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Part I: Analysis of human hair




Analysis of human hair

Motivation BRUKER

Significance of micronutrients in human hair

The distribution of micronutrients like Mg, K, Ca, Mn, Cu, Zn, Se, Mo
and I gives information on diseases, metabolic disorders,
environmental exposures, and nutritional status.

Examples:

* Breast cancer patients show low hair Ca, Mg and Zn, but high As,
Na and K concentrations compared with the normal controls. The
Fe level is shown to be significantly low and associated with Ca and
Mn levels [1]

* A cross-sectional analysis on 343 subjects showed that those with
metabolic syndrome had significantly lower contents of Ca, Mg and
Cu, whereas the amounts of Na, K and Hg are higher [2]

« Hair Zn, Se and Cu deficiencies are noted in chronic
gastrointestinal diseases [3]
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Analysis of human hair

Motivation BRUKER

Control of toxic metals in human hair

« Hair analysis has been considered as one of the most important
biomarkers according to the Environmental Protection Agency
(EPA) [4].

* As an excretory system, human hair can accumulate and
incorporate toxic metals into its structure during its growth
process. Therefore, concentrations of heavy metals in hair can
reflect the mean level in the human body, recording the
population’s exposure to heavy metals [5]

[1] Joo NS, Kim SM, Jung YS, Kim KM. Hair iron and other minerals’ level in breast cancer patients.
Biol Trace Elem Res. 2009;129:28-35.

[2] Park SB, Choi SW, Nam AY. Hair tissue mineral analysis and metabolic syndrome. Biol Trace
Elem Res. 2009;130:218-28.

[3] Bhat Y], Manzoor S, Khan AR, Qayoom S. Trace element levels in alopecia areata. Indian J
Dermatol Venereol Leprol. 2009;75:29-31

[4] Rashed M.N., Hossam F. Heavy metals in fingernails and scalp hair of children, adults and
workers from environmentally exposed areas at Aswan. Egypt. Environ. Bioindic. 2007;2:131-145
[5] Sera K., Futatsugawa S., Murao S. Quantitative analysis of untreated hair samples for
monitoring human exposure to heavy metals. Nucl. Instrum. Methods B. 2002;189:174-179.
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Analysis of human hair
Motivation

Benefits of human hair analysis

e Hair is easier to collect, transport and store than
other medical samples like blood or serum

e As elements are fixed in the hair, element control
over longer time period is possible

Analyzed samples

o Certified reference sample NIES 13 (National Institute
for Environmental Studies)

e 5 human hair samples (cleaned with acetone and
ultrapure water)
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Analysis of human hair
Samples and sample preparation

Suspension

+ 5 ml Triton X100
solution (1 vol.-%)
|
+ 10 pl Ga (0,1 g/l)
+ 5 ul Pd (1 g/l)
|

Homogenization
|

Pipetting 10 pl on sili-
conized quartz carrier,
while samples are

shaken at 1000 r/min

Cutting (~ 5 mm segments)
I

Grinding in ball mill
(Retsch MM400, Zr-vessel/ball)

Weighing in Teflon vials
(100 =+ 5 mg)
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» Drying in vacuum

—

Digestion

+ 1 ml HNO5/H,0,

mixture (3:1), filled up

to 5 ml
I

+ 10 pl Ga (0,1 g/l)

+ 5 ul Pd (1 g/l)

+ 100 pl PVA (0,3 g/l)
I

Heating 120 °C, 30 min
|

Pipetting 10 pl on sili-

conized quartz carrier

I

<=



Analysis of human hair
Measurements

S2 PICOFOX
« Mo tube, 50 kV/1000 pA
« 60 mm2 XFlash SDD

Measurement conditions
 Mo-K excitation, 1000 s

12/19/2019 9



Analysis of human hair
Measurements

Measurement program

H

Hydrogen
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Lithium
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Sodium
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Beryllium

21
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Analysed using K-lines

Analysed using L-lines

Silicon

Ge

Germanium

Fluorine

10
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Analysis of human hair
Measurements

S4 T-STAR

« Mo tube, 50 kV/1000 pA
« W-tube, 50 kV/1000 pA
« 60 mm?2 XFlash SDD
Measurement conditions
 Mo-K excitation, 1000 s

- W-Brems excitation, 1000 s
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Analysis of human hair
Measurements

Excitation modes used for quantification

L ")
BRUKER
()

