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4 Azbest. D éleni druh G azbestu z komer ¢niho hlediska.

Azbest je vlastn & komeréni nazev pro skupinu mineral A,
pfrirodnich  vlaknitych  mineral 0, které se  pr umyslov é
zpracovavaly. D tvodem takového zajmu o vyrobky z azbestu jsou
jeho jedine €éné fyzikaln é chemicke vlastnosti.

Vlaknité svazky maji velkou pevnost v tahu, flexibilitu a zvySenou
odolnost v G€i chemickym  €inidl dm (kyselindAm a bazim) a
fyzikalnim zm énam (teplota, tlak, tah apod.).

Svazky vlaken mohou byt az centimetrovych délek s velmi
prom énlivym pr imeérem viaken (diametrem).

4 Dveé zakladni skupiny azbest
¢ - serpentiny (hadce)
& - amfiboly
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4 Druhy azbestu - nejvice pramysloveé vyuzivanych — 6 typ u,
které byly komeréné vyuzivany

¢ Chrysotile , nebo také azbest, zastupce serpentinl —
hadcu, vlaknita struktura vlaken s monoklinickou krystalickou
strukturou, je méne drobivy pruzny a proto je
pravdépodobnost vdechnuti nizSi nez u jinych typu azbestu.
Odolny vaci chemickym a fyzikalnim zménam.

¢ Amosite - grunerite, nebo také hnédy azbest, patfi do
skupiny amphibole. Amfiboly maji vidkna rovna jako jehla jsou
mené pevna a snadno se rozdrti na velmi malé ¢asti. Amosit
neni odolny vuci silnym kyselinam a bazim.

& Crocidolite - riebeckite, nebo také modry azbest, patfi do
skupiny amphibole. Je odolny vuci chemickym a fyzikalnim
zménam, velmi prasny, vysoce bioperzistetni.

¢ Jiné modifikace azbestu jako tremolite, actinolite a
anthophyllite nemaji tak hojné vyuziti v prumyslu.
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4 Struktura azbestu -z pohledu zapojeni étyfsténti v celkové struktu e silikét G
4 Kremicitany s retézovou vazbou tetraedr 0 — SiO4
€ Skupina hadc U, serpentin U
4 Chrysotile (serpentinizace olivin
4 Antigorite
% Lizardite atd.
& Skupina amfibolova (dvojity  rfetéz)
¢ amfiboly koso ¢&tvere €né
4 Anthophylite
¢ amfiboly jednoklonné
% Tremolite
4 Aktinolite
4 amfiboly jednokl.alkal.
4 Crocidolite
4 TygFi oko (k Ffemen s uzav fenymi vlakny crocidolite)
4 Amosite atd. £
¢ Kremicitany s vrstevni vazbou tetraedr —
4 Pyrophylite
4 Talc (mastek, talek)
% Skupina slid
4 Muskovite
¢ Kiemicitany s prostorovou vazbou tetraedr U
4 Skupina Zivc u -feldspar (Zivce)

u, teplota tlak roztok)

Serpentine Group (Extended Shest)
- Chrysotile

* Adapted from Hurlbut and Klein 1977
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4 Mineralogie (serpentin G a amfibol G)

4 1.6.1 Serpentine group

Chrysotile
Antigorite
Lizardite

Clinochrysotile
Orthochrysotile
Parachrysotile

Caryopilite
Greenalite
Berthierine
Fraipontite
Zinalsite
Dozyite
Amesite
Kellyite
Cronstedtite
Karpinskite
Nepouite
Pecoraite
Brindleyite
Maufite
Carlosturanite
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Mg3Si205(0OH)4
(Mg,Fe2+)3Si205(0OH)4
Mg3Si205(0OH)4
Mg3Si205(0OH)4
Mg3Si205(0OH)4
Mg3Si205(0OH)4

(Mn2+,Mg,Zn,Fe2+)3(Si,As)20510(0H,Cl)4

(Fe2+,Fe3+)2-3Si205(0H)4
(Fe2+,Fe3+,Al,Mg)2-3(Si,Al)205(0H)4
(Zn,Al)3(Si,Al)205(0H)4
Zn2AISi205(0H)4-2(H20)
(Mg7AI2)(Si4AI2)015(0H)12
Mg2AI(SiAl)O5(OH)4
(Mn2+,Mg,Al)3(Si,Al)205(0H)4
Fe2+2Fe3+(SiFe3+)05(0H)4
(Mg,Ni)2Si205(0H)2

Ni3Si205(0H)4

Ni3Si205(0H)4
(Ni,Mg,Fe2+)2AI(SiAl)O5(0OH)4
(Mg,Ni)Al4Si3013-4(H20)
(Mg,Fe2+,Ti,Mn)21(Si,Al)12028(0H)34

Antigorite

Mm OORRRIRAIIRRY
AR 2/ m  2/m
Lizardite Cm m
&y P11
&8 Cc, C 2/m Mono
" Unk Ortho
Unk Ortho

Chrysohle

Cm or C 2/m Mono
oo Tetrahedral ShebdNk Mono
vz, Octahedral She@m m

Cm m

Mono

Cmm

Cl1

P6;6

P 3;m 3m

Unk Mono

Ccm21 mm?2

C 2/m 2/m

C22

Mono ? Mono

Cm m
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4 1.6.2 Amphiboly series
4 1.6.2.1 Amphiboly, Magnesiocummingtonite - Ferroclin oholmquistite series

Magnesiocummingtonite (Mg,Fe++)7Si8022(0OH)2 C 2/m 2/m
Cummingtonite [ IMg7Si8022(0OH)2 C 2/m 2/m
Grunerite_ - Amosite [ JFe++7Si8022(0OH)2 C 2/m 2/m
Manganocummingtonite [ IMN2Mg5Si8022(0OH)2 C 2/m 2/m
Dannemorite Mn2(Fe++,Mg)5Si8022(0OH)2 C 2/m 2/m
Manganogrunerite [ IMN2Fe++5Si8022(0OH) C 2/m 2/m
Permanganogrunerite! [ IMn4(Fe++)3(Si8022)(OH)2 C 2/m 2/m
Magnesioclinoholmquistite Li2(Mg,Fe++)3AI2Si8022(0OH) 2 C 2/m 2/m
Clinoholmquistite [ 1(Li2Mg3AI2)Si8022(0OH)2 C 2/m 2/m
Ferroclinoholmquistite Li2(Fe++,Mg)3AlI2Si8022(0OH)2 C 2/m 2/m
Ferri-clinoferroholmquistite! [ JLi2(Fe2+)3(Fe3+)2(S i8022)(OH)2 C 2/m 2/m

4 1.6.2.2 Amphiboly, Glaucophane - Riebeckite - Kozulit e series

Glaucophane [ INa2(Mg3AI2)Si8022(0OH)2 C 2/m 2/m
Ferroglaucophane [ INa2(Fe++3AI2)Si8022(0OH)2 C 2/m 2/m
Crossite* Na2(Mg,Fe++)3(Al,Fe+++)2Si8022(0OH)2 C 2/m 2/m
Magnesioriebeckite [ INa2(Mg3Fe++2)Si8022(0OH)2 C 2/m 2/m
Riebeckite - Crocidolite [ INa2(Fe++3Fe+++2)Si8022(0OH)2 C 2/m 2/m
Nyboite NaNa2(Mg3AI2)Si7AlI022(0OH)2 C 2/m 2/m
Ferronyboite! NaNa2(Fe++)3AI2(Si7Al)022(0H)2 C 2/m 2/m
Ferric-ferronyboite! NaNa2(Fe++)3(Fe+++)2(Si7Al)0O22( OH)2 C 2/m 2/m
Eckermannite NaNa2(Mg4Al)Si8022(0H)2 C 2/m 2/m
Ferro-eckermannite NaNa2(Fe++4Al)Si8022(0OH)2 C 2/m 2/m
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Ferripedrizite!
Sodic-ferripedrizite!
Ferroleakeite!

