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SHRNUTI

Aplikovana mineralogie ma necekané Siroké uplatnéni ve forenzni oblasti. Jde jednak pfimo o minera-
logické faze, které se objevuji v celd fadé materiald a stop, ale o postupy mineralogické analyzy, které
jsou Casto vyuzivany pro mikroanalyzy v oblasti tzv. mikrostop. Jedna se zejména o oblasti: rozbor a
komparace pedologickych stop (reliktd zemin) a dalSich mineralnich fazi, nerostné faze pigmentd -
komplexni analyza barevné vrstvy (automobilové laky, natérové systémy nastrojd, uméleckych pred-
métdl, atd.), gemologické objekty a dalsi vysoce hodnotné komodity, anorganické mikrofaze povybu-
chovych zplodin, vybusnin a pyrotechnickych slozi, degradované biologické a antropologické stopy,
analyzy skel a jejich inkluzi, anorganicka plniva (plasty, polymery, papirenské produkty, farmaceutické
a kosmetické produkty, apod., véetné jejich padélkl a napf. i analyzy narkotik), ohnivzdorné a bezpec-
nostni vyplné trezord, analyzy vldken (materialy pro jejich zuslechtovani), stavebni materidly (jak pro-
kazovani podvodl, tak i komparace mikrocastic, necistot, otérl, apod.), ,neznamé” vzorky a latky (v
Pro ucely této prace byly vybrany 4 vyznamné oblasti forenzni mikroanalyzy, kde se aplikovana mine-
ralogie uplatfiuje a které podle ndzoru autora pomérné dobfe charakterizuji Sifi, ale soucasné i hete-
rogenitu této oblasti. Jednd se o analyzu a komparace pedologickych stop, analyzu povybuchovych
zplodin, analyzu pigment( uméleckych pfedmétd, resp. komplexni analyzu barevné vrstvy aimplemen-
tace technik rentgenstrukturni praskové mikrodifrakce, které se uplatiuji pfi celé fadé analyz, nejen
ve vySe uvedenych oblastech.

Rentgenstrukturni praskova difrakce a mikrodifrakce

Rentgenstruturni analyza ma ve forenzni oblasti pomérné vyznamnou a nezastupitelnou roli.
Autorem této prdce byla navrzena souprava pro justaci, kontrolu a centraci analyzované plochy. Op-
ticky adaptér byl vyroben spole¢nosti Laboratory Imaging a zaveden do praxe.

Byla testovana velikosti kroku a akvizi¢ni ¢as pro rizné konfigurace sytému. Odrazova geometrie s di-
vergencnimi clonami - kroky vétsi nez 0,0334° 2theta neposkytuji potfebné rozliseni, je pfi kroku
0.0334° dosazeno pozadovaného rozdéleni difrakénich maxim. Jako optimalni se jevi, s ohledem na
rozliSeni, pouZiti kroku 0,0167°. Byl testovan parametr ¢asu na jeden krok s velikosti kroku 0,0167°.
Doba expozice v jednotlivém kroku se pti délce nad 50s nema vliv na relativni intenzity a separace
zdaznamu. Relativné slusné vysledky poskytuji i casy kratsi, zde ovSem jiz nejslabsi difrakce zanikaji
v Sumu pozadi. Pfi ¢asu kroku 50s vychazi celkova doba expozice u zdznamu v rozsahu 5 — 80° a kroku
0,0167° na 30 minut, coZ Ize povaZovat za pfimérené. V pripadé casové tisné Ize pro rychlou identifikaci
zvolit i ¢asy kratsi.

Odrazova geometrie s kolimatorem - orientac¢ni data Ize nasnimat jiz pti akviziénim ¢ase 20s/krok.
Velmi dobra separace linii nastava pfi case od 100s vyse, nejslabsi difrakce se objevuji od 200s, cas
1000s je jiz prilis dlouhy. Za prvou pouzitelnou velikost kroku Ize povazovat 0,0501°, nejslabsi difrakce
se objevuji spolehlivé od velikosti 0,0167°, krok jemné;jsi nez 0,00836° se jevi jako zbytecny. Pti Case
kroku 50/100/200s vychazi celkova doba expozice u zdznamu v rozsahu 5 — 80° a kroku 0,0167° na
30/60/121 minut, cozZ lze je$té povazovat za pfimérené, zejména bereme-li kolimator jako nahradu
mikrodifrakce pro vétsi plochy. V pfipadé ¢asové tisné Ize pro rychlou identifikaci zvolit i ¢asy kratsi.
Odrazova geometrie — mikrodifrakce — ani extrémni délky ¢asu nacitani nevedou k zisku vyraznéji kva-
litn&jsich dat. Jako Gnosny kompromis se jevi ¢asy okolo 2000 s/krok. Casy kratsi jsou jiz zaSuméné.
Jako dostatecny se jevi krok 0,0167°, pro ktery pti vySe zjiSténém case okolo 2000 s vychdzeji expozicni
doby do 24 hodin a signal ma dostate¢ny odstup od Sumu.

Dale byla testovana dlouhodoba reprodukovatelnosti méreni, detekénich limity fazové analyzy a vhod-
nosti jednotlivych instrumentaci pro organické faze, zejména s ohledem na rozliseni isomer( u tzv.
novych syntetickych drog. Byly také testovany moznosti vypoctu velikosti nanocastic, resp. monokrys-
talovych domén a vysledky komparovany s daty ziskanymi obrazovou analyzou na snimcich HRTEM,
FESEM a TESEM.



