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AAS (AES) bracketing technique

Metoda "bracketing" (""'ramovani signala'')

Principem této metody kalibrace je méfeni signalu analytu ve vzorku

a ve dvou standardech, z nichz jeden ma o 10-20% nizsi koncentraci

a druhy o 10-20% vy3si koncentraci nez je ofekavana koncentrace analytu ve vzorku

Vstupni veliciny pri aplikaci v AAS (AES)

Koncentrace analytu v obou standardech, c¢1, ¢; (¢ < cyz < c¢3)

Metene signaly odpovidajici analytu ve vzorku a ve standardech yvz, yi. v2
(absorbance. event. emisni signaly)

Vsechny tfi signaly by mély lezet v linearni oblasti kalibra¢ni kiivky
Metene absorbance by se mély pohybovat mezi 0,4-0.6 A (nejvyssi preciznost méieni)

. g Rovnice méreni
Vystupni veli¢ina

Koncentrace analytu ve vzorku (cyz)
Nejistota koncentrace analytu (u(cyz)) Coy = €y X (YE-'E — gl ) T X (YE — Yvz )
Ya— Yl)




Cadmium standard solution determination using AAS
(Kragten spreadsheet, uncertainty evaluation)

Cadmium standard solution

AAS analysis

cadmium
metal for the

standard
preparation

Weight of the

bracketing low

Purity of the
cadmium
metal for the

standard
preparation

bracketing low

Yolume of
bracketing low
calibration
standard

Absorbance of
bracketing low
calibration
standard

Weight of the
cadmium
metal for the
bracketing high
standard
preparatian

Purity of the
cadmium
metal far the

standard
preparation

bracketing high

Yolume of

calibration
standard

bracketing high

Absorbance of
bracketing high
calibration
standard

Sample
absorbance

a [mg]

PL [1]

b [litre]

c 1]

d [mg]

PH [1]

e [litre]

f[1]

g [1]

Value

850,13

1

1

0.3231

1050,09

1

1

0,3544

0.3385

Uncertainty

0.07

0.0000086

0,0001915

0.0013

0.07

0.000006

0,0001915

0.0014

0.0017

PL

850,20

950,13

950,13

950,13

950,13

950,13

950,13

950,13

950,13

1

1.000006

1

1

1

1

1

1

1

b

1

1

1,0001915

1

1

1

1

1

1

C

0,3231

0.3231

0.3231

0,3244

0,321

0,3231

0.3231

0,3231

0.3231

d

1050.09

1050,09

1050.09

1050,09

105016

1050,09

1050.09

1050,09

1050,09

PH

1

1

1

1

1

1.000006

1

1

1

e

1

1

1

1

1

1

1,0001915

1

1

f

0,3544

0,3544

0,3544

0,3544

g

0.3385

0.3385

0.3385

0.3402

Mass conc. (c(u)), [mg/]

999,31

995 22

999,21

1004,72

c{average) - c{u), [mg/l]

-0,003

0,082

0,099

-5,405

(clav.) - c{u))2, [mg/]2

Contribution to the total u

0.000

0.009

0.010

29.216

0,00%

0,02%

0,03%

75,77%

Z{cfav.} - c(u))2, [mg/]2

100,00%

Total uncertainty u, [mg/l]

Awverage mass

concentration

U (k=2), [mg/l]

U (k=2)




Results from 9 cadmium standard parallel determinations

N Absnrbance : Absnrbance . |Absorbance . =>ample Uncertainty
0. bracketing | SD relative | bracketing | SD relative SO relative | Counted mass c
low [1] high [1] sample [1] [mag/1] [mg/l]
1 0,3275 0.0040 0,3570 0,0030 0,3414 0.0060 1 997,2 7,5
2 0,3253 0.0020 0,3565 0,0040 0,3404 0.0040 1 998.5 5,0
3 0,3255 0,0060 0,3556 0,0050 0,3402 0.0040 1 998.9 6,4
4 0.3241 0.0040 0,3544 0,0040 0,3385 0.0040 1 997.6 5,9
5 0,3233 0,0040 0,3540 0,0020 0,3383 0.0060 1 999.0 7,1
B 0,3243 0.0060 0,3547 0,0050 0,3383 0.0040 1 996,2 6,3
7 0,3235 0,0040 0,3548 0,0030 0,3387 0.0050 1 998.7 6,1
B 0,3231 0.0040 0,3544 0,0040 0,3385 0.0050 1 999,3 6,2
9 0,3232 0.0030 0,3545 0,0020 0,3380 0.0040 1 997.4 4,8

Average mass concentration

U (k=2)




Uncertainty evaluation

1) Pomoci Kragtenova diagramu na zaklad¢ uplné rovnice méfeni
2) Z upraven¢ho vztahu pouzitého autory Mestek a spol. [2]

