EKOJNNIOTIYHA BE3NEKA, OXOPOHA NPALI

VIIK 614.89

S.1.Cheberiachko, Dr. Sci. (Tech.), Associate Professor,
0.0.Yavorska, Cand. Sci. (Tech.), Associate Professor,
V.V.Tykhonenko

DETERMINATION OF INSULATING PROPERTIES OF HALF-MASKS
OF RESPIRATORS IN TERMS OF PRESSURE DIFFERENCE

C.1.Yebepsiuko, 1-p TeXH. HAYK, /IOIL.,
0.0. fIBopcbka, KaH/I. TEXH. HAYK, 101,
B.B. TuxoneHko

BU3HAYEHHS I130JIIOBAJIBHUX BJIACTUBOCTEM MMIBMACOK
PECIIIPATOPIB 3A IIEPEITAIOM TUCKY

State Higher Educational Institution “National Mining Univer-
sity”, Dnipropetrovsk, Ukraine, e-mail: sihc@yandex.ua, lenay-
avorskay@mail.ru

JlepkaBHUIT BHIII HaBUAIBHUI 3aKia ,,HamionanpHU# TipHU-
gmii yHiBepcuteT, M. JlHimpomeTpoBchK, YkpaiHa, e-mail:
sihc@yandex.ua, lenayavorskay@mail.ru

Purpose. Improvement of the half-face respirator insulating properties testing procedure according to EN 140 standard.

Methodology. The filtering half-masks have been tested on ten testees with the mounted simulators of filters on so-
dium chlorine and paraffin oil test-acrosols. During the test, it was required to perform seven 2-minute exercises.

Findings. The technique for testing the insulating properties of half-face respirator taking into account air inflow
along the obturation line has been developed. It is based on the comparison of the values of aspiration resistance of the
respirators on a tightly sealed half-face respirator with a half-face respirator having small tubes of certain size and diam-
eter inserted into the obturation line to simulate gaps. The difference between these aspiration resistances allows deter-
mining the value of the gap between the respirator and testee’s face. Moreover, the results indicating the dependence of
the protective efficiency on the location of the air inflows along the obturation line were presented.

Originality. The dependence of the coefficient of test-aerosol penetration upon the value of airflow resistance of the
filter and the location of the air inflow gap has been determined. Various dynamics of flows can be observed under the
respirator and the location of the gaps near cheeks markedly affects the penetration coefficient.

Practical value. The technique for measuring insulating properties of half-face respirators has been developed. It has
been determined that the gaps to a maximum of 1 mm along the obturator do not affect the protective efficiency of the

respirator.
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The problem statement. Possible dust ethiology dis-
eases of workers depend upon filtering efficiency of the
means of individual protection of respiratory organs
(MIPRO). At the same time, experimental research shows
that this basic parameter of respirators is not constant in its
nature depending mostly on the quality of an obturator.
Most researchers consider it to be the ‘weak point’ of half-
masks. Thus, everybody has their own anthropometric
face features being quite difficult to take into account in
terms of mass production of protective half-masks. That is
why manufacturers try to find optimal solution for this
problem. For example, some producers insert rubber cord
into obturators of their disposable respirators to have con-
sistent contact with a wearer’s face [1] or special-purpose
sealants made of porous materials are added. In case of
elastomeric half-masks the task is solved by developing
several standard sizes as well as with the help of corru-
gated obturators and air ones [2]. Search for rational obtu-
rator design requires constant assessment of its insulation
properties performed according to EN140 standard. This
quite complex and long-term procedure requiring signifi-
cant costs makes it impossible to test the offered solutions
constantly. That is why simplification of the procedure to
test insulation properties of respirators is the topical prob-
lem to be solved as soon as possible.
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Unsolved aspects of the problem.The procedure to
test the quality of filtering masks according to EN 140
standard requires selecting ten testees with certain anthro-
pometric characteristics coinciding with the sizes of half-
masks; to replace filters with simulators and to determine
coefficient of air inflow along the obturation line in terms
of sodium chlorine and paraffin oil test-aerosols. During
the test, it is required to perform seven 2-minute exercises.
There are instructions as for determination of the value of
contaminated air inflow of ready-made items. In terms of
high-quality half-mask, it should not be more than 5 %.
However, in the context of such approach there are possi-
ble difficulties in comparing the data obtained from differ-
ent testees and half-masks owing to design peculiarities as
well as impossibility to determine values of outflows and
their effect on a protective coefficient of respirator in gen-
eral. Besides, we can see in practice that even tested respi-
rators show difference in the value of air inflow compared
to laboratory values; it influences significantly the evalua-
tion of dust load on a worker. Consequently, there is a task
to develop a new simplified procedure to determine the
coefficient of unfiltered air inflow along the obturation
line or insulating properties.

