicate column oigrating against the gas

flow in relation to NO + NQ2 concentration and to
volums gas rate flow st t - 18 - 20°.

A - Adsorption rate in kg/w3/houry B - Volums gas

Fige 4. Coefficionts of nitrojen oxioves adsorption
by slumosilicate in rotution to volume gas flow
rate and NO 4 HD, concentration at t - 18 - 20°.
A - Adsorption caefficient in kg/m3/hourfatm.;

flow rate in a3/hour.
NO ¢ NOp concentration in %3
. 3 - 1.52; 4 - Z.15.

1 - 055 2 - 1.08;

B - Voluss gas fiow rate in m3/hour.
NO ¢+ NOp concentration in $s | - 0.5; 2 - 1.08;
' 3 - 1.52; 4 - 2,15,
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meap—logarithmic,difference of'the partial pressures of NO + N02 respectively
upon entering and leaving the apparatus. Fig. 4 indicates that the maximal
adsorption coefficient values corresponded to volume velocities of 600 - 700
m /hour. Consequently, utilization of gas flow volume velocities greater than
600 - 700 m /hour, in this particular case, would be unsuitable because of a

lowering 'in the degree and coefficient of adsorption,

, Fig. 5 shows the extent to which the
100 degree of nitrogen oxides adsorption de-
. ‘ ““:g' pended upon the same factors as was shown

= for Pig. 2; however, in this case the gas
& was passed through a large oxidizing vol-
ol , ume V = 227O'cm3, and the degree of oxida-
i tion.was considerably higher than in the
50 ; case shown in Fig, 2.
" . ) . ) ; 8 A study of Fig. 5 shows that the
' 200 40 K00 800 1000 1200

curves representing the degree of NO oxida-
Fige 5. Adsorption degree in relation to

tion shown in broken lines were of a higher
volume gas flow rate, NO { NO; concentration

and degree of NO oxidation at t - 22 - 230, level than those shown in Fig, 2, even
A - Degree of adsorption in %; B - Volume . : . .
gas flow rate in w3/hour. though the concentrations of nitrogen oxides
NO ¢ NO, concentration in $2 | - li; .
2 5 2.08; 3 - 2.94. were approximately the same. Furthermore,

data in Fig. 5 indicate that an increase in nitrogen oxides concentration in
the gas and in the time of contact between the gas and the sorbent, that is,
w1th a reductlon in Wy the degree of NO + N02 a?eerg?iep }pcreased A compar-
atlve study of the data shown in Flgs. 2 and 5 lead to the conclusion that the
degree of NO oxidation was of importance in determlnlng the degree dnd the rate
of adsorption., The greater the degree of NO oxidation, the greater is the degree
of nitrogen oxides adsorption. The functional dependence between the accelera-

. tion of adsorption rate and the degree of NO oxidation can be derived from the
general equation of mass transfer: _

dx
—— k' * X
EE — - _ dp. L TLITmmTrTT e L e L L
o g ] - ' _
or . k" r=lg— .= 1g T (2)

where x is the concentration of NO + NOé in the gas, k is the coefficient of

adsorption and a is the degree of adsorption, expressed in fractions of unity.

— ———— e e v [ESPUDU o
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Thus, if w = 500 m3/hour and NO + NO,
then the rates of the two adsorbing processes can be expressed zs the ratio:
1g (1 - 0.84) : 1g (1 -~ 0.78) = 1.27, where 0.84 is the degree of nitrogen ox-
ides adsorption, with concentration of 1.,1% with the degree of NO oxidation

concentration in the gas is 1.1%,

949, (see Fig. 5), and 0.78 is the degree of nitrogen oxides absorption of the
same concentration with the degree of NO oxidation equal to 34%.

Accordingly an increase in the degree of NO oxidation by 60% will increase
the degree of adsorption by only 6%, and the process of adsorption will be ac-
celerated 1.27 times, From this example, which illustrates the generaly regu-
larity of the process, it can be concluded that the alumosilicate adsorbent
not only adsorbed nitrogen oxides, but at the same time acted as a catalyéer
of NO oxidation. This phenomenon is substantiated in greater detail in the
text below. .

The values of the adsorption rateé and of the adsorption coefficients
for nitrogen oxides were computed on the fa;ié of the experimental data. The
values referred to are shown respectively in Figs. 6 and 7.

A comparative study of the data shown in Pigs. 6 and 7 with those shown
in Figs. 3 and 4 indicates that with an increase in the degree of NO oxidation,
as shown in Figs. 6 and\7, the adsorption rate and the adsorption coefficient

values exceeded those seen at lower degree of NO oxidation. It can be con-

A
n . ] - .
| soor -
- ""ZD ) -‘-———- ..:_"-‘.. T
| %00
8Br
| - ~ 1200p
1t

“wop}
10r

P4 8
0 ..: -, - N 1 1 i B- - - e e e - e~ - -,. - p - p i_.-'.;n R
s U200 %00 600 §oa 1000 - —-c-- T T IR 0 $60°- 600 307 gg T - T
ng. 6. Adsorption rate in relation to voluse Fige 7« Adsorption cosfficient in relation to
gas flow rate and NO ¢ NG2 concentration at voiuac gas flow rate and NO ¢ NO, concantration.
t - 22 - 239, A ~ Adsorition cosfficients in kg/n3/hour/ata.;
A - Adsorption rate in kg/a3/hour; B - Volume B - Volume gas flow rate in n3lhour.
ges flow rute in a”/hour. NO + NOp concentration in $: | - l.i;

NO + NO, concentration in.3: | - l.1;

_’_2 = 2'08’ 3 - 2_.910.
% 2-2.08; 3 -2, B A et



cluded'from this that the éluminum silicate adsorbed the higher nitrogen ox—
ides.’ '

The above applies to NO + N02 adsorption from a dry gas, i.e., a gas with
an approximate 8 g/m3 water vapor cuntent. However, adsorption of NO + NO2
from a moist gas is of great practical interest. Therefore, air and NO enter-
ing the mixer were first humidified in their respective flasks, as shown in
Fig. 1, at different temperatures, to saturate them with water vapor to a
desired degree. The temperature of the gas in this case varied between 23
and 260; such variation in the temperature had no pronounced effect on the
degree of NO oxidation, which, in this case remained between 93 and 94%. The
initial NO + NO2 concentration in the gas was maintained within the limits of
1.25 and 1.28%, and the volume velocity of the gas flow w = 500 m3/hour. The
results of these experiments are plotted in Fig. 8.

The plots show thaf the adsorption degreeyand consequently the adsorption
rateydiminished with the increase in the water vapor content in the gas. The
adsorption rate diminished in an analogous manner with the rise in temperature.
Within the limits of the temperature under invéétigation, namely, from 12 to
420, the constancy of the following factors was maintained: w = 500 m3/hour;
gas humidity = 3.1%, NO + NO ‘

2
NO oxidation = 98 to 96%. Under these conditions the adsorption degree dimin-

content in the gas = 1.35%; and the degree of

ished from 97 to 73%. The results of this investigation are depicted in Fig. 9.

A4z 23 13 218 B -
- 100 r v - ey e U,

T 1722 021 5091 ©
" Fig. 8. DagFee of nitrogen oxides adsorption in _Fig. 9. Degrec of nitrogen oxides adsorption in
relation to gas moisture content at NO 4 NO, con- relation to temperature. NO § NO, concentration
centration —~ 1,25 - 1.28% and w - 500 -3Ihwr. - 1.35%; NO oxidetion - 98%; w - 500 cn3/hour.
A — Dogree of adsorption in §; B - Gas moisture A - Degreg of adsorption in %;
. - . . content in §; C ~.Gas moiature in_g/ns. B ~ Temperature in C.



A couparison of curves shown in Figs: 8 and 9 indicates that an increase
in the gas humidity produced a greater negative effect upon the degree of
nitrogen oxides adsorption than the effect of temperature raised from 40 to
450. The adsorption degree fell rapidly when temperature was raisad above

55 to 60°.

Desorption of nitrogen oxides and regeneration of the adsorbent. Nitrogen

oxides were desorbed at 1600, 350o and 5000. The sorbent saturated with nitro-
gen oxides was placed into a closed quartz tube, which was first filled with
nitrogen gas of 99.9% purity. The tube was then placed into an electrical
furnace, and the nitrogen gas, preheated in another electrical furnace to a
suitable temperature, was forced through the tube.

While passing through the adsorbent, the nitrogen gas became.saturated
with nitrogen oxides; upon leaving the furnace it was cooled in a condenser,
wherefrom it was passed through the absorbing flasks. ﬁOe was absorbed by a
54 solution of potassium iodide in the first 3 flasks, and NO was absorbed by
a 10% solution of FeSO, in the next 2 flasks. - .- .. L

Control analyses were mzde by ebsorbing the desorbed nitrogen oxides by

a 10% solution of NaOH. The analysis of the absorbent solutions and subsequent
computations revealed that the degree of oxidation of the desorbed nitrogen
oxides was always higher than that prior to the adsorption. -
Computation of the time necessary for NO oxidation with 0.8 - 1.5% con-
centrations showed that in the presence of alumosilicate the rate of nitrogen
oxides oxidation, the humidity of which reached 18.5 g/ms, incressed 2 and 2.5

" times respectively. - T L oI I

Results of desorbed gas absorptlon w1th-Na0H solution atr160°,>51eeloéea
that all nitrogen oxides adsorbed by the aluplnem s1110ate were liberated in
the form of nitric acid fumes, since they enteied *nto the following reaction
~with the absorber:

NaOH + HNO, = NaNO + H 0

3 2
The second series of experlments was devoted to nltrogen ox1dee‘&esorptlon"
with hot nitrcse gases, since,-in the manufacture of nitric acid the utilized
bheat required no additional financial outlay in transmitting the heat._The re—-
sults showed that the nitrose gases could be utilized effectively in the re-

generation of the alumosilicate at a temperature above 300°.



Thus, at t = 500o and an assumed nitrose gas flow rate in the adsorption
column equal to 0.7 m/sec, 96 - 98%yregeneration of the adsorbent was attained
within 10 minutes. The adsorption and regeneretion experiments were repeated,
using the same adsorbent eight to ten times; it was observed that the adsorbing
capacity of the siiicate was almost completely restored after regeneration.

The physical properties of the adsorbent and its mechanical firmness remained
unaffected., . e e - - -

Practical application of the methold described and its expediency. The

investigation revealed that alumosilicate possessed considerable adsorbing
capacity, as shown by the fact that 1 kg of the adsorbent at 20° adsorbed
0.0306 kg of O, :

Thus, for 90% purification of 90,000 m3/hour of gas, consisting of 0.8%
of NO + NO

at 2.5% moisture content.

the regquired quantity of the adsorbent would be:

2!
90,000 + 0.8 - 466 48,366 xg

100 +» 22.4 - 0,0306
Even with a 100% adsorbent reserve the total quantity required would be
less ‘than 100 ¢+ per hour. BHowever, taking into account the fact that the ad-
sorbent can be regenerated and used 3 times in one hour the quantity of the
adsorbent required for continuous operation can be limited to 35 - 40 t.
‘ The experimental data obtained in the adsorption column were checked in
a larger laboratory installation with a moving adsorbent in a triple-zone ap-
paratus., The apparatos was filled with the adsorbent up to 2 1li capacity.
The regenerating adsorbent was fed through the .upper. part of the column with-
the ‘discharged nitrose gas passing in a counterflow dlrectlon. After adsorp—
tion bhad been completed, the adsorbent was passed through special pipes to the
middle zone, througﬁ which a hot nitrose gas was paseed coming from adﬁacent .
contact apparatuses. In the prooess of desorption, the nitrose gas becomes
wXnriched with nitrogen oxides; after leaving the desorption zone it is first
cooled and again used for adsorption. The regenerated adsorbent is passed
through special plpes into the lower zone where it is cooled by circulating
» cold air. Some of this air oontalnlng nltrogen ox1des is fed into absorption
towers to enrich the gas with oxygen.
For the determinetion of the technical and economical aspectes of the
proposed method, the results yielded were compared with the analogous results

Ca(OH)z. The economy effected by the proposed adsorption method was as follows:
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Reaction volumes were reduced to less than 11%.
Capital investment was reduced to less than 15.5%.
"Consumption of metal was reduced to less than 8F.

Power consumption was reduced to less than 27%.
Conclusions,

1. Alumosilicate is a highly effective adsorber of nitrogen oxides and
can be regenéréfed to its ofiginal capacity. The combination of its great
adsorbing capacity with its mechanical firmness, wear and heat resistance
make ‘this adsorbent highly suitable for the adsorption of nitrogen oxides.

2. The alumosilicate adsorbent acts as a catalytic agent accelerating
the process of NO oxidation to nitric aéid. '

3. The use of alumosilicate as an‘édsqrbent offers the opportunity for
fine purification of éases from nitrogen oxides at lower éapital investment

and lowered operation cost as compared with other existing methods.

Bibliography.
11] € Pana, MION, XXXI, 1, 138 (1958).——- [2] 1. M. #iiaBOopoOoH KON,
NI, 7, 4I9(I‘J.u)—l$|h H. Hupn,xu 1 Ko B Texnoaorns ucdru, 1. I'ocTon-

reanstar (1952).— (4] B. Il O 60 p n i, CUBTCTRYCCREL 8:10MOCHLRKATMW G RATAABSATOP.
06a. ns.t. anr. U'posnuis (1948). .

Hydrogen Sulfide Absorption by Sodium Arsenate Solution in a Foam Apparatus.
M, E, Posin, B. A. Kopylev and N. 4. Petrova.
_(The Lensovet Technological Institute, Leningrad).

Zhurn, Prikl. Khlm., Vol. 31, No, 6, 849-859, 1958

- - .= ™

The sodium aresenate method for the'purlflcatlon of gases from hydrogen
sulflde differs from other scrubber methods in that its ultimate products,
elementary sulfur and sodium thiosulfate,are of value industrially. Cycle
scrubber methods, such as the potash, soda and ethanolamine methods, produce

‘gaseous hydrogen sulfide, the conversion of which into sulfur or sulfuric
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acid incurs additional cost. On the other hand, the technological set-up of
the soda-a;senate metuod of gas purification is more complex and the equipment
used is.massive, The maintenance and operation of packed scrubbers up to 32 m
in height for hydrogen sulfide absorption requires considerable capital invest-
ment and high power consumption for pumping the solutions. The use of modern
efficient equipment for hydrogen sulfide absorption by soda-arsenate solution
should encourage the wide use of this method for freeing gases from sulfur on
a more economical basis. In this connection a study of conditions under which
such a process of hydrogen sulfide absorption may be made workable in a foam
apparatus, usually characterized by high efficiency, is of practical interest
[1]. Reports recorded in the literature on investigations related to soda~
arsenate gas purification from hydrogen sulfide were concerned primarily with
thé chemical principles of the processes [2 - 5] and with conditions which
caused disturbances in the practical application of this process.

The basic characteristics of scrubbers used in hydrogen sulfide absorp-
tion by a soda-arsenate solution were described by Nusinov {6, 7]. In his ex~
periments Nusinov used a solution which contained 10 g/1i A8203 and 14 g/1i
Nach3 The initial content of hydrogen sulfide in the gas amounted to 8 g/li
or 0.52¢ by volume. With a spraying rate equal to 5.9 li/m3 of the gas, or an
excess of the reagent equal approximately to 25% over the stoichiometric
amount, and the rate of gas flow in the cross-section of the packed section
equal to 0.55 m/sec, the total degree of purification was 94.5%, and the ab=- )
sorption coefficient was 136 kg/h /br/atm. The results of the experiment in-
dicated that the absorption coefficient was 1ndependent of the hydrogen sulfide
concentration and that the spraying rate was the deciding factor in attaining
the high raté and completeness of the absqrption. Nusinov also presented data

which defined the nature of changes in the degree of H,_ S absorption and of the

absorption coefficient effected by the linear velocityzof the gas flow. 4An
increased gas flow velocity over the open cross-section of the scrubber from
0.5 to 1. 3 m/sec lowered the degree of absorption to Sc#, and increased the
absorptlon coeffic1ent épﬁroxlmately 1.5 times, ™ "7 7T TR oATIATIETTE e
Results of experiments on hydrogen gulflde absorption by soda~arsenate
solution conducted on a large industrial scale showed that the ébsEEStion co-
officient ranged between 80 to 100 kg/mB/hr/atm. Krendel' [8] acknowledged
on an a priori basis .the probabilityﬂthatmthe>ab;grgﬁion_poeffic}ent_@e?ended

upon the hydrogen sulfide concentration in a gas. Other investigétors estab-
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lished that the rate of hydrogen sulfide absorption depended only on the hydro-
gen ion concentration in the solution ahd the hydrogen sulfide concentration

in the gas. The hydrogen sulfide abéorption by solutions having high pH is
very rapid. However, the solution quickly becomes exhausted because of the
rapid pH depletion. The presence of arsenic in the solution acted as a buffer,
retarding the fall in the pH.

Litvinenko [é] demonstrated that the rate of hydrogen sulfide absorption
by a solution of soda or potassium, within the limits of partial pressures
equalling 0.02 té 0.03 atm, was expressed by an equation [10], whiéh was ap-
plicable to processes, the rates of which were determined by the absorbent
concentration in the solution and by the partial pressure of the gas being
absorbed. In cases of low hydrogen sulfide bressure, particularly in those
below 0.02 ~ 0.03 atm, the rate of absorption depended upon the partial pres-
sure of hydrogen sulfide, and only to a minor degree upon the concentration
of the absorbent in the solution. The characteristics of the process of hydro-
gen sulfide absorption by a soda-arsenate solution in é scrubber cannot . be

applied mechanically to H,_S absorption in a foam apparatus, due to the dis-

similarity of the hydrodyﬁamic conditions responsible for the technological
differences. Results of work conducted for the determination of the degree and
of the hydrogen sulfide absorption coefficient by a soda~arsenate solution in
a foam apparatus are descrided below.

Experimental work.

LI The installation, the experi-

pental methods and the analytical

procedures. ‘Fig. 1 is a schematic
—G
* drawing of the installation used in
the study of hydrogen sulfide ab-

sorption by soda=-arsenate solution

---e Fluid

in a foam apparatus.

4 gas nixture of known composi-

tion was prepared in wixer 1. Nitro-

gen, hydrogen or carbon dioxide
Fige 1o« Plan of instaliation for nydro,en sulfide .
sbaorption in foam spparstus. coming from gas cylinders and hydro-

| - Mixer; 2 - Gas flowsmter; 3 - Foam apparatus;

¥ - Catcher; 5 - Pressure cospartment; 6 - Fluid

flommeter; 7 - Chamber for foam disinteyration;

8 - Hy-raulic valvz; 9 - Receiving flask; (0 -
Munometer; |1 — Thermowster; 12 - Gas sampling tutes,

gen sulfide generated in a Kip ap-

paratus were fed into mixer 1 through
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flowmeter 2., From the uixer fhe gas entered the foam apparatus 3 at a level
below the grate, from there it was passed through a spray eliminator and thence
into the atmosphere. The absorbent solution, heated to 35 - 380, was fed into
the foam apparatus, The amount of fluid was regulated by means of flowmeter

6. Having passed through the apparatus, the foam fluid first passed through

an outflow and entered vessel T, where the foam disintegrated, and then through
hydraulic valves 8 into collecting flask 9.

Several foam apparatus'designs have been described previously [1]. 4
schematic drawing of a laboratory set~up for the study of absorption apparatus
performance is shown in Fig. 2, which is self-explanatory.

The overflow elevation above the grate level, equal to 60 mm, determined
the height of the weir which retained the foam above the grate. The grate,
made of plastic vinyl, was 5 mm thick and had perforations 2 mm in diameter
distributed at 5 mm between centers, The area of the perforated part of the
grate O.OOll_m2 is equal to the cross—
section of the apparatus and comnstituted
15.3% of the area of the grate or screen.

The soda-arsenate solution was pre~
pared by dissolving arsenic trioxide in a
solution of calcined soda at 70 - 80°.
Then, the solution waes diluted with water
until it contained ~ 7 g/1i of As,04; hy-
drogen sulfide at 35% and air at 40° were
alternately passed through the solution

to convert the sodium arsenate into Na~

thioarsenite and Na-thioarsenate. "Ripen-
ing® of the solution was determined by the
precipitation of sulfur following the al-~

ternate passing of air through the solu-
tion; sodium thiceulfate was then added

Fig. 2. Laboratory sodel of a single

scresn—sheif fosm apparstus. according to its content in industrial
| ~ Above screen column sections; 2 - :
Below screen column sections; 3 ~ Screem; solutions. In the course of the experi-

b ~ Fluid inflow nippie; 5 - Overfiew
catenh box; € - Overfiow nipple; 7 -
Taste fluid outflow; & ~ Fluid inflos tubeg
9 - Gas outfles tube; 10 - Outlet te

sanensters for pressure recording; 11 - As,.0,. The thiosulfate increased from 200
Bearing hoeks; |2 — Ruboer fastener, 273

ment, the content of arsenic in the solu~

tion remained constant at about 6.5 g/li
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to 210 g/li. The pH value of the solution was approximately 8.0. When the
pH value diminished, particularly when the gas contained 002, a corresponding
quantity of soda was added to the solution to maintain its pH at 8.0, It
should be noted in this connection that after one or two experiments the pH
value diminished by 0.1. )

The solution used in the experiments was highly reactive; fully saturated
with hydrogen sulfide it absorbed nearly all the theoretically computed oxygen;
20 ml of a regenerated solution absorbed not more than 0.3 ml of oxygen.
Analysis of the solution and of the gas were made by the usual methods [7,
11]. Gas samples were collected in vacuum flasks. Tﬁe efficiency coefficient
of a single perforated screen-shelf apparatus, i.e., the degree of absorption,
and the rate and the absorption coefficient were determined by the hydrogen
sulfide content in a gas before and after its passage through the apparatus
12, 13]. ’ ‘

Results of the investigation. To determine the basic principles regulat-
ing the absorption of h&dregen sulfide by a soda~arsenate solution in a foam

apparatus and to determine the optimal conditions for

,MA, the process, tests were conducted at diffsrent rates
wl ’ ° 03 of gas flow through the cross—-section of the appara-
° tus and at different absorbent fluid flow intensities.’
“f By the texm "intensity of flow of the fluid" is ‘
or meant the rate of fluid volume flowing over the ap~
sor ; ) paratue grate (or screen) to the width of the flowing
sof "7 " // . fluid, expressed in m /m/hour. The rate of gas flow
A0F ranged between 0.25 and 2.5 m/sec, which corresponded
xaL‘ $o variations in the gas volumes from 1,0 to 10.2
20} m3/hour. The amount of fluid supplied ranged between
10t 20 and 300 li/hour, which accorded with variations in
8 the. fluid flow from 0.67 to 10 m3/m/hour,- with the -

0 g aoz 000 Qo
overflow width equal to 0,03 m. Changes in the rate

Fig. 3. Rate of hydrogen sul- . . S :
fide sbsurption in relation to Of hydrogen sulfide absorption, depending on mean

i ;:.P:::::: ::::“:;;; :;"':f/ partial pressure,ranged between 0.0154 and 0.414

A > bsorption rate in volume percent; data are shown in Fig. 3.
kg/mé/hry D - Partisl Ho$
presaure in atm; linear gas Experiments were conducted at linear flow rate
flow rate w in sfeec.
I~ 2-2, w = 1 m/sec through a total cross-section, and a liquid
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consump%ion equal to 75 li/hour, i.e., with an intensity i = 2.5 m3/m/hoﬁr,
and also wzth w= 2 m/sec, and a fluid consumption equal to 150 li/hour, i.e.,
wvith i = 5m /m/hour. The same ratio of fluid volumes and gas f = 18.75

11/m , was maintained throughout the 2 experimental series. Partial pressure
was computed as the arithmetical mean between the parti&l pressure of hydro-
gen sulfide before entering and after leaving the apparatus.

It can be seen from Fig., 3 that the hydrogeﬂ sulfide absorption rate with—
in the range of theAconcentrations investigated was directly proportional to
its partial pressure p in a gas; this was in agreement with 'the theoretical
and experimental data obtained in absorption tests with other gases and a low
concentration of the absorbed component. It follows tkat the absorption rate
of hydrogen sulfide by a soda~arsenate solution per 1 m2 of the grate (screen)
area may bé expressed by the following equation:

- S .
S+ K-rp

where g is a quantity of hydrogen sulfide absorbed in kg, S is the area of

the grate in m2, Tt the time of absorption in hours, p the mean partial pressure
of hydrogen sulfide in a gas in atm, K the absorption coefficient per 1 m2 of
the surface of the grate in kg/m2/hour/atm. The _absorption coefficient K may
be computed by the above formula or determined from Fig. 4, since it is equal
to the tangent of the angle formed by the plotted straiéht line and the ab-
scissa. The values of K obtained from the experimental data fall in positions
along the stralght line parallel to the absicissa in the coordinates K = C

alght -1ne para- H?

- S where CH is the initial concentration of st in

s} - ; the_gas,-expressgd‘ln volume percent, thus estab-
zo0of ) ' lishing an independence of K from the partial

'MZ' ‘ . __r, Pressure of hydrogen sulfide in the gas.

ok L The value of the absorption coefficient 'de~
cppoptee————x! __ ___termined as the tangent of the straight line slope
Joo0 in the coordinate system, the aosorption rate of

AN TR T et T

Fige b. VuNeuofK~ﬂ.dﬁfuwnt m/sec, apPrOX1mated 2150 kg/m /hour/atm and for

Ha$ °°"°:":':;';2°':7.§"° 98 2w = 2 m/sec ~ 2500 kg/m /hr/atm. From this equa-

h - Absorption coofficient in tion, which determined the functional relation of
kg/me/hr; B - H,S concentration

_ in 288 in voluoe percent; linesr K {0 the efficiency coefficient of a one-shelf

gas flow rate w in m/sec. .
L -1 2 -2, foam apparatus 1n and the linear rate of gas flow
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K 2

e, w [12], it follows that if the respective

0 L . at values of K and w remeined constant, the

:Z" N ) . 3, value of 1 also remained constant.

ol Fig. 5 shows that the efficiency co-
) . etficient of a one-~shelf foam apparatus

0 o1 02 023 04

did not depend upon the.initial concentra-
Fige 5. Screcn—shelf efficiency coefficient . ) .
in reletion to Hp§ camcontration in the gas, 10D of hydrogen sulfide, if the value of
A - Efficiency ccefficient ete in $2 B -
Initial HyS cancentration in the gas in

voluee £; Lum: ges ';" ;-t- v in n/sec: sible the computation of a multi-shelf ap-
-3 - Qo \

w remained constant. This fact makes pos-

paratus, based on identical values of the

‘efficiency coefficient for all shelves,

Data on hydrogen sulfide absorption by a soda~arsenate solution in a foam
apparatus based on the linear rate of gas flow w, expressed in m/sec, and the
intensity of the liquid flow i, expressed in m /m/hour, are listed in the
following Table. Furthermore, the Table also presents data which characterize
the absorbing capaclty of a soda—arsenate solution: the ratio of liquid K to
gas £ expressed in ll/m s, and the excess of chemical reagent over the stoichi-
ometrically required amount U, expressed in percent. Depending upon the ratio
of liquid K to gas f, the content of arsenic trioxide in the solution a, ex-
pressed in g/li, the content of sulfur in the gas to be purlfled Yy expressed i
in g/m , the excess of the absorber can be computed by the following formula [7]:

32 . f - a - -
LR ek

. The functlonal relations of the efflclency coefficient of a one-shelf"’ oo
apparatus n, to w and i are illustrated in Figs. 6 and 7.

The curves in the following Figs.~show that the value of n diminished
sharply with the ;ncrease in w and increased with the increase in i. Hence,
with 1 = 1.34 m /hour, equivalent to 40 ll/hour of llquld, the efficiency co=

efficient of the perforated shelf (screen) within O 25 to 2.5 m/sec range of

i 11near gas flow dropped from'v 60 to 102_ _An increase in_the rate of liquid~

"flow up 46 5 m>/m/hour, equivalent to 150 11/hour somewhat rétarded the fall -
of the efficiency coefficient of the perforated shelf. An increase in w from
0.25 to 2 m/sec resulted in a drop of the efficiency coefficient of the per-

forated shelf from 62 to 22%4. The decrease in the efficiency coefficient of

" the dpparatus screen shelf caused by an increased linear rate of gas flow re=" "~~~
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Experimental results of hydrogen sulfide absorption by soda-arsenate
solutions in a one-screen-shelf foam apparatus,
H.S concentration in the gas 0.3 volume percent. Height of weir 60 mm).
2

Rate of

as flow ; Ratio of gAbsorber §Effi°i§f' gAbsorption coéf.
gver on— : Rate of Za:?to :fluid ex—§°¥izgent Absorp~ : ficient K in
. ¢ fluid . icess in %i tion rate: : 2
t;zsazsg § f%;w/;n voii:;dinézger t?? gagiazzius g/Szig ; m/hour ékgéieegf
cross § T/WOT L o1i/m3 f eor; “iscreen 1 kg/m2/ T i hr/atm
section @ S P in% : H
0.67 20.00 420 53.3 2.06 650 985
0.25 { 1.34 40,00 940 60.8 2.34 783 1185
° 2.50 75.00 1850 . 59.1 2.28 756 1145
5.00 150,00 3800 62.4 2.40 814 1235
0.6T . 10.00 ' 160 31.2 2.34 665 1000
0.50 {‘ 1.%4 20,00 420 38.4 3.01 868 1315
2.50 37.50 860 43,7 3.36 1005 1520
5.00 75.00 1830 55.3 4.27 1375 2085
0.67 ~T.00 80 19.0 2.19 - 567 860
0.75 { 1.34 13,30 240 . 28.7 3.32 805 1375
¢ 2.50 25.00 550 33,7 3.89 1090 1640
| 5.00 50.00 1170 40.0 4.62 1350 2045
0.57 5.00 30 16.7 . 2.56 656 995
) 1.34 10.00 160 - 20.3 3.13 810 1230
1.00 { 2.50 18.75 380 32.7 5.04 1410 2140
" 5.00 37.50 860 38.3 5.90 1700 2580
7.50 56.25 1330 44.8 6.91 2075 3140
10.00 75.00 1830 44.6 6.86 2065 3130
1.34  ~7.00 80 13,0  3.00 750 1140
1% { 2,50 T 12,500 ¢ 210:i- - 18,0 ---4:15 -+ 1070 --- 1620
* 5.00 25.00 550 27.0 6.22 1680 2550
1.50 37.50 860 36,2 8.30 2360 3580
1.34 5.00 30 10,8 3.28 822 1250
2.00 { 2.50 " 9,38 130~ " 14.5 4,51 1130 1710
5.00 - 18,75 380 22.0 6.76 1780 2700

sulted from a shorter contact time between the fluid and gaseous phases [14]
and from a lower ratio of liquid and gas volumeé.. A riéé.ih the value of f

at the same solution concentration increased the amount of the chemosorbent
reagent, and, according to the law of ﬁaés—reaction, shouldﬂélsb aé;elé;été':
the chemical reaction. In experiments conducted at the same time at identical
liquid flow rates, the ratio f sharply changed due to increased li;ear rate of
__gas flow, Thus, with i = 0.67 m3/m/hour, the value of f, within 0.25 to 2.5
m/sec range of w changed from 20 to 2 1i/m3. Even at maximum rate of fluid
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Fig. 6. Efficiency coefficient of apparatus Fige 7. Efficiency cocfficient of apparatus in
screen-shelf in rolation to linear gas flow relation to intensity i of fluid flos.
rate w. A - Efficiency coefficient eta in §; B - Intensity
A - Efficiency cosfficient eta in %; B - Linear i in a3/w/nr.
gas flow rate w in 3/sec. Linesr gos flow rato w in m/secy 1 - 0.25; 2 -
Intensity i in m3fhey | - 0,677 2 -~ 1.3K; : 0.5; 3 - 0.75; 4 - 1.0; 5 - 1.5 6 - 2.0.

3 - 2.5; 4 - 5.0,

flow i = 5 m3/h/hour, the ratio of fluld and gas volumes, with w = 2.5 m/sec,

was only 15 11/m}, i, e., less than the optimum, which is ~ 18 - 20 ll/m . Thus,

the results showed that for the same value of the fluid flow ve1001ty the rate

of absorption increased with an increase in the linear rate, up to a definite

limit, which was approximately 1 m/sec.

An increase in the linear rate of gas flow from 1.0 to 1.5 m/sec lowered

the absorptlon rate for the average ve1001tles of the liguid flow %o 1. 34 and

\

2.5 m /m/hour, and retarded the rise in the absorption rate w1th i=5m /m/hourl

as compared with the increase within the interval w up to 1 m/sec. An increase

in the aosorptlon rate was observed within the 1. 5 to 2. 5 m/sec range of w,- at

-

D A Nty N
Y

25 10 15 20 75

Fig. b. Rate of hydropen suifidae
sboorption in relation to w,
A - Rate of H,5S absorption in

kgf/o? of screen/hour; B - Linear .

gos flow rate in mfsecs
tntonaity i in @3/ofhours | -
0o6f5 2 - '03"; 3 - 2555 U - 5.0.

“i=1.34 and 2.5 m /h/hour, which may have re-

sulted from shifts in the hydrodynamic system,
such as increased turbulence in the fluid flow,
increased height of the foam layer, etc. The
determlnatlon of the functlonal dependence of
tne absniy ion ‘rate and of the eff1c1ency coef—
ficient of the perfo”ated shelf (screen) upon
the linear rate of-gas flow, under conditions of
identical liquid and gas volume ratios, is of

importance., In the case under consideration

changes in the linear rate of gas flow were ac-—

_59-‘
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companied by changes in the amount of liquid supplied

™

ol into the apparatus which caused the rate of liquid flow
8t to change correspondingly.
;: Curves in Fig. 9 show that the absorption rate
': for a constant value of f, increased in proportion
;L to the linear rate of gas flow. The straight line
) 1} 8 curves of this functional relation at different f
0 05 10 15 20 value{s are determined by the constancy of the absorb-
Fig. 9. Rates of hydro- ing power of the solution, while their slopes are

gen suifide absorption in

relation to w at cifferent
values of f.

