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Figure 6. SRC Operating sequence

Sample 
type Method Sample 

amount Digestion mixture Final volume
(mL)

Final Acidity*
(V/V) DIL FACT

1 EAM 4.7
0.5 g

(dry samples)

5 mL HNO3 + 1 mL 
H2O2 (+ 0.25 mL HCl 

after digestion)
50 5% HNO3 0.5% HCl x 100

2 Lower acid volume
0.5 g

(dry samples)
2.5 mL HNO3 + 0.25 

mL HCl
25 5% HNO3 0.5% HCl x 50

3 Larger sample mass
1 g

(dry samples)
5 mL HNO3 + 0.25 

mL HCl
50 5% HNO3 0.5% HCl x 50

4 Larger sample mass/ 
Lower dilution

1 g
(dry samples)

5 mL HNO3 + 0.25 
mL HCl

25 10% HNO3 1% HCl x 25

5 EAM 4.7
5 g

(wet samples)

5 mL HNO3 + 1 mL 
H2O2 (+ 0.25 mL HCl 

after digestion)
50 10% HNO3 0.5% HCl x 10

6 Lower acid volume
5 g

(wet samples)
2.5 mL HNO3 + 0.25 

mL HCl
25 5% HNO3 0.5% HCl x 5

Table 5. ultraWAVE 3 methods for baby food digestion and their dilution factors.

*Considering 10% as maximum acidity tolerable for ICP-MS, fi nal acidity was estimated considering 50% oxidative acid consumption as 
reported in the EAM 4.7 method. Note that for methods 2-4 and 6 the listed fi nal acidity exceeds the real value due to a lower sample to acid 

ratio. In this study, a conservative approach was applied for the calculation using the same 50% consumption factor reported in EAM 4.7.
** Addition of 1 mL of DI water is recommended to minimize the exothermic reaction.
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ultraWAVE 3 – EAM 4.7 method – Dry samples

ERM BD-150 TFV002RM T07413QC
Sample weight (g) 0.5 0.5 0.5

Final Vol.(mL) 50 50 50

As

Exp.Conc.(µg/kg) NA 72.9 113

Meas.conc. (µg/kg) 3.14 67.8 115

Rec% - 93 102

RSD% (n=3) 5.9 3.0 1.3

Cd

Exp.Conc.(µg/kg) 11.4 21.2 32.8

Meas.conc. (µg/kg) 10.2 21.3 33.0

Rec% 89 101 101

RSD% (n=3) 0.49 3.0 1.4

Hg

Exp.Conc.(µg/kg) 60 39.6 29.6

Meas.conc. (µg/kg) 51.9 41.7 29.8

Rec% 86 105 101

RSD% (n=3) 0.97 1.9 0.59

Pb

Exp.Conc.(µg/kg) 19 52.9 44.9

Meas.conc. (µg/kg) 14.3 47.1 44.9

Rec% 81 89 100

RSD% (n=3) 3.3 2.7 0.65

Table 6. ultraWAVE 3 recovery study of As, Cd, Pb, and Hg in dry food samples applying EAM 4.7 method

ultraWAVE 3 – EAM 4.7 method – Wet samples

BF-MEAT BF-VEG BF-FISH FJ
Sample weight (g) 5 5 5 5

Final Vol. (mL) 50 50 50 50

As
Measured conc. (µg/kg) 1.82 2.19 20.8 1.11

Spike Rec% 107 94 103 97

RSD% (n=3) 6.2 3.3 8.5 4.5

Cd
Measured conc. (µg/kg) 7.37 9.9 6.02 1.01

Spike Rec% 104 80 88 92

RSD% (n=3) 7.3 1.8 8.0 0.15

Hg
Measured conc. (µg/kg) 0.48 <0.023 0.97 <0.023

Spike Rec% 80 86 87 90

RSD% (n=3) 8.2 8.3 3.9 3.9

Pb
Measured conc. (µg/kg) 2.64 12.6 2.51 0.75

Spike Rec% 103 95 103 112

RSD% (n=3) 6.6 5.5 3.0 2.9

Table 7. ultraWAVE 3 recovery study of As, Cd, Pb, and Hg in wet food samples applying EAM 4.7 method.
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In Tables 8 and 9 the data obtained decreasing 

by half the volume of the acid used in EAM 4.7 

method are reported. In the following last two 

recovery studies related to ultraWAVE 3 a new 

procedure was evaluated where double the 

sample mass (method details in Table 5) was used 

compared to EAM 4.7 method.

