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1. Introduction to the topic

C EMPIR project 14RPD3 - Matrix

reference materials for environmental
analysifENVCRM

Candidate reference material for river
water sample As Cd,Hg, Ni and Ph as
mandatoryelements,and Se,asoptional
elements

Candidate reference material for soll
sample As Cd,Co,CrCu,Fe Mn, Ni, Ph
ShVandZn

tet ettt

15
1.3
40
70
60
No target
No target
50
60
Sb
40
140
1.4

@ EnvCRM

ELEMENTS SOIIRM RIVER RM
Target(mg/kg) Target(ug/kg)

15
0.5

e S e e

0.1
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1. Introduction to the topic @ EnvCRM

C Inter-comparisonstudiesbetweenthe partnerswill be organizedin order to
produce and characterisethe candidate reference material for river water
sampleandsoilsample

C The Agilent 4200 MP-AES (Microwave Plasma ¢ Atomic Emission
Spectrometer is one of analytical techniques that will be used for
characterisatiorof RM

C Thiswork presents developmentand validation of methods for chemical
analysigf analytesof interest

C Theworkto be presentedisimplementedunderthe EMPIRL4RPD3 - Matrix
referencematerialsfor environmentalanalysis
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2. Optimization of instrumental parameters @ EnvCRM

C Description of the instrumental technique:

MWP-AES (Microwave plasngaatomic emission spectrometer)

Nitrogenplasmaignitedindirectly by meansof temporaryformed Ar plasma

O, admixture

- The stability and compositionof N, R CN BX (00) )
plasmais a function of amount of it ~ Somimin
oxygenpresent o

e CN B-X (1-0) )
=, ] &N.B-X(1-0)] N, B-X(0-0)
: 2 50001 NOy (0- —
- Plasma temperature is around z *3™"% ‘
. . . 2 ] N, C-B (0-0)
6000°C and it emits high levelsof £ ™ | N
microwaveradiation L N, C-B (1-0) |
500 A
o

ol U
400 4350 500

wavelength [nm]

S
200 250 300 350
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2. Optimization of instrumental parameters
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S 8geysii

2. Optimization of instrumental parameters

- ldentification and quantification of the elementsin plasmais done by optical
detection of either atomic or ionic emission spectral lines at selected
wavelengths

- Detectioncoversnear UV and visiblepart of the EM spectraenablingextensive
elementalanalysis

- Liguidsampleis introducedin plasmausingperistaltic pump & nebulizer It is
preferredthat the sampleis acidifiedwith nitric acid(pH<2) with TDSup to 3%
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2. Optimization of instrumental parameters

Analytes of interest for soil reference
materialare selected

Co,Cr,Cu,Fe,Mn, Ni,Pb,V,Zn

As and Sbis ongoingwith aplication of
HydrideGenerationtechnique

Hgwill be the last step for development
of the method

@ EnvCRM

ELEMENTS SOIIRM
Target(mg/kg)

As
Cd
Co
Cr
Cu
Fe
Mn
Ni

Pb
Sb
\Y

Zn
Hg

te et ttt

15
1.3
40
70
60
No target
No target
50
60
Sb
40
140
1.4

" IMA2017, Heraklion



INSTITUT ZA MJERITELJSTVO BOSNE | HERCEGOVINE * UHCTUTYT 3A METPOJIOTAJY BOCHE W XEPLLETOBUHE* INSTITUTE OF METROLOGY OF BOSNIA AND HERZEGOVINA

2. Optimization of instrumental parameters @ EnvCRM

C Method settings:
a) Emission lines selectddr analytes of interest

b) Viewing position for each line and nebulizer pressure optimized prior to
analysis using sample solutions (matrix effect included)

c) Calibration fit: lineaf rational with blank subtraction

d) Concentration intervalfor analytes of interest

one by one element ...
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U Setup common

instrumental conditions

=" 2_Optimization of instrumental parameters @ EnvCRM

Common Conditions

»" .

