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GHA.FD!R -
AIR QONTAMINANTS

lassifisaiton of Alr Conlaminaste; Bleer of Alrbacms Particles) &ir Polluticn by
" gmola, Ash and Gindera; Emoka-Abatamant and Air Pollutlon Contral; Oder
Kuiasnes | Mazrimum Aflewahin Capcanteations af Industrisl Al
Contatsinants; Flammably Gasas abd Yapom; Combuatlble Duata;’
Atmospherds Pofles} Ajrharns Bacteds

BE narmal | ecnstibusnts of the earth'y atmoaphers are ©xygea, nitro-
gan, catben dloxide, water vapor, argon, small or negligible AmOwts

other inert gases, by , VEHabls tngﬂof oxons, and smali quanti- -

sd
l‘.ammplun'c smpuriiies. From the vievpumi. of the air condi-
2@&:.;- eagineer, all othier nirborne subetanoes may bw termed conlaminants,
This texen_ i a::gllad jrelerably, homver. to undesirabls or chanse im-
puritizs, eince ecasion naa’r erisg for xdding bo the aAle contrdisd
nmmmu of satid or gemous dilueats for the prevemtion of loujotia
germicidal) vapors o7 wists (serovols) lor bacteria santrol; g qub-
stances for odor dentral; or a substitite for me of the normal ',
far examgple, when fellum dr-used to replacs pitrogen in stmosp, lor
eampresead alr worker ar divars.
Cagktol of the shemical quality of air is one of the funations of complets
m— conditiontag, end some kmowledge of the eamposition, conecentratish
p&Tma of sir wir sontamingnts andar varfous mmummnm is thorelore

' Al gontamitents arise from the hormal proocesseg af wesr, erodion,
windaiarm, sempmy avnpnrs‘»wn, tharms] distwtagration, earthguake;
msaulaoturing, transportation, lgncul
bxo&wqun.l or biologias] pmcmas of Jifs. ‘Thoy.are clasgl-
ﬁ;d -.t vuiom tzmas 28 O and inorgenio, visible or invhlble, micta-
‘p wla.te ous, toxie or barmlms, bencSeis]
ollowiag Lo is based ehiefly upon the
origin ar method af fomﬂ.uan af air contaminants.

CLASSIFICATIOR OF AR CON‘IAM]I{AHI‘S

Duwsts, Fues, ud Smoken ere solld particulete air contaminant

Dharly solfd pacil mmudihﬂm Ir.by aataral f 1% d
veioatts Wrimtlon op sEthaR "y mnshKSIO Freceions, ByeH ha ore "‘i,:
mnﬁlug, ag, dnnvtgf mullclon, dmmiinc, ddnraytux, munl lg:
Ewesping orosa producs rom, 1 nr;umn ‘n ]
dizprre uu!.maJ hat srs airoad: vlriu .
d““u‘iﬂ“wmm:ru:as lmulmm' J"-m‘ o :1"‘! ool 5d’

tm
#uch ag rock, ure, mebal,nand; muoh ae grads, anur M solia! on;
aninal, ok as wool, hl‘.lr sitk, foa thers, leather. ™ pelieni of
M ure sodid partlolen sommonly [orm
narmally sofid m.u’::i- “dh’ 1.3 ma.‘ly o na bada, Yhﬁf.fﬁ:drﬁéf “nmp:? fm:
the omi.u §a air becalise of Lue hi y Yeactive nalure ol Enely d.lvld-d Tostery
slop be formed by sublimusion, dietllatics, aaleatlan, er chewinal

!u:kon, 50 rm\ﬁ}pmaunu reate air] Eom ¢ papticles predomineialy below tha

lmm & f‘e 10 ag tend to Eoogulats lqclmn'ps gty
s lill thereby faplitating removal from adr. " i tnr e

&mzha arn the extremclylmll solid parilelos prodyeed by{nacmp!ne cambuziion
p124

e e .
e b g
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umhﬂmnﬁummw.%g;wmwmm.

m The terra smaoks ks sooxmonly applisd o ]

Mpoduhu[nmhnﬂ dw lnhn l&!‘

T, un| amlpuawnméuﬂﬂ rod-kh ﬂ'IIM
mmt:nnh ar | mehlmthn 1 miarax in sise, oghn i tﬁn range of 0.
oaren.

