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Determination of periodicity of replacement of gas filters of respirators
Kaptsov V.A., Pankova V.B.

FGUP "All-Russian Research Institute of Hygiene of Transportation Rospotrebnadzor (FGUP VNIIZhG Rospotrebnadzor)", Moscow, Russia

Abstracts. The article provides an overview of modern methods used in developed countries to replace gas mask filters of
respirators.

Objective. Determination of the best safe ways for timely replacement of gas mask filters in the RF based on the experience of
developed countries

Methods. Study of scientific publications about respirators in The Journal of International Society for Respiratory Protection,
publications of Taylor & Francis, Oxford University Press, Springer, training materials and requirements of legislation to the
choice and use of respirators by employers.

Main results. The use of the reaction of the sensory organs of workers to determine the frequency of replacement of gas mask
filters of respirators showed its unreliability already in the 1930s. This method is now banned in all developed countries. Gas
filters are replaced on a scheduled basis, or by the reading of indicators of service life. For a number of objective and subjective
reasons, the use of the second method, which is more convenient and safer, has not become widespread.

Key words: toxic gases, filtering respirators, gas mask filters, occupational diseases.

CBoeBpeMeHHasl 3aMeHa MPOTUBOTA3HBIX (HIBTPOB Yy (MIBTPYIOIIUX CPEICTB MHIMBHIYaTHHON
3anMThl opranoB awixaHus (nasee CU3O0[/I), sBisercss HeoOXOAUMBIM, HO HE €JUHCTBEHHBIM YCIOBUEM
YCHEIIHOM 3aluThl paOOTHUKOB OT TOKCHYHBIX Ta30B. 3amo3jajas 3aMeHa MOXKET IPOU30MTH B IBYX
ciryyasix. Bo-mepBbIx, eciu cpok Ciry:kObl (GHIIBTPA, 3aBUCSIINI OT XUMHUYECKOTO COCTaBa U KOHLIEHTPAIIH
TOKCUKAHTOB, TEMIIEPATypPbl U BIAXXHOCTU BO3/yXa, IOTPEOIEHUS BO3/1yXa paOOTHUKOM (TS KECTH paboThl),
U CBOMCTB ¢uibTpa (Tabn. 1), OKaXeTcss MEHbIIe MPOJODKUTENFHOCTH NpeObIBaHUS B 3arpsa3HEHHOM
arMocdepe. Bo-BTopbIX, Mpu HEOOIBIIONW KOHIIEHTPAIIMY T'a30B, CPOK CITYKOBI (DHIBTPa MOXKET NPEBHIIATh
JUTMTETTLHOCTh paboThl (Taln. 1), W €ro MOXHO HCIIOJIb30BaTh HEOJHOKpaTHO. HO HaKoOMJICHHBIE WM
TOKCUKAHTBl BO BpEMs XpaHEHUS MOTYT JecOopOMpOBaThbCs, U MEpeMenarbCs K OTBEPCTHUIO JJI BbIXOJa
OYMIIIEHHOTO BO3AYyXa. B pe3ynbprare npu HEOIHOKPATHOM NPUMEHEHUU (PUIBTPOB OH CaM MOXET CO3/1aTh
OTMIaCHOCTh, JaKe MPHU MEPBOM BIOXE B HE 3arps3HEHHOW armocdepe. OmeHka cpoka Ciay)O0bl QriibsTpa ¢
MIOMOIIbIO CYOBEKTHBHON peaklMd OpPraHoB YyBCTB paOOTHHMKA MpHU MONAJAaHWU raza B Macky (3amax,
IPUBKYC, pa3pa)K€Hue OPraHoOB JbIXaHUS W/WIN IJ1a3, TOJIOBOKPYKEHUE, MOTEPs] CO3HAHUS) MHOTO JIET He
uMmena anprepHaruBbl. OnHAKo crocoOHOCTh paboTHUKa oOHapyxuBarh mpesbiieHHe [IJIK B PD He
npoBepsjack HU IIPU IEpBOHAYaJbHBIX, HU MpU Nepuoaudeckux Mepocmorpax [1]. Huskas
WHAMBUAyallbHas YyBCTBUTEIBHOCTh OpraHa OOOHsSHHs, €€ OoJblloe pa3HoOOpazue y pasHbIX Joaen
(trabnm. 1), ¥ cHwxkeHue (NMpU MNPHUBBIKAHUM, aJaNTalMM K YacTo JCHCTBYIOLIEMY pPa3Ipa)KHTENo,
OTBJICYEHUs BHMMaHUs, IPU TMPOCTyAE), OTCYTCTBUE 3alaxa y MHOTMX TOKCHUKAaHTOB [2], 3acTaBWiIM
nepedT Kk Oonee HaaExkHbIM cnocobaMm. IIpuoOperenue koHTpadakTa He SBISETCS €AUHCTBEHHOM
IPUYMHOIN OTpaBiieHUI paboTHUKOB B PD — OHO BO3MOXXHO U NP UCHOIb30BAHUHM BHICOKOKAY€CTBEHHbIX

(buIBTPOB.

Timely replacement of gas filters in filtering respirators is necessary, but not the only condition for successful
protection of workers from toxic gases. Late replacement can occur in two cases. First, if the service life of the filter, which
depends on the chemical composition and concentration of toxic substances, air temperature and humidity, the worker's air
consumption (work severity), and filter properties (Table 1), is shorter than the duration of exposure to the contaminated
atmosphere. Secondly, if the concentration of gases is low, the service life can exceed the duration of work in the contaminated
atmosphere (Table 1), and it can be used repeatedly. But the accumulated toxic substances may desorb during storage and move
to the purified air outlet opening. As a result, if the filter is used repeatedly, it may itself create a hazard, even for the first
inhalation in an uncontaminated atmosphere. Estimating filter life using the subjective reaction of the worker's senses when gas
enters the mask (odor, taste, respiratory and/or eye irritation, dizziness, loss of consciousness) has been the only alternative for
many years. However, the ability of the worker to detect exceeding the OEL was not tested either during initial or periodic
medical examinations in RF [1]. The low individual sensitivity of the olfactory organ, its great variety in different people (Table
1), the decrease (due to habituation, adaptation to a frequently acting stimulus, distraction, and cold) and the absence of odor in
many harmful gases [2] prompted the transition to more reliable methods. The acquisition of counterfeits is not the only cause
of the poisoning of workers in RF’; it is also possible when using high-quality filters.



