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Plans

W Putekli, to iedalijums
W Puteklu 1pasibas

» Puteklu izmérs
» Struktdra

» Kimiskais sastavsu.c.
B Riska noteikSana un mérisanas taktika
W Putekli darba vidé (koncentracijas)
B Nanodalas (ultrasikas dalinas)

W Aktualitates nakotné saistitas ar puteklu ekspozicijas
izvertésanu
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Putekli darba vide

B Nozares ar razosanas procesiem, kas ir saistiti ar
puteklu veidosanos:

;)
" B Eye
- kokapstrade, : ~‘__ ‘:“7\ e e T

e e

- metalapstrade,
- bavnieciba,
'

- bdvmaterialu razoSana

- tekstilrGpnieciba,

- partikas razoSana
- masinbuve

- lauksaimnieciba u.c. nozares.
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Kas ir putekli?

B Razosanas putekli ir cietu vielu smalki dispersu dalinu
kopums, kas rodas darba procesa un zinamu laiku
atrodas gaisa lidzsvarota stavoklr.

W Putekli ir aerosols, t. i., dispersa sistéma, kura
disperso fazi veido cietas dalinas, bet disperso vidi —
gaiss.

W Dalinas sastav no dazadam kimiskam vielam, kuras
var noteikt, lai precizak raksturotu puteklu sastavu.
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Puteklu iedalijums

Pé&c puteklus veidojoso vielu rakstura izskir:

B organiskos puteklus: augu (koka, miltu, tabakas,
kokvilnas), dzivnieku (adas, vilnas, matu), maksligos
(plastmasu), mikroorganismu (sénu, baktéeriju);

B neorganiskos puteklus: metalu (dzelzs, vara,
aluminija), mineralu (kvarca, azbesta, kalku,
cementa);

H jauktos putek]us.

RIGAS STRADINA _ Darba droSibas un vides

UNIVERSITATE veselibas institts



Péc veidosanas procesa puteklus iedala

B Dezintegracijas aerosolos, kas veidojas, ja cietas
vielas sasmalcina skaldot, urbjot, malot u. tml.
(metalapstradé, kokapstrade, celtniecibas materialu
razoSana un tekstilrtipnieciba).

B Kondensacijas aerosolos, kas veidojas,
kondensegjoties stipri sakarsétu metalu (pieméram,
cinka, aluminija u. c. krasaino metalu) tvaikiem, ja tos
atdzesé (metinaSanas un lodésanas procesi).

B Kondensacijas aerosolu dalinas ir daudz mazakas par
dezintegracijas aerosolu dalinam.
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Cita veida aerosoli

® Dumi — aerosols, kas veidojas, gazém parvérsoties
sikas cietas dalinas degsanas, sublimacijas vai
kondensacijas procesa.

B Garaini/tvaiki — gazveida, molekulari dispersa,
parasti cieta vai Skidra stavokli esosa vielu forma.

B Migla — skidrs aerosols, kas veidojas, sadaloties un
kondenségjoties skidrumiem, radusies pilieni apnem
atbilstosos kodolus, un, pilieniem iztvaikojot, pari
paliek loti mazas dalinas, kuru diametrs ir 2—-3 um.
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Putekl|u Tpasibas

W [zmérs jeb dispersitate,
H [patné&jais svars/blivums,
W Struktdra un forma,

B Dalinu cietibas pakape
m Skidiba

W Puteklu eksplozivitate.
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Aerosolu dalinu lielums

m Aerosolu dalinu lielums jeb dispersitate nosaka, cik
dzili tas var iekllt elpcelos un kadu efektu izraistt.