Leakeite
Fluoro-ferroleakeite
Kornite

Ungarettiite

Obertiite!
Magnesio-arfvedsonite

Fluoro-magnesio-arfvedsonite!

Arfvedsonite
Kozulite

4 1.6.2.3 Amphiboly, Richterite - Ferrobarroisite seri

Richterite
Fluororichterite!
Potassicrichterite!
Potassic-fluororichterite!
Ferrorichterite
Magnesiokatophorite
Magnesioferrikatophorite
Katophorite
Ferrikatophorite
Aluminomagnesiotaramite!
Magnesiotaramite
Ferri-magnesiotaramite!
Taramite
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NaLi2(Fe+++2Mg2Li)Si8022(0OH)2
Na(LiNa)(Fe+++2Mg2Li)Si8022(OH ,F)2
NaNa2(Fe++)3(Fe+++)2Li(Si8022)(OH)2
NaNa2(Mg2Fe+++2Li)Si8022(0OH)2
NaNa2(Fe++2Fe+++2Li)Si8022F2
Na(CaNa)Fe++4(Al,Fe+++)Si7AI022(0OH)2
NaNa2(Mn++2Mn+++3)Si802202
NaNa2(Mg3Fe+++Ti)Si8022(0,F,0H)2
NaNa2(Mg4Fe++)Si8022(0OH)2
NaNa2(Mg,Fe++)4Fe+++[ Si8022](F,0H)2
NaNa2(Fe++4Fe+++)Si8022(0OH)2
NaNa2Mn++4(Fe+++,Al)Si8022(0OH)2

Na(CaNa)(Mg,Fe++)5[Si8022](OH)2
Na(CaNa)Mg5[Si8022]F2
(K,Na)(CaNa)2Mg5[Si8022](OH,F)2
(K,Na)(CaNa)Mg5[Si80O22]F 2
Na(CaNa)Fe++5[Si8022](OH)2
Na(CaNa)Mg4AISi7AlI022(0OH)2
Na2Ca(Mg,Fe++)4Fe+++Si7AlI02 2(0OH)2
Na(CaNa)Fe++4(Al,Fe+++)Si7AlO22(0OH)2
Na2Ca(Fe++,Mg)4Fe+++(Si7Al)O22(0OH)2
NaCaNaMg3AI2[Si6AI2022](OH) 2
Na(CaNa)Mg3ALFe+++[Si6Al2022](OH)2
NaCaNaMg3Fe+++2[Si6AI2022]( OH)2
Na(CaNa)Fe++3AlFe+++[Si6AI2022](0OH)2

SN

C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m

C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
C 2/m 2/m
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Ferritaramite Na(CaNa)(Fe++,Mg)3Fe+++2[Si6AI2022](O H)2 C 2/m 2/m

Winchite! [ [(CaNa)Mg4(AL,Fe+++)Si8022(0OH)2 C 2/m 2/m
Ferrowinchite [ ](CaNa)Fe++4(Al,Fe+++)Si8022(0OH)2 C 2/m 2/m
Ferriwinchite NaCaMg4Fe+++Si8022(0OH)2 C 2/m 2/m
Aluminobarroisite! [ |CaNaMg3AI2(Si7Al)O22(0OH)2 C 2/m 2/m
Aluminoferrobarroisite! [ |CaNa(Fe2+)3AI2(Si7Al)0O22  (OH)2 C 2/m 2/m
Barroisite [ ][(CaNa)Mg3AlFe+++Si7AIO22(0OH)2 C 2/m 2/m
Ferrobarroisite [ ](CaNa)Fe++3AlFe+++Si7Al022(0OH)2 C 2/m 2/m
Ferribarroisite CaNa(Fe++,Mg)3Fe+++2[AlSi7022](OH)2 C 2/m 2/m
Ferri-ferrobarroisite! [ |CaNa(Fe++)3(Fe+++)2(Si7Al) 022(0OH)2 C 2/m 2/m

4 1.6.2.4 Amphiboly, Tremolite - Sadanagaite series

Tremolite [ |Ca2Mg5Si8022(0OH)2 C 2/m 2/m
Actinolite Ca2(Mg,Fe++)5Si8022(0OH)2 C 2/m 2/m
Ferro-actinolite [ |Ca2Fe++5Si8022(0OH)2 C 2/m 2/m
Magnesiohornblende Ca2[Mg4(Al,Fe+++)]Si7AIO22(0OH)2 C 2/m 2/m
Ferrohornblende [ |1Ca2[Fe++4(Al,Fe+++)]Si7AIO22(OH) 2 C 2/m 2/m
Alumino-tschermakite Ca2(Mg,Fe++)3AI2(Si7Al)O22(OH) 2 C 2/m 2/m
Tschermakite! [ |Ca2(Mg3AlFe+++)Si6AI2022(0OH)2 C 2/m 2/m
Aluminoferrotschermakite! [ |Ca2(Fe2+)3AI2(Si6AI2)02  2(OH)2 C 2/m 2/m
Ferrotschermakite! [ |Ca2(Fe++3AlFe+++)Si6AI2022(OH ) C 2/m 2/m
Ferro-aluminotschermakite* Ca2Fe++3AI2(Si7AI)O22(OH )2 C 2/m 2/m
Ferritschermakite Ca2(Fe++,MQg)3AI2(Si7Al)O22(0OH)2 C 2/m 2/m
Ferroferritschermakite* Ca2(Fe++,Mg)3Fe+++2(Si7A)O 22(0OH)2 C 2/m 2/m
Edenite NaCa2Mg5Si7Al022(0OH)2 C 2/m 2/m
Fluoro-edenite! NaCa2Mg5Si7AlO22(F,0OH)2 C 2/m 2/m
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Ferro-edenite NaCa2Fe++5Si7Al022(0OH)2 C 2/m 2/m

Cannilloite! CaCa2Mg4AI(Si5AI3)022(0H)2 C 2/m 2/m
Fluorocannilloite! CaCa2(Mg4Al)Si5AI3022F2 C 2/m 2/m
Pargasite NaCa2(Mg,Fe++)4Al(Si6AlI2)022(0OH)2 C 2/m 2/m
Ferropargasite Ca2(Fe++4Al)Si6AI2022(0OH)2 C 2/m 2/m
Potassicpargasite! (K,Na)Ca2(Mg,Fe++)5Si8022(0OH,F)2 C 2/m 2/m
Magnesiohastingsite NaCa2(Mg4Fe+++)Si6AI2022(0OH)2 C 2/m 2/m
Hastingsite NaCa2(Fe++4Fe+++)Si6AI2022(0OH)2 C 2/m 2/m
Kaersutite NaCa2(Mg4Ti)Si6AlI2023(0OH)2 C 2/m 2/m
Ferrokaersutite NaCa2(Fe++4Ti)Si6AlI2022(0OH)2 C 2/m 2/m
Potassicsadanagaite! (K,Na)Caz2[Fe++3(Al,Fe+++)2][SI5 AI3022](OH)2 C 2,Cm,C 2/m Mono
Potassic-magnesiosadanagaite!