Mikrodifrakce byla také pouzita pti komplexni fazové analyze barevnych vrstev oltare v kapli hradu
Krivoklat (datované 1480-1490). S jeji pomoci byly prokazana pfitomnost zrn ryziho Bi v materialu ba-
revné vrstvy.

Forenzni analyza zeminovych fazi

Forenzni analyza zemin se v ¢eské kriminalistické a znalecké praxi pouZiva od 70. let minulého stoleti,
plvodné byla provadéna pomérné jednoduse, jen na zakladé prosté chemické analyzy, bez jakékoliv
detailni komparace na Urovni jednotlivych zrn. Autorem této prace byl postupné zaveden komplexni
systém, ktery zpracovavd vsechny dosazitelné informace o zeminé, véetné biologickych analyz (rostlin-
nych a Zivocisnych fragmentd, schranky ptdnich mikroorganism(, pylova zrna, apod.) a antropogen-
nich relikt (stavebni hmoty, skla, struska, apod.). Postupné byly zavedeny detailni mineralogicka a
rentgenstrukturni fdzova mikroanalyza a cely systém dostal zaklad souc¢asné podoby. Roéné je v Krimi-
nalistickém Ustavu (KU) zpracovavano 30 — 60 pripadul a to v nejzavaznéjsich kauzach nasilné trestné
¢innosti, trestné &innosti nékterych skupin mladeZe, apod. Rada posudk( slouZila jako stéZejni diikaz u
soudu.

V kriminalistické praxi se pfi pozadavcich na zpracovani pedologickych stop setkdvame zpravidla se
dvéma zakladnimi typy uloh. Jednd se bud o klasické komparace, kdy jsou sporné zeminové faze po-
rovnavany s odebranymi srovndvacimi vzorky pro potvrzeni mista trestného ¢inu, trasy vozidla, apod.
Nebo je pozadovdano tipovani neznamého mista, kde ke kontaminaci zeminou mohlo dojit. V obou pfi-
padech se jedna se o komplexni analyzy, pfi kterych je samostatné zkoumana organicka slozka vzorkd,
pripadné antropogenni kontaminace a vlastni nerostny material. Pro mineralni faze jsou vyuzivdny me-
tody mineralogického a petrologického rozboru. V pribéhu analyzy jsou oddéleny jilové frakce, mine-
ralni zrna a horninové fragmenty, a jejich analyzy probihaji samostatné.

Nékolik let jsou také vyuzivany datové zdroje, které poskytuji geografické informacni systémy (GIS).
Pro komplexni posouzeni vsech aspektl je obvykle potfebna informace o terénni morfologii lokality,
jak u srovnavacich materiald, tak i stop. Kromé topografickych podkladd se vyuZivaji geologické a pe-
dologické mapy. VyuZiti téchto datovych zdroji je nezbytné zejména pfi tipovani mozného plvodu
neznamého vzorku zeminy.

Pro Uzemi Ceské republiky jsou pouZivany napt. topografické podklady Ceského Gfadu zeméméfic-
ského a katastralniho, Geoportalu verejné spravy a dalSich mapovych server(. Geologicka data jsou
ziskavana zejména z datovych zdroj(i Ceské geologické sluzby (CGS). Pro lepsi vizualizaci 3D morfologie
zpracovavané lokality se aktudlné osvédcuje modul Google EARTH.

Stdvajici systém je naro€ny na znalosti a praxi znalce. VyZaduje pomérné precizni zkusenosti z oblasti
optické mikroskopie a rentgenové praskové difrakce, zejména pti zpracovani kontaminovanych vzorki,
nebo malém mnoZstvi dostupné stopy.

Do oblasti zpracovani pedologickych stop je aktudlné zavadén autorem systém automatické mineralo-
gické analyzy. Systémy jsou postaveny na upravenych elektronovych mikroskopech, které jsou vyba-
veny 2, €i 4 EDS detektory. Systémy nabizi minimalné 2 velci svétovi vyrobci SEM a uplatnéni nachazeji
prevainé v tézebnim prdmyslu. Princip systému je pomérné jednoduchy. Vzorek ve formé nabrusu
horniny, vrtného jadra, i zalitych zrn je vloZen do specialniho drzaku. Plocha vzorku (obvykle 25 mm,
ale mUzZe byt i jind) je rozdélena na kvadranty, ze kterych je bod po bodu sniman a vyhodnocovan
jednak signal BSE, jednak spektrum EDS. Dva az ¢tyti detektory EDS jsou ve standardnim postupu vyu-
Zivany zejména pro vyssi zisk signdlu. Automaticka klasifikace mineralnich fazi je provedena na zakladé
ziskanych dat s vyuzitim databaze vyrobce, Ci uzivatele. Systémy jsou urceny pro zpracovani rovinnych
vzorkd. Tento postu ale neni pfilis vhodny pro forenzni analyzu zemin. Jednak pfiprava nabrusl pred-
stavuje urcitou ¢asovou dotaci, jednak by vyZadovala rozdéleni vzorku na jednotlivé zrnitostni frakce a
teprve z nich pfipravu nabrusq, pfi brouseni ndbrusu z rozdilnych velikosti zrn se ztrati i podstatna ¢ast
informace. Z tohoto dlivodu byly provedeny experimenty v rdmci spole¢ného projektu KU a spole¢nosti
Tescan (VG20102015065), které mély vést k moznosti pfimé analyzy zrn s topografickym povrchem.
Testy zapocaly se syntetickymi vzorky znamych minerdlnich fazi, které byly umistovany do definova-
nych pozic, nasledovalo hledani optimalnich parametr(i analyzy a geometrie nastaveni celého systému.
Komplexni Upravy celého SW vedly k vytvoreni software FTIMA a cely systém byl dale testovdn na



redlnych vzorcich. Prace vyustily v patentovou pfihladku, kterd byla Ufadem prdmyslového vlastnictvi
pfijata a byl v ramci projektu VG20102015065 udélen patent ¢. 303228.