A -~ Rate aof Ha8 absorption

determined by the absorbing capacity of the solution

and by the hydrodynamic conditions prevailing at

in kg/w? of screen/nrj B - various fluid and gas volume ratics. The increase
Linear gas flow rate w in .
n/sec. in the absorption rate caused by an increase in w was
Values of f in li/min: . ., 3
| —5; 2105 3 - 205 b= insignificant for low f values, but at £ = 20 li/m
40; 5 - 75.

the absorption rate caused by an increase in w rose

—— rapidly. A further increase in f up to 40 and 75
li/xn3 continued to effect an increase in the absorp-
tion rate; however, this increase can not compensate
for the increased power consumption in pumping the
large quantities of liquid and the increased pressure
drop of the apparatus,

Changes in the efficiency coefficient of a single

perforated shelf of the apparatus in its functional

relation to w at different. values of £ are illustrated

B - .
P . L in Fig. 10, .
0 05 10. 15 2.0 € e

A comparison of the data shown in Figs. 6 and 10

Fige 10. Efficiency coef- ) 3 . . )

ficient in relation to w at indicated that an increasing linear gas flow rate at
t val f f. . .

A _CE:::::.“:; ::.:“ci.n‘ a constant fluid to gas volume ratio, decreased the

in $; B - Linear gas flow

! efficiency coefficient at a considerably slower rate
rate in nfsec. - b i nelal 4 A

Vatus of f in tife3: | -5} than at a constant rate of fluid flow. Thus, with w
2 -10; 3 -20; 4 - 40; : 3
5 - 752 within the 0.5 to 1.5 m/sec range,-and f = 20 li/m , ..

the efficiency coefficient decreased ~ 1.7 times, while with £ = 40 l:l/m3 it
decreased ~ 1.2 times, At the same time, with w within the range of 0.05 to
1.5 m/sec, and i = 1.34 m3/m/hour, the efficiency coefficient diminished ~3.2

times; with i = 2.5 m /m/hour, it diminished ~3 times. This fact can be ex-
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plained by the shift in the absorption rate resulting from the change in the
linear gas flow as a fuﬁction of the constancy of the liquid gas volume ratio,
or of the rate of liquid flow, However, the characteristics of the absorption
process are best determined by the absorption coefficient and not by the ab-
sorption rate. -

It was previously shown that the value of the hydrogen sulfide absorption
coefflclent w1th1n the range of its concentration in the gas, with f = 18.75
ll/ﬁ and w = const was constant. Therefore, to establish optimal conditions
for the performance of a foam apparatus it is necessary to determine the values
of K within a 'wider range of the linear rates of gas flow as well as the fluid
flow rates.

. Curves in Fig, 11 show that with i = § m3/m/hour, K increased rapidly with
w within the limits of 0.25 to 1 m/sec,-and, thereafter, it femained practi-
cally constant. For other f values coefficient K first increased and then de-
creased. This fact pointed to differences in the importance of the resistance
of the gaseous and the liquid phases [15] in the process of hydrogen sulfide
absorption in relation to the conditions nder which the process was carried
out. Thus, the resistance of the liquid phase may be disregarded only at i =
5 m3/m/hour, and in this case, even though the absorption rate increased
slightly with w> 1 m/sec, it increased steadily throughout the entire -range
of linear gas flow rates from 0.25 to 2 m/sec. With the velocity of liguid
flow equal to 2.5 m /h/hour, the resistance of the liquid phase showed a marked

-- effect-upon the absorption process and, as a consequence, the absorption -co---

- efficient increased with the increase in w only up to

VR oo~ ~1 m/sec. When the intensity of the fluid flow de=
1500} creased to 1.34 m3/m/hour, the absorption rate was
) 7 determined basically by the liquid phase resistance.
fmm- 2 In this case, the absorption coefficient increased
1 " with the increase in w up to 0.75 = 0.85 m/séc only.
S T Wlth constant liquid and gas_volume ratlos, the ab-

o ey 1015 20 T 7 sorptlon coefficient 1ncreased steadlly with an in-

Fig. 1l. K in rolation to.w., crease in the linear rate of gas flow, in correspon-
A - K values in ofhour; B - .
Lincar 908 flow rate » in dence Vilth the Value Of f.

'numauy?/ﬁ?;/”hmu" The results showed that the absorption coefficient
"'06732;":ﬁ53 - 2503 jncreased rapidly with the increase in w, and with
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£f=20-~-175 li/m3. A decrease in the ratio of f to
10 and 5 li/m3 resulted in a slower increase in the
absorption coefficient with an increased rate of gas
flow. This fact can be explained by the dissimilar
hydrodynamic complex of ;onditions prevailing in the
gas=liquid system, which, in turn, determined the
degree of turbulence in different currents and the
contributory resistance of the liquid phase.
Fig. 13 shows K as a function of w in a loga-
rithuic system of coordinates. It also shows that
the construction of the function K = ¢(w) in loga-
rithmic coordinates produced straight line curves of
different slopes as functions of the liquid-gas volume
ratio. The above points to the fact that, with f
being constant, the shift in the absorption coefficient
controlled by the linear rate of gas flow in a
foam apparatus can be expressed by the formula
K=a. w'. The values of n, determined by the
tangent of the straight lines slope in Fig. 13,
are equal to:
0.33 at f
0.5 at f =20 1.i/m3
C e and 0.625.at £ = 40 and 75 1i/m3‘_“

The above data show -that the resistance

5 and 10 1i/m3

i}

of the fluid phase played an important part in
B .

Values of f in 1ifa3:s | -5; 2 -
i, 4033 - 205 K ~-H0§ 5= 750 oo ..

D 17 16 16 1§ 20 27 24

the process of hydrogen sulfide abscrption by

a soda-arsenate solution in a foam apparatus. -

Fige 13. K in relation to # in i . .
logarithaic system of coordinates. F‘urthemore, the resistance of the liquid phase,

A - Values of log K; B —~ Values of -

as a part of the total resistatice to absorption,
.@ggqnded upon the liquid and gas.volume ratio.

The smaller was the ratio, i.e.,.the 168s the* ™

excess of the absorber over fhe stoichiometric amount, the greater was the

resistance of the liquid phase. However, the absorber capacity, especially’”

with £ = 20 li/m3, was high, and under the study conditioms, i.e., under low

‘partial hydrogen sulfide pressures,the -absorption intensity was. practically
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determined only by the partial gas pressure., At the same time, the rate and
the absorption coefficient depended considerably upon the hydrodynamic condi-
tions prevailing in the foam apparatus,

The absorption coefficient in &« foam appératus was several times 10
greater than in a scrubber. It was previously stated that the coefficient of
H,S absorption in a scrubber apparatus did not exceed 100 kg/mB/hour/atm.
under conditions of industrial production. The respective values for the
coefficient of hydrogen sulfide absorption obtained in a foam apparatus with

= 18.75 11/m were:
2150 kg/m /hour/atm, at w= 1 m/sec, and
2500 to 2700 kg/m /hour/atm, at w = 2 m/sec.
Even at £ = 20 li/m2 and w = 0.5 m/sec, K = 868 kg/mz/hour/atm.

A distance of 0.5 m between tﬁe perforated shelves of the foam apparatus
assured its normal operation. The results showed that gas purification from
hydrogen sulfide by means of soda-arsenate solution can be accomplished in a
foam apparatus much more efflclently than in a scrubbexr apparatus, as shown
below: .

with w = 0.5 m/sec
W= 1l m/sec
2 m/sec

17 times more efficient

40 times more efficient

w

i
1]

50 times more efficient
Conclusions.

1. During the study of hydrogen sulfide absorption by a soda=-arsenate

solution -in a foam-apparatus, it .was established that within the investigated .. . .

range of'HZS concentration in a gas, i.e., up to approxiuwately 4% by volume,
and with constant liquid-gas volume ratios and constant linear rates of gas
flow, the absorption coefficient and the efficiency coefficient of a single
perforated shelf (screen) of the apparatus were independent of the hydrogen
sulfide concentratlon in the gas.

2., Depending on the rate of llquld flow the efficiency coefficient of a
31ngle perforated shelf (screen) of the apparatus dropped by 55 to 65% at gas
flow rate of 0.25 m/sec, and by 10 to 204 at gas flow rate equal to 2 m/séc.

3. With a constant liquid-gas volume ratio the rate and the absorption
coefficient changed in proportion to the change in the linear rate of gas flow.

4. With low liquid-gas volume ratios, such as f = 5 = 10 1i/h%,and

within the 1 to 2 m/hour rangeythe absorption coefficient increased 1.2 to

~13-



1.4 times at a progression proportional to the 0.33 power of the rate of gas

flow.
5. With high liquid-gas volume ratios the absorption coefficient, within

the range of 0.5 to 1.5 m/sec, increased 2 tiies at f = 20 li/m3, and 2.5
times at £ = 40 li/m , Or progressions proportional to the 0.5 power and 0.66
power of the rate of gas flow, _

6. The values of the absorption coefficient obtained for hydrogen sul-
fide absorption in a foam apparatus (for example at £ = 18 to 20 1i/h3) were
'many times greater than the values obtained for absorption in a scrubber ap--

paratus,
7. Installation of foam apparatus requires several times less space than

scrubber installation.
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Rate of Hydrogen Sulfide Absorption by Sodium Arsenate Solutions.
M, I. Gerbver, V. P. Teodorovich and A, D, Shusharina;

(Leningrad Scientific-Research Institute for 0il Refining and Synthetic
Liquid Fuel Production).

Zhurn. Prikl. Khim., Vol. 31, No. 11, 1624-1627, 1958.

The purpose of this study was to determine the mechanism of hydrogen
sulfi&e absorption by sodium arsenate solutions under conditions simulating
those in industry. The following series of experiments were conducted to
determine the effect of different factors on the absorption rate, The tech-
nigue of the experiment and the synthesis of the oxy-arsenate solutionsg were
described in previous publications [1, 2]. '

Experimental part. Absorption of hydrogen sulfide by a solutiﬁn contain-
ing a mixture of NaoHAsS30 and NaoHAsSo02, The atomic ratio of sulfur to

arsenic in industrial sodium arsenate solutions after regeneration is approx-
imately 2.5. Therefore, a mixture of Na2HAsSBO and Na,,HAsSzo2 was prepared

o) e
having a 2.48 ratio of S to As. The experimental data of hydrogen sulfide ab-

sorption by such a solution are shown in Table 1.

TABLE 1.

Effect of solution pH on hydrogen sulfide absorption rate by a solution
of NapHAsS,0 and NaoHAsSp0p. Ratio of S:As in g at 2,48; temperature
400; As concentration = 0.05 g/li.

N ) —_ T o— - - H i Time in

: Solution pH : ; minutes

i;ﬁrgegz : ! Ml of  during

Solution composition sulfids ing : { absorber jwhich S:As

the gas ! rpitial : gftgr {in 3 min iratio in-

: : min { creased

H : : t__by 0.5

Na HASSz 4801 52 + NBOH 4. 80 .- 10.5 srie ccameono - - 68‘,3- 70‘

Na HA932 48 1.52 4.45 §.2 3 7.05‘ ‘ 26,3 16
Na HA382.48 1.52 H2504 4,65 7.2 . 6.5 ~ 30.9 " 18

As was mentioned in the preceding report [2], the addition of alkali re-

tarded the rate of oxygen substitution by sulfur. However, the addition of

sulfuric acid had practlcally no effect upon the rate of absorption under

N
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study. This may be explained by the fact that a lowering in the pH value ac-
celerated the reaction rate; it must be remembered, however, that theré are
other factors which lower the concentration of HS ions in the solution, and,

as a consequence, retard the absorption rate. It is also possible that a lower
degree of hydrolysis of NaaHAsSBO salt, as compared with that of Na2HAs5202
may be such a factor. Investigation of hydrogen sulfide absorption by
Na2HAs530 so}utions was ccnducted along 2 linegz the partial pressure of
hydrogen sulfide was varied in one series of experiments, while the corcen~
tration of sodium oxythioarsenate was varied in the other series. The ex-

periments were conducted at 20°.

TABLE 2,

Rate of hydrogen sulfide absorption by the NaoHAsS30 + HpSO4 solution in
relatlon to partial hydrogen sulfide pressures in the gas at 20°.
Concentration of As in solution = 0.05 g/1i.

M1l of hydrogen sulfide

Percent of§ Solution pH § absorbed in 3 minutes ; gi:itig
hydrogen § i g i As the : § during
sulfide } Initial i After 3 i In 1 ;resul?dof : Total fwhich S:As

in the gas: ¢ minutes phys19a i rapi ; owe iratio rose

. H : ¢ solution : chemical : i by 0.5

: : ¢ ¢ reaction @ A

2.1 7.30 7.20 5.4 3.3 8.7 242

5.0 7.25 .. 6.85 12,9 11.0 23.9 138

5.0 7.30.. . 6.45.. ..  38.7 36.7. .....75.4 -
Co T TABLE 3.

Rate of hydrogen sulfide absorption by Na2HKsS3O + HpS04 solution
at 20° in relation to solution concentration.

: : . :Hydrogen sulfide absorbed in 3: .. _ .
SolutioniPercent i Solution P-H~~-S‘a-rminm;es in_.standardized ml . §.$;§§t::
concen- of i : i ; As the : Quring

-~ ----tration ihydrogeni{ .. . : After 4 .. In . iresult of & _ fwhich Sis
© 77T Tin T Ufsulfiae iInitial ;o "3 iphysical " “Trapids ;=‘Total~v§ratlo rose
mol/1i : in gas i ~ iminutes isolution i- chemical i : by 0.5
: i : : reaction ¢ : °
0.026 5.0 7.30 6.55 12.9 545 18.4 93
0.051 5.0 7.25 6.85 12.9 ~11.0 23.9 138
0.079 5.0 7.30 6.90 12.9 15.5 28.4 119
0,105 5.0 71.25% 7.20 __12.9 21.5 34.4 _ 135




The results obtained, shown in Tables 2 and 3, indicated that the rate

(1 » -
2HAs.:30 in the first

and second stages of the process was directly proportional to the concentra-

of hydrogen sulfide absorption by 0.05 mol. solution of Na

tion of hydrogen sulfide in the gaseous phase and also to the concentration
of the sorbent., The temperature effect upon the absorption rate is shown in
Table 4. )

TABLE 4.

Effect of temperature on rate of hydrogen sulfide absorption

by solution of NapHAsO4 + HQSO
As concentration in solution = 35 g/li.
: H . ) ¢ Hydrogen : Time in
Temperature : Percent of : Solution pH : sulfide { minutes
?n co i hydrogen i ! ifter 3 :absorbed in iduring which
i sulfide :{ Initial : inutes : 3 minutes 1 S:As ratio
: : § mu ! in ml irose by 0.5
20 15.6 6.9 6.35 58.0 55
40 16.8 6.9 - 6.35 40.7 24

- Results of the experimental hydrogen sulfide absorption by NaZHAsO4 50~
Ilution at various temperatures, recorded in Table 4, indicate that the rate
of oxygen substitution by sulfur greatly depended upon temperafure. For in-
" stance, the time required for saturation of NaaHAsO4 with hydrogen sulfide to

the point at which -the- ratio of sulfur to arsenlc.equalled 0. 5 was twice as

long at 20° as it was at 40°. : T e e
Hydrogen sulfide absorption by NaoHAsQp with intermittent feeding of hy-

drogen sulfide into the reaction vat. The mechanism of hydrogen sulfide ab-

sorption by a solution of sodium oxythioarsenate was aescribed in a previous
publlcatlon E2] The conclusions arrived at were verified by the following
experlments' contlnuous determlnatlons of pH values of the solution were made

_-during the experiment, while the hydrogen sulflde feed*ng 1nto the reactlon

vat was temporarily dlscontlnued The experlment was conducted in the follow-

‘ing manner: B

Hydrogen sulfide absorption by 0.05 mol NaaHASO4 solutlon was 1nvest1gated
at pH = 8.5 and 17% of hydrogen sulfide content in the gas. The pH was deter-
"nined in the course of hydrogen sulfide absorption.™ The pH value of the solu-

tions fell in the course of time as in the case of preceding experiments.
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After a certain lapse of time, hydrogen sulfide feeding was discontinued and
the vat was brought to rest, but the pH determinations were continued, The
results showed that the pH was gradually increesing., Thereupon, the hydrogen
sulfide feeding was resumed, the vessel again set into motion and the experi-
ment was continued. Curves for this experiment are presented in the follow-
ing Graph. ' — 4

The curves indicate that at the

time the experiment was discontinued and

’pzd’t,off’] : the feeding of hydrogen sulfide into the
solution was stopped, a low level re-
, L Fﬁhf—v—?-fﬁ~ c action persisted between the hydrosulfide
00 08 900 and the sodium oxythioarsenate, as re~
vealed by a continually,incréasing pH
of the solution. BHydrogen sulfide was
ldﬁ N ldﬁl M luﬁ C gradually absorbed from the gaseous phasel

Rate of hydrogen sulfide absorption causing a degree of rarification within

and pH value in relation to experi-~ the vessel. After the motor was started
ment duration at periodic addition
of HoS into the reaction chamber. :
A - pH values; B - H2S content in was resumed, the dissolution of hydrogen
ml HyS/min; C - Time in minutes.

again and the flow of hydrogen sulfide

sulfide and the formation of sodium hypo-
sulfite commenced anew, and the process continued, accompanied by immediate
high rate hydrogen sulfide absorption.

The results of the experiment strengthened the previous assumptlon re-
garding the chemical reactions which took place in the process of hydrogen sul-.
fide absorption by the solutions under investigation. Furthermore, the re-
sults of the experiment demonstrated the expediency of prolonging the contact
between the sodium arsenate solution and the absorber, since, under such condi-
tions the alkaline capacity of.the absorber and its chemical reactivse capacity

for arsenic were utilized more efféctively.

SR EO e e . Conclusions,

1. Tﬁe féaciion rate of sulfur substitution for oxygen in sodium-oxy-
thioarsenate, i.e., the third stage, depends.on tke partial pressure of hydro-
gen sulfide in a gas, on the pH of the solution, and on its temperature.

2. The expediency of prolonging the presence of sodium arsenate solution

in the absorber has been experimentally proved. - . --
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Effect of Foam Layer Thickness over Screen Shelf on Carbon Dioxide
Absorption by Alkaline Solution,

M, E. Posin, B. A, Kopylev and E. Ya. Tarat.
(Leningrad Lensoviet Technological Institute).
Zhurnal Prikladnoi Khimii, Vol. 32, No. 5, 1004-1010, 1959.

Hydrodynamic conditions which develop in the treatment of a gas-fluid
system in a screen-shelf type absorption apparatus are determined by linear .
rate of the gas flow, the quantity of fluid over the screen, the total area of
the screen perforations, and thé physical properties of the system components.
In its turn, the hydrodynamic regime (the complex of hydrodynamic conditions)
determines the Qegree of flow turbulence, and, hence, the intensity of heat
and mass (volume) transfer, The combination of hydrodynamic conditions, which
produce complete foaming of the layer of absorber fluid passing over the support-
ing screen are analyzed below. - - .-

The  assumption prevailed in the-ﬁast [i] that the height of foam layer H
and the hydraulic resistance Ap of the foam over the supporting screen charac~-
terized the hydrodynamic behavior of the absorber apparatus. The functional
dependence of H and Ap on such determining barameters as rate of gas flow w,
intensity or force of the fluid current i, height of the weir overflow hw’
specific gravity of the fluid Y1 and viscosity p has been discussed in pre-
viously published reports [2 = 5]. The influence of H on the rate of heat
transfer as well as mass transfer in different gas fluid systems, predominently
for easily soluble gases [2, ‘6, T], was thoroughly analyzed in those reports. -

Belo@ ére given values for H and Ap when air of different CO, content was passed

2
through NaOH solution; the resulting rate of CO2 absorption was then compared
with thses values,

Experimental procedure. ;/ Experiments on carbon dioxide absorption by a

. foam layer of sodium hydroxide solution were conducted using an apparatus
schematically“ii}ﬁstfatea—in Fig. 1. It consisted of a glass column with d -
36 mm, divided into 2 parts by a horizontal viﬁyl plastic screen: the total
area of the scregen perforations was 0.001 ma;_whiCh was the equivalent of the

apparatus cross-section,

l[ L. Ya. Tereshchenko and P. M. Karaseva participated in the experimental work.
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Fig. 1. Laboratory model of foam apparatus with weirs of different heights.
1 - Gas outflow pipe; 2 - Opening to pressure taking; 3 - Above screen-shelf
part; 4 - Overflow boxes; 5 - Fluid inflow pipe; 6 - Bearing hooks; T - Flange;
8 - Screen shelf; 9 - Washer; 10 - Rubber fastener; 11 - Gas inflow pipe; 12 -
Gas inflow nipple; 13 - Below screen-shelf section; 14 - Spill over pipe.
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The diameter of the screen openings was 2 mm wide and the distance between
centers was 5 ﬁm; acéordingL% the area of the perforation equalled 174 of the
total screen area, or So = 17%. Four overflow boxes were installed above the
screen 50 mm apart, beginning with the screen level for foam diversion. During
the experiment one bnx was connected with the foam disintegrator, while the
others were stoppered. Thus, by changing the weir level hw and feeding dif-
ferent quantities of fluid into the glass column, i.e., changing the flow rate,
the height of foam H was changed from 100 to 400 mm at a given rzte w of gas
flow in the apparatus. The flow intensity was taken with reference to the
diameter of the overflow box; it was expressed in m3/hour. With an overflow
box diameter of 20 mm, the fluid supply Q = 20 li/hr which corresponded to
fluid flow intensity of i = 1 m3/m per hour, This apparatus was used in pre-
vious laboratory installations fof carbonization of soda solutions, as described
in reference [8], it was equipped with an additional gas and sodium hydroxide
solution heater. Absorption of carbonic acid from air samples was conducted
with 3 N NaOH solution; the 002

fluid temperature was approximately 60°. The analytical procedure was the

concentration was 6fyand the gas and absorber

same as described elsewhere [8]. ‘

In measuring the height (thickness) of the foam layer H, the spray above
the upper level of gas~fluid system was not taken into account. The Ap value
was determined by subtracting the resistance of the dry or non-active section
of the screen from the total hydraulic resistance (pressure drop) of the appa-
ratus screen shelf. Averages of several tests were used in evaluating the
experimental results. CO,

absorption indicators, absorption coefficient K in
2 of the screen, and efficiency coefficient of one shelf n were

_relafion tolnm
computed with the aid of analytical data of a gaseous phase using formulas
presented elsewhere_f9]. K was computed assuming that the pressure balance of
CO., over solution NaOH was zero.

2
Experimental results.4 Prelimipa;y_te§t§hgstgplisheﬁljhﬁt cppditiong 9f

foam formation in an apparatus of small diameter were the same as in the stan;
_dard. model of 75 cm cross section~area.(Fig. 2) [2], and that the change in
“Coauboncentration in the purified gas up- to 15% @ia not affect the foam forma-
tion, NaOH solution foaming was studied while air was passed through 3 N NaCH
at 18 to 80%. .The teste were conducted with gas flow rates w between 0.5 and

3.5 m/sec and height of initial fluid layer\ho between 20 and 100 mm.
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A-~ Foam height ‘H in m; B - Rate of gas .. ___

model d = 36 mm and screen 5/2 at

= 17.0%.
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Foam formation in system air, 3 N
NaOH at 60° and with screen 5/2.

flow w through entire apparatus section in

m/sec.
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Foam formation in NaOH solu-

tion, Fig. 3 indicates that the
plot of relation between foam
layer thickness.H and w at dif-
ferent values of ho assumed the
form of a series of straight lines
according to equation (1):

= o.25w(po +0.1) + 2h_ (1)

It was found that equation
(1) applied within a sufficiently
wide range for w from 0.5 to 3.5
m/sec, and for h from 0.02 to
0.1 m. H slightly increased
(Fig. 4) as the temperature rose.

Curves in Fig. 5 indicate
that with a constant rate of gas
the hydraulic resistance of the
foam layer increased in propor—
tion to its thickness, which
behaved as a direct function of
hol The straight lines in Fig.
5 run parallel to one another,
The "sp901flc grav1ty" of the
foam and its hydraulic resistance
were inversely proportional to
the rate of gas flow in the ap-

paratus; with an increased rate

. of'gas flow, a foam layer of egqual

depth (height) sas produced from

T a smaller volume of fluid, that

' 1s, a lower h_ o’ than would be

. the qgsgnplth lower gas flow rate.

Therefore, the curves indicating
the functional relation between

Ap ‘and H show by their pousitions



I ' that an increase in the linear velocity

0 2::::::::::::i::::zz:::::::::: of the gas lowered the position of the
3 .

curves, The general empirical equation

200— . . 2 = . ifB for the computation of Ap in the system

examined is as follows:
Fig. 4. Foam height in relation to N ~
temperature w1th screen 5/2; w = 2.0 = 400H -~ 20w + 30(un water) (2)
m/sec, i=5m /m/hr, hw = 100 1m, The functional relationship between
A - Foam height H in mm; B - Tem-
perature in CO,

the absorption coefficient and also the

NaOH solution concentration in efficiency coefficient of the apparatus
g equiv/1i: 1 - 1.0; 2 - 3,0,

screen on the foam layer
thickness (height). It is
kmown [1, 2] that the foam

layer height H created over

150}t
the screen of the apparatus

was one of the basic in-

dicators of the foam systen

00t

which determined the value.
50
. of the absorption coeffi-

. B cient and tae efficiency of

at .. ae . . 03 : aé : the absorption process, i.e.,

Fig. 5. Hydraulic resistance (pressure drop) of the coefficient of the ]
foam in relation to its height at 60°, screen £Pici _
5/2 and 3 N NaOH. screen efficiency, or per
_A -~ Foam resistance Ap in mm water; B - Foam formance.
""" height H in mm, c -
. Gas flow rate in apparatus w in m/sec:
1-0.5;2-1.0; 3~2.0; 4~ 3.0. sent the functional relation

between absorption coefficient K as applied to 1 m2 of the apparatus screen and

i Curves in Flg. 6 pre—

the value.of H at different values of w, ~Change in H when w = const. was at-
tained by changing the weir height and the amount of fluid fed into the appa-
ratus, As can be seen from Fig. 6,  coefficient of 062 absorvtion with a solu-
tion of NaOH at the given rate of gas flow was proportional to the foam layer
height within the experimental -limits -of variation. --The equation- for the com-
putation of X in relation to H and-w is presented below:

K = 200w(H + 2) + 2400H (3)

The degree of the foam layer turbulence can be evaluated to some extent by

its hydraulic resistance Ap. In its turn this value can serve as an orientation
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.. Fig. 6. Coefficient of carbon dioxide absorption in relation to foam height
___at 609, screen 5/2, 3 N NaOH solution, 6%_carbon dioxide in gas.

A - Absorption coefficient K in kg m2/hour/m3; B - Foam height H in m,

Ratio of gas flow w in apparatus in m/sec: 1 - 0.5; 2 -.1.0; 3 - 2.0; 4 -~ 3.0.

2000 criterion for the estimation of the intensity

of apparatus .performance.

_ Curves in Fig. 7 present comparative
1500 values of K and of Ap at different foam heights
above the screen, The connection between them

at different w values form straight line curves,

and TR
K = 6.754p + 580w ~ 260 (4)

500 This indicates that the absorption rate

e . B in the foam apparatus was directly proportional

doe A K

& 2o N0 - to the amount of energy consumed in the forma-

Fig. 1. Coefficient of car—

. : - tion-of the foam system.,—- - ---
-—= bon-dioxide absorption in

Télation to hydraulic foam -  An’ediation Tor the determination of the
resistance at 609, 3 F NgOH efficiency coefficient of CO, absorption with
solution;~6% carbon dioxide . -- . : o2
- in gas. * an alkaline solution and given height of ab-
A - Absorption coefficient K sorber foam layer can be derived [9] with the

in mg/m/hr x kg/md; B - .
Foam resistance Ap in mm water. &id of the following generality:
Rate of gas flow w in apparatus oK
in m/sec: 1 - 0.5; 2 = 1.0; I (5)
3 - 2.0; 4 - 3.0.
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where v is the velocity of the inert (unabsorbed) gas in n/hour.

For gas containing 6% 002:

v = 3600 w(l - 0.06) o 3400w ‘ (6)
from which:
oK
" = ZB0Ow + K (7

By substituting in equation (7) value K from equation shown in (3) we

obtain:

12H + w(H + 2) -
"= 3I%6 + w(H + 36) .

Fig. 8, Degree of carbon dioxide absorption
(efficiency coefficient) in relation to
foam height at 60°, 3 N NaOH solution, 6%

carbon dioxide in gas.
A - Degree of absorption (efficiency coef-

. ficient) n in %; B.- Foam height H in m..
Rate of gas flow w in-apparatus: 1.-.0.5;

2 -1.0; 3 - 2.0; 4 - 3.0,

Conclusions.

(8)

Curves in Fig. 8 present
the function of K in relation
to H calculated according to
equation (8) for different
rates Sf gas flow in the ap-
paratus. Experimental data,
that is points on the curve,
closely coincide with the
theoretically derived curves.

Equation (3) is an empir-
ical one, and its application
as well as.the application of
equation (8) can be resorted
to.only under conditions.anal-

ogous to those described above.

"l. The efficiency coefficient of one screen of a foam absorber apparatus

during absorption of carbon dioxide with 3 N FaOH solution at 60° varied within
the limits of 0.15 =.0.5. for rates of gas flow between 0.5 and 3.0 m/ssc.

2. The carbon dioxide absorption coefficient fluctuated within the limits

of 500 - 2500 dependin

ing over the screen. --

g on the rate of-gas flow and the quantity of fluid flow- —-

3. Under the conditions of the present experiments, that is with 3 N solu-

tion of NaOH, 6% concentration of 002 in the gas, temperature of 600, the ab-

sorption coefficient varied .in proportion .to. the foam layer height, which
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fiuctuated with the given linear gas flow rate and the correlated fluid volume
flowing over the screen of the apparatus.

4. Use of the foam system of carbon dioxide absorption from gases by
sodium hydroxide solutions proved to be effective; it resulted in a highly
intensive process of absorption and consegquently, it can be employed effective-

ly in connection with small size absorbers.
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Calculating the Phase Balance of Multi-Component Gas Mixtures.
I. G. Plit.

(Dnepropetrovsk Chemlcal and Technologlcal Institute).
~ Zhurnal Prikladnoi Khimii, Vol. 32, No. 11, 2405-2409, 1959.

No records have been found in the literature presenting experimental data
on the subject of multi~component mixture system balance. This is the reason
_why performance analy81s of industrial installations used in processing carbo-
hydrate gas mixtures is accomplished in Tost instances by the calculation meth-
od. _In such ca}og}atlons exten51ve use is made of the so—called phase balance

- constants; with the*o;u of such constants 31mple determlnatlons are made of
the dewpoint, boiling point, quantity and composition of condensates formed
in the processes of uniflow and counterflow gaseous mixture condensation,
Phase balance constants have been used also in determining the size of ccn~
densation stripping and rectification‘columns [1]. 'The calculation is based .

on the well-known laws of Raul (pA =x, X PK) and of Dalton (pA =¥, X P) from
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which, in the case of ideal mixtures, the following equation can be derived

which coordinates (connects) the phase compositions:
o

ui&.x

2 A

in which K is the balance of the phase, in the case of ideal mixtures such

=K"° x, - ‘ (1)

balance‘depends upon the temperature and the total mixture pressure.

In the case of actual (practical) mixtures the pressure of saturated
vapor of component A over a solution (PK) is deteruined not only by the tem—
perature, but also by the correction for the ‘deviation from ideal gas laws,
which is the coefficient of compressibility. The opinion has also been ex-
pressed [2] that with an increased total pressure over the liquid mixture
mirror (surface), the pressure of the saturated component vapor depended also
upon the total pressure. The factors mentioned are taken into account in the
following equation.f2]: ‘
fﬁl
. fp
in whicb ffl is the volatility of the pure fluid at temperature and total pres;

K =

sure at balance, fP is the volatility of the vapor.

Taking into consideration the complexity and difficulty of ffl and fP de-
termination for many substances under practical computation conditions, it ap- -
peared more convenient to determine the'constants of phase balance by the es-
tablished practical procedure, or in extreme cases, by the method of highly
quallfieqwgglculatlon taklng the volatility correction into consideration.

Numerléal values of such constants can be found in ‘special references -
[3] in the form of corresponding curves in relatlon to temperature and total
pressure. However, it is known that in most cases such curves did not cover
all possible values of tamperétur;Aaﬁd pressure, not even those which occurred
in processing mixtures of gaseous hydrocarbons. Such a situation limits to a

" considerable degree the calculatlon possibilities and creates the need for the

systematization and coordlnatlon of the existing experimental and calculation

data for the purpose “of™ aer1v1ng general regularlty trends connected with phase
balance constants.

The pressure of a pure componént saturated vapor over a liquid (PZ) prac-
tically covers the effect of 2 factors of the phase constant, namely, tempera-

-~ ture and the nature of the substance, . Where the process temperature is con-
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stant, the effect of the substance nature in this relationship can probably be
expressed not onl& through corresponding changes in the saturated vapor pres-
sure, but by any other physieal‘parameter.

‘ From the viewpoint of possible generalizations of the results for the
purpose at hand, it is more convenientvfo use, for example, the critical pres-
sure of the substance (Pcr) and substituting for PX its equivalent Pcr’ as
shown by the following equation:

p°
_A - f (——P“r)
Klt = const

Furthermore, con51der1ng that the pressure ratio P/P can be assumed to be
identical with actual pressure P', the functional 1nterre1ation can be expressed

by the following formula:

Kit = censt =t GT>

in which the effect of the substance nature and of the total gas mixture pres-
sure at t = const. is determined by the value of P*, It is Enown that the
reduced pressure represents a generalized parameter, accordingly the above
expreseed functional relationship is of a universal nature. For the checking
and final determination of the function character a curve is constructed ex-
pressing the functional relationship between the phase balance constant and the
reduced pressure P' at constant temperature in all instances cited in the lit-
erature (). In connectlon with the above, use is made of all the available
practze;i”aeta for such hydrocarbons as methane, "ethylenre,” propylene, ethane,
propane and butane. Such a curve is presented in Fig. 1, in which values of

~ the constants at @ = 1 are plotted along the coordinate and actual reduced

pressure is plotted along the absclssa.