Taﬁ.lmua. CpOKI/I CJ'Iy)K6BI MMPOTHUBOT'a3HOT'O (bHJIBTpa «OpraHHu4dYCCKUC COCAUHCHHA» C COPGHHOHHOﬁ
€MKOCTBIO HE BbIIIIE, 4eM y QuiIbTpoB Al; 1 cpaBHEHHE TOPOTOB BOCTIpUATHUS Tra3oB 3anaxa ¢ [TIK.

Table. Service lives of "organic compounds" respirator filters with sorption capacity no higher than Class Al filters (EU, RF);
and comparison of odor thresholds to OEL.

Cpox ciyx0b1' (MUHYT) [Toporu BocHpHsTHs 3amaxa’, Mr/m’
[PU TIPEBBILLIEHUU HHK HI[K Odor thresholds, mg/m3
Service life (minutes) ’ MakcumMajbHbIE U
BermecTtBo . . Mmr/m*
if the concentration exceeds the MHUHHMAIbHBIE
Substance . . OEL M
occupational exposure limit OEL OITVOINKOBAHHEIE
3 3 mg/m’ | Russia Y
B 10 pa3 B 50 pa3 Published values, maximum and
10 times 50 times minimum values
JMHXIOPTUAPHH | 3 1074 2 3,59 46 - 0,3
Epichlorohydrin
Xuopogopm 468 167 10 61 6900 - 0,5
Chloroform
Huxiopmeran 49 21 100 | 3,41 1530 - 4,1
Dichloromethane
Aueron 16 5 800 | 11,7 27900 - 1
Acetone

1 - pacuét (MultiVapor 2.2.5), pacxox Bozayxa 50 n/muH, t = 20° C, otHocuTensH. Brnaxknocts 50%.
Calculation (Gerry O. Wood program MultiVapor 2.2.5), air flow rate 50 I/min, t = 20° C, relative humidity 50%.
2 - maHHbIe U3: Pyxogoocmeo no ewvibopy ¢unempos. M.: 3M, 2018. 66 c., u S. Murnane et al. Odor

Thresholds for Chemicals with Established Health Standards. Falls Church: AIHA, 2013. 192 p.

Sources: Filter Selection Guide. Moscow: 3M Russia, 2018. 66 p.; S. Murnane et al. Odor Thresholds for Chemicals with
Established Health Standards. Falls Church: AIHA, 2013. 192 p.

3 - IIpumenenne nomymacok orpanudero 10 ITJIK (ABcrpanus, Benmukoopuranus, Kanaga, KHP, CIIA,

Anonwus), ¢ momapiMu Mackamu 50 TTJIK (Kanaga, KHP, CILIA, SAnonus).
The use of half masks is limited to 10 OEL (Australia, UK, Canada, PRC, Japan, USA), with full masks 50 OEL (Canada, PRC,
Japan, USA).

3ameHa (pUIBTPOB 110 PACIIHCAHUIO.

Mpmuoronetnssi pabora B «aromHom» 1eHTpe CIIA B Jloc Amamoce mnpuBena K CO3IaHHIO
aJITOPUTMa BBIYUCIICHHUS CPOKa CIyXOBbl, pealm30BaHHOIO B Iporpamme MultiVapor u e€¢ anamorax y
npousBoaureneid CU30/]. 3nas ycnoBus Tpyna, padoronareiab MOXKeT OSCIUIaTHO M OBICTPO BBIUUCIUTH
CPOK CITyOBI, M1 COCTaBUTh PAaCHHMCAHUE UX 3aMEHBL. Y crocoba ecTb HelNOCTaTKU. VICXOMHBIN anropuTM,
ucnonb3yst uzorepmy JlyounHnHa-PanymkeBuua, He ClOCOOEH B NMOJHOW Mepe ydecTh 3allOJHEHHUE Iop
copOeHTa BOZON MpH OONBLION BIAKHOCTH BO3IyXa, M MPOrpaMMa MOXET 3aHU3UTH CPOK CIIY>KObI MpH
3alMTe OT HE CMEIIMBAIOIUXCA ¢ BOAoH ras3os. Tak, ¢ poctoM BinaxhHoctu ¢ 50 no 65%, u 3ammure ot
nuKIorekcana, MultiVapor mokasana cHUKeHHE cpoka ciry:k0bl ¢ 175 mo 143 munyT; a 3amep ¢ 169 mo 12
MuHyT [3]. EcTh u apyrue Henoctarku. [Ipu BBOiE JaHHBIX yUHTBHIBAIOT MAJOBEPOSATHBIE, HO BO3MOXHBIE
Hauxyamue ycinoBuss ucnons3oBanuss CU30/]. B pesynprare Oonbinas 4acTh JOPOTUX (UIBTPOB
BbIOpachIBaeTCs, KOrJja B HUX MHOTO HEHUCIIOJIb30BaHHOTO copOeHTa. Ilpu pabore BHE MOMELICHUH, MpH
MEHSIOIIEICcsl Torofie, U B psAe APYTUX CIIydaeB, HEONPENEeIEHHOCTh YCIOBUI Tpylda HE MO3BOJISET
BBOJIUTH TpaBHIbHBIE HCXOnHbIe AaHHble. B P® pazpaboranst IIIK mms Gonee wem 1100 BemiecTs,
CIIOCOOHBIX 3arps3HATH BO3IYyX B Ta3000pa3HOM cocTosHUU. B Hacrosimiee Bpemst MultiVapor moxket
BBIUHUCIISATH CPOK CITykObI MeHee ueM i 240 BeniecTs (M UX cMeceit), u auist monoBuHbBI U3 HUX [1/IK B PO

He pa3paboTaHBbI.