Analysis of the recent research. There are some pub-
lications indicating the disadvantages of the laboratory
research having been carried out, in particular, the value of
inflows being determined on ten volunteers is possible to
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be reconstructed in terms of the workers with the same
parameters as testees’ ones [3, 4]. Besides, some research-
ers point out the possibility of significant errors in measur-
ing insulating properties due to vague dynamics of flows
under a mask [5], a place of sampling probe location [6],
concentration of test substance in a chamber [7]. Moreo-
ver, the structure of sampling probe itself has great effect
upon the obtained result [8]. However, a technique for de-
termining the inflow coefficient has been offered recently;
the technique is based on the change of rarefaction under
a mask [9]. The authors claim that it is an inexpensive and
simple technique. Its essence is in the fact that filters are
removed from the respirators for some time and a pressure
sensor is attached to it. When a testee holds his/her breathe,
rarefaction reduction is measured under the mask indicat-
ing the available inflows. However, the offered technique
does not take into account the effect of undermask volume
and half-mask elasticity, which can influence greatly the
value of air inflow.

Objective of the research. The objective of the re-
search is to develop a technique, which is not affected
either by the volume of undermask space or by half-mask
elasticity while determining inflows being the result of
pressure difference.

Presentation of the main material. Imagine that
there are two channels for air to come into undermask res-
piratory space: either through filters or through leakage
points between face and half-mask. It is clear that in terms
of a constant general air loss, decrease in the air intake
within one channel will result in the increase in the other.
The penetration coefficient of a respirator will depend
upon the degree of air purification by means of a filter as
well as upon the amount of aerosol particle penetration
through leaking obturation lines [1]

R
0, 0,
where Q, is general air loss through a respirator, m*/sec;
Q, is an air loss through a filtering element, m*/sec; Q, is
an air loss through gaps in the obturation line, m*/sec; K
is the coefficient of penetration through a filtering ele-
ment; K is the coefficient of penetration through leakage
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points along the obturation line; g = is relative air

leak.

Then the real protective coefficient of respirators tak-
ing into account values of inflows through the obturation
line of half-masks can be evaluated using the following
formula

3

K, {Kﬁ +%(KHB —Kﬁ)} )
0

3

As a first approximation, dust particles aspiration
along the obturation line can be compared with aerosol
aspiration into a sampling tube or a gap. In this case, the
formula for coefficient of particle deposition proposed by
Hinds is used.

Ko =1-5.5k7 +3.77k,  ifk < 0.009;

Ko =0.819exp(=11.5k) +0.0975 exp(—70.1k),
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if k> 0.009,

DL . .
where k =——; L is a gap or a tube length, m; Q. , is an

air loss due to the leaking obturation line, m*/sec; D is the
diffusion coefficient.

To determine air losses through gaps of the obturation
line the well-known formula [8] can be used

Op = ky(Ap)* (dy)".

Where £, a,, b, are constants determined experimen-
tally for each half-mask type (for RDA respirators k, =
=0.05...0.1, @, = 0.56...0.92, b, = 0.5...1); d, is the size
of an equivalent opening between a half-mask and a face,
mm.

The real size of gaps along the obturation line of MI-
PRO can be evaluated with the help of calibrated tubes (in
terms of their diameter and length) placed in a tightly
sealed obturator of a half-mask on a dummy head (Fig. 1).
Comparison of values of respiratory resistance of a respi-
rator worn by a person with the corresponding value of a
half-mask with calibrated tubes shows the equivalent
opening along the obturation line.