FindIni testovani nového SW, zmén vsech parametrl a klasifikacnich databazi bylo provedeno na real-
nych vzorcich zemin ze severnich, sttednich a jiznich Cech a okoli Brna. Byly provedeny testy reprodu-
kovatelnosti méreni, kdy byl opakované analyzovdan identicky soubor navzorkovanych zrn, déle tyz vzo-
rek snimany vzdy s oto€enim o 15st a dale opakované navzorkovavané soubory zrn z identického mista
odbéru. Tyto experimenty byly provadény opakované. Byla prokdzana velmi dobra reprodukovatelnost
i presnost méreni. Dalsi analyzy byly provedeny na vzorcich z rlznych mist s odbéry ve vzdalenostech
v metrech, desitkach a stovkach metr( od sebe, které simulovaly redlné odbéry komparacnich vzorkd,
napf. pro prokazani mista ¢inu. Naptiklad vzorkovani v jiznich Cechdch bylo provedeno na relativné
velmi mineralogicky podobnych podloZnich horninach - amphibol-biotiticky granodiorit, biotiticky mig-
matit a biotitické ortoruly. Experiment ukazal, Ze rozdily zjistiteIné systémem mineralogické analyzy
Ize prokazat i ve vzorcich, které byly odebrany 15m od sebe. Obé mista se lisi vegetaci (louka, okraj
lesa) a expozici. Na zjistény mineralogické obsah ma kromé podloznich hornin také zdsadni vliv vege-
tacni pokryv a zvétravaci procesy v padé probihajici.

Automatickd analyza nema nahradit cely komplexni systém forenzni analyzy zemin, ale je jeho vhod-
nym doplnénim.

Forenzni analyza povybuchovych zplodin a rezidui

Analyza vybusnin, povybuchovych zplodin a rezidui je relativné ¢astou ulohou forenznich laboratofi.
Pokud se jednd o analyzu vzorku vybusniny pfed déjem vybuchu, je situace obvykle snadnd, protoze
jde vétsSinou o relativné Cistou fazi, ¢i smés nékolika fazi. VeSkeré analyzy je potfebné provadét s ma-
ximalni opatrnosti a minimalnim potfebnym mnozstvi latky, protoZe Casto se lze setkat s velmi brisant-
nimi tfaskavinami typu fulminat(, acetonperoxidd, azid(, apod. ObtiZzné&jsi situace je pfi analyze povy-
buchovych zplodin a rezidui. Na povybuchové scéné vznikd smés celé fady latek a kontaminantl a
mUze byt pomérné obtizné prokazat ve smésném vzorku relikty vybusniny, které ve vysledku mohou
leZet hluboko pod mezi detekce dané metody. Je proto velmi dileZity jak samotny odbér vzork( na
povybuchové scéné k analyze, tak i dalsi pfiprava vzorkl pro analyzu, pfipadné koncentracni a sepa-
racni postupy, apod. V pfedchozich letech autor této prace provadél celou rfadu studii zamérenych na
tato témata. V soucasné dobé k tomu jesté pristupuje v celosvétovém méritku zvysené riziko teroris-
tickych utoku a ptipravy improvizovanych vybusnin. Nestandardni a podomacku vyrabéné vybusniny
predstavuji vzdy urcité riziko, vzhledem ke své prakticky neomezené variabilité, jak ve sloZeni, tak i v
konstrukci vybusnych predméta.

Pro vyhleddavani relikt pomoci technik SEM je kli¢ova informace o velikosti a morfologii ¢astic. Proto
tomuto tématu byla vénovana znacna pozornost. Na zachytnych tercich pokusnych odpaltd i na real-
nych vzorcich ze znalecké praxe KU byly zjiStovany morfologické a rozmérové parametry. Velikost ¢as-
tic prokazatelnych rezidui a povybuchovych zplodin kvantifikovdna pfi zvétSeni 500 - 8000x. Méfeni
bylo provddéno na elektronovém rastrovacim mikroskopu. Olep nosic¢e stopy na specidlni tercik pro
elektronovou mikroskopii predstavuje optimalni zajisténi pro anorganickou analyzu Kapacita plochy
terciku prdméru 12 mm se v zavislosti na zrnitosti pohybuje mezi cca 0,1 — 0,01 g a je pro postupy
elektronové mikroskopie vice neZ dostate¢na. Byla sledovana akumulaéni kapacita terciku pro zrnitost
Castic nad a pod 0,05 mm. Pro ¢astice pod 0,05 mm je vytéznost nad 80% pro hmotnosti do 0,05 g a
poté strmé klesa. Pro zrnitost nad 0,05 mm je dobra vytéZnost pro hmotnosti do 0,075 g (nad 80%) a
poté strmé klesa. U¢innost byla testovana s vytfidénymi frakcemi latek rdizné morfologie a sloZeni, pro
dvojitou kontrolu vyttidéni frakci byla pouZita laserova granulometrie a obrazova analyza, pro kterou
bylo nasnimano pomoci SEM min. 5 tis. ¢astic. Data byla vyuzZita i pro zjisténi dalSich morfologickych
parametrd. Stupen zaobleni ¢astic povybuchovych reliktd je velmi vysoky, nejvyssi cetnosti dosahuji
tfidy 0,7/0,8/0,9 a 1 (1 je nejvyssi stuperi). Dale byly testovany suchy stér celého povrchu nosice vhod-
nym substratem a sejmuti povrchu upravenym vysavacem. ze separacnich technik byly testovany od-
stfediva separace v proudu plynu, separace v proudu plynu v kapilafe, separace pevné faze pres kapa-
linu, elektrostatické separace a prevod sejmutého materidlu do kapildry a postupné vymyti rozpousté-
dly. Vysledky elektrostatické separace na redlnych vzorcich jsou relativné nadéjné a Ize se domnivat,