P&c dalinu lieluma puteklus iedala:
B redzamajos — diametrs ir lielaks par 10 uym;
B mikroskopiskajos — diametrs ir 0,25-10 um;

m ultramikroskopiskajos — diametrs mazaks par 0,25
um. letver NANODALINAS - diametrs mazaks par
0,1 pum.
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Puteklu veidi un izmers

" LU GRS, DO, 10O, (O, LU, Cullf, LU0, LU, IO, L1 LS, U4, LUk, UuS, 10 210k G, Bl Sl T, AL ad, el Bl BUCE AU Ui, Al

€ YWood Duist (MDE

¢ Qily Smoke 3 & Fuel Ol Fumes 3
i <IgAareile Smoxe Y 4 Coal Dust 3
F Metal Dyust and Solder Fumes 3
€ Paint Pigments & Colours 3
£ M I“' F"_'.'l_;’ el SDDE %

Hazardous [0 Lungs

£ Bacteria s ¢ Human Hair
] &

Avots: https://stusshed.com/tag/microclene/
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Redzamie putekli nosézas sameéra strauji un tapéc
Ir mazak bistami par mikroskopiskajiem putekliem,
kas nosézas loti léni.

Duration of
Fall fall from
Velocity a height Particle Size
of 1 m
[em/s] [min]
0.00006 500 hrs.
_____________________________ 0.1 pm
0.006 5 hrs.
__________________________ @ 1pm.
0.6 3 mins.
15 6s
50 ym

Avots: http://www.ne[—)_si_.—eh}c_l(_)ﬁt_-_g_i\;é-cl_ ust-chance



m Ultramikroskopiskie putekli flokulacijas procesa veido
konglomeratus, ko ietekmé gravitacijas spéks, kurs
veicina to atraku nosésanos.

M Flokulacijas process paatrinas, gaisam samitrinoties.

.

Particle
Spray Spray Dust
Droplet Droplet

Particle

(Q'
Figure 4

If the drop diameter is larger than the dust particle diameter, the dust particle

EMMAG: 83000 kx  Vac. HiVac S will follow the air stream around the drop. (Shown left.) If the diameters of the
EM HV. 25.00 kv WD 5.9510 mm 1pm MIRA\ TESCAN n drop and the dust particle are comparable, the dust particle will follow the air
ate(m/aly): 07/14/10 Det SE Detector Riga Technical Universety 3]

stream and collide with the drop. (Shown right.)
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Puteklu forma

® Nozime ir arT dalinu formai un struktdrai (ipasi cietibai).

[ Ed 4 . 2% tu s LN y OB Y
6'/ V5. WY "*" ) . A ( \I ¥t 4 ¢
- X e 8’
. 3. ’ 34 ¢

500 nm

Picture 3. Dust particles by their chemical composition and shape (a - silica, b - iron oxide, ¢ - zinc oxide, d - organic
dust with iron oxide inclusions, f - organic dust, silica spheres and sodium chloride crystals

H [ oti smalkas, tievas un cietas Skiedrveida dalinas
(azbests) ir grati izvadit no elpceliem ar dabiskiem
alzsargmehanismiem.
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Puteklu cietiba

B Dezintegracijas aerosoli satur lielakas un nepareizas
formas dalinas, nereti ar asam Skautném (pieméram,
silicija dioksids, kvarcs, azbests).

W Putekli, kuru dalinam ir liela cietibas pakape, ir:
silicija dioksidu saturosu materialu, akmenoglu,
sarkankoka, dizskabarza un ozola u.c. putekli.
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Putekli un mikroorganismi

B Puteklu dalinas biezi absorbé tdens tvaikus, Tpasi
atmosféra ar augstu mitruma pakapi.

B Organiskas izcelsmes putekli darba vidé var veicinat
paaugstinatu baktériju vai sénu koncentraciju gaisa.

B Uz puteklu dalinu virsmas var bt arT adsorbétas
gazes un skidumu tvaiku fazé esosas kimiskas vielas.
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Puteklu normas

m Putekliem ar izteiktu toksicitati AER noteikta daudz stingraka.
» Abrazivie putekli — 2 mg/m3
» MetinadSanas aerosols — 4 mg/m3

» Azbesta Skiedras — 0,1 Skiedra/cm?
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Kas Ir azbests?

Azbests ir Skiedrveida silikatu minerals, kuram piemit Tpasibas:
mehaniska izturiba un elastiba, termiska noturiba, labas

siltumizolacijas spéjas u.c. Azbests ir loti kaitigs veselibai , tas ir
kancerogéns un izraisa laundabigus audzéjus.
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Puteklu eksplozivitate

B Daudziem putekliem (pieméram, oglu, cukura, miltu,
cietes, zirnu, séra, aluminija, cinka) piemit
eksplozivas ipasibas.