Replicates: 3 v
Pump speed (rpm): 10
Sample introduction: ' Manual

@ Autosampler
Uptake time (s): 20 = ) [¥] Fast Pump
Rinse time (s): 80 = (0 [¥]FastPump

Stabilization time (s): 30 =

Number of pixels: |3 v ’

Air injection required:

" IMA2017, Heraklion
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~~~~~ 2. Optimization of instrumental parameters

Cobalt

V Emission line selected:
345.351 nm

V Possible interferences
are shown on graph
below
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@ EnvCRM

Selected Element: Co @ Recommended () Al
| Add
Wavelength (nm) | lon | Intensity I Order | =
340512 | 351169 1 [
345.351 | B0379.5 2
350.228 | 31459.7 3 -
240.725 | 231393 4 T
341.234 | 22363.3 5
350,631 | 21835.8 E
352.684 | 214445 3
347.404 | 191222 8
384547 | 189396.1 9
356.937 | 186145 10
389.407 | 180811 11
352.981 | 17196.3 12 -
Possible interferences on Co (345.351 nm) @ [E]
T T T T T T
150,000 |- e
100,000 -
Co
50,000 [ -
Ho
Re D
S .
Ca % []c et g:.ll I]a caldg” II&" [r cﬁ‘r;n e
345.100 345.200 245.300 345.400 345.500 345.600
Wavelength

" IMA2017, Heraklion
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=== 2. Optimization of instrumental parameters

Y, Viewing positiorand nebulizer R Co (345.351 nm), Standard 1, Rack 1 Tube 2 (4][»]
pressure optimized prior to analysis w500

4,000

using sample solutions (matrix effect 3,500 -
5 3,000 4
included)

2,500 4
2,000 4
1,500 4
1,000 4
. . . . . 500 4
V Calibration fit:linearwith blank iE

-500 5

subtraction -1,000

Intensity

T T T T T T
345.100 345.200 345.300 345.400 345.500 345.600
Wavelength (nm)

: . =
V Concentration intervalfor Co: B Co (245.351 nm) Caibration 0

0¢ 1.50 ppm o

35,000
30,000
25,000 -

20,000

Intensity

15,000 -
10,000

5,000

0 " " " '
0.00 1.00
Concentration (ppm)

Intensity = 23160.62 * Concentration - 0.00
Correlation coefficient: 0.99896

" IMA2017, Heraklion 12
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2. Optimization of instrumental parameters @ EnvCRM

Chromium -
Selected Element: Cr @ Recommended (O Al
Add
Wavelength {nm) | lan | Intensity | Order | i
0 = = . 426,433 | 2735404 1
V Emission line selected: 367,968 | 2122676 2
427.480 | 210416.3 3 L
425.433 nm 359,248 | 1828310 4 3
428 972 | 1635955 5
360,532 | 1239681 =]
h20.844 | 1018957 7
. . 520,604 | 710826 a
V Possible interferences 520,452 | o323
283,863 1l 133307 10
540,973 | 124042 11
are Shown On graph 302158 | 112011 12 -
below
Possible interferences on Cr (425.433 nm) @
300,000 — T T T T
F Cr
250,000 — —
200,000 — —
150,000 — —
100,000 — —
s0.000 - ]
[ Sm ]
:§I'I'Er Hd Ce S&m MBe Wb Wb E= N@;[I Nd
428200 428300 425400 428500 428500

Wavelength
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2. Optimization of instrumental parameters

V' Viewing positiorand nebulizer

pressure optimized prior to analysis
using sample solutions (matrix effect

included)

V Calibration fit:rationalwith blank
subtraction

V Concentration interval$r Cr:
0¢ 2.50 ppm

A

T G

A Cr (425.433 nm), Standard 3, Rack 1 Tube 4 (4]

(]

160,000
140,000
120,000
100,000
80,000
50,000
40,000
20,000
i

Intensity

-20,000

425.200

425.300

425.400 425.500
Wavelength {nm)

425.600

425.700

[

=
[»)

220,000
200,000
180,000
160,000

£ 140,000

E 120,000

£ 100,000

80,000
60,000
40,000
20,000

X///

0.00

1.00
Concentration (ppm)

2.00

Intensity = (52293.94 * Concentration - 0.00) /(1 - 0.14 * Concentration)
Correlation coefficient: 0.99704

" IMA2017, Heraklion 14
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2. Optimization of instrumental parameters @ EnvCRM
Mr Selected Element Cu @ Recommendsd © Al
Add
Wavelength {nm}) | lon | Intensity | Order | it
324,754 [ 4774505 1
o ) 327.395 | 245232.7 2
. 510,554 [ 71051 3 L
V' Emission line selected: st o e 8 3
223,008 [ 3053.0 5
324.754 nm 216,510 [ 24135 3
218.172 [ 23265 7
219,955 [ 2090.8 B
) ) 521.620 [ 2009.4 g
16,965 [ 17589 10
V Possible interferences dteses L mes
are Shown on g raph 222 570 I 1751.3 12 -
below B
Possible interferences on Cu (324.754 nm) IEJ
F T T T T T T
500,000 r Cu —
00,000 :— —
200,000 :— —
200,000 :— —
100,000 :— —
:Sm : B Tre Fe Eumel Hf _Fe Ti b Es i Sm : GdSm
a24.500 S24. 600 324700 324800 3248900 325.000
Wavelength