(K,Na)Ca2[Mg3(Al,Fe+++)2][Si5AI3022](OH)2 C 2,Cm,C 2/m Mono
Magnesiosadanagaite (K,Na)Ca2(Mg,Fe++,Al, Ti)5[(Si,Al )8022](0OH)2 C 2,Cm,C 2/m Mono
Sadanagaite (K,Na)Ca2(Fe++,Mg,Al, Ti)5[(Si,A)8022](O H)2 C 2,Cm,C 2/m Mono

Potassicferrisadanagaite!
) (K,Na)Ca2(Fe++,Mg)2(Fe+++,Al)2[Si5AI3022](OH,F,0)2 C 2/m 2/m

¢ 1.6.2.5 Amphiboly, Joesmithite series

Joesmithite PbCa2(Mg,Fe++,Fe+++)5Si6Be2022(0OH)2 P 2/a 2/m
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& 1.6.2.6 Amphiboly, Magnesioholmquistite - Ferrogedri  te series

Magnesioholmquistite Li2 (Mg,Fe++)3AI2Si8022(0OH)2 P nma 2/m 2/m 2/m
Holmquistite [ 1(Li2Mg3AI2)Si8022(0OH)2 P nma 2/m 2/m 2/m
Ferroholmquistite [ J(Li2Fe++3Al2)Si8022(0H)2 P nma 2/m 2/m 2/m
Sodicanthophyllite NaMg7Si8022(0OH)2 P nma 2/m 2/m 2/m
Sodic-ferro-anthophyllite! NaFe++7Si8022(0OH)2 P nma 2/m 2/m 2/m
Magnesioanthophyllite? (Mg,Fe++)7Si8022(0H)2 P nma 2/m 2/m 2/m
Anthophyllite [ IMg7Si8022(0OH)2 P nma 2/m 2/m
2/m

Ferro-anthophyllite [ JFe++7Si8022(0OH)2 P nma 2/m 2/m 2/m
Sodic-ferrogedrite! NaFe++6AISi6AI2022(0H)2 P nma 2/m 2/m 2/m
Sodicgedrite NaMg6AISi6AI2022(0H)2 P nma 2/m 2/m 2/m
Magnesiogedrite? (Mg,Fe++)5AI2Si6Al2022(0OH)2 P nma 2/m 2/m 2/m
Gedrite [ IMg5AI2Si6AI2022(0OH)2 P nma 2/m 2/m 2/m
Ferrogedrite [ JFe++5AI2Si6AI2022(0H)2 P nma 2/m 2/m 2/m
Protoferro-anthophyllite! (Fe++,Mn++)2(Fe++,Mg)5(Si4  011)2(OH)2 Pnmn 2/m 2/m 2/m

Protomangano-ferro-anthophyllite!  (Mn++,Fe++)2(Fe++, Mg)5(Si4011)2(0OH)2 Pnmn 2/m 2/m 2/m

% 1.6.2.7 Amphiboly, Chesterite - Jimthomsonite series

Chesterite (Mg,Fe++)17Si20054(0OH)6 A21ma mma2
Clinojimthompsonite (Mg,Fe++)5Si6016(0OH)2 C 2/c 2/m
Jimthompsonite (Mg,Fe++)5Si6016(0OH)2 P bca 2/m 2/m 2/m
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¢ Metody, analytick €& postupy,

legislativa z pohledu volby analyt. metody

Co chceme zjistit, jak m a vypadat vysledek:

|dentifikace a kvantita v materialech, p  adé apod. (typ azbestu, pg/mg, % hmot.)
Poéetni koncentrace v ovzdusi

— pracovni (vli/cm 3), venkovni a vnit Fni, emise (vi/m 3)
Hmotnostni koncentrace v ovzdusi — gravimetrie (mg/m 3)
Pocéetni koncent. vztazena na plochu (vi/dm  ?2))
Pocetni koncentrace ve vod & (vl/l —dm 3, vl/m 3)

&  AHEM, p¥il. €. 13/86 Standardni metodika pro stanoveni pocetni
koncentrace mineralnich vlékerj VvV pracovnim prostredi

¢ CSN EN ISO 16000-7:2007 Cast 7: Postup odbéru vzorku pfi stanoveni
konc. azbestovych. vlaken v ovzdusi

4  Shirka zakon i €. 361/2007 Sb. (Priloha ¢. 3, tab. 5 atd., PCM na
membranovych filtrech)

& WHO (Determination of airborne fibre number concentrations: a
recommended method by PCM (membrane filter method, WHO, Geneva,
ISBN 92 4 154496 1, 1997)

€ Directive 2003/18/EC of the European Parlament a 83/477/EEC, PCM
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# NIOSH 7400 (Manual of Analytical Methods, Asbestos and Other Fibers
by PCM, NIOSH 1994a, Issue 2)

£ NIOSH 7402 (Manual of Analytical Methods, Asbestos by TEM, NIOSH
1994a, Issue 2)

# NIOSH 7403 (Manual of Analytical Methods, Asbestos by PLM — polarized
light microscopy, NIOSH, Issue 2)

DON'T TAKE RISKS WITH

ASBESTOS

Analytical method for millions of particles per cubic foot (MPPCF)

Standard procedure for sampling and counting dust — adopted by the
ACGIH in 1942

Ref: Amer. Indust. Hyg. J.; pg. 550, Nov — Dec. 1967 A
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¢ HSE MDHS 39/4 (Health and Safety Laboratory, Methods for the
Determination of Hazardous Substances, Asbestos Fibres in Air,
Sampling and evaluation by PCM under the Control of Asbestos at
Work regulations, HSE Book, Sudbury, Suffolk, ISBN 0 7176 1113 2,

1995)

& HSE MDHS Research Paper 18. (The reproducibility of asbestos
counts, HSE Books, Sudbury, Suffolk, 1982)

& OSHA ID 160 (Asbestos in Air)
# OSHA ID 191 (Polarized Light Microscopy of Asbestos)
& EPA SOP#2015 (Asbestos Sampling, 1994, rev. 0.0)

* & EPA QA Technical Information Bulletin Vol.1, No.3, 19 91
- (Sampling and Analysis for Airborne Asbestos)

i E
MSHAOSHRW

e Method #1919

NrEar

ER LIGHT MICROSCOOPY OF ASEESTOS

P R

MAIL ORDER HSE priced and free publications are available from
HSE Books, PO Box 1999, Sudbury, Suffolk CO10 2Wek D1787 881165
Fax: 01787 313995 Website: www.hsebooks.co.uk
RETAIL HSE priced publications are also available fromksbops.
HEALTH AND SAFETY ENQUIRIESHSE's Infoline Tel: 08701 545500
Fax: 02920 859260 e-mail: hseinformationservicest@itaom or write to
HSE Information Services, Caerphilly Business P&aerphilly CF83 3GG.
You can also visit HSE’s website: www.hse.gov.uk

PO _ARIZED LIGHT MICROSCOPY OF AEBESTOS - (1

Ce
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¢ VDI 3866 Part 1 — Determination of asbestos in technical products. Principle
Sampling and Sample preparation.

