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Duvod vyuziti chemickych metod v
bioarcheologii

Rekonstrukce stravy, potravni strategie (doba odstaveni od kojeni, socialni a na pohlavi vazane rozdily,
velké socioekonomické prechody)

Pohrebni ritus (odliseni sekundarniho a primarniho pohrbu)

Diagenetické zmény

Paleopatologie (toxicita, |é¢ba, onemocnéni)

Diskriminace jedincl u smisenych kosti (alternativa ke kvantifikanim metodam MNI a MLNI)
Datovaci techniky

DNA analyzy, imunologické testy apod.




Spektroskopie

1. Hmotnostni spektroskopie (m/z iontt)

2. Elektromagneticka spektroskopie

3. Spektroskopie vyuzivajici jaderné magnetické rezonance

4. Spektroskopie vyuzivajici elektronové paramagnetické rezonance




Metody vyuzivané v bioarcheologii

Hmotnostni spektrometrie s indukéné vazanym plazmatem ICP-MS
Spektrometrie laserem buzeného mikroplazmatu LIBS

Hmotnostni spektrometrie sekundarnich iont SIMS

Ramanova spektroskopie RS

Rentgeno Fluorescencni analyza XRF

Instrumentalni neutronova aktivacni analyza INAA

Rentgenova difrakéni analyza RDA

InfraCervena spektrometrie FTIR

Elektronova mikroanalyza EPMA/SEM

10. Protonova mikrosonda PIXE
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11. Hmotovy spektrometr s termalni ionizaci TIMS




Hmotnostni spektrometrie s indukcne
vazanym plazmatem ICP-MS

Spojeni analytické metody vyuzivajici plazmatu jako iontového zdroje a hmotnostniho
spektrometru jako analyzatoru.
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SYSTEM ZAVADEN| VZORKU DO PLAZMATU

A. Kapalny vzorek
Forma aerosolu

+  Absolutni obsah sledovaného prvku a izotopU
—  Velka ztrata, destrukce vzorku
— Nelze sledovat prostorovou distribuci prvku

B. Pevny vzorek
Vyparovani (také jako aerosol)

1. Elektricky vyboj (ablace), nutna vodivost vzorku a (-) také nelze sledovat prostorovou
distribuci prvkd

2. Laserova ablace (LA)
+ Lze studovat prostorovou distribuci prvku, hloubkové profily
— Nezndme absolutni hodnotu prvku a izotopU, nutna kalibrace (referenéni materialy)




L aserova ablace

* Laser spojeny s indukéné vazanym plazmatem LA-ICP (LA ICP MS)
* Ablace materidlu, umisténého ve vzduchotésné ablacni cele vyplnéné plynem (He nebo Ar)

* Laserem se vytvari plazmovy oblak obsahujiciho atomy, elektrony a ionty (dochazi k taveni,
vyparovani, sublimaci, erozi, explozi a vymrstovdni makroskopickych c¢&astic, fragmentd
molekul, atomu, iontU a elektron()

* Rychlé zahrati vzorku vede k roztaveni a odpareni jeho CastecCek a vytvoreni malého krateru
na povrchu materialu

* Méreni se provadi na tabletach v inertni atmosfére




Laserova ablace

» explozivni interakce
zaostieného laserového zaieni
s povrchem pevného
materialu

» 2 mechanismy — termicky
(odpaiovani) - < 10° W/em?

— netermicky (ablace)
>10° W/em?

Micro cracks
Melt zone
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Zakladni vyhody

1. Neni nutnost prevadét vzorek do roztoku, a proto nedochazi k
pripadné kontaminaci nebo ztraté tékavych slozek

2. Nejsou nutné pripravy vzorku (u zubt a kosti castecné)

3. Je dostacujici mensi mnozstvi vzorku (méne jak pg)

4. Laserovy paprsek umoznuje prostorovou charakteristiku vzorku




Uprava vzork

Minimalni (rfez, zaliti do pryskyrice)

Omezeni velikosti cely (pevné, tavené s praskové vzorky)

Nastaveni primeéru laserového paprsku
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Obr. 15. Fotky pfipravenych vzorkt zubil a kosti




Mikrosonda

Sledovani prvkl v prostoru vzorku

Zaznam prostorové mapy —

Sledovani vytipovanych mist
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Transport materialu z LA do plazmatu

Nosny plyn
Rozmeér a geometrie ablacni cely
Velikost ¢astic (frakcionace)

Vlastnosti prvku (lehky, tézky izotop)

A S

Velikost laseru

Peclivé nastavit experimentalni
podminky a ty pak dodrzovat pro
veskera méreni.