Filter replacement schedule

Years of work at the U.S. Nuclear Center at Los Alamos allowed Gerry O. Wood to develop an algorithm for
calculating filters' service life. It was used in the MultiVapor program, and in its counterparts by respirator manufacturers. An
employer can calculate service life and make schedule for filter replacement using information about working conditions, for
free and quickly. The method has drawbacks. The initial algorithm, using the Dubinin-Radushkevich isotherm, is not able to
fully take into account the filling of sorbent pores with water at high air humidity, and the program can underestimate the
service life when protecting against gases that do not mix with water. For example, when the relative humidity was increased
from 50 to 65%, and filter had been used for protection against cyclohexane, MultiVapor showed a decrease in service life from
175 to 143 minutes. However, the experiment showed a change from 169 to 12 minutes [3]. There are other drawbacks. The
program takes into account unlikely but possible worst-case conditions of respirator use when selecting input data. There are
other disadvantages as well. When selecting input data for the program, unlikely but possible worst-case conditions of
respirator use are considered. As a result, most expensive filters are discarded when they have a lot of unused sorbent. When
working outdoors, in changing weather, and in a number of other cases, the uncertainty of working conditions makes it
impossible to determine the correct input data. The RF has developed OELs for more than 1100 such substances that may be in
the air in the gaseous state. MultiVapor can calculate lifetime for less than 240 substances (and their mixtures) at present, and
for half of them OELs have not been developed in RF.

DKCIepUMEHTaIbHOE U3MEPEHUE CPOKaA CIIY>KObI MOXKET JaTh TOYHBIN pE3yNbTaT BO BCEX CIydasX.
3amepsl MOTYT TMPOBOAWTHCS Ha CTEHAE, NMpH WUMHTanuu ycinoBuil npumeneHus CHU30/l; wim myTtém
NpOKayMBaHUs BO3Ayxa yepe3 (puiabTp Ha pabouem mecte. Tarkke MOXKHO MPOBEPUTH MPABUIBHOCTD
COCTaBJICHHOTO paloTozaTreneM pachnucaHusi 3aMeHbl (GuibTpoB myTéM oTOOpa mpold BO3myxa yepes
TPOMHUK (MEXIy Mackoi u GuisTpoM) y paboTHUKA BO BpeMsi pabotsl [4]. Ho i Bcex 3TUX U3MepeHHi

HCO6XOI[I/IMO CIICHHUAaJIBbHOC O60py,HOBaHI/Ie, H 3TOT CIOCO0 MPUMCHSAIOT PEIKO.

Experimental measurement of service life can give an accurate result in all cases. Measurements can be made on a test
bench, by simulating respirator use conditions, or by pumping air through the filter in the workplace. It is also possible to check
the correctness of the filter replacement schedule by sampling the air through a tee (installed between the mask and the filter)
while working in the workplace [4]. But all these measurements require special equipment, so this method is rarely used.

CoBpeMEHHBII YPOBEHb HAYKH IO3BOJISET HAWTHU YJOBIETBOPUTEIBHBIE U XOPOILIUE PELIEHUS IPU
OJTHOKPAaTHOM MpUMEHEHHH (PUIIBTPOB; HO OH IOKa HE CIIOCOOCH J1aTh OTBET Ha aKTyaJbHBII BOIIPOC: €CIH
CPOK CIIyKOBbI (DMIIBTpa MPEBBIIIAET MPOAOKUTENIEHOCTh €r0 HCIOJNb30BaHMs (HampuMmep, MpU HU3KOM
KOHIICHTPAINH TOKCUKAHTOB, 1/miu MajeHbkuXx [1JIK, cMm. Tabmuiry 1), qOMycTHMO JTU €ro HEOAHOKPATHO®
npumeHenne? HaxomeHHble (UIBTPOM BpenHbIE BEIIECTBA CIIOCOOHBI J1€COPOMPOBATHCS, YTO JAETacT
HEOJJHOKPAaTHOE HCIIOJb30BaHUE (UIBTPOB MOTEHLUHMAJIBHO OMAacHbIM. IIpakThyecku MNPUMEHUMBIX
CrIocO0OB OLIEHKM 3TOoro pucka cedvac HeT. Ilostomy B CIHA paspemeHo nuiib OAHOKpaTHOE
UCIIOJIb30BaHNe (UIBTPOB, KPOME CIIy4aeB, KOTJla €CTh HaAEKHBIE JTaHHbIE O 0€30MacHOCTH MOBTOPHOIO

HCIIOJIb30BaHUs B KOHKPETHBIX YCIOBUSAX [5].

The current state of the science allows satisfactory and good solutions for single use of filters, however, it is not yet
able to answer the relevant question: if the lifetime of a filter exceeds the duration of its use (e.g., at low concentrations of toxic
gases, and/or low OELs, see Table 1), can it be used more than once without risk to the worker? Harmful substances
accumulated by the filter are capable of desorbing, making repeated use of filters potentially hazardous. There are no
practicable ways of assessing this risk at the present time. Therefore, employers in the USA are authorized to use filters only
once unless there is reliable evidence that it is safe to reuse them under specific conditions [5].

NuaukaTopsl cpoka ciryxk0bl.

[lepBbrie HecoBepiieHHble Bepcuu MultiVapor, He crnocoOHble BBIYMCIATH CPOK CIYKOBI MpU
3arpsiI3HEHUHM BO3/lyXa CMEChI0 ra3oB, HosBuiIuCh B 1990-x romax, a mpoOiemsl MpH HCIOJIb30BAaHUU
OOOHSIHMSI JIJISl OIIEHKU CPOKa CIY»XObl oTMedanuch yxe B 1938 1. [6]. st mpodunakTUKu 3amo3aanoi
3aMeHbl (UIBTPOB B pa3HbIX CTpaHaxX pa3padarblBajid YCTPOMCTBA, NPEAYNpexIaBUINe PaOOTHHUKA O
npuoamKeHun okoH4aHus cpoka ciyxk0bl (End of Service Life Indicators, ESLI). [Ins ux ommcanus
HE00XOJMMO YTOUHUTH HEKOTOPbIE OCOOEHHOCTh OYMCTKH BO3/lyXa B (QUIIBTpaXx.