Sopak(Cvz) j€ vybérova smérodatna odchylka opakovatelnosti koncentrace vzorku pro n méteni

u(cra) je nejistota reference (standardniho kalibra¢niho roztoku nebo ¢istoty pevné latky) plus
nejistota veskerych operaci (vazeni, dopliiovani do dané¢ho objemu) souvisejici s pfipravou

reference pro meéifeni na ur¢ité hladin¢ koncentrace analytu

u(V2/V1) je nejistota zted'ovaciho faktoru (alikvétu vzorku)

(Pracuje-li se se ziedénym roztokem vzorku)




Uncertainty evaluation ,top down™ approach

3) Na zaklad¢ valida¢nich parametri (Metoda "top down")
(Vychazi se pfedevsim z udaju o preciznosti méfeni a vychyleni "b")

u(cy, )= I.,.'5 - (cyy )+ b’

A

A je stiedni odchylka vysledki opakovanych méfeni od piislusné referencni hodnoty

81 je vybeérova smerodatna odchylka meéfeni provedenych pro vysetieni vychyleni

u(cre) je nejistota referenéni hodnoty koncentrace




Bracketing low standard preparation uncertainty

Bracketing low standard
preparation

Weight of the cadmium
metal far the bracketing
low standard preparation

Purity of the cadmium
metal far the bracketing
low standard preparation

Yolume of bracketing low
calibration standard

Flask volume used for
the bracketing low
standard dilution "not

Fipette volume used for
the bracketing low
standard dilution "not

counted” counted”
a [mg] PL [1] b [litre] flask [ml] pipette [ml]
Walue 950,13 1 1 1 1
Uncertainty 0,07 0,000006 0.0001915 0 0
a 950.2 950,13 950,13 950,13 950,13
PL 1 1,000006 1 1 1
b 1 1 1.0001915 1 1
flask [ml] 1 1 1 1 1
pipette [ml] 1 1 1 1 1
Mass conc. (c(u)), [mag/1] 950,20 950,14 949,95 950,13 950,13
claverage) - c(u), [mg/l] 0,070 0,005 0,182 0,000 0,000
(clav.) - c(u))2, [mg/l]2 0.004 0,000 0.033 0,000 0,000
Contribution to the total u 12,9% 0,1% a7,0% 0,0% 0,0%
Z(clav.) - c(u))2. [mg/1]2 0.038 100,00%
Total uncertainty u, [mg/] 0,19 Mass concentration 950,13 [mgd1]
U (k=2), [mg/1] 0,29 U (k=2) 0,39 [mg1]




Bracketing low standard preparation uncertainty, dilution

Bracketing low standard
preparation

Weight of the cadmium
metal far the bracketing
low standard preparation

Purity of the cadmium
metal far the bracketing
low standard preparation

Yolume of bracketing low
calibration standard

Flask volume used for
the bracketing low

standard dilution

Pipette volume used for
the bracketing low
standard dilution

a [mg] PL [1] b [litre] flask [ml] pipette [ml]
Walue 950,13 1 1 500 50.00
Uncertainty 0.07 0.000006 0.0001915 01137 0.0018
a 950.2 950,13 850,13 950,13 950,13
PL 1 1.000006 1 1 1
b 1 1 1,0001915 1 1
flask [ml] 500 500 500 5001137 500
pipette [ml] 50 50 50 50 50,0018
Mass conc. (c(u)), [mag/1] 95,02 95,01 94,99 94 99 95,02
claverage) - c(u), [mg/] -0.007 -0,001 0.018 0,022 -0.003
(clav.) - cfu))2, [mg/l]2 0,000 0,000 0,000 0,000 0,000
Contribution to the total u 5,7% 0,0% 38,6% 54,4% 1,3%
Z{ciav.) - c{u))2, [mg/]2 0.001 100,00%
Total uncertainty u, [mg/] 0,03 Mass concentration 95,01 [mgd1]
U (k=2}, [mg1] 0,06 U (k=2 0,06 [mg1]




Bracketing high standard preparation uncertainty

Bracketing high standard
preparation

Weight of the cadmium
metal far the bracketing
high standard

Purity of the cadmium
metal far the bracketing

high standard

Volume of bracketing
high calibration standard

Flask volume used for
the bracketing high
standard dilution "not

Fipette volume used for
the bracketing high
standard dilution "not

preparation preparation counted” counted”
a [mg] PL [1] b [litre] flask [ml] pipette [ml]
Walue 1050,09 1 1 1 1
Uncertainty 0,07 0,000006 0.0001915 0 0
a 1050,16 1050,09 1050,09 1050,09 1050,09
PL 1 1,000006 1 1 1
b 1 1 1.0001915 1 1
flask [ml] 1 1 1 1 1
pipette [ml] 1 1 1 1 1
Mass conc. (c(u)), [mag/1] 1050,16 1050,10 1049,859 1050,09 1050,08
claverage) - c(u), [mg/l] 0,070 0,006 0,201 0,000 0,000
(c{av.) - clu))2, [mg/]2 0.004 0,000 0.040 0,000 0,000
Contribution to the total u 10,8% 0,1% 89,1% 0,0% 0,0%
Z(clav.) - c(u))2. [mg/1]2 0.045 100,00%
Total uncertainty u, [mg/] 0,21 Mass concentration 1050,09 [mgd1]
U (k=2), [mg/1] 0,43 U (k=2) 0,43 [mg1]




