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AIR HYGIENE o= AN AERCSOL PROBLEM

Sondsrabdruck, Zentralblatt fur Blolorische
Aerosoi Forsohung (Special Reprint, Central

Gasetits for Rlological Aerozol Ressarch), K. Biss and
Vol 11, Be 2, Jul 1663, Stuttgert, po 17 E. Petrss

Frou ths Institute of Aerobisloegy, GraischAfti Bochsanerland {m- K Biug
m:-wtor)

“Mr hygione ganarally and in the brosdest sense desls with the analy-
235 and synthesis of certain asrosol systems, The objesiive of its eonsid- -
srations consists of the properties of solid, liguid, and gaseous, snimete
and inandmato acrosel oomponents and the reciprocal effeets between them, as
well as the way in which they are influenced by physicsl and chemical fac.
tors, ',

The distinction betwsen animate and inanimate serosel components
ehould not be understood hare in the sesnse of & rigid scheme: nmderoorgan.
igas o' viruz particles are subjeot, in the atwosphare, tc¢ the ssme physi-
cal-chemical influences as the ..animeto aerosol compoments and essentially
behavs like the latter; they can be comverted into inenimate matier and they
develop a noteworthy autonomous biolegical eactivity only upom entry into
wore or less strictly specific envirommental conditions; they act upen the
organisme infacted by them through the production of inamimate matter., Oone
versely, inanimste suspended.substance coxponents can becoms components of
1iving substance and reect with the latter when thq meet organisms for &
shorter or longer time,

Practical weasures of air hygiene ars based on thorough analyses of
thair cbjectives, specificslly:

{a) anslyses of seroscl origin and development,

(b) enalyzes of the behavior of the aerosol momts in the
atmosphsre,

(¢) amalyses of tho normal metsbolisw output or the exposed
organiems and,

(d) emelyses of tho stross offects mma




Mrthermors, the way or route of the siress factor until resction
with the organicz must be determined az accurately as possible, (u the

basis of the analysis data obtained, it is then possible to t&ke protactive
BORSI#8 |

(2} at the place whers the s.ro~"1 opiginates snd devalope,

{b) in the stmospheric space betwssn the amsol gouree and the
expossd organism or, '

(e} through the formetion of resistance in the organiem itsoli‘

Inanimate componenia comstituts, quaniitatively speaking, by far the -
lepgaat pertion of the suspended substances [particles in suspension) in our
atmosphere, In the Rubwr region salome, about 1.5 millien tons of dust, ash,
and soot aro depotited anmually, while simitencously wmillions of tons of
sulfur dioxide are blown into t:e stmosphare, It has been estimated that
imdustry’s contribution to a2ir poslution in the big cities today amounts to
!&ﬁﬁ approximately, wiils houssholds and small orsfts enterprise account for
. 224 s motor vehicles supply sbout 33%. High sulfur dioxide concentrations
 amd the presence of carcimogenic substances constitute a constant and immed-
iets threat to the health and 1life of plants, animals, and man, In addition
we have synergisiic resotions from variocus asrosol components, many of which
are otiil quite umknown, In this ooinection ve might mention the formation
of “omog,” the development of oxidising subatances, scids, and sidehydes
"~ through phetochemical reactions between the hydrosarbons smd mitrie oxides
coning from the car sxhaust serosols, as wsll &s other possible components,
Speaking quite genexrelly, raliction effects and airborne elsctrieity cen
corvidersbly influence the aggressivsness of an aerosol, '