£ VDI 3866 Part 2 — Determination of asbestos in technical products Infrared
spectroscopy method.

& VDI 3492-2004, 2011 - Indoor air measurement — Ambient air measurement.
Meas. Of inorganic fibrous particles Scanning electron microscopy

# [SO/DIS 10312 - International Organization for standardization, Ambient Air —
determination of asbestos fibres — Direct transfer transmission electron
microscopy method, 1991

# [SO/DIS 13794 - International Organization for standardization, Ambient Air —
determination of asbestos fibres — Indirect transfer transmission electron
microscopy method, 1995

£ 1SO 8672 - PCM Mineral fibers , 1ISO 16017-1 Vzorkovani pumpami, 1ISO
16017-2 Difuzni vzorkov

® \na]r;'II—Hirhlliniv 3866 . Bestimmung von Asbest in tech-
nischen Produkten*
Blatt 1: .Grundlagen: Entnahme und Aufarbeitung der Pro-
ben®
Blatt 2: . Infrarotspektroskopisches Verfahren®
Blatt 4: .Phasenkontrastmikroskopisches Verfahren®
Blatt 5: .Rasterelektronenmikroskopisches Verfahren®
e BGI 505-530 Verfahren zur Bestimmung der Massenantei-
) le von Chrysotil- und Amphibolasbesten® (Phasenkonlrasi-
15.03.2012 ZU/SZU/FOSTER mikroskopie und Infrarotspektroskopie). List €. 14



& ASTM D5755 (Microvac)
& ASTM D5756 (Microvac)
& ASTM D6480 (Wipe) Asbestos in Dust

#& AHERA Air Protocol , EPA Level Il
ASTM D6281-98 ISO 10312 Method TEM

¢ EPA 600/R-93-116 (Chatfield: Semi-Quantitative)
EPA 600/R-93-116 (Quantitative)
NYSDOH ELAP TEM 198.4

& EPA 600/M4-82-020
EPA/600/R- 93/116 Point Counting-EPA 400 Point Count

HEAL GANIZATION

& NYSDOH ELAREBY 198,1 = Baiit ol uatited
NIOSH 9002 &

IARC Monographs on the Evaluation of Carcinogenic Risks to Humans

Volume 14
Asbestos

] Summary of Data Reported and Evaluation
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¢ EPA-600/4-83-043, Analytical method for determination of asbestos
fibers in water

& METHOD 100.1, 100.2, Determination of asbestos in drinking-water.
Determination of asbestos structures over 10 um.in lenght in drinking
water

# EPA-NELAC Water, EPA 600R-94/134, EPA 600/4-80-005, High
Organic Waste Water

# Carb 435, EPA 600/R-93/116, EPA Region 1 Screening Protocol ,
Asbestos in Soll

# Gadsden J. A., Determination of Chrysotile in Airborne Asbestos by an
Infra-red  Spectrometric  Technique, Atmospheric Environmental,
Pergamon Press 1970, Vol. 4, pp. 667-670

# Luoma G.A., Determination of Microgram Amounts of Asbestos in
Mictures by Infrared Spectroscopy, Anal.Chem., 1982, Vol. 54, pp. 2140-
2141

¢ Hlavay J., Determination of Chrysotile Contents of asbestos cement
Dusts by IR-Spectroscopy, Fresenius Z. Anal. Chem., 1984, Vol. 319, pp.
547-551

# Kimmerle F. M., Quantitative IR-ATR Spectrometry of Asbestos Fibres
on Membrane Filters, Canad. Journal Chem., Vol. 62, No. 3, 1984, pp.
441-451

# A fada, dlouha rada dalSich separat U a literatury
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e CAData_alh07_AZBEST data wsehAZB_EPA NVDI_ISO_MWIOSH_OSHA 28GR

=

. %) Ddpovidina dotazy doc i ODPOVD~1.0OC 35840 161220011 94308 A
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& Castice — nevlaknité / viaknité —
respirabiln 1 a nerespirabiln i

4 ....Pro Uu¢€ely meéreni koncentra €ni Urovn € azbestu v
ovzduSi uvedeného v p Ffedchozim pododstavci se
vezmou Vv uvahu pouze vidkna o délce v étSi nez p ét
mikrometr U, se Sifkou mensSi nez t fi mikrometry a s
pom érem delka / Si rka vétSim nez 3:1...

& VIdkno — co to |e?

4 Za vlakno je povazovana prachova castice o délce vétsi
nez 5um pomeru délky k pratméru I/d je vétsi nebo roven
3:1.

4 RozliSeni respirabilnich a nerespirabilnich viaken je dano
jejich pramérem: respirabilni maji prumér mensi nez 3 um pfi
splnéni vySe uvedenych podminek

4 Vldkna o pr améru rovném nebo v étSim nez 3 pm jsou
povazovana za nerespirabilni.
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Asbestos Reference Standards

The seven asbestos reference standards provided in this set have been prepared and validated
by IOM on behalf of the Health and Safety Executive. As recommended by MDHS 77, they
are intended to be used as reference samples in the analysis of types of asbestos in bulk
material. Eschubawssample displays pmpuuu (by polarised light microscopy, electron
X-ray and infra-red y) fully
with published data. Analysts should note that asbestos
mineral names, like all other mineral names, represent ranges of
chemical composition and variations within these ranges may lead to
differences in optical and other properties. Different mineral deposits
may contain slightly different forms of any of these asbestos minerals
HEALTH & SAFETY | although their optical properties are normally sufficient for there to be
LABORATORY no ambiguity about identity. Any of the asbestos minerals may also
be associated in the mineral deposit with their non-asbestos analogues
among the amphibole minerals or with non-asbestos serpentine minerals such as antigorite.
As with any naturally occuring minerals these asbestos materials contain accessory minerals
that are impossible to separate by mineral processing. Where any of these minerals are
present in the samples they are described below. The samples are therefore representative of
typical asbestos types of the amphibole and serpentine minerals.

