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" operation csuses tomporary discomfort and interferes with effective operations.
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Preject Ko, 4~1
File 724-31 10 Soptember ‘45
1, EBDJECT ¥O. 41 Duet Exposure in Armored Vehicles, Pinal report on

Sub-Froject 4«1, Determination of Dust~loads and Characteristics of Dusts
Encountered in Operation of Armoersd Vehicles.

a. Aythority - Letter Commanding Genersl, Headquarters Armored
Force, Port Knox; Xentucky, File 400,112/6 GNOHD, dated September 24, 1942,

b. iurpose - To determire the characteristics and concentrstion of
dust encountered by armorcd personnsl, with particular reference to the silico-
sia problem, )

~
2;&1&_%: Dust. concentrations reprecenting a wide varisty of opera=
ting ¢ tions and the frse silice content of the respirable portions ¢f dusts
from oparating aress ben detsrmined. These findings are considered in
relation to the possible ailicosis hazard smong armored personnel,’ Dstaile-sre-

Siven—in-ApRNaL A, L
3o-GOMCIUSIORS: = - - -

_ 2-a, Owing to the low free silica content of the respirablé dusi, the

fiscculont nature of dust clouds and the limited duratiocn of sxposurs, 2ilicosie
is unlikely in armored personfiel as a result of their military oporatione,

“ “be Dust generated by armored vehicles under extreme ’—cw"ditims of

& - ORS 2

&, Zvery ariort should.be msie to reduce the amount of dust genersted
by armored vehicles and develorment of a practical air cleaner for use with
positive-pressure ventiiation of the tank crew compartment sheuld contime,

b. Dust protective gogeies and expersiable respirators should be pro-
vided for armored personns] when neaded. .

NOT3: The recommndatincs a2 2et forth in this project have been comgurred in
by Hq. Armmored Center and the president, AGF Board No. 2.

Submitted bys ¢ z;his d:_c,u"ncnt has bacn anuroved
Thecdore P, Hatch, It. Col., Suf °f PUBLe r6luse oud oles o
Robsert H. Walpole, Captain 5&.  Siribution is wolimies
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The dust coneentral.-ong to ~hich arsurei perzonnel &S oxposed vsry Fidelge
from jmporceptidble lovels $0 demse alouas whish may reduce visibility te aimoal
wBro, Cloud concentration waries with type snd aryness of the gromed and with
inteneity of operation, The dust conditione et times constitute s groal nuisance,
csuse temporsry discomfort and interiers with opsratdens; for theve rosscns avery
sffort should be made to veducs ths wasunt cf dust gener~ted by avmored wenicliss.
Frogresa has been made in this coxndstion threwgh Lmorovement in design and
exhaust terminals and application of dust skirie wnd work 12 ia progress by
Ordnance on the davelomment of pracifcal alr clesrers for ¢rew=compariment venti~
lation syatsce of the positive-pressure typs.

The purpose of the presant repor!. is Lo review ths dust preblem from the
standpoint of the possibls hoalth hazsrd, with particular reference to silicosos
a8 the dust disease of primsty interest.

Silicoris {5 caused by the spscific sction of crystsalline silicon dicxide
(S405) which has sreumilaicd in the desp sir speees of the lungs as & result of
prolonged exposure to dusiy alr conteining fine parficles of Lhis materisi. The
particles of Si0; in the air must bs sxall encuch to penetr< .o the terminal
air sace of alveoli (less than 2 microns of 2/25000%k imch in J:umeter, gracti-
cally) and the rate of scoumilation of 850y in the lungs must sXiewn 8 cortain
minimm lsvsl i ordsr te preduce the disscse, The padicd of exposure rsquired
to develop ailicupis variss fyos monthe to yoars, depending upon the- percentage
of free sillce, the Pinsveas of iy dust amt thy corcaniretisu to which the
individual is exposed., Silisesiz is an industrial dissuss, wcotering chiefly
anong haid rock miners snd stone cutters werking in flind, granite and other
rocks rich in quarts. Operations-such as said blssting, crushing, packaging and
hendling inely pulverised materisls of nizh guartz content are hls: hazatdois, -
Taking the granits cutting industiy ss a typical exmapls, tus cowitions mhich
lead to silicesis are: 358 fres-silics in it stons, cutting proceaess which
produced much extremely fine dust, dust concentpaticns generaliy abovs 50 million,
parti.les per cubic foot and, in many instances, well sbave 00 a&llion, sxposurs .