M Lai notiktu spradziens, nepiecieSama augsta
temperatira (liesma, dzirkstele, elektrisks ladins) un
pietieckami liela puteklu koncentracija gaisa.

B Minimalais puteklu daudzums, kas var radit
eksploziju, dazadu Skirnu oglém ir 30—40 g/m3, cietes,
aluminija, séra putekliem — 7 g/m3, cukuram — 10,3
g/ms3.
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Noderigas informacijas &4t
https://www.ccohs.ca/o

quenckes established for loors and horlzontal surfaces, such as ducts,
pipss, hioods, ledges, and beams, to minimize dust accum ulations
within operating aress of the faciliy:

Tha warking surfaces are designed in & manner to minimize dust
accumulation and faciiiate ceaning.

lgnition Control Measures

Electricallypowered cleaning deviees such as wacuwm clearers, and
electrical squipment are approved for thie hazard classification far
Class Il locatkores.

Irs.u an lgnition contrel program, such as growunding and
athaer methods, for disdpating any elctrostatic charge that

Areas whene smoking is prohibited are posied with Mo Smoidng™ signs.
Duct sysbems, dust coleciors, and dusi-producing machinery are borded

MSDSs for the chaemicals which cowld become combustible dust urder

#Agricultoral Products | | Cottorseed Soybean dust Chemical Dusts Epowy resin

Egg whibe Garlic poerder Spice dust Adipic acid Melamine resin

Milk, powndened Gluten Spice powder S mthraguinone hMelamine, molded

Milk, nonfat, dry Grass dust Sugar [10=x} dzcorbic acid iphenol-cellulo=se}

Sy flour Green cofies Sunflorerer Calciurm acetate Melamine, molded

Starch, cam Hops (malted) Sunfloser seed dust Calcium stearate iwoad flour and

Stanch, rice Lemon peel dust Tea Carbowp-miethyloellubose mineral filled phenol-

Starch, wheat Lemon pulp Tobacco blernd Diexctrin formaldehyde)

Sauggar Limseed Tomabs Lactose (pohy) Methyl acrylate

Sugar, milk Loowst bean gum Walnut dust Lead stearats (poly) Methyl acrylate,

Sugar, beet halt Wheat flour Methyl-cellulose emulsion palymer

Tapioca Crat flouwr Wheat grain dust Faraformaldehyde Fhenolic resin

Whey Ot graim dust Wheat starch Ssodvurm asoorbate (polyl Propylene

Wood flowr Clive pellets ¥anthan gum Sodium stearate Terpene-phenal resin
Cknaon poveder Sulfur Urea-formaldehyda/

#Agricultural Dusts Parsley (dehydrated) Carbonaceous Dusts cellulose, molded

i Ealfa Feach Charooal, activated BMetal Dusts ipoly) Viny| acetated

Apple Peanut meal and skins Charooal, waod Alumirmem ethylene copolymer

Eieet nosof Feat Coal, bituminous Bronze ipody) Vinyl alcohol

Carrageen Fatato Coke, petrolewm Iron carboryl oyl Viny| butyral

Carrot Fotato flowr Lampblack Magnesium ipohy) Winyl chloride/

Coooa bean dust Faotato starch Lisgmite Zinc athylenafvirmyl

Cocoa powder Raw yucca seed dust Peat, 22%H:0 acetylene suspension

Coconut shell dust — E— T ET— .

Coffea dust F Dust Control Maasurnes Thiz faciiity sebects and uses industrial trucks that are approssed for the

o bustible dust lomtions.

Corn meal F The dust=coriaining sysbems (ducts and dust collectors) are designed

P ———, F in a manner (Le., no leaking] that fusgithes dusts ane not allowed to Provention Meoasures

ot q accurnulaie in the work area. Tha facility has separator devices to remaoswe forelgn materials

an 4 The facility has a housekssping pragram with regular cleaning fre- capabie of igniting combustible dusts.

nofmal operations s avallable to emaloyoos.

Emiploees arg tralred on the explosion hazands of combustible dusis

Protecticn Moxsunes

The tacility has an emergency actkan plan.