Ze nasazeni do znalecké praxe by pfi odbéru povybuchovych zplodin bylo vyhodné. Stavajici experi-
mentalni usporadani ale vyzaduje pfilis velké mnoZstvi materidlu. Pro rutinni nasazeni by byla nutna
miniaturizace a popf. dalsi konstrukéni Uprava, kterd by umoznovala ptimé spojeni odsavaciho zafizeni
se separatorem.

Pro Siroké rozmezi moznych nestechiometrickych poméri téchto improvizovanych vybusnin byly také
kalkulovany tzv. vybusninarské parametry, které dosud souhrnné neexistovaly.

Povybuchovad rezidua jsou charakterizovana vsemi dostupnymi metodami, u ¢astic, kde se v povrchové
analyze projevuje nehomogenni sloZeni, jsou provadény rfezy fokusovanym iontovym svazkem na sys-
tému SEM/FIB. Nasledné je provadéno prvkové mapovani systémem EDS/WDS a jsou provadény i
mapy v Ramanové spektru analyzatorem vestavénym pfimo do komory SEM (max. plocha mapy je
250x250 um). Mapu lze skladat/prekryvat se zobrazenim v detektorech BSE/SE, prvkovymi mapami,
nebo zobrazenim analyzované plochy ve viditelném zareni.

Veskera ziskana instrumentalni data, véetné kalkulovanych parametr(i a detaild o provedenych expe-
rimentalnich odpalech jsou vklddana do specidlné naprogramované databdzové aplikace, ktera bude
pfistupna pro specialni slozky PCR a armady a je o ni zajem i ze strany zahrani¢nich specialnich sloZek.

Komplexni analyza barevné vrstvy

Komplexni analyza barevné vrstvy prestavuje opét velmi Sirokou oblast, ktera zahrnuje natérové sys-
tému nastrojd, barevné natéry pouzivané ve stavebnictvi, automobilové laky, barevné vrstvy umélec-
kych predmétl (malby, plastiky, fresky, atd.) a fadu dalsich natérovych systém, barev a lak({. Predmé-
tem studia autora této prace byly v poslednich letech zejména barevné vrstvy malifskych dél jako jedno
ze zkoumani pro uréovani pravosti. Otazka padélkl se stava stale aktualnéjsi.

Ke komplexnimu materidlovy prlzkumu uméleckych dél se vyuzivd moznosti ziskat maximum infor-
maci ze vSech dostupnych ¢asti. Napf. u maleb se provadi nejen celkova analyza barevné vrstvy, ale i
prazkum platna, rdmu, signatur apod. Komplexni metodika byla autorem této prace postupné v uply-
nulych letech zavddéna do znalecké praxe KU a sestava z téchto kroku:

- nedestruktivni multispektralni snimkovani v oblastech UV, VIS, NIR a rentgenovy prlsvit, informace
o moznych podmalbdach a premalbach, tipovani mist pro dalsi zkoumani a ptinasi informace o stylu
malby

- nedestruktivni analyzy mobilnimi zatizenimi —predevsim XRF a Ramanovy spektrometry, detailné;si
predstava o stavbé barevné vrstvy

- odbér mikrovzorkd, stale nezbytny pro detailni analyzu na urovni jednotlivych zrn u kazdé vrstvy, u
cennych pravdépodobnych originalli vidy provadi autorizovani restauratofi

- pfiprava lesténého nabrusu (pro ziskani kolmého fezu vrstvami)

- metody optické polarizacni mikroskopie v odrazeném svétle, fluorescence ve vybranych excitacnich
délkach viditelného spektra, UV a NIR, jak na Urovni jednotlivych vrstev, tak i jednotlivych zrn

- kvantitativni fazova mikroanalyza SEM EDS/WDS, katodova luminiscence, mikro XRF

- analyza na Urovni jednotlivych zrn pomoci Ramanovy spektrometrie v 5 vinovych délkach

- analyza FTIR jako komplementarni metody

- praskova rentgenova mikrodifrakce

- analyza signatur autoru a pripadné dalSich pisemnych, nebo tisténych projev(

- zkoumani platna obrazu, analyza druhu pouZitych vldken, struktura, zplsob vazby, analyza pfipad-
nych materidll pouzitych pro umélé stareni platna

- analyza ramu, mechanoskopické stopy po hrebiccich v napinacim ramu, atd.

Ve spolupraci s NG provadél KU materidlovy prizkum barevnych vrstev oltare v kapli hradu Krivoklat
(datované 1480-1490). Pfi tomto prizkumu byly pro prvotni analyzy pouzity nedestruktivni metody,
ovéreni zjisténi bylo dale provadéno na odebranych mikrovzorcich. Autor této prace prokazal vyskyt
zrn ryziho Bi, ktery se vyskytuje v nékterych pfesné definovanych castech dekorace oltare. Byly prove-
dena analyza mikrofragmentu ze zdjmové vrstvy pomoci SEM. Pro fazovou analyzu byla pouzita tech-
nika praskové rentgenstrukturni mikrodifrakce. Byla potvrzena pfitomnost zrn ryziho Bi. Pro ziskani
dalSich informaci byla pouzita technika ortogondlniho TOF-SIMS FIB. Analyza byla provedena ve firemni



laboratofi spole¢nosti Tescan, operator Libor Sedlacek, byla ziskdna hmotnostni spektra a 3D mapa zrn
Bi.

