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Kas ir nanodalinas?

Nanodalinas - dalinas, kas vienadas

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

B masa

mdiametrs

Hvirsmas laukums
@ |, ®)

o 5

Total surface area: 6 cm? Total surface area- 60 cm?
(All 1 mm cube)

(©)

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

W sastavs (t.sk., kKimisko
vielu, alergénu klatbltne)
H|adins, u.c.
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Puteklu forma

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

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
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Piemers: vara toksicitate atkariba no
dalinu izmera

(23,5nm)

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
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Dal

nu veida un izmera |edaluums

)
SCann = scanning slactron optical microscope vizible with the naked ays
electron microscope nicroscope

in pm aRelainy 0,001 o0 s 1 10 1040 1030 (= 1 mmj

heavy industrial dust
beach zand
fog
hair
pollen
cement dust
gaszecus molecules charcoal dust
pesticide subsiding dust
bacteria
cil mist
tobacco / asbedtos dust
Viruses
metallurgical dust
activated carbon G3-G4
F5-F9
H10-UAT
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Redzamie putekli nosézas samera strauji un
tapec ir mazak bistami par mikroskopiskajiem
putekliem, kas nosézas |oti leni.

Z

——

Duration of
Fall fall from
Velocity a height Particle Size
of 1 m
[em/s] [min]
"
0.00006 500 hrs.
............................ *_ 0.1 pm
T—
0.006 5 hrs.
__________________________ @ 1um_
0.6 3 mins.
15 6s

50 ym

Avots: http://www.nepsi.eu/dont-give-dust-chance



No kurienes nanodalinas rodas 3D

drukasana?

B 3D drukasanas process notiek paaugstinata
temperatiara (virs 200 °C), ka rezultata no 3D
drukasana izmantota materiala izdalas dalinas,

gaistosi savienojumi.

Real Time Monitoring
Size distribution
Integrated Monitoring
Formaldehydes
— —
| Hazard Agents Emission |
‘ Phthaiates

https://3dprintingindustry.com/news/driving-3d-printing-forward-with-
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Merijumi tira telpa — viena 3D iekarta
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Yu Zhou et al. / Procedia Engineering
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Fig. 3. Particle concentrations with single printer m the clean room at position three
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Purtiche comcominationt 1)

Merijumi tira telpa — viena drukas
iekarta
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Fig. 4. Particle concentrations with single pnnter measured in the clean room at position one.
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Merijumi tira telpa — 3 dazadas
pozicijas
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. Companson of particle concentrations at three different positions with single printer
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Merijumi fira telpa
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Fig 6. Companson of particle concentrations with single printer and two pnnters at the position two with particle size of 0.265um.
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Merijumi tira telpa — divas 3D iekartas
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Fig. 7. Particle concentrations with two printers measured in the clean room at position one.
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3D drukasana — pasaules dati (ASV) 2

Particle Perod 1 Period 2 Period 3 Period 4
o Cun.snbx Ct.ume'U\ Cuu.JﬂA_ + SABS L\ {h !) R)
(# cm ) (# cm¥) (# cm?)
Mean (sd.) Mean{sd.) Peak
115nm  158(25) 495 (33) 8977 401 £ 020 091
154 nm 544 (27) 557 (33) 17438 565 008 099
205 nm 975 (25) 1085 (63) 14,356 419 -t 006 099
274nm 1779 (64) 3712 (99) 22475 289 L 005 099
365 nm 2025(76) 5976 (164) 27,185 258 - 005 098
48.7 nm 1793 (76) 6671 (229) 25473 254 L 006 098
649 nm 1372 (66) 5649 (218) 20,265 254 - 006 098
866 nm 1038 (45) 3695 (161) 13479 309 - 009 097
116 nm 695 (58) 1575(137) 142211 442 - 035 080
Urp 0684 (248) 27838 (658) 6345 297 s 004 099
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3D drukasana — pasaules dati (ASV)

