Chemie v archeologqii
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Fig.9 Concentration profile for an iron bloom sample from Mont
Fie.1 ‘@Ootical ‘et P < Hi6H - 6F . iFei Chemin (Switzerland), compared to the concentration profiles in
& PHES SI0SSOEy YARW S 8 sitoe-Pechlon, 9L 3. K the Develier-Courtételle samples, showing low values for Ni in the
bloom fragment embedded in a synthetic resin 2
Mont-Chemin sample
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Fig.10 Plot of the Cu/As-ratio versus Co/Ni-ratio in archaeologi-
cal ron samples from Neftenbach (Roman), Wartau (Celtic) and
Develier-Courtételle (early medieval), measured by LA-ICP-MS
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Fig.2 Lead isotope ratio distribution of the two iridescent Art
Nouveau glasses. Glass T1 consists of two layers of approximately
equal thickness (coloured green and blue, respectively). Error bars
represent total combined uncertainties (k = 1).
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Fig. 3 Lead isotope ratios of Ephesos glass samples after external mass bias correction via the NIST SRM 610 glass reference material. Error bars
represent total combined uncertainties (k = 1). For sample description see Table 1.
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Sapropelit (Svartna)

Vznika metamorfézou sapropelu — usazeniny vniklé anaerobnim rozkladem
odumfelych ¢asti vodnich rostlin a planktonu. Sediment tmavohnédé az ¢erné
barvy, podobny bridlicné horniné vystupuje v nadlozi Cerného uhli predevsim v
kladensko-rakovnickeé oblasti, kde byl systematicky tézen a obrabéen Kelty .




Grafit

Tvori pigment ve vapencich a jilovitych bridlicich.
Loziska grafitu vznikaji pfi pfeméné usazenych
hornin ze zbytkl organickych latek a tvofi vrstvy
nebo CoCkovita télesa v rulach, svorech, fylitech
nebo mramorech.




Mayska modr
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Reakce proteinu s formaldehydem

Reakci volné aminoskupiny proteinu s formaldehydem vznika Schiffova baze. Tato
reakce se uplatiuje pfi konzervaci anatomickych preparat( formalinem (35-40 %
vodny roztok formaldehydu). TéZ mumifikace (USA)
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Galalit (uméla rohovina) byl objeven roku 1897 a v roce 1899 patentovan
Adolphem Spittelerem a Wilhelmem Krischem. Roku 1900 byl predveden na
pafizské svétové vystavé. Rikd se, e na polatku vieho byla ko¢ka zapomenuta
v laboratori, ktera prevrhla |ahev s formalinem do své misky s mlékem.
Pravdépodobnéjsi je pokus o vyuziti konzervacnich vlastnosti formalinu proti
degradaci kaseinové hmoty. Tento material znamenal prevrat v knoflikarském
prumyslu moznosti rlznych strukturdlnich efektld a moznosti imitovat celou radu
materidll: rohovinu, Zelvovinu, slonovinu, drevo, apod. Ve 30. letach byl rovnéz
pouzivan pri vyrobé Sperkl, per, drzadel destnikd, kulecnikovych kouli a klaves
(nahradil slonovinu), aj. Galalit je nehorlavy a da se snadno lestit. Svoji porozitou
je idealni pro barveni. Nelze ho tavit, vyrabi se ve formé desek a trubek k
mechanickému opracovani.




Rozklad argininu v alkalickem
prostredi

V alkalickém prostredi dochazi k rozkladu argininu na ornithin (za vzniku mocoviny)
a/nebo, méné Casto, na citrulin (za vzniku amoniaku). Reakce je vyznamna hlavné
v pozdéjsim stupni alkalické degradace kolagenu.

i
I—OLCH—(CHZ)Z,-—-NH—CO—NHz + NH,
|

NH, NH COOH
| 7 _—
CH—-(CH2)3—NH—C\ citrulin
|
COOH NH, 1‘IIH2

| ——— CH—(CH,),—NH, + CO(NH,),

arginin |
COOH

ornitin

Reakce se uplatiiuje m.j. i pri louzeni usné.



