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ON THE PROBLEM OF EXPOSURE CONTROL

OF NANOMATERIALS AT WORKPLACE
Demetska 0. V., Tkachenko T. Yu.
SI «Institute for Occupational Health of National Academy of Medical Sciences of Ukraine», Kyiv

Background. In the present situation, when production and use of nanomaterials are developing very quickly, assessment of
risks in the field of nanotechnologies, hygienic regulation, exposure control of nanomaterials at workplace, becomes a tasks
of high priority. All these need an assessment of workers’ exposure to nanoparticles in occupational settings.

Purpose. To determine nanoparticle emissions to the air of the working zone in different work activities and to evaluate mod-
ern methods of the exposure control of nanomaterials at workplace.

Materials and methods. A concentration of nanoparticles in the air of the working zone was measured by the diffusion aerosol
spectrometer DAS-2702.

Results. According to levels of nanoparticle emissions to the air of the working zone, the E-beam synthesis in vacuum as well
as traditional industrial processes (electric welding, secondary lead melting) are the most potentially dangerous.

Conclusions. Nanoparticle emissions to the air of the working zone can occur in both nanotechnological and traditional pro-
cesses. An exposure control is needed in both situations and requires modern measuring devices and specially developed

sampling methods.
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Introduction

Nowadays, high-priority issues in nanosafety are as
followed: investigations of the toxicity of nanoparticles
and new material; monitoring of occupational expo-
sure; analysis of the potential risks for human health
and the environment as well as occupational hazards;
minimizing negative effects and sharing the informa-
tion on probable risks. Today, a nanomaterial is
defined as material with at least one outer dimension
in the scale of 1—100 nm or with inner or surface
nanosized structure. A nanostructural material is
described as the material, which is characterized by
inner or surface nanostructure. Nanomaterials are
devided into nanoobjects (nanoparticles, nanofibres,
nanoplates, etc.) and nanostructural materials (nano-
structural powder, nanocomposite, etc.). A nanopar-
ticle is a nanoobject with all three dimensions in the
nanoscale [ 1, 2].

At the current stage of nanotechnology develop-
ment, when the number of workers, having occupa-
tional contact with nanomaterials, is constantly
increasing, the assessment of risks in the sphere of
nanotechnologies, hygienic regulations, and exposure
control of nanomaterials at workplace, turn to be tasks
of high priority. The nanomaterial control is aimed at
detection, identification and characterization of nano-
materials in the air of the working zone. All this is
impossible without assessment of exposure at work-
place.

The British Standards Institution (BSI) recom-
mends the following devices for direct measuring of
the number, mass and surface area for nanopart-
cles [3]:

Measurement of the number of nanoparticles:
1) Condensation particle counter (CPC) provides

real-time number concentration measurements

between particle diameter detection limits. They
operate by condensing vapor onto sampled parti-
cles and detecting/counting the droplets formed;

2) Differential mobility particle sizer (DMPS) is used
for real-time size-selective detection of the number
of concentrations and shows a number-based size
distribution;

3) Electron microscopy (scanning electronic micros-
copy (SEM), transparent electron microscopy
TEM) can provide information on size-specific
aerosol number concentrations.

Measurements of mass of nanoparticles:

1) Size selective static sampler (with a cut-off point of
approximately 100 nm) is used for analyzing sam-
ples by gravimetric weighing or for chemical analy-
ses. Some cascade impactors are with selection
points around 100 nm and can be used for such
purposes;

2) Tapered element oscillating microbalance (TEOM)
is a sensitive real-time monitor, which can be used
to measure nanoaerosol mass concentrations on-
line, with a suitable size-selective inlet.
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Surface area measurements:

1) Diffusion charger is used for a real-time measure-
ment of aerosol active surface area. Diffusion char-
gers are specilic only for nanoparticles if used with
an appropriate inlet pre-separator;

2) Electrostatic low pressure impactor (ELPI) makes
it possible to provide a real-time size-selective
(aerodynamic diameter) detection of an active sur-
face area concentration;

3) Electron microscopy (SEM, TEM) can show infor-
mation on a particle surface area concerning the
size. Using TEM it is possible to receive the direct
information on the projected area of the collected
particles, related to a geometric area for some par-
ticle shapes.