Table 1 describes the samples generally, and Table 2 hm theu optical properties. A published
document by HSE in the ‘Method for the D i series; No.
77- Asbestos in bulk materials-, explains in detail the opmm] properties of asbestos and the
analytical techniques used.
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Referencéni
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Electromagnetic Spectrum
Hooke Microscope
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4 Optick & mikroskopie
detektorem jsou pfimo ,,0Ci“ nebo zprostredkované
pres CCD nebo fotovystup, opticka projekce

Metoda fazového kontrastu

$ PCM — Pﬁ?a(s'ek@gmﬁragftl M@F@glogpyl mikroskopovani, které zlepsuji

obraz malo kontrastnich preparatt. Zavedenimzy. fazové desticky do optické-

& standardni ﬂﬁlﬁi&@ﬂﬁa,zy@mlng(ﬂbﬁaé Ky@fﬂ@ﬂﬂmf]m cQMEZLEneho N&eni.
moZhosti identifikacesea moznéjernsedstandardysaweliiz kogast,
zku$BRYm Practonfkem s dlodnoletst praxip metody ukazuje obr. 42

¢ magnifikance 400x—900x achromaticka nebo
ASBESTOS INTERNATIONAL = z . Zs & pFedméiu 1 I
apochromaticka optika, fazovy kontragt s objektivy
Ec T fas specialn € pro fazovy kontrast 10x \Ox, 40x PhV,
e prislusenstvi pro fazovy kontrast
fdzovd
& vlakna o rozm érech >5um v délce 0,2°'lum v Sirce

vlakna, v zavislosti na numerické
vinové délce pouziteho ,sv étla“

»Feobjektivu a

. pozorovany
prfedmé&t

& nedetekuje vlakna menSi nez 0,2

Obr. 42. Metoda fazového posunu.
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¢ PLM - Polarized Light Microscopy

¢ nutna vybava mikroskopu polarizacnimi objektivy Pol,
polarizatorem a analyzatorem

4 vyhodné pro kvalitativni stanoveni na zakladé rozdilnych
indexd lomu druhd azbestu, i v imersnim prostredi

4 magnif. 400x—1000x, polarizacni optika objektivu se
spodnim a hornim osvitem, suché i imersni prostredi

4 nevyhodou je nutna vysoka peclivost a pracnost, zkusSeny
pracovnik

£ moznost identifikace na zakladé morfologie, refraktivniho

S indexu a barvy vlake (polarlzacnl efekty)

_______ . moznost barveni prapara
#® pfima polarizace s i 100x v imersnim prostfedi s

; oasl;a}tné lepSi nlimerigkou aperturou 0 (1,4) dava
_podstatné lepsi rozjiSgni 0,15 um) é> .

. | I\ Opo

Sy

X\x P

TR i-E.:'i‘.' '.“ll} ‘a"'ff:fi‘:
"UEE T AR
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Posshbtio o Index Ia

. . _— Maic Wil 1
Dispersion staining charts i

Matcrang Yimveleagisn em

Mdaiching Waviilength, sm

n = 1,605 e 62Q1WW )

Actinolite n=1620"

Figure C_1 — Dispersion staining chart for chrysotile in 1.350 RI hguid.

Maviching Warelengih, mm L
B i i I & 8
i : R Ef &
MabiFung Wide r.;n-.
Figure C_2 — Dispersion staining chart for amosite in 1.680 RI I TR
= b ]
Malching Wavelergth, nm
i | [] i
; ]

.\\
L

LM micrograph of NIST SRM 02— PLW misrograph of NIST SR
ot 1550 Rl liquid. crossed ik hrysatile in 1.550 Rl liquid, crossed
with 550 nm retardation n plate pola ars with 550 rm retardation n plate wcidolite in 1.700 RINEL._

i — NIST SRM 1866 chrysatile in Figurs 0.4 — NIST SRM 1866 chrysotile i

sid viewed in dispersion staining. 1,550 Rl liquid viewed in dispersion sizining.

th parallel to polarizer vibration fitire length nrmllmp olsrizer sibration
direction directio




& Mez detekce, stanovitelnosti a nejistota stanoveni

& Kvalitativni stanoveni PCM - mozné, ale obtizné, PLM — velmi dobré,
ale pracne a zdlouhave

LA

respirabilniho vlakna a je cca. 0,00008 vl/cm?3, 80 vi/m? pii odbéru
1000 | a poctu prohl. poli 300 — 500 tzn. 2,5 — 4 mm? , zvétSeni 400x

& Mez stanovitelnosti je pak 2,5 x LOD tj. 0,0002 vil/cm3, 200 vl/m3 pfi
vySe uvedenych podminkach. MS zde nema vilastné opodstatnéni —
bud' najdeme nebo nenajdeme viakno(na).

¢ Nejistota vysledku objem odebraného vzduchu, vicenasobné
stanoveni slepych a terénnich blanku, vicenasobné stanoveni vzorku
vice pracovniky - slozky subj. charakteru, nahodnost vybéru poli atd.,
slozka charakterizujici nerovhomérné rozmisténi viaken na povrchu
ucinné plochy filtru a ndhodnost jevu nalezu vlakna (Poissonovo
rozdéleni) se nepota, koeficient rozSifeni je zasadné roven 3.

# Kombinovana rozSifena nejistota je cca a vySe U = 0,00015 vil/cm3,
150 vi/m3,

# Hodnoty MD, MS, U jsou individualni podle charakteristik slepych
vzorkl a odebraného vzorku, subjektivniho faktoru a statistickych
charakteristik vlastni ZL!!!
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C* Chemical Fact Files

Asbestos — OSHA ID 140

OSHA Method 160 doss not differentiate between asbesins and other fibers for delermining DccUPational SYpasurE o asbestos,
Fhase contrast microscopy i the snalytical method of choics for measuring ocoupationd! SxposUe 0 asbeslos; this lechnigue 5
quick, inexpansive, and can be perfarmed on sile for rapid detemminations.

Required Equipment:
1. AN aif sampling pUIMp capanie of samaiing at e reeCMMENG-
‘£t S rate Wih the sampsing medium in fine, sugh as:

noloer to ine puma inlet, Request SKC Application Guids #1165 for
more informatian on preparing fiter cassetts sampting trins.

below. P

The Walton and Beckett graticule is used for counting fibrous dusi (e.g. \; i
asbestos or glass fibres) and is particulady useful where the majonty of !
fibres to be counted are sharer than 5 micron. The circle is divided into
four by two diametrical lines scaled in units of 5 and 3 microns \ |