Mhumdrmmuwdmmmummmn
jﬁlu‘n"w llnal ulrborne dnpl&cl‘ mlierh.lx nrd(.nuily llqllld nt

-bnhln
X mbdn;, nnlune Snslul nutron. dwho!yﬁc cw( h "

diazslvad wpon relanie 3 dmphh
u..p"i“&"d"" ﬁ.ﬂrszmtnhc lnllu un!:gz
s T S A ‘l’&....'“‘m i
Aequide (u-m;u X are *

—t
a

betwena the buoger miste and the vapem..
Tnpm and Gasea are com-particulate air contammun. -

V ih of thst Ibbver Rguid B ¥ thex
apors e -wpkm nu.;xunnu arq ¢ ruglui or 29 n r
whis ,mercory, lodine, sampliae. “" _pun:h:lly be duny:dto ﬂn lnll&b:&liqda
amen (el %qy u:'u ramoved from ﬂa air by mﬁmﬂnn wiih lems
ﬂ?ﬂym‘;u farmiess fluids whish Jend -
are oozl e loou [ entjasurn qwm
-'ua u.nuamfv at nni.m u' turey aud pmm-“’ .pf":l‘ix; rnnn -ub-

plately
fy an arbon
““‘-':..‘%‘:.’.I.’mﬂ“ m uﬁw E’ﬁ ¥ “xm"a?ﬁw-ib:m
pfo m!dhmptnimn

Gl e e haoge by "”.&"&:ﬂ'mﬁ“ o “mtz‘m‘
. whic] in &

+ polies grxine, couxidering the ralleat insect 1ifs.
'aboutozhoémlum ain,f‘uguspomfmlﬁoiﬂmmm, &
frouy B bo.15( misrona

BIZES DFAmBOmPARIICLES
T lu-gnpbxoubuhtlonntthe iea of aliborme solids and
uﬁs&mn;eﬁ

zdingtoluemtha seale, Thmmaﬁ.ém
miorona In 1 in
< Parkieles lOmiermmunlﬂmi tamunmspanded
' gir oumrenis o l:nodenh atrangth, but’ setile out by gmvity at lpeeda
v‘fmdut the shapa, sise sud epecific gravity of the partiols, wind
, orimulton af tha collectitg surface, aad topogrphy. These
icles are of major Interest to the engineér in the solution of 2ul-
nnu prd:lam, but }# i ueually the amsller plrtzcln r thase balow 10
cujoruuz, thai reale inthns\rlmzenough to-be afhnie:uamweuas

© . ecamomie signifibance.

Industrial dust pxrtieles nre nmdozmhsnt{y of the order of 1 mitron
wizg.- Tremmendous pumbers are 4130 -Igesent in tha swbmicioscopic
TAnge below 0.5 mierom, but those bﬂnw 0 1 micros Are not helmmd at’
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T Gousplisd by W. & Frsak rad Cepighiod, md by permmion.
Fru. 1. Sums A Crumuomeuierios or Atksosrs Pagnevuirn Marrou

"e

N S .l g
" The survey! of simospheric pollution In' 14 American cities condudted

from 103) to 1833 ipdicated.the average smve of cutdoor dust particdis

to be 0.5 micran, ok oolleetod. by the Cwena jot dnst esuntar 8nd mesared

voder the microsoups, Inability of the lipht flald microscope o reveal
‘ 1 .

b

. the In fac

N this may begome the tm, io & {tive tha
B Y, OppoTEuay f asﬁ% haacm of She cenion :uﬁoé
) ﬁy wir eureents and the moleqwnr sotivity of guses
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fartioles in the 0.1 micron viokalty may have infeaced the detarmisation

of svemnge particle size. - -
.. The jowsr Lhmtdrﬂal; Eirp visible to the naked eye eqanot heststql

doficitely, It d not anly upan the individual eyni bu’e also upan the
shape and colar of ihe t_Fm-tmll, Intensity snd quality b, sod na-
ture of ound or opportunity for conirast. wandi-

favorable condltions it may bs imp to distinguish s pa.rﬁaiv smallsr
gm 50 mieranz, The lower lixgié of viaibility probably rangpes fram 30 ig
miorons.

owders and materinls are frequen .
D"‘m i:,;: the aive of Enwrm used for npmhﬁq Pn.tg!ﬂu abeve 40
.;Iloromn{:sddmdbem:wmmumdm;sb&h xbwleﬂ d
- microscoplo gises gxmmm tx theordtioal aiges of pa correspond-
ingtothlmsh scnle of the 17, 8, Blandard Bieve 8aries azs given in Table 1.
hﬁmegfh axamination of screened duat indiestes that the avemgs
diapeter umpla of irceguise particles msy be mbstanunuy IRrper

