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The use of am mu ni tion primed with de pleted ura nium is one of the hall marks of mod ern
com bat op er a tions, re sult ing in en vi ron men tal con tam i na tion by par ti cles of de pleted ura -
nium and ura nium ox ide, scat tered around in the form of submicron-scale aero sols. This pa -
per ex am ined the pro tec tive ef fec tive ness of the Ser bian mil i tary's  M3 pro tec tive face  mask in
re la tion to the pres ence of air borne de pleted ura nium and its by-prod ucts. So dium chlo ride in 
solid aero sol form was used as a test sub stance and ad e quate phys i cal sim u la tor of such ra dio -
ac tive aero sols be cause its granulometric (par ti cle) size dis tri bu tion met the re quire ments of
suit abil ity as a sim u la tor. De ter mi na tion of aero sol con cen tra tion was car ried out by flame
pho tom e try method, whilst granulometric dis tri bu tion was de ter mined  by an elec tric par ti -
cles an a lyzer. It was es tab lished that the to tal in ter nal leak age of the M3 pro tec tive mask was
as much a func tion of the pen e tra tion of par ti cles through the com bined M3 fil ter as of the
leaks along the fit ting line of the user's face mask and the in ha la tion valve. In terms of its pro -
tec tive ef fect against aero sols of de pleted ura nium and as so ci ated ox ides, the  Ser bian M3 pro -
tec tive mask  was de ter mined to be of high ef fi ciency and phys i o log i cal suit abil ity.
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INTRODUCTION

This is sue is in creas ingly com ing to prom i nence
due to the wide spread ap pli ca tion of ra dio ac tive iso -
topes and the pos si bil ity of their abuse. The in creased
pres ence of air borne ra dio ac tive aero sols may have re -
sulted from nu clear ac ci dents [1, 2], traf fic ac ci dents
[3], war op er a tions [4-6] and ter ror ist ac tions [7]. Ra -
dio ac tive aero sols con tain ing radionuclides of ura -
nium, pri mar ily de pleted ura nium (DU) can be found
in the air. DU is suit able as a raw ma te rial for ap pli ca -
tions in many fields ow ing to its high den sity, low cost,
and avail abil ity; in med i cine (as a means of pro tec tion
from g-ra di a tion), in the ci vil ian avi a tion in dus try [8]
(in air planes as a coun ter weight for pur poses of bal -
ance, in con tain ers for the trans port of ra dio ac tive ma -
te rial) and in de fense in dus tries [9, 10] (in am mu ni tion 
with greater pen e trat ing power; in “Tom a hawk”-type
cruise mis siles de signed to pen e trate tank ar mor, etc.).
DU is a by-prod uct of the pro cess of en rich ing nat u ral

ura nium with fis sion able iso tope 235U for use as a nu -
clear fuel el e ment. It con tains 0.2% iso tope 235U,
which is much lower than the con cen tra tion found in
nat u ral ura nium (0.72 wt.%). DU ra dio ac tiv ity is at
most 60% of the ra dio ac tiv ity found in nat u ral ura -
nium, and there fore it is con sid ered a low-ra dio ac tive
waste [8]. There is a sig nif i cant eco nomic in ter est in
coun tries that have huge amounts of ra dio ac tive waste
to dis pose  of  in an ef fec tive way. It is es ti mated that
dur ing pro cess ing of nat u ral ura nium for the nu clear
and mil i tary in dus tries in the U. S. 700 000 tonnes of
waste has been ac cu mu lated [11].