In this case, the value of inflow is calculated using the
theory of aerodynamics. Taking into consideration the fact
that parallel flows have similar pressure difference (Fig. 2)
we have

RpQ3 = ReQm

Fig. 1. A dummy head with tubes arranged along the
obturation line
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Fig. 2. Dependence of pressure difference (Ap) upon an

air loss (Q) in unsealed (1) and sealed (2) fixed
half-masks on a dummy head
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hence

—M and ngzl_&

‘o R 0, R,’

14
where R, is equivalent respirator resistance, N - s/m>; Ry is
filter airflow resistance, N - s/fm>; R, is airflow resistance of
obturation line gaps, N - s/m>

Experimental part. Test techniques. Fig. 3 shows a
stand to determine pressure difference on MIPRO. Res-
piratory resistance of elastomeric half-mask filters was
determined according to EN 143. A respirator with filters
was fixed on a dummy head. Calibrated tubes of 1, 2, 2.5
and 5 mm diameters and 5 mm length were mounted along
the obturation line within nosolabial, chin, and cheek
zones (Fig.1). The obturation line was siliconized to avoid
leakage. A micromanometer was used to indicate pressure
difference.

First, airflow resistance was determined on a sealed
fixed half-mask; then to determine interrelation between
pressure difference and air inflow, closed tubes were
opened one by one. In this context an air loss was being
increased through a half-mask up to the moment of such
pressure difference which was fixed at sealed state; air-
flow value through the ob-turator was determined

0,=0,-9.

A specific stand (Fig. 4) was used to determine the ef-
fect of the known inflow value upon the penetration coef-
ficient in terms of paraffin oil test-aerosol with particle
distribution from 0.02 to 2 mcem. The test procedure was
carried out according to EN 143 standard requirements.

Aerosol concentration in a test chamber was 20 mg/m?>.
One test lasted for 3 minutes. This period was used to de-
termine the penetration coefficient using an integral pho-
tometer. The effect of leakage upon the penetration coef-
ficient along the obturation line was determined by com-
paring the parameters obtained with a completely leak-
proof half-mask and with the opened tubes.

Fig. 3. A stand to determine half-mask resistance: 1—
sampling device from MIPRO undermask space; 2 —
Sheffield dummy head; 3 — respiratory machine
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Fig. 4. Overall view of a stand: 1 — aerosol generator;
2 — rotameters; 3 — liquid micromanometers; 4 — an
aspirator; 5 — an integral photometer; 6 — a three-
way valve; 7, 8 — adjustable valves; 9 — a test cham-
ber; 10 — special mounting to fix half~-mask or dummy
head ( filters require mounting only)

Penetration coefficient is determined according to the
formula, %
K= u100,
1 0
where /, stands for photometer indices after filtering; /,
stands for photometer indices before filtering; /;, stands for
background photometer indices.

The results. Table represents the obtained results as
for determining an air loss through the tubes mounted into
the obturation line. We can see that pressure differential on
a respirator decreases along with aspiration increase

(Fig. 5).

Table

Air loss through the tubes mounted along
the obturation line

E 9 & Air loss, 1/min
<

8 SE | 2g58| 2.8 |252F
g =" = 2 £ < o g s27T
2 | 28 |E2%| wE3 |mEis

2 5 2= 8 Esad |E28 0
] »n < = = =
e o 4 » ~ s <5
= g g @) « 3 < S T o
= =% s S| =
1 78.2 0.89 0.91
2 77.4 05 2.01 1.83
2.5 76.9 2.11 2.03
5 71.3 5.02 4.65

Thus, according to Fig. 6 it is possible to determine the
value of the equivalent diameter of a gap along the obtura-
tion line in terms of the known pressure difference on
RDA respirators being tested on a man.
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Fig. 5. Dependence of pressure difference on a half-mask of
RDA respirator type (Ap) upon the equivalent opening
(d,) along the obturation line in terms of 95 dm>/min air
loss
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Fig. 6. Dependence of the penetration coefficient (K) upon
the air loss (Q) on a respirator with a leakage diameter:
1—1mm;2—2mm; 3—2.5mm; 4—5mm
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Fig. 7. Dependence of the protective coefficient (K,) of
RDA type respirator with filters of the third FD-310
(1) and second FD -210 (2) classes upon the opening
value (d,) along the obturation line at general 95
dm’/min air loss

The second stage helped determine effect of the value
of unfiltered air aspiration upon the penetration coefficient
of respirators (Fig. 6). The research has shown that in
terms of the equivalent opening of more than 1 mm pro-
tective efficiency of a respirator does not depend on the
quality of filters (Fig. 7). For example, an elastomeric
RDA half-mask with a calibrated tube having a 2 mm di-
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ameter the aspiration coefficient increases from 2 up to
12 % with the decrease in pressure difference from 40
down to 22 Pa at 30 dm*/min air loss.