1
H Mo-K excitation W-Brems Excitation
Hydrogen Helium

3 4
Li Be

Lithium Beryllium Fluorine

11
Na

Sodium Silicon
21

Sc Ge

Scandium Gallium  [Germanium

39 40 Y| 43 44 45 46 47 52
Y Zr Nb Tc Ru Rh Pd Ag Te
Yttrium Zirconium | Niobium Technetium| Ruthenium [ Rhodium [ Palladium Silver Indium Tellurium
55 57 72 73 74 75 76 77 78 79 83 84 85
Cs La Hf Ta w Re Os Ir Pt Au Bi Po At Rn
Cesium Lanthanum| Hafnium | Tantalum | Tungsten | Rhenium | Osmium Iridium Platinum Gold Bismuth | Polonium | Astanine Radon
89
Fr Ac
Francium Actinium
58 59 60 61 62 63 64 65 66 67 68 69 70 71
L Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanides| Cerium | Praseodymium [Neodymium| Promethium | Samarium | Europium |Gadolynium| Terbium |Dysprosium| Holmium Erbium Thulium | Ytterbium | Luthetium
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa ) Np Pu Am Cm Bk Cf Es Fm Md No Lr
Actinides [ Thorium |Proactinium| Uranium | Neptunium | Plutonium [ Americium | Curium | Berkelium | Californium|Einsteinium| Fermium |Mendelevium| Nobelium | Lawrencium
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NIES 13 suspended

						TXRF (mg/kg)								Reference (mg/kg)

		Name		Excitation		Average		SD		LLD		MLD		Conc.		SD

		Magnesium		Mo-K		ND				1077

		Aluminium		Mo-K		2732		478		439.4				120

		Silicon		Mo-K		85142		16331		127.3

		Phosphorus		Mo-K		931.5		51.33		83.85		148

		Sulfur		Mo-K		326587		17662		92.4		51127		50000

		Chlorine		Mo-K		3826		379.7		25.34		1100

		Potassium		Mo-K		353.7		34.38		2.933		100

		Calcium		Mo-K		1576		190.2		1.564		551

		Titanium		Mo-K		17.57		3.171		0.68		9.3

		Vanadium		Mo-K		0.47		0.265		0.431		0.53		0.27

		Chromium		Mo-K		1.378		0.566		0.315		1.6

		Manganese		Mo-K		3.80		0.71		0.229		2.1		3.9

		Iron		Mo-K		129		22		0.172		70

		Cobalt		Mo-K		ND				0.136

		Nickel		Mo-K		1.595		0.161		0.104		0.47

		Copper		Mo-K		12.56		1.331		0.084		3.9		15.3		1.3

		Zinc		Mo-K		150.5		14.39		0.072		42		172		11

		Gallium (is)		Mo-K		10.3				0.062

		Germanium		Mo-K		ND				0.055

		Arsenic		Mo-K		ND				0.049				0.1

		Selenium		Mo-K		0.832		0.318		0.046		0.92		1.79		0.17

		Bromine		Mo-K		126.2		9.458		0.055		27

		Rubidium		Mo-K		0.089				0.062		0.35

		Strontium		Mo-K		3.176		0.429		0.096		1.24

		Palladium		W-Brems		49.75		0		7.547

		Cadmium		W-Brems		ND				9.537

		Tin		W-Brems		ND				15.09

		Antimony		W-Brems		ND				21.94

		Iodine		W-Brems		ND				58.39

		Barium		Mo-K		9.278		6.819		0.441		19		2.0

		Mercury		Mo-K		2.607		0.34		0.052		1.1		4.42		0.20

		Thallium		Mo-K		ND				0.051

		Lead		Mo-K		3.573		0.482		0.05		1.4		4.6		0.4

		Bismuth		Mo-K		0.136		0.096		0.05		0.26

		Element		#1		#2		#3		#4		#5		#6		#7		#8		#9

		Magnesium		ND		ND		1515		ND		2289		ND		ND		ND		ND

		Aluminium		3066		2820		3199		3586		2384		2501		2447		2048		2536

		Silicon		7.737E4		1.234E5		7.718E4		8.683E4		7.509E4		9.399E4		8.422E4		8.185E4		6.637E4

		Phosphorus		960.5		949		1038		938.3		873.3		931.7		913.7		914.1		864.8

		Sulfur		3.068E5		3.423E5		3.129E5		3.328E5		3.473E5		3.011E5		3.477E5		3.174E5		3.31E5