The use of DU-en riched am mu ni tion, be cause of 
the ra dio ac tiv ity of 235U, 238U, and their de scen dants,
leads to se ri ous and far-reach ing con se quences in the 
health of hu mans con tam i nated with aero sol par ti cles
of ura nium ox ides [12, 13], as well as long-term con -
tam i na tion of the en vi ron ment – land [14-16] and wa -
ter [17, 18], where op er a tions are con ducted. Ura -
nium's iso topes and de scen dants be come highly
dan ger ous only af ter en ter ing the body, be cause they
are a and b emit ters [19]. As a heavy metal, de pleted
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ura nium pres ents both a ra dio log i cal and chem i cal risk 
to health. The level of risk de pends on the route of ex -
po sure and sol u bil ity. In DU chem i cal tox ic ity pres -
ents a greater risk than ra dio log i cal tox ic ity. The bi o -
log i cal half-life of ura nium  in a body is up to 15 days
for the kid neys, as a crit i cal or gan, and 100 days for the 
whole body [20, 21]. Health prob lems such as dam age
of kid neys, bones and other or gans, lung can cer and
breath ing prob lems [22] can ap pear years af ter ex po -
sure, through the orig i nal in ges tion and in ha la tion of
DU par ti cles.

The many mea sures to re duce  the risk of per son -
nel con tam i na tion by mi cron and submicron-scale ra -
dio ac tive aero sols, in clude the use of spe cial cloth ing
(to pro tect against ex ter nal ra di a tion) and re spi ra tory
pro tec tion de vices (pro tec tive against in ter nal ra di a -
tion). The Ser bian army uses mil i tary pro tec tive masks
for  per sonal re spi ra tory pro tec tion. It should al low 
high com bat abil ity of troops in all the cir cum stances of
sud den en vi ron men tal con tam i na tion (chem i cal, ra dio -
log i cal, and bi o log i cal). Ac cord ing to the Eu ro pean
stan dard [23], a pro tec tive mask is de fined as a fil ter ing
de vice for re spi ra tory pro tec tion of the re spi ra tory or -
gans, eyes and face from ra dio log i cal-chem i cal-bi o log -
i cal (RCB) con tam i na tion in the form of gases, va pors,
solid, and liq uid aero sols. It con sists of a facepiece and
com bined fil ter, fig. 1(a). Com bined fil ters are de signed 
to re move gases, va pors, and par ti cles from the air
stream that passes through it [23]. The com po si tion of
the com bined fil ter in cludes gas fil ter (ac tive charge of
the com bined fil ter) and par ti cle fil ter (fil ter against
aero sols) placed in a com mon filterhousing, fig. 1(b).
The par ti cle fil ter is made of fil tra tion ma te rial of fi -
brous struc ture fea tur ing  fi bers of nat u ral or ar ti fi cial
or i gin. Par ti cle fil ters are clas si fied into classes: P1
(³80%), P2 (³94%), and P3 (³99.95%) ac cord ing to the 
dif fer ences in their par ti cle-re tain ing abil i ties (a mea -
sure also ap plied to the par ti cle fil ters that are an in te gral 
part of the com bined fil ters [24]).

One of the key pa ram e ters for as sess ing the pro -
tec tion ef fec tive ness of a pro tec tive mask is mon i tor -
ing the pen e tra tion of aero sol con tam i nants, i. e. de ter -
min ing the in ter nal leak age of pro tec tive masks.

Since ex per i ments with real con tam i nants in lab -
o ra tory con di tions are a high-risk ac tiv ity, in prac tice
one ap plies the test method of gen er at ing  aero sols of  a 

non-toxic agent which sim u lates the pres ence of con -
tam i na tion in the air [25-27].

Pre vi ous stud ies of mil i tary pro tec tive masks  
of fered no ex per i men tal proof of   their pro tec tive ef fi -
ciency  against ra dio ac tive aero sols, only pos i tive hy -
po thet i cal as sump tions. The aim of this study was to
in ves ti gate the ef fec tive ness of the pro tec tion af forded 
by, and the phys i o log i cal suit abil ity of, the last gen er a -
tion of per sonal re spi ra tory pro tec tion de vices, in cir -
cum stances of en vi ron men tal con tam i na tion caused
by use of am mu ni tion en riched with DU.

EXPERIMENTAL

The sam ples of the M3 pro tec tive mil i tary mask 
and the com bined M3 fil ter, on which test ing was per -
formed, were prod ucts of “Trayal” Cor po ra tion of 
Kru{evac, Serbia. The  par ti cle fil ter within the com -
bined M3 fil ter   was a type of ULPA fil ter  (man u fac -
tured  by the French com pany, Ber nard Dumass SAS).
It is made on the ba sis of submicron di am e ter glass fi -
bers (with a fi ber mean di am e ter of about 0.40 mm).