A

St - x=f  o-§

| - o-2 o-§ - ~
4t -2 vy ’

= F ¢ o4 .

2t : -

o d - [ _

T a5 0 75 20 B

Fig, 1. Functional relationship between phase equilibrium constants (A) and
artificially reduced pressure (B) at reduced temperature (8) egual 1.
1 - Methane; 2 - Ethylene; 3 - Propylene; 4 - Ethane; 5 ~ Propane;
6 - Butane; 7 ~ Carbon Monoxide; 8 - Nitrogen.
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The curve in Fig. 1 confirms the actual existence of universal functional
relationships between K and P', in other words, the phase balance constants for
different hydrocarbons at different reduced parameters have identical values,
Deviations at isolated points from the universal regularity are insignificant
and accidental,

Data found in the literature related to niirogen and carbon monoxide con-
stants were also processed. However, due to the lack at wide intervals of
reliable pressure and temperature data, only a few points could be determined;
such points were in close agreement with points of observation for all hydro-
carbons, insofar as basic regularity was concerned at A = 1.

Less gratifying results were obtained with carbon monoxide at reduced
temperature and with @ less than 0.8¢and for nitrogen with 8 greater than 1.2,
despite the fact that at other sections of the curve the coincidence of the
results was a satisfactory one. This seems to confirm the fact that the ac-
curacy of values found in the literature for the above-mentioned constants [4]
was not sufficiently high at all intervals of study. Ce

Figs. 2 and 3 present curves of functional K and P' relationships at dif-
ferent reduced temperatures for a number of approved substances. All confirm
" the fact that for all values of @ the K and P' functional relationship was a
monotypical one; this in turn, makes possible the bringing out of certain

A ggneral regularity characteristics
of phase balance constants. It can
be seen that at P' greater than 2

or at general gas mixture pressure

1
I

P greater than 2Pcr the phase bal-
ance constant is practically in-
- dependent of the reduced pressure
and that with the rise in the pres—
_ sure it remained constant.. There-
-l - fore, the utilization of the pres-

HAAvZC

I sure factor for the intensification

D
Y T T . - T
v

b

5 - 20

()
E)
Al
™~
o

of the condensation process was

Fig. 2. Functional relationship between limited by a maximum, and the ap=
phase equilidbrium constants (A) and plication of pressures exceeding
srtificially reduced pressure (B).

Reduced temperature (8): I -0.T;
II - 0.8; IIT - 1.2, purpose. Under such conditions a

2Pcr would serve no beneficial



w0 reduction in the phase balance
a: .-t constant can be obtained only by
6- 0-2 lowering the temperature,

[ *-J The general picture is much
‘[ ot the same in the region where P' is
zt . either equal to or less than 0.1.
e T T IT; 75 B  Here the constant value practically

Fig. 3. Functional relationship between ~ tends to approach infinity and an

phase equilibrium constants (4) and increase in the process efficiency
artificially reduced pressure (B) at ,
reduced temperature (@) equal 1.3.
1 -~ Methane; 2 - Ethylene; 3 - Propane; siderably the condensation tempera-
‘4 - Carbon monoxide.

can be obtained by lowering con-

ture.

The described characteristics<(properties) are only qualitative, For the
quantitative expression of such changes-it is necessary to resort to certain
analy%ical equations which can be derived by taking into consideration certain
general functional interrelations. By the method of logarithmic curve plotting,

that is, by the straight-line method of ‘plotting the following equation is

obtained: . ‘ .
P lg K = 1g & - 0.785 1g P'
in which a is the coefficient, the value of which
depends upon the reduced temperature and with 8 =
Jt J . 1y and a = 0.95. In order to bring out the nature
: of function a = £(8), curves were constructed, as
o shown in Fig.-4, on the basis. of data. taken from .
4 " Figs. 1 = 3, representing functional relatioﬁships
between phase balance constants and réduced temper—
A 4 ature at different assumed pressures, The loga-
rithmic or straight-line presentation of the curves
established that a = 0.95 x 92'85, and consequently
. . .‘:;' and fiﬁaii&kmA'-A o T -

0 02 0t 06 08 1u 12 '
e 1g K = 1g 0.95 + 2.85 1g 6 ~ 0.785 1g P'  (2)
F:?éngﬁinggzz::ga;h::ia- Equation (2) is a universal or generalized one and =
equilibrium constant (A) can be used in the preliminary or orientation de~
and reduced temperature (8)
Artificially reduced pres-
sure P: 1 - 0,15; 2 - 0.2; conditions of actual processes and for different

3 - 055 4 =1.057 5= 2:0: practically encountered gas phase mixtures,

termination of phase balance constants at different
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Experimental Utilization of Manganese Dioxide in Purifying Gases from
Hydrogen Sulfide and Recovery of Elemental Sulfur.

Ya, Ya, Dodonov, L. D. Borzova, V. S, Kolosova and V, S. Pokaevskaya.
(N. G. Chernyshevskii Saratovsk State University).
Zhurnal Prikladnoi Khimii, Vol. 32, No, 11, 2373-2377, 1959.

Many metheds for the purification of gases from hydrogen sulfide have been
described in the literature. The most widely used afe based either on the oxi=-
dation of hydrogen sulfide to elemental sulfur (1 - 6], or on the neutraliza-
tion of hydrogen sulfide by substances possessing basic properties 2, 3, 7 -
9]. The use of manganese dioxide in the purification of gases from hydrogen
sulfide was first proposed in 1931 [10]. However, the proposed method appar—
ently passed unnoticed, since no evidence was found in the literature of any
progressive work along this line. Studies made by Chagunav in purification
of gases from sulfur by manganese eompounds [11], were made without any refer—
ence to the regeneration and repeated use of the manganese substances,

These authors developed a method for the utilization of manganese dioxide
in the purification of gases of hydrogen sulfide, accompanied by recovery of
elemental-eulfq; in a continuous process, Experiments were performed with man-
ganese dioxide which contained less than 0.95% of MnO, less than 5.78% of
Mn203, and less than 80.0T% of MnO The quantity of MnO2
_basis of "active oxygen", ranged between 74.70 and 87 02% The set-up used
is shown schematlcally in the following Figure; it conslsts of a generator _
which received hydrogen sulfide from a 10% solution of sodium sulfide and

, Ccalculated on the

‘hydrochloric acid (1), a mixer of hydrogen sulfide and nitrogen or other gas

(2), a reaction column with ¥nO,, (3), Drexel containers with solutions of

. cadmium acetate (4), manometers (5), flowmeters (6), air blower (7) and a

gasmeter. (8)... In studying the process of hydrogen sulfide oxidation with pure
M’nO2 the latter was placed into the reaction column in experiments Nos., 1 - T3

iiﬁéemhdéiﬁas-ébélied—tonthe carrier (vehicle) in tests Nos. 8 and 9;-it was

used in water suspension in tests Nos. 10 and 11. In the cases of the latter
use was made of 2 bubbling apparatuses instead of the reaction column. The
finely ground MnO2 water suspension was placed into budbblers equipped with
magnetic mixers, Results of the tests are listed in Tab}e_l The data in

Table 1 indicate that the outcome of the reaction MnO2 + 2 st MnS + 2H20 + S
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Schematic drawing of the apparatus used in hydrogen sulfide oxidation by
manganese dioxide. Explanation in text.

TABLE 1,

Results of hydrogen sulfide oxidation by manganese dioxide.

: e NP : rate : HoS : Time : MnOp oxidized
Test§ Absorber mass composition tof gasécontentgof gasi__ HoS in g :Oxida-
i : : : i flow : in { flow } : i tion -
No. i Un0, H H,0 §S§?§:d§Véhicle § in forigi- g in érzggo-lgExp:ri—g in &
H : H : iml/mininal gast min, X crcatjmental i
1 35,0 - - - 31.4 0.30 2110 20.44  19.G96 97.85
2 10,0 - - - 36,2 -0.52 314 6.40 5.88 G1.90
3  30.0 - - - 34.4 0.38 1896 19.20 19.20 100.00
8 4.0 12.0 0.1 iﬁg;gtzg 50,0  0.32 180  2.72  2.72 100.00
9 4.0 12.0 0.1 iig;gtzg 12,0 0.34 $30  2.72  2.60 95.58
10 35.0 350.0 5.0 - 21,0 C.11 831 20.44 2.29 11.2C
11 4.0 340.0 0.1 - 10.7 0.46 1l2 2,72 0.55 20,22

differed with each of the methods used. Lowest percent of hydrdgen sulfide oxi-
dation occurred in the experiments performed with the KnO2 suspension in water,
Lowering the thickness of the absorber lzoyer and increasing the gas passc.e
rate and the content of hydrogen sulfide in the final s, reduced tae perrcent
of gas oxidation to & slight degree only. On-the otnc:r hand, the use of carriers
P

or vehicles proauced positive effectis on ithe process ¢f gas purificetion from

hydrogen sulfide. The formed manganese sulfide was oxidized by the air oxygen



according to the following reaction: MnS + 1/2 0, + H,0 = Mn(OH)2 + S. The
sulfur was extracted with dichlorethane or irichlorethylene by the Snxlet
method; the solvent was then distilled off using superheated steam; for this
purpose a particular set-up was used which consisted of a steam producer,
steam superheater, a reaction column and a sulfur receiver prqvided with a
cooling apparatus. The results are presented in Table 2. Data in this Table
show that both methods produced complete sulfur separation. Tests indicated

that the sulfur thus obtained was of adequate purity.

TABLE 2,

Results of sulfur separation from products of manganese sulfide
oxidation by air oxygen.

: : : Theoretically : Amount of
: s : : computed amount :separated sulfur
ggst : sig::;iie i Extraction method iof free sulfur ini :
* : ig on the basis of: Ing : In g%
¢ e B - thydrogen sulfide ¢ :
1 Mansanese ( Dichlorethane 2.20 2.13 96.82
2 difxi 36 1 Trichlorethylene 5,02 5.05 100.50
3 Steam . 18.79 - 18,57 98.83
Manganese i : - : )
' dioxide in-
4 refractory Steam ] ‘ 4,67 . | 4.35 93.14
clay

It was now necessary to determine the economic practicability of manganese
dioxide utilization in practice by the so-called "dry" method of hydrogen sul-
fide purification. Hence, a study was made of the most économical process of -
manganese dioxide regeneration, in connection with the continuous method of‘
gas purification, Regeneration of manganese dioxide by dir-oxygen progressed
at a slow rate and with considerable difficulty. The products obtained from

such oxidation possessed low hydrogen sulfide oxidizing properties, as shown

" . by the fact that activity of manganese dioxide thus regenerated did not ex-

ceed 32 - 36%. However, further studies of manganese dioxide regeneration

" showed that the simultaneous introduction of chlorine gas and steam hastened

the process of manganese oxidation and increased its value as an active oxi- -
‘dizer. Slaked lime was added to the solution to create a state of alkalinity
for fhe purpose of reducing loss of manganese by washing out water~soluble
d}vg}ent manganese salts, Exﬁeriments for the purification of gases from
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hydrbgen sulfide and succeeding regeneration of the spent wanganese diovxide
and its repeated utilization in the continuous cycle were performed as fol-
lows: a known weight of manganese dioxide was introduced into the set-up
shown in the schematic drawing; the gas containing the hydrogen sulfide was
then passed through it until tﬁe manganese dioxide was completely reduced.
After compiete oxidation by the atmospheric air, the sulfur was extracted
with trichlorethylene. Before starting cycle II, a wixture was prepared
consisting of 30% slaked lime and 70% of the products resulting from manga~
nese sulfide air oxidation which was arbitrarily designated as "manganese
dioxide". The final product was then chklorine treéted by the steam heat
process. The latter treatment raised the potency of the manganese dioxide
(activity) from 30.81 to 81.53%. Similar chlorine steam heat treatment was
applied to the products in cycles II and III for the re-utilization of man-
ganese dioxide in gas purification from hydfogen sulfide, Oxidizing agents
other than chlorine were tested in a similar manner, but yielded no positive
results,

The summary results obtained by the use of manganese dioxide in the puri-
fication of gases from st are presented in Table 3. The data in that Table
lead to the conclusion that the introduction of 30% by weight of slaked lime
completely eliminated the loss of manganese; the reaction between HZS and
Mn02 in experimental cycles I, II and III proceeded to completion, as was
shown by the fact that 100% of the sulfur was regained; the steam-chlorine
heat treatment resulted in an increase in the potency of the maﬁganese di-

_ oxide "activity" to 75 - 85% of utilization.

R Y T .. Tt ola. — =TT = i -

Conclusions.

1, Studies of the process of gas purification from hydrogen sulfide by
means of manganese dioxide showed that the oxidution-reduction reaction be-
tween hyd;ogen sulfide and manganese dioxide proceeded to completion. The
reaction product, sulfur, was extracted by chloro-organic solvents with the
-aid of superheated steam; 1 kg of manganese dioxide having an MnO2 "activity"
of 83.11% per cycle oxidlzed 760 9 g of hydrogen sulfide and produced T737.7T
g of elemental sulfur,

2. Conditions were established for practically complete regeneration

of manganese dioxide. It was shown that steam-chlorine heat treatment en-

hancéd the oxidizing potency of manganese dioxide after it had reacted with
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TABLE 3. .

Total yield from the use of manganese dioxide in the purification
of gas from hydrogen sulfide.

: : - Cycle I : Treatment 1
: Content : Sulfur :,, .. : :
: i $"Active® H $
i of ! yield 4 i : Percent :
Absorher mass iy, ysuen lof theow (002 COB- Oxidizing: of : Percent
composition @ . f . ¢ tent at - ... ¢ of lost
! MnOo in iretically: agent f"active" :
: : ¢ end of H : MnOo,
: percent { calcu- ¢ ovele : Mn02 :
: ! lateda f V¥ : :
Original MnO, 83.11 - _ 99.47 1.25
MnOop 83.11 100 "30.91 87.72 35.22
80% In0, + 20% 83.11 100 33.96 76.25 9.31
TR a? + 308 Chlo- - ‘
MnOp + ‘ .

Ca(OH)g 83.11 100 38.70 ' > rine ‘ 81.53 0.00
50% lin0z + 50% 83.11 100 36.05 74.03 2.23
70% MHOQ + 3% °

Ca(OH)2 83.11 190 38.70 ) 81.53 0.00
70% Un0p + 30% 83.11 100 37.27 Air 40.25 5.40
70% Mn02 + 308

Ca(OH)2 83.11 100 37.27 Oxygen  42.67 4.}7

Cycle 11 : Treatment II : éxple 11X

Sulfur : Sulfur i : ¢ Sulfur : Sulfur
_ - fyield ¢ lyield in i"Active™ { . - i yield % iyield in
Azi:r::§t?§zs {of theo- i %; loss iMnOp con-} Mniiqss iof theo- ¢ %£; loss
P reticallyi not ac- { tent in i ercent §retically§ not ac-
calcu- | counted i percent i P°7°°"" { calcu- { counted

lated ¢ for ¢ : :_lated : for

Original MnO2 - - - - - -

MnO, 100 64.78 85.62 53.40 100 46.60
80% Mn02 + 208 - - - - o LS PR _ ce

Ca(OH)5 ~ .

70% MnO, + 30% _ T e -
- Ca(on)z' - .- "‘ _A‘_ ” - f._ - <. ;_.4_-_‘ USSR URHNE SN 5 Su Y U [ T T R R
50% MnOp + 50% - o . L T -

Ca(CH),

0% Mn0p + 30% 100 100.00  74.23 1.55 100 98.45

Ca(OH)2 .

70% MnOp + 30% - - - - - -
— —-Ca(OB)p - . .. . .. o -
T0% MnO2 + 30% . - - - - - -

Ca(OH)»




hydrogen sulfide and air oxygen. The addition of slaked lime was instru-

mental in totally preventing tﬁeAlosé.bf;mhnganese.

v«é@.; 0 .’*’"f‘ St . . .
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Abstract.

. Effect of Low 502 Concentrations on the Orgagism of Animals. E. K. Lobova.
In book: Vopr. Gigieny Atmosf. Vozdukha. L., 14-24 (1959). Experiments were
performed with white rats. Exposure of 24 rats for a period of 4 hours to

SO concentratlon of 20 mg/m lowered the activity of spleen tissue dehydrase
by Zé 6 - 63 7%, as compared with the controls; activity of cholinesterase in
the tlssues of the spleen, kidneys, blood, brain, and small intestine mucosa
was reduced by 29.0 - 41.7%. Exposure of white rats to 802 concentrations

of 0.48 mg/m for 4 hours daily over a period of 144 days caused some animals
to lose weight, lowered the spleen dehydrase activity by 50 - 56% and the same
.. of the liver, lung, heart, angﬁkidnqy‘tissues; Activity of cholinestera;e-

of tissues of the spleen, liver, intestinal mucosa, lungs, heart, and brain
‘were-also reduced. No determinations were made- for the effect .of S0, on.the
blood. There was a tendency to lowered vitamin C content in the kidney,
liver‘tissueS'and in the intestinal mucosa. At 0.1 mg/m3 concentration of—
802
dency.on the part of 9§?b°n§y§f§§? to fall below normal activity. Such shifts

animal exposure for 5 hours daily over 165 days there was a slight ten-

were of short duration and reversible. Recommendations: compléte absorptiocn

o6



. 80 that the SO

of 802 from flue gases before they are discharged into the atumospheric air,

o concentration in the atmospheric air should not exceed 0.03

mg/m} as in the case of H,S.

Vetting agents ?roperty to Catch Dust in a Dust Chamber.
S. Kh. Zakieva and A, B. Taubman,
(Institute of Physical Chemistry, Academy of Sciences, U.S.S.R.).
Zhurn. Prikl. Khim., Vol. 32, No. 4, 797-800, 1959.

measures to prevent silicosis and anthracosis, i.e., the pathologic ef-
fects of quartz and coal mining, consist in the main of a wide use of water,
such as drilling blast holes vith washiﬁg, sprinkling, water "curtains", and
similar methods. The dust catching capacity of water can be increased by
adding certain wetting agents which increase the capacity of water to engulf
particulates. Substances with lower surface tension, such as sulfonol (a
Russian trade name), OP-7, OP-10, DB and others [1] velong to the group of

wetting agents. Addition of such substances in practice indicated that re-

- sidual air dustiness in mines may be reduced to one-half or one-third; in

" many instances [2] it was actually reduced to tﬁé"ieﬁei‘fééﬁired:by'sanitéry ’

regulations. Therefore, physical and chemical analyses and comparative evalu-
ations of the effectiveness of various wetting agents are of importance.

Taubman and Nikitina [3] made a thoreﬁgﬁ study of dany'wetting agents by
the "drop method" to determine the capacity of individual drops to entrap

par{icles of sﬁepended dust. They were able to interrelate the dust capacity

‘£of wettlng agents w1th their comp051t10n, chemical structure, degree of dust

Pl el

‘dlsper31on and meny other pertlnent factors [4]. ;-z«n;;zm-~

The present report describes experlmental tests made with wetting agent
solutions using a laborato:y dust chamber of 1 m3 capacity, which is schemati-

cally presented in Fig. 1.



These tests are of particular

{:iiijj:::?j ” " value, since they were performed
41 H’ 4 A —— - . )
/””/3 ¢ Sl Fros under conditions similar to tho:se
B AP com;ramed
nitrogen prevziling in industrial dust
tank

catching by means of water spray,

especially of dust suspended in

mine air. The results should be

of greater practical value than

those obtained by the laboratory

bg
"’N
From the blewer - ——

drop apparatus used by Taubman and

Fige le Plan of installation used in the aetersine- Nikitina,.
tion of dust cstching proyerty of wetting agent so-

tutions in a dust chamber. where solutions of wetting
I - Dust chamber; ¢ - Dust disperser; 3 - Receivers;
4 - Blower; 5 — Forced spray nozzie; 6 - Tank con-
taining water or ~etting agent solution; 7 - Opening
to tank filling; B, 9, 10 - Valves; |1 - Manometer;

12 - Faucet; 13 - Hose; 1h - Draie. particles were formed in the spray-

agents were used instead of plain

water [5], harmless silico-organic

ceontaining air through the evaﬁoration of the wetting agent solutions which
distorted counts made for the evaluation of dustiness, yielding misleading
information regardihg the dust-catching capacity of the solutions tested.
Furthermore, the gravimetric count cannot be used when tests are made in a
chamber, since an air sample containing a sufficient amount of dust would
cause a considerable decrease of the dust concentration in the chamber,
Therefore, a special method was developed for the determination of the dust
catchingvcabééiiy of water and of wetting agent solutions, based on turbidity
caused by the suspension of the dust collected in the process of liquid spray-
ing. The relutive effcntive dust catching capacity (E) was determined from
the ratio between the turbidity of the dust collected by the solution of a
wetting agent mwa and the turbidity of dust suspension cecllected by water

¥, 131

522
nwt

The dust concentration in the chamber changes continually during the ex-

E =

periment due to settling of coarse dust particles; therefore, measurements
were begun after 7 to 8 minutes, when the heavy particle setiling stopped and
the concentration of suspended particles could be considered coastant for

purposes of study. -



»

Curves shown in Fig., 2 represent rate

=
—

y/ of quartz dust settling and indicate that

—

the initial concentration under the experi-

®
nl ‘? mental conditions was 2.5 - 3.0 x 104 of
. 3 . .
& 5

particles per cm~. Determinations of the
4é§€22§27’ initial dustiness in the dust chamber were
2t ¢ ‘(/- made by the count method using zn electron

ultramicroscope VDK [6]. Samples were

“taken approximately at mid height of the

0 s 1 e 1 1 4 L A i B
¢ 8§ . 16 chamber, Spraying was done under pressure

Fig. 2. Curves of guartz dust of 3 atmospheres; water droplets distribu-
settling in dust chamber,

A - Dust density inn - 10-4 par—

ticles per m3; B — Time 7 in min. 30 = 50 p - 67.3%; 50 - 100 p - 12.1%; 100 - .

200 p - 10.7%, and > 200 p - 9.9%.

Substances under investigation were dust from the Baleiskii deposit, which

tion according to diameters was as follows:

contained approximately 60F of 5102, and coal dust from the Yasinovka Donbass
mine, the partlcle s1zes of thls dust were approximately 10 p or less,

One g of quartz dust or 3 g of coal dust were placed into a dust diffuser,
built for this study. Approximately one minute before the experiment was
initiated, a fan was started in the chamber to maintain uniform dust distribu-
tion. The dust under study was then gradually forced out of the diffuser by
the operating blower. The diffuser was then removed from the chamber, its
opening was plugged, and the fan was turned off. The dust was allowed to
settle undisturbed for about 7 minutes; then, either water or a wetting agent
solutlon was sprayed in under ‘pressure of 3 atmospheres. As-the éﬁfqyer was
set 1nto operation, the receptacle lids were opened by means of an outside
attachment, and an air sample was taken over a period of one minute. The
suspension collected in 4 receptacles was transferred into a volumetric flasxk.
In the experiments with pure water spray, a stabilizer, which was the wetting
agent being tested, was introduced igto the suspension., Parallel control ex—
“~peiiﬁeﬁié Qére édnducted to determine the correction factor accounting for
"frééi}.se;tiing dust. The turbidities of the suspension obtained were measured
with an "NMF" nephelometer. . .

The following Table shows the results obtained with quartz dust and

with coal dust in determining the dust catching capacity of solutions of a

' e e mmeman = e m e s e - =
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Dust catching capacity of.

wetting agent RAS~Na in

relation to concentration.:

PO -

new wetting agent known as "RAS-Na", synthe-
sized in the Oil Institute, Academy of
Sciences, U.S.S.R. [7].

Vetting agent: M o
concentrationiB = wooi Dust

The curve in Fig. 3 represents the

functional relation of the dust catching

capacity (E) of RAS-Na solutions to the con-
centrations of the wotiing agent using quartz
dust.

of the dynamic surface tension for same so-

The dash line represents the isotherm

in percent i wt i type
0 (water) 1.00
0.25 1.37 }
0.50 1.67 J ertz
1.00 1.85
1.00 2,22 Coal
£ i §
8 . .
\ 170
20RR .
\ e=r(c] |
\ . -
N
\ Lo
15F “a ,
\\‘Eif;(_cz A
T30
[l e A A
ub : ‘25 w ¢
Fig; 3. Dust catching

capacity of RAS-Na wetting
agent solution in relation
to concentration.

E < Dust” catching capacity;—

C - Wetting agent concen-
tration in'%; o ~ Surface -
tension in erg/cm?.

lutions corresponding to the time of droplet
(r) formation equal to 2 seconds [8].

The results agree with data obtained by the
triékling'apparatus and lead to the conclusion
that the procedure described herein and the use
of'a dust chamber for the evaluation of the dust
collecting capacity of wetting agent solutions
which lower surface tension constitute a con-
venient semi-industrial method for use in select-

ing effective wetting agents.
Conclusions,

1. A special method was developed based on

“the use of a laboratory dust chamber for the -

evaluation of dust catching capacity of wetting

agent solutions with a lower surface tension,

particularly in their application to the abatement of deleterious silicon and

anthracite dusts.

silicosis und anthracosis

2, The value of a new synthetic wetting agent known as RAS-Na in catching

producing dusts has been established by this method.
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Basic Data for the Determination of.Sanitary‘Clearance Zone Widths Around
Peat Burning Electric Heat and Power Stations.

N. Ya. Yanysheva,

(The F. F. Erisman Moscow Scientific-Research Institute of Sanitation
and Hygiene, Ministry of Health of the U.S.S.R.).

Gigiena i Sanitariya, Vol. 24, No. 9, 6~10, 1959,

It has been estimated that 60f of the world's peat supply was within the
boundaries of the U.S.S.R. Some of the largesf U.S.S.R. electric heat and
power stations burned peat. It has also been estimated that at the end of the
fifth Five-Year Plan the U.S.S.R. will generate 25% of the world's electric
energy. The effect of such an amount of peat burmed by electric heat and power
plants will be seriousl& reflected in increased atmospheric air pollution with
fly ash and other pollutants resulting from burning the anticipated quantities
of peat.. Peat as a. fuel is characterized by low ash content. Top-layer peat
contains 2 - 4% of ash, the intermediate layers contain 4 -~ 6% of ash, and the
lower layers of peat contain 6 = 18% of ash. Sulfur content of peat varies
between 0.1 and 0.2% in the top layer variety and between 0.3 and 0.5% and
rarely up to 1.0¢ in the lower layered peat. K. G. Beryushev was the first
to study‘atmospheric air pollution by discharges coming from peat burning
electric heat and power stations. Using the sedimentation method Beryushev
established signs of atmospheric air pollution within a 2 km area from the

source of the discharge.

The purpose of the present study Qgs to seéuré.déié-for tﬂo re;iéioﬁ'af )
the sanitary clearance zone regulation GOST N 101-54, applicable to electric
heat and powerhstationé,Which used peat as fuel. Studies were conducted in
the environs of four separately located~electricity generating stations: 3
stations were located in the Moscow and one in the Ivanovsk regions. The
stations burned 50, 90, 200 and 250 tons of peat per hour; they were equipped
with jalousie ash catchers and with cyclone ash abaters which operated at
50 ~ 65¢ effectiveness, with the smokestacks ranging between 30 = 60 m height.
The stﬁdy was limited to the estimation of atmospheric air pollution with dust

s

and with 802. Five~hundred and twenty~-three air samples were collected by the
aspiration method in the path of the smoke flume at distances between 100 to

2500 meters from the point of discharge...Simultaneously .studies were made of

- =101~



the ﬁmounts of ash and SO2 actualiy emitted into the atmosphere by the electric
stations. The procedure was as follows: at the time the aspiration air samples
were collected, records were made of the number of operating boilers, their
charge or ioading capacity, the rate of fuel consumption, the fuel composition
and the ash catcher operation. 'Supplemental study results and other pertinent
data are listed in Table 1. It should be added at this point that the methods
of fuel combustion used by the electric heat and power stations under investiga-
tion were different. Electric heat and power stations Nos. A and B burned a
mixture consisting of 60% milled and 40% lump peat, station C burned milled

peat exclusively, and station D burned lump peat exclusively. Atmospheric air
pollution data (dust and soz) are listed in Table 2,

TABLE 1,

'Properties of the fuel and of the emissions into atmospheric air.

Electric heat and power plants

>

In@exes H B g c § D -

Peat consumption in tons '

per hour o 250 200 90 50
Peat ash content in ) .

percent ' 8 9 3 10
Efficiency coefficient 4 boilers 50 .

of flue gases purifica- 62 5 boilers no 60 65

tion in percent purification
Ash emission in tons '
per bour. 5¢3 8 3 0.5
Sulfur .content in percent T 03 er =030 .03 .0 . 0.3,
S0, emission in tons ) o - B :

2

per hour 1.5 . 1.1 _ 0.5 0.3
Smokestack helght T stacks 40 ‘

inm - 40 2 stacks 60 30 30

" The hygienic evaluation of data related to atmospheric air pollution and

to width of sanitary clearance zones was based on a comparison of the actual

maximal single concentrations with the limlts of allowable céhéentrations
_adopted in the U.S.S.R. for dust (0.5 mg/m ) and S0, (o 5 mg/h 0f equal
weight and 1mportance were the answers to a list of questlons glven to local
residents which in this case were in close correspondence with the results of
the analytical laboratory findings, Answers given>by residents at a radial

distance of 1500 m from electric stations A and B presented a suitable example
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TABLE 2,

Maxlmal dust and sulfur dioxide concentrations in mg/m in atmospheric air
in the surroundings of the electric heat and power plants,

Electrlc heat zand power stations

Meters

A B c D
from H : H H
plant : : : P o
: Dust : 502 : Dust : 802 : Dust : 802 : Dust : 802
100 - - - - - - 1,70 0.8
300 - -. 17.0 1.6 3.26 2.60 0.40 0.6
) - None
500 9.55 2.1 12.3 1.§ 2.89 0.45 0.18 found
None None
1,000 3.31 1.8 4.0 1.2 1.00 0.39 found found

1,500 1.47 1.5 2.0 0.8 0.68 0.32 - -

TABLES 3 AND 4.

Answers to. questlons by residents in surroundings of plants A and B in percent.

e P RS -

Air smokiness noted S Smoky

Meters from;Ng% H : : : : : :?91led § and {Damaged
electric §Per_§Gener-§ Fre~ iInfre- gNoneEStrong§Weak $ 12:28 tdustyivegeta-
power plant;sonsg ally gquentlygquently; g ; g §clothes§g;z; g tion
Plant. 4 -
200~300 101 100.0 T1l.0 18.0 - 93,0 7.0 100.0 98.0 99.0
500-600 100 100.0 - - - 100.0 - 100.0 100.0 100.0
1, 200—1 SOO 92 92.0 - 1.1 - 19.8 80.2 99.8 100.0 99.8
e e A s ST :_:»_“_‘:* .= - ﬁlant B_ -: __':—_: . o - N _w. _'...- - . -

200~-300 99 100.0 100,0
500-600 95 100.0 96.8 2.
1

- 100.0 100.0 100.0
1 -
1,200-1,500 94 91,5 8.5 91.5 8.5 s

6 100.0 100.0 95.0
3 36.2 12.3 1.1

of the above mentioned correspondence; the answers are listed in Tables 3 and
4, ‘The answers given by the residents indicated that the smokestack discharges
seriously affected the general living conditions ¢f "the population residing
1500 meters from electric stations A and B. This was'basically due to the fact
that the flue gas purification equipment operated at I6w efficiency, and the
smokestacks were of insufficient height on the one hand, and on the other hand
the sanitary clearance zones between the stations znd the populated areas were
of insufficient width.
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Electric station A burned.250 tons of peat per hour; the peat contained
8% of ash; the ash catching installations operated at 62% efficiency, and the
height of the smokestack was 40 meters, Accordingly, the smokestack discharged
into the atmospheric air 5.3 tons 6f’ash e#exy hour, According to the data
listed in Table 2 the sanitary clearance éone should have been more than 2500
m wide, since even at a distance of 2500 m from station A the 802 concentra~-
tion in the atmospheric air -was,3 times the required limit of its allowable
concentration. Examination disclosed that the actual width of the existing
clearance zones was approximately 200 m and that it was not possible to in-
crease its width under the prevailing localization of populated areas; the only
way in which this particular sanitary problem could be solved, would be by
raising the ash-removing efficiency of the gas purifying equipment to 97 - 98%.

Electric station B burned 200 tons of peat per hour; the ash content of
the .peat was 9%; the station operated on 9 boilers, of which only 4 were equipped
with ash-catching installations. As a result, this station emitted through its
smokestacks of 40 - 60 m high 8 tons of ash per hour. At 2500 m from this
station the maximal dust concentration exceeded by 4 times the maximal single
allowable concentration; the 502 concentration at 2500 m from the station ez~
ceeded by 1.6 times the maximal single allowable atmospheric air concentration.
Accordingly, the width of the sanitary clearance zone surrounding station B
should be 2500 m., Here, again, the existence of populated greas makes widening
of the present sanitary clearance zone practically impossible, and, as in the

case of station A, the sanitary problem could be solved only by riasing the

total flue gas purification to 97X,
Staticn € burned 90 tons of peat per hour; the ash content of the fuel was
933 ach ocatchers took care of only 60% of the ash, so that the emokestacks of
30 m in height discharged into the atmospheric air 3 tons of dust per hour. Ac-
cordingly, in-this caso, the width of the sanitary clearance zone should also
' be 2500 m. In fact,. however, the existing sanitary clearance zone. was only
100 m wide. In this case sanitary problems could be resolved by increasing the
ssh catching to 93%. i “
Bleotric station D burned 50 tons of peat every hour, the ashvéontent of
_the peat was 10%; total ash removal amounted to 65%, and the station discharged
into the atmospheric air through the smokestacks of 30 m high 0.5 tons of ash

hourly. Residential homes were built in close proximity to the station grounds,
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Simple calculation indicated that flue gas purification from ash in this in-
stance should be increased to not less than 90%.