ultraWAVE 3 - Lower acid volume method – Dry samples

ERM BD-150 TFV002RM T07413QC
Sample weight (g) 0.5 0.5 0.5

Final Vol. (mL) 25 25 25

As

Exp.Conc.(µg/kg) NA 72.9 113

Meas.conc. (µg/kg) 3.59 73.4 122

Rec% - 101 108

RSD% (n=3) 11 4.4 4.4

Cd

Exp.Conc.(µg/kg) 11.4 21.2 32.8

Meas.conc. (µg/kg) 10.0 21.7 34.4

Rec% 88 102 105

RSD% (n=3) 2.4 0.36 4.4

Hg

Exp.Conc.(µg/kg) 60 39.6 29.6

Meas.conc. (µg/kg) 54.7 42.9 30.8

Rec% 91 108 104

RSD% (n=3) 1.3 1.6 1.5

Pb

Exp.Conc.(µg/kg) 19 52.9 44.9

Meas.conc. (µg/kg) 15.8 50.6 42.8

Rec% 83 96 95

RSD% (n=3) 3.6 3.4 1.1

Table 8. ultraWAVE 3 recovery study of As, Cd, Pb, and Hg in dry food samples working with lower acid volume 

compared to EAM 4.7 method.
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ultraWAVE 3 - Lower acid volume method – Wet samples

BF-MEAT BF-VEG BF-FISH FJ
Sample weight (g) 5 5 5 5

Final Vol. (mL) 25 25 25 25

As
Measured conc. (µg/kg) 3.36 3.27 33.8 1.26

Spike Rec% 113 115 114 115

RSD% (n=3) 4.6 1.9 4.1 6

Cd
Measured conc. (µg/kg) 6.15 10.0 5.44 0.98

Spike Rec% 100 85 95 89

RSD% (n=3) 4.5 4.4 5.6 4.9

Hg
Measured conc. (µg/kg) <0.023 0.33 1.85 0.71

Spike Rec% 99 92 87 88

RSD% (n=3) 6.5 4.9 3.8 4.7

Pb
Measured conc. (µg/kg) 3.04 12.2 2.54 0.71

Spike Rec% 97 87 94 95

RSD% (n=3) 9.4 5.0 2.8 3.9

Table 9. ultraWAVE 3 recovery study of As, Cd, Pb, and Hg in wet food samples working with lower acid volume 

compared to EAM 4.7 method.
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ultraWAVE 3 – Larger sample mass/Lower dilution method - Dry samples

ERM BD-150 TFV002RM T07413QC
Sample weight (g) 1 1 1

Final Vol. (mL) 25 25 25

As

Exp.Conc.(µg/kg) NA 72.9 113

Meas.conc. (µg/kg) 3.65 88.0 136

Rec% - 120 120

RSD% (n=3) 2.9 3.7 4.0

Cd

Exp.Conc.(µg/kg) 11.4 21.2 32.8

Meas.conc. (µg/kg) 11.8 21.0 36.0

Rec% 104 102 109

RSD% (n=3) 0.42 5.4 4.8

Hg

Exp.Conc.(µg/kg) 60 39.6 29.6

Meas.conc. (µg/kg) 51.9 42.0 33.0

Rec% 86 104 110

RSD% (n=3) 6.1 6.0 3.0

Pb

Exp.Conc.(µg/kg) 19 52.9 44.9

Meas.conc. (µg/kg) 18.3 46.0 43.0

Rec% 96 87 94

RSD% (n=3) 5.3 4.4 2.7

Table 10. ultraWAVE 3 recovery study of As, Cd, Pb, and Hg in dry food samples working with larger sample mass 

and lower dilution factor compared to EAM 4.7 method.

Thanks to the complete digestion achieved with 

this ultraWAVE 3 procedure, a lower dilution 

factor was applicable (Tables 10 and 11). The 

recovery data reported shows that the proposed 

methods enable lowering the dilution factor from 

x100 to x25 for dry samples and from x10 to x5 

for wet samples by increasing the dry sample 

mass compared to what is typically digested 

with the EAM 4.7 method and decreasing the 

final sample dilution for both types of samples 

by half. Achieving a two-fold fold increase in dry 

sample mass compared to the EAM 4.7 method is 

possible thanks to the specific digestion chamber 

design of ultraWAVE 3, where the digestion takes 

place in a small vial that allows for optimization 

of the ratio of sample mass to acid volume. 

This, combined with the high performance 

and homogeneity of the heating reached with 

ultraWAVE 3, enables the development of these 

highly efficient methods.
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ultraWAVE 3 – Larger sample mass/Lower dilution method – Wet samples

BF-MEAT BF-VEG BF-FISH FJ
Sample weight (g) 5 5 5 5

Final Vol. (mL) 50 50 50 50

As
Measured conc. (µg/kg) 4.37 0.48 81.41 3.18

Spike Rec% 118 110 117 117

RSD% (n=3) 3.7 10.9 1.0 0.8

Cd
Measured conc. (µg/kg) 9.24 0.72 7.38 0.08

Spike Rec% 85 81 77 83

RSD% (n=3) 9.7 5.5 18.8 5.6

Hg
Measured conc. (µg/kg) 0.08 0.06 2.72 0.06

Spike Rec% 93 85 85 85

RSD% (n=3) 4.0 2.4 19.3 5.1

Pb
Measured conc. (µg/kg) 0.38 0.93 0.69 0.17

Spike Rec% 80 77 82 79

RSD% (n=3) 7.3 4.7 3.8 4.6

Table 11. ultraWAVE 3 recovery study of As, Cd, Pb, and Hg in wet food samples working with larger sample mass 

and lower dilution factor compared to EAM 4.7 method.
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A similar study was also performed for a rotor-

based microwave system. Referring to the EAM 

4.7 closed vessel microwave method and related 

dilution factor, an ETHOS UP system equipped 

with a MAXI-24 HP rotor was tested with new 

methodologies aiming to reduce dilution factors. 