Plazma = vytvoreni iontu

* Plazma, vyuzivané jako iontovy zdroj v ICP, vznika v casti pristroje
nazyvané plazmova hlavice, je tvoreno neutralnimi atomy
inertniho plynu (nejcastéji Ar), kladné nabitymi ionty téhoz plynu a
elektrony

* lonizace = vznik iontU




Hmotnostni analyzator = separace iontu

Existuje vice rUznych pristupd, jak ionty ucCinné separovat a tim padem i mnozstvi
rozlicnych analyzatoru

1. Kvadrupodlovy analyzator (Q) je jednim ze starSich typu hmotnostnich analyzatoru. K
déleni iontU vyuziva nestabilitu trajektorii letu iontl v oscilujicim elektrickém poli.
lonty vstupuji do prostoru mezi ty¢emi a na zakladé napéti ionty osciluji. Vhodné
vkladanym napétim je umoznéno vzdy pouze iontim o urcité hodnoté m/z projit
celym analyzatorem az do detektoru.

2. Prualetovy analyzator (TOF) je zaloZzen na rychlosti letu iontu. Letici ionty pronikaji do
zrcadla, dokud jejich kineticka energie neklesne na nulu a jsou poté ,vystreleny” v
opacném smeéru. VSechny ionty jsou zmeéereny v jednom nepatrném okamziku =
vsechny ionty dopadaji na detektor.
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Kalibrace, zpusob vzorkovani zubu a kosti

1. Interni: Segregace urcité casti vzorku, ktera je nasledné rozlozena a prevedena do
roztoku = ziskdme absolutni obsahy izotopu

2. Externi: Vyuziti standardnich referenénich materialt NIST 1486 (bone meal), NIST
SRM 610 a NIST SRM 612 (National Institute of Standards and Technology,
Gaithersburg, MD, USA)
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@erlificale of Analysis

Standard Reference Material 1486
Bone Meal
m&:mmhm&nuMumL{SRMj Jnmldcdpllm.rujmlm in eatating MMmlncﬂlﬂds-m
T

for the
I consss f sieamed bane meal tht wa sived 194 bt 0.3 nnmmmmw

Th entire material lot was sieved
"“‘“I" A m" '"Uﬁ pm sieve (45 mesh), N-:lld-ndl the NIST cone bler mi:r radiation sterilized and bottled
into u s0g

e niration: ns: The cerified concentrations of the
ml\i -(ﬂmﬂmm!ﬂmln?‘:ﬂ 1 Mwmnmmmm & the results of a definitive
analyiical method or the agreement of results by A1 lesst two independent methods. Non-certified
concentrations, for information oaly, are provided in Table 2.

NOTICE AND WARNINGS TO USERS;
Expiration of Certification; This certification is valid for rﬁve;unlmmth‘dll:uhhlpml. Should any

of the.
atached registration form 1o faciitate notification.

Storages The materlal should be kept tightly closed in its original bottle away from sunlight or utravioiet
tion.

Use; The botile should be mixed well by rotating the bottle before each use. Samples of this SRM should
be dricd undcr vacuum for 24 b of for 2 h at 105 °C in a conventional drying oven. A minimum sample of
150 mg of the dried material should be used to relate analytical determinations to the certified values in this
certificate.

‘Dissolution Procedure; Samples may be dissolved by heating with hydrofluoric and nitric scids, followed by
heating t dryness with perchloric acid, cooling, and adding dilute sitrc acid.
‘Coortiation of the analyses was performed by W.F. Koch of the NIST Inorganic Anaiytical Researc

Statistical analysis of the experimental data was performed by S.B. Schiller and LM, Oakley of the NIST
Statistical Engineering Division.

The technical and support aspects involved in the certification and issuance of this SRM were coordinated
through the Standard Reference Materials Progam by R. Alvarez and T.E. Oills.

Gaithersburg, MD 20899 William P. Reed, Chiel

Matgrial Soutce: The material for this SRM was obtained from the Espoma Company, Millville, NJ,

Homogeneity Assessment: Samples from randomiy seleted botties of SRM 1486 were 1ested for homogeneity
using w.ray fluorescence spectromelry. No evidence of maierial beterogencity was obscrved [n any of the
elements messured which included strontium, zinc, copper, iren, phosphorus, calclum, and potassium,

tigns and Ut : The certified value is the weighted mean of metbod resalts from
a definitive analytical method or ||= wc.lm mean of results from a3t lesst two independent analytical
methods or laboratorics. The uncestainty is the half-width of a 95% confidence interval (or the mean, with an
allowance for systematic differcnces between methods,

Tabie 1. Certified Concentrations of Constituent Elements

Element Concentration, Element Conecatration
. percent _uplg
Caleium 658 = 024 Iran ® = 3
Magnesium 0uss = 0017 Lead 135 = 0014
Phosphorus 2w = 019 Potassium a2 x4
Surontiom 64 * 7
Zinc W = s

Monceniified Concentrations: Elements other than those cerified are present in this material Those that
were determined but ot certifled are provided as additional information oa the composition,

Table 2 Non-certified Concentrations of Comstituent Elements

Element Concentration, Elgment Concentration
1, peroent T -

Silicon (=0.02)

Sodium @5 Aluminum (<1)

Carbon (Total) (186) Asenic (0.006)

Molsture Cadmium (D.003)

2b@ 105 °C (24 Copper 0.8)
Fluorine (500

- Manganese 1y

Loss in Ignition Selenium (0.13)