The electric heat and power stations under present study had ash abating
facilities which removed not wore than 50 - 65% of flue gas ashes, and their
smokestacks were of insufficient height (30 - 60 m). Regulation N 101-54 con-
tains no specifications for sanitary clearance zones for plants similar to the
above, For the comparative evaluation of the results obtained calculations
were made for the determination of dust concentrations which would remain if
75 - 90% of the ash were removed, and if the smokestacks were 100 - 120 m high;
and which woul@ accord with requirements stipulated in regulation N 101-54.

The calculation formula was based on actual dust concentrations found in the
atmospheric air surrounding the investigated stations, In Table 5 data are
presented related to dust concentratlons calculated on the basis of degree of
discharge purlficatlon, with the aid of ‘the following formula'
K!(l - nE)

l-n7
where K is the sought concentration; Kb is the actual determined concentration;

K=

N is the actual coefficient of effective performance; np is the computed co-

efficient of efficiency.

TABLE -5,

Computed dust concentration in mg/m3.

R At'75%7dustggatching g - At 90% dust catching -- ----
Heters from Electric heat and power stations
electric plant 8 3, t S 3 3
B i C : p- i A i B i C ; D

300 6.8 2.0 0.28 - 2.4 008 0-11

500 4.9 1.8 0.12 2.5 1.7 0.7 0.05

1,000 1.6 0.6 - 0.9 0.7 . 0.3 -

2,500 008 0.4 - 094 0.3 002 -

In studying conditions prevailing in electric heat and power stations with
30 ; 40 n smokestacks (low ﬁnokestacks), and of 100 ~ 120 m (high -smokestacks)

" and identical gas purification equipment, B. P. Gurinov and N. Ya, Yanysheva
obtained data on the effect of smokestack height on the intensity of atmospheric
air polilution with dust. Results of such investigations were instrumental in

determining the correction coefficients to be used in calculating dust concen-
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trations at different distances from smokestacks of different heights. Such

data are presented in Table 6.

TABLE 6.

Computed dust concentrations in mg/m3 with smokestacks 100 - 120 m high.

Meters : At 75% dust catching : At 90¢ dust catching
from iCorrection i Electric heat and power stations
power icoefficient: 5 ¢t o ¢ p ¢ 4, i p i ¢ {
__plant @ : : H : : : :
300 9.5 0.71 0.21 0.29 - 0.25 0.08 0.011
500 2.5 1.95 0.72 0.05 1.00 0.68 0.28 0.020
1,000 1.5 1.07 0.40 - 0.60 0.47 0.20 -
2,500 1,2 0.67 0.34 - 0.33 0.25 0.16 -
Conclusions.

1., An electric heat and power station which burned hourly 250 tons of
peat containing 10% of ash, and which was equipped with 90% ash abating in~
stallations and had smokestacks 100 ~ 120 m high, discharged into the atmos-
perhic air 1.4 tons of ash. In such cases the calculated width of sanitary
clearance zones should be not less than 1000 m, indicating that the officially
adopted width of 500 m was inadequate; this was verified by the fact that at
500 m from the smokestacks the maximal dust concentration was in excess of the
allowable maximal concentration.

. 2s An electrlc heat and power station which burned hourly 200 tons of

peat contzining 10% of ash, and which was equlpped w1th 75% ‘ash” abating in--
stallations and had smokestacks of 100 - 120 m high, dlscharged into the at-""

mospheric air 2.7 tons of ash hourly. According to regulation N 101-54 such
a plant should be sepafated from populated localities by a sanitary cléarance
zone 500 m wide. Howewer, results of calculations indicated that the width
- of the sanitary clearance zone should be more than 2500 m. Under similar con-
ditions and with flue gas purification amounting to 90% of ash removal the
- volumé -of ash discharged ifito the atmospheric air would -amount to.l.1 tons per
hour. Here again, the required 500 m wide sanitary éigarance zone ﬁrescfibéd
by N 101~54 was inadequate and should be revised to 1000 m. c - - -
3, 4n electric heat and power station which burned hourly 90 tons of peat
- containing 10% of ash, and which was equippg@uwiﬁh 754 ash-removing equipment,
discharged into the atmospheric.air 1.7 tons of ash hourly through high-émbﬁé;
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stacks; accordihg to the results of the proposed camputation the sanitary clear-
ance zone in such cases should be not less than 1000 m.wide, instead of 500 m
as recommended by regulation N 101-54. At 90% ash removal such a station will
still discharge into the atmospheric air 0.7 tons of ash hourly; here, again,
the 300 m clearance zone prescribed by regulation N 101-54 is sadly inadequate.
4. An electric heat and power station which burned hourly 50 tons of peat
containing 10% of ash, and which was equipped with 75% ash-removing equipment
discharged into the atmospheric air 0.5 tons of ash per hour. Calculation by
the method previously outlined.indicated that the 300 m wide sanitary clear-

ance zone prescribed by regulation N 101-54 was indadequate,
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Hygienic Basis for the Determination of Standerd Sanitary Clearance Zone
Widths Around Gasoline Filling Stations,

":." .- -Chjan Tssyu-chei.. - .. wae oo -

(From the Department of Community Hygiene, the Leningrad
Sanitary-Hygienic Medical Institute).

Gigiena i Sanitariya, Vol. 24, No. 10, 17-21, 1959.

In accordance with the decision of the.XXI Conference of the KPSS (Commu-
nist Party of the U.S.S.R.) freight autotransport is to be increased to 1.9
times its present capacity, and passenger autotransport is to be increased to
3 %imeéuifgjbréseﬁ%:céﬁacify:dﬁfing the 1959 - 1965 Seven=Year Plan. This
_brings into sharp focus the problems of air pollution with auto discharge gases
aﬁd of automobile discharge noise as threats to the health and comfort of .city

dwellers, In this connection the gasoline supply stations will become more
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potent points of congregakion of freight and passenger automobiles, of con-
centrated air pollution with gasoline vapor and of exhaust explosion noises.
This places into the forefront the urgent problem of creating sanitary clear-
ance zones between gasoline filling stations and living quarters.

The purpose of the present investigation was to determine the degree and
extent of atmospheric air pollution and of noise around gasoline supply sta=-
tions which could yield a rational and scientific basis for the ggloption of
sanitary-hygienic clearance zones, For this purpose 1038 air samples were
colleéted, 591 of which were analyzed for carbon monoxide content, and 447
for content of gasoline vapor. By means of noise recorder 634 determinations
were made of intensity and distribution of noise in the proximity of gas supply
stations. A specially prepared questionnaire was distributed among 223 per-
sons. Analyses were made of the blood of 50 gasoline station women attendéhts;
the photometric method of Ezheneeskii was used‘for the determination of hemo-
globin percent and number of erythrocytes. The survey extended through the -
summer and‘wi;ter months of 1957 = 1958. Points of investigation were Lenin-
grad gasoline filling stations of different tank capacity and of different
locations. Carbon monoxide was determined in air -samples collected at 6 such
gasoline stations, and gasoline vapor content in air samples collected at 5 .
gasoline étations; noise intensity was determined at 4 gasoline étations. Until
August of 1957 all gagoline stations under investigation, with the exception
of station No., 9, supplied ethylated gasoline; after August 1957, as a rule,
all stafions supplied second-grade gasoline coming from Eastern crude oil dis-

.A‘;filleries; For the determination of carbon monoxide tontent and gasoline. vapor,
air samples were collected in direct-proxi&ity‘of the gasoline pumps and at 25,
50, 75 and 100 m away; the same was true of noise intensity determinaticnsj
samples of air were also collected and noise determinations were made in the
working premises of the women gasoline station attendants and in residences
located 21 - 90 m from the gasoline filling stations. e

‘Resﬁlts of air sample analysés showed that the intensity of atmospheric~f—~

- air pollution with carbon monoxide and with gasoline-vapor varied directly with

' the number of automotive vehicles being serviced, and also with the amount of :
gasoline being dispensed; it was inversely proportional to the distance from .
the gasoline pumps. Data in Table 1 show that at a distance of 50 m from
gasoline filling stations Nos. 7, 10, 16 and 23 the highest carboq monoxide
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concentration exceeded the limit of allowable CO concentration (6 mg/m3) in
atmospheric air. At a distance of 75 m from the largest gasoline station
No. 23 the highest CO concentration was 9 mg/m3 and the lowest 4 mg/m3. Low-
est concentrations of CO in the air in the proximity of gasoline station No,
10 was observed at a time when the number of automobiles were comparatively
few. Carbon monoxide concentrations in the air at all points of observation
were 1,5 as high during the cold of winter months as during the warm summer
—.months, probably due to slower-spread of the exhaust gases at low temperatures.
In the working premises of the women gasoline station attendants CO con-
centration in the air ranged between 4 -~ 34 mg/mB, vwith an average of 12 mg/ﬁ3.
The CO concentration exceeded the limit of allowatle concentration for air of
working premises (30 mg/m3) in only 2 of 35 samples, The content of CO in the
air of residences automatically equipped with (natural) gas supply, and which
were located 21 - 69 m from a gasoline supply station, ranged between 4 - 29
mg/m3. When natural gas was being burned in the kitchen the CO in the air rose
to 60,-_158 mg/m3. Conditions of this type interfered with the reliable deter—
mination of the effect of gasoline supply stations on indoor residential air.
Concentrations of gasoline vapor in the air in proximity of gasoline stationms
are listed in Table 2. ' ,
The daté in Table 2 show that at 50 m from gasoline stations Nos., T, iO,
22 and 23 the highest gasoline vapor.concentration exceeded the maximal allow-
able concentration of 5 mg/h3 adopted for stations which distribute gasoline
istilled from Eastern crude oil (S. N, Kosourov). .In the vicinity of the
largesf.gaéoline station No. 23 the concentration of gasoline vapor in the air
was 5 mg/m3, or the equivalent of the allowable limit of concéntration, in
sampleq collected 75 m from the gasoline pump. In this vicinity the concentra-
tion of gasoline vapor in the air was at all points greater in the summer
months than in the winter months. This may have been due to the more intensive
evaporation of the gasoline at the highér summer temperatures. The intensity
of gasoline odor at the gasoline pumps could be designated as strong, at 25 -
50 meters from the pump and in the direction of the pfevailing wind the odor,
on a comparative basis, was designated as weak; it was barely perceptible at
50 my, and in the case of the larger stations cccasionally even at 75 m from
the pump (etations 7 and 23).
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TABLES

l AND

2.

Distribution of carbon monoxide and of gasoline vapor in the atmospheric air
of gasoline stations surroundings.

Concentration of carbon monoxide or

Gaso- | i . . ! Average
>~ i No. i gasoline vapor in mg/m3 i ag
iigf i of ¢ Directly at At a distance of inum:i: Sf
tion : sam~ :_gasoline pump 25 meters 50 meters : ag'l °
No { ples §Mini-'Max1- AVer—: Mlnl-'Max1-.Aver- Mlnl-.Maxl—'Aver—E . gs

* 3 ! mal { mal ! age | mal { mal age i mal ! mal { age § per hour.
Carbon monoxide
No. 23 97 4,0 1178 24.3 4 204 39.3 4 32 10,0 50
No. T 97 4,0 158 25.5 4 146 30.7 4 12 6.9 31
No. 22 92 4.0 141 31.3 4 136 40.7 4 6 5.0 34
No. 9 52 4.0 142 32.1 4 260 53.2 4 6 4.7 . 41
No. 10 17 4.0 114 <20.9 4 1520 26.7 4 9 6.3 25
No. 16 19 6.0 176 33.0 6 186 53.9 7 8 7.5 -
' Gasoline vapor
No. 23 80 50 89 26,7 3 19 8.1 3 12 5.6 3,272
No. 17 T2 13.0 129 52.9 3 21 1.5 3 11 5.4 2,050
No, 22 95 5.0 49 18.1 3 31 T.9 4 10 5.4 2,123
No. 9 33 . 4.0 96 31.6 5 18 9.2 3 4 3.5 2,688
No. 10 48 5.5 49 17.4 3 9 6.1 4 8 5.3 1,654

Gasoline concentrations in the air of the working premises of the women
station attendants ranged between 11 - 94 mg/m3 with an average of 36. 8 mg/m .
Thus, the maximal concentratlon of 94 mg/m3 did not exceed the 100 mg/m maxi=-

.--mal-allowable concentration for the indoor air.of working premises (R. L. Shur).

Concentrations of gasol;ne vapor in the air of re81dences located in the vicin-
ity of the gasollne stations ranged between 13 - 32 mg/m ’ 21 to 60 m from the
. gasoline pump,

The noise intensity in the proximities of gasoline filling stations ranged

between 42 - 52 @oise units (phones) mostly caused by the auto transport and

“tramway. movemént in the neighboring strests.

Results.

.listed 1n Table 3, show that the nozse produced by the automotive traffic

:~spread over considerable’ dlstances from the gasollne stations.-:

of noise measurements __

The . noise -~._.. -

penetrated into residences located 69 n from gasollne station No, 7, where

its intensity measured 35 noise units,

Carboxyhemoglobin in the blood of the women station attendants ranged

between 0,94 and 10.07%; the carboxyhembglobin average before beginning work.
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TABLE 3,

Zone of noise distribution around gasoline stations,

Sound loudness in "“phones”

Gasoline : Number of i Directly at : At a distance of

station idetermina- ! gasoline pump ¢ 50 meters : 100 meters
No. ¢ tions §Mini-gMaxi—gAver-gMini-EMaxi—iAver—§Mini-§Maxi—§Aver-
: :mal : mal ! age : mal ¢ mal ¢ age : mal : mal : age
"No. 23 88 70 8 18 55 14 63 48 63 56
No. 7 55 70 89 76 52 69 60 42 46 44
No. 10 48 19 88 81 50 75 61 - - -
No. 22 - .20 11 84 15 52 65 54 - - -

was 3.,39% and at the end of work 3.23%, as compared with control persons re—
siding in non-gas equipped homes beyond the city limits of 0.92 to 4.58 with
an ﬁverage of 2.46%. It must be noted in this connection that all women gaso-
line station attendants lived in gas equipped homes; in evaluating the data on
a comparative basis this fact must be taken into consideration. No cases of
polyglobinemia were found among the women filling station attendants. The
hemoglobin content ranged between 67 - 76%; erythrocytes ranged between
3,400,000 and 5,540,000 per mm3, with an average before beginning work of
4,420,000 and after work of 4,460,000 per mm3. Replies to questionnaires
distributed among the women gasoline station attendants came from 50 persons.
The answers indicated that 39 had no complaints to register and 11 complained

. .of headaches, vertigo, tachycardia, restless sleep, general malalse, weakness
in the lower extremities, etc, Replies from nearby residents indicated that
the basic mass of population residing 20 -~ 90 m from the gasoline pumps and

" occupying dwellings, the windows of which faced the gasoline stations, stren-
uously complained of noise annoyance, headaches, restless sleep, inability to'
relax and perception of the unpleasant odor of gasoline., On the basis of the
replies caming from the general population, it can be admitted that atmospheric
air poellution with gasoline vapor, auto exhaust gases and, in addition, the

- prevalllng noise, “extended over a radial distance of 70 ="90 m from the gaséllne

stations,

PR ————

Conclusions.

1.4 Gasollne supply statlons are foci of noise creation and dlstrlbutlon

and of atmospheric air pollutlon w1th gasoline vapor and automobile exhaust
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gases. The degree of atmospheric air pollution and the noise intensity in the
proximity of gasoline stations depend upon the number of automobiles served,
the volume.of gasoline dispensed. and, consequently, with the number of gaso-
line pumping installations. ]
2. Carbon moﬁoxideipollqtion of the air extended over 75 m from the gaso-
line stations; its concentration in the atmosphgric aif at such points reached
9 mg/a’. L
3. Gasoline vapor air pollution extended over a distance of 75'm from the
gésoline stations; its concentration at such points reached a maximum of 5 mg/m3.
4. Noise generated by the automotive transport extended over a distance
of 100 m from the gasoline station; its intensity at such distant points ex-
ceeded the noise intensity determined in close proximity of the gasoline stations.
5. Based on the observations, analyses and other data above recorded the
following is proposed: +that the width of sanitary clearance zones be adopted in
accordance with the size of the station and the amount of gasoline dispensed;
larger gasoline stations with 3 pumps and SO'm3 gasoline tanks and dispensing
éver 3000 1i/hour of gasoline should be surrounded by a sanitary clearance zone
of not less than 100 m wide; stations having 2 pumbs and 50 m3 gasoline tanks
and dispensing 1500 - 3000 li/hour of gasoline should have a sanitary clearance
zone of not less than 75 meters wide; smaller gasoline stations, such as have
one pump and - a storage tank of 15 m3 capacity-aﬁd dispensing less than 1500
li/hour of gasoline should have a sanitary clearance zone of not less than 50

__m wide,

T - =T B2E N A v e e
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The following material was taken from."A Collection of kiost Important
Official Items Related to Sanitary and Anti-Epidemiological (Prophylactic)
Problems. An Aid to the State Sanitary Inspector-Physician and Physician=-
Epidemiologist", under the general editorship of the Chief State Sanitary
Inspector of ths U.S.S.R., Professor T. E. Boldyrev, and the Chief of the
Lkiain Sanitary-Epidemiologic Administration of the U.S.S.R. llinistry of Health,
Professor V. M, Zhdanov., Third Edition, supplemented and revised in three
volumes. Volume two. State Publishers of Medical Literature, bledgiz, 1953,
Koscow. Part four, Industrial Sanitation. Chapter I. Preliminary Inspec-
tion. I. Sanitary Standards for Planning Industrial Enterprises. ISP 101-51,
(Replacing GOST 1324-47). (Compendium).

I. Field of application.

1. The present "Norms'" (standa ds) apply to plannlng of new, improving
and rebulldlng of existing 1ndustr1a1 enterprises,
- In the instances of special enterprises characterized by inherent factors
of harm to health (chemical and the like), supplemental sanitary requirements
are effectuated by means of special norms (standafds) according to the nature
of the industrial enterprises, which were developed by appropria?e ministries
in coordination with the All-Union State Sanitary Inspectorate.

With the approval of the appropriate organs of the All-Union State Sani-
' tary Inspectorate certain deviations from the present standards of sanitary .
requirements may be granted in speéial instances of rebuilding industrial

- enterprises as well as in planning new;-small industrial enterprises;

II. .Bésfc reqﬁiremeﬁts for general planning.

2. The site of the industiial enterprise, of the nearby residential
settlement; the water supply source and manner of sewage disposal must accord
with the regulations of the organs of the All-Union State Sanitary Inspec-

torate and -orgens of other pertlnent State Regulating Organizations.

-~

3. The condltlons prevalllng in the terrltory of the planned industrial
enterprlse mst accord w1th the sanitary requirements as regards atmospheric
‘pr901p1tatlon, dralnage, direct sunshlne, natural ventllatlon, level of ground
water and possibility to 1nst1tute effective anti-malarial measures.

4. In assigning sites for different industrial enterprises in any given

locality, production plants must be grouped in such a manner as to obviate

.
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the possibility of unfavorable effects of one production plant on another.

S. Plans for the erection of industrial emterprises (production plants)
must include provision for the protection of the health of inhabitants through
the installation of such devices as dust cafchers and dust abators, gas puri-
fiers, noise absorbers, conduit and other equipment hermatization, by=-product
recovery, etc.

6. The site of industrial enterprises, or industrial production complexes,
which produce such harmful effects as deleterious gases, smoke, soot, dust,
unpleasant odors, noise, etc., must be selected by taking into consideration
the location of the nearest leeward residential settlement with regard to
prevailing winds, and to separate the plant or the complex from the boundary
of such settlement by appropriate sanitéry clearance zones,

.Note 1. Prevailing direction of winds is determined by a several-years
average of wind "rosette" (pattem) during the warm season of the year.

Note 2. The sanitary protection (clearance) zone is defined as a terri-

—tory (belt) between the industrial plant buildings, storage houses and other
installations which emitted or discharged industrially produced nuisances and
deleterious substances, and residential, therapeutic and prophylactic stations,
recreational institutes or buildings housing other similar organizations.

7. Based on ths industrial discharges created and emitted by industrial
plants, and taklng into consideration technological measures adopted for the
purification of deleterious emissions into the atmogpheric air, industrial

" “production .and processing enterprises have been classed into five groups ac~’
cording to Supplement 1l: | o '

Class ' I requiring & sanitary clearance zone 1000 m wide.,

Class II requiring a sanitary clearance zone 500 m wide.

Class III requiring a sanitary clearance zone 300 m wide.

Class IV requiring a sgnitagymélegggggg_zone_kloo o wide,

Class V requiring a sanitary clearance zone 50 m wide.

the 1. The sanitary ciearance zone can be widened at the demand or by

order of the All-Union State Saﬁitary Inspeé%orate t6 not more than twice
the stipulated width in the following special cases: a) where it was not
feasible or possible to reduce the barmful discharged substances into the
atmospheric air by any of _the presently developsd technical means to a con=
centration compatlblé with the protection of the health of surroundlng popu-

lation; b) in the case of residential foci located leeward in relation to the
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production plant or combine which emitted the deleterious substunces into. the
atmospheric air.

Note 2. The width of sanitary clearance zones next to production plants
not specifically mentioned in the supplement must be the same as for produc-
tion and processing plants most closely related to them,

Fote 3. The sanitary clearance zons regulation does not apply to produc-
tion and processing plants which are free from any type of harmful emissions
or discharges.

8. Organs of the All-Union State Sanitary Inspectorate can authorize a
reduction in the width of sanitary clearance zones as specified under item T,
if in their opinion the emission-purifying installations of any plant, coﬁbine
or complex are of high purifying efficiency, are operated and maintained
properly so that the concentrations of atmospherically emitted harmful sub-
stances did not exceed prescribed maxima, thereby protecting the health and
well-being of the population of the surrounding residential area.

9. In modernizing and reconstructing such commercial enterprises, as
means of transport-communications or heat and power elect;ic stations, located
within the boundaries of populated settlements, the width of sanitary clear—
ance zones should be detormined by the coﬁsent of and in agreement with the
appropriate organs of the All-Union State Sanitary Inspectorate.

10. Location of the following is permitted on the grounds of sanitary
clearance zones between residential settlemepts and industrial manufacturing
and processing enterprises which emit iqto the atmosphere deleterious sub-
stances? production and industrial processing plants of lower degree of
harmful discharges, pxovidqg_that the distance t«.ween them and the nearest
fesidential gettlement‘was in cbmpliance,with the prescribed classification.

The following may also be located within a sanitary clearance zone:
fire departments, bath houses, public laundries, guard houses, public garages,

) certaln storage facillties, service and administration buildings, trade

houses, dining rooms, polyclinlcs, etc., dwellings for emergency and general ~

servicing personnel. ~_~-«-~;.m~nm_~*“~_,w“.

G emie e e am e R

The general plan of the industrial prodnctiéﬁ and proc6351ng enterprlses )
zust include a well-considered plan for execution and maintenance of the re-
quired sanitary clearance zone, the adequate planting of appropriate trees,
shrubs and other green plants, and any antlclpated legally permissible utili-
zation of the proposed required clearance Zone, ) -
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11. The erection of residence buildings en the site or within the grounds
of a commercial productieg plant is forbidden. This applies to proposed as
well as to presently existing plants,

12, In making general or basic plans for new commercial production or
processing plants the following regulations must be taken into consideration
as basic and mandatory:

a) Buildings must be erected with due regard to direction of most
effective light and direction of prevailing wind (as defined in item 6), so
as to assure most favorable conditions of natural light.end ventilation;

b) Such buildings of the general production or processing combine
or complex, which house departments which emit into the atmospheric air harm=
ful substances, must be located in relation to builaings which house other
production departments in such a way as to enable the prevailing winds to
carry the emission away from them and not towards them.

c) In line with regulation (b) buildings hcusing production depart-—
ments which emit harmful gases, dust, or other deleterious substances should
be located in groups observing the principle expressed in (b).

d) Ample and appropriate provision should be mede beforehand for
the removal of waste products, such as slag, ash, etc. from the plant grounds;

where the volume of such end products is not voluminous temporary storage
’ on the plant 4rounds may be permitted at an appropriateiy chosen section of
the plant grounds.

B e) ‘Sewage and industrial- effluent purlflcatlon bulldlngs may be
. located on the production or processing plants' grounds.~~

f) Clearances between buildings which house unusually noisy produc—
tion departments of the level of 90 decibels, and living quarters of emergency
and other service personhel should be not less than 100 m.

. 13. Breaks or clearances between different sectlons of a production or
processing 1ndustrlal building can be best attained by resortlng to the
-(w=-shaped) or M- (comb-shaped) type_of bulldlng, “in whlch.case the follow- .

ing regulaticns must be observed: : .
a) The longitudinal axes of the space breaks_@ugy_pe built in con=-
formity with certain stipulations in relation to the prevailing winds. -
b) The width of the space breaks or clearances must be not less
than one-half of the height of the building walls, and-in no ‘case should it
be less than 15 m, as is shown in the following drawing; in cases where

-116~



M- . 8&7’/”"'1
or
Lty .
NS IW 852 (Hyoh)
3

vhere
bcSw

deleterious or harmful emissions are involvéd.the minimum width of the space
or clearance between the wingsAof the building may be reduced to 12 m.,
. 14, ‘Vihere it is technologically expedient or desirable to erect the
production or processing plant in the shape of a closed rectangle, the folow-
ing regulations must be observed: .
a) The shortest side of the inside clearance-space rectangle must

measure not less than, or it must exceed twice the height of the highest

point of the inclosing walls, = | ; =

b) The inclosed air space must be subject to adequate ventilation.

SUPPLEMENT 1,

SANITARY CLASSIFICATION OF PRODUCTION AND PROCESSING PLANTS
IN RELATION TO SANITARY CLEARANCE ZCNES,

Chemical Industry Plants.

Class I requ1r1ng a sanitary clearance zone 1000 meters w1de.

PO PO~ e e s e e e

1. Productlon of bound nitrogen’ and nltrogenous mlneral fertlllzers.

2. Production of nitric and other acids, the manufacture of which is ac-
companied by the discharge of oxides of nitrogen.

"3. Production of intefmediaté.products of aniliné4ayeé industry; €8y
aniline, nitrobenzene, nitroaniline, chlorobenzene, phenol, with total
production exceeding 1000 tons per year.

"4.7 Production of intermediate products of naphthalene and anthracene series
(ﬁ—naphthol, peracid, anthraquinone, phthalic anhydride, etc.), exceed-
_.ing 2000 tons, per year.

5. -Productlon of iron bromlde. -
6. Production of sulfite paper and cellulose suliate (pulp).
7

. Productlon of 1llum1nat1ng, ‘water and generator gas in amounts exceed-
' ing 5000 cubic meters.

8. Production of sodium hydroxide by the electrolytic method.
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9. Production of calcium carbide.
10. Production of artificial viscose fibers and cellophane.
11. Production of concentrated mineral fertilizers.,

12. Production of oils and solvents (benzene, toluene, xylene, naphthol,
phenol, cresol, anthracene, phenanthrene, acridine, carbazoleg.

13, Production of arsenic and its inorganic compounds.
14. Production of natural gas in excess of 5000 cubic meters per hour.

15. Production of processed petroleum containing more than 0.5% by weight
of sulfur of high content of volatile hydrocarbons.

16. Production of picric acid.

" 17. Production of hydrofluoric acid and cryolite.

18. Production of coal concentrates.

19, Production of bituminous shale.

20. Production of mercury.

21. Production of soot. ‘

22.'. Production of sulfuric acid, oleum and sulfur dioxide.

23.” "Production of carbon bisulfide.- -

24, Production of hydrochloric acid.

25. Production of superphosphates, in sulfuric acid plants.

26. Production of nitrogencus fertilizers, such as aminophosphates.

27. Production of yellow and white phosphorus. ‘

28. Production of chlorine.

29. Production of chlorinated and hydrochlorinated hydrocarbons, in excess
of 1 ton of chlorine in 24 hours.

-~ -.Class-II requiring a sanitary clearance zone 500 méters wide.

30. Production of ammonia.

31. Production of natural gas,

32, ?rﬁduction of organic sulfur dyes, such as sulfur bdblack.

33. Production of hydrocyanic acid.

--34, Production of synthetic camphor, oils, cellulose, etc. -... ---
35, Production of beryllium, thallium and niobium, T

36, Production of generator gas from coal or peat in quantities of 25,000
to 50,000 -cubic meters per haur. - - - -

37. - Preduction of processed natural tars and thelr residues.,

38. Production of calcined soda by the ammonia process in excess of 400,000
tons per year.

39. Production of synthetic rubber.
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40. Production of organic reagents.

41. Production of plastics, plastic masses, cellulose esters, etc.
42. Production of rare metals .by the chlorination process.

..43, Production of barium ¢hloride by the hydrogen sulfide method.

44, Production of superphosphate without the aid of sulfuric acid, and with
the aid of volatile fluorides. .

45. Production of saturated technical fats by non-electrolytic pydrogen.
46. Production of fluorides, hydrofluoric acid excepted.

47. Production of synthetic drugs and phammaceuticals.

48. Production of chlorine, not exceeding 1 tom per day.

49. Production of distilled petrolsum, containing less than 0.5% by weight
of sulfur and of low content of volatile hydrocarbons.

50. Production of peat processed chemicals.
51. Production of chromic anhydride and chromic acid salts.

52. Production of leather substitutes requiring the use of highly volatile
solvents,

53, Production of essential oils (complex).

54. Production of organic solvents for synthetic products, such as alcohol,
ether, etc., and crude oil gases in excess of 5000 o3 per hour,

*55. Production of aniline dyes int ermediates, such as aniline, nitrobenzene,
nitroaniline, chlorobenzene, nitrochlorobenzene, phenol, etc., not ex-
ceeding 1000 tons per year.

56. Production of naphthalene and anthracene intermediates, such as P-naph-
thol, peracids, anthraquinone, phthalic anhydride, etc., not in excess
of 2000 tons per year.

57" Produétion 6f sulfur dyes not to exceed 4000 tons PeE year.
58. Production of all indigo dyes. ‘ .

59. Production of experimental aniline dyes not to exceed 2000 toms per year
and other allied manufacturing processes not to exceed 1000 tons per
year.

60. Production of processed asbestos fibers.
Class IIT requiring a sanitary clearance zone 300 meters wide.
61. Production of bitumen and otber chemical materials prepared from coal

tar, petroleum and conifers (petroleum asphalt and the ‘like).

62. Production of tar, methanol, acetic acid, turpentine, oils, etc. from
wood by destructive distillation.

63. Production of fats by the contact process.

_64. Production of calcined soda by ammonia process not exceeding 400,000
tons per year,
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65.
66.

67.

68.
69.

70.

71.
72.
73.

14.
75,

76.
e
18.
19.

80.

81..

82.
83.
84.

85,

~86.

e7.
88.
89.

90.

Production
process.

Production

of sodium hydroxide according to Lewis by the caustic lime

of salts of inorganic acids (salts of arsenlc, phosphorus

and chromium excepted).

Production

of petroleum gas in volumes of 1000 to 5000 cubic meters pexr

hour, and generator gas in quantities of 5000 to 25,000 cubic meters

per hour,

.Production

Production

of nicotine,

of plastic material and plastics, celluloid, bakelite,

chlorovinyl, etc.

Production

of textile and paper products by impregnation and pressure

and/or rolling in with resins, not exceeding 100 tons per year.

Production
Production
Production
Production

of mineral dyes.
of regenerated rubber and gum.
of gum and ebonite. .

of phenolic aldehyde and other artificial resins not exceed-

ing 300 tons per year.

Production

of chemically processed ores for the production of salts of

antimony, bismuth, lithium, etc.

Production
rroduction
Production

Production
electrodes,

Production

of synthetic camphor by process of isomerization,
of synthetic rubber by the alcohol method.
of mineral fertilizer mixtures.

of coal products for electric industries, e.g., brushes,

of phenol aldehyde and other artificial resins, less than

300 tons per year.

Production

of vulcanized rubber with carbon bisulfide. . ~

Class IV requiring a sanitary clearance zone 100 meters wide.

Production
Production

Production

"Production

meters per

“Production

Production
Production

Production

of paper from treated cellulose and rags.
of galalith and cther protein resins, aminoplasts, etc.
of glycerol.

of generator ‘gas from coal and peat not exceeding 5000 cubic
hour,

of -synthetic:fibers by acetate~ammonia process. --".. -7 "~
of ledad pencils.
of soaps on a large scale.

of resins, alcohol, typographical lacquers for rubber in-

dustry, insulation material, etc.

Production

of o0il varnish. -
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101.
102,
103.
104.

105.
106.
107.
108.
109.

110.
111.
112,
113,
114.

. 115, -

Production

of organic preparaztions.

Processing ores of rure uwetals (molybdenum, tungsten and cobalt salts).

Production

of products from paper and textiles by pressure rolling

witn resins, not exceeding 100 tons per year.

Production
Production

Production

of hydrogenated fats electrolytically.
of salt (NaCl).

of potassium swlts for pharmaceutical purposes, such as

potassium chloride, sulfate, potash.

Natural rubber processing.

Production
Production

Production

of liquid minerzl fertilizers.
of saccharin «nd vanillin.

of petrcleum gas not exceeding 1000 cubic meters per hour.

Class V requiring a sanitary clearance zone 50 meters wide.

Production
Production
Production

Production
lulose and

Production
Production
Production

Mechanical

Production

Production
Production
Production

Production

of alkaloid and gzlenic preparations.
of natural mineral dyes (chalk, ocher, red ocher, etc.).
of inorganic reagents without use of chlorine.

of paper from waste materials as well as from finished cel-
rags, not bleached.

of vulcanized rubber without use of carbon disulfide.
of carbon dioxide and dry ice.

of artificial pearls. ~

working up of compressed mésses (compositions).
of perfumes and perfumed goods. #;“__"N”__
of hydrogen and oxygen- in pressure-tanks, -

of photochemical materials (films and plates).

of carbonic aq@q~contaipin§‘m;geral fertilizers,

of tannin extracts, -

Places (localities) where cisterns are cleaned.