		Chlorine		4505		3692		4337		3738		3463		3944		3354		3648		3752

		Potassium		378.1		354.2		411		328.2		318.3		397.7		317.7		340.7		337.1

		Calcium		1433		1492		1449		1567		1522		1515		1563		1576		2065

		Titanium		14.24		16.54		22.75		15.13		15.41		20.01		20.82		19.08		14.09

		Vanadium		0.421		0.849		0.755		0.57		ND		ND		0.641		0.512		ND

		Chromium		1.013		1.115		0.971		0.731		1.5		1.9		2.568		1.476		1.131

		Manganese		3.174		3.476		5.462		3.721		3.669		3.349				3.877		3.682		3.80125

		Iron		122		114.7				176.9		119.2		134.7				120.5		114.7		128.9571428571

		Cobalt		ND		ND		ND		ND		ND		ND		ND		ND		ND

		Nickel		1.338		1.543		1.493		1.444		1.62		1.678		1.666		1.688		1.886

		Copper		11.05		13.38		11.04		12.71		14.06		11.22		14.61		11.9		13.06

		Zinc		134.7		154.2		131.9		159.1		166.3		132.1		166.4		148.2		161.7

		Gallium		10.3		10.3		10.3		10.3		10.3		10.3		10.3		10.3		10.3

		Germanium		ND		ND		ND		ND		ND		ND		ND		ND		ND

		Arsenic		ND		ND		ND		ND		ND		ND		ND		ND		ND

		Selenium		0.714		0.82		0.847		0.829		1.481		0.537		1.167		0.477		0.612

		Bromine		119.2		127.6		114.6		143.9		128		117		123.3		125.2		137.1

		Rubidium		0.132		ND		ND		0.074		ND		ND		ND		0.201		0.25

		Strontium		3.182		2.71		2.813		3.381		3.451		2.672		3.084		3.261		4.033

		Barium		21.31		ND		10.69		18.58		5.857		5.804		10.22		4.785		6.157

		Mercury		2.323		2.935		2.28		2.699		3.205		2.188		2.826		2.403		2.607

		Thallium		ND		ND		0.065		0.074		ND		ND		ND		ND		ND

		Lead		2.985		3.837		2.992		3.451		4.157		3.163		3.931		3.415		4.228

		Bismuth		0.16		0.245		0.302		0.062		0.176		0.139		ND		0.089		ND
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						TXRF (mg/kg)								Reference (mg/kg)

		Name		Excitation		Average		SD		LLD		MLD		Conc.		SD

		Magnesium		Mo-K		ND				934.3

		Aluminium		Mo-K		968.5		204.7		362.5		373		120

		Phosphorus		Mo-K		201.5		115.9		66.78		327

		Sulfur		Mo-K		150503		30011		72.57		86917		50000

		Chlorine		Mo-K		317.9		106		21.23		263

		Potassium		Mo-K		34.26		10.09		2.303		29

		Calcium		Mo-K		789.7		132.1		1.277		383

		Titanium		Mo-K		9.959		2.188		0.59		6.3

		Vanadium		Mo-K		0.44		0.133		0.373		0.73		0.27

		Chromium		Mo-K		0.833		0.124		0.274		0.36

		Manganese		Mo-K		5.71		0.48		0.198		1.4		3.9

		Iron		Mo-K		121		7		0.15		21

		Cobalt		Mo-K		0.135		0.069		0.118		0.32

		Nickel		Mo-K		1.656		0.053		0.09		0.18

		Copper		Mo-K		15.91		0.394		0.073		1.1		15.3		1.3

		Zinc		Mo-K		178.7		2.233		0.067		6.1		172		11

		Gallium (is)		Mo-K		10.3				0.054

		Germanium		Mo-K		ND				0.048

		Arsenic		Mo-K		3.75		0.824		0.043		2.4		0.1

		Selenium		Mo-K		1.083		0.042		0.042		0.12		1.79		0.17

		Bromine		Mo-K		86.24		3.386		0.047		9.9

		Rubidium		Mo-K		ND				0.057

		Strontium		Mo-K		3.08		0.103		0.089		0.30

		Palladium		W-Brems		51.49		0		3.534

		Cadmium		W-Brems		ND				4.384

		Tin		W-Brems		11.28		6.337		6.71		18

		Antimony		W-Brems		ND				9.558

		Iodine		W-Brems		ND				24.35

		Barium		Mo-K		0.505		0.428		0.379				2.0

		Mercury		Mo-K		2.034		0.188		0.045		0.54		4.42		0.20

		Thallium		Mo-K		ND				0.044

		Lead		Mo-K		4.426		0.417		0.044		1.2		4.6		0.4

		Bismuth		Mo-K		0.253		0.075		0.044		0.22

		Element		#1		#2		#3		#4		#5		#6		#7		#8		#9

		Aluminium		1028		792.6		1292		1227		810.7		1069		816.2		701.9		978.4

		Phosphorus		289.3		111.8		387.8		287		147.4		282.2		151.2		ND		139.4

		Sulfur		1.514E5		1.247E5		1.925E5		1.751E5		1.515E5		1.781E5		1.505E5		9.375E4		1.369E5