Dust colkectors are not located inside of buildings. (Some exceptions]
Aooms, buildings, or other enclosures (dust collecions) have explosion

relief venting distribuied aver the exterior wall of bulldings and

onclsures.

Explosion wenting |s directed 1o a safe kecation asay from employees

TR TS FEOHTSET b e Thersp bt

on devices i prevent deflagration propagation
Iprnient connected by duchwori

Thiz dust collecior sysiems have spark deiection and explosion
deflagration suppression systems.
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Galvenais ekspozicijas veids - ieelpojot

B |[edarbibas kaitigais efekts atkarigs no:
» razosanas aerosola 1pasibam,
» koncentracijas gaisa,
» ekspozicijas intensitates (biezuma) un ilguma,

» ekspozicijai paklautas personas uznémiguma.
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Puteklu/aerosolu novértéSanas

bltiskakie pamatprincipi

H |dentificét visus puteklu veidus, visus darba
procesus, visus paklautos darbiniekus

® Noveértét risku (aptauja, mérijumi, novertéSanas
metodika u.t.t.)

B Informét un apmacit darbinieku

H Planot un veikt preventivos pasakumus (sakt vismaz
ar sliktako situaciju)

m Uzraudzit situaciju! (Mérijumi pasdtiti darba vieta, kas
jau 2 gadus ir likvidéta....)
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Puteklu/aerosolu koncentracijas
noteikSana

W Personalizéti paraugi

W Darba zonas paraugi 30 cm apkart

Filtrs elposanas zonai

® Fona paraugi

Nepareizi!!!

Veikt ekspozicijas
noteikSanu

péc razoSanas fona
Pumpitis/suknis

paraugu rezultatiem.
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Kimisko vielu noteikSanas metodes
darba vides gaisa
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Eku bilivnieciba - pieméri

dPutekli (abrazivie) - Metala sijas metinajumu
vietas slipésana ar lenka slipmasinu no 11,65 -
19,6 mg/m?

dPutekli (cementa) - Darbs ar slipmasinu no
1,12 — 16,62 mg/m3

dPutekli (koka) - Koka siju zagéSana 7,2 mg/m?

dMetinasanas aerosols - 1,57 — 36,7 mg/m?
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Partikas razosana — piemeri

g : . El
merisanas vieta viela .
robezas
kakao pupinu skirosana,
malsana, glazdlru iecirknis

cukura malsana, pildijuma

augu putekli 0.05-1.2

cukura
gatavosana, glazlru , 0.06-19.4
. putekli
lecirknis
miklas gatavosana miltu putekli 0.6-7.4
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Metinasanas aerosols — metalapstade

Ekspozicijas indeksi pa gadiem (%)
Metinasanas aerosols (AER = 4.0000, mg/m?)

100 -
60 50 63
75 -
50 =
25 -
u -
2008 2009 2010 2011 2012 2013

W Zems EI M Videjs EI [ Augsts EI [] Loti augsts EI
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Abrazivie putekl|i - metalapstrade

Ekspozicijas indeksi pa gadiem (%)
Putekl]i (abrazivie) (AER = 2.0000, mg/m?)

100 -

53 67 73

75 -

2008 2009 2010 2011 2012

M Zems EI M Videjs EI [ Augsts EI [] Loti augsts EI
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Metinasanas darbi

Metinasanas Mangans
aerosols

N =85 N =59
Vid. 11,9 0,5
Median 4,0 0,03
Min 0,02 0,001
Max 351,2 23,4
AER 4,0 0,1

RIGAS STRADINA X Darba droSibas un vides
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Citu Kimisko vielu koncentracijas -

metalapstrade
Abrazivie Putekli
putekli

n=43 n=71
Vid. 6,8 13,2
Median 2,7 3,0
Min 0,3 0,32
Max 46,43 454.,8
AER 2,0 4,0
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Aizsarggazes ietekme uz kim. vielu koncentracijan
veicot metinasanu ar pusautomatu