V oblasti analyzy barevné vrstvy je aktudlné autorem resen projekt V120172020050 ve spolupraci s NG,
ktery se mimo jiné zabyva vytvorenim zdkaznického databazového softwaru a jeho naplnéni daty do-
stupnych vytvarnych material a druha aplikace bude sdruzovat data autorskych okruhl vybéru
umélcl a dél od konce 19. stoleti do poloviny 20. stoleti, Ize fici ,,autorskych palet”. U druhé aplikace
jde o velmi citlivd data, ktera jsou shromazdovana jen ze zcela nespornych dél ziskanych pfimo od
autord v rdmci sbirek moderniho uméni NG, nebo v nékterych pfipadech pfimo z vybaveni ateliéru,
ktery pripadl NG. Pfistup k této databazi bude velmi omezeny, vzhledem k vyznamnému nebezpeci
zneuziti dat. Databaze sdruzuji nové ziskand analyticka data z dostupnych technik — optickd polarizaéni
mikroskopie, fluorescence, FTIR, Raman, SEM EDS/WDS, XRF, data rentgenové difrakce. V pfipadé po-
treby lze datové zaznamy libovolné rozsifovat. Originadlni materialy zGstavaji ulozeny na obou koope-
rujicich institucich a je mozné v budoucnu doplfiovat jejich charakterizaci o dalsi dostupné techniky.
Obé databaze budou vyuzivany pfi restauratorské a znalecké ¢innosti NG a v ramci Znalecké sluzby
PCR.

Zaveér:

V predlozené praci byla predstavena Site aplikované mineralogie a jejich metod ve forenzni praxi.

V oblasti rentgenstrukturni praskové difrakce a mikrodifrakce byly precizné ovéreny zédkladni parame-
try pro mikrodifrakéni systém, navrzena a zavedena do praxe souprava pro justaci analyzované plochy,
testovdna dlouhodobd reprodukovatelnosti méreni, detekcnich limity fazové analyzy a moznosti pou-
Ziti jednotlivych instrumentaci pro organické faze, zejména s ohledem na rozliseni isomerd u tzv. no-
vych syntetickych drog. Do budoucna lze ocekavat dalsi rozvoj aplikaci, zejména pro organické a kom-
plexni materidly.

V oblasti forenzni analyzy zeminovych fazi byl zaveden komplexni systém pro zpracovani téchto velmi
heterogennich stop. Je zavddén systém automatické mineralogické analyzy vyvinuty v rdmci spolec-
ného projektu KU a spolecnosti Tescan (VG20102015065), udélen patent ¢. 303228. Finalni testovani
bylo provedeno na redlnych vzorcich zemin.

V oblasti forenzni analyzy povybuchovych zplodin a rezidui byla provedena obsahla morfologické stu-
die c¢astic povybuchovych zplodin, testovani vzorkovani a separacnich a koncentra¢nich metod. Pro
Siroké rozmezi moznych nestechiometrickych pomérl improvizovanych vybusnin byly kalkulovany tzv.
vybusninarské parametry, které dosud souhrnné neexistovaly. Veskera ziskana instrumentalni data,
jsou vkladana do specidlné naprogramované databazové aplikace, kterd bude pfistupna pro specidlni
slozky PCR a armady a je o ni zajem i ze strany zahrani¢nich specialnich sloZek. V této oblasti Ize také
ocekavat bouflivy rozvoj zejména v souvislosti s aktudlni mezindrodni situaci a potencialnimi hrozbami
teroristickych utokda.

V oblasti komplexni analyza barevné vrstvy v poslednich letech se stava aktudlni zejména analyza ba-
revné vrstvy malifskych dél jako jedno ze zkoumani pro urovani pravosti. Ve spolupraci s NG probihal
materidlovy prizkum barevnych vrstev oltare v kapli hradu Krivoklat (datované 1480-1490). Pfi tomto
prazkumu byla potvrzena pFitomnost ryziho Bi. Byla pouZita i technika ortogondalniho TOF-SIMS FIB a
ziskdna hmotnostni spektra a 3D mapa zrn Bi.

Probiha projekt VI20172020050, je vytvaren databazovy software a plnén daty dostupnych vytvarnych
material(, druha aplikace bude sdruzovat data autorskych okruhl vybéru modernich umélct a dél
tzv.,,autorskych palet”. Obé databaze budou vyuZivany pfti restauratorské a znalecké ¢innosti NG a v
ramci Znalecké sluzby PCR.



SUMMARY

Surprisingly, applied mineralogy plays an important role in the forensic science field. Not only that the
mineral phases appear in a whole range of materials and samples, moreover the procedures of miner-
alogical analysis are often used for microanalysis of the trace evidence ("microtraces"). This is the case
particularly in the areas of analysis and comparison of pedological samples (the relicts of soils) and
additional mineral phases, mineral phases of pigments — complex analysis of pigment layer (car paints,
paint systems of the tools, art works, etc.), gemological objects and an additional high-value commod-
ities, inorganic microphases of post blast residues (PBR), explosives and pyrotechnical compounds, de-
graded biological and anthropological relicts, analysis of glass and its inclusions, inorganic filling mate-
rials (plastics, polymers, paper products, pharmaceutics and cosmetic products etc. including their
counterfeits, and further analysis of narcotics), fire-resistant and safety fillings of vaults, fibre analysis
(materials for their refining), building materials (inquiry of counterfeits, comparison of microparticles,
impurities, abrasion etc.), unknown samples and substances (in the broadest sense including sub-
stances accompanying blackmail notes).