" Tustz 1. Buuimoy oF Boar Mask 7o, Paxmvas Buce
U. B. Ftandurd Blove Mush,..[ 400| 25| 200] kea| 100 ] 60 | 25 [ 18
'Nomieal Sieve Opoping § ) '
e yoiee Opopis B s | we |ova ] ans | aee ) 230 | oo ] o

thanthsominnd menthmu whichithaa nnssdifhha jel
shapes duviste considerably f ram E lphenml nn"'l'he parlﬁ:

dimengim of msny sach particles tha maxdmum

mimlhledhunnngetm wizu oqmsmhimmndetoiﬂ M
Standard Bpeuﬂosﬂm Bereening doms not give sharp sopamslion into
alse groups, and aocordingly, sireh a- dmﬂutmn ls wtatistioa] m.hsr than

v

AR POLLUTION BY mdxx. ASH AND CINDERS .

“Tota) nlrbome solids wh.hn(?n are yraally as o0]
nammm?% mile) nnth) Buchdmpub éwthgd@;; -
ﬁ

bha air nonditionin lnfurmahon mey. indi th:n edective-

SEEEELIT e
088 DO &

4 n & venijlatin ‘u bemnem : B“mpuzm"-‘ Gata::r
mmw td.?uticl tn:xwenb!;u TAbleZuafpmfmb&e In
[1 Chaes orne & sounts may ecessary, as for ba

. teria, spores, sad insoluble dultsmualuﬂln;ar fung &imwponm’ -

Dust eoncentinticoa by welght cannot be converted to concen-

* . tmtions by particle count becsuxa of the nrhbilfty of gise, shipe
and 8 nmvity,udthamhmn charactaristica duatcnunbinglhd
welg proosdures, Ons of dust pgr cuble mater of air may
npmmt dust counta from 1 on to 100 militon gﬂdu ‘ﬂ:" oubla foo!;'
of alr (ightficld microsgope: ‘h:eimic) ritratiop of




'gam -In!ombnonofﬂmﬁypolm‘ns ified appliea-
%gmbome ‘:gnﬁinedphy smultaneous ssropling for both counting and
oprefully at the hme all Eactory that might uﬂ'oet the

noting
mpmducibimy 7 of tas count-welght rat .
Ermoko Abatement sud Alr Pallutien Coateel '

Succesful abstement of atmospheric pollution esused by smcke regulees

bixed of ths bustion, enginear, industrisl axecutive,

the ﬁ. T elorts g]nnmning > on and the commumr-y st

o iyl bl Bk B
§ on noausirial fol -}
donmho ol e geﬂnotwa n.tdm solutdon af this problam, I the

dm"; where nuissnes froos mmols,-fy-ssh-and cinderm ia more serious,

aresd abtain sooxs reliel by the use of disirict heating, (Ses Chap-
tem?ai 4 n:d 16 for turther disoussion on fel bumlng tachalo, }

Tanzam 2. Voger Conmmraarionw Riwoes

- cugrame | Mamuim
=T (T T~ PPN B X 7= 8 X
o \3 O LR P &
Ingartn diﬂdd! .......... 2.1 -2.9 0.2 - 5.0
) dur. I{ hoxgckl'nrnﬂnu ) 0-24_-2‘.,3 0115.:%300 i
'&“"h"b' oo v o] 4000n,000 T | 30,008-500, 200 -

ol -2y mredar.
1-;-4-&% l.‘nuw -rmmpumulm

Many mﬁnt ordinances hmlt tho wumbet of minutes in any one kour'
thatamnks of upeeiﬁed density (determined by comparison with & B.u.gel-

_mang Chart whioh i deseribed in Chapter 40} may be-discharged.

Thare is avw consigerable lntetest and activity in ihie oonixof af n.lr pol
Jution fuotors in addition to amcke, Diffoujty in the establishment of
acoapiable criteria for certain corrogive and initant gases, such as fiuorides

nod the oxdes of sulphur and pitrogea disobarged :&th the gases of dom- )

bustign, sad the trequendy complioated ¢ pr
epcoun| have deluyed ths draftity and enforcement of
Iegisiative measures Heoant reporis of an idoreased incidance of disesses,
mah &5 preumonis and lu :.if cancer, in aress high In certain gir contami.
e furthef oritival investipaiion before mspw.acﬂ The values
73'" bed will ndatbtedly be lower thas the' M A0, (Madtim
Nlomhla nonntmhm) limity for use in industry, becaiss the exposurs
la pontinucus compared with the B-hourday, § or 8-day weak wpon which
M.A.C, vajues nre based, and because the exposed population contnma

" individuals with grester variation in ago and health gtatus,
In fopry weathber, or with a2 fneereion of atniespheriv omdiﬁou,aceumu- .