, _ Merijumu _.
Aizsarggazes _ _ , _ . _. . | Normativais
Meéramie parametri [rezultats (vidéjais]|,.
numurs _ lielums, AER
lielums M + u)
Metinasanas aerosols 5,0+0,8 4
: _ Ozons 0,38 £ 0,06 0,1
1. Aizsarggaze -
Oglekla monoksids 3,5+0,5 20
Slapekla dioksids <0,2* 2
Metinasanas aerosols 3,1+0,5 4
. _ Ozons < 0,001 0,1
2. Aizsarggaze -
Oglekla monoksids 2,6+0,4 20
Slapekla dioksids <0,2* 2
Metinasanas aerosols 2,604 4
: _ Ozons 0,21 +0,02 0,1
3. Aizsarggaze -
Oglekla monoksids 58+0,9 20
- o "
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Putek|u dalinu raditaju un ventilacijas
veida novertejums
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Minimala | Maksimala
Ventilacijas veids Noteiktie raditaji vidéja vidéja Vidéja vertiba |Standartnovirze
vertiba vertiba
Alveolara frakcija,
um?/cm?3 46.6 55.0 50.8 5.9
N Traheobronhiala

nav ventlachas 1o kcija, um?om® | 132 | 152 14.2% 1.4
Puteklu dalinu
skaits, dalinas/m® | 9700.0 | 14756.0 3575.1
Alveolara frakcija,
um?/cm?3 11.7 55.5 29.7 15.8
Traheobronhiala

pieplide/nosiice |frakcija, um?/cm?3 2.4 13.0 5.2* 3.1
Puteklu dalinu
skaits, dalinas/m® | 3150.0 | 9570.0 2208.5

Darha droSibas un vides
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Putek|u dalinu raditaju un printesanas
intensivitates novertejums

B R{GAS STRADINA

Minimala | Maksimala
PrinteéSanas intensivitate Noteiktie raditaji vidéja vidéja Vidéja vertiba |Standartnovirze
vertiba vertiba
Alveolara frakcija,
um?lcm?3 6.0 54.9 25.3 15.5
mazak par 1000 Trahgqbron}éicilds
lapam diena frakcija, umé/cm 1.5 15.2 5.0 3.8
Putek[u dalinu
skaits, dalinas/m3 1880.0 | 14756.0 3736.1
Alveolara frakcija,
um?/cm?3 23.4 55.5 40.9 16.8
vairak par 1000 Tmhe-qun}éidlds
lapam diena frakcija, um?#/cm 4.2 13.2 8.8 5.0
Puteklu dalinu
skaits, dalinas/m?® 6462.0 | 9700.0 1506.1

Darba droSibas un vides
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Puteklu dalinu raditaju un gridas
seguma veida novertejums
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Minimala | Maksimala
Gridas seguma veids Noteiktie raditaji vidéja videja Vidéja vértiba | Standartnovirze
vertiba vértiba
Alveolara frakcija,
um?/cm?3 11.7 55.5 33.2 15.7
= o= Traheobronhiala
m‘kgteag‘jr%';das frakcija, um?lem® | 2.4 | 15.2 6.5 4.4
Puteklu dalinu
skaits, dalinas/m® | 3150.0 {14756.0 3508.1
Alveolara frakcija,
um?/cm?3 6.0 55.0 23.5 18.9
Traheobronhiala
P i |frakcija, um?lem® | 15 | 13.2 5.3 4.6
Putek[u dalinu
skaits, dalinas/m® | 1880.0 | 9700.0 3124.9

Darha droSibas un vides
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Kas ir nanodalinas?

Nanodalinas - dalinas, kas vienadas

vai mazakas par 100 nm (vismaz viena
dimensija — plakne).

(a) ©) cococccoaso
ll)-llllll‘llk . ‘:lC?n.'n
< 100nm J LRI X XK '.'_
eeeee e reee oy
e (\l'l :l x b ‘) Nala
Nanoparticle Nanotube Nanosheet
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Kur rodas nanodalinas?

mDaba — mineraliezi (t.sk., azbests), vulkani, meza
ugunsgréki, fotokimiskas reakcijas gaisa (sulfati,

nitrati u.c.)

mCilveka darbibas rezultats — darba vide
(metinasana, dzelzs kausésana) un apkartéja
vidée (transportlidzekli, ripnicas,

majsaimniecibas, pieméram, apkure)

mMaksligi raditéass - kvépi, TiO,, Zn0O,,
medikamenti u.c.
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Nanodalinas raksturo:

B masa
® diametrs
® virsmas laukums

(@) (©

o

Total surface area: 6 cm? Total surface area: 60 cm? Total surface area: 60,000,000 cm?
(All 1 mm cube) (All 1 nm cube)

W sastavs (t.sk., Kimisko vielu,
alergénu klatbutne)

W |adins, u.c.