Horka-Ondrej

Existuji pokusy o vyuziti reakce k datovani kosti. Metoda selhala pri datovani lebky z
paleolitické lokality Skalka u obce Horka-Ondrej na Spisi. Vysoky obsah ornitinu

indikoval paleolitické stari, radiokarbonové datovani ukazalo, Zze jde o novovéky
material.

V roce 1988 v travertinu u Horky-Ondreje nasla lidska lebka. Objev vsak hned od pocatku budil
u mnoha archeologll podezreni, protoze Slo o lebku zcela moderniho typu. Jak se nakonec
ukazalo, pochyby byly zcela na misté — Slo o podvod. Roku 2003 se k nému v televizi pfiznali dva
brigadnici, v dobé vykopavek teprve patnactileti. Vedouci archeologické brigady jim pry slibila,
ze najdou-li néco ,velkého”, dostanou volno a navic i néjakou tu korunu odmény. A tak se
snazili. Na starém hrbitové ukradli lebku, ¢tyfi dny ji maceli v termalnim prameni, pak ji zakopali
na lokalité a dalSi den opatrné ,objevili“.



Mykolove kyseliny

Soucast bunécnych stén mykobakterii.
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The main values of n and n are 15, 17, and 19; those of n; depend on the nature of A and B. When no methyl branch is present in A and B,
or when a methyl branch occurs in both A and B, n; is 12, 14, and 16. In contrast, when a methyl branch is present in A or B, nz is 13, 15, or

FiG. 2. Structures of mycolic acids. 17. 7 Ie always 18, 21. or 23,



Mykolove
Kyseliny

MTB standard

Fig. 1: spinal tuberculosis. The affection of the upper thoracic ver-
tebrae resulted in the collapse of T2 and ankylosis of T1-3. Site: |
Magyarhomerdg-Koényadomb, X-XI centuries grave No. 94, female, adult. I
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Itermini Fig. 2 Initial reverse-phase HPLC separations of anthrylmethyl
esters of total mycolic acids from A134 (ribs 1 and 2), and the
Mycobacterium tuberculosis control. The total fraction of mycolic acid
derivatives was collected, in each case, for subsequent analysis by
arabinogalactan normal-phase HPLC (Fig. 3). Conditions are detailed in ‘Materials
and Methods’.
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Fig. 1: schematic representation of the mycobacterial cell wall (not drawn to scale). The cytoplasmic membrane is encapsulated by a layer R
of peptidoglycan. The peptidoglycan backbone is attached to arabinogalactan through an unusual disaccharide phosphate linker region. I T 1 T T
The arabinogalactan is a branched-chain polysaccharide consisting of a proximal galactose chain linked to a distal arabinose chain. The ] 4 8 12 16
hexaarabinofuranosyl termini of arabinogalactan are esterified to mycolic acids. The mycolic acid chains are shown perpendicular to the Fig. 2 Initial reverse-phase HPLC separations of anthrylmethyl

cytoplasmic membrane with the exposed chains interacting with the mycolic chains of trehalose dimycolate. Another major component
non-covalently associated to the mycobacterial cell wall is the immunogenic lipoarabinomannan, which is aftached to the cytoplasmic
membrane by a phosphatidylinositel anchor. Small and hydrophilic solutes diffuse through water-filled protein channels. porins, whereas compared with those from Mycobacterium tuberculosis (MTB)
hydrophobic compounds use the lipid pathway. Proteins are represented by solid oval bodies. standard. Methods are detailed in Minnikin e al. 1993

esters of mycolic acids from calcified pleura from Karkur,



Tetracykliny

Antibiotika (od konce 40. let)

Produkty metabolismu plisni a
mycet (napr. Streptomycety)
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Pusobeni plisni

- zmeény histologické struktury (kratery, tunely) — plisné i bakterie
- Cervenofialové zmeny na kostech (moznost zamény za krev Ci barvivo)
- rekrystalizace kostniho mineralu v dusledku zmény pH

- fluorescence kosti v UV svétle (metabolické produkty plisni —
tetracykliny maji vysokou afinitu ke kosti — vznik komplexut a chelata)

Tetracykliny se pouzivaji jako
|éCiva a ke sledovani rastu kostni
tkané. Pfi dlouhodobé&jSim uzivani
zanechavaiji typické zabarveni
zubu.