@ 1000 °C 315




Experiment

Ba/Ca a Sr/Ca: odstaveni od kojeni




Stabilni izotopy k rekonstrukci kojeni

1. 15-N/14-N, zivogich preferované vyluéuje leh&i izotop, kumuluje se t8Z8 (N nardsta). Uroven
15-N ve vytvarejicich se bilkovinach organismu odrazi jeho uroven v bilkovinach pfijimanych v
potrave, jelikoz dusik je prevazné asimilovan z aminokyselin. Matka je jako producent (vytvari
mléko, které ma srovnatelny obsah 15-N, jako tkané jejiho téla, a tento je vyssi, nez odpovida
stravé, kterou matka konzumuje) a dité jako konzument (Valas, 2015).

2. 13-C/12-C neni vhodnym ukazatelem. Vypovida o rostlinné stravé, tedy spiSe o moznych
prikrmech a dobé odstaveni.

3. 18-0/16-0, teoreticky dochazi k navySeni poméru u potomka. Navyseni je ale mensi nez
prirozené variace zpUsobené pitnym rezimem.

POMOCI LA-ICP-MS NELZE HODNOTIT LEHKE 1ZOTOPY
NEODLISUJEME APATIT Cl KOLAGEN




Ba a Sr

+ nemaji zadnou metabolickou funkci a jejich Urovné v tkanich nejsou nijak regulovany, odrazeji tedy své
obsahy v konzumované strave

VVVVV

= obsah v tkanich je nizsi nez v pfijimané potravé =, biopurifikace”, Sr, Ba (i Pb) se v organismu chovaji

jako vapnik a v potravé jsou spolu s vapnikem prijimany, vapnik v potravée je ,kontaminovany” témito
prvky a télo organismu preferované asimiluje vapnik a , kontaminanty” naopak vylucCuje = dochazi tedy k
diskriminaci, kterou lze vysvétlit rozdilné hladiny téchto stopovych prvkl v potravé a v télnich tkanich

(A &4




Barium, stroncium, vapnik v materskem
mléce

VSechny prvky maji v mléce vysokou hodnotu, Ca zpUsobuje vyssi asimilaci Sr i Ba

navic

Jsou podporovany fosfopeptidy uvolnénymi pri traveni kaseinu = zvysuji stabilitu a rozpustnost
dvojmocnych kationtl v mléce a jsou tedy snaze asimilovatelné

[ &4

Barium/vapnik je spolehlivéjsSim ukazatelem = koreluje vyznamné se zménou stravy, je odolnéjsi
vuci diagenezi a teoreticky ocekavame jeho zvyseni (Austin et al. 2013)

Stroncium/véapnik je méné spolehlivym ukazatelem = nekoreluje vyznamné se zménou stravy, podléhd
vice diagenetickym zménam a teoreticky lze o¢ekavat opacny trend (Austin et al. 2013)




V navaznosti na studii Austin et al. (2013)

Vyzkum nékolika vzorku stalych i do¢asnych zubU z riznych obdobi, véetné
recentniho zubu

Otazka, zda lze sledovat:

a) Klesajici trend na rezu stalého zubu v pribéhu ¢asu (od narozeni do konce
mineralizace daného zubu = konec kojeni)

b) Stoupajici trend na rezu docasného zubu v prubéhu casu (od prenatalniho

obdobi k zacatku kojeni) 1. Vybrat tkan, kterd zanechd stopu détstvi

2. Vybrat prvek, ktery ma potencial se nejvice
odliSovat v zavislosti na zméné stravy a
predpokladat teoreticky jeho biodostupnost




Jak ablatovat vzorek pro studium zmen v Case?

Pocatek vwyvoe skloviny EKonec vivoge sklovmy

(mésice) (raky)

I 34 a5
r 10-12 45
I, 14 45
c 45 67
p! 18-24 5-6
r? 2430 &7
M 0 33
M, 0 3
M? 30-36 7-8
M 7-9 ket
M; 810 et

Tabulka 1 Doba podatkn a konce vivoje skloviny stilich zubi (homi felist). Pokud neni wvedeno jinsk,
by doln £elisti se vyvijejl ve siejnem obdobl. Vytvofeno na zaklads literatury™®.

Pocatek wivoje skloviny  Konec vivoge sldovimy

(mésice pied porodem) (mésire po poroda)

5 5
c & 9
o' 5 &
o & 10-12 (1)

Tabulla ? Dioba pocatku a konce wiveje skloviny dofasnych zubll (horni Eelist). Zuby dolnd Selisti se
vyvijejl ve stejném obdobl jsko zuby celist hormi odchylky jsou minimalmi. Vytvofene ns zaklads
literatary*",

::;ﬁtzeisgidentinu {A A
4 obdobi:

(a)
a) Prenatalni
. b) Kojeni
Sklovina ,
c) Odstavovani
Dentin d) Odstaveni
(b)