The abovementioned devices can be also used for
indirect measurements[3]. The ELPI data on the aero-
sol size distributions can be interpreted in terms of the
number or mass concentration; size-selected samples
can be further analyzed off-line. The same way, with
DMPS it is possible to calculate mass concentrations
of aerosols on the base of aerosol size distribution.
ELPI and DMPS can be used for mass concentration
of aerosols calculations only if the particle charge and
density are assumed or known. DMPS, giving aerosol
size distribution, also makes it possible to calculate a
surface area. ELPI and DMPS can be used in parallel:
differences in the measured aerodynamics and mobility
help to obtain particle fractal dimension, which can be
used to estimate a surface area.

The purpose of the present work was to determine
emission of nanoparticles to the air of the working
zone under different working processes and to evalu-
ate modern methods of the exposure control of nano-
materials in the workplace environment.

Materials and methods

The concentration of nanoparticles in the air of the
working zone was measured by the diffusion aerosol
spectrometer DAS-2702 (a diffusion aerosol charger).

Researches on the following production processes
were carried out: the E-beam synthesis in vacuum of
metal powders with nanostructure; mechanical acti-
vation and mechanical synthesis of nanosized pow-
ders of metals; chemical synthesis of CdS nanoparti-
cles in gelatin with and without heating; melting of
secondary lead (an experimental model); electric
welding; processing of the plant raw materials; man-
ual dosing of the chrysotile asbestos.

Results and discussion

The first step in organization of the control of a hazard
is to prepare a list of compounds, which can enter the
air of the working zone at every workplace. In this, it
is necessary to take into account special features of
technological processes, temperature regime, num-
ber of emitted hazard compounds as well as physical-
chemical properties of substances, being under the
control, and their ability to transformation due to
oxidation, degradation, hydrolysis or other process.

Also, duration of workers’ presence in the production

area within a shift as well as a type of a workplace

(permanent or temporary) should be taken into

account.

Elements of the system of the exposure control in
the workplace environment include: monitoring of
hazardous work conditions; control of ventilation sys-
tem effectiveness; control of personal protective
equipment (with account of its changes and/or clean-
ing frequency; storage conditions); control of the
equipment sanitization; control of keeping to instruc-
tions on safety.

Until a nanomaterial class of hazard has not been
established officially (in the frame of hygienic regu-
lations), each individual nanomaterial should be
considered as a new product, which can be poten-
tially hazardous for humans. In order to find a dan-
gerous technological area, processes and sources of
nanoaerosol emissions to the air of the working
zone, control of its maximum concentration, is car-
ried out.

Our own experimental researches show that
nanoparticle emissions to the air of the working zone
can occur during processes, where nanomaterials are
being involved, as well as under traditional processes,
which are not related to nanomaterial processing or
production (Table) [4, 5].

The data on nanoparticle concentrations can be
compared preliminary with the following benchmark
levels:

— for metals, metal oxides and other biologically
stable dispersed nanomaterials with density
> 6000 kg/m? concentration of nanoparticles in the
range of 1—100 nm should not exceed 20000 par-
ticles/cm?;

— for biologically stable dispersed nanomaterials with
the density of < 6000 kg/m? concentration of
nanoparticles, ranging 1—100 nm, should not
exceed 40000 particles/cm?.
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Levels of nanoparticle emissions under various work activity

No T s Backgl:ound le;'el, .Concentratlon of nanol.)artlcless
particles/cm in work processes, particles/cm
| E—.beam synthesis in vacuum of the metal powders 14 666 135 618
with nanostructure
) Mechamf:al activation and mechanical synthesis 3738 10 446-13 530
of nanosized powders of metals
3 Ch.emlcal syqthes1s of CdS nanoparticles in gelatin 14 000 21 000-29 000
(without heating)
4 C}llemlcal. synthesis of CdS nanoparticles in gelatin 14 000 28 000-42 000
with heating
5 | Melting of the secondary lead (experimental model) 8535 26 000-50 000
6 | Electric welding 30 000 80 000—120 000
7 | Processing of the plant raw materials 5000 5000-10 000
8 | Manual dosing of the chrysotile asbestos 12 000 20 000-25 000

According to these benchmark levels the E-beam,
synthesis in vacuum as well as in traditional work
processes (electric welding, secondary lead melting),
are most potentially dangerous.