of 10«20 ysare. A dust copcantration of 0 millive partitles par cuble foot has
baen sstablished az the saximm safe lsvel for continucns exposure in thie indus-

try. .
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ssious silicceis provlems. Youndry dust, for examsle, copiniot tnize as swsh
free silice o3 does grenite dust but silitoris ls mla\svely mus smwong foundty °
sen. Silicosis has 2ot beaa Peported among farsers; Sealice opavsiore or sarth |
excavators nor doss it apperently occur amnz dedssd dmellery desvits the high .
quarts content of moet soils. Ons sxplanaiion for tho sppeipt frardem e
silicozss in these casis 1z that the free silica contest of the Nuaf b mot
uniforaily distributed with respoct to perticle size, Meing congeNtrated in ihe
iarger particles, Thus, a tolsal sampls of & v dust, fo7 emiapla, mey cosiein
76% free silics wueress the porddon of the scaple smaller than 2 misvens ip dlewe
ster will contain as 1-.ltle a2 58, Since snlr the eonil pertisied peseirats Wy
the alveoid 4t is evident that toe hasard ic not mussaw: by the composition of

the total sample. Ancther determining shsrastaristic s the dugree of dispersion,
oF its opposita, the dezrwe of flocculation of tbe dust. Haturally cecurring dusts
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(finely pulverised carth, natursl sands, etc.) are not easily dispersed as sep-
sraied psriicles. In the absence of fedrly vowerful disrupting forces, the
finest particles remain atiached to the larger ones in the dust eloud ard the
eige of the flocoulatsd material limite the depth of penetration into the luncs,
Granite cutting procesass evidently generats separste fine particles. Many
foundry operations, on the other hand, merely throw material inte the air without
breaking up the flocculated masesz, Similarly, earth excavation and the like

do not really disperss sspsrale particles,

The akesnce of spesific lung damage in the cases cited is of significance in <
connection with fhe dust problem in armored vehicles ainze the uature of the dust |
and ssthod of laspersion are probably similar, Further information on the naturse |
and magnittde 4f dust exposures in aymored vehicles is given bLslow. ;

1. Dust Concentrations ~ Owing to the wide variety of conditions of operaticn
of armored vehicles, a representative measure of dust concentration to which
peracthnel ars exposed 2an be given only in terms of the range of concentrations
encountared-~fron low to high activity. Data covering such a repressntative cross-
saxtion of activities ars presented in Table 1, Most of the samples were collected
by the Deseirt ¥Warfare Board in the Califdrnia Desert Training Center area and sent
to the Laboratory for analysis.* The findings, as presented in Table 1, are
separated into groups according to activity. Concentrations range from a minimum

-Bf 9.0 2411ivn to ai extreme of 1500,.0 million particiss per cubic foot. During
halte, 1r bass cseps and the like, representing relatively insctive pericds, the
dust concentration 15 gsnerally below 50 million particles per cubic foot. At
the octher axtrems, when tanis are trevelling owr dry, pulverised aoil in closs
formation, the comcentrations will be found in the hundreds of million, Clearly,

the aversge daily exposure-will vary widsly, dspending iupon the pattern of activity,
Por days of gerwrslly low activity, it will be below 100 million; on days involwing :
oondidorabls coavey driving, the aversge will be greater thsn 100 million particles

per cubic fool with short perisds of extreme exposure during the day.

2. Earticle Siye - The particle size of the airborpe dust raised by armored
wehicles may be axprcied to vary with the finensss of the s0il and the degree of T
attzition, The finenest of solls in the California desert area was fourd in &
ssriss of 38 samples to differ widely, as seen in ths following tabulation:

Aversge Kusbor of Perticles lass

Percant of Swgles be o
15.8 3.3 x 107
26.3 7.6 x 107
k262 7.7 % 10° |
15.8 1.2 x 2010 '

¥ The Desori Warfare Board letter report, Study of Silicosis Hazard in the
Desert, 15 Pebruary 1944.
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For the agme degres of ground disturbance, sis would expect greater
atmospheric dust <oncentrations with the finer materisls. Roughly, this proved
to bs the case with the sampled listed in Table 1; but & clsar relation was lost
owing to the widsly different dogress of activity., Saxplss of airborne dust
collected over well-wory dri rangss at Fort Enox had a medisan perticle sizs
of approximately 1.0 j:, with 505 of the particles less than 3.0 m. Alr floated
material from Arizona dsserd was samswhat smaller, medien Q.75 p and G0A belew
2.5 po By weight, howaver, 90% or mors of the materisl wae lavger than 3.6 p in
both cases. Ho informaticn was obtained on the degrss of flocculation in the
dust clouds. As comparsad witdh industrial dusts, howewver, the gettling rate of
the dust was high, imdilcsgtive of a velatively high degred of flocculatiom.

3. Pres Silice Content® - Tne fres silica contant of the total sample of air-
borne dust collected in the Celifornis desert was found to be 36%. A sample of
sir-floated dust from the Arizons desert contained 18%4 free silica «nd a so0il
saxple {(screened through 325 mesh) from the California ares had only 127 of
quarts. In the cass of the Arizona sample, containing 1688 in the total sample,

a fraction having an average particle size of 11,0 jt containsd 258 free-silics
whereas a finer {raction {average 3.5 u) eshowed 128, or less than hallf as much,
The average free silica content of the <2 p fraction of 30 soll sarples from

the Celifornia desert was found to be 4,08, ranging from 0.5 to 728, The tulk
of the remaining material was muscovits {mica) with zmaller portions of acid
soluble substances-«~calcits ard halite., By chemical analysis, the <2 a fractions
were found to contain an aversge of 45.9% total silica {free and combined) whersas
the total soil saeplass contained 625, Since the silica-content of soucovits is

spproximately 45%, it is evident thst there could be very litile fres silica in the

fine fracticn.