		Chlorine		278.3		218		344.1		530		292.2		348		307.5		156.1		386.8

		Potassium		38.28		34.02		47.31		36.39		35.12		45.5		31.74		13.59		26.4

		Calcium		857.9		656.7		968.4		875		789.4		921.7		745.1		552.4		740.6

		Titanium		10.01		8.104		9.828		13.31		9.4		12.58		11.57		6.739		8.091

		Vanadium		ND		0.603		0.527		0.519		0.43		0.545		ND		ND		0.485

		Chromium		0.698		0.746		0.965		1.047		0.935		0.83		0.817		0.694		0.767

		Manganese		5.826		5.21		6.427		6.163		5.724		6.179		5.542		5.111		5.22

		Iron		123.8		112.1		128.3		126.6		121		128.9		120.1		107.9		116.8

		Cobalt		0.199		0.172		ND		ND		ND		ND		0.169		0.205		ND

		Nickel		1.638		1.638		1.604		1.763		1.663		1.72		1.609		1.625		1.644

		Copper		15.72		15.74		16.21		16.26		16.09		16.42		15.89		15.11		15.73

		Zinc		180.9		176.8		181.2		178.9		179.7		181.1		176.2		175.5		177.6

		Gallium		10.3		10.3		10.3		10.3		10.3		10.3		10.3		10.3		10.3

		Germanium		ND		ND		ND		ND		ND		ND		ND		ND		ND

		Arsenic		2.609		5.134		2.848		4.3		3.584		3.452		4.653		3.827		3.342

		Selenium		1.092		1.086		1.039		1.059		1.031		1.101		1.082		1.176		1.086

		Bromine		78.51		89.41		84.47		87.3		88.16		84.76		87.81		89.29		86.44

		Rubidium		ND		ND		ND		0.07		ND		0.08		ND		ND		0.087

		Strontium		2.977		3.121		2.873		3.197		3.091		3.088		3.182		3.148		3.04

		Palladium		51.49		51.49		51.49		51.49		51.49		51.49		51.49		51.49		51.49

		Cadmium		ND		ND		ND		ND		ND		ND		ND		ND		ND

		Tin		7.315		18.72		7.572		3.993		12.6		4.053		8.957		19.33		18.97

		Antimony		ND		ND		ND		ND		ND		ND		ND		ND		ND

		Iodine		ND		ND		ND		ND		ND		ND		ND		ND		ND

		Barium		ND		ND		0.682		0.755		0.379		ND		0.85		1.271		0.476

		Mercury		2.219		2.238		1.915		1.773		2.051		1.793		1.98		2.282		2.058

		Thallium		0.075		ND		0.04		ND		ND		ND		ND		ND		ND

		Lead		3.877		4.06		4.929		4.33		4.721		4.65		4.889		4.525		3.848

		Bismuth		0.321		0.187		0.381		0.157		0.171		0.233		0.249		0.308		0.27





Figure digested

						TXRF (mg/kg)								Reference (mg/kg)