Chlorovane pesticidy
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HCH (lindan)

Technicky lindan je tvofen zejména gama-isomerem hexachlorocyclohexanu,
HCH (99%). Pét ostatnich isomeru se v technickém lindanu opét vyskytuje,
nemsaji vsak insekticidni ucinek.

Cl

Cl
Cl

Cl

Cl Hexachlorocyclohexane (HCH)




Figure 3 The powder seen on these objects from the
‘Arkeologikelderen’ is DDT in approximately 20%
concentration.

Figure |. DDT crystals on the surface of a wooden sculpture.



Chlorované latky a muzejni exponaty

Table 1 Survey of ab-[adsorption losses of insecticides from five different materials. All losses are given in %
in proportion to reference.

Pinewood Woven wool Paper Veg. tanned leather Duck down
p-dichlorobenzene 34 43 31 0 43
Naphthalene 11 36 6 0 13
Lindane 6 0 0 3 0
Aldrin 7 2 1 1 0
Dieldrin 12 11 10 0 5
DDT 19 13 13 7 0
Methoxychlor 0 0 0 1 0
Table 2 Insecticides found in the 118 samples taken: number analyzed, results of analysis, and detection limits
Jor each insecticide. Control analyses have not been performed on the amounts of lindane, aldrin and dieldrin found.
Name Number of analyzed Analysis results Detection limit
samples s ) {mglg, sample material) _Table‘.?- The vapour pressure qf_ the seven anal}fz_e'd
insecticides. Data from The Pesticide Manual, British
p-dichlorobenzene 9 No positive, many traces 0-062 Crop Protection Council (1979)
Naphthalene 96 26 pos =27% 0-005
;wl = 8:8_2, Name Vapour pressure
Lindane 102 2pos  =2% 0012
Rpos =008 dichlorobenzen 2 g
Aldrin 102 Tpos =1% 0017 p- ene 920 Paat 20°C
X =0 »”
% — 090 Naphthalene 65 Pa,
Dieldrin 102 Ipos =1% 0017 Lindane I'3mPa,, |,
Zpos = 0-60 Aldrin 700 pPa.,,
— 0, N . .
DDT 102 ;0 pos = 11433;9 0-039 Dieldrin 400 ,uPa v
Rpw = 3787 Lood) 2 KPa,
Kpos > 5 =206-40 (9 samples ) Methoxychlor very low
Xpos < 5 = 0-87 (41 samples)
Methoxychlor 102 28pos =27% 0-021
Ko =086
X =314

H




Chlorovana latky v muzejnich
exponatech

Table 2. Geometric means (95% confidence intervals) for DDT compounds and other selected organochlorine residues in skin of free-tailed
bats from Carlsbad Cavern (concentration values are expressed in pg/g lipid weight; means for each chemical with shared letters are not sig-

nificantly different)

Year
Residue 1930 (n = 3) 1956 (n = 4) 1965 (n = 8) 1973% (n = 35) 1988 (n = 0)
DDE 14.7A 27.2AB 86.3BC 128C 30.8AB
(7.28-29.7) (17.2-42.9) (69.6-107) (48.7-335) (9.31-102)
DDT 21.5A 23.1A 32.5A 2.33B 1.30B
(10.7-43.4) (14.5-36.9) (28.3-37.5) (1.32-4.10) (0.504-3.33)
DDE/DDT 0.682A 1.17A 2.65A 54.9B 23.8B
(0.535-0.869) (1.09-1.27) (2.19-3.21) (35.3-85.4) (5.72-99.0)
DDTs toxic load® 22.5AB 25.0AB 38.4A 10.9BC 3.96C
(11.1-45.5) (15.6-39.8) (33.5-44.1) (4.54-26.3) (1.51-10.4)
o,p’-DDT 11.3A 6.40A 7.79A — 0.489B
(7.72-16.6) (5.35-7.65) (6.81-8.92) (0.272-0.881)
PCBs 79.7A 76.TA 04.3A — 23.1B
(44.1-144) (54.7-108) (56.7-72.9 (11.0-48.2)
Dieldrin 0.897A 1.36A 1.91AB — 4.62B
(0.523-1.54) (0.898-2.06) (1.78-2.05) (1.44-14.9)
Lindane 0.786A 1.47A 1.03A — 0.267B
(0.623-0.993) (1.27-1.69) (0.878-1.21) (0.126-0.563)

# Data were estimates based on analyses of whole bats minus gastrointestinal tract; see text for further explanation.
P Equivalent to pg/g DDT plus ([pg/g DDE]/15); see text for further explanation.