intlon of gasecus sonl may cause imtation of eyes, noss, and
tegpiratory pasasges, And pomsibly ‘cause. sven-more serieus hymiclogical
eﬂents The Mangs Vﬂl«y log disaater (Belgium 1930 the Donora

oy (Peansylvania 1048) ars classic examples in the aistery of ganeoa
nlr paliation, In hbth insbances it is beliaved that Rritant gases, ‘princis
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fmmlmi ting during periods of exceptio R
rofiaged melemnlogol o s oy St o e s o] |
mmypmom,udmthe desth ox Rome-

G were upem.l;y maeaptihle %

Ah:orpdon of Selar Radiation

* Ahsorption of solar witrviole; Ught by mmoke and soot Iy Jud H
A beslth ﬁoblem in many industrial citiss. Messareqenis of
tion in Baltimore! by actinie mathods damonsirsted that ulhsvioln i.
intenasity in the country was 50 perownt greater than in the city.
York City' ailoss ugru!. xa 50 percent in visible hght was foumd byphdto-
elaptric measureaments.

ODOR NU].‘SANCB .

* A problam compsenjooate with smoke sbatement is the contral of odor
nubserice m the ndahbodmud of industdal plants Alscharging noxlons or
offensive sir contamizants. Communiy platning and loning will ayoid
-oxuch of the diffoully in the Pibure, bt nnmwh:lz many ndustrial cities

tnust resort to corrective mansures f::r ostalistion of air slauu:f
N devison, slteration of manufaglurng processes, or ﬁ:mjnn
fendive operatiom in residantisf or commercial distriots, - ..
. Contml of outdeor odor hulsance is eeyecwly troublescmne. becatse cu‘

~  the extremely mimute qumhﬂu of eqntaranant that are ou.puhle of offend-, !
iugthmughsmdem;. New indusirial cheijoals with sh-ugenrm- ]
Ixmitiar odors tend 1o raccive more aitention Irom the bhorhood than
the auslomary ore genomatad by wall inown proocsses raw materialn.
Moatboda of odor somimt cwrrently in usa itolude chareosl sdscrpiion,

sarubbing towers and air wishews, shiprination, sondensstion, raaking,
’ nsmsc cl iha odorous afr through sombuntion gham bare, dupemcn
Ebro #tack, siad best of alf, kabatiution of lee offencive materisly
WbWIVDl‘ pomlhlo." snn N .
Control of sir quality wﬂ:hln ulldiogs ventilated for Inunan acoupagey |
Is iioumed n Ghapier 6. Tobauso-armoke odors, cotking odurs sad |
body odore are air ccm.ammu ¢of the msance 4ype whith now ¢otumand
a deaisive position in the sfanderds of ‘ajr quality Jdor indoor gomfart.
However, the engineer will Hud, at limew, that -odom crigioating otuaide
buildings in industrial cr business ots any detenmine the snd -
» capaaity of equlpmunt be must, provide ﬁnrn\lngg guality air bupply insal.

{tation

- Many W sources of coutammanta Their coatrol
o an lmpm'hn'k funoﬂm of the mhhuuti’m- air comditionlng engtneer,
within b the rmediumn whereby such |
hlthloea;d m?er L; dizparsed snd mm@”w”ﬁ:: aoénlr?e to
temo ons whern {6 may cause property o ce, fire, ax-
ploslon, disetss and sven death.
Tablex 3, 4 and § gve the marimun allowasd mmwcwﬂ values for
~many indugtrisl sir contaminants sg adaptad by the Seotional Cammitter
- Z37 ou Allowable Concentrations of Tuxic Dusts and Gasen of the drwer
| Sonn Stardizrds Astociation, and ax reparted by the Committes ot Threshold
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f;-kﬁlcoim’sm Lo "'1"1"“ . ' 10
h AW’ 3 Gmfa—maa qf Governmanial Indua—
Ui 2 im?ﬂtgnmmg :

p&mmﬂ that thesd limﬁ’a in tha great wajority of in-
It m“t be ’mﬂwm mazsmaen working lovele since they are exiimstes, |
I, masy sases upod ncomplets environmental and medical studies,
Where there 18 t between the AS4 Btandard Z87 and 4 C.GOIH.
values, reliebility of the 444 Standard iy kuorensad, The values are not
fixed, ot are Tmbleat 1o revision, upsard o;;luwnmd wip.;.h &hm
armation, Btw i DYy mexns oo,
gt of m 238 values ameng respcnaible industrial hygienista. '

tnapxﬂm thesa g-mds limmtte, the lollowing Iactoss roust be c(ms{dered

L The deration of xpoeurn laB ke duy for Gor § days n week,
2, The messurapsnty trs-Indicativs of Lhe. soncentraiion in ;hg bresthing mome
of tha persnd. .

th-
T B il gl o g e Y

mt if :m ppnh eenglﬂand (qft for d-howr axpoaurs, thal hnu PR Eot ona kuux
"l be

mwﬂm -lmR.rH,A.O. wahien mayhe qu¥e dilffersnl uh ph .

