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TXRF WEBINAR

Principles of TXRF
Technical background

Total reflection X-ray fluorescence spectroscopy

Samples must be prepared on a reflective media 4
Polished quartz glass or polyacrylic glass disc - detector

Dried to a thin layer, or as a thin film or e
microparticle ’

Matrix effects are negligible

sample disc

Beam angle: 0°/ 90°
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TXRF WEBINAR

Principles of TXRF
Quantification

Element sensitivity

C.:CISONiOS[S 2
| NIS'Si .

s
]
. CIE
C,: Element concentration J *’,.v""“"\
C,s Internal standard concentration 05 iy o
: $
N;: Element net countrate s ./’/
o® o
N,s: Internal standard net countrate 0 fososenee” . sossenssagteesst™” ‘ . .
o 10 20 30 40 50 60 70 80 90
Si: Element sensitivity factor
Atomic number ‘ e K (Mo) e L (Mo)

Sis. Internal standard sensitivity factor
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TXRF WEBINAR

Principles of TXRF
Bruker Product Portfolio

S2 PICOFOX

= Most compact design

= Fixed excitation mode

= about 300 installations

worldwide
S4 T-STAR
= Multiple excitation
modes

= Large area detectors

= Motorized beam path

= Large sample capacity

© 2021 Bruker

transportable,
for on-site analysis

easy to use,
most suitable for teaching

well established technology

to detect most elements
of the PSE

improved sensitivity for
lowest limits of detection

automatic beam adjustment
and QC procedures

up to 90 sample discs,
multi-user operation
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SINGLE LINE SUBTITLE WITH A MAXIMUM OF APPROX. 100 CHARACTERS

Overview
Environmental analysis

© 2021 Bruker

Air

= Airborne particulates

Sall

= Contaminated and uncontaminated
Water

= Surface, fresh and drinking water

= \Wastewater, sewage
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SINGLE LINE SUBTITLE WITH A MAXIMUM OF APPROX. 100 CHARACTERS

Overview
Environmental analysis

Air, airborne particulates

Particle Size Effect
5.5 - 9.2 microns Lodges in nose and throat

Suspended: > 10 um

3.3 - 5.5 microns  Main breathing passages
2.0 - 3.3 microns __ Small breathing passages

Respirable suspended: < 10 ym (PM10)
Fine particles: < 2,5 um (PM2.5)

1.0 - 2.0 microns Bronchi

0.3 - 1.0 microns Air sacs

Ultrafine particles: < 1 ym

PM 10 refers to particulate matter
that is less than 10 microns in size.

Soot: < 0,3 um
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SINGLE LINE SUBTITLE WITH A MAXIMUM OF APPROX. 100 CHARACTERS

Overview
Environmental analysis

Air, airborne particulates

= Samples collected of filters can be analyzed
after extraction or complete digestion

= Direct analysis is only possible qualitatively
with small filter segments applying external
calibrations or qualitatively

= Results can be applied for environmental
monitoring or research on origin analysis of
airborne particulates

© 2021 Bruker

Urban
® Suburban

(delta C/CT)/delta log Dp
i

054

Ob.oeo.m 01202502505 05-1.0 1.0-2.0 2.0-40 4.0-8.0 B.0-16 16and

Particle size range [um] -

Wagner & Mages (2010)

Screw position (mm)

- h-}
m m
Pb L lines Met Area Pb La ROI

PTFE = Pb loading (ug/cm?)