The third stage of the research involved determining
the effect of leakage points along obturation lines upon
protective efficiency of a respirator in terms of various fil-
tering rate (60, 95 and 110 1/min). The obtained results
show the following facts:

- the highest penetration coefficient was recorded in
terms of aspiration from the cheek side; the lowest one
was recorded within a chin zone;

- difference between the penetration coefficient
through the tubes decreased along with the increase in
leakage points diameter;

- the effect of aspiration point upon the value of the
penetration coefficient decreases along with the increase
in filtering rate.

Conclusions. As a result of the performed theoretical
and experimental studies the following facts have been de-
termined:

- dependence of the penetration coefficient of a respi-
rator upon the value of unfiltered air aspiration along the
obturation line;

- a mechanism to determine leakage values by means
of determining difference between pressure differential of
half-masks with either leak-proof or leakage fixation;

- air volume flowing through the known tube dimen-
sions arranged along the obturation line;

- dependence of relative pressure differential upon
leakage point sizes to characterize obturator quality;

- the highest penetration effect was recorded in terms
of inflow from the cheek side; the lowest one was record-
ed within a chin zone;

- difference between the penetration coefficients
through the tubes decreased along with the increase in
leakage points diameter;

- the effect of an aspiration point upon the value of the
penetration coefficient decreases along with the increase
in filtering rate.

- dependence of the penetration coefficient upon an air
loss of a respirator with various diameters of leakage
points.
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MeTa. Y1ocKoHaJIeHHS IPOLIEypH MEPEBIPKH 130110~
BaJIbHUX BIIACTHBOCTEH (iTBTPyBaIbHUX MIBMACOK BiAIO-
BinmHO A0 cranmapty EN 140.

Metoanka. [IpoBeneHHs mepeBipku (HLTBTPYBATBHIX
IIBMACOK ITPOBOANTHCS HA IECSITH TOCITITHUKAX 31 BCTAHOB-
JICHUMU iMiTaTopamMu (iIBTPiB HA TECT-aepO30JIIX HATpiil
xJ10p 1 mapadinosa onmsa. [Ipu mpoBeeHH1 mepeBipKu Mo-
TpiOHO BUKOHATH 7 BIPAB TPUBAIICTIO 2 XBUIUHH.

PesyabraTu. Po3pobiieHo croci® mnepeBipku i30i1t0-
BaJIbHUX BJIACTHUBOCTEH MIBMAacOK 3 YpaxyBaHHSM BILIUBY
ITiICMOKTYBaHHS MOBITps 32 cMyroro oOTiopauii. Bin 3a-
CHOBAaHUI Ha MOPIBHSAHHI BEJIMYHMH OIOPY JUXaHHIO pec-
ipaTopiB Ha TepMETHYHO 3aKpiMIeH il mBMaci 3 mBMac-
KOIO 31 BCTAaHOBJICHHUMH B CMYTy 0OTIOpamnii Tpyboukamu
MIEBHOTO PO3MIpy Ta JliaMeTpy, 0 MOJEIIOIOTh IIIHHH.
Pi3HUIS MK IMMH OITOpaMy JTUXaHHIO JI03BOJISIE BU3HA-
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YUTH 3HAYEHHs 3a30py MK MacKoro i OOJUYYsIM BHUIIPO-
OyBaua. TakoX HaBeleHI pe3yJbTaTH, L0 BKa3ylOTh Ha
BIUIMB MICIII PO3TAlIyBaHHs MiJICOCY TOBITPS MO CMy3i
o0Tropanii Ha 3aXUCHY €()eKTUBHICTb.

HaykoBa HoBH3HA. BcTaHOBIICHA 3aI€KHICTH KOSiITi-
€HTa IIPOHMKAHHS TECT-aepPO30JII0 BiJl BEJIMYUHH OTIOPY T10-
BITPSHOMY TTOTOKY (Di7IBTpa Ta MICIISI pO3TAITyBaHHS IIiTH-
HU TICMOKTYBaHHS moBiTps. [TokazaHo, mo mix Mackoro
CIIOCTEPIracThesl pi3Ha ITUHAMIKA TOTOKIB 1 HalOiIbIIe
BIUTMBAIOTH HA KOS(IIiEHT TPOHUKHEHHS 3a30pH O1JIs 1IIIK.