Production

of matches,- —---~--= - == - =~

Metal Processingjand‘Machine—gonsurpgtionAIndustgx,m )

Class I requiring a sanitary clearance zone 1000 weters wide.

—— -

116,

Production

of magnesium by the chlorination process.

117. Secondary processing of non-ferrous metals (in amounts over 3000 tons

118,

per year).

Production

of coke.,
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119,
120.

121,

122,
123.
124.

125. .

126.
127.

128.
129.
130.
131,

132.

. 13,3 e

134,
135.
136.

13_8 .-

139,
140,

141,

Production of pig iron in blast furnaces having over 1500 cubic meters
capacity.

Production of non-ferrous metals (smelting) directly from ores or con-
centrates (zinc, lead, tin,-nickel).

Production of aluminum by electrolysis of fused aluminum salts (oxides).
Class II requiring a sanitary clearance zone 500 meters wide.

Production of agglomerated iron or processing non-ferrous metal ores.
Production of magnesium (except by chlorination process, compare 116).

Production of. non-ferrous metals in quantities 1000 - 3000 tons per
year, :

Production of non-ferrous metals (secondary processing) in quantities
up to 3000 tons per year.

Production of pig iron in blast furnaces of over 500 to 1500 cubic
meters capacity. .

Production of steel by Martin and converter process in quantities over
1,000,000 tons per year. -

Productlon of ground Thomaslélag. cee

Production of pig iron in quentities over 20,000 tons per year.
Production of antimony by the pyrometallic procesé.

Production of zinc, copper, nickel and cobalt by eleétrolysis of water
solutions.’

Production of iron alloys.
Class III requiring a sanitary clearance zone 300 meters wide.

Production of supply depots for airplanes whose motors are equipped

with mufflers which produce in the protective zone no.more than- 70 tons. ...’

Metal enrichment without using high temperatures.
Production of storage batteries (larger works) on a large scale.

Production of non-ferrous metals (secondary processing) in quantities
ur to 1000 tons per year.

Production of p1g iron in blast furnaces of less than 500 cubic meters °
capacity. . .

Production of steel by Martin and converter process in quantities under
1,000,000- tons per.year. - - e e e - .

Productlon of pig iron in foundrles for quantltles of 5 000 to 20,000
tons per year, .

Production of non-ferrous metals in quantities of 100 to 2000 tons per
year,

Production of lead-coated or rubber-insulated cables.
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142.
143,
144.
145.

146.

147.
148 .

149.
150.
151.

152.

153,

“154;

155 .
156.
157.

158.

159.

- 160.

. lamps, searchlights (spotlights), etc.

Class IV requiring a sanitary clearance zone 100 meters wide.

Production of non~insulated cables.,
Production of boilers.,

Production of engines and equipment for electric industries (dynamos,
transformers, etc.) having small foundries and other heat emanating
installations.

Production of processed pig iron and steel up to 10,000 tons per year
and of ferrcus casting up to 100 tons per year.

Production of mercury-containing apparatus (mercury rectifiers, ther—
mometers, lamps, etc.).

Production of electro—steela

Production of antimony by electrolysis.
Class V requiring a sanitary clearance zone 50 meters wide.

Thermal working up of metals except foundries.
Production of storage bastteries on a small scale.

Production of implements for electrotechnical industiy, as electro-

Production of hard alloys and difficult fusible metals,

Production of Ores and lMinerals.

Class I requiring a sanitary clearance zone 1000 meters wide.

Production of petroleum {crude oil) coniaining more than 0.5% by weight
of sulfur or with high content of volatile hydrocarbons.

Class II requiring a sanitary clearance zone 500 meters wide.

Production of bltumlnous éhale."‘>:‘-- e mTE

Production of coal, anthracite and brown coal (1ignite).

Production of iron ores, and quarrying stones by blasting.

Production of phosphorite, apatites-and quartz without chemical proc-
essing.

Production of lead, arsenic and manganese ores.,

Class III requiring a sanitary clearance zone 300 meters wide.

Production of petroleum (crude oil) pontainiﬁg less than 0.5% of sulfur
and with low content of volatile hydrocarbons.

Production of dolomite, magnesite, asbestos, gondron (soft asphalt) and
asphalt. .
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161.A Production of metal and metalloid (non metallic) ores in the open, ex-
cept lead, arsenic and manganese ores.

162. Production of briquettes from coal and peat.
Class IV requiring a sanitary clearance zone 100 meters wide.

163. Production of metal and metalloid (non metallic) ores underground, ex-
cept lead, arsenic and manganese ores.
164. Production of peat by the milling process.

165. Production of rock salt,

Building (Construction) Industry.’
Class I requiring a sanitary clearance zone 1000 meters wide.

166, Productlon of Portland and Puzzuolana blast furnace cement over 150,000
tons per year. Coe .

Class II requiring a sanitary clearance zone 500 meters wide.

167. Production of Portland and Puzzuolana cement up to 150,000 tons per year
(blast furnace)

168. Production of lime, magnes1te and dolomite by burnlng in shaft furnauces.
Class III requiring a sanitary clearance zone 300 meters wide.

169. Production of local cements (roman, gypsum, slag cement, etc.) in
quantities up to 5000 tons per year.

170. Production of alabaster and asphalt concrete.
171, Production of glass wool,

- 1727 Production of tar board and rubberoids; vt vt vTrrreoc e smersms e

Class IV requiring a sanitary clearance zone 100 meters wide,

173, Production of asbestos cement and slate.

174, Production of artificial stones and concfete products.

175. Stone foundries. ‘ ‘

176. - Production of bricks (red and silicate) . ~— ===~ - -+ oo

177. Productlon of hard tile, ceramic and other firewood products.

1%8; Productlon of glass.__' L —.,._w

179. Productlon of building materlals (from electrlc heat and power station
end products).

180, Production of cement elevators and other equipment used in handling
dust producing materials.

181, Production of porcelain and fine pottery products.
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182,

183o
184.

185.

186.
187.

188.
189,

190.

l91.
192.

193.

194,

195.

196.

.- l97c

. 7198,

199.

Class V requiring a sanitary clearance zone 50 meters wide.
Production of rocks without blasting and of products resulting from
processing of natural stones., a
Production of gypsum products.

Production of hard fiber plates (kamyshlte, solomite, differentas,
fidbrolite, etc.).

Production of clay products,

Wwood Processing Industry.

Class II requiring a sanitary clearance zone 500 meters wide.
Production of wood charcoal (retort process excepted).

Class III requiring a sanitary clearance zone 300 meters wide.

Wood preservation by impregnation. -
Class IV requiring a sanitary clearance zone 100 meters wide.

Production of wood wool (fibers).
Production of wood charcoal by retort process.

Sawmills, production of bulldlng framework, moulding and standardized
house parts,

Production of ships (large wooden ships).
Production of cartwrights.

Class V requiring a sanitary clearance zone 50 meters wide.

Prodﬁétioh of~products from-wood-wool (fibers).
Production of producus from bast fibers,

Production of wooden rafts, furniture, 1nla1d floors (parquetry), wooden
boxes, etc.

Production of cooper's tools from stave wood.

Preserving wood. by .impregnation or coating with solutions (arsenzc
solutions excluded).

Ship-building (smaller wooden ships)., . .-~ =~ Ziii v s

Textiie Industry.

Class II requiring a sanitary clearance zone 500 meters wide.

Production of textile fabrics, impregnating with CJemlcals or carbon
disulfide. - ) oo
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Class III requiring a sanitary clearance zone 300 meters wide.

200, Plants performing continuous impregnation of textiles, paper with
lacquers made of asphalt rosins, bakelite or other rosins for use in
the electro-industry, with a yearly production over 300 tons.

201, Establishments undertaking preliminary processing of natural fibers
(1inen, cotton, hemp, etc.).

202, Plants performing continuous impregnuation of textilés_or paper with
lacquers made of rosins,. asphalt rosins, bakelite and other rosins
up to 300 tons per year.

203, Plants impregnating and processing textile fabrics by chemical means,
: except carbon disulfide, e.g., by dermatite, granitol, etc.

Class IV requiring a sanitary clearance zone 100 meters wide.

204. Production of coto bark articles.

205, 3Boiling and unwinding silk cocoons,

206, .Production of silk and cord lace.

?07. Pfoduction of mixed textile fabrics,- e e

208. Bleaching, dyeing and finishing establishments..

209. g;OQuction of cotton, linen and wool, yarn spinning, bleaching and
eing.

Class V requiring a sanitary clearance zone 50 meters wide,

210, Produc;ion of cotton, linen and wool yarn (spinning) (no bleaching or
dyeing). .

211. Production of jersey wearing apparel and stockings.
.212.~-Productlon of carpets and artlficial fur. goods.“___-.

Plants Pr009531ng Anlmal Products.

Class I requiring a sanitary clearance zone 1000 meters wide.

213, Production of glue, stock processing including hides, wastes, ground
bones, etc.

214, Production of techn1ca1 grade gelatin- from bones, glue, hides, leather
scraps, etc., stored out of doors.

—-215.-~P1ants ut111zing animal carcases, fish, etc. for the productlon of
fat, animal fodder, fertlllzer, ete, --. .-

Class II requiring a-sanitary clearance zone 500 meters wide.

216, Plants for charring and grinding of bones.
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Class III requiring a sanitary clearance zone 300 meters wide.
217. Plants processing and dyeing raw animal skins and pelts, sheepskins,
furs, preparation of raw and morocco leather, etc.

218, Production of raw hides (tanneries, manufacture of.sole leather, calf
leather, etc.).

219, Wool-washing plants.
220, Production of technicul grade fats in quantities over 30 tons per year.

221. Plants for storage of wet preserved raw hides (over 200 items).
Class 1V regquiring a sanitary clearance zone 100 meters wide,

222,  Plants which prepare animal fodder from food wastes,
223. Felting plants,

224. Production of quality grade gelatin from fresh bones, stored only for
a short time in refrigerators.

225. Production of artificial leather.

226, Production of technical grade fats in quantities up to 30 tons per year.

227.‘ Productlon of skeletons and 1ﬁstruct10n material from animal ‘carcases.

228, Plants processing hair, bristles, feathers, hoofs, etc.
Class V reguiring a sanitary clearance zone 50 meters wide.

229. Production of shoes.

' 230. Production of patent leather.

231. Production of objects from bones.

232. Production of brushes from hair and bristles.

) 23};"Felt1ng'workshops. I v
234. Plants for storage of wet preserved raw hides (under 200 1tems)

235. Production of gut—strlngs (cat gut)

Plants Produ01ng Foods and Flavoring Materials.,

Class II requiring a sanitary clearance zone 500 meters wide.

236, Cattle stockyards for more than 1000 head.
237. _Slaughter houses. ) ‘
238. Fat render1ng (sea an1mal fat)

259. Intestine cleaning (gut preparation).
240. Railroad cattle car yards.
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Class III requiring a sanitary clearance zone 300 meters wide.

241, Production of beet sugar.

..242. Stockyards for cattle up to }OOO head.

243. Slaughter houses for small cattle and poultry.
244. Fish processing. .

Class IV requiring'a sanitary clearance zone 100 meters wide.

245, Production of albumin,
246. Production of alcohol,
247. Mills, grain peeling (husking) and various food factories.,

248. Meat c;mbines and meat refrigerators (three-day supply of living
cattle).

249. Coffee roastiné planté.

250. Processing vegetable oils,

251. Production of margarine,

252. Fruits and vegetables processing (drying, salting, fermenting, etc.).
253. Production of dextrin, glucose and syrup. .

' 254, Production of cheese, )

255. Production of fish fillets and preserved fish.

256. Production of starch and potato flour.

257. Tobacco processing (sweating).

Class V requiring a sanitary clearance zone 50 meters wide.

258, Breweries.~ -~TT - 7 o ot U TR LT

259. Canneries.

260. Granaries.

261. Sugar refineries.

262, Macaroni factories,

263. Fish smoking plants,

264. Déiriés.(milk,”bu@t§;>aﬂd‘§£h;?w&airy producfa).
é65. Sausage factories producing more than 3 tons a shift, -
266. Confectionary goods, large plants. . -
267. Bakefies.‘ :

268. Food and provision production.

269, Vinegar distilleries.

270. Refrigsration plants over 600 tons,
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271.
272,
213,

2174.
275.
276.
2717.

278.
279.
280,
281,
282,

283,

284 .
285.
286.

287,

Sanitary-Technical Equipment and Installations for Community Use.

Clsss I requiring a sanitary clearance zone 1000 meters wide.

Unassorted garbage dumps for liguid and solid household waste.

Areas fertil

ized with night—-soil.

Ground sewage filters.

Class II re

Public rudbbi
Sewage filtr
Supervised a

Animal buria

Class III requiring a sanitary clearance ipﬁ§.300 meters wide.

quiring a sanitarj clearance’que 500 meters wide.

sh dumping and burning places.

ation stations (up to 5000 cubic meters per hour).
ssorted rubbish and garbage dumps. |

1 places.

Compost fields.

Garbage ster
Sewage irrig
Septic tanks

ilization and processing (rendered safe).
ated fields for agricultural use,

, air filter, sedimentation tanks, etc.

Temporary garbage and trash unloading centers.,

Purification
Cemetories.,

Main depots

plants.

for commercial raw materials,

Thermal hatching installations.

Class IV re

- ..

Places for temporary.storage of éémmefciai raw materials not to

processed,

quiring a sanitary clearance- zone-100-meters-wide. ... .
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D Table to go with Supplement 1.

Sanitary Protection Zones in Meters for Regional and Factory Electric Heat, Light and Power Stations and
for Boiler’ Operated Industrial Plants Having a Fuel Consumption of Three Tons or More per Hour.

- Boiler . . .
‘operated Electric heat, light and power stations
lndgzzzzal At 75% ash sbatement : At 90% ash abatement
Fuel ash centent hasi' 50% , -
‘percent on the ash Z%aters Rate of coal consumption in tons per hour
as Flred basis : Over : Over : Over ; Over : Over : Over i i Over : Over : Over : Over : Over
3 - E 12.5 :3 - 5 12, Sli 25 § 50 ; 100 g 200 53 : 12.5 : 25 : 50 i 100 : 200
12, 5 up to :12.5:¢ up to fup to tup to jup to jup to ;1 5 jup to iup to up to fup to fup to
' : i 25 25 :: 50 ¢ 100 : 200 : 300 : : 25 ¢ 50 : 100 : 200 s 300
-Up to 10 "100 300 100 100: 300 500 500 500 100 100 100 300 500 500

Over 10 up to 15:“100' 300 100 300, 500 500, 500 1,000 100 100 300 300 500 500

1

Over 15 up to ZOH}IOO 500 100 300 500 500 1,000 1,000 100 100 300 300 500 1,000
Over 20 up to 25}5300‘ 500 100 300 500 1,000 1,000 VGSI 100 100 300 300 500 1,000

Over 25 up to 305300 500 100 3000 ' 500 1,000 1,000 VGSI 100 300 300 500 1,000 1,000
Over 30 up to 45 fsoo 1,000 300 500 1,000 1,000 VGSI VGSI 100 300 300 500 1,000 1,000

2

Note 1, VGSI (All—Unlon State Sanitary Inspectorate).

Note 2. Electric heat, light and power stations must make provision for reliable and uninterrupted removal
of the ash from the ash catchers and of the boiler slag.

b
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Height of smokestacks.,

Aversge daily fuel :Smokestack:
consumption in { height
tons per hour :in meters

Supplemental instructions

a) For fuel of low ash content (reduced ash
content less than 5% per 1000 large cal/kg)
the smokestack height should be as follows:

Up to 5 30 at fuel consumption from 5 to 100 tons per
L . hour the smokestack height should be 60

meters; at fuel consumption of 100 to 200
tons per hour the smokestack height should
be 80 meters.

From 5 up to 15 45 A

) If located within a radius of 200 meters

from nearby boiler operated plant building

From 15 up to 30 60 rising to a height of 15 meters the minimal
height of the smokestack must be 45 meters.

From 50 up to 100 - 80

From 100 up to 200 - 100

Over 200 120

Notes: Electric heat, power and light stations burning fuel of high sulfur
content (such as lower Moscow coal) at the rate of 100 or wore tons per hour
"and which are located in an ares of populated’ sections must have installations

for the purification of flue gases from oxides of sulfur which in each case

... must be agreed upon and approved by the All-Union State Sanitary Inspectorate.
li"”Séﬁi%ary clearance -zones for-eléctric“heaf, power and light stations must ac-
cord with paragraph 9 of the present standards ("Norms"),

Phe instructions listed in this table do not apply to boiler operated plants
which use wood and gas for fuel; widths of sanitary clearance zones for such
. plants are determined by the type and nature of the industrial manufacturing

or processing procecdures.

T 4 ML Ll wwdd deed mm b oar vramesere o e e EAIA% v e e - - =
I SIS o TaLsTimmer o & S ST L tERa comre TS S mEe e el
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(Supplement 2 deals with sanitary regulations pertaining to industrial sewage
disposal and will be presented in full in one of the forthcoming volumes).

SUPPLEMENT 3,

Limits of Allowable Concentrations of Poisonous Gases, Vapors and Dust in the
Air of Working Zones in Industrial Premises.

Substance

x
\
|
-

MW OCOONOO

‘Acrolein'-otooto.-.l.o.to.l.......0..o..ooo.o‘.u.o..o.oocoooooou.

O
n

Ammonia...o...n00.'0............0..00.-.D.o.ooc.t.o.ouc.ooo..oo.o

Acetoneoooaloloonvooo-ooono.-.o--ouoo-oco'.-o.o.oo.oo‘-oo-oocooco

Miline’ toluidine’ mlidine....l.l.'..."..l’.l....0......0.’...
Benzidine, dianizilene, u- and p-naphthalamine.....-.......-....o
Gasoline, white spirits, ligroine, kerosens, crude o0il in

terms of C.O..'O'..'..'QO.I.......'.Q'....I.l...".l‘........'.

[sNeNoNeoNeo/
O O
=\

Benzeneo.o.ll.....00..0-00.0.0.0..--.....0Qoooo.ooonolotlnoo.loo-

0

0

Decaline, totralin@icsecececccessassccccsscsccesascccossasssscsns 0

Divinyl, pseudobutylene..cceescssesccscscscccerecssssassccesssans 0
Di- and trinitro compounds of benzene and its homologues

(dinitrobenzens, trinitrotoluol, €%1C.....eeeceescecasssecccssse  O.

0

0

0]

xyIOIOQQ...l....'...'I00......0".....‘.0'.......0..‘....Q...OO.'

Manganese and its compounds, on the basis of MnOo...ceveeeccecnss
"Hydrogen arsenide..ccecessesceseseessosscscrsscscassssocsscnccncns
Arsenical and arsenious anhydrideS..eecececscsescscccscscaassssss 0.0003
Unsaturated alcohol of fatty acids (allylic, crotylic, etc.)..... 0.002
Nitro- and dinitrochloro compounds of benzene (nitrochloro-

benzene, dinitrochlorobenzene, etC.)..e.eceesecsscascscssasscsss 0,001
Nitro- compounds of benzene and their homologues, nitrobenzene,

Nitrotoluoly @tCicececcsccsssccrsnscsccosssssscssssssscscssosconse 0.005
Oxides of nitrogen, in terms of Np03...ccceeecrecerocccacseacsess 0,005
ZIHC oxldeooolc'o.oloo-o'loolottioo.o.oo.uoc.oooo..ooooo.o..o.o'oo 0.005
Carbon monoxie L/ . iviueeeesinesecneseasosivoinsssssooesanionsss 0,035 .
Metallic mercury................................................. 0.00001
Lead and its inorganic compounds, lead sulfide excluded..ese..... 0.00001
Lead sulfat@iseseseersssccscnceanscsosssssscansnsessesassonsscscs 0.0005
Selenium anhydrid@..ccceeceensscccccccssosossossonsossssssssscssesss 0.0003
Sulfuric acid and sulfuric anhydrid€.eeeceessessecscsssssscsssess 0.002
Sulfurous anhydride (302)........................................ 0.02
Hydrogen sulfide@.cecessesssesscesssosssossscsssscvssnscsssacsssess 0,01
Carbon bisulfide.eeeessseseesssesosssosossasnossssssosassasenssss 0.0

-

. l/_Where-wqu“time in an atmosphere containing this pollutant does not extend
beyond one hour the limit of allowable concentration of carbon monoxide may
be raised to 0.05 mg/ll, where such work time does not exceed one-half hour,
the carbon monoxide concentration in the air may be 0.1 mg/ll, where work
under such conditions does not extend beyond 15 - 20 minutes the CO concen-
tration of the air may be raised to 0.2 mg/li. Rest periods of not less than
2 hours must be enforced where workers must be repeatedly subjected to high
CO air concentrations,
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Turpentine.'...Ol..........l.'..........'O.......'...'O.l.'.....
Solvent naphtha........'.'ic..'.....I.'.......'...O.'.'.l....l..
Alcohols:

mnyll..'CI..............l...............O...'."...l....‘..... :

Butyl.o.o-oo.o-oooooooo.ooooo'..0.000'00.0.0000'00000.00000000

Methyl.oo..0.I'o..o.'.-oll.......00Q.o.;togoocol..'coo..o.....

Propyl.-o..ao.oo..I'.ol.-oo.o...l"o.....lu.ol.'.'oo.‘...ooo..

.§:O N
=

Ethylnc..0.....0.....'.0....'....l.‘..'.............0..!..0...

Blchlorlde of mercum..‘...'................0......‘....'....... '
TObaCGO and tea dust.uoo..Q'l.....l.'00.0000;00000-.0..0.'.-0...

Toluol..o'o..00...0-...........o.o...t.o.o..-....o.....ou.a..-..

e o
888
PRy N B v

Phenolo.-.-oocoooo.o.;c00.-.l.ool.O-0Oo-‘o-..ooo.lloo.'......o..

Fomaldehy‘d—e....l...........I...'l..'......'...0......0.........
Phosphoric anhyarid@.icescecessscesosecscoscsssasnsscsonnscnnsena
PhOSPhOTUS, Y81lOWeeuuseeeoeoesesseesscnsocscassnnscassnnsnosasess
Hyd.rogen phOSphide................oo--..---......--.............
Hydrogen fluoride...............................................
Salts of hydrophoSphoric aCiG..eeecessescscsasscssrososcosonnasne
ChlorobeNnzZene..cececesecsesssasessosscssssasosssscascsansssscscse
Chlorinated hydrocarbons: .
Dichlorethane..eeeeeesessecsccscesossessscinssecssssssssacscas
Trichlorethylene..cececeeecssorsccccnscassccsssssoscssssscasnses
Carbon tetrachloride............-...........................-.
Hydrogen chloride and hydrochloric acid.eseecesesccsccscscccccsse
Chromic anhydride, chromates and bichromateS.eceeceseccecccesccsss
Chloronapthalene and chlorophenyl..cccecsececcccccsccccccoscocss
03 o T
Hydrogen cyanide and salts of hydrocyanic acid, on the basis
Of Hmﬁoo..'......O......'..l........0...........‘..l‘..'l'...
Ethyl (diethyl) ether...cceeseeeccccccssceccccecsssscanssnassens
Acetic acid esters (acetates): o
. Metbyl acetate...............................................-
Ethyl acetate....-..............-......................-......
Propyl acetate.cccecescseescasssscesssnsessccosassconscssncnsse
Butyl acetatleeeeiceseecsencecnsscccccsscossnnsarssorascrssncssns
Amyl acetat..eecrocesessceccssncosasssssoscccssscoccssessnnss

%'8

o000 O
(AW, AN, ] wn

(v

L] L
NN N - LN§

00006 OO0 O0O0O0O0O0O0O0 OO'OOOOOOOOOHOOOO (o Ne]
888

Note 1. The standards (norms) for limits of allowable concentrations
of deleterious vapors, gases and dust are obligatory (compulsory) only for
" actual wéfkiﬁg locations. By the term actual working locations is meanf
V ioihts 6f“ﬁniﬁféfrﬁb£ed or intermittent presence of workers who perform
functions of observation or of actual production processes., Where industrial
production processes occur at different points of the work premises all such
points fall under the above designation of actual working locations, which

includes the entirety of tbe work premises,
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. Note 2. Vhere work under conditions of polluted zir in-the work premises
is of short duration, and in isolated instances, where the norm of the pollutant
concentrations indicated in the table can not be attzined, the responsible
authority (Minister) of the appropriate Minisiry, having previously secured

the consent of the All-Union State Sanitary Inspectorate, may allow certain
deviations from the required concentration norms.

Note_j. Where vapors of several solvents, such as benzene and its homo-
logues, alcohols, estefs of aceti§ a&id, etc. are emitted into trne air simul-
taneously, especially in the case of sulfuric and sulfurous anhydrides (SO3
and 502), hydrochlorides, hydrogen fluoride, etc., which cause eye irritation,
or oxides of nitrogen and CO, the total ventilation turnover must be calculated
on the basis of the volume summation required for the dilution of ezch of the
solvent'vapors, each of the irritating gases and‘of'the CO individually to the
required standard concentration in the air. This regulation appiies to in-

stances of simultaneous presence in the air of several gases or vapors other

than those above enumerated, in order that maximum permissible air ventilation

may be secured.

Note 4. In the case of boisonous substances not specifically mentioned
in Supplement 3, and in instances of combined efféct of such poisonous pollut-
ants, limits of allowable concentrations of such substances in the air must be

prescribed by the All-Union State Sanitary Inspectorate.

SUPPLEMENT 4. - -

Limits of Allowable Concentration of Non-Toxic Dust in the Air of Actual

Wiorking Locations of Industrial Froduction Premises.

1, Limits of allowable concentrations of non-toxic dust in the air gf
work zones of industrial manufacturing premises must not:exceed:
a) 2 mg/m3 for dusts which contain quartz in excess of 50% (quartz
_dust, quartzite, etc.);

b) Up to 10 mg/h of all other “types of dust.

2. Limits of allowable concentratlons of dust in dlfferent branches .of

an industry, and depending upon the nature of the dust and the characterlstlcs
of the production processes, which fall within the vamifications of paragraph
1 of Supplement 4 are to be defined and piescribed the the pertinent ministries

w1th the approval and consent of the All-Unlon State Sanitary Inspectorate.
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3. In special cases, where the prescribed norms for allowable air pol-
lutant concentrations can not be attained, even as defined in above paragraphs
1 and 2, the pertinent Ministry with the approval and consent of the All-Union
State Sanitary Inspectorute may permit certain deviations from the standards

(norms) indicated in peragraph 1 of Supplement 4.

SANITARY-HYGIENIC LABOR PROTECTION REGULATIONS.

Ttem 27, Periodic Medical Examination of Workers.

A. From the order of U.S.S.R. Ministry of Health Protection No. 443,
dated 17th June, 1949.

I. Establish compulsory preliminary periodic medical exzaminations
of workers of the following 1ndustrles in agreement and coordination with
VI'sSPS:

Time of periodic

No. § Name of production and occupation § examination of
$ : workers
1 Mining, lead carbonate ores - Once semiannually
2 Mining, other lead ores . Once annually
3 Processing lead ores ' - Once semiannually
4 Lead ore smelting:
a) Lead smelting, agglomeratlon, refining Once quarterly
b) Crushing, grinding, mixing ores, work at
purification installations Once semiannually
5 Smeltlng, pouring, rolllng, pressing of lead-
- _ -~ containing alloys -----.- . I Once semiannually
Application of lead 11n1ng in the mechanlcal )
processing of items Once semiannually
~ 6 Repairing sections of coolers on- locomotlves which
have tank condensators - Once amnually
7 Manufacture of dry lead paints (all kinds) Once quarterly
8 Production of ground lead paints Once semiannually

"9  Production of lead accumulators: :
a) Oiling and cleaning of lead plates,
T . grinding and paste.preparation . . ___ Once quarterly
b) Smelting, lead pouring, shaping and other ST
processes involved in accumulator

manufacture . Once annually

10 Manufacture and application of :glazing material
and of enamel-containing lead , Once semiannually

11 Painters occupation requiring constant-use of —onn - o o
lead paints - Once semiannually
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Time of periodiE-
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t : t
No. g Name of production and occupation { examination of
H : workers
12 VWork with stereotype and in type foundries Once annually
13 Correction and adjustment in closed pitch Once semiannually
14 Schoope processing with lead . Once quarterly
15 Lead soldering with hydrogen flame Once quarterly
16 Production of tetraethyl lead and ethyl fluid Once annually
17 Mixing ethyl fluid with other fuels Once quarterly
18 Work with ethylated benzene (all types) Once semiannually
19 Smelting, purification,'filtration,\distribution,
and other production processes involved in
obtaining mercury from ores Once guarterly
20 Extracting gold from ores with the aid of
mercury compounds Once quarterly
21 Production of mercury thermometers and other
- physical apparatus: '
a) Work with mercury outside of hoods ) Once quarterly
b) Work with sealed or open mercury under -
hoods . Once semiannually
22 Making of pharmaceutical mercury preparations Once semiannually
23  Production of ethyl mercuric phosphate and
mercuric diethyl, preparation of glues con-
taining such substances Once semiannually
24 VWorking in electric heat and power stations in
connection with mercury rectifiers Once annually
25 Working with mercury pumps _. . -- ... . _ Once semiannually
26 Working in laboratories with mercury apparatus - '
and other equipment Once annually
.27 CGrinding manganese and its compounde and applylng
the powdered substances Once semiannually
28 Soldering inside closed tanks with the aid of
_coated electrodes, containing manganese Once annually
29 Smelting steel containing over 10% of manganese Once semiannually -
:;g _-Production of chromlc ac1d and its salts Once semiannually
31 Production and appllcatlon of.éééﬁbunds of arsenIc Once semiannually
. 32 Production of yellow and red phospho;us, worklng
with yellow phosphorus Once quarterly
33  Crushing, grlndlng, and sifting tungsten and cobalt Once annually
34 Production of hydrofluoric acid and of fluoride
salts .(including fluorine-beryllium) Once semiannually



Time of periodic

Name of production and occupation examination of

workers

Wood impregnation with substances containing

fluorine compounds Once semiannually
Electrolytic preparation of aluminum and zinc Once semiannually
Electroiytic preparation of chlorine Once annually
Preparation and use of chloride solutions in

sulfate~cellulose plzants Once semiannually
Preparation and use of carbon bisulfide Once semiannually
Preparation of viscose silk Once semiannually
Obtaining sulfur-rich crude oil and natural gas,

processing sulfur-rich crude oil (includes

skilled workers, operators and their assistants,

volume recorders, machinists, lubricators,

mechanics, etc.) Once annually
Obtaining of ozokerites, buryta and gumbrine Once semiannually
Preparation of aromatic hydrocarbons fron crude -~ .- - -

0il products; selective purification of ----- ———.. T .

lubricants, paraffin production, soot, ‘

pyrolucites . Once semiannually
Refining of crude oil and of gases from hydrogen

sulfide, manufacture of inhibitors, hydrogen,

catalyzers, production of ozokerites by exirac-

tion, benzene alkylation Once annually
Preparation and filtration of sodium arsenite

solutions Once semiannually
Cleaning of crude oil carrying tankers, cisterns
" and reservoirs, 01stern valve repalr N Once semiannually
Catching of coking products from coklng furnaces,“_

distillation of coal tar and rectifying of

aromatic hydrocarbons, naphthalene, anthracene _ . :

in coking plants Once semiannually
Production and use of coal taf, pitch, shale tars,

Impregnation of railroad ties with compounds

containing oil of cresole Once annually
Production and use of chlorlnated and bromlnateda-a e l o

_bhydrocarbons of the fatty series - Once semiannually
Production and use of chlorinated naphthalenes ) '

and diphenols - . . _  Once semiannually
Production and processing of synthetic rubber Once semiannually
Production of benzene, toluol and chlorobenzens.

Use of benzene as a solvent. Use of

chlorobenzene. ‘ Cnce semiannually

~137-



Time of periodic -
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No. § Name of production and occupation % examination of
H ‘ : workers
52 Use of toluol and xylol as solvents Once annually
53 Preparation and use of amino—-, nitro~ and chloro-
derivatives of benzene and its homologues, phenol
and its compounds Once semiannually
54 - Production of benzidine, dianizidine, toiuidine;-
a- and P-naphthalamine Once quarterly
55 Aniline dyes in textile plants Once annually
56 Fur dyeing with ursol dyes Once annually
57 Production and use of methyl spirit (methylol) Once annually
58 Production of nicobtine Once annually
59  Ore mining: ~
a) Drillers, miners, timberers, coal and rock
loaders, etc. Once semiannually
b) Other underground worxers ‘Once annually
59a Ore crushing in coal enrichment plants Once semiannually
60 Workers in mine passages of ¢oal and rock beds
containing not less than 10% of gquartz Once semiannually
" 61 Polishing and coating of porcelain and glazed
' items Once annually
62 Production and use of glass wool, felt and wool Once semiannually
63 Production of refractory (fireproof) .articles:
a) Dinas articles (refractory silica) Once semiannually
b) Chamotte articles (flre clay) containlng
. - 10% quartz - - - ~Cnce annually
T 64 Sandblast polishing of foundry artlcles Once semiannually
65 Mining and processing asbestos ) ) Once semiannually
66 Mining of radiocactive ores., Production and use
of radium and radioactive substances Once quarterly
67 Workers in X-ray rooms and laboratories Once semiannually
68 . Workers using currents of ultra high frequency Once ‘semiannually- -
Supplemented January 18, 1952 Ly the following:
1 Productlon and use of trinitrotoluoi Once semiannualli'
2 Production and use of tetryl Once annually
3 Production of fulmonate of mercury Once semiannually
4 Production and use of tetranitromethane Once semiannually
5 Production and use of azide of lead Once semiannually
6 Production of nitroglycerol products Once annually



g SUPPLEMENT 2,
Lists of Contraindications vhich Prevent thé BEmployment of orkers in
Industries in which Workers Undergzo Periodic Medical Exauinations,
(Only Specific Contradindications Are Included in tke Lists).