Borgese et al. (2020)

Example of a footer | 28 September 2021 | 11



SINGLE LINE SUBTITLE WITH A MAXIMUM OF APPROX. 100 CHARACTERS

Overview
Environmental analysis

Air, airborne particulates

Flow

= Direct analysis after particle-size fractionated NozzleDiameterD, N 72
sampling directly in sample carriers in multiple
stage impactors Jetvelocity U £

Jetto plate distance

Collection substrates

RS o~
E A {;‘; -i;"j o i:i :\ o ,.v-'m_\s
o A = (8 o ,-""\) - o
\ R I b
1 4 10 11 12

Dekati stage

Seeger et al.(2021)
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SINGLE LINE SUBTITLE WITH A MAXIMUM OF APPROX. 100 CHARACTERS

Overview
Environmental analysis

Soil

= Soil samples can be analysed directly after
slurry preparation, after complete digestion or
extraction

= Due to line interferences the heavy metals Cd,
Sn and Sb can only be analysed with W-Brems
excitation with detection limits in the higher
mg/kg range

Estimated (TXRF)

Key
o - —e— [CP-MS

T T T T T T
0 2 4 6 8 10

Measured (ICP-MS)

Towett et al.(2013)
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SINGLE LINE SUBTITLE WITH A MAXIMUM OF APPROX. 100 CHARACTERS

Overview
Environmental analysis

Water

= Surface-, rain-, ground-, drinking waters can be analyzed nearly
directly (acidification, internal standardization, preparation on
sample carrier)

= Typical detection limits are in the ug/l, sometimes pg/l range
= Mercury analysis is difficult because of its high vapor pressure

» Complexation of Hg with thiourea at pH = 10 (Margui et al., 2002)
= Cadmium analysis is difficult because of line interferences

» Analysis with W-Brems excitation (LLDs in the high pg/l range)

> Liquid-liquid microextraction (Margui et al., 2012)
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SINGLE LINE SUBTITLE WITH A MAXIMUM OF APPROX. 100 CHARACTERS

Overview
Environmental analysis

Water

= Water samples with high matrices (wastewater,
sewages etc.) demand some additional sample
preparation (adddition of detergents like polyvinyl
alcohol)

= TXRF results are typically similar to those, derived by
methods like ICP-OES or ICP-MS

© 2021 Bruker

ICP-OES (mg/L, all elements)

BRUKER

10000 3
4 0 cl

1000 3 3
1 Ca * Na

1.00-E ‘0 |
] Y
] Mg
A R
u E Br
Fe
1 : Sr
13
E |i r Mn
] 3 Zn
0.1 4 I

0,01 3 1
E ‘Pb
1 H

0,001 ..g”... — T — — T

0,001 0,01 01 1000 10000

Cataldo (2012)

TXRF (mg/L, all elements)
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SINGLE LINE SUBTITLE WITH A MAXIMUM OF APPROX. 100 CHARACTERS

. B(I;‘l?lgE?R
Overview e
Environmental analysis

= The routine analysis of air particulates, water and soil
only gives a limited actual evaluation

= For a more detailed assessment more complex
investigations e.g. on biomonitors must be made

© 2021 Bruker Example of a footer | 28 September 2021 | 16



()3 Biomonitoring and TXRF




Can TXRF be a
Valuable Tool in _-'-
Biomonitoring? &

Ighazio Allegretta

Micro X-ray Lab,
DiSSPA,
University of Bari,
Italy
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Soil system

Organisms

Pores

(water, solutions, air, gases)

Aggregates

(OM, clays and other minerals)

EHT= {500 kV Signal 4 = HOBSD Date :31 Jan 2019
WD = 7.5mm Mag= 1/0X Time 11:34.21

Hong et al. (201 9) Appl. Clay Sci. 105125

Allegrettenétesiia(in press) Geoderma



Soil and Organisms

Photosynthesis vs
respiration

Multiple interactions

Different kind of cells,

AN |

Different sample

matrix
(saps/fluids, parts rich in fibers, Si,
- confidential - +/—water‘)



Why do we study the interaction between

the soil andg he organisms?
N

FPhysiology
Nutrrtion/fortifrcation |
Synerqy/ Competition

Response to
pathogens attack

Food security

Envivonmental studres
Fate of PTE

Strategies for
sotl remediation
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Estimated (TXRF)
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Reference materials
OPtimiza tion
FPhlogopite (Mica-Mg)

Validation
Zinnwaldite (ZW-C)

Variables

5amp/e mass
Dispersant volume
Reflector

Comparison with

WDXRF




Variables

Sample weight (mg}
Dispersant volume (ml)
Reflector

Table 3
Recovery (%) obtained for each element after the preparation of slurries using different parameters and TXRF analysis. A recovery of 80-120% was considered
acceptable for the correct element detection. The certifiedfFomtenpation of each element is also reported.