Vrstvy

skloviny

Vrstvy

dentinu




Popis experimentu:
Pristroje

1) Agilent 7700x (Agilent Technologies, Santa Clara, CA, USA), ktery pro separaci iontt vyuziva
kvadrupdélovy Q hmotnosti analyzator

2) OptiMass 9500 ICP-TOF-MS (GBC Scientific Equipment Pty Ltd, Melbourne, Australie) zalozeny
na pruletovém hmotnostnim analyzatoru (TOF)

Pro samotné vzorkovadni byl pouzit excimerovy laserovy ablacni systém Analyte G2 (Teledyne
CETAC, Omaha, NE, USA) vyuzivajici laser s vinovou délkou 193 nm

Testovani dvou pristupti 1) a 2)




Lokalita
Kontext

Typ zubu

Datovani

Datum terénniho vyzkammu
[Vedouci vyzkaumu

Cerven 2000
A. Tajer, M. Kalabek

Lokalita
Kontext
Typ zubu

Datovani

Datum terénniho vyzkuum
[ Vedouci vyziumu

Chrastany
63/803

M' sin
starsi doba bronzova
(22001500 pf. n. 1)
2008-2009
M. Paulus

Lokalita
Kontext
Typ zubu
Datovani eneolit (2800-2200 pi. 1. 1)
Datum terénniho vyzkumu  |¢erven 2000

Vedouci vyzianmu A. Tajer. M. Kalabek

L okalita Premyslent

Kontext izolovany zub

Typ zubu m, sin

starsi doba bronzova
(2200-1500 pi. n. 1)
Datum terénniho vyzkumu 2006

Vedouci vyzkunu I Krutina

Datovani

Lokalita

Kontext

Typ zubu

Datovani eneolit (2800-2200 pi. n. 1)
Datum terénniho vyzkunm  |jaro 2000

Vedouci vyzlkammu M. Kaldbek

Kontext

Typ zubu

Datovani

Datum terénniho vyziammu  |2010-2011
'Vedouci vyziaum J. Orna




Lokalita

Kontext izolovany zub

Typ zubu M dx

Datovani novovek

Datum terénniho vyzkamm  [¢ervenec—iijen 2013
Vedouci vyzimu P. Kalc

Karlin

4 stalé prvni stolicky
4 docasné prvni (druha) stolicky

Lokalita

Kontext soucasny zub
Typ zubu ny dx
Datovani soucasnost
Datum terénniho vyzkumu |-

Vedouci vyzkumu —




Meérene izotopy

Pomoci praletového (TOF) byly proméreny izotopy: 2°Sr, 87Sr, 88Sr, 137Ba, 138Ba, 43Ca, 298Pb a 238U.

Pomoci kvadrupdlového (Q), ICP-MS: 8Sr, 138Ba, 43Ca a 2%8Pb




iho mista

CN

Volba abla

Dva typy experimenti:
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Vysledky experimentu

Potvrzeni (Austin et al. 2013)
Ba/Ca vyraznéjsi nez Sr/Ca
Vyssi hodnoty a jasnéjsi trend vykazovala metoda ICP-Q-MS

Primeérné hodnoty ze tri sekci vykazovaly jen mirny trend zmény x linie vedené podél DEJ

W oe

Vapnik je skutecnym standardem, ktery je organizmem regulovan = vsechny hodnoty byly
stejné

5. U nékterych zubu byly vysoké hodnoty olova




Ba/Ca vyraznéjsi nez Sr/Ca ICP-Q-MS vyssi hodnoty nez ICP-TOF-MS
- vétsSi pocCet bodu, detailnéjsi

- |épe odhali lokalni odchylky

Poméry Ba/Ca a Sr/Ca —vzorek €. 3

’ - signal 43-Ca vyrazné vyssi
3 "8 - detekce vysokych hodnot olova
' 1 - lepsi software

Cislo pozice NI T v Ve
o - mensi citlivost na zmeény teploty v laboratori

- FCa e Sr/Ca

Graf 17 Stovnani tvaru profili pomérts **Ba/*Ca a ¥81/Ca ziskanych analyzou linie vedené v sekei  A™

vzorku &. 3. Jsou patrné vétéi procentuilni zmény poméru **Ba/**Ca.




Vysledky ze sekci (A,B,C
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Graf 13 Vyvoj poméru **Ba/**Ca v jednotlivych sekcich stalych zubi

Docasné zuby — poméry Ba/Ca v sekcich
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Graf 14 Vyvoj poméru 1*¥Ba/**Ca v jednotlivych sekcich doéasnych zubi