(In addition attention must be paid to other beneral contraindications to
the employmsnt of workers uﬂierg01qg periodic medical examinations).

Iist 1. Lead and its organic compounds,

1. All blood diseases and secondary anemias (Hb less than 60%).
2. Clinically detectable liver diseases,

3. DNephrites, nephroses, and nephroscleromas.

4. Hypertonic diseases,

5. Pndarteritis, .

6

. Clinically detectable cardloscler051s, aortoscleros1s, and arterio-
sclerosis,

Coronary diseases.

Ulcers of the stomach and the duodenum.

O @ ~
o

Clinically detectable chronic colitis and enterocolitis.

10. Active forms of pulmonary tuberculosis,
11, All organic diseases of the central nexrvous system,
12, Chronic and relapsing diseases of the peripheral nervous system,
13, Diseases of the optic nerve and the retina. .
14, Epilepsy, a

15; Psychic diseases,
-16;7“glﬁéicéiii_agggéiégig“éﬁaoérine'and'VééététiVe dizeases,

- List 2.>'ﬁ£hilafed gasoline, = = - -
1.” All organic diseases of the central nervous systen,

2, Epilepsy. "

3. Clinically detectable neurotic states.

4. Psychic diseases including those of recurrent stages.

5. All psychopathlc dlseases.

6
7. Clinically detectable affections of the labyrinth.
8. Anosmia,

9. Clinically detectable liver diseases.

10. Nephrites, nephroses, and nephroscleromas.
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11. Arterial hypotonicity.

12, Eczema of the hands.

For motorists working in motor testing add:

13, Persistent loss of hearing even in one ear (whisper at less than 3 m),
otosclerosis, chronic purulent otitis,

List 3. Tetraethyl lead and ethylic fluid.

1, Organic diseases of the central nervous system.

2. Epilepsy. ‘ _ )

3, Clinically detectable neurotic states.

4. Psychic diseases including those of recurrent stages. -
5. All psychopathic diseases.

6. Narcomania, including chronic alcoholism.

7. Endocrine and vegetative diseases, ‘

8. Clinicaily detectable affections of the labyrinth.

9. Clinically detectable liver diseases.
10, Nephrites, nephroses, and nephroscleromas,
11. Arterial hyper- and hypoténia.
12, All diseesses of respiratory orgens and of the cardiovascular system

which contraindicate the use of gas masks.
13, Hyposmia.
14. All forms of eczema regardless of localization,

List 4. Mercury and its compounds.

1. Chronlc or frequently recurrlng glng1v1tls, stomatitis and alveolar
pyorrhea.

2. Chronic colitis, )
3, Clinically detectable liver.diseases;
4. Nephrites, nephroses, and nephroscleroses.
. Organlc dlseases of the central nervous system.
; Clinically detectable neurotlc states. -

LR

5
6
1. Psychlc diseases including those. of_recurrlng stages._.
8. Psychopathlc diseases., ‘

9

. Clinically detectable endocrine and vegetative--diseases.

List 5, Manganese,

1, Organic diseases of the central nervous system, ------. .

2. Psychic diseases.
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Psychopathioc diséaseé. o
Clinically detectable endocrine and vegetative diseases,
Clinically detectable liver diseases,

Nephrites, nephroses, and nephroscleroses,

Active forms of pulmonary tuberculesis,

deddd A

Bronchitis, emphysema, pneumoscler031s, bronchial asthma, and recurrent
pneumonia, .

List 6. Chromic acid and its salts.
Atrophic rﬁinifis, ozena, nasal syéhésis; diseases of the nasal accessory
frequently becoming acute; clinically detectable nasal septum deviation,
Chronic laryngitis, frequently becoming acute, laryngeal stenosis.
Tuberculosis, scleroma and swelling in the upper respiratory tract.
Clinically detectable bronchitis, pulmonary emphysema and pneumosclerosis,
Bronchial asthma.

Presence of any form of eczema during examination or in anamnesis.

List 7. Inorganic arsenic compounds.

Atrophic rhinitis, ozena, nasal sychosis. Diseases of the nasal acces-
sory sinuses frequently becoming acute, Clinically detectable nasal
septum deviation,

Chronic laryng1tls, frequently becoming acute. - - -
Tuberculosis, scleroma and swelling in the upper resplratory tract.

Organic diseases of the central nervous system,

Clinically. detectable. chronic bronchitis. . Bronchial asthma..

Chronic enterocolitis and colitis.

Clinically detectable liver disease.

Nephrites, nephroses, and nephroscleroses, .

All blood diseases. Secondary anemia (Hb less than 60%)
Chronic and recurring diseases of the peripheral nervous system,

Eczema of the face and hands.

. Chronic inflammatory conjunctivitis, 1nf1ammat10n of the cornea, of tke

salivary ducts and of the palplbra.<."“- . ST e e

List 8. Vapors of yellow phosphorus,

Diseases of the jaw, dental’ carles, periostitis and perlodontltls, not

cured,

Chronic gingivitis. Alveolar pyorrhea,
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4.
5.

7.
.8
9.
10.

1.

2.

-

Diseases of the bones, incompletely healed fractures, osteomyelitis,

Clinically detectable catarrhs of the upper respiratory tracts.

Chronic bronchitis, clinically detectable pulmonary emphysema, pneumo-
sclerosis, bronchial asthma,

Liver diseases, .
Nephrites, nephroses, and nephroscleroses.
All blood diseases, secondary anemia (Hb below 60”)

General emaciation. - :
Clinically detectable metabolic diseases (obesity, diabetes).

List 9. Cobalt.

Atrophie rhinitis, ozena, nasal sychosis, Diseases of the nasal acces-
sory sinuses frequently becomlng acute, Clinically detectable nasal
septum deviation.

Tuberculosis, scleroma and edemas of the upper respiratory tracts.

Chronic bronchltls, pneumosclerosis, pulmonary emphysema, bronchial
'asthma C e e

Active forms of pulmonary tubercu1031s.

Chronic inflammatory conjunctivitis, inflammation of the cornea, of the
salivary ducts and of the palpibra,

List 10. Fluorine and its compounds,

Atrophic rhinitis, ozena, nasal sychosis. Diseases of the nasal acces-
sory sinuses frequently becoming acute. Clinically detectable nasal
septum deviation, .

. Chronic laryngitis frequently becemlng acute, laryngeal stenosis of the

esophagus. IR . o
Tuberculosls, scleroses and edemas of the upper resplratory tracts.

Chronic bronchitis, clinically detectable pneumosclerosis, pulmonary
emphysema and bronchial asthma.

Active forms of pulmonary tuberculosis,
Bone diseases.

Chron1c inflammatory conjunctivitis, 1nf1ammat10n of the cornea, of the -
sallvary ducts and of the palpibra,

List 11. Sulfuric anhydride (sulfuric acid uerosol).

Atrophic rhinitis, ozena, nasal sychosis, Diseases of the nasal acces-
sory sinuses, frequently becoming acute. Clinically detectable nasal
septum deviation, Clinically detectable hyposmia.

Chronic laryngitis, frequently bscoming -acute.
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3.

4.

5.

1.

1,

Tuberculosis, scleromas and edemas of the upper respiratory tracts,

Chronic bronchitis, cllnlcally detectable emphysema and pneumosclerosis.

Bronchial asthma.
Active form of pulmonary tuberculosis.

Chronic inflammation of the conjunctiva, the cornea, the sallvaxy ducts

and the palpibra,
Eczema of the face and hands.

List 12, Chlorine, bromine,

Atrophic rhinitis, ozena, nasal sychosis. Diseases of the nasal acces-
sory sinuses frequently becoming acute. Clinically detectable nasal

septum deviation.

Chronic laryngitis, frequently becoming acute, Manifestations of
esophageal sclerosis,

Tuberculosis, scleroma and edemas of the upper respiratory tracts.

Clinically detectable hyposmia.

Chronic bronchitis, pneumoscleros1s, pulmonary emphysema, bronchial

asthma,

All diseases of the respiratory organs and of the cardiovascular system

which contraindicate the use of gas masks,

Active forms of pulmonary tuberculosis,

Chronic inflammation of the conjunctiva, cornea, salivary ducts and the

palpibra,

List 13. Carbon bisulfide.

Organic diseases of the central nervous system.

Chronic and recurrlng dlseases of the perlpheral nervous system.-—

B Y

Dlseases of the optic nerve and of the retina.
Epilepsy. _
Clinically detectable neurotic stetes.‘
Psychic diseases 1nc1ud1nr those of recurrent stages.
Psychopathic diseases, ‘ ’
Clinically detectable endocrine and vegetative diseases, -
Clinically detectable liver diseases, . ._

- .

List 14. Hydrogen sulfide, °

Organic diseases of the central nervous system.
Epilepsy.

Clinically detectable states of neuroses. - . e e e oo
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2,

Organic diseases of the central nervous system. _

~ Epilepsy.

" Psychic diseases.

Clinically detectable endocrine and vegetative diseases.

Atrophic rhinitis, ozena; diseases of the nasal accessory sinuses, fre-
quently becoming acute.

Chronic laryngitis, frequently obecoming acute. Manifestations of
esophageal sclerosis, :

Tﬁberculosis, scleromas and edemas of the upper respiratory tracts.
Chronic. bronchltis, brOHChLﬁl asthma.

All diseases of the organs of the respiratory tract and of tne cardio~
vascular system contraindicating the use of gas masks,

Chronic inflammation of the conjunctiva, cornea, salivary ducts and
palpibra,

List 15, Crude o0il, gasoline, white spirit, kerosene, mazut
« (crude oil residue), lubricating materials,

Atrophic rhinitis, ozena, nasal sychosis. Diseases of the nasal acces-
., sory sinuses frequently becoming acute. Clinically detectable nasal
septum deviation.

Chronic lar&ngitis frequently becoming acute. khanifestations of
esophageal sclerosis.

Tuberculosis, scleroma and edemas of the upper respiratory tracts.

. Clinically detectable hyposmia.

All diseases of respiratory organs and cardiovascular systems contra- "
indicating the use of gas masks,

Chronic bronchitis, bronchial asthma,

Clinically ée%éciabie_neuioticlstatqs{";"
Psychic diseases,
Clinically detectable endocrine and vegetative diseases,

Chronic inflammation of the conjunctiva, cornea, salivary ducts and the
_palpibra.

For those who are engaged in cleanlng crude 011 crack1ng stllls add.

IR

1.

3.

Seborrhea complicated by different forms of acness L IS oo

List 16. Methylic alcohol,

Organic diseases of the central nervous system,
Clinically -detectable endocrine and vegetative diseases,

Chronic alcoholiesm,
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10.

11.
12,
13,
14.

15-

Diseases of the optic nerve and the retina.
Clinically detectable liver diseases._

Nephrites, nephroses, and nephroscleroses,

List 17. Chlorinated and brominated hydrocarbons. -

Organic dls ses of ths central nervous system.
Epilepsy. . .

Clinically detectable states of neuroses.

Psychic diseases, ’

Clinically detectable endocrine and vegetative diseases,
Clinically detectable liver ciseases,

Nephrites and nephroscleroses. . -

Organic myoéardites. S

Atrophic rhinitis, ozena, nasal sychosis. Diseases of the nasal acces-
sory sinuses frequently becoming acute. Clinically detectable nasal
septum deviation. )

Chronic laryngitis frequently becoming acute. Manifestations of
esophageal stenosis.,

Tuberculosis, scleroma, and edemas of the upper respiratory tracts,
Clinically detectable hyposmia.
Clinically detectable bronchitis and bronchlal asthma,

Chronic inflammation of the conjunctiva, cornea, sallvary ducts and the
palpibra.

Acute clinical seborrhea complicated with acne.

- ~  Iist-18. Products of coal distillations -—-—~ - - -
benzene, toluol, phenol, pyridine, etc.--.. .. __.. " _. .

Atrophic rhinitis, ozena, nasal sychosis., Diseases of the nasal acces-
sory sinuses frequently becomlng acute, Clinically detectable nasal
septum deviation,

[N

Chronic laryngitis frequently becoming acute. Manifestations of
esophageal stenosis, .

Tﬁberculosis,nscléfoma and édemaé of the upper reépirator&uifaété.A

PR s I e ereeess c an . e e -

Chronic bronchitis and bronchial asthma. M ) R R

All diseases of resplratory organs and cardiovascular system contrain-
dicating the use of gas masks. )

All blood diseases and secondary anemia (Hb below 60%).
All forms of hemorrhagic diathesis._ . _ '

FCllnlcally detectable hyposmla.r;;_ T e e s -
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9.
10.
11,
12,
13,
14,
15.
16.

Clinically detectable liver diseases.

Nephrites, nephroses, and nephroscleroses,

Organic diseases of the central nervous system.
Epilepsy.

Clinically detectable states of neuroses,

Psychic diseases. .

Clinically detectable endocrine ‘and vegetative diseases,

Chronic conjunctivitis, and chronic inflammation of the cornea, salivary
ducts and the palpibra.

For those who work with anthracite, naphthalene and other substances which
possess photodynamic activity. add:

17.

1,
2.
3.
4.
5.
6.

Diseases of the skin, accompanied by increased sensitivity to light, such,
for example, as solar eczema and solar scabies, etc.

List 19. Benzene, ‘toluol, xylol.

Organic diseases of the central nervous system.

Epilepsy.- oo T T ’ -
Clinically detectable states of neuroses. ‘

‘Psychic diseases,

All blood diseases and secondary anemia (Hb below 60%).
All forms of hemorrhagic diathesis.

Clinically detectable liver diseases.

Nephrites, nephroses, and nephroscleroses,

List 20 Amlno- and nltrﬂ—comppunds of benzene and phenol°

All blood dlseases and secondary anemia (Hb below 60%)
Clinically detectable liver diseases.

Organic diseases of the central nervous system.
Epilepsy.

Psychic diseases,

Clinically detectable endocrine and vegetative diseases.

(a) For those who work with amino-compounds and in particular with benzene,
’ ansidine, ‘naphthylamine- and captax which cause diseases of the urinary pas-_
sages, and for those (b) who work with chlorobenzene add List No. 16,

1.
2.

List 21, Nicotine. - -

Clinically expressed endocrine and vegetative diseases,

All diseases of the cardiovascular system.
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3. Gustric and duodenal ulcers. ‘
4. Cllnlcally expressed gastritls, and spastlc colitis,

5. Temporary amaurosis causing limited field of vision.

List 22, Ursol,

1. Clinically visible catarrh of the upper respiratory itract.

Chronic bronchitis, bronchial asthma, pulmonary emphysema frequently
becoming acute,

3, Presence of any form of eczema and allergic dermatitis, inclusive of
those in anamnesis.

List 23. Pitch and schist (shale).

1. Photosensitive skin diseases (solar eczema, solar scabies, etc.).

2. Chronic conjunctivitis, and chronic inflammation of the cornea, salivary
ducts and the palpibdbra,

List 24. Roentgen rays.

1. a1l blood diée;se;:andiéecondary anenia (Hb below 60%).

2. Sex gland disecases and disturbances.of menstrual-ovarian cyéles.
3. Skin cancer at any site and precancerous diseases.

4. Clinically detectable end9cr;ne and vegetative disturbances,

List 25 Radioactive substances.
0

1, A1l blood diseases and secondary anemia (Hb below 60%).

2. All organic diseases of the central nervous system.

31 Cllnlcally detectable endocrlne and vegetatlve dlseases.

© 4. Bone diseases, .. " _ .

5. Skin cancer at any 51te and precancerous diseases,

Llst 26 Ultra high frequency currents.

1, All blood diseases and secondary anemia (Hb below 60%).
2, Active pulmonary tubercu1031s.

3, Organic diseases "of the nervous system, progr6331ve (dlssemlnated scle—>.
rosis, syringomyelitis, cerebro-spinal syphilis, tuberculosis of the
spine, etc. .

4., Clinically detectab}e endocrlne and vegetative diseases (Basedow 8
diseaso, Addison's disease, etc.).

5. Clinically detectable angiotrophoneurosis, etc. (Reno's disease, trophic
ulcer, sclerodermia, etc.).
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List 27. Free silicon dioxide, asbestos,

1. Any form of pulmonary tuberculosis (presence of petrification is not to
be regarded as a positive indicator).

2. Extrapulmonary tuberculosis (glands, sex glands, bdnes, etc.).

detectable nasal septum deviation, labored nasal breathing, atrophic
rhinitis, frequently occurring chronic laryngitis, chronic inflammation
of the accessory nasal sinuses, neoplasms in the upper respiratory
tracts, cicatricial adhesions of the upper respiratory tracts, labored
breathing (general), chronic bronchitis, bronchial asthma, bronchi-
ectasis,

4. Non-tubercular pulmonary diseases (pneumosclerosis, pulmonary emphysema).

5. Diseases of the diaphragm.

6. Organic diseases of the cardiovascular system (heart failure, organic
myocarditis, clinically detectable arteriosclerosis, hypertonic
diseases).

Note: Detection of any of the above diseases in the course of periodic
medical examinations of the employed should indicate the need for the worker's
transfer to another occupation. In doing this each case should be decided
upon by taking into consideration time record of employment, general resis-
tance to the effects of conditions of present employment, gravity of affection,
degree of compensation, sanitary-hygienic conditions of employment, and other

pertinent factors.
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The Effect of Industrial Poisons on the Immuno~Biological
State of the Organism.

I. G. Fridlyand.

(Department of Occupational Diseases and Labor Hygiene, Leningrad
Institute of Post-Graduate Med1c1ne§1

Gigiena i Sanitariya, Vol. 24, No. 8, 55-61, 1959.

It has been known for a long time that some industrial. poisons lowered
the general resistance of the organism to certain diseases, eliciting effects
in addition to their basic property of producing characteristic changes in
individual organs or systems. This was noticed in particular in such diseases
as the grippe, angina, pneumonia, tuberculosis, observed in some groups of
workers connected with such toxic substances as lead and its inorganic com-
‘pouﬁds, tetraethyl lead, benzene, fluorides, etc.; these diseases occur com~
paratively frequently and follow a rather grave and at times specific course
of development., It should be noted in this connection that similar affections
have been encountered recently among certain sections of the country's in-
~habitants who were exposed to the effects of industrial discharges and aimos-
pheric air pollutants with sulfur dioxide, nitrogen oxides, fluorides, lead
and its compounds, etc, The importance of such factors to the conservation
of public health shculd not be pnderestimated. There‘is no doudbt that under
certain conditions situations, such és are described above, may cause a con-
siderable lowering in the body r951stance to dlseases and thereby increase
. popula%;;n morbldlt&. It should‘also be noted that results of clinical ob=
sefvations and clinical statistical data coincided with the results of many
experimental toxicolog;déi studies. Thus, Mattei eétablished in 1896 that
following the inhalation of carbon monoxide, carbon dioxide, hydrogen sulfide
and other poisons, animals manifested a considerably lowered resistance to
infection, and animals normmally resistant to certain infections lost their
natural immunity. Susceptibility to infections ran parallel to the duration
and intensity of the effect of toxis substances,. Figeons .normally- possessing
natural 1mmun1ty to anthrax were easily infected with this agent after they
have been intoxicated with alcohol or oxides of nitrogen.

E. Ronzani reported the results of his experiments in 1908, As far back
as 50 years ago he was able to show, as a result of chronic experiments, that

many toxic substances, such as fluorides, oxides of nitrogen, amuonia, etc.,
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lowered the defense powers of the organism against such diseases as typhoid
fever, anthrax, tuberculosis and: other diseases, With the then limited bac-
teriological techniques Ronzani was able to prove that animals subjected to
the effects of the indicated poisons lost resistance against many infectious
‘diseases; he was able to show that the course of normally light infections
assumed a grave character after intoxication with the substances mentioned.

The Ukrainian Institute of Labor Medicine, now known as the Ukrainian
Institute of Labor Hygiene and Occupational Diseases, located in Khar'kov,
published some important results of‘experiments conducted in 1926 - 1928.
Workers of that Institute, such as Ya. D. Sakhnovskii, L. L. Kandyba and
Sh. G, Perlina, E. V, Davydova, clearly demonstrated the deleterious effects
of lead poisoning and of carbon monoxide, in acute experiments, on animal re-
sistance against typhoid and paratyphoid B. bacilli and of staphylocoeccal in-
fections. Animals intoxicated with carbon monoxide lost approximately 2/3 of
their’ resistance to tetanus toxin. Cats subjected to acute intoxication with
carbon monoxide temporarily lost their normal resistance against streptococcal
infection. A. T. Aldanaéarov demonstrated that lead poisoning sharply reduced
"the defense and adaptability mechanism of the organism, as a result of which
animals suffering from inflammation of the lungs and the intestinal tract per—
ished in a considerably shorter time. Reports appearing in the literature
indicate that animals subjected to the inhalation of manganese dioxide de~
veloped a greater susceptbility to experimentai pneumococcal pneumonia. Nu-
. merous publications have also appea;g@nwhichlinQigate that chronic intoxica~-
tion with benzene lowered the resistance of'gnimals,against many inféctions,
notably pneumonia and tuberculosis. The question of the mechanism which under-
lies such loss of resistance to infections is a subject of great theoretical
and utmost practical importance. o ‘

At this point no detailed account will be presented of the complex prob-
lems with which the general immunity confronts the investigator. Attention
B mugt be called to the fact that immuno-biological react1v1ty of the organism
-is coﬂfrélled by é;;éral pnyszeloglcal prlnclples, and that the state of the
nervous system is a factor of considerable importance in general immunogenesis
and in specific immunity manifestation. In this connection attention is called
to the dissertation of P. O. Ivanov "On the Effect of Poisons on the Organism
in Relation to Different.States of the Nervous System', which was published
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in 1901, On the basis of his experiments this author concluded that in in-
stances where the organism firmly withstood the effect of different deleterious
factors, including chemical effects, the state of the nervous system played
an important part. Conclusions of this nature, whigh in some instances have
been arrived at as far back as 60 years ago, have been recently confirmed in
I. P, Pavlov's laboratory by such of his students as Yu, P. Frolov, A. G,
Ivanov-Smolenskii and others. These authors studied the effect of the state
of the central nervous system on the onset, the course and the outcome of some
chemicai poisonings.using different physiological methods; all came to prac-
tically the same coﬁclusions, the most important of which, in relation to the
subject under present discussion, was the fact that poisons such as acetone,
carbon monoxide, cyanide, élcohol, etc. produced functional cortical distur-
- bances; such disturbances weakened the cerebral cortical activity to a point
at which it iost its original capability to prevent the development of patho-
logic processes)including those- of an infectious character, as was shown by
M. K. Petrova. _ ‘
I+ is now possible to fo;mulate the basic principles and specific proc-
esses which are responsible for the lowered immunologic reactivity of the or~
gaﬁism resulting from some industrial poisonings. It is well known that an
anti-infection (infection-resistant) immunity can be hereditary, an individu-
ally acquired means of adaptation which resist the entrance iﬁto the organism
of microbes and viruses, their broliferation and the deleterious effects of
their products of-elimination.- Such means of adaptation,pr barrie;s,ape_pre-
sented by: 1) the skin and the mucosae, 2) inflammation, phagocytosis, the
reticulo-endothelial system, 3) the lymphatic tissue barrier functions, 4)
humoral factors, and 5) the organism's cell reactivity (L. A, Zil'ber). There
is reason to believe that to a greater or lesser degree each of the barriers
can be disturbed by the effects of given poisons. However, in practice such
functions were relegated to phagocytos1s and to some humoral immunity factors.
.. I. I, Mechnikov was the first to call attention to the important part
played by phagocytosis in genefal 1mmun1ty. hany studies have been made since
that time which broadened the knowledge regarding the role played by leucocytes
in the complex defense mechanlsm of higher organisms., G. K. Khrushchov showed
that in addition to the defense functions of phagocytosis and chemical break-

down of invading bodies, the blood p}aﬁgleﬁs played an important part in the
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processes of regeneration. In this conneéction the unfavorable effects of
poison-producing leukopenia are of.great significance. It has also been
shown that toxic substances may under certain conditions reduce the number

of leucocytes. Thus, I, I, Mechnikov noted a considerable reduction in the
number of white blood cells in the blood of rabbits administered lethal doses
of arseneous acid. Recent clinicél experience with cases of industrial poi-
soning points to the possibility of leukopenia resulting from the chronic ef-
fect of benzene, fluorides, mercury, manganese, tetraethyl lead and many other
deleterious chemical substances, The leukopenia produced in the organism by
such substances leads to a reduction in the phagocytosis phase of the organ-
ism's defense against infection directly and indirectly by weakening one link
in the general chain of the organism's defense mechanism,

Thus, the phagocytic property of leucocytes is lowered by certain toxic
substances. A. M, Bezredka lowered the phagocytic function of leucocytes, by
;ﬁjeqﬁipé géigéa piés with cérmine; the guinea pigs were then administered
arseneous sulfide i; doses which normally produced no deleterious effect. In
this case, however, all the guinea pigs died. W. and J. Paliaferro exposed
experimental animals to the effect of mustard gas and thereby reduced their
phégocytic_activity. Aud and his co-workers, L. L, Kandyba and Sh. G. Perlina,
i. P. Petrov and others found that lead and its compounds also depressed the
phagocytic activity of leukocytes. A. T, Aldanazarov found that lead acetate
affected unfavorably the opsono-phagocytic activity and depressed the macro-

phagic absorption system and its related functions. Similar results were ob-
4tainéa'ﬁ&kf;-i}"Kéhdyba‘and Sh. G, Perlina with manganese chloride, and by

S. S. Dinkelig with tungstic mine dust. S. I. Ashbel and his co-workers noted
ahlowered phagocytic index in worker patients who had clearly developed:pneumo-
sclerosis of chemo-toxic etiology and in worker patients suffering from grave
intoxicapion with tetraethyl lead and trinitrotoluol. Paradoxically, in
1igh§“l§§§_;ptoxication the phagocytic index rose to higher levels, -- Thus,
different toxic substances can affect phagocytosis mostly in the direction of
lowered potency thereby weakening one of the most important defense barriers
of thq_arganism:'. N '

. In addition to the above discussed phases of the phagocytic defense of
the organism the humoral immunity factors are also of considerable importance.

These factors of immunity determine the bactericidal properties of blood, ex-
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udates and transudates in animals and man. As far back as 50 years ago
Ronzani noted a lowered bactericidal function in the lungs in relation to
Bac. precdigiosus in cases of chronic poisoning with hydrogen fluoride, am-
monia and oxides of nitrogen, ‘

Results of experiments and clinical observations found in the literature
present evidence of the relation existing between the effects of some indus-
trial poisons and the fall in the bactericidal potency of blood serum. Thus,
Ya. D. Sakhnovskii found that the bactericidal potency of fresh blood serum
of workérs connected with different phases of the lead industry was reduced
considerably in its effects of typhoid and paratyphoid B bacilli which he
considers as a constant and reliable symptom of lead poisoning. This was
verified in experiments with rabbits. T. N. Ablina also found lowered bac-
tericidal potency in the blood of animals experimentally exposed to fluoriﬁe—
containing apatite dust. Many other investigators found that the bactericidal
potency was considerably reduced in animals having inflammatory processes
complicated by acute benzene intoxication. It has been establisked in the
past that immuno-bactericidal properties of the organism are determined to
a large eitent by the presence of active antibodies, substances which are
generated in the process of serum globulin synthesis; this is equally true
of animals having natural or acquired immunity. It is now generally well
accepted that many deleierious chemical substances impeded the process of
antibody formation. Results of chronic animal poisoning with fluérides, sul-
fur dioxide, oxides of nitrogen, benzene conducted by many different investi-
gators manifested different types of lowered productlon of antibodies such as
agglutinin, heqqu31ns,.bacte;191y51ns, precipitines, etc. This was equally
true of specific antibodies geﬁera{ed in éﬁimals immunized to specific in-
fections, S. I, Ashbel and co-workers used.the Ioffe test and other biologi~
cal 1ndexes in studylng the state cf 1mmuno-blolog1ca1 defense of normal and
sick workers who were expoééd fo thb effect of lead, tetraethyl 1ead, tri-
nitrotoluol, etc.; they came to the ;onclusion that the rate of antibody - -
generation in many of these¢ workers was considerably Aepressed. of particulaf
interest is that phase of their work which showed that the rise in the agglu-
tination titre was more gradual but reached higher levels after anti-typhoid

vaccination in workers engaged in dlfferent chemical industries, as compared

"~ with workers otherwise employed.
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I. D. Gabovich and -Ya., I. Mel'nik in their experiments with rabbits and
rats found that fluorine impeded the development of antibodies even when ad-
ministered in comparatively low doses., K, K, Makashev concluded, on the basis
of results of his experiments, that the titre of such immune bo&ies as agglu-
tinins, hemolysins and precipitins were sharply lowered in the blood of immu-
nized rabbits in lead poisoning. It should be pointed out that following
stimulation by antigens the titre of immune bodies in the above animals at
first rose, never reaching the original level, and then rapidly fell again.

Finally mention should be made of the important observations made during
the post—~war years at the Department of Labor Hygiene of the Khar'kov Institute
of Post-~Graduate Medicine, by V. K, Navrotskii and others; these investigators
paid particular attention to changes in immuno~biological reactivity in the
incipient stages of chronic intoxication; they worked with benzene, aniline,
nitrobenzene, dichlorethane, carbon tetrachloride, lead and tetraethyl lead;
as indexes of depressed or enhanced immuno-biological reactions they ussd the
agglutination +titre after typhoid vaccine immunization. Their results showed
that all the above-mentioned poisons depreséed the agglutination titre. On
thé other hand, poisoning with nitrobenzene, dichlorethane, carbon tetrachloride
and tetraethyl lead produced no such effects (elicited no such reactions).

V. K. Navrotskii concluded that immuno-biological reactivity is depressed
most by vagotropic poisons. ' ‘

The above-cited experiments once more confirm the opinions variously
expréssed regarding the deleterious effects exerted by chemical poisons on
the humoral phase f immunity. There is, however, another group of body
defense barriers consisting of the skin, the mucosae, lymphatic tissues, etc.
Each of these barrierssand in particular the tissuesgcan be variously dis-
turbed or weakened by some industrial poisons. Mention can be made in this
_.connectlon of the defense functlons of the skin and mucosae as mechanlcal
barriers to the penetratlon of most mlcroorgéﬁiéms;~"1n addltlon,these bar-

. riers also-possess bactericidal potency. In_this connection consideration. -
should be-giQen to the possibility of many deleterious chemical substances
to damage the skin or the mucosae and thereby break down their function as
bacterial penetration barriersy such changes can be of a functional nature
'or they can be of the nature of permanent anatomical damage. Prev1ous in-

vestigations pointed to the con31derab1e importance played by the above-

-154-



mentioned factors and it is suggésted that in-practical evaluation of
chemical effects these factors should not be ignored. No specific recomen-
dation can Se made at this point in connection with the breakdown of the
above-mentioned defense barriers, since this phase of the organism's defense
mechanism has been studied comparatively little, .

It should be emphasized at this point that in the sum total of the bar-
riers! action as a phase of antibacterial immunity they manifest a variety of
mechanisms of which one may be of a synergistic character., Of particular im-
portance in this respect are antibodies which change the microbes in the di-
rection of involution, lowered virulence, and susceptibility to phagocytosis.
The presence in immune serums of such antibodies as the opsonins and tropins
renders the microorganisms more susceptible to phagocytosis by leucocytes and
by cells of the reticulo-endothelial system. Vice versa, deleterious effect
of many toxic substances on the development of antibodies must be evaluated
not only from the viewpoint of their direct effect as»ageqté lowering organic
immunity, but also from the viewpoint of their disturbing the organism's de-
fense function, which results in a lowered effectiveness of phagocytosis,

The importance of different chemical substances in lowering the resis-
tance of organisms varies with different infections. It has been noted
that in the case of infection with organisms to which the particular animal
body is highly susceptible, that is, where the infecting agent proved to be
highly virulent the part played by all the previously mentionedg¢secondary
- factors lose their significanéé} _The sxtuat1on 1s reversed in cases where
the microorganism is less virulent and the host is more fes1stant In such
instances the state of the orgaaismgas determined by different external and
secondary factorsybecomes of. greai importance. Many investigators, notably
L, A, Zil'ber, showed that natural imﬁunity éo éaprobhyfeé can be weakened
or broken down by inoculation with iarge doses of microorganisms.

In connection with the above attention is called 4o the results of L. L.
_Kaqubg who elicited clearly~def1ned dlfferences in the reactions in carbon
‘ monoxlde-lntox.sated~céts to hlgher ‘and lower dose 1nocu1atlons with strepto-
cocci _and staphylococci. In the case of massive 1nocu1at10ns with. strepto~
cocci this author noted no difference in the course of the resultant infec~ .
tion in the control and in the carbon monoxide~intoxicated cats. Control

cats, inoculated with low doses of the streptococci, resisted the development
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of the infection; carbon monoxide-intoxicated cats, inoculated with similar
doses, developed a typical streptococcal infection. Similar results were
obtained with Staphylococcus aureus.