Sample weight (mg) S0 S0 50 50 75 75 100 100 100 100 Reference Value

Triton solution volume (ml) 25 25 5 A 375 25 2.5

Quartz | Plexiglas Quartz Plexiglas Plexiglas Plexiglas
222 132 214 246 172
185 123 192 204 137
124 123 127 1349 92
179 132 169 200 118
149 117 132 154 118
42 36 27 42 34
112 a7 a5 90
185
110 G4 99 90
105 &7 87
1164 a7 97
122 Ot T4 100
46 39 23
124 86 108
a4 92
128
124
92




Table 3
Recovery (%) obtained for each element after the preparation of slurries using different parameters and TXRF analysi
acceptable for the correct element detection. The certifiedfFomtenpation of each element is also reported.

Variables

Sample weight (mg}
Dispersant volume (ml)
Reflector

Sample weight (mg]

S0

S0

50

50

75

75

Triton solution volume (ml)

25

25

5

5

3.75

375

Reflector
Mgz

Al

5

Cl

Cr

Fe
Mi
Cu
Zn
Ga
Rb
Sr

Ba
Fb

Total number of elements with a recovery in the range 80-1 ZD‘HI

Plexiglas Quartz Plexiglas Quartz Plexiglas

222
185
126
179
149
42

112
185
110
105
116
122
46

126

128
126
92

132
123
123
132
117
36

ar

214
192
127
169
132
27

a5

99
&7
a7
39

o4

131
115
100
110
112
42
87
156
56
&4
93
06
17

1]

108
72

246
204

200
154
42
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EHT = 10.00 ki Slgral A = S5E2 Dafe <34 Ot 20498
Wil = 7.5 e Mag= 200K X Time -12:48:48

EHT= 10.00 kv Signal 4 = 562 Diate 24 Ocf 2018
Wo= 1.8 mm Mag= 100KX Time ;1 30208

A= sample weight B = dispersant volume  C = reflecion |




RV (mg/kg) 97,600 252,200
Mean (mg/kg) 131,938 247,412
Recovery (%) 135

RSDyx (%)

RSDr (%)
Day

Sample
Instrument
LOD (mg/kg)
LOQ (mg/kg)
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Pollution
y Potentially Toxic Elements (PTE)




Guia

L

As concentration
SZ = 145 ppm
S2 = 4640 ppm

13300 ppm

40200 ppm
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Non-specifically adsorbed, extracted with (NH4)>,SO4

0.5 M for 4 h at 20 °C;

Specifically sorbed on minerals, extracted with

NH,H,PO, 0.5 M for 16 h at 20 °C; ARy ; ' | o e .-
Associated to amorphous and scarcely ordered Fe and Al s 23 ' Sa mp/ (4 p Ve gp
oxides and hydroxides, extracted with NH-oxalate 02 M [ T S

for 4 h at 20 °C; - 7 .
Associated to well-crystallized Fe and Al oxides and Centrr /, Ug ation Lsmin 1 7 00'(7

hydroxides, extracted with NH,-oxalate 0.2 M and ascor- # i Filter Ihg ( O.45 pum )

bic acid 0.1 M for 30 min at 96 °C: 7 A /S (Se 10004/L) Foul
Residual, extracted using acid microwave-assisted diges- [ES5 Y
tion with HNO; and H,O, (7:1, v/v).