Bracketing high standard preparation uncertainty, dilution

_ . . .
Bracketing high standard r.:;!tlglh.ftu?ftaheebcraaggt?:; rs:tgtl?.fs:ng E?:S;:autiwg .‘-.-fnlum.e nf.bracketing Fiiikbﬁ:g:u}?;ﬁnu;ﬁ;jg;m Pifﬁ;tzrzncli;:?n;sh?gdhfnr
preparation hlpgrr;ps;argttij;:d thrr;;;argttij;:d high calibration standard standard dilution standard dilution
a [mg] PL [1] b [litre] flask [ml] pipette [ml]
Walue 10560,09 1 1 500 50,00
Uncertainty 0.07 0.000006 0.0001915 01137 0.0018
a 1050,16 1050,09 1050,09 1050.09 1050,09
PL 1 1,000006 1 1 1
b 1 1 1.0001915 1 1
flask [ml] 500 500 500 5001137 500
pipette [ml] 50 50 50 50 50,0018
Mass conc. (c(u)), [mag/1] 105,02 105,01 104,99 10499 105,01
claverage) - c(u), [mg/] -0.007 -0,001 0.020 0,024 -0.004
(clav.) - cfu))2, [mg/l]2 0,000 0,000 0,000 0,001 0,000
Contribution to the total u 4,7% 0,0% 39,0% 55,0% 1,3%
Z{ciav.) - c{u))2, [mg/]2 0.001 100,00%
Total uncertainty u, [mg/] 0,03 Mass concentration 105,01 [mgd1]
U (k=2}, [mg1] 0,06 U (k=2 0,06 [mg1]




Results from AAS (AES) bracketing technique determinations

Analyte
(standard)

Concentration
"bracketing"
standards

[mg 1]

Certified mass
concentration
value + U
[mg l- 1] o e e

Found mass
concentration
value + U

Recovery
[%]

Ag. CZ90011IN1

338.3

9.50-10.50

1000 =2

999 + 8

99.9

Al, CZ90021IN1

396.2

95.00 - 105.00

1000 =2

1000 £7

100.0

As, Alfa Aesar

193.7

95.00 - 105.00

1000 £ 5

1001 £9

100.1

As, CZ90031N1

193.7

95.00 - 105.00

1000 =2

1001 £8

100.1

Ba, CZ90061N1

553.6

950 - 1050

1000 =2

1001 =9

100.1

Cd, NIST

228.8

9.52-10.52

10005 £ 19%*

9966 + 18**

99.6

Cd, CZ90101N1

326.1

950 - 1050

1000 =2

998 =4

99.8

Fe, CZ90191IN1

372.0%

950 - 1050

1000 =2

1000 =7

100.0

K, CZ90281H1

404.4

950 - 1050

1000 =2

999 + 8

99.9

Na, CZ90351N1

589.0

9.50-10.50

1000 =2

1002 =5

100.2

Ni, CZ90381N1

232.0

9.50-10.50

1000 =2

999 + 5

99.9

Ni, CZ90381N1

341.5%

950 - 1050

1000 =2

998 + 8

99.8

N1, Alfa Aesar

232.0

9.57-10.51

1000 £ 5

1001 £3

100.1

Pb. Alfa Aesar

217.0

9.50-10.50

1000 =2

1000 =5

100.0

Zn, CZ90691N1

213.9

9.50-10.50

1000 =2

997 =10

99.7

*emission measurement, **[mg.kg!], ***expanded combined uncertainty (k=2)




Comparison of uncertainties estimated by different approaches

Found mass
Analyte concentration

(standard) [I;li:giﬂ** Kragten Top down | Formula [2]

Ba, CZ90061N1 | 553.6 1000.9 9.1 10.2 3.1
Cd, CZ90101N1 | 326.1 998.1 4.1 3.4 0.9
Fe, CZ9019IN1 | 372.0* 999.5 - 7.0 2.4
K, CZ90281H1 404.4 999.4 - 7.6 2.5
Ni, CZ9038IN1 | 341.5% 998.2 6.8 7.7 2.3
*emission measurement, **non-diluted samples, ***expanded combined uncertainties (k=2)

Uncertainty [mg.]-1]***




Il Thank you for your attention !!