End of Service Life Indicators, ESLI
The first imperfect versions of the MultiVapor program, unable to calculate service life when protected from a mixture
of gases, appeared in the 1990s, and problems in using olfaction to estimate service life were noted as early as 1938. [6]. To
prevent delayed filter replacement, devices were developed in different countries to warn the worker that the end of service life
was approaching (End of Service Life Indicators, ESLI). For their description, it is necessary to describe some peculiarities of
air purification in filters.

[Tpu Hanyuu B GUIIBTpE AOCTATOYHO OOJIBLIOrO KOJIMYECTBA HE HACBILIEHHOTO I'a30M COpOEHTa, OH
3¢ ¢deKTUBHO OYMIaeT BO3AyX. B pesynbprare KOHILIEHTpalMsl ra3a B OYMILEHHOM BO3IYyXE MEHSAETCS He
nuHelHo. Hanpumep, nepByro MOJTOBUHY CpPOKa CIyObl KOHIIEHTPALUs ra3a B BBIXOZSIIEM U3 (QUIbTpa
BO3/1yXe MOXKET OBbITh HM>KE IIOPOTa YyBCTBUTEIBHOCTH CaMbIX COBPEMEHHBIX IPUOOPOB. 3aT€M OHA MOXKET
OBICTPO pacTH, U, IPU CUIBHOH 3arpsI3HEHHOCTH OYMILAEMOT0 BO3yXa, MoxeT npeBblcuTh [1/IK B necarku
pa3 3a MUHYTHI («IPOCKOK»). IHTepBan BpeMeHH MeXy OOHapyK€HHEM raza B OUMIIEHHOM BO3yXe IpH
KOHIeHTpaluy, paBHoW wnu Menbwiedl IIJIK, u MuorokparHeiM npesbimieHueM IIJIK, moxer ObITH

HeOompIuM [7].

If the filter contains a sufficiently large amount of sorbent that is not saturated with gas, it effectively purifies the air.
As a result, the gas concentration in the purified air does not change linearly. For example, during the first half of its service
life, the gas concentration in the air leaving the filter may be below the sensitivity threshold of the most modern devices. Then it
can grow quickly, and if the air being purified is highly polluted, it can exceed the maximum permissible concentration tens of
times in minutes (“breakthrough”). The time interval between the detection of a gas in purified air at a concentration equal to
or less than the OEL and a multiple excess of the OEL may be short [7].
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Puc. 1. CreBa. U3MEHEHNE KOHIEHTpPALMU ra3a B OYMLIEHHOM BO3IyXe, «IPOCKOK» Ha 90-ii MuHyTte.

CrpaBa: MHIMKATOp, 3arTyOIEHHBIN B COPOEHT, MpenynpexaaeT padbodero 3ad1aroBpeMeHHo [8]
Figure 1. Left: change of gas concentration in purified air, "breakthrough” at the 90th minute. Right: an indicator buried in the
sorbent warns the worker well in advance [8]

[Ipu co3maHum yCTPOWCTBA, MPEAYNMPEKIAOIIET0 pPaOOTHHKA 00 OKOHYAHMHM CPOKa CITY>KObI
(uanukatopa, ESLI), ymoOHO momeriare 4yBCTBUTEIbHBIA SJIIEMEHT MEXAY CTaHAAPTHBIMH MacKoW u
(GbuaBTpOM. ITO MO3BOJIAET MOAOUPATH MOIXOASINEE /I KOHKPETHBIX yclioBuid Tpyaa couetanue CU30/] u
nHAnKaropa. Ho HeNMHENHOCTh N3MEHEHUS KOHLIEHTPALMK T'a3a B OUULICHHOM BO3yXE IPUBOIUT K TOMY,
YTO Jake MPH BBICOKOW YyBCTBUTEILHOCTH MHAMKATOPA U €r0 HEMpPEepBhIBHON paboTe, mociae oOHapyKeHus
TOKCUYHOTO Ta3a y paOOTHHKAa MOXET HE XBaTUTh BPEMEHH Ul HOPMAJbHOTO NMpEKpalieHus paboTbl, U
Oe3omacHOro MoKuAaHus 3arps3HEHHOM arMocdepsl. s cepruduxanuun ESLI B CIIA oHM JOMKHBI

cpabarsiBaTh 10 JocTkeHUS 90% 0T cpoka CIyKOBlI.

When creating an ESLI, it is convenient to place the sensing element between a standard mask and filter. This allows
you to select a combination of a respirator and an indicator that is suitable for specific working conditions. But the nonlinearity
of changes in gas concentration in purified air leads to the fact that even with thehigh sensitivity of the indicator and its
continuous operation, after detecting toxic gas, the worker may not have enough time to stop work normally and safely leave the
polluted atmosphere. NIOSH requires indicators to alert the worker before 90% of their service life has passed as a prerequisite
for their successful certification.



B onnoii u3 mepBeix mnyOnmukammii Ha pycckom s3pike o CU30[ c¢ ESLI ommcan crnoco®
Moau(UKAMK CTaHAApTHOro GuibTpa Uil 3alIUThl OT CcepoBojopofa (ra3 OBICTPO Mapajiu3yer
OOOHSATENbHBIN HEPB, W JIIOAM IEPECTAIOT 3aMedaTh POCT €ro KoHleHTpauuu) [8]. B cnoii copbenra
«3arTyOnIIMy TIOJIBIN MYCTOTEIbIN IMIJIMHIIP CO CTEKJIOM Ha KoHIle. Yepe3 MWJIUHIP U CTEKJIO Oblia BUIHA
MHAMKaTopHas Oymara, MEHsBIIasl IBET MPU BO3AEHCTBUM cepoBojopoa. [locne nocTmxenus razom cios
copbenTa, rae Haxomwics ESLI, mpoxomuno Hemano BpeMEHH, MPEXKIE YeM OH HACHIIAN CIETYIOIINE
CJIOM, U TOSIBJSUICA B OUMUICHHOM BO3AyXe, puc. 1. DTO mo3BOMsUI0 paOOTHUKY HE BECTHU HENPEPHIBHOE
HaAOJIOIeHEe 32 COCTOSIHMEM HHJWKaTopa (a MpU HCIOJIb30BAHUU 3JIEKTPOHHBIX JIATYUKOB IO3BOJIUT
BKJIFOYAaTh UX MNCPUOAUYCCKH, U IMPUMCHATH JIErKue u neméBme NCTOYHUKU HI/ITaHI/IH). C Toukn 3pC€HUA
0e30macHOCTH pabOTHHMKA, pa3MelleHHuEe HHIUKATOpa MEXAy CIOSMHU COpOEHTa — HaWIydllee M3 BCeX

BO3MOXXHBIX.