		Name		Excitation		Average		SD		LLD		MLD		Conc.		SD

		Aluminium		Mo-K		968.5		204.7		362.5		373		120

		Phosphorus		Mo-K		201.5		115.9		66.78		327

		Sulfur		Mo-K		150503		30011		72.57		86917		50000

		Chlorine		Mo-K		317.9		106		21.23		263

		Potassium		Mo-K		34.26		10.09		2.303		29

		Calcium		Mo-K		789.7		132.1		1.277		383

		Titanium		Mo-K		9.959		2.188		0.59		6.3

		Vanadium		Mo-K		0.44		0.133		0.373		0.73		0.27

		Chromium		Mo-K		0.833		0.124		0.274		0.36

		Manganese		Mo-K		5.71		0.48		0.198		1.4		3.9

		Iron		Mo-K		121		7		0.15		21

		Nickel		Mo-K		1.656		0.053		0.09		0.18

		Copper		Mo-K		15.91		0.394		0.073		1.1		15.3		1.3

		Zinc		Mo-K		178.7		2.233		0.067		6.1		172		11

		Arsenic		Mo-K		3.75		0.824		0.043		2.4		0.1

		Selenium		Mo-K		1.083		0.042		0.042		0.12		1.79		0.17

		Bromine		Mo-K		86.24		3.386		0.047		9.9

		Strontium		Mo-K		3.08		0.103		0.089		0.30

		Barium		Mo-K		0.505		0.428		0.379				2.0

		Mercury		Mo-K		2.034		0.188		0.045		0.54		4.42		0.20

		Lead		Mo-K		4.426		0.417		0.044		1.2		4.6		0.4

		Bismuth		Mo-K		0.253		0.075		0.044		0.22





Figure suspended

						TXRF (mg/kg)								Reference (mg/kg)

		Name		Excitation		Average		SD		LLD		MLD		Reference  		SD

		Aluminium		Mo-K		2732		478		439.4				120

		Phosphorus		Mo-K		931.5		51.33		83.85		148

		Sulfur		Mo-K		326587		17662		92.4		51127		50000

		Chlorine		Mo-K		3826		379.7		25.34		1100

		Potassium		Mo-K		353.7		34.38		2.933		100

		Calcium		Mo-K		1576		190.2		1.564		551

		Titanium		Mo-K		17.57		3.171		0.68		9.3

		Vanadium		Mo-K		0.47		0.265		0.431		0.53		0.27

		Chromium		Mo-K		1.378		0.566		0.315		1.6

		Manganese		Mo-K		3.80		0.71		0.229		2.1		3.9

		Iron		Mo-K		129		22		0.172		70

		Nickel		Mo-K		1.595		0.161		0.104		0.47

		Copper		Mo-K		12.56		1.331		0.084		3.9		15.3		1.3

		Zinc		Mo-K		150.5		14.39		0.072		42		172		11

		Selenium		Mo-K		0.832		0.318		0.046		0.92		1.79		0.17

		Bromine		Mo-K		126.2		9.458		0.055		27

		Strontium		Mo-K		3.176		0.429		0.096		1.24

		Barium		Mo-K		9.278		6.819		0.441		19		2.0

		Mercury		Mo-K		2.607		0.34		0.052		1.1		4.42		0.20

		Lead		Mo-K		3.573		0.482		0.05		1.4		4.6		0.4

		Bismuth		Mo-K		0.136		0.096		0.05		0.26

		Element		#1		#2		#3		#4		#5		#6		#7		#8		#9

		Aluminium		3066		2820		3199		3586		2384		2501		2447		2048		2536

		Phosphorus		960.5		949		1038		938.3		873.3		931.7		913.7		914.1		864.8

		Sulfur		3.07E+05		3.42E+05		3.13E+05		3.33E+05		3.47E+05		3.01E+05		3.48E+05		3.17E+05		3.31E+05