Vlysledky ze sekci (A,B,C):

vVvv/

a) vyssi hodnoty Pb,
b) interni standard Ca

Stalé leb}" 86, . 8qr li?Ba I}SBa 4ECa E.OBPb EJS-U— SSS[-“ABCR HSBEL"‘“CH

A primer 19052 15150 1036900 5476] 272121 38963 1270 949 2.68) 0.70) — v o o o o ™ ™ o ey rramre
Vel ¢ 1 [P Primer 14462] 11201 65918 2413 9514 36950 1019 539 1.79 BJ¢ Il Docasné zuby . Sr St St Ba Ba Ca Pb U Si/"Ca  “"Ba/"Ca
C primer 12050 10069 s6226] 2001 7643l 30799 849 654 1.83 25 A primeér 13667 10317) 4377 2754 11796 31417 704 631 2.05 0.38
celkovy pramer | 15488] 121400 75278] 33270 14790] 35571 1 044 714 2.10) 0.40) Vaorek ¢ 2 IB primer 12464] 9117] 61849 3397 15699 30397 912] 522] 2.04 0.52
A primer 12 63 8 421 53 9R3| 1 487 6165 23793 501 232 228 026 C primeér 11 198 7512 46232 2 033 6 557 29 3264 1 435 528 1,58 0.22]
_ _ IB promer 10888 7762 47056] 1515 5269 25910 488 260) 1.82 0.20) celkovy primier |  12443] 8982 s57486) 2728 11351 30380 1017 560) 1.89) 0.37,
Vzorek €. 3 C priumer 108 7375 45354 13200 3763] 24561 530) 254 1.85 0.15 A primér 10953 80570 38359 1314 3670 24275 639) 269) 1.53 0.15
celkovypramer| 11459  7853] 487971 14411 5066 24755 506 24| 1.98) 021 e o |E primer 9670 7606 34955 14671 3936 26847 584 232 131 0.15
A primer 12003] 10703] 48501 24s58] 10504 22619 568 397 2.15 046 C primmer 8654 6341 20000 1348 4676 26216 790) 271 1,10 0.,18]
. IBprimer 16789) 13585 97605] 3513] 19145 30010 630) 367 3.26 0.64 celkovy primér 9759] 7335] 34105 1376] 4094 25779 257 132 0.16]
Vzorek € 4 ) rimer 147l 11375 77944 1sod|  s7a4| 27959 510) 237 281 21 A primer 11204 8717 as1ed|  1ss] aes3| 1124 2667 803 143 0.15
celkovy pramer| 14503 11888] 74683] 2591 11798 333 2.74 044 NE—— primer 10690 76290 40378] 1503 3829 20 551 2141 632 137 013
A primér 13191] o9sss] e4010] 1337 3426 479 2.18 0.12] C primer 10211 7262 384270 1371 3358 2832 1274 619 136 0.12]
ook e 7 P proimer 26325 17521] 135082 2350 6656 760 3.78 0.19) celovy primer|  10732] 7870 41323]  157¢] 3957 29669\ 2027 715 1.39 0.13
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ICP-Q-MS a linie vedena podél DEJ

Jelikoz je cela linie vedena v nejhlubsi casti
skloviny, vysledky by nemély byt ovlivnény
rozdilnou mineralizaci zubu a s ni spojenym

rozdilnym obsahem prvkd v riizné ,, hlubokych”
castech skloviny.




STALA STOLICKA, SLAVONIN (ENEOLIT) DOCASNA STOLICKA, U ZVONU (STREDOVEK)
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_ Graf 26 Profil "*Ba*'Ca ziskany snalyzou linie vedené ve skloving podél EDT (vzorek . 6); vertikilni
Graf 21 Profil "*Ba*'Ca ziskany snalyzon linie vedené ve skloving podél EDT (vzorek £. 1); vertkilni
preméované fary oddéluji predpoklsdans obdobi, ve kierych doilo ke zménim stravovacich navykn

prerméovans fira oddéhje predpokladans obdobi, ve kterych doélo ke zménim stravovacich navyka




SOUCASNA DOCASNA STOLICKA PRASKLINA (?)
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Graf 29 Profil 1¥¥Ba*Ca mskany analyzou linie vedené ve skloving podsl EDT {vazorek £ &)




DRUHA DOCASNA STOLICKA, PREMYSLENI (STARSI DOBA BRONZOVA)

Pomér Ba/Ca — vzorek €. 5
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Graf 25 Profil ¥®Ba/**Ca ziskany analyzou linie vedené ve skloving podél EDJ (vzorek & 5): vertikalni
premiSované ¢ary oddélyi predpokladana obdobi, ve kterych doslo ke zménam stravovacich navyki
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yza XRF

Rentgeno Fluorescencni ana
X-Ray Fluorescence Spectrometry



Spektroskopie

1. Elektromagneticka spektroskopie
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Perone et al. 2014




XRF

Podle uvolnéné energie fotony identifikujeme atom, prvek

Intenzitou paprsku X ziskame informaci o mnozstvi prvku v predmétu

Opét vhodnéjsi pro tézsi prvky
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120,16
120,24
120,19
120,36
120,36
120,23