Total UFPs i =
- 100000 Y
T
- 50000 ‘_;:
7 30000 gackground ! 2PLA : Printers : 2PLAS ! Printers off 0
= printers ¢+ off | JABS o)
Q e ‘ - Q: -
3+ 250004 ' ' * 11.5nm
c : : : = 154 nm
2 20000 - 4 20.5nm
©
B ¢® 274 nm
g 15000 1 ¢ 38.5nm
8 48.7 nm
8 10000 2 849 nm
o
_g 5000 - ¢ B86.6nm
* 116 nm
=
r < 0 - ‘
0 30 60 80 120 150
Time (minutes) B. S_tephens et al. / Atmospheric
Environment 79 (2013) 334-339
< e,
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3D drukasana — pasaules dati (ASV) 3

Particle UFP emission rates per printer (# min ')
sl PLA (Period 2) ABS (Period 3)

Central Range Central Range

esnomate estimate
11.5 nm 58 « 10° [4.7-68] <« 10° 14« 10" [11-17] 10"
154 nm 28 « 107 [26-30] = 10° 32 = 10" [28-36] x 10"
205 nm 1.7 x 10°  [16-18] =« 10° 25 «10*° [22-27] « 10"

- 1 u < 10 « 1010 "
36.5 nm 36« 10° [34-37]~10° 34 <10 [32-37] 10"
48.7 nm 45 « 10°  [42-47] » 10 3.1 » 10'° [28-33] x 10"
64.9 nm 40 « 10"  [38-43] x 10" 22 « 10" |20-24] « 10"
86.6 nm 30 <107 [28-32] < 10" 15 » 10" [13-186) « 10"
116 nm 15« 107 [12-1.7] = 10" 69 « 10" [54-85) « 10"
Total UFPs 20 « 10" [19-20] « 10" 19« 10" |1.8-20] « 10"
(<100 nm}

Darba droSibas un vides veselibas
institats
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keV
Figure 2: Volatile Organic Compounds in PLA, Source [2].
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Latvijas dati - mazais birojs

P\neldu‘koncmttidia. ot/cm3 -

- h 1

- 200
16.03.2018. . Datums un laiks ‘
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Latvijas dati - mazais birojs (atverts
logs)

llllll

cm3._

,_Putequ koncentracija, pt:

1’ m ')018 12 0% 1'}I10 17I13» |?‘70
SN Datums un laiks
: e, . . -
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Latvijas dati - Lielais birojs (ar
atvertam durvim uz 3D)

i .
a |
i n | |
8 | " ;
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Latvijas dati — Lielais birojs (ar
aizvertam durvim uz 3D)

:giﬂ.u jp

'g““; | f ! .

gi-l’.l ! o !'.‘i‘.t..\. l

= . T L

i Nw e ""? Mk w‘;wm‘
400 [} , I ,

12.04.2018. s 150 Datums un laiks
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3D drukas telpa (ar atvertam druvim
uz Lielo ofisu)

| rekomendéjamais lielums

|

[ -
" l!“ h ua“”thJ .J ‘ fi W"'.LK i g\

16.03.2018. o o ““Laiks un datums

s

., Puteklu koncentrdcjja, pt/cm3

10000 -

(Q
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3D drukas telpa (ar aizvertam durvim

1z 1l ialn nficn

800 -+

JPuteklu koncentraciiapt'cm3
= . = - S

12.04.2018. W " Datums un laiks
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Latvijas dati — fons ara (svarigi)!

acy

Puteklu kqnceptr

12.04 2018. Datums un laiks

i Y . . -
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Latvijas rezultatu apkopojums
dalinam izmaros no 20 nm — 10 ym)

MAZA MAZA BIROJA LIELA BIROJA LIELA 3D DRUKAS 3D

BIROJA TELPA ar atvertu  TELPA ar atvéertam BIROJA TELPA ar DRUKAS

TELPA logu durvim uz 3D TELPA, ar atvertam TELPA ar

drukas telpu aizvertam durvim uz lielo aizvertam

durvim uz 3D biroju durvim uz

drukas telpu lielo biroju

putelluyid. vid. vid. vid. vid. vid.