' The state of the organism prior to the chemical infectioq determines the
course and outcome of the intoxication and consequently of all the immuno-
biological sequellae as well as the effect of any particular concentration

of the poison. Thus, I. E. Levin of the Leningrad Institute of Labor Hygiene
and Occupational Diseases demonstrated the following: rabbits previously
inoculated with tubercule bacilli were exposed to sulfur dioxide; control
rabbits were inoculated with similar doses of tubercule bacilli but were not
exposed to the sulfur dioxide gas. Clinical observation indicated that tuber—
culosis developed in the sulfur dioxide-poisoned rabbits inoculated with con-
siderably lower doses of tubercule microorganisms; at the same time the ef-
fects produced by sulfur dioxide, such as broncho-epithelial proliferation

and alveolar—eplthellal metoplasia were more hlghly developed in the sulfur

dloxlde-p01soned rabblts. ; )

The above-cited experimental results are in complete agreement with anal-
ogous clinical observation, all of which point to the certain highly delete-
rious effects of even low concentrations of toxic substances on the immuno-
biological reaction of persons having active pathologic infections., In such
instances the mutually enhancing effect of the primary infection and the
ohemical poisoning appear even at such concentrations of the poison which
appear to have no effect on normally healthy persons,

Thus, where the pathogenlc factor is clearly deflnea and where the ‘in= .-
‘dustrial working conditions are unsatisfactory as regards possible intoxica-
tion the manifold individual reactions to the unfavorable factors tend to
disappear. Vice versa, differences in the individual reactions become more
pronounced where the virulence of the infecting agent is low or where the
effect of the chemical poison is -limited to low doses or concentrations.
Under the present-day production conditions intoxication with low doses or

': low concentrations of the-toxic agent are -encountered most -frequently. There-
fore, the problem of chronic effects of toxic substances under industrial
conditions in general and on the ihmuno-biological reaction of the organism

in particular become of particular importancs,
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Effect of Chronic Low Concentration Sulfur Dioxide Poisoning on the
.. .7 Immuno-Biological Reactivity of Rabbits...

V. K. Navrotskii.
(Department of Labor Hygiene, Khar'kov Institute of Post-Graduate Medicine).
Gigiena i Sanitariya, Vol. 24, No. 8, 21-25, 1959.

Results of recent-investigations conclusively indicated that sulfur di-
‘oxide was a local and also ‘a general toxic substance. This brings into the
foreground many important senitary-hygienic probleﬁs, such as the determina-
tion of threshold and limit of allowable 502 concé;trations under chronic 802
intoxication c¢onditions, Of equal importance is the problem of the effect
of 302 on the organism's immunological reactivity and its value as a physio-

logical indicator of the general functional state of the organism in chronic
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802 poisoning; the problem is also related directly to the frequently ob-
served increased rate of morbidity'among workers exposed to the effects of
302.

In the present studies rabbits were used as the experimental animals.
They were éxposed to 0.018 - 0.022 mg/li of 502 for 2 hours daily over 5.5
to 8.5 months. Thirty rabbits were divided into 3 groups of 10 rabbits each.
Rabbits of group 1 were immunized with typhoid vaccine only; rabbits of group
2 were preliminarily exposed to SO2 for 1 month and were then immunized; rab-
" In all

cases animals were injected intravenously 3 times with typhoid vaccine con-

bits of group 3 were immunized during the course of exposure to SO

taining 1.5 millyards of microorganisms as follows: first injection 0,5 ml

of the vaccine; 2nd and 3rd injections were of 0.8 ml. Agglutination titre
developed after the injection and the blood complement titre were used as
indexeg of the immuno-biological reaction. Records were kept of the follow-
ing: Yblood morphology; blood protein fractions, determined electrophoretically;
acetylcholine and cholinesterase activity. Analytical determinations were

made every 10 days. The results of.determinatiohs are listed in Table 1,

The data in Table 1 show that chronic poisoning with sulfur dioxide in allow=
ablé concentrations elicited acute depression of agglutinin formation. The
fall in agglutination titre in rabbits of the 2nd group which were exposed to

302 for 1 month prior to the vaccine injection was 4 - 8 times as great as in

TABLE .1, - N

- Avérage ;éiﬁéé“bf-maiimél éggiﬁyigétidﬁ"fi%fésnaf%éf‘iﬁﬁﬁﬁii&tibﬁ in~"
control and exposed animals, = '~

Factors~ :First (control) group: Second group : Third group
observed § Opserva- tAgglutina-i Observa- tAgglutina-i Observa- iAgglutina-
: tionms :tion titre! tions :tion titre: tions ition titre
LOriginal . L.
control .20 1:70 18 1:80 18 © 1:70
data )
After ex- = -+ - - 18 - -1:80 - IITLITUTaIL
posure. - - <. .o - S S T
lst immu- . _ ] .
nization 10 1:8,700 10 1:1,770 10 1:7,960
2nd imma- . . :
: . : : 0
nization 10 1:24,500 10 1:3,270 10 1:4,38
Brddmm= o . 1:17,400.. .. 10 1:3,680 10 1:2,980
nization . .
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the control group; it was 5 - 6 times as great in the rabbits of group 3,
which were immunized during the course of exposure to 802. It should be
noted in this connection that the fall in the agglutination titre in the
latter case began to appear after the second vaccine injection. Exposure to
sulfur dioxide considerably shortened the period of high agglutination titre
persistence, as can be seen from the data listed in Table 2. Persistence of
high agglutination titre in the rabbits of the second group was cut to 1/3

to 1/4 of the control; in the rabbits of the third group it was‘gut to 1/2 to
1/3 of the controls.

Results of changes in the blood complement titre, as an indicator of the

TABLE 2 state of immuno-biological activ-

ity is shown in Table 3. The data
After @uratlon 9f high ggglqtlnatlon indicate that blood complement
titre persistence in days.

titre was only slightly, if at

¢ Pirst . all, affected by the experimental

I PO ! Second § Third
nlzatloné(czzzggl)g group : group procedures used, probably due to
the fact that from the viewpoint
First 44 14 39 . ca s
' Second 66 18 34 of evolution it is the oldest
Third 108 28 34 index of body immunity or resis-

tance.
TABLE 3.

Average values of blood complement titration, -

:Firsfglﬁontroljégfoup; Third group

Factors ¢ t Blood i ¢ Blood § : Blood
observed i ngerva- i complement § Obgerva-‘icomplementi Observa {complement
s ions : . : tions : : : tions ¢ .
: ¢ titre : : titre : t titre
Original -
control ' 20 0.082 18 0.106 18 0.075
. ... data '
After ox— 3 e e e e - e e e e - - -
posure ‘ 31 0.095% - ‘ -
T Ist dmene T T L L A e T e L A e T st s .
“nization 7 0.107 " 30 0.078 46" 0.088
2nd immu- ” -
nization 69 0.093 35 0.104 33 0.105.
3rd immu-~ ' :
nization 87 0.089 37 0.106 32 0.102
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rd

.Chanées in the morphological blood picture of animals of all groups
ranged within the limits of normal fluctuations. Controlianimals which were
. subjected to vaccine injections only showed practically no changes in the
erythrocyte picture, the leucocytes rose from 8,300 to 10,000, Rabbits of
the second series which were exposed to 502 prior to immunization showed a
hemoglobin fall from 57 to 53%, erythrocyte number fell from 4,400,000 to .
4,200,000 and the leucocytes dropped from 11,280 to 8,700. Rabbits of the
third group showed the following blood changes: hemoglobin fell from 60 to
58%, erythrocytes from 4,750,000 to 4,360,000, while the number of leucocytes
remained unchanged. The results indicate that blood morphology constitutes
an insufficiently sensitive index of 502 effect in the concentrations under
study.

Changes in blood protein Tractions are shown in Table 4. In the rabbits
of group 1, or the control group, total protein, albumin and globulin fell to
a’slight degree after the first and second vaccine injections. This lowered
the value of the albumin/globulin coefficient. Following the third vaccine in-
Jection total proteins and both fractions returned to the original levels, In
the rabbits of group 2 blood changes were limited to the serum globulin section
which was lowered somewhat after'the first and second vaccine injections.

Blood picture changes in the rabbits of group 3 were insignificant: only a

TABLE 4.

. Average values in mgb of blood protein fractions,

: First {control) greup 3 Second group 3 Third group
'3 : 3 Y 1 Alb/ s 3 t : t Alb/S s 3 3 s Alb/
Factors sNumbersTotal: t 1 gled tNuaber:Total: s s glob iNumber;Totals 3 s glob
ob-  :of ob-spro— :Albu-31Glob~icoof~ 10f ob-3pro- tAlbu~3Glob-2coofw tof ob~spro- sAlbu-;:Glob-3coef-
served ssorva—stein smins tulins: fi~ ioerva-:teln smins suline: fi- sserva~:teln inins juling; fi-
stions 3 3 3 gcicnt stione 1 8 s tcient stions ; 3 3 jciont
original .- .
control 20 7.% “-20 3.'6 ,v33 |8~ 6-3, 3.“, 2.90 1.20 '8 6.‘0 2,93 3.17 0090
data ’ . :
Af ter e
- ©XpOBUPe s s~ .= L.zl om0 3B 6.00 3.27. 2,73 1.20 . - - - - -
~iat im- i S -
muniza- &8 6.47 3.48 2.99 .17 30 6.32 3.25° 3.07 1.06- 45 6.15 3.22 3.03 .08
“tion
2nd im- T T el L e e
ouniza-—- 70 6.2“ 3.28 2096 '-07 35 6.% 3-3“ 3-02 'l|° 33 ~6008 3-2“ 2‘8“ 1.10
tion :
3rd im~

uniza= 93 | T.07 4,26 2.9 )43 _ 37 6.10 3.30 2.79 1.20 32 6.33 3.19 3.04 1.0}

tion
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very slight increase in the albumin was seen at the end of the immunization.
Generally speaking, changes in the blood protein fractions were insignificant
and followed no specific or regular coursé. As was recorded in connection with
previous investigations, blood protein fractions changed almost imperceptibly
in cases of more clearly expressed poisoning with a regular tehdeﬁcy to shift
in the direction of increased globylin. Interesting shifts in the globulin
fraction occurred in the course of immunization which are shown in Table 5.

No correlation was discerned betweén the globulin concentration and agglutina-
tion titre after immunization in the healthy or control rabbits; regardless of
the slight rise in agglutination aftei the second and third vaccine injections,
the y-globulins remained unchanged. A slight increase in the y-globulin con-
centration was observed following the immunization of rabbits in group 2 and

after the third vaccine injection in rabbits of group 3.

TABLE 5,

Average values in mg% of protein globulin fractions. _ __

First (control)
Zroup
- : P i Y-
globu~:globu-:globu-
lin ¢ lin : lin

Second group Third group

Factors
observed

a~ & P-
globu~-iglobu~iglobu~
lin § lin } lin

a. ; = -
globu-:globu~iglobu-
lin $# lin : lin

YT ITY Y YT YR
.

N08008000008 000000
sesersessesIvInIen

ve

Original con- ,
trol data 0.87 0.81 1.48  0.90 0.83 1.17 1.08 1.41 1.48_

After exposure - - - 0.92 0.63 1.18 - - -

. First _.. . . Cea v A -, B
immunization . OQ 68 0077” o “.1:053 - -1.03 - 05-59 - '1035.__“”'0.‘-90-“: nQ?és.. 1<l 48
Second _ oA :
SoonS sation ©0+89 0.64 1.43 0.95 0.65 1.37 0.79 0.62 1.43
Third .

Data related to the accumulation of acetylcholine in the blood and blood
' cholinesterase average activity are listed in Table 6. The data show that
acetylcholine accumulated in the-blood and that cholinesterase aciivity fose
. in a parallel manner; this must be regarded as an index-of the state of humoral
compensatibﬁ, which to a dégree reflects the state of functional balance of the
two divisions of the vegetative nervous system. The significance of blood
acetylcholine in industrial poisoning and its role in immuno-genesis were dis-
cussed by this author in a paper entitled "Effect of Chronic Benzene Intoxica-
_tion, etc.", which appeared in Gigiena Truda i Professional'nye Zabolevaniya,

No. 2, 1957. B
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TABLE 6,

Percent of cases with positive acetylcholine and average
cholinesterase activity values.

:First (control group): Second group : Third group
Factors i ~ ¢ Cholin- i : Cholin- ¢ ¢ Cholin-
obsarved | A20HT | estorase | A0 | outoruae Aol | otenaas
: ! activity ¢ : activity : ine ¢ activity
Oriéinal
control : 0 ~ 30.56 0 22.71 0.0 27.65
data
After
exposure - - 0 29.72 - -
1st immu- ' : X
nization 0 30.5_6 0 27.48 0.0 32.76
2nd immu- .
nization 45 46.35 0 27.96 14.2 41,62
3rd immu- ‘
“nization 83 . 57.65 73 66.61 100.0 80.20
) TABLE 1. ’ - * The results obtained in this
Agglutination titres. | investigation further prove that
‘ . sulfur dioxide is a general toxin.
Days after: Rabbits Its effects are stable and of long
revzgg;na-; First ESecond § Third iFourth duration. Two months after ex-
" posure 4 of the rabbits were given
10 1:80 1:160 1:80 1:160 . L
20 1:160 1:320  1:160 1:160 a supplemental intravenous injec

_tion of 0.8 ml of the typhoid

vaccine. The results of agglutination titre are shown in Table 7. Substan~-

tially, the rabbits failed to react to the antigen injections, that is, they
were non-reactive. Of considerable iﬁterest is the fact that 802 inhibited
immuno-biological reactivity to a greater extent than such toxic substances as
carbon tetrachloride and dichlorethane, the first of which produced similar

results at-4 mg/li and the second at 2 mg/li concentrations. The mechanj sm

‘of sulfur dioxide action i& of considerable importance. According to I. V,

Sidorenkov and V. A. lLitkens, 802

sequence, di sturbed general metabolism. The facts presented by these authors

depresscd enzyumic processes, and, as a con-
are incontrovertible, It can be reasonably assumed that 302 circulated in the

blood and dissolved in the blood plasma became converted to HZSO4 which in turn

‘depressed general metabolism., However, this does not explain certain specific
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302 properties., The previously mentioned carbon tetrachloride znd especially
dichlorethane impeded the effects of enzymes and the course of general me-
tabolism to a greater extént than sulfur dioxide; ﬁowever, these toxic sub-
stances fail to inhibit immuno-biological reactivity. The highly irritating
properties of sulfur dioxide undoubtedly play a significant role in regard
to effects on immuno-biological reactivity. It can be reasonably assumed
that this gasybecoming dissolved in the blood and circulated tkrough the
organismscame in contact with the interoceptoré,Astrongly irritsted them

and thereby elicited most intensive reflex response of the type which dis-
turbed the basic enzyme processes and general metabolism, which resulted in
acute depression of immuno-bioloéical reactivity. (Notation by the editor of
Gigiena i'§anitariya: “"The last assumption does not necesszrily follow from
the previously stated positions of the anthor and, therefore, is a type of
apriori supposition of the author".). '

Regardless of tﬁe true nature or mechanism of sulfuric acid action, the
fact remains that this gas manifests general toxic activity and cannot be
regarded as indifferent to the organism in concentirations as low as 0.02 mg/li;
therefore, the limit of allowable 502 concentration in the air‘of working
premises must be brought down to a lower level. N, F., Issev, Z. B. Smelyanskii
and others proposed that the limit of allowable concentration for sulfur di-
oxide be set at 0.005 mg/li; this author is of the opinion that such a proposi-
tion is.ill—founded. Results of the above-reported investigations of sulfur
.. dioxide effect on immuno-biological activity prompt this author to direct the
'attention of practicing physicians to the need of inveéggééging ihe role played

by low concentrations of this gas in the total morbidify among workers,
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Effect of Low and High Surrounding Air Temperature on the Immuno-Biological
Reactivity of the Animal Organism.

M. A. Razdobud'ko.
(Institute of Post-Graduate Medicine, Khar'kov).
Gigiena Truda i Professional'nye Zabolevaniya, Vol. 2, No. 4, 23-30, 1958.

External environmental factors, and among them high and low temperatures,
play an importent part in the organism's changes in its reactivity. Under
certain conditions cooling of the organism lowered its immuno~biological prop-
erties and made it susceptible to infection. S. P. Fel'dman demonstrated that
many microorganisms of the nesal mucosa which under normal conditions acted
as simple saprophytes (such for instance as toxic staphylococcus, Friedlander's
diplobacillus and mucoid streptococcus) became highly virulent and elicited
purulent processes following cooling of the body. The intratracheal injection
of staphylococcal cultures into rabbits followed by body cooling developed
.febrile conditions., Similar inoculation of rabbits by F. ﬁ. Khaletskaya under
normal conditions produced no febrile conditions., V. A. Kozlov also demon-
strated that cooling of mice loﬁered their resistance to tetanus infection.

On the other hand evidence existed in the literature which showed that organ-~
.isme subjected to hypothermy manifested an increased resistance to certain
diseases procesees. Thus, rats subjected to hypothermy followed by burns did
not develop any inflammatory processes, as wes shown by E. V. Maistrakh.

A, G, Bukhtiyarov showed that cats subjected to hypothermy developed no hetero-.
transfusion shock. E. V, Maistrakh showed tﬁe{A;abbits subjected to hypo-
thermy developed no allergic reaction of the Schwartzman type.

Generally, all biological processes proceeded at a redﬁced rate at lower
body temperatures; this is especially true of metabolic processes, blood cir-
culation, respiration, conductivity and nerve stimulability. Something aliin
"to the above has been noted in hibernating animals, The method of hypothermy

hag also been used in surglcal practice, Changes An.*he react1v1ty oP the

';organism under the effect of surroundlng a1r temper°+ure, other than those
leading to hypothermy, have not received the deserved avtention, and much
remains to be explained. In certain phases of the coal, building, peat, ship-
building, lumber mamufacturing, etc. workers are expoeed t0 low surrounding

air temperatures. In this connection i{ becomes important to determine the
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effect of low temperatures on the immuno-biological ieactivity in instances
which exclude the possibility of hypothermy development.

It has been known that low external air temperature, as well as high
temperature, affected the organism's resistance. A survey of the literature
indicated that conclusions arrived at by those who investigated the effect of
high temperature on the course of infectious processes and on the rate of anti-
body formation were contradictory. K. A. Fride; Schwartzman and Galanova
pointed out that a rise in the surrounding air temperature dffected unfavor-
ably the‘course of experimental recurrent typhus in rats. The authors ex—
pressed the opinion that the unfavorable effect of animals overheating de-
pended not upon the depressed defense mechanism of the organism (since in-
creased temperature frequently produced a rise in the titre of spirochetal
antibodies), but was the result of a disturbance in the hemato-encephalitic
barrier. V. D. Akhnazarova, and others showed that high temperature lowered
the resistapce of rabbits to dysenteric toxin., Equally contradictory results
were obtained by those who studied the effect of elevated temperatures on
the formation and content of antibodies., Most of'the investigators believe
that higher surrounding air temperature stimulated antibody formation; among
such investigators are M. K. Ebert, P. N. Kosyakov and N. N, Zhukov. Other

investigators, notably L. M. Karmanova, found that higher temperatures bad

no effect on antibody formation. Contradictory results were also obtained by
those who investigated the effect of high temperature on the complement titre,
Thus, Lyudke observed that high temperatures tended to 1ncrease the complement
- titre; K. A. Fride, Schwartzman and Galanova found that hlgher temperatures
raised the complement titre in 35% of their experiments, had no effect in 433,
and lowered the complement titre in 22%. . The reason for the contradictory
conclusions may be found in the fact that the authors above referred to failed

to take into account the degree of animals adaptability to higher temperatures

‘—Lﬁ&er different perieds of adaptation processes.

'"f“:; The purpose of the 1nvest1gatlon hereln ‘eported on was the determlnatlon

of effects of low and hlgh air temperatures, whlch had not distuibed the

thermoregulation mechanlsm, on the 1mmuno—biologlcal reactivity of animals,

The effect of low temperatures on the 1mmuno~blolo sical react1v1ty was con=-
ducted with animals kept at surrounding air temperature of - 5 to + 5 through~-
out the period of expérimentation. Experiments were performed with 4 groups

of 10 rabbits each., Group I - animals of this group were immunized and cooled
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simultanecuslyj group II - animals of this group were cooled first then im-
muniged while étill under hypothermic conditions; group III - animals of this
group were simultaneocusly cooled and friple immunized at 7 day intervals;
.this triple immunization differed from the triple immunization of animals in
groups I and II in that second and third immunizations were made at the time
when the agglutination titre fell to the original level; group 1V, control
group = animals of this group were immunized and kept in a room at 18 - 20°.

In the experiments designed for the determination of high surrounding
air temperatures on the immuno~biological reactivify of rabbits the latter
were placed in a chamber at a temperature ranging between 36 - 38°, Daily
exposure lasted 5 hours; remaining hours of the day animals were.kept under
conditions similar to those of the controls. Tests were made with 30 rabbits
which were divided into 3 equal groups. Rabbits of group I were simultaneously
superheated and immunized; rabbits of group II were subjected to superheating
for 3 months; they were then iﬁmunizedﬂgnd the process of superheating con-
timied. Animals of group III constituted the cénfroi;} they were immunized
and kept under normal conditions of surrounding air temperature. Immuniza-
tion was performed with typhoid fever vacoine containing 1.5 millyard of micro-
organisms using the London strain No. 62 of abdeminal typhoid bacilli; rabbits
 were injected first with 0.5, second with 0.8 and third with 0.8 ml of the
vaccine, Changes in the immno~biological reactivity of the organism wére
evaluated on the basis of agglutination and complement titres. Physiological
interpretation of -the-results .obtained was made with the aid of blood acetyl-
choline;hcholinestéfésé éctivity, bloo&‘ﬁ;bféiénfréctibns; blood morphology,
body temperature, and electrical skin resistance. Tests were made every Tth
day ﬁp to the time of agglutination titre return to the original level,

In the experiments conducted for the determination of low temperature
offect, as shown in Table 1, the maximal agglutination titre occurrsd on the
7th day after the first immnization and the titre was the same as in the con-
trol animals. Maximal agglutination titre after the second injection was
also observed on the Tth day, the same as in the control animals; however,
the agglutination titre was at a consideratly lower level. The change ap~
pearing in the agglutinaition titre after the third immmnization was a, slight
one. - h '

A slight rise in the agglutination titre was observed in rabbits of group
II, which were subjeéted to hypothermy for 1 month prior to immunization. In
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TABLE 1.

Average maximal agglutination titre Qalues in animals subjected to cooling.

Control Simultaneous cooling and

§ § immuinization
Factors :No. o, i No. tp 3 sDiffer—
observed { of f . i Agglutination : of : . : Agglutination { ence
: 2 of ¢ s " : of 3 :
Eani-§days§ : titre iani-i, vei titre irelia-
‘mals: : imals: : ibility
. 1:1020444 1:1410%74
Original 9 20 | 10 15 36 . ne12
lst im- 1:18,20404+5573 1:11,093046177
munization 3 2 nt1857 15 15 retl62 1.21
2nd im- 1:27,3060+12,770 1:159004:949
munization 3 2 4257 11 1 m:287 6.03
3rd in- 1:19, 342048958 1:67204223
mnization 2 9 mt2986 10 10 _meT1 6.25
: Preliminary cooling and : Simultaneous cooling and triple
: immunization :  immunization at 7 day intervals
Factors iNo. iNo. & gDiffer-éHo. iNo. § tDiffer-
observed : of § . EAgglut1na-' ence : of i & ¢! Agglutination : ence
s "0 ¢ of ¢ : "0 % of : . 2
.5an1-§days'tlon titreirelia=~ Eanl-gdaysg titre °relia-
‘mals H ibility ‘malsi : 'biligx_
. 1:21804150 1:1910496
Original 22 4 - 02 9 18 e 22
lst im- 1:6690+271 1:28,1600£12,000
munlzatlon 2 22 nt51 9.1 8“_ ~§ . m+4284 “2'1%___~ o
ond im= - - 4, - ., 1:64004345- . 1:16,794025942 - . -
munization 2 12 miy 626 8 8 m2285  2+18
3rd im- 1:64004213 ' 1:8533022413
munization 4 J meE71 6.2 8 8 © ml005 3.5

rabbits of group III a slight agglutination titre was noted after the first
and second lmmunlzatlons, the rlse was about the same in the control anlmals,
-follow1ng the third immunization the agglutlnatlon titre amounted to 1:8500
as compared with 1:19,300 in the controls., Conditions of hypothermy had only
a slight effect on the complement titre of the 3 groups of experimental rab-
bits. ’
Cooling reduced the animals® body temperature to some extent; the average

body temperature of the experimental animals amounted to 38.5° and of the con-
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- %rols to 39°. Electrical skin resistance increased in all rabbits of the 3
experimental groups, notably so in rabbits of group II,

Blood studies indicated a considerable lowering in the number of instances
manifesting blood acetlycholine and a lowered blood cholinesterase activity in
all the experimental animals., Oﬁ the other hand, blood acetylcholine was

found and a 100% rise.in cholinesterase activity was observed in all rabbits

of the control group. Results are shown in Table 2.

TABLE 2,

Percent of positive acetylcholine in relation to the total number
of studies and average values of cholinesterase activity
in the animals following their cooling.

H . ¢ Simultaneous
: 2 Simultaneous Preliminary { cooling and
Controls cooling and cooling and §{ triple immuni-
Factors immunization immunizati izati t d
observed niza ation :zation a T-day
- : intervals
Acetyl-:Cholin- iAcetyl-:Cholin- iAcetyl-:Cholin- :Acetyl-:Cholin-
cholinetesteraseicholineiesteraseicholineiesteraseicholinetesterase
Original .. 0 27.3 0 33 0 33 0
lst immu-
“nization 0 35.0 » 18 38 30 23 -
2nd immu-
nization 66 40.0 16 24 20 ‘ 22 50 42
3rd immu- .
nization 100 - 54.0 11 . 20 16 20 . 25 37

Experiments with the effect of-highutempefatures indicated that the ag-
_—“—“glﬁiiﬁétién titre dropped to-lower levels in rabbits simultaneously immunized
and subjected to the effects of ﬁiéhér surrounding air temperatures. Rabbits
kept at higher temperature conditions for 30 days prior to immunization had
With the increase in

the time of higher temperature effects, that is, between the first and third
immunization, the agglutination titre roSe &5 shown by the data listed in
Table 3.

" The activif&féf the pfbéééé:Eaﬁ"ﬁe_ﬁaﬁﬁgﬁiéntlyldes@?ibed'éé follows:

the same agglutination titre as did the control rabbits.

duration of high agglutination titre between the first and third immunization
fell to lower levels in rabbits of group I; the agglutination titre retained
its high level between the first and third immunization for a longer time in

" rabbits of group II, although the level was not quite as high as in the control
group, as is shown by the data presented in Table 4,
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TABLE

Averége maximal agglutinatidn titre values in animals exposed to elevated temperatures.
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" tions or in the bléod morphology™

nization

- Elevated surrounding air
temperature had no effect on the
complement titre of rabbits of
groups I and II., Changes in the
cholinesterase activity and acetly-
choline accumulation paralleled
the changes in agglutination titre,
Cholinesterase activity and acetyl-
cholineiaccumulation rose after
the first immunization, and then
fell to lower levels in rabbits of
group I; acetylcholine accumula-
tion and cholinesterase activity
were enhanced in rabbits of group

II; upon third immunization they

" attained normal values; as is shown

by the data listed in Table 5.
Body temperature of experi-~
mental awddem.mcdumoamp to higher
surrounding air temperatures fluc-
tuated within the limits of 39.1
and wm.mo. which is equivalent to
the upper limits of normal rabbit
temperature (38.5 - 39.5°). Elec-
tric rabbit skin resistance was
lowered as the result of exposure
to higher surrounding air tem-
peratures, No regular or other-
wise noteworthy changes were ob-

served in the blood protein frac-

.

of rabbits kept at low or high

——n

surrounding air temperatures;

therefore, the experimental data

. are not herein tabulated,. .



TABLE 4.

Average. persistence in days of Ligh agglutination titres in animals exposed to elevated temperatures,

m o L X 2 8 It is the opinion of the pres-
G4 O . . .
o m g ,mm = moon ent author that the above described
=
m Seessteetemse changes may have been due to the
Y depressing effect exerted 1
gl o7 - o~ ) epressing e ct exe by cold
a3 83 M 3 3% o (hypothermy) on the central ner-
I 1M " 3
P ] I IR - vous system, that is, due tc the
3 m Mﬁ . increased inhibition processes.
m..._ eesessecrsos The results obtained in the study
.m M. ° 8 7 3 of acstylcholine and cholinesterase
5 D m o o o o activity strongly point to a de~-
.- S g pressed or inhibited function of
m °.) ﬂ_ o fal o the parasympathetic division of
G O . - - - s
s [HEd " o~ n the vegetative nervous system.
5 ...hl It was shown by Gordienmko, P. F.
m.n & . Zdrodovekdi, V. K. Favrotskii, and
m m g M zu.._.m ~ o ..w..m_ others, that- the parasympathetic
<8 Bo e .,&n..m N nervous system played an important
25 &8 SR > i
o m b —~ part in the formation of immune
m. — bodies. Increase in the electrical |
~ -
.m sY W e 3 3 2 skin resistance reflected a loss
n .,............ . in tissue stimulability, that is,
° 0y o o o o] .
205 g~ ~ ~ ~ a fall in the stimulability of the
I conductors (leads) and the senders.
om.w. " ..7 Maslov demonstrated that such fall
oo L3 N YN
0~ L om. & ¥ 3 in stimulability was connected with
o| WA St 5" g duction in ioni bilit
3 rm o a reduction in ionic permeability
h + caused by thickening of cellular
nm sesreresesssce . membranes under the influence of
o Oy (@] ~ ™ 0 : -
S © a4 N N o lowered temperatures., However, -
o..m...m.m SN NN in this case one m.wwwu.mnwww @mww._.u
S L sw.«w mawacwmdvu.ww% of the sympa-
- n L LE LE ) g gowwc section of the vegetative
m m s mm .mm .mm nervous system (constriction of
S @ m P dm skin blood vessels) paralleled by
- o - W oS S8 H . . e e .
~ N ™ the depression or inhibition in the

7



TABLE 6.

Percent of positive acetylcholine in relation to the total number of studies
and average values of cholinesterase activity in the animals following their
exposure to elevated temperatures,

Controls §Simult§neou§ hegtlng : Prellplna:y hegtlng
¢ and immunization : and immunigzation
Factors i aiito i,8 of of foef of i, B, 8
: : : : P ol o0 2 owmi @ w : £
ohserved 19 GivSIRNA ISRivgiving iSgivgiviins 5
8 Sifrawic ol g HifOwide: 5 difawide
SHicEi88sifShicnicoli8aaighiorficsiddailn
A O 03 O0.Al0 0= dim @O i @iz Gt 0o .Ai0 o
Original 6 6 0 27. 10 10 0 32 6 12 0] 24
1st immu-
nization 6 6 0 35 10 20 50 46 6 10 19 27
2nd immi-
nization 6 9 66 40 10 29 15 31 6 18 48 34
3rd imm-
nization 6 11 100 54 10 20 21 34 6 12 53 37

‘parasympathetic nervous.system. -Reference should.also‘ﬁé_madémto the studies
of B. L. Palanf, N. I. Germanov, N, P, Efimova and L. V. Kalugina, V. A,
Strigina and others, who demonstrated that, in cerebral cortical inhibition,
formation of antibodies was sharply depressed; under conditions of stimulated
cerebral cortex rate of antibody formation was considerably enhanced.

The results of the experiments herein reported showed that transfer of
the animals from lower surrounding air temperatures to 18 - 203,or normal
temperatureygradually raised the animals immino-biological reactivity over
‘15 to 30 days, after which it returned to the normal level; in the case of ...
animals intoxicated by industrial poisons the drop in imﬁuno-biological Te-
activity failed to return to the normal level even after 30 days recovery as
was shown by V. K. Navrotskii.‘ This illustrated the essence in tke differences
of adaptation to cold and to high surrounding air temperatures. Analysis of
the data obtained in this investigation, particularly as related to higher
surrounding air ﬁemperafﬁreé;‘poinféd to the fact that simultanecus tempera-
ture increase and immunization resulted in a fall in rabbits' immuno-bioclogical
rééctivity. Maintaining rabbits under conditions of surrounding higher air
temperatures, which did not cause hyperthermy, seems to have no connection
with disturbance in the thermoregulatory mechanism and in hyperthermy; never—
tﬁeless, it manifested characteristics of high intensity thermoregulation

_activity, the purpose of which wasg to maintain normal body temperature. Fol-

-171-



-

lowing the first immunization the thermoregulation activity was of a lower in-
teﬁsity. -This period of immunization was accompanied by a high (normal) ag-
glutination titre. Later, the thermoregulation mechanism had undergone a rise
and tﬁe agglutination titre fell to considerably lower levels. In instances

of prolonged body superheating the immno~-biological reactivity of the organism
may rise as a reflection of adaptation; this was clearly indicated by the re-
sults of experiments conducted with rabbits of group II.

Heat seemed to act as an inhibitory agent on the activity of the nervous
system and of the cerebral cortex. A reduction in the acetylcholine accumula-
tion in experimental rabbits of group I even during xmmunizatlon confirmed the
1nhib1ting effect of high temperature on the nervous system. It seemed that
inplblﬁlon in the nervous activity was the cause of reduced immuno-biological
activity in rabbits of group I kept at higher surrounding air temperature.

The results obtained with rabbits preliminarily subjected to high temperature
followed by immunization and again by prolonged maintaining of such animals

at high air temperature, showed considerable adaptation on the part of the
rebbits to external environmental conditions. The adaptation on the part of
tﬁe rabbits to high surrounding air temperature was manifested by the fact
that the agglutination titre in rabbits of series II after their immunization
attained levels equiva;ent to those of the control animals. Data obtained on
changes in acetylcholine accumulation and cholinesterase activity also pointed
4o the ability of the rabbits to physiologically adapt themselves to the ef-

fects. of external air temperatures ranging beétween 36 and 38%. 7"As animals

‘were allowed to remain for longer periods of time under conditions of higher

surrounding air temperature the acetylcholine accumulation and cholinesterase
activity increased under the effects of the third immunizationgrising to levels

approximating those of the control animals.

Conclusions. — e

1. Low surrounding air temperatures ranging between —5 and +5 inhibited

or depressed immuno~biological actlvity.

2. Heat, or high air temperature arrested or inhibited the imm:nc~biological
activity of the organism; the ability of the organism to adapt itself to higher

surrounding air temperature plays an important part in the normalization of the

organism's immuno—biological activity. -
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The Effect of External Industrial Production Environment on the Immuno-
Biological Reaction of the Organism. Communication 1. Effect of Chronic
Intoxication with Benzene and Its Nitro- and Amino-Derivatives on
the Immuno~Biological Reaction of Rabbits.