[ullﬁul tﬂuu In cts she ulpu of & linll.
fonted disoomiort taatoz, with a wide mar safety befors

e mﬂ”gl sneoustsred, «. 8 in wnother case vu.hu repreacista
n ;Enmbh Enntlen of the nunemrn'hon which may be mdabed with sarars

8. These u&wlm uppec Lnlte; Tt s desireble. o oparate well belgw thy isvals

promit, rudent sngizeer .
pc:tc '» feazansbla margin nﬁdny gl Lo d fs i D

In I‘nble 3, Gdunznl listé the 484 Bectlonsl Committes 237 M A_C.
values;, Col % thosa of the ACGIH, Commitice om Threskold
Limits. Colmn & gives the yalue lngn?-}psr oubia meter or cunces per
1000 eu’ft for the correspoading 4.C.G, Imits; Caluma 4-shows the
fuid ounces of chemital, if it §5 & qu;udMZJC (88 I}, vhiah.l.foquxuy
dispersad. in 1000 ou ff, would give the cerresponding ML.A.C.

Ta Tabie, 4, Columns 1 aod 3'are raapectzrabr the M.A.O vxlsm from
T e s e g

In Table &, the M.A.0. values nranumbero duxtx '
were obtalnad e data of the A.C.G.LH. Comities on i
Limite,

Tuk tion om th sols, with h fa beal
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ATMOSPHERIC POLLEN

Proplrﬁiu of pollen d.mhaﬁedb grasees pnd t and
tmpamibefﬂh}%fwermd&pec mm{uthées!mofurmnhg',

exgic Discrders in Chapter 7, sand Air Cleaalng, C

m&?m le grains and Ly 1mmpnzud hy zha &lr 2
betwaen 10 and 50 microes ih aise, but some have been ﬁ‘.
a3 5 miorans, and okbérs over 100 migrons In dism m:-. puﬂtn.

g&zu are fninly umrorm n_gize within the range of 18 to 28 migrons.
ollerl graing 8an b remaved [rom’the alr more readily than the particlos
of d\ue prevelani in_outdoor air or produced by dusly smca I'.he
rer predorninate in the taoge of 0:1 ta 1) microan in sisa.
Moct. g,ra.im ars quite bygmaonw axd therefare vary in welght w:t.h the

hum.ldi IMustratioos sad data on Individual pollen graing wre avnilahle .

h Scal Jiterature 8,311 cal distribuf F -
lmm.hprvduaehqyamnmu mm?é‘ lon ° plants
The quagkity dpaﬂéummstnthuk'h generally eslimated by exposin

50 adhelyedonted Zlias pist cutdoors I 34 oy 208 Lok poaing i d
bra.tod axsng under the mieroscope.  Methods are availahle for determin.
ing the number of lmsgnhtu m”i‘h‘”ﬁ volumn;llsmo’:;:‘: but thair'
yu ADOUrfZyY not ¢a; grasity.

ide method ured far ‘mast pollen u:ruh antiog tt:r.hnlm v):l:y EomE
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ol grains found, 05”18 &q,
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nod reporting mathods p! the InbaTRbory. Tn.nm.l;ion of gravity counts

by spedial formulss to s volunietric basis, or the mwmber of

gTeing per
cubic yard or per subia foot uf air, B unrelfable bmum “of the gom; mp:ry

nfthamodif Tactors. Whnmuh!nfmmamisimvdzhnt.xt bust
eddnewybrnvolumatminxtnmb Thanumber of pollen grains
qubie yard of ane ovldeluyvmmfmm 4 40 20 times the nambaer found
m I sq am ol a 24-hr depanding oo gmin dlameter, shape,
specific gravity, wind vel hnmdiw and phynioal placement of the
mmuag platg, 3. W, &

AIRBORNE BACTERIA
the ovturnence and significsnes of m.lum-orgmhma in the xi-
“ﬂ%'m e S i e g o ¢ il
o , AGrD 5 public
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- the worlers in this feid b scoumulating the geoedsary mass of evidende
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tion I8 feastbla for the p or preservation of phar ticals; oos- -
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