" IMA2017, Heraklion 15
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Viewing positiorandnebulizer
pressure optimized prior to analysis
using sample solutions (matrix effect
included)

Calibration fitlinearwith blank
subtraction

Concentration interval®r Cu:
0¢ 4.0 ppm

2. Optimization of instrumental parameters

4]

i Cu (324.754 nm), Standard 5, Rack 1 Tube &

00,000
500,000
400,000

300,000

Intensity

200,000

100,000

i -~ ——

-100,000

324.500 324.600 324.700 324.800

Wavelength (nm)

324.500 325.000

E
] Cu (324.754 nm) Calibration (4](»]

600,000 -
550,000
500,000 -
450,000
400,000 T
350,000 -
300,000
250,000 -~
200,000 -~
150,000
100,000 //,x’
50,000 1 %

o

0.00 1.00 2.00 3.00 4.00

Concentration (ppm)

Intensity = 140142.29 * Concentration + 0.00
Carrelation coefficient: 0.99909

Intensity

A

" IMA2017, Heraklion
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s 2. Optimization of instrumental parameters @ EnvCRM
|F6ﬁ Selected Element Fe @ Recommended Al
add
Wavelenath {nm) | lon | Intensity | Order | i
371,932 | 168706 1
259,940 ] E319.3 2
H H H . 373486 | 149773 3 L
V Emission line selected: — | E— -
T I | 135334 b
373'486 nm 3\8118 | 129126 [
302 0R4 | 126968 T
382043 | 120838 g
374345 | 103854 9
1 1 74547 | areaa 10
V Possible interferences b | G
are Shown On graph 382588 | T7E39 12 -
below B
Possible interferences on Fe (373.456 nm) @
T T T T T
15,000 Fe -
Fe
10,000 - Sm —
5,000 Er —
Tm E i
i F
g ad Eh Ca
p LI e ld | oivwl v Tl
373.300 373.400 373.500 373.600 373.700
Wavelength

~IMA2017, Heraklion 17



INSTITUT ZA MJERITELJSTVO BOSNE | HERCEGOVINE » UHCTUTYT 3A METPONIOr1JY BOCHE W XEPLIETOBUHE* INSTITUTE OF METROLOGY OF BOSNIA AND HERZEGOVIN

A

&

7
......

2. Optimization of instrumental parameters

View: gl @l E| El
B )

V' Viewing positiorand nebulizer

pressure Optimized prior to anaIySiS L o Fe (373.486 nm), Standard 5, Rack 1 Tube 6 (4][»]
using sample solutions (matrix effect 250,000
included) _ 200,000
E 150,000
E 100,000
V Calibration fit:linearwith blank 50,000
subtraction ’
-50,000
373.300 373.400 373.500 373.600 373.700
Wavelength (nm)
V Concentration interval$or Fe: G
] Fe (373.486 nm) Calibration (4][»]
0 C 25 ppm 300,000 —
250,000 /’/X/
_—
_ 200,000 /{/,x
% 150,000 }/X/
= -
"~ 100,000 /x“/
-
-
50,000 /.»t’
D -
0.00 5.00 10.00 15.00 20.00 25.00
Concentration (ppm)
Intensity = 10481.86 * Concentration + 1.41
Correlation coefficient: 0.99994

" IMA2017, Heraklion
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2. Optimization of instrumental parameters @ EnvCRM
Mﬁﬁ%l | Selected Element Mn @ Recommended () All
Add
Wavelength (nm) | lon | Intensity | Order | it
403.076 | 2482294 1
o . 403,307 ! 183876 2 2
V Emission line selected: 257,610 1o tamon 3 |
273.482 | 1285207 4
403.307 nm 259,372 I 118435.0 5
403,449 | 112710.2 E
27887 | 104348.6 T
260.568 Il 970279 g
. . 280108 | BE3317.4 9
V Possible interferences 294,920 ! e 10
293931 ] 18848.0 11
are shown on graph 233,305 I 107131 12 -
below
Possible interferences on Mn (403.307 nm) @
[ T T T
250,000 - n -
200,000 - 4
L N
150,000 — -
[ hdn
100,000 ~
50,000 — La kT -
o 5o Le TILW Rl Butre SLNI:RE GdDviffd  TRr Em gg W
403400 403200 403300 403 400 403500
Wavelenith
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Se=s 2 Optimization of instrumental parameters
view [ 4 43
V' Viewing positiorand nebulizer i =
pressure optimized prior to analysis ey (402307 ) Stendard 5 Rock 1 Tube ¢ )
using sample solutions (matrix effect 2 00,000
included) - 1,500,000
£ 1,000,000
V Calibration fit:linearwith blank so0.000
subtraction °