One of the first publications in Russian about filters with ESLI describes a method for modifying a standard filter to
protect against hydrogen sulfide (the gas quickly paralyzes the olfactory nerve, and people do not notice the increase in its
concentration to a life-threatening level) [8]. A hollow cylinder with glass at the end was “buried” in the sorbent layer. The
indicator paper was visible through the cylinder and glass. It changed color when exposed to hydrogen sulfide. After the gas
reached the sorbent layer where the ESLI was located, a lot of time passed before it saturated the next layers and appeared in
the purified air (Fig. 1). This allowed the worker not to continuously monitor the status of the indicator (and when using
electronic sensors, it would allow them to be turned on periodically and to use light and cheap power sources). From the point
of view of worker safety, placing the indicator between the sorbent layers is the best of all possible.

[To manabIM 0030p0B [9, 10] B pa3BUTHIX cTpaHaX ObUIA CO37aHBI U UCIOJIB30BAIUCH VIS 3AITUTHI
paboTHHKOB pa3zHOOOpa3Hbie GUIBTPHI C HHAWKATOPAMHU BTOPOTO THMA. B 3TX GunbTpax 0OBIYHO Ienaiu
MIPO3payHOE OKOILIKO Ha OOKOBOHM MOBEPXHOCTH, 3@ KOTOPHIM MOMEIIAJICS Marepuall, MEHIBIIMNA [[BET MpU
BO3ICMCTBHM KaKOTO-TO OMPEAENEHHOrO raza (apoMaTHMYeCKHX XJIOPCOAEPIKAIUX COCAMHEHUN, KHCIBIX
razoB [HCIl, HF, SO,, H,S], anudarndyeckux KEeTOHOB, OPraHMYECKUX COCAMHCHHH, aMMHUaKa, pPTYTH,
xnopa). Hannume ESLI moBsimano 3aTparsl Ha U3TOTOBIIEHUE (DUIBTPA, & €70 IPUMEHEHHE JUTSl 3aIIUTHI OT
BEIIECTB, Ha KOTOPBIM WHIMKATOp HE pearupoBaj, yBEIWYMBAJIO 3aTpaThl paboTomareneil Ha 3aKyIKy
¢wieTpoB (0 cpaBHeHuto ¢ ¢uisTpamu 6e3 ESLI). PazHooOpa3ue cBOMCTB TOKCHMKAHTOB, KakK (PU3HKO-
XUMHUYECKHX, TaK W TOKCUYECKUX, TMPENSATCTBYET CO3JAaHUI0 WHAMKATOPOB, OJMHAKOBO XOPOIIO
pearupyromux Ha pasHble BemecTtBa. Hampumep, 3M paspaboraia ¥ BBIIYCTHIA B TMPOJAXKY
MomuduiupoBanueie GuUIbTpel 60511 1 60551 nns 3amUTBI OT Pa3HBIX OPTaHMYECKHX COCAMHEHHIA.
CpaBHEHHE JTaHHBIX U3 PYKOBOACTBA Mo dkcruryaramuu (60511) mis 55 razos ¢ ux [IJIK (P®) nokazano,
YTO MPH 3alIUTE OT yalT-CIIHpPUTA OH cpaboTaeT mpu KoHeHTpanuu 1/60 ot cpeanecmennoi [1/1K, a mpu

3alUTe OT U30MPOINUIIOBOTIO CIIMPTA — IPU MPEBBILIEHNH MakcuMaiibHO pa3osoid [IJIK B 32 pa3a.

According to reviews [9, 10], various filters with the second (passive) type of ESLI were created and used in developed
countries to protect workers. These filters usually had a transparent window on the side surface, behind which was placed a
material that changed color when exposed to a specific gas (aromatic chlorine-containing compounds, acid gases [HCI, HF,
SO;, H,S], aliphatic ketones, organic compounds, ammonia, mercury, and chlorine). The presence of ESLI increased the cost of
filter production, and its use for protection against substances to which the indicator did not react increased the cost for
employers to purchase filters (compared to filters without ESLI). The diversity of properties of toxic substances, both
physicochemical and toxic, prevents the creation of indicators that respond equally well to different substances. For example,
3M has developed and commercialized modified filters 6051i and 6055i to protect against various organic compounds.
Comparison of data from the operating manual (6051i) for 55 gases with their OEL (in RF) showed that when protecting
against white spirit, it will work at a concentration of 1/60 of the 8-hour TWA OEL and when protecting against isopropyl
alcohol, when the Short Term Exposure Limit (STEEL OEL) is exceeded 32 times.

Baxxnoli mpaktuueckor ocoOeHHOCThi0 ESLI sBisieTcss MX IMOYTH TMOJTHOE HMCYE3HOBEHUE W3
npoaaxu. B Hacrosiee BpemMsi Ha pbIHKE €CTh (PUIBTPHI C MHANKATOPAMU, PearupyomumMu Ha pTyTh (3M,
MSA, Scott), u ynomsiHyThI# BbItie GunsTp 3M. [Ipekpamenue Beimycka ¢punstpoB ¢ ESLI mpoucxoaut B
YCIOBUSIX TOSIBICHUS HOBBIX TEXHOJOTUH M YCTPOWCTB, IIMPOKOTO AaCCOPTUMEHTA pPa3HOOOpa3HBIX
YYBCTBUTEIBHBIX JaTYUKOB, DJIEKTPOHUKH, QITOPUTMOB OOPAaOOTKM CHUTHANIOB, EMKHX M HEIOPOTHX