- : ———————— N EA TR TR Ve VIR 7 WE 2 2N Y X))
M Extraction step Description S1 3 - 1000 S

% of total As

Non-specifically sorbed 22402 602 02+0.1

Specifically sorbed T +2.1 252 +2.7 119+223

Associated to amorphous 498 £ 0.8 72 £ 2. 855+1.5
Fe oxides’hydroxides

Associated to well crystalline 279 £ 1.1 603 1.4+0.8
Fe oxides/hydroxides

Residual



Extraction step

Description

Non-specificall

Specifically sorbed
Associated to amorphous
Fe oxide droxides
Associated to well crystalline
Fe oxides
Residual

of total As

22+02
10.7 £ 2.1
498 £0.8

279 £ 1.1







mainly in the
coelomic cavity

Bladder
3 Longitudinal muscle layer

Daorsal blood v e Circular muscle layer

) Cuticle
Pallial blood
vess

Typhiosole Metanephridium

Intestine
Septum __‘_—__’

Coelom (body cavity)

Nephrostome

Ner
Lateral neural bl
. Nephric tubule

Peripheral ne




ka

mainly in the |
coelomic cavity &

Bladder
Longitudinal muscle layer

Darsal blood vessel Circula ayer s -

2.5 mm

.

§ LXRF TOMOGRAPHY [Ene

Pozﬁdo et a]., 201 9 Emron. Sci. Techn. .53 1 096] -I 0968
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: | Dilution: 1(CF):8(PV): (IS= ”

T o L Lk T P

EEE— Don’t worry!!!
Extraction For microsamples
SV, 10se d vou can use TXRF!!!

R

I (counts)

8
|

Sample As concentration in the soil (mgfkg) Analytical technique Final Diluted

Conc (ug/l) 5D (ug/) Conc (pg/l) 5D (ug1) DL (pg/1)

F1* TXRF 53 1.0 0.5 0.1 0.2
ICP-M5 33 0.4 0.02 0002 0.01
TXRF 7.0 1.0 0.7 0.1 0.2
ICP=M5 47 0.4 0.02 0002 0.01
TXRF 253 1.6 25 02 0.2
ICP=ME 248 02 01 0.001 0.01
TXRF 47.0 09 47 0.1 03
ICP-M5 410 1.2 0.21 0,006 0.01
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Plant - JJL

Cr concentration

. ¥y C 65 mg/kg

The

" TR

A6 57160 mg/kg

Firing

(agricultural practice)

What's app to Cr???
Is it biocavailable?

oy Gattul]o eta] 2020 Ebon Sci Po]]utRes 97, 99967-929979
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https:// rhizotest.cirad.fr/en/the-rhizotest
http:// www.metrhizlab.com/
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Shoots )~ 400mg

~100mg |

e

F
.
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ey
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Small amount of sample

How much Cr is inside?

We couldn’t risk
__ with suspensions
st

Rascio et al., submitted



Digestion

TO0O- 150 mg of sample

1 mlof H, O,
7ml of HNO

TXRF analysis

Solution - E
A How much Cr is inside?
Gl BEe We couldn’t risk
___ with suspensions

S Rascio et al., submitted









\' Hi Ignazio, I’'m studying some strategies
to solve the problem of Xilella fastidiosa.
Could you help me?

TXRF analysis L. B Mn=20-200 mg/I
: Fe=710-700 mg/l

1 ml of sap E Ni=O.7-10 mg/L

a (1S) 10 pl 100 mg/ Cu=10-70 mg/I
zZn = 70-500 mg/l

Hi Dr Plant, it depends...what’s the \
problem? ‘

\'1 should analyze the elemental

composition of the olive freesexylem
saps. But I can give you,
OK no problem' " We can use TXRF' -