Dnforvanately, we are still not putting enough emphasis on the fact
that it 13 not so much the qusntity and density of an aercsol that is of ine
© terest in any air-lyglisne svaluation tut rether the quelitative state of
that sercsol, Of cuarse, it i2 necessary to get 4s accurstie a picture of
- the cunesnt=at’ > of certain reective components in an aerosol, especisliy
since the # 'sd of miny reactions that are possihle within one aerosol de-
pends exty...dinerdly on the concentration; some, in themzelves possibdle
chemical conversions practioally never come adout whon one of the reaction
partpers 1s represented in a density that is tes low. On the other hand,
however, small traces of some substances «- here we might mention the photo-
shemiecally acting »adicals and photosensitisers -~ can catalyse chesical pro-
cesses which will altor an aerosci completely froam the qualitative viewpoint,
The energy conditions within aerosolsz are quits generslly not being given
snovgh consideration today., Murthermore, the surface-sctive components very
considerably influence tho chargcter of an serosol, Apart from the fact -
that muserous chemisal resctions ocour on & preferred basiz or with special.
1y Wigh speed along the surfades, we find that the degree of the utilisation
of radiation eneryy can be altexrsd by the presence of surface-sctive sub.
utances, Ry wisaple, free oxyren absorbe much loss suniight than ocal
[m) perticles in Mryum]: d.poaitd oxygen. :
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Whether or met liquid syatems are present in &n asrosol ia also of
great importance beceuse wany chemical reactions occur preferably or only
in seluiiona.

Finally, the size of tho sv . ~nded particle is of decisive signifi-
cance in the character of en ssrosol, The average durstion of time which
the smallest, lung-penetrating serosocl components spend in the atmosphere
is Uy fer grester than the periocd of time spent there by the relatively
coarse dust and fog particies which often constitute the bulk [main msss)
of an serorcl, The processes of self-purification of the stmosphere through
sodimentation, washeout, photochemical reactions, sorption forces alomg the
sarth's surface, ste, ars the subjects of detailed investigations.

With respect to the air-hygiens evaluation of ary toxdeslly acting
or radiocactive peroscls we therefore find the following copliesble, in the
sense of what we have maid so far: it is not 8o much the absolute messure
of air pollution at any particular point of time that is of importance, but
rather the sustained effect caused by this air pollution, :

For the time baing, we do not know enough to develop an absolutely -
reliable air surveillance system based only on physical and chevdcal measure.
nent methods; therefore, one of the currently most important tasks is the
creation of a system of biological control of asrosol emissions. This probe
lem 48 difficult to solve inasmuch as plants and many species of animals
likewise generally react in a manner that differs cousidsrably from the re-
sction in man and that this rcaction in most cases is by far more sensitive
in response to aeros:l influence, This is why Sovist air-lygiene experts
used the hmen reactions to aerosol stiwmli «- for instanc~, fluetuations

in the light sensitivity of the aye -- in setting up index velues for the
meximum permissible centent of the atwosphers in tsrms of certain suspendad
gubstances. These values (Tsble i) are far below those cuitomary throughont
the world in industrial regions and they are mardatory only for ner installs.
tion= 1~ the Soviet Unlon likewlse,

nate Sus ateSubs onts

Animate suspended-substance components can be concelvod as chemical
sgents which, under ¢csrtain conditions, have the capabdlity of multiplying
independently., This kind of serocscl develops in nature primarily as a ro-
sult of the effoots of air surrents upon the surfoce of the earth and the
oceans, Particularly Mgh looal concantrations of arimste suspanded.
substance ooaponents originate through the separstion [of waste] by mam and
eximal, Por inctamce, the germ oomtent of the air is partionlarly high in
all kinde of gatherings, such as in motion pietwre theaters, schools,
warchouses, hospitals, and apartment houses,




TABLE 1
STAMDARD VALUES ESTA LISHED BY SOVIEY
GLBAR-AIR CUMMITTEE

% Maximale einmalige Mistiere 24stladige
i Seoff Konzentretion Konzunteation
| () {b) in ~g/m® (©) s my/ms
! Schwefeidionyd (1) 0,50 0.1

i Chior (2) 0,10 0,03

 Schwefelw sersoff (3) 0,03 00!
Schwefe? alenstoff (&) 0,50 0,48
Koblenoxyd (5) 60 20

i Stickonyde () 0,50 018
Nidugiftiger Sccab (7) 0,50 0,15

* Rat (8) 0,18 043

| Phosphoniureanhydrid (9) 0,15 0,08

| Maagan wnd erine Verbinduagea (10) 0,03 0,01

{ Verbindungen des Fluurs (11) 0,03 o

! Schwelelskure (12) 0.0 0,10

" Phenol (13) 0,30 0,10
Anen (asorgasische Vcrbindvagen suber |

Ansenwazserstoff) (14) —_ 9,003
Bisi ond seise Verbindungen aufier Blei-
wraldhy! (15) - 0,0007