IIpakTnyna 3HaumMmicTh. Po3pobnena MeTomuka
MPOBEICHHS BUMIPIOBAHHS 130JII0BAILHUX BJIaCTHBOCTEH
¢dinpTpyBasIbHUX TiBMacoK. BeTanosieHo, 1o 3a30pH 10
1 miniMeTpa 3a 00TIOPATOPOM HE BIUIMBAIOTH HA 3aXHUCHY
e(eKTUBHICTB pecIipaTopiB.

KurouoBi cnoBa: pecnipamop, onip nogimpsanomy no-
MOKY, KoeqhiyieHm NpoHUKHeHHs, (intomp

Lean. YcoBepLIeHCTBOBaHUE MPOLEAYPbl IPOBEPKU
M30JIMPYIONINX CBOMCTB (DMIIBTPYIOIINX MOIYMAcoOK B CO-
orBercTBUU cO crangaproMm EN 140.

Metonuxka. [IpoBeneHne MpoBEPKH PIITBETPOBATHHBIX
MOJYMAacOK TIPOBOJUTCS Ha JIECATH MCCICIOBATENAX C
YCTaHOBICHHBIMH UMHUTATOPaMHU (QIIBTPOB Ha TECT-a3PO-
30JI5IX HaTpHH XJop u napadunoBoe Macio. IIpu nposene-
HUU IPOBEPKU HY’KHO BBIIIOJIHUTE 7 YIIPAKHEHUH IIPOZI0JI-
SKUTEIILHOCTELIO 2 MHWHYTBI.

Pesyabrarbl. Pa3paboran cnoco® mpoBepKH H30JIH-
PYIOIIUX CBOMCTB MOJIYMAcOK C y4eTOM BIIHMSHUSI [OfICOCa
BO3/yXa 1o nosoce odtioparuu. OH OCHOBaH Ha CpaBHe-
HUM BEJIMYUH CONPOTHBIICHUS JBIXaHHUIO PECHHPaTOpOB
Ha TepPMETHYECKH 3aKPEIUICHHON ITOTyMacKe H IToJlyMacke
C YCTaHOBJICHHBIMU B IIOJIOCY OOTIOpamuy TpyOOUKamu
3aITaHHOTO pa3Mepa M IJHaMeTpa, KOTOPBIE MOICIUPYIOT
menu. Pa3HuIa MEXAy 3TUMH CONMPOTHUBICHUSMH JIbIXa-
HUIO TI03BOJISIET ONPEACIUTD 3HAUYCHHE 3a30pa MEKIY Ma-
CKOH ¥ JTUIIOM HCTIBITaTeNs. TakxKe MPUBEICHBI pe3yibTa-
ThI, KOTOPbIC YKa3bIBAIOT Ha BIMSHUE MECTa PaCIOiOKe-
HUS TI0JICOCA BO3/LyXa 10 I0JI0Ce OOTIOpALMK Ha 3allUT-
HYI0 3()(EKTUBHOCTD.

Hayuynas HoBU3HA. YCTaHOBIIEHA 3aBUCUMOCTb KO3 (-
(unyeHTa TPOHUKHOBEHUS TECT-a3P030JIsl OT BEJIMYMHBI
COIIPOTHUBJICHUS] BO3JYLIHOMY ITIOTOKY (DMIIBTpa M MecTa
pacrioJoKeHus ey mojacoca Bosayxa. ITokazano, 4ro
IO MacKO# HaOIIOMaeTCs pa3InyHasl JUHAMHKA TTOTOKOB
1 HamboJee BIUSIIOT Ha KOA((QHUIMEHT MPOHHKHOBCHHS
3a30pHI BO3JIE IIEK.

IpakTHyeckasi 3HAYUMOCTh. Pazpaborana meromm-
Ka TPOBEICHHWS W3MEPEHUS H30JIMPOBOYHBIX CBOICTB
(DUIBTPYIOMUX MOTYMACOK. YCTAHOBIIEHO, UTO 3a30PbI 110
| MunrMeTpa 3a 00TIOPATOPOM HE BIHSIOT HA 3AIUTHYIO
3 PEKTUBHOCTH PECITHPATOPOB.

KiroueBble ciioBa: pecnupamop, conpomugienue
6030VUIHOMY NOMOKY, KOI(DGuyuenm npoHUKHOBEHUS,

Qunvmp
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