"4 N o /

:IDI PMCI Ar |

Mn Fe i Zn . Ga Br Rb Sr - )
lWthh clement do you need to analyze? |

S, P, K, Ca, Ti, Mn, Fe, Ni, Cu, Zn

4 &
l, TOP TOP TOP TOP TOP TOP TOP TOP TOP |

2




TXRF Xylem Saps
Sample 100 pl

C., 3 ug/cm>
25ul on Qtz disk
S00 s
Table 5 EXTRA IIA ATOMIKA

Concentrations of the metals present in the selected freeze-dried and concentrated SEC fractions of xylem sap of cucumber ] ( Mo)
artificially contaminated with nickel '

AV elution (cm?)
2.0-2.5 2.5-3.0 3.0-3.5 3.5-4.0 4.0-4.5 4.5-5

¢[pgem™ + RS.D.(%)]
Ca 022+ 8.7 0.13 4+ 4.0 145+ 10.3 182+ 4.0 033454 052+ 1.5

K 0.34+3.2 0.69 + 7.0 46.7+ 113 803 +3.7 138 +1.2 283433

Cu 20.0 + 6.6 n.d. 81.1 +10.5 41.7+22 12.1 + 94 8.10 + 2.6 '

Fe n.d. 60.0 + 12.2 424+ 105 415+ 224 10.6 +58.3 12.8 £ 20.6 + TXRF ana lysis of the
Mn n.d. n.d. 455458 239.9 + 14.0 n.d. n.d. fractions

Ni 156+ 2.1 1385+ 1.2 4339+ 12.1 57.6+9.3 20.1 + 8.1 324+ 6.5

Zn 502+ 0.03 335+ 84 385428 62.7+ 6.3 66.5+ 2.3 1002 + 2.8 500 /J/

Freeze-drying
C., 3 pyg/cm?®
25ul on Qtz disk

500 s




f R A9 Au metal foil
Plant - Pollditiony
Xylem Saps: SR-TXRF-XANES @iy .
; - AT As(V) standard
E%:.I al Mutrient solution containing As(V] repetition 1 :. J.-"' |
5 _ As(V) nutrient solution
£ =
< =
g 3 _J
:
_'E =, As(lll) nutrient solution after 48h
3 g
-0.5 . . . - @ As(lll) nutrient solution
11850 11900 11950 12000 N .
Energy [eV] g
(b) 2.0 Standard solution containing As(il) E |
T 1.8 g — repetition 1 xylem sap (As(V))
E
g
E xylem sap (As(lll))
E
g =]
A
E _ JWW
-0.2 T d
11850 11800 11950
Energy [eV]

11850 11860 11870 11880 11890 11900 11910 11920 1193
Energy [eV]

Meirer et al. (2007) X-ray Spectrometry 3

S 'l T -




C,. 20-50ng
Deposition 1-20ul
Vacuurm drying

w
o
w
o

= Mutrient solution containing As(V) 5 : E""-.__ i -r it Kept in Ar atm

:E 2. it B c I":_ ¥, e, o i }

= > Measurement under
2.0 4

e B vacuum at HASYLAB -

Z 45

£ . PESY

g

5 98 .

E oot —+

=
0.5

11850 11900 11950 12000
Energy [eV]

Reduced

(B) 2.0 T shon containing As(lll) %o Yo chi chi
2l ~ ropttonz Sample As(Ill)* As(V)* square square
g 14
= 12 xylem sap (As(III)) 88 12 00115  1.09
; o3 xylem sap (As(V)) 83 17 0.0112  1.06
% ol As(II) nutrient solution 100 0 0.0072 0.68
S 00+— As(III) nutrient solution 71 29 0.0063 0.60
02 T es0 11800 11950 12000 \ S i aa after 48h
il R A A As(V) nutrient solution 2 98 0.0066 0.63

Meirer et al. (2007) X-ray Spectrometry 36, 408-412
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Plant growth-promoting bacteria (PGPPB) are microbes associated
with plant roots that promote plant growth by