Arsen

se pouzival jako pesticid predevsim k ochrané dreva pred
hnilobou a rozkladem. V minulosti se arsen pouzival také v
jedech na krysy, mravence a v pripravcich na hubeni plevele.
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Arseniasis
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Chronickd otrava arsenem zpusobuje zdravotni problémy od pred¢asnych
porodu, porodu mrtvych déti, kojenecké umrtnosti, koznich poruch, zpomaleni
rustu, neurologickych poruch a rakoviny az po rozstép patra a rozstép patere.



Speciace arsenu

Table 1 Arsenic species encountered in biological or envirenmental samples

Dimatvlarsinous acid [DWAT)
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1. arsenic(IID), AsOs*

2. arsenic(V), AsO>

3. dimethylarsenic acid, DMAA MesAs0s H

4. methylarsonic acid, MMAA MeAsO3 Hy

5. wrimethylarsine, MezAs

6. trimethylarsine oxide, TMAO M.;Anfo'

7. tetramethylarsonium ion, MeAs™

8. arsenobetaine (rimethylarsonioacetate), Mo3ASCTH,CO0"

9. arsenocholine (2-trimethylarsonioethanol), Mn,Aﬁ:HaCH,oH
10. dimethylarsinoylethanol, Me,AS10)CH,CHZOH

11. dimethylarsinoylribosides, 2 i:
R R'

a. -OH -OH R
b. -OH .80y OH OH
¢ -OH -080;
d. -NH; -SO3
o. -OH 9
-0 Er o’m‘ou

12. trimethyl ioriboside “sulphate ester” .
methylarsony 1 p! Ma,As+ o 0,\/\0503
OH

13. dimethylarsinoylribosyl "phospholipid”
o-

Me,Ad— O

OH OH

OH OH

D/O

~

R= palmitoyl

Methylarsonite
methyhranslerase

Figure 1. Arsenic metaholic pathway. Arsenate is reduced to arsenita in a reaction thought o be depen-
dent on GSH or other endogenous reductants, Abbreviations: G3H, glutathione; G536, glutathione disul-
fide; GST, glutathione-S-transferase; SAH, S-adenosylhomocysteing; SAM, S-adenosylmethionine; TR,
thioredoxin reductase, Arsenite then undergoes en oxidative methylation, with SAM as the methyl donor,
forming MMAY and SAH. MMAY iz reduced to MMA! before a subsequent oxidative methylation step
yielding DMAY and S$AH. Little is known regarding jn vive reduction of OMAY o DMAY, Enzymes capable
of catalyzing the illustrated reactions include Cyt79(Lin et al. 2002), arsenite methyliransferase and mathy-
larsonite methyhransferase {two activities of one enzymel {Zakharyan et al. 19951, and MMAY reductase
{alzo known as GET-03) (Zakharyan et al. 2001).

Fig. 2. Concentrations of arsenic spe-
cies in organs (ug/g dry weight).
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Simon Bolivar zemfel na chronickou
otravu  arzenem, ktera se dale
komplikovala bronchiektaziemi a
rakovinou plic. Kontakt s arzenem byl v
dusledku piti kontaminované vody v Peru
nebo v dusledku léCebného pouziti
arzenu.

Napoleon Bonaparte trpél chronickou otravou
arzenem patrné v dlsledku konraktu s tapetami
obsahujicimi barviva na bazi arsenu.

copper arsenite
(Scheele’s green)
copper aceto arsenite
(Emerald green)




Scheeleova zelen je zZlutozeleny pigment s prevazujici slozkou arsenitanu
médnatého. Ve skuteCnosti sklada z mnoha ruznych sloucenin, napf.
CuO-As,0;, CuHAsO,;, Cu(AsO,;),:3H,0, 3CuO-As,05;2H,0, CuAsO,,
Cu(AsO,), a 2Cu0O-As,05:2H,0.