The ap pear ance of the air, in clud ing po ten tial
con tam i nants within it, in the dead space of a mask 
dur ing the in ha la tion phase is most pos si ble dur ing its
pas sage through the fil ter and through el e ments se ri -
ally con nected to it, or on the fit ting line of the breath -
ing port (facepiece) on the user's face. In ac cor dance
with these fac tors that can di rectly af fect the pro tec tion  
a pro tec tive mask  af fords against  DU con tam i na tion,
the fol low ing was car ried out.

Testing of filtration efficiency
and inhalation resistance of the
combined M3 filter

The method and ap pa ra tus for test ing with aero -
sol of so dium chlo ride per SRPS EN 14387:2007 [27],
shown in SRPS EN 143:2007 was used [24]. In ac cor -
dance with the method:
– the tak ing of rep re sen ta tive sam ples of the com -

bined M3 fil ter  was  per formed by ran dom se lec -
tion of the re quired num ber of pieces of in di vid u -
ally packed fil ters (8 sam ples),

– fil ters were pre pared as fol lows: 4 sam ples were
ex posed to me chan i cal ef fect, and 4 sam ples to the 
me chan i cal ef fect and tem per a ture con di tion ing,

– us ing a  Collison-type spray, poly-dis persed solid
aero sol from a 1% aque ous so lu tion of NaCl, a con -
cen tra tion of C0 = 8 mg/m3 was suc cess fully gen er -
ated,  with  the  fol low ing  char ac ter is tics:  par ti cle

di am e ter dp = 0.02-2.0 mm, par ti cle me dian by

weight MMD = 0.40 mm, par ti cle me dian per num -

ber NMD = 0.03 mm, geo met ric de vi a tion sg = 2.53; 
the granulometric size dis tri bu tion of the gen er ated
par ti cles was de ter mined by the EAA-3030 elec tri -

D. S. Raji}, et al.: Test ing the Pro tec tive Ef fi ciency of Per sonal Re spi ra tory ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2013, Vol. 28, No. 1, pp. 102-107 103

Fig ure 1. Ser bian mil i tary pro tec tive mask M3 (a) and
sec tion view of the com bined fil ter M3 (b)



cal par ti cle an a lyzer  (man u fac tur ing  com pany: TSI, 
USA),

– fil ters were tested at a test aero sol flow of 30 dm3/min,
– con cen tra tion of test aero sol was mea sured be fore and

af ter the tested fil ter by a Type 1100 So dium Flame
Pho tom e ter (man u fac turer Moores  Ltd., Wallisdown,
UK),

– ini tial pen e tra tion  was mea sured 3 min utes af ter
the com mence ment of the test, as the av er age re -

sponse of the in stru ment in an in ter val of 30 ± 3 s;
pre cise de ter mi na tion is pos si ble in the area of
0.0001% to 100% pen e tra tion through a fil ter, and

– re sis tance of the tested fil ter at a test aero sol flow
was mea sured by dif fer en tial “U” wa ter me ter
pres sure drop in front of and be hind the fil ter.

Testing of internal leakage of the
M3 protective mask

The method and ap pa ra tus for test ing with aero -
sol of so dium chlo ride per SRPS EN 136:2007 was
used [26]. In ac cor dance with the method:
– 10 examinee were en gaged in the study (shaved

per sons – with out a beard and side burns), se lected
ac cord ing to spe cific cri te ria of anthropometric
ma trix – fig. 2 (cov ered all the typ i cal char ac ter is -
tics of us ers' face, ex cept for ma jor anom a lies), de -
fined by SORS 8746/05 [28]; these peo ple had al -
ready been trained  in the use of iden ti cal or sim i lar 
de vices for re spi ra tory pro tec tion,