403.100 403.200 403.300 403.400 403.500
Wawvelenath (nm)

V Concentration intervalfr Mn: =
X Mn (403.307 nm) Calibration (4] »]

0¢ 30 ppm 2,000,000
1,800,000 /’?\,/

1,600,000 -
1,400,000 -
1,200,000 >
1,000,000 —

800,000 -~

§00,000 /x/

400,000 -

200,000 -

a
0.00 5.00 10.00 15.00 20.00 25.00 30.00
Concentration (ppm)

Intensity = 58434.36 * Concentration + 0.00
Correlation coefficient: 0.99996

—

Intensity

" IMA2017, Heraklion 20
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2. Optimization of instrumental parameters @ EnvCRM
N |C||@| Selected Element Ni @ Recommended ) Al
Add
Wavelength (nm) | lon | Intensity | Order | it
362454 | 77RET.A 1
5 5 5 . 34 476 | 573064 2
V Emission line selected: 361,939 | 376225 3 |
351,505 | Ira3z28 4 r
341.476 nm 349,295 | 29919.4 5
J4E.165 | 23807.0 E
305.082 | 28111.5 7
345,846 | 236937 g
o o 300,248 | 230425 9
V Possible interferences 310,155 | aems 0
4 626 | 200082 11
are Shown on graph 232.003 | 16363.9 12 -
below B
Possible interferences on Mi (341.476 nm) @]
F T T T T b
60,000 - i ]
50,000 — .
40,000 — Ho -
20,000 — .
P oco ]
20,000 r ]
10,000 — He .
F [x =d Cao 1
T S | el ik
341300 341400 341500 341600 341700
Wavelength
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Viewing positiorandnebulizer
pressure optimized prior to analysis
using sample solutions (matrix effect
included)

Calibration fit:rational with blank
subtraction

Concentration interval®r Ni:
0¢ 2.5 ppm

2. Optimization of instrumental parameters

(]
(=
(s

View:

b4

%

Intensity

-10,000

4 &
™Ma|@

Mi (341.476 nm), Standard 5, Rack 1 Tube 6

70,000
60,000
50,000
40,000
30,000
20,000
10,000

T N, S ——

341.200 341.300 341.400 341.500

Wavelength (nm)

341.600 341.700

Intensity

0.00 1.00 2.00
Concentration (ppm)

Intensity = (24426.31 * Concentration + 0.00) /(1 + 0.06 * Concentration)
Correlation coefficient: 0.99680

A

" IMA2017, Heraklion
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2. Optimization of instrumental parameters @ EnvCRM
Vaﬁa(ﬁhum Selected Element V @ Recommended () All
Aidd
Wavelength (nm}) | lon | Intensity | Order | iL
a09.311 1l 94468.9 1
V Emission line selected: 310225 o e s
437.923 nm e | mms s
438.957 | 42627.0 [
318.357 | 38819.2 7
411.173 | 381975 a3
V Possible interferences ez L e
2528 1l 302064 11
are shown on graph 353 R LT -
below
Possible interferences on WV (437.923 nm) @
N4 Nl?l_;sl]mEr ¢4 Ta IHo Pr | _‘ﬁ'qo | PrSmI 34 MDD-

T T T T
37700 437750 4378000 437550 437.000 4370950 435000 432050 432400 432450

Wavelength

~IMA2017, Heraklion 7
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A

&

== 2. Optimization of instrumental parameters
Wiew: [;l @| El [Zl

V Viewing positiorandnebulizer i =

pressure optimized prior to analysis ‘ v (437.923 nm), Standard 5, Rack 1 Tube 6 (D]
. . o 350,000
using sample solutions (matrix effect a0,000
included) 250,000
£ 200,000
E 150,000
V Calibration fitlinearwith blank e

subtraction & B
-50,000
437.700 437.800 437.300 438.000 438.100

Wavelength {nm)