		Chlorine		4505		3692		4337		3738		3463		3944		3354		3648		3752

		Potassium		378		354		411		328.2		318.3		397.7		317.7		340.7		337.1

		Calcium		1433		1492		1449		1567		1522		1515		1563		1576		2065

		Titanium		14.24		16.54		22.75		15.13		15.41		20.01		20.82		19.08		14.09

		Vanadium		0.421		0.849		0.755		0.57						641		0.512

		Chromium		1.013		1.115		0.971		0.731		1.5		1.9		2.568		1.476		1.131

		Manganese		3.174		3.476		5.462		3.721		3.669		3.349				3.877		3.682

		Iron		122		114.7				176.9		119.2		134.7				120.5		114.7

		Nickel		1.338		1.543		1.493		1.444		1.62		1.678		1.666		1.688		1.886

		Copper		11.05		13.38		11.04		12.71		14.06		11.22		14.61		11.9		13.06

		Zinc		134.7		154.2		131.9		159.1		166.3		132.1		166.4		148.2		161.7

		Selenium		0.714		0.82		0.847		0.829		1.481		0.537		1.167		0.477		0.612

		Bromine		119.2		127.6		114.6		143.9		128		117		123.3		125.2		137.1

		Strontium		3.182		2.71		2.813		3.381		3.451		2.672		3.084		3.261		4.033

		Barium		21.31				10.69		18.58		5.857		5.804		10.22		4.785		6.157

		Mercury		2.323		2.935		2.28		2.699		3.205		2.188		2.826		2.403		2.607

		Lead		2.985		3.837		2.992		3.451		4.157		3.163		3.931		3.415		4.228

		Bismuth		0.16		0.245		0.302		0.062		0.176		0.139				0.089



Average	478	51.33	17662	379.7	34.380000000000003	190.2	3.1709999999999998	0.26500000000000001	0.56599999999999995	0.70768632074629878	22.185419922617097	0.161	1.331	14.39	0.318	9.4580000000000002	0.42899999999999999	6.819	0.34	0.48199999999999998	9.6000000000000002E-2	478	51.33	17662	379.7	34.380000000000003	190.2	3.1709999999999998	0.26500000000000001	0.56599999999999995	0.70768632074629878	22.185419922617097	0.161	1.331	14.39	0.318	9.4580000000000002	0.42899999999999999	6.819	0.34	0.48199999999999998	9.6000000000000002E-2	Aluminium	Phosphorus	Sulfur	Chlorine	Potassium	Calcium	Titanium	Vanadium	Chromium	Manganese	Iron	Nickel	Copper	Zinc	Selenium	Bromine	Strontium	Barium	Mercury	Lead	Bismuth	2732	931.5	326587	3826	353.7	1576	17.57	0.47	1.3779999999999999	3.8012499999999996	128.95714285714286	1.595	12.56	150.5	0.83199999999999996	126.2	3.1760000000000002	9.2780000000000005	2.6070000000000002	3.573	0.13600000000000001	Reference  	Aluminium	Phosphorus	Sulfur	Chlorine	Potassium	Calcium	Titanium	Vanadium	Chromium	Manganese	Iron	Nickel	Copper	Zinc	Selenium	Bromine	Strontium	Barium	Mercury	Lead	Bismuth	120	50000	0.27	3.9	15.3	172	1.79	2	4.42	4.5999999999999996	
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Hair samples suspended

						Hair #3 (mg/kg)						Hair #5 (mg/kg)						Hair #6 (mg/kg)						Hair #7 (mg/kg)						Hair #8 (mg/kg)

		Name		Excitation		Average		SD		LLD		Average		SD		LLD		Average		SD		LLD		Average		SD		LLD		Average		SD		LLD

		Magnesium		Mo-K		1230				1040		ND				845.1		922.4				866.9		ND				880.2		ND				990.7

		Aluminium		Mo-K		1304		225.6		424.1		847.3		140.3		344		823.3		200.7		355.7		852.7		58.7		360.8		990.4		223.4		401.1

		Silicon		Mo-K		91575		6775		128.6		99049		52476		103.8		81803		3787		103		106533		46384		107.1		80543		15834		120.6

		Phosphorus		Mo-K		700.9		94.99		83.45		750.8		77.69		66.14		685.9		66.16		68.26		692.5		172.6		71.44		1332		208.7		80.73

		Sulfur		Mo-K		222198		20746		90.56		213110		10804		72.46		201900		26448		75.52		194189		25048		76.13		264364		20852		85.33

		Chlorine		Mo-K		386.2		136.2		28.18		393.8		100.7		23.11		548.2		192.4		24.5		436.7		47.48		24.58		569.6		90.19		28.38

		Potassium		Mo-K		321.5		22.16		2.947		310		37.23		2.323		278.9		15.78		2.442		367.4		11.31		2.428		460.7		27.85		2.729

		Calcium		Mo-K		3092		122.9		1.592		3666		139.5		1.245		2565		107.5		1.315		2103		292		1.296		2538		68.88		1.459

		Titanium		Mo-K		4.918		0.226		0.71		4.19		0.298		0.538		3.744		0.804		0.575		3.453		1.074		0.562		4.07		0.265		0.637

		Vanadium		Mo-K		ND				0.449		ND				0.335		ND				0.362		ND				0.355		ND				0.404

		Chromium		Mo-K		0.781		0.119		0.335		0.816		0.284		0.242		0.919		0.662		0.266		1.019		0.108		0.258		1.356		0.372		0.295

		Manganese		Mo-K		5.937		0.144		0.248		4.754		0.066		0.175		3.551		0.348		0.193		3.134		0.379		0.184		4.083		0.191		0.213

		Iron		Mo-K		27		1.332		0.208		21.6		1.068		0.133		22.4		4.996		0.156		16.74		0.525		0.137		28.05		2.627		0.163