Metailinches Quecksitber (16) 0,000

Key: a. Substance n
Maxizom one-time ooneentration in mg/m”
Avorage 28-hour conswatretion in mg/al

1. Sulfus dioxide

3. Bydrogan sulfids

4, Carbon disulfide

5. Carbon momdxide

6. M*~ic oxide

Te m‘ duat
Soot

9. Phogphoric anhydride

10, Menganess and its compcande
11, Compounds of flunorine

12, Sulfuric acid

13, Fhenol

14, Arsemic {incrganio cowpounls with
the exvoption of arsemlo Ndrids)
15, Lsad and {ts ocompounds, with the

on of . wd tetraatiyl

16, Matallic meronyy

o




The dissendnation of animate asrosol components can cover humdreds
of kilometers; & typical cxample here iz the spread of ~-ain rust whose
spores very cfiten are blown all over Europe from their source, Migration
distances of up to 3,00C lm have been dotermined for microorganise cells.
Ard they also reach vsry high up: living microorganisms have been isolated
f-im elevations of more than 20,000 meters., Of course, the germ count in
vhe upper layers of the atmosphore dacreases not only absolutaly but alse:
relatively. PFor instance, Frootor (199%) reporte that e found an avarage
of one microorgenism for every 108 dust particles in the lower layers of
the otwoaphere whersas he found only ona microorganism for evsry 118 dust
partioles at sltitudes of more than 3,000 metars; thds correspords to & kill
rate of sbout 8%, Asong the micrcorgzanisms frecuently found 4n the atmos-
phere we have above all the spore-forming and other {ypss cf bacleria, such
‘88 schromobacteraceas, microoocosceae, and sarcines, ag wall as the sporss
of actinomyces and low furgi: yeasts vweras alro observed reiatively frequent-
ly. Microorganicws that are pathogenic to man have not been found even at
rodsrate altitudes; on the other hand, spores of fungi ithat are pathogenic
with respect to plants were found to be widespresd. Beczuse of thedr speea
of mltiplication, which is not achieved anywhere in the rsmeining sphere of
organisms - one single bacturiwm cell, under favorable cenditions of life,
can produse somstimes more than {1 mdllion cells of descendants within 10
hourg « we find that svan very smull quantities of microorganisms or virus
particles cen cause economic damege or epidemios of the very greatest pro-
portions, events that, woreover, are diffiouli to predict sod anticipets.

Oa the other hand, it is possible to "mark" aercsols Yty sdding relatively
" fawr sdcroorgenisms end to study the fate cof an aerosol witk their help.

The viablilty of siercorganise particles or wirus partisles sus.
perded in the atmozphere mky vary greatly in teirws of durstion, Bo maxieus
limit 15 known here. The most important factors influencing this duration
are the [relstivs] air humidity, the temperature, the rediation dose, chem.
ical sdditions, protective colloids, and other surface-sotivs substances,
ete, Assuxing that ths envirommentsl coniitions are the sams, the mortality
curve generally follews & logaritimic function, slthough the picturs is fre=
quenily cosplioatsd because of the appearance of perticularly resistant
forms, In most cases the ger—s are killedl bty the detwturing of protaeins ty
the brealop of BoH amt 5.3 bradges, etc. This process can be speedad uwp
with the help of kigh temperatures or chemicsl additions or slso ky mecws
of rodistion == in that case we & of sterilisation or diainfection,
Conversely, the lifstime of garm {virus] particles can be prolongad by prow
viding these merticles with additions which counteract the demeturing m-
cess,

Protective measures sgainst toxically soting air virwses [gm} first
of all are based on the isclation or alimination of sowrces of iarection
end then slso on affforts W keep the air clesn through chemiosl disinfeation,
rediation, veatilation, direct airing, etoc.