– dur ing test ing 10 sam ples of M3 pro tec tive masks 
were used. First, they were tested as un treated sam -
ples (in the state in which they were re ceived). Then,
they were tem per a ture con di tioned, and af ter re turn -
ing to am bi ent tem per a ture, tested again); the tak ing
of rep re sen ta tive sam ples of a M3 pro tec tive mask is
made by ran dom se lec tion of the re quired num ber of  
in di vid u ally pack aged masks,

– us ing a Collison-type spray poly-dis persed solid
aero sol from a 2% aque ous so lu tion of NaCl, a
con cen tra tion of  C0 = 11 mg/m3 was suc cess fully
gen er ated, with the fol low ing char ac ter is tics: par -
ti cle di am e ter dp = 0.0-2.0  m, par ti cle me dian by

weight MMD = 0.60 mm, par ti cle me dian per

num ber  NMD = 0.03  mm,  geo met ric  de vi a tion

sg = 2.53; the granulometric size dis tri bu tion of
the gen er ated par ti cles was de ter mined by the
EAA-3030 elec tri cal par ti cle  an a lyzer  (man u fac -
tur ing  com pany: TSI, USA),

– test ing  was  per formed at a test aero sol flow of
100 dm3/min to the test cham ber,

– con cen tra tion of test aero sol was mea sured un der
the facepiece and in the test cham ber by a Type 1100
So dium Flame Pho tom e ter (man u fac turer Moores
Ltd., Wallisdown, UK) by the fol low ing method:

– a con cen tra tion sam ple of test aero sol leaked un der
facepiece, Cm, was taken through a sam pling tube
con nected to a mask over a wa ter drink ing tube  by
the se quel (the facepiece was not dam aged),

– a con cen tra tion sam ple of test aero sol in the test
cham ber, C0, was taken by a spe cial sys tem for sam -
pling and de ter mined with the same pho tom e ter, and

– a pre cise de ter mi na tion is pos si ble in the area of
0.0001% to 100% of aero sol con cen tra tion.

Re mark

The de ci sion for the use of solid so dium chlo ride
aero sol to sim u late ra dio ac tive aero sols con tain ing
DU, when test ing fil tra tion ef fi ciency of com bined M3 
fil ter and the in ter nal leak age of the M3 pro tec tive
mask, was made on the ba sis of the phys i cal prop er ties
of ra dio ac tive aero sols and gen er ated aero sol of NaCl.
In the case of DU, aero sols are formed by rapid cool -
ing of par ti cles gen er ated by burn ing ura nium at high
tem per a tures dur ing the ex plo sion or break through a
solid bar rier (range 500-1000 °C). It fol lows that the
di am e ter dis tri bu tion of aero sol par ti cles obey a
log-nor mal dis tri bu tion, where part of the DU mass
(50% max), ex ceeds into aero sol par ti cles of ura nium
ox ide. Up to 62% of those par ti cles are aero sols size up 
to 10 mm [29]. Char ac ter is tics of size dis tri bu tion of
gen er ated so dium chlo ride par ti cles are given in SRPS 
EN 136:2007 [26] and SRPS EN 14387:2007 [27].
Com par ing the par ti cle size dis tri bu tion of both types
of aero sols, it was con cluded that so dium chlo ride was
suit able as a sim u la tor of DU ra dio ac tive aero sols.

RESULTS AND DISCUSSION

Testing of filtration efficiency and
inhalation resistance of the M3
combined filter 

Re sults of test ing the fil tra tion ef fi ciency and in -
ha la tion re sis tance of the M3 com bined fil ter are given 
in tab. 1.
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Fig ure 2. Anthropometric ma trix: x – width of the face
(bizigomatic width) [mm], y – length of the face
(gnathion-na tion) [mm]  



The fil tra tion ef fi ciency re sults of the sam ples
in ves ti gated are very high and very ho mo ge neous
(stan dard  de vi a tion  0.000136). The  mean value of fil -
tra tion ef fi ciency is 99.9996%, which is seven times
higher than the value de fined by stan dard SORS
8829/05  [30]  (the  pen e tra tion of aero sols is 0.0004%, 
which is seven times less than the limit value
3.0×10–3%). In re la tion to the pen e tra tion limit value
given in stan dard EN 143:2007 [24], which is 0.05%
for the par ti cle fil ter class P3, the test aero sol pen e tra -
tion through the tested com bined fil ters is over 100
times less. So, based on the above, the test re sults ob -
tained dem on strate that the com bined M3 fil ter, as a vi -
tal part of the M3 pro tec tive mask, has a great in flu -
ence on the pro tec tive prop er ties of the de vice in terms
of ra dio log i cal con tam i na tion of the en vi ron ment.