For purposes of this study was chosen four crucial fields of forensics microanalysis where the applied
mineralogy is integrated, and which characterise its broad usage and heterogeneity of this field.
Namely, it is an analysis and comparison of pedological samples, post blast residues, artworks pigments
respectively complex analysis of the paint layer and implementation of powder X-ray micro diffraction
techniques which is used in a broader range of analysis than mentioned above.

Powder X-ray structure analysis and microdiffraction

The X-ray structure analysis has in forensics field significant and pivotal role.

By the author was designed set for adjusting, control and centralisation of the analysed area; the op-
tical adapter was manufactured by company Laboratory Imaging (Czech Republic).

Tested was the magnitude of the step and acquisition times for different configurations of the system.
The reflection geometry with divergence aperture - steps greater than 0.0334° 26 does not provide a
necessary resolution, on the other hand, steps at least 0.0334° are sufficient for separation of diffrac-
tion peaks. Optimal conditions of resolution provide usage of step 0.0167°. The exposition time in a
single step greater than 50 s does not influence relative intensities and separation of peaks. Good
results provide even lower times for one step, but the weaker diffractions are getting lost in the back-
ground noise. One measurement under following conditions: one step (0.0167°) measured for 50 sat
a range of 5 —80°, leads to the total exposition time of 30 minutes which can be considered adequate.
In case of time pressure, and a need for fast identification, it is possible to lower exposition time.
Reflection geometry with collimator — approximate data is possible to obtain at an acquisition time of
20 s per step. Very good separation of lines appears from 100 s and higher, the weaker diffraction
appears from 200 s, and time around 1000 s is unnecessary long. For the first usable step size can be
considered 0.0501°, the weaker diffractions appear reliably from 0.0167°, and the step subtler then
0.00836° is unnecessary. For the step timing of 50, 100 and 200 seconds is the total exposition time
(5-80°and 0.0167°) 30, 60 and 121 minutes, respectively. That is adequate, especially when collimator
replaces microdiffraction for bigger areas. In case of time pressure, and a need for fast identification,
it is possible to lower acquisition time.

The extreme reading times in the reflection geometry (microdiffraction) do not provide significantly
higher quality data. The optimal times are 2 000 s per step since shorter times provide high back-
ground noise. With the step 0.0167° and time of 2 000 s per step is provided sufficient distance of the
signal from the background noise, the exposition time is within 24 hours.

Further tested was long-term reproducibility of measurements, detection limits of phase analysis and
suitability of individual instrumentations for organic phases, especially in consideration of the isomers
in so-called new synthetic drugs. Tested were also possibilities of calculating the sizes of the nanopar-
ticles (monocrystals) and the results compared with the data obtained by imaging analysis by HRTEM,
SEM and TESEM.



The microdiffraction was used during complex analysis of the chapel altar on the Kfivoklat castle and
thus confirmed occurrence of Bi grains in the colour layer material.

Forensics analysis of soil samples

Forensics analysis of soils is in the Czech criminalistics and expertise practice used since the 1970s.
Initially, the procedure was performed simply, only based on a trivial chemical analysis without any
detailed comparison of single grains. A complex system which processes all available information about
the soil was gradually established by the author, it included biological analysis of plant and animal
fragments, shells of soil microorganisms, pollen grains etc., and anthropogenic relicts such as building
materials, glass, slag etc. Step by step was also established detailed mineral and powder X-ray micro-
analysis; thus, the whole system got foundations of the current form. Annually is in the Institute of
Criminalistics (ICP) processed from 30 to 60 cases which include most serious violent crimes, criminal
acts of youth groups etc. A series of expert opinions served as crucial evidence at court.

In forensics practise during processing pedological samples are generally required two main types of
tasks. First are classical comparison methods, when the disputed soil phases are compared with cor-
relation samples collected to confirm of the crime scene, vehicle route etc. Second, are the ones which
require estimation of unknown location, i.e. potential source area of the soil phase. Both cases include
complex analysis during which are examined organic sample components, anthropogenic contamina-
tions and mineral materials. For mineral phases, are used the methods of mineral and rock analysis. In
the process are separated clay fraction, mineral grains and rock fragments, their analysis are done
separately.

For several years are also used geographic data provided by Geographic information system (GIS). Due
to the fact that for complex evaluation of all aspects is necessary to work with topographic information
about the studied area. Another information which is being used is gained from geological and pedo-
logical maps. These data are essential, especially for the estimation of the source area of unknown soil
sample.

For the area of the Czech Republic are used topographic data provided by the Cesky urad
zemémeéricsky a katastralni, Geoportalu and other map servers. Geological data are mainly obtained
from the Ceskd geologicka sluzba (Czech Geological Survey - CGS). A module Google EARTH is currently
used for the visualisation of the 3D morphology.

The current system is demanding on the knowledge and experience of the expert. It requires precise
knowledge of optical microscopy and powder X-ray diffraction, especially while examining contami-
nated or low amounts of samples.