(1) providing enhanced mineral nutrition,

(2) producing plant hormones or other molecules that

biotic and abiotic stresses,
(3) protecting plants against pathogens by affecting survival

of pathogenic microorganisms
Lyu et al. (201 9) Front. Microb. https://doi.org/10.3389/fmicb.2019.01761
p A,

- n . i e

- , & oy Tl

Yaghoubi Khanghahi et al., 2018, Environ Sci Pollut Res 25, 25862-25868
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T

= PR T UL ‘A,
. ] S0 PGPB - s : Tris-mineral medium |
o *‘"".l-- extr'acted From two soils e e e |
o — f ,__w;-' Ml o-glucose=10.0g |
S Zn solubllm bacter'la (NH.).50.=1.0 g |
T KCl=0.2 g |

Zno TL choz - K-HPO.=0.1 g

L, BRI | A — MgS0.=0.2 g

PH = 70

o Yaghoubr Khanghahi et al., 2018, Environ Sci Pollut Res 25, 25862-25868



Microorganisms

10 days at
29 °C
With PGPB

oo Yaghoubi Khanghabhi et al., 2018, Environ Sci Pollut Res 25, 25862-25868



Microorganisms

10 days at
29 °C
With PGPB
‘ Direct ‘
) &
~~ D
\ 7 \ ~
—— o

oo Yaghoubi Khanghabhi et al., 2018, Environ Sci Pollut Res 25, 25862-25868



Mlcroorgamsms

r:l"'ri"

ﬂ

H 20+
|1 |

I Strain Zinc solubilization
I (mg/L) = SE -
| Agrobacterium tumefaciens 1.95+0.02 -
Agrobacterium tumefaciens 51.39+1.73 :
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Rhizobium sp. 206=0.11 | They can mobilize Zn in a pH range
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' Rhizobium sp. 10 52.69+2.31
™ e e
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In conclusion...

TXRF is a useful tool for the study of the interaction be®w
soil and organisms ™ "

Ih particular:
for microsamples
to avoid long extraction procedures
to reduce the use of chemicals
to speed-up sample preparation

Very useful for environmental
studies:
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Thank you for
your kind
attentionll!

ighazio.allegretta@uni
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in the Questions Box and

click Submit

© 2021 Bruker

Example of a footer | 28 September 2021 |

61



Z| DEGLI STUDI DI BARI
7 ALDO MORO

/2 UNIVERSITA

Thank you for your attention!

WWW.bruker.com

https://www.uniba.it/

- confidential -


http://www.bruker.com/
https://www.uniba.it/

	Can TXRF be a valuable tool in biomonitoring?
	Welcome
	Agenda
	Principles of TXRF
	Principles of TXRF�Technical background
	Foliennummer 6
	Principles of TXRF �Bruker Product Portfolio
	Overview – Environmental analysis
	Overview�Environmental analysis
	Overview�Environmental analysis
	Overview�Environmental analysis
	Overview�Environmental analysis
	Overview�Environmental analysis
	Overview�Environmental analysis
	Overview�Environmental analysis
	Overview�Environmental analysis
	Biomonitoring and TXRF
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Foliennummer 29
	Foliennummer 30
	Foliennummer 31
	Foliennummer 32
	Foliennummer 33
	Foliennummer 34
	Foliennummer 35
	Foliennummer 36
	Foliennummer 37
	Foliennummer 38
	Foliennummer 39
	Foliennummer 40
	Foliennummer 41
	Foliennummer 42
	Foliennummer 43
	Foliennummer 44
	Foliennummer 45
	Foliennummer 46
	Foliennummer 47
	Foliennummer 48
	Foliennummer 49
	Foliennummer 50
	Foliennummer 51
	Foliennummer 52
	Foliennummer 53
	Foliennummer 54
	Foliennummer 55
	Foliennummer 56
	Foliennummer 57
	Foliennummer 58
	Foliennummer 59
	Foliennummer 60
	Q & A
	Foliennummer 62