120,29
120,22
120,07
120,22
120,41
120,15

12,28
240,45
240,47
240,27
240,58
240,77
240,38

7,8396
0,6293
6,3497
5,8335
0,0478
0,6061

P +/-

0,0214
0,0066
0,0199
0,0193
0,0036
0,0069

Mg

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

Mg +/-

0,74
1,51
0,87
0,89
1,84
1,61

Al

5,46
41141
538
425
6,47
6,66

Al 4/-

0,05
0,0489
0,05
0,05
0,06
0,06

ppm = parts per milion

Si

10,387

11,968
10,3608
15,3384
13,8414
12,3433

Si+- 5

0,0311 <LO
0,0336 <LO|
0,0331 <LO
0,0385 <LO
0,0382 <LO|
0,0372 <LO




)

oXRF (portable

Perone et al. 2014




Vyuziti v kosterni antropologii

U tafonomicky velmi alterovanych fragmentd (drobné zlomky, Zzeh) FORENZNIi ANTROPOLOGIE

Identifikace kosti (odliSeni od ostatnich material()
Odliseni druhové pfislusnosti

Diskriminace jedincl (smiSené kosti)

W NhNoe

Spalené kosti




1. Identifikace kosti (odliSeni od ostatnich
materialu)

* U velmi fragmentarnich zlomku

* Obvykle: mikroskopie, Ca/P, SEM/EDS (Ubelaker et al., 2002), DNA, HHXRF X-
ray spektrometrie (Zimmerman et al., 2014)

* Christensen et al. (2012) XRF: test stejnych vzorku jako Ubelaker et al., velmi
dobra diskriminace i rucnim XRF. Odlisili parozi, mékkyse, zobaky, koraly a
nebiologické materialy (sklo, keramiku, drevo a jiné mineraly apod.)




2. Odliseni druhoveé prislusnosti

= U détskych fragmentarnich zlomkU (ovsem i u dospélych)
" Problematictéjsi (podobné slozeni)

= Ca/P neodlisuje zvireci a lidské kosti, velky prekryv (stejné prostredi, stejna
strava, stejné depozi¢ni podminky)

" Vyuziva se: Ramanova spektroskopie (McLaughlin and Lednev, 2012), FT, LIBS
(Vass et al 2005)

* Neni publikovany vyzkum s XRF




3. Diskriminace jedincu (smisené kosti)

= U celych koster, kosti i fragmentu
=\elmi obtizné, ocekava se velky prekryv

= LA ICP MS (Castro et al., 2010): 12 jedincu, nejlépe diskriminuje
jen Hu a Fe (63,1-75,2%) = nelze ji pouzit ve forenzni praxi




XRF: Vyuziti pro diskriminaci jedincu

COMMINGLED
HUMAN REMAINS

Perone et al. 2014

Forensic Scilnt. 2013 Sep 10;231(1-3):407.e1-8. doi: 10.101&/] forsciint. 2013.04.035. Epub 2013 May 28.

A study on the discrimination of human skeletons using X-ray fluorescence and chemometric tools in chemical
anthropology.

Gonzalez-Rodriguez J', Fowler G.

#® Author information

Abstract

Forensic anthropological investigations are often restricted in their outcomes by the resources allocated to them, especially in terms of positively
identifying the victims exhumed from commingled mass graves. Commingled mass graves can be defined as those graves that contain a number of
disarticulated human remains from different individuals that have been mixed by either natural processes or human interventions. The research
developed aimed to apply the technigue of non-destructive XRF analysis to test whether there is substantial differentiation within the trace elemental
composition and their ratios of individuals to separate them using chemometric analysis. The results of the different atomic spectroscopic analyses
combined with the use of multivariate analysis on a set of & skeletons produced a series of plots using Principal Component Analysis that helped to
separate them with a high percentage of accuracy when two, three or four skeletons needed to be separated. Also, two new elemental ratios, Zn/Fe

related to metabolic activities and K/Fe related to blood flow into the bone, have been defined for their use in forensic anthropology for the first time
to aid in the separation.

Copyright @ 2013 Elsevier Ireland Ltd. All rights reserved.

Gonzalez-Rodriguéz and Fowler 2013;
Perone et al. 2014 /n Adams and Byrd 2014




Gonzalez-Rodriguez and Fowler (2013)

= Pét jedincu ze stredovekého pohrebisté  V dalSim kroku:

= 7 kazdého jedince zmérili obsah prvkiiz = Pb/Ca, Zn/Fe, Sr/Pb, Sr/Ca a K/Fe

26 kosti = PCA = jaké prvky prispivaji k nejvetsi
= Kazdou kost meérili 3x variabilité, k odliseni

= Ca, Fe, K, Pb, Sr a Zn = 83 — 96 % diskriminace u ¢tyr jedincu
= Diskriminacni analyza =.jen“53 =96 % u vsech péti jedincu

= 96 — 100 % diskriminace u t¥i jedinct
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Figure 2. Principal Component Analysis of three skeletons from the sample set using elemental

ratios: Sr/Ca, Pb/Ca, Sr/Pb, Zn/Fe and K/Fe.




ené kOSti =Neni publikovany vyzkum s XRF

4. Spa

Rozliseni kosti od ostatnich materidll, od zvirecich kosti
a diskriminace jedinc

PIXE, ICP-OES (Brooks et al., 2006) = rozliSeni kosti od
jiného materialu, nerozliSili mezi druhy, identifikovali
projektil ze zbrané

ICP MS (Schultz et al. 2008), nasli v kremaci darovaného
téla vzacny kontaminant Gd (= gadolinium).
Kontaminant se mohl do tela dostat CT ¢i MRI
vysetrenim beéhem zivota = bylo potvrzeno Iékarskym
zaznamem.