Into the area of processing pedological samples is currently introduced by the author system of auto-
mated mineral analysis. The systems are based on modified electron microscopes (SEM) which are
equipped with two to four EDS detectors. These systems are now offered minimally by two leading
world manufacturers of SEM; their application is mainly in the mining industry. The principle of the
system is relatively simple. The sample is placed in the form of a polished sample, core or grain sample
into a special holder. The sample area (usually 25 mm) is parted into quadrants from which is point by
point scanned and evaluated signal from BSE and EDS; the multiple EDS detectors are used primarily
to obtain a higher signal. The automatic determination of mineral phases is done based on manufac-
turers’ or users’ databases. These systems are designed for polished section, which are not suitable for
soil forensics analysis. Firstly the polished samples preparation require time and secondly during the
polishing of samples composed of diverse grain sizes, a significant part of the information is lost. For
these reasons as a part of the project of ICP and Tescan company (VG20102015065), were conducted
experiments whose main aim is to enable a direct analysis of grains with the topographic surface.

The tests were firstly conducted on synthetic samples of known mineral phases which were placed to
a specific position followed by searching the optimal analytic and geometry parameters of the system.
The complex adjustments of the whole software (SW) lead to the creation of the new one — FTIMA,
further tested on real samples. That lead to the patent application which was accepted by the Indus-
trial Property Office (in project VG20102015065 patent n. 303228).



Final testing of the new SW was conducted on real samples of soils from the North, Central and South
Bohemia and the area around Brno. Further were done tests to ensure reproducibility. The identical
sample was scanned repeatedly, then with turns of 15° and at the end again created samples from the
same sampling point. These experiments were done regularly. The accuracy and reproducibility of the
measurements were very good. Further analyses were performed to simulate real comparison sam-
ples, e.g. to identify a crime scene. Measured were samples from different sampling points collected
meters, tens, and hundreds of meters apart. For example, sampling in the South Bohemia was per-
formed on relatively very similar underlying rock: amphibolitic-biotitic granodiorite, biotitic migmatite
and biotitic orthogneiss. The experiment showed that the difference, determined by the system of
mineral analysis, is possible to demonstrate even in samples collected 15 meters apart. Both sampling
points differs by its vegetation (meadow and the border of the forest) and exposition. On the mineral
content has great effect not only the underlying rock but also the vegetation cover and weathering
processes in the soil.

The automatic analysis should not replace the whole complex system of forensic soil analysis, but it is
its suitable complement.

Forensic investigation of post blast relicts and residues (PBR)

Analysis of explosive and post blast residues is a relatively frequent task in forensic laboratories. Re-
garding analyses of explosive sample investigated before the explosion, the situation is usually simple,
and mostly the substances are entirely pure, or it is a mixture of several phases. All analyses are nec-
essary to proceed with utmost caution and minimal amounts of substance due to the possible high
explosive behaviours (fulminates, acetone peroxide, azide, etc.). More difficult is an analysis of post
blast residues. In the explosion region, a mixture of a variety of substances and contaminants is being
generated, and it can be demanding to prove in the mixed sample the relicts of the original explosive
which can be far below the detection limit of the method. Therefore important is the sampling itself
on the explosion region and further preparation for analysis such as concentration and separation pro-
cesses etc. In previous years a broad range of studies focused on this topic, and currently, the interest
on global scale rises due to a higher risk of terrorist attacks and design of improvised explosive devices.
Nonstandard and home-made explosives present risk considering practically unlimited variability in
the composition and its construction.

For searching relicts by SEM, the key information is about size and morphology of particles. On catching
targets from experimental shots and real samples from expertise practise of the ICP were determined
morphological and dimensional parameters. The particle size of verified PBR was quantified at magni-
fication of 500—8000x.The collection of the sample from the trace surface for measurements by SEM
presents an optimal way of collection for inorganic analysis. The surface capacity of the target (diam-
eter of 12 mm) is dependent on the grain size and therefore ranges between 0.1 and 0.01 g, this ca-
pacity is more than enough for electron microscopy. Monitored was the accumulation capacity of the
target for the particles below and above 0.05 mm. For particles below 0.05 mm, the yield is above 80%
for masses up to 0.05 g, and then it rapidly declines. For particles above 0.05 mm, the yield is good for
masses up to 0.075 g (above 80%), and then it sharply declines. The effectiveness was tested with
sorted fractions of different morphology and composition. Fraction separation was double checked by
laser granulometry and image analysis. For the image analysis was scanned min. 5 000 particles by SEM
and the data were used for determination of other morphological parameters. The degree of rounding
of PBR is exceptionally high; the highest rates are classes of 0.7/0.8/0.9 and 1 (1 is the highest). Further
tested were a dry smear of the trace surface with a suitable substrate and the vacuuming of the surface
with an adapt vacuum cleaner. Tested were also separation techniques: centrifugal separation in a gas
stream, centrifugal separation in the gas stream in the capillary, electrostatic separation and transfer
of the removed material into the capillary and sequential washing with solvents. The results of elec-
trostatic separation on real samples are promising, and it may be assumed that the implementation
into expertise routine on PBR would be suitable. However, currently are necessary high amounts of
material, therefore for routine work would be needed miniaturisation or further construction adjust-
ments which would enable direct connection of suction equipment with separator.



For a wide amounts of non-stochiometric ratios of the improvised explosives were also calculated ex-
plosive parameters which up to this point have not collectively existed.

The PBR are characterised by all available methods. On the particles which during the analysis of the
surface layer showed inhomogeneous composition are performed sections by focused ion beam
(SEM/FIB). Subsequently is done mapping of elemental composition by EDS/WDS systems and per-
formed is also mapping in Raman spectra by analyser inserted directly into the chamber of SEM (the
maximal map area is 250x250 um). The map is possible to overlay with the view from BSE/SE, ele-
mental maps or view on the analysed area in visible spectra.