i 2 For ing | piing ibed above. ke - e e o = o
= Smies e 2t convect e inet o e e a2 o e eaforatr i fex. Ire.sper:wii;r.: and 5 mlcer:n.., ;1: the critical ma;uﬂ::enia IoflfihrE : = (3
T A 2000 SRple izle tusing. Calibrate the pump fiow raie to te r21e speciied in (e engths a iameter used in fibre counting. Unlike the usual globes o = H "
* G ARChek XR-000 Series Sampler memoc. Whnen calibration has been competed, FeMove the fiter cas- 2 _ i ; e 7 g o SR (T
- SKC AirChek 52 Sampler ette, cap The iniet with The inlet cover, rensen e pligs, and save other particle graticules the Walton and Beckett has a series of shapes e " - 7
N 3 . X the Fter cassete for recalibrabon erd of samping. Request = . B2 Y ¥ &=
2. An air Aiow eaiinrator. suen a5 SNE Appilcation G #1396 &- more inkmation on cafbting i to compare objects with. These shapes have been designed for v
- Defender Primary Siandasd Calivraior Cat. No. 717 Seres pump. I - comparnson with fibres, especially since they incorporate an aspect rmtio
3. 5KC Preioaded Cassetie Cal No. 225-321, 225-326, 225- 3. Forsampling, setup 2 samping train as above except use anew P e of 3:1 or 5:1 eszential for such analysis. L
3944 or 295-57 prewaded filler cassette and oo not remove the inlet cover or inet o - .
piug o e FiTer SASSEE UNGI Teacy 1o sampe. The inlet of e fler o=l ) = y i -
4. SHC Filter Cassette Holder Cat N, 2251 cassetle snOL b facing SOWN. Atiach the cassette nolder ¢ip 19 2 Reference: W.H.Walton and 5.T.Beckett. Ccoupational Hygiene. 4 -
‘worker's gollar and the pump fo the worker's bett. Remaove the fiter rDl 2‘] .lg 23 ‘A M = E £ F T"E E | = {
Optiondl Equipriant: cassete iniet cover and plug and fum en e pump. Val. 20 pp 18-23. ICTOSCOpe Cyepiecs For valuation o i iy
1. Cassette Sealing Bands Cat. No. 2252503 gl A A NN I i Fibrous Dusts.
i ez period of time.
SKC Applicafion Guides:
1. Samping Train—Fiters, #1166 5. Al e ENnd of Ihe SAMPNg Penad, UM off e UMY and note:
2. Caibratihg a Pump Using an Electronic Calinrator, #1386 the ending time. Remave the fiter cassetie, £3p the miet of the cas- = SEGRIET
Sette wilh the inlet caver, and use the end piugs provides 1o plug the G227 Walton & Bechett for asbestos. 18mm | O1A18062 o
mies ang outie: of the filter cassetie. Record any pertinent samaling
TWA STEL ] mormation 3:1 ratio. Glass sandwich. 18mrn O1A19062
| Flow Rate 500 to 2500 mimin’ 500 bo 2500 mbmn* |
G24

% Certlfled BestChek Asbestos Cassettes

st Standard for Cassette Reliability

\Waiton & Beckeft for asbestos.

51 ratin. Glass sandwich. 16mm | 01419063
) 2imm | O1A21083
SKC BestChek® Asbestos Cassettes — Know the Difference Special | 01ASPDE3

Only from SKC — cassettes that meet NIOSH, OSHA, and ASTM standards in Count, Clearing]

Conductivity, Collection Area, and Construction (the 5 C's of ashestos cassettes — see righ

Walten and Beckett Groticule for Asbestos — G25

) . R . Based on the G22Z, the G253 is produced to a new design by the Institute
SKC Certified BestChek Filters in Carbon-filled Polypropylene Cassetieq of Cecupational Heatth.

Al SKC prefoaded asbesios fiters include calulise supports.

G253 | Wahon & Beckett for asbestos (1986).| 18mm | 01A15083
- P= Glass sandwich. iBmm | O1A10085
2imm | D1A21085
3 MCE, 0.8 pr Wit cows, banded, 25321A S0 Special | DTASPDES
With stand-up piug in outet end
. H IMPORTANT NOTE. The gircse on these Waiton & Beckett graticuies must represent 100 micfons at e 55206 and each
: - one mazst be manufactured o sult the individual instrument. Therefore, defils shousd be provided with your onder of °-
= MCE, 0.8 pru, biackgnd ~ with cows, banded 25326 50 Calibration factor, § knowm
- F {See page B for information how 1o cafculate this figure)
as
Oibpectie magnification.
25 MCE, 1.2 ym, biack grid  wiith cows, banded 2519834 50 Eyepiece magnfication.
Diameter of graticule diss required
“ Microscope make and model.
See page 9 for microscope calibration procedures.
25 MCE. 045y With cowt, banded, 25327 S0 Seeaisn- HSE Test Slide S84 unoer Stge Graficules.
TEM analyss with support and 5.0-un diffuser pad - .-
We manufacture components (encoder discs, graticules, metal foils. resolution standards) to custom
design. if it is not in the catalogue please contact us for pricing information.
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4 Elektronov a mikroskopie

,OCi* elektronoveho mikroskopu jsou zaporné nabité ¢astice - elektrony, které
,2ohmatavaji, prochazeji“ povrch vzorku umisténého ve vakuu. Tim, ze ho
elektrony ,ohmatavaji, prochazeji“, zpusobuji emisi jinych elektront (sekundarni
elekrony- SE, odrazene elektrony BackScattered-BSE a Augerovy elekrony-AE,
které zachytavame detektorem a prevadime na realny obraz (mapovani), ktery
vidime na obrazovce. Kromé emise elektronu je proces doprovazen emisi X-Ray
zareni a sekundarni luminiscenci, tato zareni pak detekujeme specialnimi
detektory.

4 SEM (REM)- Scaning Electron Microscopy

& kvantitativni i kvalitativni, pouziva se k pocetnimu stanoveni
vlaken a identifikaci druhu azbestu

& s magnifikanci 10x— 500 000x

& povrch vzorku, nerozliSuje molekularni prostoroveé usporadani,
nevidime do hloubky vzorku

# nelze sledovat zmény krystalickych struktur viaken,
# rozliSeni a detekce na urovni 0,01 mikrometry v diametru viaken,
& prostorové rozliSeni v oblasti 5-100nm.

¢ Urove i SEM — se zvysujici cenou, od stolnich po velmi
sofistikovane systemyiu ¢elové
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¢ TEM — Transmission Electron Microscopy

& prozarovaci — transmisni elektronova mikroskopie,
kvantitativni i kvalitativni analyza se stanovenim morfologie,
rheologie vlaken, hrave reSi problematiku pocetni koncentrace
vlaken

¢ magnifikance az 1.000.000x

& povrchova a hloubkova analyza vzorku, podminka malé
tloustky vzorku

& meze detekce v oblasti 0,001 mikrometru v diametru vlidkna,
hmotnostné pak kolem 0,1-1 ng/ma3.