The in ha la tion re sis tance mean value of the com -
bined M3 fil ters, ob tained at a flow rate of 30 dm3/min, 
is 122 Pa, which is over 5% less than the 130 Pa which
is the limit value de fined by the stan dard SORS
8829/05 [30]. Not one of the re sis tance val ues mea -
sured ex ceeded any given limit, so the com bined M3
fil ter fully meets the qual ity re quire ments de fined by
this stan dard. Con sid er ing that the re sis tance limit
value of the in di vid ual P3 par ti cle fil ter class (stan dard 
EN SRPS 143:2007 [24]) is 120 Pa, this is fur ther con -

fir ma tion of the qual ity of the com bined M3 fil ter,
based on the tested sam ples. The re sults of the con -
ducted tests give rise to a pos i tive as sess ment of the
suit abil ity of the M3 pro tec tive mask and its com bined
M3 fil ter in terms of real us age.

Testing of internal leakage of the
protective mask M3

Re sults of test ing of the M3 pro tec tive mask in -
ter nal leak age are given in tab. 2.

In both cases, the re sults of the in ter nal leak age
of the face-piece sam ples are very ho mo ge neous
(stan dard de vi a tion of the re sults is 0.000157 for un -
treated face-pieces, and 0.000125 for treated
face-pieces). The ob tained mean value of the in ter nal
leak age per examinee ma trix with un treated face-piece 
is 0.0006%, which is much lower (>80 times) than the
0.05% which is the limit of leak age given in stan dard
SRPS EN 136:2007 [26]. The sit u a tion with the
treated face-pieces is very sim i lar, be cause the mean
value of the in ter nal leak age of the treated face-pieces
which was ob tained was 0.0008%, which is also much
less (>60 times) than the stan dard limit.

D. S. Raji}, et al.: Test ing the Pro tec tive Ef fi ciency of Per sonal Re spi ra tory ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2013, Vol. 28, No. 1, pp. 102-107 105

Table 1. The values of filtration efficiency and inhalation resistance of combined filter M3 samples at a sodium chloride
test aerosol flow of 30 dm3/min

State of sample
Aerosol penetration 

[%]
Filtration efficiency

[%]
Filter resistance to

inhalation [Pa]

Working sample
code

1 MD* 0.0003 99.9997 120

2 MD 0.0007 99.9993 120

3 MD 0.0003 99.9997 130

4 MD 0.0003 99.9997 130

5 MD + TK** 0.0004 99.9996 110

6 MD + TK 0.0004 99.9996 120

7 MD + TK 0.0004 99.9996 120

8 MD + TK 0.0005 99.9995 130

Mean value 0.0004 99.9996 122

MD* – fil ters ex posed to me chan i cal ef fect
MD + TK** – fil ters ex posed to me chan i cal ef fect and tem per a ture con di tion ing

Table 2. The values of the internal leakage of facepiece protective mask M3 samples

Internal leakage of untreated facepieces
(mean value per examinee) [%]

Internal leakage of treated facepieces
(mean value per examinee) [%]

Ordinal number of
examinee in matrix

I 0.0007 0.0006

II 0.0008 0.0009

III 0.0004 0.0009

IV 0.0006 0.0007

V 0.0006 0.0009

VI 0.0008 0.0007

VII 0.0004 0.0007

VIII 0.0005 0.0009

IX 0.0008 0.0008

X 0.0007 0.0006

Mean value per examinee matrix 0.0006 0.0008



Ac cord ing to the facts pre sented, the test re sults
ob tained dem on strate that the M3 pro tec tive mask
achieves a very good fit ting on the user's face and very
re li ably pro tects against ra dio ac tive aero sols in the
sur round ing en vi ron ment.