		Cobalt		Mo-K		0.534		0.136		0.167		0.208		0.113		0.106		0.272		0.111		0.125		ND				0.11		0.158		0.131		0.133

		Nickel		Mo-K		1.228		0.227		0.128		0.887		0.096		0.083		1.18		0.153		0.094		0.868		0.029		0.085		1.299		0.018		0.102

		Copper		Mo-K		2168		189.7		0.089		182.5		7.436		0.066		935.9		98.19		0.073		22.61		0.733		0.07		408.3		12.62		0.08

		Zinc		Mo-K		95.89		1.23		0.074		134.9		5.524		0.056		128.9		17.29		0.062		70.81		10.12		0.062		105.5		2.07		0.068

		Gallium		Mo-K		10.49				0.061		10.55				0.048		10.07				0.052		10.09				0.054		10.03				0.06

		Germanium		Mo-K		ND				0.052		ND				0.042		ND				0.045		ND				0.044		ND				0.05

		Arsenic		Mo-K		0.27		0.053		0.044		0.1		0.067		0.038		0.112		0.01		0.04		0.178		0.009		0.04		0.243		0.026		0.044

		Selenium		Mo-K		0.217		0.071		0.041		1.969		0.21		0.034		2.297		0.733		0.037		1.509		0.438		0.036		1.657		0.323		0.041

		Bromine		Mo-K		0.546		0.058		0.039		1.341		0.04		0.032		1.011		0.11		0.034		1.484		0.24		0.035		2.119		0.056		0.038

		Rubidium		Mo-K		ND				0.054		0.057		0.017		0.044		ND				0.045		ND				0.047		0.202		0.013		0.052

		Strontium		Mo-K		9.902		0.251		0.089		9.549		0.422		0.074		6.189		0.087		0.074		5.532		0.938		0.079		7.557		0.161		0.084

		Palladium		W-Brems		104.9		0		1.793		105.5				1.629		100.7				1.659		100.9				1.878		100.3				2.118

		Cadmium		W-Brems		ND				2.16		ND				1.935		ND				2.044		ND				2.283		ND				2.563

		Tin		W-Brems		ND				3.428		ND				2.961		ND				3.102		ND				3.701		ND				3.964

		Antimony		W-Brems		ND				5.196		ND				4.34		ND				4.661		ND				5.532		ND				5.96

		Iodine		W-Brems		ND				13.7		ND				11.36		ND				12.16		ND				14.79		ND				15.48

		Barium		Mo-K		4.057		1.948		0.457		4.323		2.982		0.347		7.214		11.93		0.372		17.61		14.8		0.362		12.74		2.921		0.41

		Mercury		Mo-K		ND				0.048		1.153		0.123		0.04		2.041		0.467		0.043		0.873		0.056		0.042		0.971		0.122		0.047

		Thallium		Mo-K		ND				0.047		0.04		0.006		0.038		0.048		0.015		0.041		ND				0.04		ND				0.046

		Lead		Mo-K		1.43		0.118		0.045		1.891		0.25		0.038		1.783		0.471		0.041		1.689		0.579		0.04		1.47		0.087		0.046

		Bismuth		Mo-K		0.55		0.013		0.044		0.478		0.066		0.037		0.387		0.03		0.04		0.448		0.028		0.04		0.363		0.061		0.045

		Name		#1		#2		#3		#4		#5

		Aluminium		1304		847.3		823.3		852.7		990.4

		Phosphorus		700.9		750.8		685.9		692.5		1332

		Sulfur		222198		213110		201900		194189		264364

		Chlorine		386.2		393.8		548.2		436.7		569.6

		Potassium		321.5		310		278.9		367.4		460.7

		Calcium		3092		3666		2565		2103		2538

		Titanium		4.918		4.19		3.744		3.453		4.07

		Chromium		0.781		0.816		0.919		1.019		1.356

		Manganese		5.937		4.754		3.551		3.134		4.083

		Iron		27		21.6		22.4		16.74		28.05

		Cobalt		0.534		0.208		0.272				0.158

		Nickel		1.228		0.887		1.18		0.868		1.299

		Copper		2168		182.5		935.9		22.61		408.3

		Zinc		95.89		134.9		128.9		70.81		105.5

		Arsenic		0.27		0.1		0.112		0.178		0.243

		Selenium		0.217		1.969		2.297		1.509		1.657

		Bromine		0.546		1.341		1.011		1.484		2.119

		Strontium		9.902		9.549		6.189		5.532		7.557

		Palladium		104.9		105.5		100.7		100.9		100.3

		Barium		4.057		4.323		7.214		17.61		12.74

		Mercury		ND		1.153		2.041		0.873		0.971

		Lead		1.43		1.891		1.783		1.689		1.47

		Bismuth		0.55		0.478		0.387		0.448		0.363
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Hair samples results compared to literature values - S2 PICOFOX
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Hair samples results compared to literature values— S2 PICOFOX
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Analysis of human hair