& s prostorovym rozliSenim kolem 0,1nm
& Casové narocne analyzy, neexistuji stolni systemy
¢ Uroven TEM — se zvysujici cenou, Gicelové systémy
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Porovnani svételného mikroskopu s TEM
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¥ Kombinované metody elektronové
mikroskopie a spektroskopické metody

¢ SEM (REM) + EDAX energy dispersive X-Ray analysis analyza
chemického slozeni viaken pomoci mikrosondy

& TEM + EDAX energy dispersive X-Ray analysis analyza chemického
slozeni vlaken pomoci mikrosondy

& SCEM, TCEM Confocal scanning and transmission microscopy

¢ Detektory
4 sekundarnich elektront — SE
4 zpétné odrazenych elektrond - BSE
4 absorbovanych elektroni — ASE
% energioveé dispersni spektrometr v oblasti X-Ray — EDX, EDAX
4 vinové disperzni spektrometr — WDX, WDAX (detekce X-Ray)
4 detektor katodové luminiscence — DL
¢ atd.
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& Mez detekce, stanovitelnosti a nejistota stanoveni

& Kvalitativni stanoveni SEM/EDAX — dobré, TEM/EDAX - vyborné, ale
pracné a zdlouhavé — ¢asova narocnost

& Mez detekce je pocitana na nulovy zachyt respirabilniho vlakna a je
cca. MD=3/Vp, pro 95% interval spolehlivosti. To pfedstavuje 300
vl/m3 pfi odbéru 1000 | na plochu 1 cm?, pfi ploSe zkoumani 1 mm?
po 100 obdelnikovych poli. Pti prohlédnuté ploSe 2 a 3 mm? se
dostane na 150 vi/m? a 75 vl/m? atd.

& Mez stanovitelnosti je pak 2,5 x LOD tj. 750 — 200 vI/m?3 p#i odbéru
1000 I. MS i zde nema opodstatnéni — bud najdeme nebo
nenajdeme viakno(na).

# Nejistota vysledku dominantni je slozka charakterizujici
nerovnomeérneé rozmisténi viaken na povrchu ucinné plochy filtru a
nahodnost jevu nalezu vlakna (Poissonovo rozdéleni), objem odebr.
vzduchu, vicenasobné stanoveni slepych pokusu a field-terénnich
blanku, vicenasobné stanoveni vzork( vice pracovniky - slozky
subjektlvnlho charakteru nahodnost vybéru poli atd.

¢ Kombinovana rozsifena nejistota (koeficient rozsireni je zasadné
roven 3) je mensi nez cca U = 0,00010 vil/cms3, 100 vi/m3,

& Hodnoty MD, MS, U jsou individualni podle charakteristik
odebraného vzorku, subjektivniho faktoru a statistickych
charakteristik vlastni ZL!!!
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$#Spektroskopické metody

#XRD — X-Ray Diffraction, praskova difrakce

% kvalitativni i kvantitativni analyza
& pfimo nebo po redepozici vzorku prachu z filtru
& s elementarnim chemickym slozenim, spektrum

& pro klasickou XRD analyzu nutné vétSi mnozstvi vzorku v
jednotkach az desitkach mg

4 kvalita vSech druhu azbestu
4 kvantita jen v uig/mg nebo %hmot.

ona 4 2000 -
S¥ao

I
- |
1500 ' — rs00 -
g ) ]
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o 't “ ‘ & tooo ¢y T
E zo0 4 =i

3 4 s E T B 8 glud o 2 3 4 5 E T 5 s " 4 3 z &
¥-ray Energy, keVf ¥-ray Enargy, ke X-ray Energy, ke
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$¢FT-IR, Raman - Microscopy

| & kvalitativni i kvantitativni

& pfima metoda nebo po redepozici na desky Au

¢ moznost pocitani vlaken jen do urcité velikosti - omezeni

¢ identifikace funkCnich skupin a vazeb v struktufe vSech
typu azbestu

/| // ¢ fokusace IR zareni na pyroelektricky MCT detektor napf.

‘\ = Cassegrainovym nebo Schwarzschildovym objektivem a

L zrcadlovou optikou, FPA detektor — focal plane array

Viewing Mode detector,

— ¢ detekce na urovni zorneho pole v plochach o prumeéru 3-
10um, navadéni i v oblasti viditeIného zareni,

& kontrastni rozmér vlaken a mez rozlisitelnosti v oblasti
0,1 um v diametru vlakna

¢ FT-IR s vysokym rozliSenim a kvalitni zrcadlovou
optikou i k desitkam nm.

& urove i FTIR a RAMAN - se zvySujici cenou

£32
> 23
£ ts
T SE
2
. J

Opticky systém Maksutov-Cassegrain

aEE
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182 REFLECTAMCE SPECTRA

F

/: ﬁFT IR, MID Micro -spectroscopy
i"/ o L @ kvalitativni i kvantitativni — ne poéet vidken

J \ w"‘ !
i/ ( ho @ destrukéni, pouze jako gravimetrické stanoveni tj.
Il LA ug/mg apod. nebo %hmot.
./,ﬁ(x \J ¢ identifikace funkCnich skupin, Ize identifikovat
P “w\'n.,#% vSechny druhy azbestu i lizardit, antigorit
= o et @ fokusace IR zareni pomoci zrcadlove optiky -

b e beamcondenser 5x-10x nebo ATR
o \ . & mez detekce v oblasti jednotek ug azbestu (pfi
- makro KBr technika 2cm prumér tabl. az 0,1uQ)

Fig. dc. Reflectance spcf:tm of hectoriee, I|II |.e,
kaolinite, chrysorile, lz.an:l and umbon'uz

mu Mm % m: & 0,01%hmotnostni pfi navazce vzorku cca 2,5-5mg.

well dml' d h wm ruyrjm:req::: ‘T‘h.elysu]

e : & ATR mikroprobe (diamantove cely a pasti) 1-10

lul.rl\.!.-i H'ng n:j l'.' k 19'3‘3_} TH l:lJ

i i e e i mjkrogramo

: ¢ DRIFT vyhoda aplikace vzorku jako takoveho
#&MATR pfimo na filtru 0,01 % hmot.

#urove A FTIR — se zvysSujici cenou
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microPHAZIR™ Asbestos Analyzer

Wide Range of Use
The microPHAZIR™ Asbestos Analyzer can identify

asbestos fiber in a wide range of materials including tiles,

flagstones, ceilings, heat insulation, braids, cords,
coatings, cemants and fiber cements, joint compound,
adhesives, covers, boarding and more.

s

Documentinkg Analysis Locations

The PHAZIR™ provides an integrated function to help
document reference information regarding sample and
sample location. Operators can enter sample and
sample location information in five customizable data
fields from pull down options or from the keyboard.

15.03.2012 ZU/SZU/FOSTER

Rapid On-Site Screening
microPHAZIR™ is a ruggad
fast point-and-shoot screeni
materials in the field. Comp
are available within 7 secong
a color LCD display.

Safe
The microPHAZIR™ is base
spectroscopy using a low po
source, similar to low power|
completely safe for operator,
non-destructive to sample

Long Operating Time
The microPHAZIR™ is desid
battery life. The unit can ops
continuous operation and lo
usage. The battery can be q
matter of seconds.

Analysis Reports
All data associated with an 2
the microPHAZIR™ onboard
can be transfarred to a PC
viewed using standard prog

Speed & Power

Low Cost of Ownership
Other than bulb replacemen
an occasional battery replac
microPHAZIR™ doesn't reg
fixed maintenance costs. Th
light source is guaranteed fg
operation. A user replaceals
with the system. Additional
available with a cost less tha

Ease of use

Updates
microPHAZIR™ program up
field upgradeable. To instal
the USE cable and log into
website. microPHAZIR Asb
updates are available at no
the instrument.