POZITIVNI IDENTIFIKACE
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Do cremains leave a chemical trace in grave infills? Empty urns
as evidence of symbolic funeral rite.

i i i i i . Pankowska A.
1. intentional and symbolic action of past ritual practices Monik M

Spévackova P.
KaSparova H.
3. indelicate handling by excavators Sneberger J.

2. accidental post-depositional processes




Inhumation: Phosphate analysis

When an empty grave is found and inhumation is suspected, phosphate analysis is conducted in
order to determine whether the body had decomposed or had never been interred (e.g. Ernée
and Majer 2009).

In addition to phosphorus there are used traces of iron, aluminium and manganese, which are
accumulated through microbial activity in the surrounding soil. Furthermore, calcium amount
was usually higher in the soil under the decomposed body (Lambert 1997).




Cremation Burials

In cremains, we usually do not expect chemical dissolution into the soil, firstly due to the
absence of soft tissues and secondly because of the higher resistance to diagenetic processes
(Herrmann et al. 1990).

However, this assumption could be valid only in the case of completely calcined bones.
Completely and incompletely cremated bones are recognizable by color, consistency,
microstructure and indirectly by Ca/P ratio, which is around 2.15 in fresh bones. Bone mineral
hydroxyapatite transforms into different phases through the burning and the Ca/P ratio
decreases to 1.11-1.46 in whitlockite (Skinner 2005).




Alm

The aim of this study is to investigate the origin of empty urns using chemical traces of
soil samples from out of the infills of cremation burials.

We expect a difference in chemical content between empty burials and burials with

cremains. The question is whether we can interpret empty urns as the consequence of
symbolic action.




Material

13 cremation burials from the site Ostrov u Stribra (Late Bronze Age).

Samples of 1) bones; 2) infills directly from around the bones and 3) several control samples
from the outsides

Total of 35 of samples

We divided the infills into four categories based on bone weight:
o infill with no bones;
o infill with bones from 0.5 to 10.5 g;
o infill with bones from 10.6 to 56.0 g;
o infill with bones from 56.1 to 216.0 g.




Method

For the purpose of our research we used portable X-ray fluorescence spectroscopy (pXRF), in
concrete the DELTA (Innov Inc.) portable device.

The measurements were then conducted in the GeoChem mode using the voltage of 10 kV for
240 seconds in each case.

Eighteen elements out of 39 tested were detected in the soil and bone samples (from 0.05 up to
15 ppm): Si, Al, Fe, K, Ca, P, Al, Ti, V, Mn, Fe, Co, Cu, Zn, Rb, Sr, Zr, Pb.




Steps of proceedings

1) Testing of pXRF measurements. We conducted an assessment of agreement between two
measurements a month apart from each other. We analyzed two soil samples which originated
in one burial infill with high amount of bones excavated and the presence of chemical traces
(95% LA using Bland-Altman plot and t-test).




2) Detection of Ca/P ratio in bone samples. If the ratio is the same as in the unburnt bones
(approx. 2.15), it can be assumed that the temperature of burning was low and thus fresh bones
with parts of soft tissue had been buried, which later dissolved into the soil.

3) Variance in soil chemistry depending on presence of bones. One-way ANOVA was used to
compare the soil samples. Our null hypothesis is that there is no significant difference in
element content between the soil samples (at the 5% and 10% significance level).




Results: Testing of pXRF measurements.
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Figure 1. Bland-Altman plot. Assessment of agreement between
first and second measurements by pXRF.




Results: Detection of Ca/P ratio in bone samples.

We assume low temperature of burning. Bones probably contained organic matrix and could

have left chemical trace in the surrounding soil.
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Figure 2. Box plot of Ca/P ratio in 10 bone samples.
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Results: Variance in soil chemistry depending on presence
of bones
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Conclusion

Result confirms that burnt bones dissolved into the soil.
PXRF is a suitable instrument for funeral archaeology.

The urns without bones were probably initially empty. Those individuals who carried out the
funerals, had not buried cremains in four of the thirteen urns which we explored.

The results contradict the statement of Herrmann et al. (1990) that cremains do not dissolve.
However, in the strict sense we can say that only bones that are incompletely cremated might
have dissolved into the surrounding soil.
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Do cremains leave a chemical trace in grave infills? Empty urns as evidence of symbolic funeral rite.
Pankowska Anna', Monik MartinZ, Spévackova Petra', Sneberger Jifi?, Kagparova Hana'
1k abaratony of Bioiegical Anthropoiogy, Department of Anthropoicgy, Facuity of Phlosophy and Arts, University of West Bohemia In Plisen = Department of Gapiogy, Faculty of Science, Palacky University In Ciomouc, = Museum of West Bohemia (C2ech Repubilc)

Background Measures and Methods

The amount of cremains I remaSon barisis varkes and does not
reach the expeci=d number In most cases. The possibie reasons of
s may be:

& Intertional and symibodis action of pact rihesl practioss
b. ssoldenial poci-depockional prooscoes
o Indslizais handling by sxoavabors.