Bl RiGAS STRADINA X Darpa droSibas un vides
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Nanodalinu piesarnojums videé

Normals limenis: lgesérooiums
_ 100 000 dalinas/ml;
m5000 dalinas/ml; 9 1000 biljoni dalipas/24h;
m50 biljoni
dalinas/24n;
9 1ma agam jatiek gala

v — krofagam jatiek gala ar

B plausas — 500 vairak par 200 dalinam/24h

miljoni alveolas

M5 biljoni alveolaro
makrofagu

B 1 makrofags — 10
dalinas/24h

RIGAS STRADINA _ Darba droSibas un vides
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Nanodalinu lidzdaliba slimibu attistiba

lekaisums
|
Cardiovascular Asthma C.OPD Scarring Cancer
' f "% » \' 5 - '-‘\.1':“"4 ‘ .gAS
disease \1. & ‘g | ﬂ')’i 8 (A e e
Y N %\i& » \;ﬁ; k> ":\ Q‘r ,‘,{: :,'-'\jf_"
e DL 5 w3s e N
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Nanodalinu transports pa ozas nervu uz
smadzeném (piem., metalu dalinas
izgulsnéjas smadzenés)
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Puteklu dalinu skaits, virsmas laukums vai
masa....

Diapazans 1 2 3 4 5 3 7 § 9 10 11 12 13 14 _ Kopa 0§ | Countmedian
Geom.vid, diamefrs, pm 0.01 0.02 0.04 0.07 0.0%9 0.16 0.32 0.49 0.76 1.23 1.96 3.09 317 B.15 nm — 10 pm diameter, pm
SKaits, dalinas/enr

Biroil a 3830 1864 1233 888 491 237 113 21 5 1 1 ] il 117070 0.039
Metglopstiade | grpuy | o | mmmos | Sy | SNy | g | | m | o3 [ w0 | o | 2 | n| s | 0034
(metindsana)

waﬂwﬂk{ strade EOEND | BNEE | BEEE | 4 | esl 266 86 23 6 2 2 2 1 1 80510.0 0.012
(pulgsana)

Ma $4, mpg'm*

Biroji a il 0 a 0.001 0.002 | 0.004 | 0.001 0.001 0.01 0.004 0.02 0.029 | 0.091 0.17 4394

Metalapstride
(metinagana) 0.00 000 | NN | DN | DS | DE | DEE | BN DO | D | DD DB | BB | BEE 471 3.509

Kokapstrade
(puleiana) 0.00 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | NN | DS | BN | DER 0.52 6.554
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Vara toksicitate atkariba no dalinu izmera

Dalinu izmers Dalinu skaits LD, (p.o.
N/ug zurkam)
17 um 44 /ug 5610 mg/kg
0,0235 um 1,7 x 1010 /ug 119 mg/kg
(23,5nm)
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Dalinu izmérs un masa
(pieméram 10 pg/m?3)

Diametrs Dalinu skaits 1 Virsma
(um) ml (N/ml) (um2/ml)
2 2 30
0,5 153 120
0,02 2'390 000 3000
(20nm)
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Aktualie jautajumi nakotné saistiba ar
puteklu radita riska izvertéjumu

« Tiek parskatitas AER normas kancerogéniem, piem.,
kvarcam un Cr(VI)

« Puteklu AER tiks noteiktas atbilstosi putek|u dalinu
lielumam (pasaulé jau sen normé PM4 — cietas vielu
dalinas ar diametru 4 mikroni)

* Normas ultrasikam dalinam, t.sk., nanodalinam

- Jaunas mérijjumu metodes, iekartas u.t.t.
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Paldies par uzmanibu!

Gimeniskus svétkus!
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