dalinu
skaits 3882 6345 1 98507 4590 259377 5085
(pt/cm3)
‘e,
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Puteklu da

>

val masa....

linu s

kaits, virsmas laukums

Diapazons
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Nanodalinu iedarbiba

B Caur elposanas sistemu
W Caur adu

B Caur gremosanas sistemu
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ledarbiba ieelpojot (1)

O Alveolas nav
glotadas, bet
alzsargfunkciju veic
makrofagi

alveolar-capillary
barrier

O Var nonakt
asinsrité, nonakt
citos organos un
uzkraties
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ledarbiba ieelpojot (2)

Dalinu lielums:
W10 — 25 um — augséjos elpcelos un tiek izvaditas;

<25 um-—bronhos;

H<1um-alveolas.

Figure 2 Particle deposition in respiratory system
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Nanoparticles
(invisible)

— SR NE Y RAINGILRZNE A

e To

Blood Vessel with
red Blood Cells

e @

S

Lung 'y .
Epithelial Cells

\

|* Alveolus .

Dentritic Cell

institats

Herausforderung. Angewandte Chemie, 123(6): 1294-1314. Copyright © 2016 John Wiley and Sons.

Adapted with permission from Krug H.F., Wick P. (2011). Nanotoxikologie - eine interdisziplinare



Nanodalinu piesarnojums vide

Normals limenis:

m5000 dalinas/ml;

W50 biljoni
dalinas/24n;

B plausas — 500
miljoni alveolas
M5 biljoni alveolaro

makrofagu
B 1 makrofags — 10

dalinas/24h

ml RIGAS STRADINA ?
UNIVERSITATE

Piesarnojums:
100 000 dalinas/ml;
9 1000 biljoni dalinas/24h;

- 1 makrofagam jatiek gala ar
vairék par 200 dalindm/24h



Nanodalinu transports pa ozas nervu uz
smadzenéem (piem., metalu dalinas
izgulsnéjas smadzeneés)

OHactory bulp

Afferant nerve fibers Olfactory
(olfzctory nerve) nerve

,7 r .’7 e —}} Axon
(.-"/ n \ ye vy, - Steim cell

Olfactory
colls
/"' \
w L — (lfacts
OHactory { £ % Fa <2 rece [.'7
~ne 1 : a . - 'p v
epthelium , A A / coll
Nose , s A
\ J) 9

Upper lip «‘ e 0¥ I == Supporting
' cell

Mucus Cilia
Innar Hard layer
chamber palate
of nose

Bl RIGAS STRADINA ?*f‘
UNIVERSITATE F



ledarbiba caur adu

O Nanodalinas var
uzkraties epiderma
un netikt izvaditas

f S = lepidermis

O Absorbéjoties var
izraisit kairinajumu

N Var nonakt
basement membrane pe riféros nervos
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Caur gremosanas sistemu

mNanodalinas (10 nm —
500 n) nonak zarnas

B\ ar nonakt asinsrité
caur zarnu glotadas
epitélijsinam

blood vessels
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Nanodalinu lidzdaliba slimibu
attistiba

lekaisums

Cancer

Cardiovascular _ Asthma Scarring

5 twr rc

disease AN ) 3
N ﬁg | :
‘ \ i
- : plausas
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Secinajumi
3D drukasanas procesa visvairak izdalas nanodalinas

iIzmeéros no 20 — 50 nm, bet kopuma dalinu sadalijjums ir pat
lidz 10 pym.

3D drukasanas process ar augstakam temperatiram un
lielaku darbibas atrumu rada augstakas nanodalinu
koncentracijas gaisa.

Efektivas ventilacijas sistémas (visparéjas un vietéjas) un
slégtas 3D drukas iekartas samazina nanodalinu un Kimisko
vielu klatbltni gaisa

3D drukas iekartu radito piesarnotaju iedarbibas risks saistits
ar dalinu lielumu, koncentraciju un kKimisko sastavu.
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Paldies par uzmanibu!

a e,
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