‘When an emply grave Is found and inhumation k= suspected,
prosphate analysis s onducisd In onder o debermine whether the:
body had deromposed or had rever besn intermed (=g Emés and
mmmalnmnphnwmm“mdm:smm
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{Lambert 15571
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| Skinner 2005].
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speciresoopy (pXRF], In conoels e DELTA (iR Inc.) porable devios.
To minkize the =mor caused by lange particles from ouft of the grave or
soll, all sampies had besn gound I an agale morar prior o e
measwrement. The measurements were Swen conducted n the GeoChem —
mode using the volage of 10 kY for 240 seconds In =ach case. Elghtssn
Elemenis outt of 39 bested wers defecied In B S0l and boree Samples
ffrom 00S wp bo 15 ppmil: E1, Al, Fe, K, Ca, P, AL T, V. Mn, Fe, Co, Cu, Zn,
Rb, 3r, Zr, Po.

Figurs 2. Box plot of CaiP ratlc In 10 bons camplss.

Steps of procoodings: ¥ Vartanos In chemictry of coll camiplas.

1) TecHrg of pXRF meacursmsnic. We conductsd an assezzment of 2 From among selected elements of Righer pom values, only Ca, F, W

agresment beswesn ten measursments 3 month apart from sach ot and P shgrnificanidy differed at the 0LOS leved and further A and K

We analyzed o soil sampies which originated in one burkal Infil with high differed at the 0.10 level amang the infis conzidering bone weight

amount of bores excawal=d and B presence of chemical races (95% LA {Figure 3). The conbent of most of the slemenis inmesses in relsdon

using Blarc-Altman piof ard tesx). Bo weight of bomes depasiied In the ums. This resull confirms that
bomes dissoived Inio the soll. Only Fb significantly decreased with

2) Detmotion of Ca/P ratio In bone campdss. ¥ the rabio & the same as = s

the unbumt bones (approx. 2.15], i can be assumed that e iempematun:
of burming was. kow and thus fresh bones with parts of Sof Bssue Fad been
burisd, which later dissobved Inio Be soll.
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3} Warlareos I coll abemilctry depending on precance of bonsc. Cne-
way AMOWA was used 10 compare  the  soll  sampies
Cur mul hypothesis s that thers I no sigrificant diference In siement
conbent betwesn e soll samples (at the 5% and 10% significance level).
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1] Msacwrement agresment bDebwesn the two mescursmenic sas
signficant { Figure 1]. Thene wersn't any differsnces betwesn the Srst and
sacond measurements FHiest = -1.0; p=0.331) u | | _REe Y
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Figurs 1. Bland-4Hman plod. Accscomant of agresmand bebwesn
firct and caocnd mescursmanic by pERF
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2] Ca'F ratio. The Ca/F ratic was reiatve corstant im all 10 bore samples
[Figurs I The mean Ao was 2.19 (20 0.10L The rabe comesponds 1o
unbumt amd fresh bomes. We assume iow emperature of buming. Bomes
probably contained onganic matriz amd could have left chemical tace In the
surmounding soll.
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Figure 3. Box plofs of slement s varianos bacad on
pracanss of bonac and welght caisgory.

bE. The infils of al crema@on burials signcandy difer in Ca, Mn, ¥ and
Br (af the 0.05 keved) and in P (3t the 0.10 sigrificant level) from e
control sample from cutsides. The amounts of all thess: sEments
ware higiver i e infils than the: surmounding solls (Figure 2.
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Figure 4. Box plote of slsment’'c varianos In ocrvtrod campls froen the
outslds and from within the um s Inflll

We monclude that pXRF B a sultsbie Instument for funeml
archa=okogy. The urme withocut bonsc wers probably Inflally
emply. Thoos Individeslc who carried cut fhe funeralc, had not
burisd oremains In four of the thirtssn ume whioh we sxploned.
We amsume Bis since Swere were significant inoeases of phosphons
[P}, caichum [Ca], vanadium (V), aluminium (&%) and potassien (%) in
reiation fo the amount of the bones. We alo found significant
diferences in P, Ca, Mn, V and Sr beteeen all infdls and e ool
sympies. Elsrmenis as a P, Ca, Mn ane usually connecied with comse
decomposion n inhumabons (Lambert 19975

The resuls contadict e siaferment of Herrmann e al [(19590) that
cremains do not dissoive. Howewer, In the siriot cence we oan cay
that only bonec thet are Incompletely oremaded might hawve
dissoived Into the surmounding coll. Burials under this study weres
cremaied at low i=mperatures. This Is supgesi=d by B bone color,
corsklency and unchanged CaP ratio In bones. The CaP mabo
s=rves a5 an imdieect evidenoe that the tempersture did not reach
crifcal vakees of 700 “C and bone mineral did mot siart fo recysialze.
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