Qos extrecrdioerily effective means for 'mmﬁu sgainet infectious
alr germe Tlaally i the immuisetion of man snd animals and the breeMng
of resirtant resec of mimls end varietios of plants, Dewwdsation *“wowh
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-aerosols wiil probably assume considerable sigrificance here in the future
+ because there are many possibilities for rational mass immmisation when we
use weakened [dil!rbpi. reduced ] viruses, that is to ssy, virus particles
with low toxicity but with imndiminished antigenic effectiveness, For ine
stance, aercsols consisting of diluted virus meterial have already been used
for the impmnization of entire chicken farms against Hewcastle disease, ine
feolious ronchitis, snd fowl diphtheria {fowl pox] (see Bibliography,
Fritssche, 1961). In this connection it was found that. in case of aero-
genic immunigetion with Newcasi » disease 1ive vaceine the hemwglutination
titer rose mors then brice as high as when the vaccins was added to drinke
ing water. When chicke wers inoculated against Newcastls disease at the age
of 5 days and then at the age of U weeks, 949 of thom became immune in case
of drinking water vaccination while 1004 became immune following asrogenic
vaceination, Similar experiments were conducted by Gorham and associates
(1954) 4n an effort to protect ferret and mink brecding farms against dis.
texper; tiese suthors mcnaged to make ferrets completely imsmme by means of
asrosclised egg-adapted distemper virus within 5 daye and to ..ideve s1mi-
lar resulls in the casre of mink.

Aerosclised 1live vaccine likewize created many possibilities for the
protectisn of man here. In the Soviet Union, for instance, investigations
were conducted in connection with the asrogenic immmundsation sgainst pest,
talaremis, antkrex, and brucellosis; in the United States, upaﬂmnts along
theu lines were conducted with tnlaremia and tuberculo.is. Alexandrov et

sl (1958.1959) found that sheep infecied with anthrax revealed a death rate
of only 3.3% after prior serogemic vz cin-tion - &8 against 5% in the case
of subcutaneous and 16.7% 4n the case of percuts&necus vaccination, whereas

the death rate among the normrcculated controis was 73,3%, Thess same authe

ors also conducted experiments for the aeroganic {immunizetion of man against
anthrax. According to their data, it was possible to vaccinate 300 people
in a room the size of 40 cu m, within 1 hour; each sudbject was axposed for
5 minctes, Here the winimum quantity of yisole vaccine celln to be inhaled
per person was 100,000; in soms cases, 10°° and more cells were inhaled,
m;chbtch ot 21 (1960—1061. 1962) observed an increas.d degres of fmmmunity

compared to subcutaneous innoculation, in the case of guinea pig and monkey

axperinents, when asrogenic tularemia vaccinition was administersd. Middlew
brook {19613 arrived at the came result in the BOG wvaocination of guinsa
pigs: aarogenic trsatment with 20 viable BCG wiits proved to be mure affece
tive than subc:tanecus injections of 200 units sarxd 10 viable serosoliized
undts hed the same effect as 10° intracnt~necusly injested viable units,
Ismtnity ocould still be esiadlished after & veara, Acocording to Rossnthel
{1961), buman beings required on 10 times the vaczins doss required for the
gyinea pig cxpariment, in cese of aervgenic BCY immunisation. Klsewhere,
investigators are currantly iryling to develop a spray wmethod for the fa. i~
1mmiisation of Jarge population groups sgainst grippe virus infections,

The prodiexr we have mentioned here san only constitute exsmples for
the vast prodlom cowplex of aire-lygiene whioh keeps growing, day after day.
Along with the inmorense in 2iw masber of problaw there is also an increase
in the mmber of waye to solve these problems, Our world ‘oday des beoome
very smali and 1t 12 relatively easy to get & complete picture in many
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respects, This means that wes ar- foreed -~ and also increasingly in 2 bete
ter position == to view the aadividual problems of sir-hygiene in their
intercomnections and to solve them - witldnm the over-sll framowork of gece

kygiene.
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