Oproti pigmentim na bazi uhliCitanu médnatého je Scheeleova zelen

4 v Ewv s

zarivejsSi a stalejsi. Vzhledem k obsahu medi vsSak mela tendenci Casem

Scheeleova zelen se v 19. stoleti pouzivala jako
pigment pro barveni papiru a tapet, bavinenych
a Inénych tkanin, voskovych svicek , déetskych
hracek a dokonce i cukrovinek. Ve 30. letech 20.
stoleti byla pouzita jako insekticid.




Svinibrodska (schweinfurtska) zelen (triarsenitan-octan médnaty; takeé
Parizska zelen, Videriska zelen, smaragdova zelefl) je vysoce toxicky
smaragdove zeleny krystalicky prasek. Pouzivala se jako syntetické barvivo,
rodenticid a insekticid.

0. .0, _O
H‘A: ""As
acu?t l!'l IL HaC
V] |
H"A;' q\"l.
| 0
&

Na pocatku 20. stoleti bylo hojné rozSifeno (zejména v Americe) pouziti
smesi svinibrodské zelené a hydrogenarseniChanu olovnatého jako
insekticidu v jablonovych sadech. Ve 40. letech 20. stoleti byla svinibrodska
zelen rozpraSovana z letadel na Sardinii a Korsice jako insekticid proti
malarii. Byla téz pouzita na hubeni krys v parizské kanalizaci, odtud téz
nazev Parizska zelen.

Pro zarivy zeleny odstin, dobré kryci schopnosti, svételnou stalost a
odolnost vUuci povétrnostnim podminkam byla oblibena u malifl, jako napf.
anglicky krajinar William Turner, impresionisté Claude Monet a Auguste
Renoir i postimpresionisté Paul Gauguin, Paul Cézanne a Vincent van
Gogh.



V 19. stoleti se zejména Scheeleova zeler a
pozdeji téz svinibrodska (parizska) zeleri
pouzivala k barveni latek na zeleno. Proto ve
viktorianské dobé rada zen (vCetné Svadlen)
mela zdravotni problémy Ci dokonce umirala. K
symptomum otravy patfily zelené ruce, Zluté
nehty a hluboke jizvy.

PUNCH, OR T"HE LONDON CHARIVARIL
S

[Fesruarr 8, 1802
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Oba pigmenty, Scheeleova i svinibrodska zeleri, byly hojné pouzivany k
vyrobé tapet. Toxické sloucCeniny arsenu se z nich mohly uvolnovat dvéma
zpusoby:

1. Nepatrné CasteCky pigmentu se mohly uvolnit do ovzdusi (odkud mohly
byt absorbovany plicemi) a/nebo se stat se soucasti prachu.

2. Pusobenim vysSi teploty, vihkosti a mikroorganismu (zejm. plisni), se z
tapet uvolnuji toxické plyny AsH; nebo As(CH,);. As(CH;); je vSak velmi

malo toxicky a zrejme tak nebyl zdrojem otrav. N R Sk

)'- T Aa & - 3
e LR
) E e 7t

Kule€nikovy sal na zamku Krasny vrch (sev. upati
Rychlebskych hor) — tapety barvené Scheeleho zeleni.



Hromadna otrava cukrovinkami
v Bradfordu

Nahodna otrava arsenikem v
Bradfordu v Yorkshire roku 1858. Z
vice nez 200 intoxikovanych jich 20
zemrelo, ostatni méli vazné zdravotni
problémy. Misto neSkodného prasku
zvaného ,daft® (smés drceného
vapence a sadry) byl do cukrovi
omylem pridan arsenik. Obé bilé
praskovite latky byly skladovany
vedle sebe Y nedostatecné
oznacCenych nadobach.

PUNCH, Ok THE LOSDON CHARIVARL—Noveuucs 20, 1855,
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THE GREAT LOZENGE-MAKER.
A Hint to Paterfamilins.