Results & Discussion

All elements of interest can easily be analyzed with the S2 PICOFOX
and the S4 T-STAR, peapred as suspensions or after acid digestion

Acid digestion gives better sensitivities but elements like Hg get lost
during preparation

The S4 T-STAR gives distinctly better sensitivities compared to the
S2 PICOFOX

A possible application strategy could be to use the S2 PICOFOX for a
fast mobile analysis and the S4 T-STAR for a detailed lab-based
analysis

The TXRF method generally offers a high flexibility for enhanced
analytical tasks (additional nutrients, toxic metals etc.)
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Part II: Application of TXRF in medical research
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(Bruker Nano GmbH, Berlin, Germany).

Briefly, bones were decalcified in 2.5% nitric acid and supplemented with Gallium (Ga) ...
Alternatively, bones were treated with proteinase K and analysed as above.
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Selenium + MMI Placebo + MMI P?
N 35 35
Age, y, mean (SD) 44.5 (13.8) 445 (13.4) 1.0
Height, m, mean (SD) 1.69 (0.091) 1.69 (0.066) 0.988
Weight, kg, mean (SD) 68.8 (11.2) 71.8 (11.7) 0.270
Systolic blood pressure, mm Hg, mean (SD) 118.0 (11.5) 120.4 (14.2) 0.435
Table 2. Serological Results

Selenium + MMI Placebo + MMI

Week 0 Week 4 Week 12 Week 24 Week 36 Week 0 Week 4 Week 12 Week 24 Week 36

Selenium, pg/L 109 (25) 189 (209) 209 (261) 160 (51) 117 (43) 115 (29) 107 (34) 107 (27) 11 (27) 110 (26)
Vs baseline P=0.030 P=0.035 P < 0.001 P =0.395 P=0.036 P=0.024 P=0.574 P=0.373
Selenium vs placebo P=0.384 P=10.026 P < 0.001 P < 0.001 P =0.406

SELENOP, mg/L 3.8(0.8) 52(1.1) 5.1(1.1) 5.1 (1.3) 3.3(0.9) 3.7 (1.1) 3.6(1.0) 3.6(1.0) 3.6 (1.0) 2.9(0.8)
Vs baseline P < 0.001 P < 0.001 P < 0.001 P =0.008 P=0.248 P=0413 P =0.509 P < 0.001

Selenium vs placebo P=0.828 P < 0.001 P < 0.001 P < 0.001 P =0.082

10 pl of serum was spiked with an internal Gallium and applied to polished quartz glass carriers.
Inter-assay and intra-assay CV were below 15% as determined using a commercial human reference serum
sample (Seronorm; SERO AS, Billingstad, Norway).
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Diagnostic Trial of serum Se and Cu in TSCI
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SELENOP was purified by immuno-affinity and subjected to LC-MS/MS analysis. (A) Sec in SELENOP was detected almost exclusively at the
positions SEC3, SEC4 and SEC5 when cells were supplemented with selenite. (B) The pattern of amino acids inserted at the three Sec codons

varied strongly when cells were grown in the presence of 100 nM selenite and 200 pg/mL G418.
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Nested case-control Study => predictive Biomarker
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Copper

Bench-top total reflection X-ray fluorescence (TXRF) spectrometer (PicofoxTM S2, Bruker Nano GmbH,
Berlin, Germany) was used to analyse the serum sample.




Part III: Summary & Q/A




Summary BRUKER

TXRF offers an ideal analytical solution for elemental analysis
in medicical and biological research

* Analysis of small sample amounts in the low pl-range

Simultaneous analysis of main- and trace elements

Simultaneous analysis of other important samples types like buffer
solutions

Instruments can be operated in normal laboratory environments
(small footprint, no external gases or cooling water necessary)

Moderate analytical demands on laboratory staff

Low analytical and lifetime costs

12/19/2019




Q&A

Any Questions?

Please type in the questions
you may have for our speakers
in the Questions Box and
click Submit

12/19/2019
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Innovation with Integrity

Thank you for your attention!

www.bruker.com / www.s4tstar.com
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