All available instrumental data including calculated parameters and details about experimental explo-
sions are inserted into a specially designed database which is going to be accessible for special forces
of PCR and army. Further, there is an interest in access to this database by foreign special forces.

Complex analysis of a colour layer

Into complex analysis of a colour layer belongs paint systems of tools, colour coating systems used in
building industry, car paints, colour layers of artworks (painting, sculptures, frescoes, etc.), and other
coating systems, paints and lacquers. The main content of this study in the last years were colour layers
of paintings for determination of authenticity since the fakes are becoming more topical.

For a complex material exploration of artworks is used as much information from all available parts as
possible. For example at painting is employed not only complete analysis of a colour layer but also
survey of the canvas, frame and signatures, etc.

The method was in recent years implemented into expertise practice at the ICP and is consisting of
these steps:

- non-destructive multispectral imaging in the UV, VIS, NIR and X-ray imaging, brings information about
paint style, possible underpainting and overpainting and prediction of suitable areas for further re-
search

- non-destructive analyses by portable devices — especially X-ray fluorescence (XRF) and Raman Spec-
trometry (detailed information about the structure of colour layer)

- collection of micro samples necessary for detailed analysis of grains in specific layers (in presumed
original valuable pieces performed by authorised restorers)

- preparation of polished section (cross section of samples)

- methods of polarised optical microscopy in reflected light, fluorescence in selected excitation wave-
lengths of the visible spectrum, UV and NIR (layers and grains)

- quantitative phase microanalysis by SEM EDS/WDS, cathodoluminescence, microXRF

- analysis on a grain level using Raman spectrometry in five wavelengths

- FTIR analysis as a complementary method

- powder X-ray microdiffraction

- analysis of authors” signatures and other written or printed materials

- investigation of canvas for paintings, analysis of used fibres, structure and type of canvas binding,
analysis of possible materials used for the ageing of canvas

- frame analysis, tools traces after nails in tensioning frame of the canvas

In cooperation with National Gallery Prague (NGP) performed the ICP research of colour layers of the
chapel altar on the Kfivoklat castle (dated 1480-1490). Used were methods of non-destructive research
and verification was done on collected micro samples. That showed the occurrence of the pure bis-
muth (Bi) grains on precisely defined parts of the altar. Analysis of the micro fragments from the se-
lected layer by SEM/EDS and phase analysis by powder X-ray microdiffraction confirmed by the author
the presence of Bi grains. For obtaining further information was used orthogonal TOF-SIMS FIB (Time
Of Flight - Secondary lon Mass Spectrometry - Focused lon Beam). The analysis was performed at the
company laboratory of TESCAN (operator: Libor Sedlacek) and provided information about mass spec-
tra and 3D maps of Bi grains.

On the colour layer analysis is currently focused project V120172020050 (in collaboration with NGP),
during which is created customer database system filled with accessible art materials and simultane-
ously is created a database collecting data of art materials used by selected Czech artists and specific
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artworks since the end of the 19th century till half of the 20th century. In the second “artist and art-
works” database, the data collected are very sensitive. The data are collected only from undisputed
artworks obtained directly from the NGP collection of modern art or in some cases straight from atelier
equipment now owned by the NGP. The access to this database will be extremely limited due to a
possible risk of data misuse. The databases comprise new data from available analytical techniques:
optical polarised light microscopy, fluorescence, FTIR, Raman spectroscopy, SEM EDS/WDS, XRF, X-ray
diffraction. It is possible to extend the data files, if necessary. Original materials are deposited on both
cooperating workplaces, and therefore, it is possible to add other characteristic available techniques
in the future. Both databases will be used during conservator and expert work of the NGP and as a part
of the Expert service of the PCR.

Conclusions

In presented chapters was introduced the usage range of applied mineralogy and its methods in foren-
sic practice.

The basic parameters for the micro X-ray diffraction systems were precisely verified and set for adjust-
ments of the analysed area. Tested were long-term reproducibility of measurements, detection limits
of phase analysis and possible use of specific techniques for organic phases (especially isomer deter-
mination of new synthetic drugs). In future time may be expected further development of the applica-
tion, especially for organic and complex materials.

Into the forensic analysis of soil samples is introduced a complex system of processing these het-ero-
genous samples. The ICP with Tescan company (VG20102015065) is cooperating on developing a sys-
tem of automated mineral analysis (patent n. 303228). The final testing was performed on real sam-
ples.

In the field of the forensic analysis of post blast residues (PBR) was performed extensive morphology
study of the PBR particles, and testing sampling, separation and concentration methods. For wide
ranges of improvised explosives were calculated so-called explosive parameters which up to this point
have not collectively existed. All obtained data are collected in a specially designed database which is
going to be accessible for special forces of the Police of Czech Republic and Army of Czech Republic;
there is an interest in access to this database by foreign special forces. It may be expected dramatic
development of this area due to the current international situation and potential threats of terrorist
attacks.

For the determination of fakes in the area of complex analysis of the colour layer is being used the
analysis of the colour layer of work arts. In the cooperation with NGP were researched the colour layers
of the chapel altar on the Kfivoklat castle. During this research was confirmed the presence of the Bi
grains, orthogonal TOF-SIMS FIB was used and mass spectra and 3D map of the Bi grains were obtained.
As a part of ongoing project V120172020050, is created database software of available art materials
and simultaneously a database collecting data of materials used by modern artists. Both databases will
be used during conservator and expert work of the NGP and as a part of the Expert service of the PCR.
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