CONCLUSIONS

For mod ern masks of the fourth gen er a tion, such
as the Ser bian M3 mil i tary pro tec tive mask, it has been 
shown that to tal in ter nal leak age is as af fected by the
pen e tra tion of par ti cles through the com bined M3 fil -
ter as by the leak age on the fit ting line along the user's
face and through the in ha la tion valve (pen e tra tion and
leak age are very small, al most neg li gi ble). Pen e tra tion 
of aero sols  through  the  com bined  fil ter  is  0.0004%,
i. e. the fil tra tion ef fi ciency is 99.9996%, which is
much higher, i. e. of greater ef fi ciency, than the stan -
dard re quired for the com bined fil ters and par ti cle fil -
ters. In ter nal leak age is 0.0006% per examinee ma trix
with un treated face-piece and 0.0008% per examinee
ma trix with treated face-piece. These val ues are sig -
nif i cantly un der, i. e. well within, the lim its de fined by
pre vail ing stan dards.

The M3 Mil i tary pro tec tion mask is phys i o log i -
cally suit able for ap pli ca tion in con di tions of real-life
con tam i na tion by ra dio ac tive aero sols. Based on re -
sults ob tained, it was con cluded that the M3 com bined
fil ter and the face-piece of the M3 mask were func tion -
ally com pat i ble when used in com bi na tion. For the
com bined fil ter as a vi tal part of the M3 pro tec tive
mask, a re sis tance mean value of 122 Pa at a con tam i -
nated air flow rate of 30 dm3/min was ob tained, which
is less, i. e. within the lim its per mit ted by the stan dard
for com bined fil ters, and even within the limit of ac -
cept abil ity set by the in de pend ent par ti cle fil ter stan -
dard.

Based on the pre sented, one can con clude that
the Ser bian M3 mil i tary pro tec tive mask is a highly ef -
fec tive and phys i o log i cally suit able means of re spi ra -
tory pro tec tion against ra dio ac tive agents in the form
of de pleted ura nium aero sols. This con firms the qual -
ity of the ap plied nanotechnologies in the pro duc tion
pro cess of the given sub ject.
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ISPITIVAWE  EFIKASNOSTI  SREDSTAVA  LI^NE  RESPIRATORNE
ZA[TITE  U  USLOVIMA  RADIOLO[KE  KONTAMINACIJE

@IVOTNE  SREDINE

Upotreba municije laborisane osiroma{enim uranijumom predstavqa jedno od obele`ja
savremenih borbenih dejstava. Pri tome dolazi do kontaminacije `ivotne sredine ~esticama
osiroma{enog uranijuma i oksidima uranijuma koje se raspr{avaju u okolinu u formi aerosola
submikronskih razmera. U radu je ispitivana efikasnost srpske vojne za{titne maske M3 u odnosu na
prisustvo osiroma{enog uranijuma i wegovih produkata u vazduhu. Kao test supstancija i adekvatan
fizi~ki sim u la tor ovakvih radioaktivnih aerosola kori{}en je ~vrsti aero sol NaCl ~ija
granulometrijska raspodela veli~ine ~estica ispuwava uslove za wegovu podobnost kao simulatora.
Odre|ivawe koncentracije ovih aerosola obavqeno je metodom plamene fotometrije, a
granulometrijska raspodela elektri~nim analizatorom ~estica. Pokazano je da ukupno unutra{we
propu{tawe za{titne maske zavisi podjednako od prodirawa ~estica kroz kombinovani fil ter M3,
kao i od propu{tawa na liniji nalegawa obrazine na lice korisnika i kroz ventil izdisawa.
Utvr|ena je visoka efikasnost i fiziolo{ka podobnost srpske za{titne maske M3 u za{titi od
aerosola osiroma{enog uranijuma i wegovih oksida.

Kqu~ne re~i: osiroma{eni uranijum, aerosoli, za{titna maska, fil ter