uctounnkoB muTaHusa. llo mamaeiM  NIOSH (opranmsamum, ceprudumupytomein CHU30  mns
ucrnionb3oBanusi paboromarensimu B CHIA u Kanmame) ¢ 1976 r. He ObUIO HHM OTHOM TOIBITKH
ceprudupoBaTh (GUIBTP C IMEKTPOHHBIM natdukoM. B 2005 1. cocrosuiock 00CykIeHHEe MpodiieM
BBIXOIa W3 OTOW HEHOpMalbHOW curyauuu. IlpexcraBureneil ImIeCcTM BeAyIIMX KOMIIAHMIA,
m3rotapnuBaromux ¢uisrpytomme CHU30/], cipocuian o TOM, 4TO MEMIAeT MM BBIMTYCKaTh OE30IacHbIe
¢bunwsrpel [10]. Tlepen obcykneHneM OTBETOB CIEAYeT Yy4eCThb OCOOCHHOCTH, BIMSBIINE HA YYAaCTHHKOB

BCTPEUH, U MAJIOU3BECTHBIE ClienHaInucTaM B PO.

An important practical feature of ESLIs is their almost complete disappearance from the market. Currently, there are
filters with ESLI for protection against mercury (3M, MSA, Scott), and the 3M filter (mentioned above) on the market. The
discontinuation of filters with ESLI comes amid the emergence of new technologies and devices, a wide range of diverse
delicate sensors, electronics, signal processing algorithms, and capacious and inexpensive power supplies. According to NIOSH
(the organization that certifies respirators for use by employers in the US and Canada), there has not been a single attempt to
certify an electronically sensed filter since 1976. In 2005, a discussion was held on how to overcome this abnormal situation.
Representatives of six leading companies that make respirators were asked what prevents them from producing better and safer
filters [10]. Before discussing their answers, it is necessary to take into account the peculiarities that influenced the participants
of the meeting and that are little known to specialists in the RF.

Ceprudpuxanusa CU30/ B CLIA.

[Tepsoiit CU30/] (aBTOHOMHBIN JbIXaTeNbHBIX ammapar JUlsl cracaresiei) Obul cepTuUIMpOBaH B
1920 romy. Ilpu pacciaenoBaHuM NpUYMH THOeNW JrOJed BO3HUKIA MpolsieMa: YacTh W3rOTOBHUTENEH
JIBIXaTeNIbHBIX ~allapaToB MCIONb30BaJla KyIUIEHHBbIE OalUIOHBI, CAEJTaHHbIE CIHEeNUATU3UPOBAHHBIMU
3aBOJlaMM, M HE Bcerjga ObUIO SICHO, KTO BHHOBAT: M3TOTOBUTENb OAJJIOHOB, WJIM HCHOJB30BABIIMHA HX
nzroroButens CU30/. [ToaTomy ObLIIO IPUHATO NPUHIMIIAATIBHOE PEIICHHE: KOMIIAaHHS, TIOAABIIAs 3asIBKY
Ha CepTH(]UKALNIO, HECET OTBETCTBEHHOCTh 3a U3/€iHe B cOOpe, U OHO UCHBITHIBACTCS TOJIBKO B cOOpe.
[To3nuee wHawanmm cepruduuupoBars (uisrpytomme mnporuBorazabie CHU30/], HO mpuHIUN ocTajics
Hen3sMeHeH. CIycTs CTojeTHe, H3-3a CIOKHUBIIMXCA TpaauLUuid M OHOpOKpaTHYecKuX (HaKTOpoOB,
ceprudukanronnpie ucnbsitanus QuiasTpoB B CIIA mpoBomsAT WG NMPHCOENWHUB MX K Macke (T.e.
CH30/ B cbope), xotst B EBponie 1 OOIBIIMHCTBE CTpaH 00X0AATCsS 0€3 COBEPIIEHHO HEHYXHOH MPU ATOM

MacCKH.

The first respirator (a self-contained breathing apparatus for rescuers) was certified in 1920. When investigating the
causes of deaths, a problem arose: some manufacturers of SCBA used purchased cylinders made by specialized factories, and it
was not always clear who was to blame: the manufacturer of the cylinders or the manufacturer of SCBA that used them.
Therefore, a fundamental decision was made. the company that applied for certification is responsible for the complete product,
and it is tested only as an assembly. Later, filtered gas masks were certified, but the principle remained unchanged. A century
later, due to tradition and bureaucratic factors, filters are tested in the US only when attached to a mask (i.e., a complete
respirator), although in Europe and most countries, filters are tested without the completely unnecessary mask.

Kommepueckue mocjiecTBus 3aMeHbl (PUILTPOB M0 PACIIHCAHUIO.

AMepukaHCKHe Tpo(maTrosorn Ccymend 3acTaBUTh paboTomareneil 3aMeHATh (PWIBTPBI 1O
pacnucaHuio co BTOpoil monoBuHBI 1990-X, a eBporeiickue Ha JecsaTuieTue mnoyke. B pesynprare Bce
3aKOHOIOCIYIIHbIE PAa0OTONATeNI CTald MEHATh (UIBTPHI TaK, Kak OYATO OHM HCIIONB3YIOTCS B
HaUXyJIIUX BO3MOXHBIX YCJIOBHSIX, HAIPUMEpP — B HECKOJIBKO pa3 daiie, 4eM 3T0 HeoOxomuMo. O0nEM
MpoaX Bo3poc, a BcTpeya [ 10] cocTosanack yxe mocie nepexoaa K 3aMeHe Mo paciucaHuIo.

The business implications of scheduled filter replacements.
Employers in the US have been forced to replace filters on a schedule since the second half of the 1990s, and in Europe
a decade later. As a result, all law-abiding employers began to change filters as if they were being used in the worst possible
conditions, for example, several times more often than necessary. Sales volume increased, and the meeting [10] took place after
the transition to replacement on schedule.