V.K.Nmmﬁmhi. - -
: ‘(Dgpartmeqt of Labor Hygiene, Khar'kov Institute of Post-Graduate Medicine). = -
Gigiena Truda i Professional'nyé Zabolevaniya, Vol. I, No. 2, 12-18, 1957.
It is a well established fact now that the reactivity of the organism
plays a substantial part in the onset and course of pathologic processes. Many
varied factors of the external industrial production medium, physical and chemi-

cal, may have a great 'effect on the change in the organism's reactions and,

hence, in thre origin and course of diseases, Unfortunately, this problem, so0

‘important to ma;mdify"rédﬁaﬁah; which would’ a§1so"‘ré"d&¢‘é'_16ss of time End T

productivity among industrial workers, has not been studied extensively ehough.
The present stuﬁies were designed for the clarification of the nature and cause
of reactivity changes in the human organism resulting from (elicited by) chemi-

cal factors prevailing in external industrial production environment. In ac=-
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cordance with present-day prevailing views these authors regard immuno-biologic
reactivity as a general physiologiéal organism rezctivity subject to physico~
chemical laws and ﬁhich can serve as a potent index of thé specific organism
resistance and of the general state of the organism's function.
A review of foreign and especially of U,S.S.R, literature disclosed a

number of publications related to the study of external environment effects

on immuno-biological indexes and.on the course of infectious diseases., O. F,
Sharovatov and E. I. Andreeva studiéd the effect of high temperature and E. B.
Kurlyandskaya studied the effect of infrared rays on the state of allergy in
animals., Karmanova studied the formation of antibodies under the effect of
bhigh air temperature and Fride, Shvartsman and Gal'nova studied the course of
recurrent fever under similar conditions. Many authorsgysuch as A. E. Tsvetkova
and P. B. Prigorovskii, G. M. Ermilova, E, I, Ponowareva and A. V.. Kirilova,
and others studied the effect of ultraviolet radiation on antibody formation,
G. M, Eémilova, I. B. Mint;, E. I. Ponomareva, and others also studied the ef-
fect of Roentgen and ultraviolet rays on antibody formation. Ya. P, Sakhnovskii,
E. B, Davydova, Sh. G. Perlina, L. A. Kandyba, G. A. Ionkin and M. N. Khanin,

Ya; I. Mel'nik and R. D. Gabovich, Meloni, and others, studied the effect of
lead, carbon monoxide, chlorine, fluorine and other chemical substances which
occur as industrial poisons on the organism's immuno-biological reactivity.’

The above investigators studied the affect of external factcrs on the organism's
immino~biological Teactivity under different conditions using different methods
of,approaph,udiffengnt procedures of investigation, and‘frequently, obtained
contradictory results. Investigations were mos%l& conducted ﬁn&ergéhroﬁ%é.con;"“
ditions of grave lead intoxication and of grave acute carbon monoxide inthica--
tion, which were of no practical value. The studies herein reported on were
conducted under conditions of incipient stages of chronic intoxication, sihce

a general survey indicated that frank chronic poisoning, especially of extreme
" gravity, recently has been seen under industrial conditions on rare occasions
only.
' “Rabbits were injected subcutanéously daily with'0.35 g/kg-of benzeme, 0.15 - -
g/kg of aniline and 0.15 g/kg of nitrobenzene. Animals received triple typhdid.
fever vaccinations: they were injected the fi&st timeﬁzgiravenously with 0.9
ml of the vaccine~which contained 1 million up to 1 1/2 billion microorganisms;
" and the second and third times.they received 0.8 ml of the vaccine. The second

and third injections were made at intervals indicated by stability in the ag-
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glutination rise, Three groupe of 12 rabbits each were used for each of the
poisonous substances tested. The first, or control, group receivéd no injec-
tions of any of the poisonous substances; rabbits of the second group were in-
jected with the vaccine after receiving the subcutaneous administration of the
poisonous substances; rabbits of the third group were vaccinated and injected
with the poisonous substances simultaneously. The following studies were made
with the blood of each rabbit: blood morphology, agglutinatien titre, complement
titre; blood protein fractions, acetylcholine and cholinesterase activity.
These studies were made on a so-called dynamlc basis, that 1s, every 10th day
throughout the course of the investigation,

Blood morphological studies served as indicators of intoxication degree.
Only results of final blood enzyme changes have bee; presented here. No changes
were observed in the red or white blood elements of the control animals, that
is, immunized but receiving no poison injections. Rabbits injected with ben-
zene followed by immunization showed no red blood changes 10 months later, but
the leucocytes dropped from 7,730 to 5,400, pointing to an incipient stage of
poisoning. Rabbits immunized and poisoned with benzene simultaneously showed
considerably graver blood picture signs 9 months later: hemoglobin dropﬁed from
55 to 42%, erythrocytes from 4,515,000 to 3,800,000 and the leucocytes from
9,520 to 2,750. . Rabbits of groups 2 and 3 poisoned with aniline presented the
following blood picture 8 to 9 mopths after intoxication: hemoglobin dropped
from 60 to 50%, number of erythrocytes from 4,845,000 to 4,250,000 and number of
. leucocytes from 10,270 to 8,100.-. It should be.noted at_this point that in the
above-mentioned animals blood.chénges were as follows 6 months after intoxica-
tion: number of red blood cells negligible changes, number of leucocytes in
one case increased from 8,270 to 11,300 and in-another case from 9,100 to 15,100,
Thus, it can be stated that the chronic stage of poisoning was of a light form
with the exception of one series of animals receiving benzene injections. The
effect of poison injections on the blood protein fractions will be discussed
later. The effect of chronlc benzene p01son1ng and of its amlno- and nitro-
" derivatives on the agglutlnatlon tltre are shown in Table 1. The data in the
Table.show that average values of maximal agglutination titre following immu-
nization of the poisoned animals were at considerebl& lower levels in animals
ef both groups. The results also indicate that the poisonous effects of ben-

zene were less ﬁronounced than the effects of its derivatives. The agglutina-
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TABLE 1,

Average maximal agglutination titres after normal immunization

and after successive poisoning.

: Normal iBenzene poisoned:Aniline poisoned: Nitrobenzene
: : : poisoned
tAverage Averagei tAverage tAverage
Nature of in days in daysi {in days tin days
analyticaliAverage :of max—iAverage iof max-iAverage :of max=-:Average :of max-
results :imaximal : imal imaximal { imal :maximal { imal i{maximal } imal
: titres { titre i titres i titre i titres : titre : titres { titre
persis- persis-g 'gpersis- gpersis—
tence tence : : tence : tence

I. Preliminary poisoning followed by successive immunization.

Original
values

After
poisoning
After 1st
immuni-
zation

After 2nd
immuni-
zation
After 3rd
immini-
. zation

1:135 1:120 1:60

- 1:250

1:15,360 =115, 3

- 1:15,300

1:42,660 76 1:11,910 .88 1:16,000

1:30,780 54 1:21,540 89  1:10,240

1:230

1:240

16 1:20,800 28

24‘ 1:850

15  1:640

Oriéinéi._“
values
After. 1st
immuni-
zation
After 2nd
immini-
zation
_After 3rd -
immuni-
zation

- 13250

1:270 1:12,600

139,500 56

——

1:9,800

©1:17,600 57  1:14,590

~RIEIG0 T

JYI. Simultaneous poisoning and immunization.

~~"71:160

18  1:17,680 29

60 1:8,700 12

40 1:750

s

Note: Number of animals in each test ranged between 10 and 12. Hence,

maximal agglutination titre was computed accbrdingly.
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tion titre of group 1 rabbits injected with benzene was 1.5 to 5 times lower
than in the control group, and in the rabbits of the second group it was 2 to
50 times lower than in the control group; however, the duration of the rise

in titre was practically the same in the second group and by 12 to 35 days
longer in the rabbits of the first group. The lowexr titre values in the second
group of rabbits may have been due to higher degrees of intoxication as in-
dicated by the blood changes. . ‘

The agglutination titres after the second immunization of animals intoxi-
cated with aniline were of lower value in rabbits of both series by 2 to 4
times as compared with the controls; in this case the duration of.agglutination
rise in rabbits of the first group was also considerably shortened. A sharp .
drop in the titre even to the point of complete nonreactivity was observed after
the second immunization in animals which were poisoned with nitrobenzene; in
this case the duration of the titre rise was also sharply reduced. The results,
thusgshow that the 3 poisons depressed the organism's immuno-biological reac-
tivity and that the 2<benzene derivatives were more toxic¢ than benzene itself.

Complement titres, as a rule, are stable blood indexes; however, in chronic
poisoning with benzene and its 2 derivatives a considerable titre lowering was
observed. It was not as pronounced in the case of benzene and aniline,as can
be seen from the data in Table 2.

Average albumin-globulin coefficients are shown in Table 3. The data in
that Table show that the albumin-globulin coefficient remained practically normal
'"_f+er 1mmunlzatlon, 1ndlﬂat1ng that the proteln -fraction values were not af-

fected. In rabbits of groups 2 and '3 the albumln-gldguiiﬁ coefflclent dropped
considerably; this was accompanied by a 1ower1ng in the total protein content
and in the albumin fraction; in the rabbits of group 2 the globulln fraction
remalned unchanged; in rabbits of group 3 the albumins were reduced and the
"globulins slightly increased. . i

In rabbits poisoned with aniline the albumin-globulin coefficient changed
only slightly in groups 2 and 3; this was accompanied by slight changes in the
blood protein fractlons, the total proteln_content remained unchanged. Rabbits
intoxicéted with nitrobenzene manifested practically the same type of blood
pictures. In rabbits immunized and nitrobenzene poisoned simultaneously the
albumin-globulin coefficient was slightly increased accompanied by a partial

drop in the total protein and in the globulin-fractioni”

~177-



"TABLE 2,

Average blood complement titres in normal and poisoned exﬁerimental animals,

§ Normal § Benzene poisoned § Aniline poisoned § leggzzﬁzgne

Nature of ¢ $ " : $

analyticalEAverage jAverage EPoisoningEA erage -Pmsonmg'Average -Poisoning
tcomple~ icomple- :_. ) tcomple- & . . :comple-~ £ .

results ¢ H ttime in ¢ ttime in - ¢ ttime in
;o ment ¢oment i onins i ment i ponths i "™ i ponth
! titres : titres ¢ v ¢ titres @ : titres 3 S

Preliminary poisoning followed by immunization.

Original ;15 o112 - 0.15 - 0.083 -

results .

After - - - 0.20 6 0.030 3

- poisoning. . .

After lst _ : N -

zation

After 2nd : g .

immuni- 0.11 0.13 2 - - 0.150 5

zation )

After 3rd -

immuni- 0.12 0.15 . 3 . - - 0.200 6

zation '

Note: Average complement titration values were computed on the basis of 102
control tests and on the basis of 36 - 42 tests of p01soned animals,

TABLE 3.

B e h T U YU U ce e

Average albumin-globulin coefficient values for non-poisoned immunized and
- poisoned and immunized experimental animals.

Aniline

poisoned

:Nitrobenszene

Benzene :
{ poisoned

Normal poisoned

(LI
serene
sonsee

Nature of analyses

I, Prellmlnary p01son1ng followed by 1mmunlzatlon.

Original results 1. 6 . FR 1.70 1.4
.. After poisoning _ = 1.4 1.75 1.3
- After Tirst-immunization - -- ;*1.5 B 5-'i"‘é?;i" JIAL60 S L1.4
" After second immunization - 1.8 - 1.6 . © 1,65 1.6
After third immunigation 1.5 - 1.6 1.58 1.4

II. Simultaneous poisoning and immunigation,

Original results - 2.6 .1.70 1.3
After first immunization - - . 1.77 1.4
After second immunization- - 1.8 1.50 1.6
After third immunization ' - 2.0 1,60 1.6
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"7 golution on 6 successive days: their agglutination titres were determined over

It has been known for some time that ratios between blood protein fractions
were of no épecific significance, and appeared.in a variety of diseases and
occupational or industrial poisonings. 4s a rule, in such cuases a considerable
shift has been observed in the direction of the globulin fraction with a simul-
taneocus drop in the albumins. However, such changes were only seen in cases
of clearly defined poisoning. Such phenomena have not been observed in the
rabbits under the present study. Conéequently, there was no reason to expect
ponsiderable.changes in the albumin-globulin coefficient accompanied by in-
crease in the globulin content., It should be noted at this point that the
correlation between valués of agglutination titres and total globulin fractions
have not been observed in the cases under study. It is possible that such a
correlation might have been detected in connection with the a-globulins or the
so-called immuno~globulins. This phase is at present under study.

In all cases under present study, including the controls or normal immu-
nization an accumulation of acetylcholine in the blood was observed accompanied

by changes in cholinesterase activity, as indicated by the data presented in

‘Table 4. A slight accumulation of acetylcholine was observed during normal

rabbit immunization in some instances; acetylcholine was more frequently found

in larger quantities in rabbits subjected to poisoning and immunization. In-

crease in cholinesterase activity ran parallel to acetylcholine accumulation.
Acetylcholine accumulation- in blood in many diseases and in practically

all 1ndustr1a1 cases of poisoning led to the assumption of the existence of a

partlcular type, possibly acetylcholine, defense function. In this connection

-it appeared 1nterest1ng, if not 1mportant, to determine the- part played by -

acetylcholine in agglutinin formation under the condltlons of the présently
described experiment, especially in view of the fact that evidence in the
literature pointed to the positive role played by acetylcholine in immuno—

genesis, as was shown by P. F. Zdrodovskii, M. D, Poltseva and others, After

‘,the third immunization, when the agglutination titre dropped, the rabblts re-

ceived daily subcutaneous injections of 0.05 mg of acetylchollne in 1 ml of

a long period of time; the data are presented in Table 5. The results show - B
that in the doses administered acetyItholine enhanced the agglutination titre _
considerably in the previously inoculated control as well as in the previously
p01soned and inoculated rabbits; it also prolonged the duration period of the

enhanced titie. As was to have been expected, the rise in titre and proloriged =
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TABLE 4.

Acetylcholine and average blood cholinesterase activity intensity in percent
of acetylcholine hydrolysis during the period of the experiment after
immunization alone and after poisoning and immunization.

H : . - . : Nitrobenzene
Normal sBenze“s p01sonediﬁn111ne pozsoned§ ooisoned
Type of £ ) 1 o igy LB SRR fg L L8
analytical!g,élagil3§§8é3$§|$5’§83535u34’3’583335!?&)3
¢ O 0O B3 & At 24 OO0 B 8 B A ¢t OO ¢ 2 OG-A 234 OO @ ¢ & @
results (@2 RO A M > O~ AOIA N> IO RO AR > 50RO A N>
oy ¢~ © 2 Sy s O .+ ¢ > t = ©® -~ ¢ > 2= © -~
P OO OP P I OO O P P OO OPRPP HPLP OO O P
OO0 £ > dN 0 :008 PP gmMO 00 P>PI Q0RO 2008 > oW oO
OO O @ ¢ OHH:O O © ¢ O A OO0 & O 0 O
T @~ 23 e @2 W M~ 3 2R @ — 2 3
I. Preliminary poisoning followed by immunization.
Original 0 20.0 0  20.00 0 20.8 0.0  26.2
results i )
After ' '
poisoning - - 0 25.30 50 39.2 75.0 45.7
After 1st . oo oot T Tt ’ T
immuni- 14 42.4 - - - 50 40.7 0.0 19.0
zation ' .
After 2nd
immuni- 40 317.0 84 45.00 50 60.3 100.0 40.7
zation .
"After 3rd . - S e -
“immuni- 45 41.1 100 69.60 - - 100.0 61.5
zation
S II, Simultaneous poisohing and immunization.
Original ] . T_ e a pee am al - - M A S SN ~. ——— e mmene — - y
results - - 0 23.60 0] 23.9 0.0 32.6
After 1lst . . .
immuni- .. .~ . . = . = - . 40 . 42.4 50.0 .35.9
zation ‘ ) -
After 2nd
i mmani- - - 50 7.64 71 46.5  66.0  42.7
zation ’ T ' - - e
After 3rd . S
~immuni- "7 T <o e T .35 . 46.20- 100 - ..-54,9. .. 6.6 . 37.5. .-
zation T e . : -

- period of titre increase were not as pronounced ir the-intoxicated and. immunized
rabbits as in the controls., In normal non~immunized rabbits acetylcholine elic-
ited only a slight rise in the agglutination titre as shown by the data presented
in Table 5. A study was made of adrenalin effect on agglutinin formation: fol-
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" TABLE 5,

Effect of ccetylcholine on the titre of agglutinin,

Original

: H : ! Maximal | Persistence
¢ ! Highest :agglutinini lutinip jip months of
iNo. :agglutininilevel be- §§g§el after§ highest

Time of analysis i of i level i fore i lcho {. agglutinin
€ analys iani-iafter 3rd §acetylcho-§alln§ ag— | level after
imalsiimmuniza=- i line ad- §{ o0~ o iacetylcholine
: { tion iministra- @ tion % | administra-
: : :  tion @ : tion
Immunization only 7 1:82,000  1:320 1:20,480 3.0
Ditto ' 50 1:10,240  1:2560 1:10,240 8.5
Ditto 54  1:40,960  1:5120 1:40,960 8.5
Ditto 56  1:20,480 1:1280 1:20,480 6.0
Aniline poisoning and . .
simultaneous immunization _5 _ 1'49’960, _1_;§0 1:5120 2.5
Prellmlnary ‘aniline—poi~— - -~ . - .
soning followed by 91 1:82, 000 1:160 1:5120 1.0
immunizazion )
Benzene poisoning and . . . :
- simultaneous immunization 1 1220, 480 12160 1:10,240 ' “8'5
' 20 days
T ‘ (rabbit died
Ditto 45 1:40,960 1:320 1:10,240 at agglutina~
CC tion titre
1:320)
.- Rabbits not 1mmun1ue§ = - - 1:160 L 1:640- - -
nor p01soned . S e IR . T
Ditto 80 - 1:320 1:640

-lowing the drop in the agglutinin titre after the third immunization, rabbits
with 1 ml of 0.1% of adrenalin.

The results justify the conclusion

were subcutaneously injected on § successive days
No rise in agglutinin titre was observed,
regardlng the role played._ by acetylchollne 1n 1mmunogenes1s and of the part
rlayed by the parasympathetlc nervous section of the vegetative nervous system.
It appecrs that the role played byﬁgceuylchollne was related to changes in the
_ functional state of the cerebral cortex, as was shown by many authors, notably
Volkova, Mikhel'son, and others, who showed that acetylcholine in small doses
It
has been known for some time that a state of stimulation of cerebral cortex

. 'ennanced the processes of stimulation, and in large doses arrested them.

-181-



was beneficial to the formation of immune bodies; it is, therefore, readily

" understandable why in the presence of acetylcholine, which acts as a defense
agent, generation and accumulation of antibodies should be of a moderate de-
gree, The results of the investigations here described can be summarized as
follows: benzene and its amino- and nitro~derivatives depressed immuno-bic-
;ogical reactions in animals in chronic and incipient stages of intoxication;
the amino- and nitro-bénzenes proved more active in this respect than was the
primary beniene.
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Effect of Chronic Benzene Intoxication on the Phagocytic Activity of Rabbits.
‘ A. P. Volkova.
Gigiena i Sanitariya, Vol. 24, No. 1, 80-82, 1959.

Lower morbidity among workers in industrial enterprises is one of the urgent
tasks of Soviet public health. It is quite well known that rate of morbidity
was closely related to unfavorable working conditions. Theféfore, pertinent
data were collected on workers who were exposed to the effect of benzene in
artificial leather producing plants in Leningrad. Iuch production time was
lost due to the occurrence of the griﬁbe, angina, and tuberculosis among workers
exposed to chronic benzene intoxication (O, H. Olimpiev), The effect of a
number of chemical substances, such as lead, chlorine, fluorine, carbon mon-
oxide, and benzene on the immuno-biological reactivity was studied by many
Russian and foreign authors (Ya. D. Sakhnovskii, Sh. G, Perlina, L. L. Kandyba,
G. A, Ionkin, and M. N. Khanin, Ya. I. Mel'nik, and P. D. Gabovich, V., K.
Navrotskii, and others). The experimental studies of J. Hektoen indicated
that in benzense in%oxication the resistance to infection in the experimental
animals was lowered, and arrested infections became active. Thus, there is
feason to suppose that benzene intoxication lowered the resistance of the body
to infection. However, this problem has not been studied sufficiently.

This work is devoted to the study of the effect of chropic benzene in=-
toxication on the phagocytic activity in rabbits, inasmuch as the latter is

~- - - an important-factor in the body's defense againsttinfectiqp., The second stége

of the work constituted an inveétigation of.phagocyfic activify in the blood

of workers poisoned by benéene_iipbféi“j"“ﬂ:?__ ' - _
Experiments consisted of 4 series of rabbifs‘ﬁhich were used because their

blood easily underwent typical changes under the effect of benzene. A total of

28 animals were used, of which 8 served as controls. Concentrations of benzene

" most frequentij'eﬁcouﬁfeféd‘ﬁn&ér‘actual working conditions (0.5,-0.2, 0.05,

. ,.0.02 mg/11) were used in the experimental exposures by the dynamic method, that

is 3-h6uréﬂagil& for 3 m§h%h§;f;Tthuéﬂau%ffhgzaﬁrafi6h'bf the éxperiment the
benzene concentration in the air in the ;xﬁosﬁré room was controlled. Benzene
was determined by the method of T, N. Kozlyaeba and I. G. Vorokhobin. '
Phagocytic activity in the rabbits was determined by the generally accepted
method of G, E. Platonov. A 1.5 billion suspension of a 3-day-old culture of
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Friedman's bacillus was taken as the object for phagocytosis. The phagocytic
‘index was determinea in the smear on the baéis of 100 neutrophile count. The
number of microorganisms phagocytosed by one neutrophlle (phagocytic numter),
was also taken into account., Besides the phagocytlc activity blood of the ani-
mais was analyzed for the hemoglobin content, number of erythrocytes, leucocytes,
qtﬁrbmhocytes; reticulocytes, as well as the differential leucocyte count.
. Weight and behavior of the animals were recorded. The initial,or control,
levels of all tﬁe indices were determined before each series of experiments.
Typical benzene intoxication resulted following a 3-month daily exposure

to benzene vapor. Deepest change was observed in animals which inhaled benzene
in concentration of 0.5 mg/li. A lowered phagocytic activity appeared first on
the third week of exposure. Before the beginnirg of the experiment the average
phaéocytic index of the animals was 53%; at the end of the 13th week of exposure
it dropped to 15% (see Fig.). In many rabbits only 7 of 100 neutrophiles showed

Back-  Beoinning signs of phagocytosis at
greund of. exposure

------ —_— Ex;~sure Rerovery period the end of the experi-
ments., The number of
phagocytosed microorgan-—

isms also dropped; by the

3 end of the exposure the
5 average number of phago-
]
: cytosed microorganisms
B [
0e&fé'iorzaass7asmnmnwwwnmwmmam .per neutrophile dropped
[ 0.5 .8I|' - .--o-aﬂs .gll' | om-mo— Control ~from 10 tO 2 - 3' At
s 0.2 0/li  e-—-q ng/ti ©— Eng of ex— .
C - posure the same time, no changes
Phagocytlc activity of leucocytes . . | whatsoever in phagocytic

(averages of 28 rabblts) activity were observed in

_ the control animals.

" Benzene intoxication with 0.5 mg/li concentration produced leucopenia,
‘anemia, thromboPenla, and retlculoc1t081s. Thus, the. hemoglobin dropped from
54 to 453, the number of erythrooytes from 4,500,000 ‘£ 54,000 and the number
~ of reticulocytes increased from 6.1 to 18%. Neutrophilosis followed by lympho-
cytosis and monopenia were determined from a study of>fhe“ieﬁ66é&tic formula,
A pre—-existing anisocytosis bad undergone qualitative changes.

The experimental animals lagged obehind the controls.in weight,.and manifested
changes in their behavior by the end of the experiment; they became sluggish
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and slow-moving., There were cases in which the course of the benzene intoxica-
tion was complicated by the presence of pus in the organism due to 1bfected
swelling of the paws. Despite high concentrations of benzene which usually
depressed hemogenesis in noninfected animals, leucocytosis counts df 15,000 -
17,000 were observed in tHe infected animals. At the same time, comparatively
high hemoglobin concentrations and erythrocyt051s were also noted. Leucopenia,
characteristic to benzene intoxication, appeared only at the beginning of the
9th week of exposure. At the same time the fall in phagocytic activity observed
in the infected animals was more pronounced than in the non-infected ones: in
the non-infected aniﬁals 15 of 100 neutrophiles showed phagocytosis; only 12

of 100 neutrophiles of the infected animals showed signs of phagocytosis.
Therefore, it can be assumed that the presence of purulent processes in the

body changed the reaction to the effects of benzene by eliciting a leucocytosis
instead of a leucopenia. Thus, benzene vapor inhalation in 0.5 mg/li concen-
tration caused a typ;cal benzene intoxication accompanied by a sharp depression
of phagocytic activity of the animals; these changes appeared-earlier than othex
blood changes. | 1

Analogous changes in phagocytosis activity in the blood were observed in
the second series of experiments in the benzene vapor concentration of 0.2 mg/li.
However; they appeared later and were of lesser severity.

In 0.05 mg/1i benzene concentration (the third series of experiments),
phagocytic.activity had markedly changed in a manner siwilar to the first 2
series. The phagocytic index fell from 55% at the beginning of the experiment
to 27% -at - the 13th week of exposure - (see Fig.). The number of mlcroorganlams
phagocytosed by one neutrophile had also decreased from 8 - 10 at the begin-
ning of the experiment to 2 - 3 at the end of it. Leucocyte phagocytic activity
began the 5th week of exposure and preceded other changes in the blood, shown
as moderate leucopenia, anewia, thrombopenia and reticulocytosis. No changes
were observed in the leucocytlc formula. The weight of the exper1men+al ani-
mals did not dlffer from the welght of the control animals.

... In this series of experlments records were kept of the rate at which the
phagocytlc act1v1ty was restored and the ‘blood picture returned to normal after
exposure was discontinued.

Disturbed indices were restored in reverse order: the rhagocytic function
of the leucocytes became normalized cnly 3 months after exposure had been dis-

continued; the indices of white blood, the thrombocytes and reticulocytes re-
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turned to normal approximately after 2 months. Percentages of hemoglobin
content and the number of erythrocytes were restored the fastest. Consequent-
ly, at benzene conéentration equal to 0.05 mg/li poisoning is of a light form
accompanied by a decrease in phagocytic activity. Blood changes as in the
first 2 series, became manifested later than changes in phagocytic activity.

In view of the fact that in concentration corresponding to the allowable
limit, benzene vapor lowered phagocyte activity; a fourth series of experi-
ments was conducted at benzene vapor concentration of 0.02 ﬁg/li. In this
series of experiments, phagocyte activity began to drop on the 8th week of
‘exposure and the phagocytic index fell to 35% at the end of the 12th week
as against 52¢ at the beginning of the experiment. No special changes were
noted in the blood, except for a slight leucocytosis (10,000 - 11 000), which
became manifest the 6th week of exposure and 1asted throughout the entire ex-
periment. Apparently, the irritation phase of the hemopoietic organs appeared
at this benzene concentration,

When the -experiments were concluded, animals of all series were killed
and their organs were pathologically and anatomically examined. . Animals of
the first and second series showed the foilowing lung changes: multiple
@unctate hemorrhages, measuring in spots 3 x 4.5 mm; a bloody frothy liquid
exuded from the lung tissues; the liver was flabby and broke through easily
upon pressure; liver outlines were raggedy; stomach mucosa showed many punctate
hemorrhages, mostly in the area of the large curvature; there were multiple
punctate hemorrhages in the medullary and cortex layers of the kidneys; the
bone marrow of.the tibia was paler than "in the control animals. No special
changés were noted in the organs of the rabbits of the third and fourth series.

Conclusions.

l, Inhalation of benzene vapor in concentrations of 0.5, 0.2, 0.05 and
0.02 mg/ll for 3 months changed the immuno-biological reactivify of the organ-
1sm, it. decreased the pPhagocytic 1ndex and the phagocvtlc nuaber, ’

2 Exposure to benzene vapor of 0 B O 2 and O 05 mg/ll for 3 ‘months
produced a typical picture of benzene poisoning in the experlmental animals,
charactefized by leucopenia,_thrombdpeﬁia, anemia, and reticulocytosis. Slight
leucocyiosis was observed in rabbits exposed to ‘.cnzene fumes of 0.02 mg/li.

3. Changes in phagocytic activity began earlier than changes in the blood.

Because of the great sensitivity of this reaction its use as a diagnostic test

is suggested.
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4. The restoration of phagocytic activity‘progressed slowly. In ani-
mals exposed to concentration of 0,05 mg/li the phagocytic activity became

normalized only after 3 months,
5. The data received concerning the decrease of phagocytosis activity

in exposure to benzene vapor concentration of 0,05 mg/li (which, at the present
time, is within the allowed limit) and even to a concentration of 0.02 mg/li

indicated that such concentrations were not harmful to the organism.
Above results can serve as a basis for a review of the existing limit

of allowable benzene vapor air concentration. The conclusions were verified

by subsequent studies of the immuno-biological reactivity of men who worked
with benzene.
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Alr Temperature Effect on the Processes of Conversion and Detoxification
of Aniline in the Animal Organism,

Z. A. Volkova.

S

(Institute of Labor Hyg1ene and Occupational Diseases, Academy of Medical
Sciences, U.S5.S.R. and the Department of Industrial Hygiene,
Central Institute of Post-Graduate Medicine, Moscow).

Gigiena Truda i Professional'nye Zabolevaniya, Vol. 2, No. 4, 30-36, 1958.

Under practical industrial conditions workers (and othefs) are frequently
subjected to the simultaneous effects of several unfavorable factors, such,
for instance, as deleterious effects of chemical substances accompanied by
surrounding high temperature. The effect of surrounding air temperature on
the oréanism has been studied extensively in the past; however, the simulta-
neous effect of temperature and of different chemical substances on the human
organism has not received the deserved attention. '

Reports in literature indicate that high external temperature in most
cases hastened and enhanced the appearance of intoxication symptoms and gen-
erally lowered the lethal dose of poison,'although in isolated instances the
reverse effects have been observed. The mechaﬂism of external temperature
effect on the course of toxic properties has not been studied sufficiently.
There is some reason to believe that changes in the action of chemical sub-
stances on the organism accompanied by temperature effects may be closely

-.. connected with elicited functional. shifts. . Thus, a_rise in air temperature
elicited a dyspnea, as a result of which more ef tﬁe gaseoﬁs or vaporized
substances can penetrats into the organism, which, in turn, may intensify
the toxic effect, as was sﬁeﬁe by R. G. Leipes and by V. A, Solov'eva,

In explaining the toxicity of poisons in relatior to external tempera-
ture some authors emphasized (laid more étrese) upon the importance of ab-
eorption“(inhalation) and distribution of the substances in the organismi - -
_the importance of ellmlnej£9ﬁkyas also glven cons1deratlon, as wes menulonee
: by Gast, by atokxnger ‘and by ofhera.' "Others explalned “the enhanced tox1c 4
effect on the basis of changes in the reactivi.y of the organism caused by
external air temperature conditions, Such studies were conducted by L. I,
Levkovich, V. A. Pokrcvskii, V. K. Navrotskii and S. N. Dubashinskayas, A. I.

Pakhomycheva, T. A. Kozleva, E. I. Korenevskays, and others:— -
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In 1889 Borovskii studied the elimination of mercury via the urine in
persons treated medically with mercury preparations; as a result of his ob-
servations he expressed thé opinion that temperature may affect the part
played in the metabolic processes by chemical ‘substances which found their
way into the organism, The.processes of polsons and especially industrial
poisons conversion and detoxification in the organism vary with the chemical
and physico-chemical reactions which constitute total metabolism. Therefore,
it can be assumed that metabolic changes resulting from differeni causes and
in particular from temperature effects will affect the processes of certain
poison detoxification and thereby change the course of their action. Such
an assumption was previously advanced by Jacobi, and GUnther and Odoriz, who
studied the effect of surrounding temperature on the course of intoxication.
It should be édded at this point that studies of this nature were few and
were not accompanied by chemical analysis and that no similar studies were
made in direct application to effects of occupational poisons, The present
author investigated the possib}e effect of air temperature on the rate of
poison conversion and detoxification in the organism, with particular ref-
erence to aniline which is widely used in iﬁdustry. In the production of
aniline, dimethylaniline, diphenylaniline, and black aniline dye, workers
may be subjected to the simultaneous effects of the related chemicals and
increased temperature, Preliﬁinary teé;s were conducted for the determina-
tion of possible temperature effects on the course of aniline intoxication.

White mice 18-~ 21 g were used in these experiments. Reference is made
at this point to the’ work of Z: ‘A. Khatskevich, Z. A. Voltova. Aniline was
administered subcutaneously, in preference to the method of inhalation or
absorption through the skin for the following reasons: at different tempera- -
tures different quantities of the aniline inhaled or applied to the skin
might find their way 1nto the organism as a result of changes in the respira-
tion rate and of the perlpheral blood circulation, as was indicated by V. A,
_Solov'eva,. Aniline, dlssolved in oil was -injected subcutaneously at the rate
of 15 mg per "mouse (0.05 ml° of the oil solu'l;_:n.c;ni~ the wice were then placed'_
for-2 hours into chambers at following temperatures: 4° y T~ 8° 12°, 18°
21 - 230, 260, 32 - 350, 38 - 40° and 42°. MNice were then closely observed
for 2 hours and records kept of their general condition and behavior and of
the time of appearance of poisoning symptoms. The mice were then placed into
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the vivarium kept at 18 —'19°~te@perature. Record was kept of the number

of mice surviving at the end of the day. Results of the study clearly in-
dicated that there existed a correlation between the course of the aniline
intoxication in white mic