V Concentration intervalfor V: =
X V (437.923 nm) Calibration («][»]
0¢ 10 ppm 350,000
-
300,000 /}/
_
250,000 f_,/
—~
£ 200,000 /_f/"'r
ﬁ 150,000 /_,x/
—
100,000 e
50,000 //(
a
0.00 2.00 4.00 .00 8.00 10.00
Concentration (ppm)
Intensity = 30518.94 * Concentration - 9.39
Correlation coefficient: 0.99998

" IMA2017, Heraklion 24



INSTITUT ZA MJERITELJSTVO BOSNE | HERCEGOVINE * UHCTUTYT 3A METPOJIOTAJY BOCHE W XEPLLETOBUHE* INSTITUTE OF METROLOGY OF BOSNIA AND HERZEGOVINA

2. Optimization of instrumental parameters @ EnvCRM
zmm@ Selected Element Zn @ Recommended () Al
Add
Wavelength {nm) | lon | Intensity | Crder |
213857 | 372851 1
V Emission line selected: 02 | wre s
206.200 I 2385.7 4
213.857 nm 472215 ! 14301 5
328233 I 126719 E
187.150 I 1075.9 7
V Possible interferences
are shown on graph

Possible interfferences on Zn (213.857 nm) @
40,000 [ T I I H
z
30,000 1
20,000 -
10,000 1
I3 Qs 3 Ra Fe \ﬁrTa
T T L Tt

T T T T T T T T T T T — —
213650 2432700 243780 243800 213860 243000 242050 244000 244050 244100

Wavelength

" IMA2017, Heraklion 25
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2. Optimization of instrumental parameters

V' Viewing positiorand nebulizer
pressure optimized prior to analysis
using sample solutions (matrix effect
included)

V Calibration fit:linearwith blank
subtraction

V Concentration intervalfor Zn:
0c¢4 ppm

View: g| @l El Q|

b

=l

%

Intensity

70,000
0,000
50,000
40,000
30,000
20,000
10,000

0

-10,000

Zn (213.857 nm), Standard 5, Rack 1 Tube &

(D)

213.800 213.900
Wavelenagth (nm)

213.600 213.700 214.000 214.100

Intensity

L
[
=)
[}
[}

=l
Zn (213.857 nm) Calibration (4][»]

-

0.00 1.00 2.00 3.00 4.00

Concentration (ppm)

Intensity = 16417.41 * Concentration + 212.32
Correlation coefficient: 0.99901

" IMA2017, Heraklion
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Szl g pecylts © EnvCRM

C Nisan2015Soilreference material;, TUBITAKIME
C 6replicates for analytes

Co Cr

REEERENC

EVALLE 22.7 161 38.4 42650 778 109 140 86.9
mg/kg

MPAES

VMEmg/Ikg 24.75 153.02 36.41 40736  813.57 106.41 132.89 88.44
s 0.64 4.33 0.32 566 6.40 1.44 2.01 0.98
n 2.05 7.98 2.00 1913 35.57 2.59 7.11 1.54

" IMA2017, Heraklion 27
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"*"Ss;g's‘:':';‘:;";’ 4. Further StepS @ EI’]VCRM

C Instrumental parameters for severalementsneed to beimproved

C Reference values will be validated by comparison between laboratories
using different detectiortechniques

C MWPAES method analyse$ selected analytes in smlill be compared
with ICPMSor IDMS
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"*":‘z';;"'s‘:':';‘:;";’ 4. Further StepS @ EnVCRM

C Measurement uncertainty budget to be obtained using empirical approach
Intra-laboratory validation and usage obmparisordata for bias
estimation

— 2 2
Ue = Juprec + Upias

- The main sources of uncertainty:

V Purity of chemicals
V Plasma stability

~IMA2017, Heraklion 29



INSTITUT ZA MJERITELJSTVO BOSNE | HERCEGOVINE * UHCTUTYT 3A METPOJIOTAJY BOCHE W XEPLLETOBUHE* INSTITUTE OF METROLOGY OF BOSNIA AND HERZEGOVINA

N wir iy
SR geTysil

4. Further steps @ EnvCRM

C Usage of high purity chemicals minimises the occurrence of spectral
Interferences

C Uncertainty from instrumental sources controlled by QC samples
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Questions?

Thank you for your attention!
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