ho Disgussion - That armored personnel ave, ai times, sxpossd to extremsly
high dust ocncentrations is evident from Teble 1, It ie 2lso evident, however,
that the averags dally cencentrativn will vary widely, depending upon uctivity,

of the <2 micron frastions of soil samples and of airborne smples

indieate that the free ailica comtent of the inspired dust is comsideribly below
the level generally associated with dewelogment of silicosis, The floiculation
of naturally-ctcurring pulveriszed material furthsr limits the hazardous nature
of the dust, Finally, ths intermittent exposure of arsozed parsonnsl tvo extree
dust concentrations, and ths limited durstion of exposure as compared with ths
years cf daily contact with dust which preceeds the dewslopment cof silicoeis in
the mining and stone eutting industries markedly rv luces the potentizl hasexd,
Despite the intermittsat high dust concantrations, the finding of low contant in
the inspired dust, the flocculent nmature of natural dusis and ths limited ex
of arxored persomel coupled with the favorsble past sixperlence ol workers in
soaswhat simliar dusl edsiiticns, gensrally prscludes the likslihood of silicesis
among armored psrscomel. This doocs not lessen the dust problem fyom the stand-
point of tsaporery disesmfort, or interfererce with opsrations. Efforiz to reduce
the dust prodused by armored wehicles should contimue and personsl protsctica in
the fore of goggles and throw-sway type respirators sheuld be provided for use
whsrs needad.

“¥ 211 resuits were ohbtained by Xeray anzlysis.
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SUIIARY OF DUST CONCENTRATIONS TO WHICH AMMORED PrRSCMMEL ARE EXPOSED

CFERATIONS

Dus? Conceéntrations

Jillions per Cubiec Feet

Alrborn dust foom Infantyy camp; scwme from a rood grader 9.0
Motor pool of a Medical Battalicng siow tralfic 32,0
Bivovae ares, Sunday aftermcon, fresh treess 15.4
Div, Surg, Tant, Hdgrs., Camp arsa 21,0
- Aly Baso; planes taking off clsan wmumwsy 2.7
Eotor pool; ammlance driving in locse sand 22,5
Infantry training on Regt. parade ground 25.0
Ordnancs unlcading depot, Only thres wwhicles moving 27.7
Army truck riade Dust rolosd by staff car 27.7
Regimental srea of Cemp; normal traffic 23.0
Cas dwap; nc vehicular movemant. Idght to no bresze 2.2
Repssted passage of f=ton truck on tenk trail 29,2
Bailhsad with iight traffic; no convoy xovemsntis 51.0
Raiihead with littile tz'affic 32,0
Hdgrs., Canp: light ¢raffic, fresh breesge 32.2
Ordnance unioading depot; heavy wind storm; no traffic 345
Inzmtry 0431!.!; & Ws ahead of azapler 41.0
In coivoy lhind half-track hi.2
Asst, drivwir®s seat; light tenk midway of column of tanks (co 42.7
Bvacustion Hospitsl Ares; sandy surfece, {resh breezs i bhe2
Gorner Tank Battalion kotor Poolj 1€ tanks and 1 4ruck moved 58,7
Entrance tD railhead; almost contimmious truck traffic 81,0
Troops drilling==no traffic 51.7
3. High ﬂﬂﬁmy

Hmr rosd; dust reised by staff car 7540
Go of cergo trucks spaced 100 yasds 79,0
Trom -tcan tyusk and wind-blown dust Q% G
Deliberats dust disturbance by {-ton truck 113.0
Conwoy of trucks and towed 75 mm guns 131..0
Rejeated psssage of {=ton through pulverized silt ted 160.0
poving tank column 187.0

Inalde wnk {cllowing another 150 yexrds A9%.0
Ganwoy of trucks passing by +  250.0
Following d=tom truck §72.0
‘Zhirty fent bshind half-track; loose sand 750.,0

{Contd next page)
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TABLS 3 (Comtia)

ko Extmm Acté.vit: (eomiitians éxclibarawly ﬁxsﬁ tor mzimm dus‘aimaa)

Bost Goneentrations

mxm p-ax' ) C&abie !

Yediun tank opsrating alons on dry driving range, 10 sph 145.0

Yedium tank operating alons on dry driving rangs, 10 smph 350.0

One tank tralling another, dry driving ramgs, i0 mph 630,0

Onwu tanie trvalling amother, dry driving range, 10 mph 700.0

8 of eclumn of 5 light tanke, 10«15 mph 2500

Pive tanks in » BaEpled 4n 6th contsr tank 30,0

¥idway of column of *6 1ight vanke, driving into wind 1250,0

Hidway of colurm of & 1ight tanks, driving imto wind 1500,0

5e  Swpmary Aysrage Rengs

Kinizom 83%5.71@ 25.0 9.0 to 35,0
Hoderate sctivity 46,0 hl.0 to 52,0
High sativity 231.0 75.0 to 750.0
Extrame setivity §20,0 L5.0 0 1500.0
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