[To BBICKA3aHHOMY MHEHHUIO BEAYIIMX MPOHM3BOAUTENCH QuibTpyronmx nporuBorazueix CU30C,
BHenpenue ESLI sBnsiercs waeanbHBIM pelieHueM MpoOsieMbl 3aMeHbl (GuibTpoB. OIHAKO pasMep
ANIEKTPOHHBIX JIATYMKOB OBIBAET CPABHUM C TOJIIMHOU CTOSI COPOCHTA, U UX HEMPOCTO «3arTyOUTh» B HETO.
Br3piBaI  BOTIPOCHI CPOK CIHYXKOBI M XpaHEHHS JO Havajla HJKCIUTyatanuud ((QUiIbTpoOB, TaTYUKOB,
WUCTOYHHUKOB THUTAHHS), U HEUETKUE TPEOOBaHUS K MOTPEOMTENSAM, CO3AIOIIME yTPo3y TOTO, YTO HOBOE
uzzenue He OyaeT mokymnarbes. OTMedanoch, YTO HM3TOTOBUTENM HE OXUAAIM OTKa3a OT 3alpera Ha
MOBTOpHOE Hcnoib30oBanue (uubTtpoB; u uyto ESLI nmomksHbl OBITH MajeHbKHE, HEAOpPOTHE, U
yHuBepcaibHbie. [loka 3T0 He Tak, ¥ MOTOMY IMPOU3BOAMTEIN HE TOTOBBI K MPOM3BOJICTBY (DUIBTPOB C

JIaTIMKaMU B CJI0€ COPOCHTA.

According to the expressed opinion of the world's leading respirator manufacturers, the introduction of ESLI is an ideal
solution to the problem of filter replacement. However, the size of electronic sensors can be comparable to the thickness of the
standing sorbent, and they are not easy to “bury” into it. Questions were raised about the service life and storage before use (of
filters, sensors, power supplies), and unclear requirements for consumers, creating a threat that the new product would not be
purchased. It was noted that manufacturers did not expect the filter reuse ban to be waived, and that ESLIs should be small,
inexpensive, and versatile. This is not the case yet, and therefore manufacturers are not ready to produce filters with sensors in
the sorbent layer.

st poccuiickoro 4urarensi HEOOXOIUMO IOMYEPKHYTh, UYTO (M 3TO BMJHO JaXe€ W3 Ha3BaHUA
nokymenta [10]) cama BO3MOXHOCTH H3rOTOBIEHHS (GUIbTpoB W uHAMKaTOpoB ESLI otmensHO, c
nocnenyromei komruiekrarueir CU30/] paboronarenem (Macka, COOTBETCTBYIOIIAs JIUIy paOOTHUKA IO
dopme u pazmepy, HHIUBHIYaJIbHO MOJ0O0paHHast; (QUIBTP, COOTBETCTBYIOLIMI XUMHUYECKOMY COCTaBy U
KOHLIEHTpAllMM TOKCUKAHTOB; U MHJMUKATOpP, CIIOCOOHBIN CBOEBPEMEHHO OOHAPYXKUTh UMEHHO TO BPEAHOE
BEIIECTBO, KOTOpPOE — MpH 3alllUTe OT UX CMECH — JIOJDKHO TEPBBIM MOSBHUTHCS B OT(HUIBTPOBAHHOM
BO3yXe) Jake HE yroMuHanack. M3-3a cnoxkusmmxcst Tpaauiuii mpu ceprudukanmn CU30/, oOcyxnamu
JWIIb CO3JaHME YHHUBEPCAIBHOTO JIEMIEBOTO JATYMKA, YCTAHABIMBAEMOTO B (HIBTP C HCTOYHHKOM

IMUTaHusA, OJ19 OAHOPA30BOTI0 MPUMCHCHHUS.

It must be emphasized that (and this is clear even from the title of the document [10]) the very possibility of
manufacturing filters and ESLI indicators separately, with subsequent completion of the respirator by the employer (a mask that
matches the employee’s face in shape and size, individually selected; a filter that matches the chemical composition and
concentrations of toxicants; and an indicator capable of promptly detecting exactly that harmful substance, which (when
protected from their mixture) should first appear in the filtered air) was not even mentioned. Due to established traditions when
certifying respirators, only the creation of a universal and cheap sensor installed in a filter with a power source for one-time use
was discussed.

Cutyanus ¢ ESLI B npyrux crpaHax He JIydlle, a 10 HEKOTOPBIM ITOKA3aTENsIM 3HAUUTENBHO XYKeE.
Ecmu B CIIA ects MunumanbHble TpeOoBarus K ESLI u rocynapcTBo ¢puHaHCcHpyeT paboThl IO CO3TaHHIO
HEJIOPOTUX JaTYMKOB, CIIOCOOHBIX pa3iMyarh Mapbl Pa3HBIX OPraHUYECKHX PACTBOPHUTENCH (IS 3alUTHI
IIPU OKpaco4yHbIX paborax), To B EBpone HeT naxe Tpedoanuii k ESLI. [1apanokcanbHo, HO €eBpONEHCKUX
paboronareneil 00S3bIBAIOT «MEHATH (PHIBTPHI IO PACTIMCAHUIO, WM MO TIOKAa3aHUSM MHIMKATOPOB CPOKA
CIIy’)kObl», HO HUKakMX TpeOoBaHMM K ToOciHeAHMM HeT, U oHu (B EBpome) He cepTHPUIIMPOBAHbI.
MextyHapoaHasi opraHuzalus MO CTaHJApTHU3allMM IpoBeia 0oibllyl0 padoTy, MoAroTtoBuB Oojee 35
CTaHJAPTOB, OXBAaTUBILIUX IIOYTH BCE BOIPOCHI, OTHOCAIIMECS K PECIIUPATOPHOI 3a1UTe, OT TEPMHUHOJIOT MU
no okcruryatanuu. W 3meck mpu ucnonb3oBaHuu  ¢uisTpyromux CU30J[ nist 3amurthl OT Ta3oB
pa0oronarens 0OS3bIBAlOT MEHATh (QWIBTPHl IO PACHUCAHUIO, WM 110 IOKa3aHUSIM HHAMKATOPOB — B
COOTBETCTBUM C JIYYIIUMH OOpa3llaMU COBPEMEHHBIX HAIMOHAJIBbHBIX TPEeOOBaHMM K pecHUpaTOpHON
zammre. Ho cpenu Tpéx necsatkoB cranaaproB [SO, paspabarbiBaBIIMXCS JUIs TOTO, 4TOOBI «CTaTb
o0pa3noM IJis CTpaH, JKEeJAIOUIMX pa3padoTaTh CBOM HAIMOHAJIBHBIE CTAaHAAPTHI IO PECIUPATOPHOIL

3aluTe», HCT HU OJHOI'O, TAC OBl IMEIIUCH XOTh KaKuc-TO0, MUHHMMAJIbHBIC, Tpe6OBaHI/I${ k ESLI.