Language
The microPHAZIR™ is engi
accommodate several differ
Pre-defined language kits a
customizable language trans
available.

microPHAZIR™

Handheld Asbestos Analyzer

Rugged portable handheld solution
Lightweight 2.75 Ibs. device
Intuitive Color LCD screen
Rechargeable Li-lon batteries

5+ hours battery life

Minimal training required

Rugged design

Safe for use

Rapid identification of ashestos materials
Fast 7 second results
MNan-destructive measurements

Ready-to-use and customizable application

Fully autormated operation
o Automatic referencing & calibration
Minimal training required
Point and shoot operation
Results logged in databass

Identify chrysotile, amosite, crocidolite,
tremolite, actinolite, anthophyllite in a wide
range cf materials.

For additional information please contact: Polychromix
The Leaders in Portable Spectroscopy Solutions

30 Upton Drive, Wilmington, MA 01587 USA
Tel: +1 (578) 284-6000 Fax: +1 (978) 284-6060
sales@Paolychromix.com www.Polychromix.com

The Polychromix microPHAZIR™ Asbestos Analyzer is the first of its kind
handheld Near-Infrared (NIR) designed for rapid positive screening and
identification of asbestos containing materials. The 2.75 Ib handheld analyzer is
completely self-contained and can perform accurate on-site analysis in seconds.

Designed for the expert and non-technical user alike, the microPHAZIR™
unleashes the power of near-infrared spectroscopy to save you time & money.

Typical analysis result
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Infrared spectra of chrysotile asbestos
Chrysotile asbestos is formed by densely packed bundles of multiwall
hollow nanotubes. Each wall in the nanotubes is a cylindrically
wrapped layer of MgsSi2Os(OH)s. We show by experiment
and theory that the infrared spectrum of chrysotile presents

VL

Chrysotile

ooy |etrahedral Sheet
wrwwww. Octahedral Sheet
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182 REFLECTAMNCE SPECTRA
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Fig. 4c. Reflectamce spectra of hectorite, halloysie, 1
kaolinite, chrysorile. lizardite, and antigorite showing cm
vibeational bands due to OH (from Clark ef af,, 1990

Moie the subile changes in the kaolinite doubler ar 2.2-pm,

Kaolinice CM9 is well cryswallized while KGa-2 is poorly

crystallized. The shorier wavelengih band becomes less

well defined as the crystallinity decreases. The chrysotile,

lizardite and antigorite are isochemical members of the

serpenting group, yet show subtle differences in the OH

bands (King and Clark, |989). The subtléhes ané morne

evident in higher resolution spectra shown in Figure 6.
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¢ Jiné metody mén é pouzivane pro
uvedené U cCely

(Light scattering methods, Laser methods)

& CLSM — Confocal Laser Scanning Microscopy analyzy in situ , V
biologii, material a prach, topografické scanovani povrchu vzorku v
oblasti nm.

& Tyndallo-meter - optical dust measuring instruments vyuziva
Tyndalova efektu odrazeneho a rozptyleného za  feni, nevhodné pro
identifikaci, nerozliSime tvar a charakter  €astic

¢ Royco particle counter (ACGIH 1983)

¢ FAM-Fibrous Aerosol Monitor  parova elektricka pole s laserovou
detekci, detekce na arovni 1 f/ml (4 hod., 1-2 I/mi  n) ur éeno pro
pracovni prost redi

& TG, DTG and EGA analysis Termogravimetry, Derivative

thermogravimetry, Evolved Gas Analysis, vhodné pro identifikaci ale
S vétsSim mnozstvim vzorku 0,5-5mg, gravimetrické stanov  eni
obsahu

& NAA Neutron Activation Analysis v oblastigama za&  feni

$#RAMAN FT-Raman spectroscopy
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# Porovnani metod

- -i_

Svételna mikroskopie

Elektronova mikroskopie

Infra €ervenda mikroskopie

Prost redi

Vzduch, vzduch kapalina

Vakuum

Vzduch, KBr, CsJ, CsBr

Zobrazujici
vin éni

Viditelné svétlo oblast
cca. 500 nm, polarizace

Elektronové viny (10-11 m),
primarni elektronové viny

Infradervené zareni v oblasti
200-4000 cm-!

Optika

Sklenéné Cocky,
achromatika, ED nebo
apochromatika, imerse

Elektrostatické nebo
elektromagnetické ,CoCky*

Zrcadla Ag, ATR krystaly C —
diamant, Ge, ZnS apod.
podle indexu lomu

Detektor

Pfimo-odi, LCD, CCD

SE, BSE, EDX, WDX

MCT, FPA, PAD, LCD

Pozorovani

Primé, CCD, fotomaterial

Fluorescencni stinitko, PC
obrazovka, fotomaterial, X-
Ray spektra

CCD, LCD, fotomaterial, FT-
IR spektra

15.03.2012 ZU/SZU/FOSTER

List €. 42




Hatngy angue oasECTIVE

15.03.2012 ZU/SZU/FOSTER List €. 43



15.03.2012 ZU/SZU/FOSTER List €. 44



€ Postup p Fipravy vzorku a spektralni analyza

4 PFiprava vzorku - drceni hrubé, drceni jemné v achatové misce, mleti ve vibracnim
mlynku. Prach na filtrech oddélen sonifikaci, nebo rozpusténim filtru v acetonu a
centrifugaci. Vyuziti paleni v peci za nepfistupu vzduchu, delenl materlalu a prachu
sedimentaci, kaskadovymi impaktory apod.
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, CsCl)

& PFiprava na tabletaci vzorku v opticky inertnim materlalu KBr, CsBr

¢ Tabletace v tabletovaci matrici (Stancné) s hydraulickym lisem (12t, 10min, vakuum,
prameér tablety od 5, 13mm do 20mm)

& Umisténi tablety o praméru 5mm nebo 13mm za pouziti 5x-10x beamcondenser do
méficiho prostoru FT-IR, ATR MiraCle PIKE, IRPlan mikroskop a podobna zafizeni.
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& Snimani infra ¢erveného spektra vzorku
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4 Standard - Chrysotile SRM 1866a NIST
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# Standard Crocidolite SRM 1866a NIST
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# Standard — Amosite 1866a NIST
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4 ldentifikace azbestu , flow chart (firma Perkin-Elmer Appl. Note 60)

Figure 7

IR band at 775 to 780cm

- present

band at 670cm '

present absent

present

1

band at 450cm !

absent

= ANTHOPHYLLITE
also at 450, 1015 and
1090cm ™!

=CROCIDOLITE
also at 1140, 1100,
540 and 320cm
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= AMOSITE
also at 1125,
1080, 480 and
428cm

absent
band at 755cm

present absent
= TREMOLITE = CHRYSOTILE
also at 240, 320, also at 1080, 605,
360, 390, 460, 685 440, 305 and

3690cm '
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4 Realny vzorek (oblast 4000-3000 cm-1)
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¢ Realny vzorek (oblast 1200-900 cm-1)
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I Realny vzorek (oblast 1200-900 cm-1) Curve Fiting and Deconv.
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B Realny vzorek (oblast 1200-900 cm-1) rekonstrukce IR spektra
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