At the same time the assessment of the nanomate-
rial exposure at workplace requires not only determi-
nation of nanoparticle concentrations in the air of the
working zone, but, also, use of different sampling
methods for further physical-chemical analysis of
nanoparticles.

For example, in order to measure physical proper-
ties of nanoparticles, a method of their sampling,
described in [6], can be used. The method includes
mixing an aerosol sample with vapor absorber in the
camera-receiver with further vapor condensing onto
sampled particles. After this, physical measurements
can be done, using registration by Tyndall scattering
(light scattering of particles).

For determination of size, elemental composition
and mass concentration of nanoparticles in the air of
the working zone the next method can be used. The
air is aspirated by the sampler through Zaitsev
absorber, which contains deionized water. The sample
is filtered, using syringe with a membrane disk filter
(filter diameter 25 mm, pore size 100 nm) in the
attached filter holder. The filtration makes it possible
to collect only particles with size <100 nm. The con-
centration and elemental composition of nanoparti-
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AO NTUTAHHSNI KOHTPOAIO HAHOMATEPIAANIB Y BUPOBHN4YOMY CEPEAOCBWLLI
AY «HCcTUTYT MeanuvHn npaui HAMH YkpaiHn», m. Kuis

Cman npobaemu. B cydacHUX yMOBax, KOJIM IIBUAKMMU TeMIIaMU 3pOCTAa€ BUPOOHUIITBO Ta 3aCTOCYBaHHSI HAHOMAaTEpialiB,
MepLIOYEProBUM 3aBIAHHSIM € OLliHKa PU3MKY B chepi HAHOTEXHOJIOTIl, TiriEeHiYHE HOPMYBaHHsI, KOHTPOJIb 32 HAHOMAaTe-
pianamu y BUpodHU4YOoMY cepenoBulli. Lle, B cBoto yepry, NoTpedye OLliHKY €KCMO3UILiT MPaIIOI0YMX Ha pOOOUYUX MiCLISX.
Mema docaidocennss — BUBHAYUTY €MicCil0o HAHOYACTUHOK y TIOBITPsST pOOOYO0i 30HU TIiJl 9ac Pi3HUX BUPOOHUIMX MPOIIECiB Ta
OLIIHUTU Cy4YacCHi METOIM KOHTPOJIIO 3a HAaHOMaTepiajlaMy y BAPOOHUUOMY CEPEIOBUILLI.

Mamepiaau ma memodu docaidncennss. KOHIIEHTpallil0 HAHOYACTUHOK y MOBITPi poO0YO0i 30HM BUMIpIOBaIM Ha TUDY3HOMY
aepo3osibHOMY criekTpomeTpi JJAC-2707.

Pesyavbmamu. BinnoigHo A0 piBHIB eMicii HAHOYACTMHOK Yy TMOBITPsl poOOYOi 30HM HalOilblla MOTeHLiiHA Hebe3meka
MOB’s13aHa 3 TAKUM HAHOTEXHOJIOTIYHUM TPOLIECOM, SIK €JIEKTPOHHO-TPOMEHEBUI CUHTE3 Y BAaKYYMi, a TAKOX i3 BUPOOHU-
YUMU TIpOLIecaMU, sIKi He TIOB’s13aHi 3 HAHOTEXHOJIOTISIMU (€JIEKTPO3BapIOBaHHSI, BUTIIABKa BTOPMHHOTO CBUHIIIO).
Bucnoexu. BctaHOBIEHO, 1110 €MiCi€el0 HAHOYACTUHOK Y TOBITPsl poOOYOi 30HU MOXYTb CYITPOBOIKYBATUCS SIK BUPOOHUYI
MpoLeCH, KiHIEBUM MPOAYKTOM SIKMX € HaHOMaTepiasu, TaK i TpaauliliHI MPOLECH, 110 HE € HAHOTEXHOJIOTIYHUMU.
BupoOHUYMIT KOHTPOJIb HAaHOMATEpialiB MOTPedye CydyaCHUX BUMIipIOBAJbHUX MPUCTPOIB Ta 3aCTOCYBaHHS CIIELliabHO
PO3pO0JEHUX AJISl TaHUX 1IiJIell MeTOAMK BiaOopy mpoo.