The situation with ESLI in other countries is no better and, in some respects, much worse. There are minimum
requirements for ESLI, and the government is funding work to create low-cost sensors that can distinguish between pairs of
different organic solvents (for protection during painting work) in the United States. And in Europe, there are not even



requirements for ESLI. Paradoxically, European employers are required to “change filters on a schedule, or according to the
readings of service life indicators,” but there are no requirements for the latter, and indicators are not certified in Europe at all.
The International Organization for Standardization has done a great job, producing more than 35 standards covering almost
every issue related to respiratory protection, from terminology to usage. And they oblige the employer to change filters on a
schedule or according to indicator readings. This closely matches the best practices of the current national respiratory
protection requirements. But among more than three dozen ISO standards developed in order to “become a model for countries
wishing to develop their own national standards for respiratory protection,” there is not a single one that has at least some
minimum requirements for ESLI.

IlepcneKTUBBI yJay4llIeHUS 3alIIUTHI pA00THUKOB B PD.

TexHuuecku, JuIsi OOECHEYECHHS CBOCBPEMEHHOW 3aMeHBbl (DHIBTPOB, OBUIO OBl HICATHLHO
UCIIONB30BaTh UHIUKATOP, C YYBCTBUTEIHHBIM AIIEMEHTOM, HaXOISAIIUMCA MEXAY CilosiMu copoOeHTa. J{s
ATOrO HE 00s3aTeNbHO JAeNaTh €ro YHUBEPCAIbHBIM, JEHIEBBIM M OJHOPA30BBIM, M MOMELIATh B (PUIBTP.
MOXHO yCTaHOBUTH €ro Mexay GuIbTpaMH, M TPOMYCKaTh OYMINAEMBIM BO3AyX dYepe3 HHX
MOCJIEZIOBAaTENIbHO (2 He MapajuleNibHO, KaK ceiuac), M HCIONb30BaTh MHOrokparHo. Ho mns storo
HEOOXOJMMO CHU3UTH COMPOTUBIICHHUE JBIXaHHIO, Y COBPEMEHHBIX (PUIBTPOB OHO YXkKe OOJbIIOE.

Ways to improve worker protection
The ideal technical solution is to install a sensitive detector between the sorbent layers. To do this, it is not necessary to
make the indicator universal, cheap, and disposable and place it in a filter. You can install it between the filters, pass the
purified air through them sequentially (and not in parallel, as now), and use ESLI repeatedly. But for this, it is necessary to
reduce the breathing resistance, which is already high with modern filters.

J1st CHUKEHUS CONPOTUBIIEHUSI MOXKHO YBEJIMYUTD IJIOLIA/1b TOIIEPEYHOT0 CEUEHUS CII0sl COpOEHTA.
Ho »T0 moBbicHUT Maccy (MIBTPOB, a NMPU WX YCTaHOBKE Ha MAacKy OHAa OrpaHM4eHa. V3roraBiuBaTh
cOpOeHT B BHJE IIETBHOTO KyCKa C TPSMBIMH KaHAJIaMH, C HU3KHM COINPOTHBICHHEM IPOXOASIIEMY
BO31yXy (activated carbone monolith) poccuiickue HM3rOTOBHTENM HE yMelOT. HO MOXXHO MOMECTHUTH

(GUIBTPBI HA KaCKy, WJIM B MaJICHbKUH PIOK3aK (KaK y BOGHHbBIX IIPOTUBOTA30B).

To reduce resistance, the cross-sectional area of the sorbent layer can be increased. But this will increase the mass of
filters, and when installing them on a mask, it is limited. Russian manufacturers are not capable of producing a sorbent in the
form of a single piece with straight channels with low resistance to passing air (“activated carbon monolith”). But they can put
filters on a helmet or in a small backpack (as they do with filters on military gas masks).

Hns ctumynupoBanusi Beimycka CU30Jl ¢ wHAMkaropamMu HEOOXOAMMO W3MEHUTH CHCTEMY
ceprudukanmn CU30]] Tak, yToObl paboromarens MOr HpUOOpeTaTh MOAXOASAIINE IS KOHKPETHBIX
YCIIOBUH Macku, (GUIBTPBL, U WHIUKATOPbI, U3TOTOBJIEHHBIE CHEIHAIN3UPOBAHHBIMU B CBOMX O0JACTSIX
3aBOIaMU. OTHU KOMIUIEKTYIOIIME JIOJDKHBI CEPTU(PUIMPOBATHCS OTBETCTBEHHOM OpraHu3anueil ams

o0ecIeyeHns ux Ka4y€CTBa, 1 OTACIIBHO APYT OT Apyra.

To encourage the production of filters with indicators, it is necessary to change the respirator certification system so
that the employer can separately purchase masks, filters, and ESLI, suitable for specific conditions and separately
manufactured by different specialized factories. These components must be certified by a responsible organization to ensure
their quality.

Ceprudurkanuro nporuBorasusix CHU30Jl, KOHCTPYKIHS KOTOPHIX HE IMpeaycMarpuBacT HU
YCTaHOBKH MHIUKATOpa (CBOETO WJIM CTOPOHHETO MPOU3BOCTBA), M JaKe MOAKIIIOYCHHE Ta30aHaIN3aTopa
(Mexay GUIBTPOM U MacKOi) HEOOXOIMMO MOCTENEHHO MPEKPaIIaTh.

Certification and production of gas mask filters, the design of which does not provide for the installation of an

indicator (our own or third-party production), and even the connection of a gas analyzer (between the filter and the mask), must
be gradually stopped.
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