KuarouoBi caoBa: HaHOYACTHHKM, HAaHOMAaTepiajau, MOBiTPS poO6oOU0l 30HU

Aemeuxasn A. B., Tka4eHko T. 0.

K BONPOCY KOHTPOASI HAHOMATEPUAAOB B NPOVN3BOACTBEHHOW CPEAE
Y «MHCTUTYT MeanuviHbl Tpyaa HAMH YkpauvHbl», r. Knes

Cocmosanue npobaembl. B COBpeMEHHBIX YCIOBUSIX, KOTIa ObICTPBIMU TEMIIAMU PACTET MPOU3BOJICTBO U TPUMEHEHUE HAHO-
MaTepuasoB, MEePBOOUEPEIHOM 3a1aueil SIBISIETCS OLIEHKA PUCKa B chepe HAHOTEXHOJIOTUIA, TUTUEHUYECKOe HOPMUPOBA-
HUE, KOHTPOJIb HAHOMATEePHAIOB B MPOU3BOACTBEHHON cpefe. DTO B CBOKO ovepeb TPeOyeT OLCHKU IKCIMO3UIMU pabo-
TalOLIUX HAa pabouyMX MecTax.

Llenw uccaedosanus — onpeneauTb SMUCCUIO HAHOYACTULL B BO3/1yX paboyeil 30HbI MPY Pa3IMUHbIX TPOU3BOJCTBEHHBIX ITPO-
1eccax M OLEHUTh COBPEMEHHBIE METOIBI KOHTPOJISI HAHOMATEPUAJIOB B IIPOM3BOICTBEHHOI Cpejie.

Mamepuansr u memoout uccaedosanus. KOHIIEHTpALMIO HAHOYACTHL] B BO3/yXe paboueil 30Hbl u3Mepsuin Ha auddy3HoM
asp0o30;IbHOM criekTpoMeTpe JJAC-2707.

Pesynvmamer. Vicxozst U3 ypoBHEH SMUCCUM HAHOYACTHI] B BO3IyX paboueil 30HbI, HauboJjiee MOTeHIIMaTbHAs OMTACHOCTh
CBsI3aHA C TAKUM HAHOTEXHOJOTMYECKUM MPOLECCOM, KaK IEKTPOHHO-TYYeBOI CUHTE3 B BaKyyMe, a TakKe C TIPOU3BOA-
CTBEHHbBIMU TPOLIECCAMU, KOTOPbIE HE CBSI3aHbl C HAHOTEXHOJOTUSIMU (3JIEKTPOCBApKa, BbITUIABKA BTOPUYHOTO CBUHIIA).
Bbi600b1. YcTaHOBIIEHO, UTO DMUCCUEN HAHOYACTUIL B BO3IYX paboyueil 30Hbl MOTYT COMPOBOXKIATHCS KaK MPOU3BOACTBEH-
HbIE TIPOIIECChHI, KOHEYHBIM ITPOAYKTOM KOTOPBIX SIBJISTIOTCS HaHOMaTePUaJIbl, TaK ¥ TPAIUIIMOHHBIE IPOIIECCHI, KOTOPbIE He
SIBJISTIOTCSI HAHOTEXHOJIOrMYeCKUMU. [Tpon3BOICTBEHHBIN KOHTPOJIb HAHOMATEPUAIOB TPEOYET COBPEMEHHbBIX U3MEPUTEITb-
HBIX YCTPOICTB U MPUMEHEHMsI CIIELUAIbHO Pa3pabOTaHHBIX ISl 3TUX LieJIel METOAUK O0TOOpa Mpoo.
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