The conditions used are reported in Table 12.

All the methods above were tested on different 

samples and the recoveries of As, Cd, Pb, and Hg 

are reported in the following tables.

In Tables 13 and 14 the recovery data working 

3.2 ETHOS UP “closer to zero” plan     
      procedure

with the EAM 4.7 method (method details in Table 

12) are reported. In Tables 15 and 16 the data 

obtained from decreasing by half the volume of 

the acid used in EAM 4.7 method are reported.

Despite the clear different specifications 

between the rotor-based system and ultraWAVE 

3 technology, the data reported on ETHOS UP 

recovery study demonstrated that MAXI-24 HP is 

suitable for this application field since it enables 

lowering the dilution factor from x200 to x100 for 

dry samples and from x20 to x10 for wet samples.

Table 12. ETHOS UP methods for baby food digestion and their dilution factors.

Sample 
type Method Sample 

amount Digestion mixture Final volume
(mL)

Final Acidity*
(V/V) DIL FACT

7 EAM 4.7
0.5 g

(dry samples)

8 mL HNO3 + 1 mL 
H2O2 (+ 0.5 mL HCl 

after digestion)
100 8% HNO3 0.5% HCl x 200

8 EAM 4.7
5 g

(wet samples)

8 mL HNO3 + 1 mL 
H2O2 (+ 0.5 mL HCl 

after digestion)
100 8% HNO3 0.5% HCl x 20

9 Lower acid volume
0.5 g

(dry samples)

4 mL HNO3 + 0.5 
H2O2 (+ 0.25 mL 

HCl)
50 8% HNO3 0.5% HCl x 100

10 Lower acid volume
5 g

(wet samples)

4 mL HNO3 + 0.5 
H2O2 (+ 0.25 mL 

HCl)
50 8% HNO3 0.5% HCl x 10
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ETHOS UP, MAXI-24 HP– EAM 4.7 method – Dry samples

ERM BD-150 TFV002RM T07413QC
Sample weight (g) 0.5 0.5 0.5

Final Vol. (mL) 100 100 100

As

Exp.Conc.(µg/kg) NA 72.9 113

Meas.conc. (µg/kg) 2.7 74.2 128

Rec% - 102 114

RSD% (n=3) 5.1 2.6 1.4

Cd

Exp.Conc.(µg/kg) 11.4 21.2 32.8

Meas.conc. (µg/kg) 11.4 19.9 31.2

Rec% 100 94 95

RSD% (n=3) 6.3 1.8 7.0

Hg

Exp.Conc.(µg/kg) 60 39.6 29.6

Meas.conc. (µg/kg) 54.5 40.8 28.8

Rec% 91 103 97

RSD% (n=3) 1.7 2.6 1.5

Pb

Exp.Conc.(µg/kg) 19 52.9 44.9

Meas.conc. (µg/kg) 16.6 51.8 44.3

Rec% 88 98 99

RSD% (n=3) 1.3 4.6 1.8

Table 13. ETHOS UP recovery study of As, Cd, Pb, and Hg in dry food samples applying EAM 4.7 method.

ETHOS UP, MAXI-24 HP– EAM 4.7 method – Wet samples

BF-MEAT BF-VEG BF-FISH FJ
Sample weight (g) 5 5 5 5

Final Vol. (mL) 100 100 100 100

As
Measured conc. (µg/kg) 4.07 0.18 81.4 2.88

Spike Rec% 120 116 119 113

RSD% (n=3) 4.4 2.8 1.5 2.6

Cd
Measured conc. (µg/kg) 0.08 8.43 6.82 0.08

Spike Rec% 96 96 94 92

RSD% (n=3) 1.8 1.2 0.81 2.5

Hg
Measured conc. (µg/kg) 0.14 0.15 3.29 0.39

Spike Rec% 93 91 89 89

RSD% (n=3) 6.5 6.3 8.7 2.3

Pb
Measured conc. (µg/kg) 0.4 1.15 0.91 0.5

Spike Rec% 88 85 84 86

RSD% (n=3) 0.96 2.0 0.42 1.6

Table 14. ETHOS UP recovery study of As, Cd, Pb, and Hg in wet food samples applying EAM 4.7 method.
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ETHOS UP, MAXI 24 HP– Lower acid volume method – Dry samples

ERM BD-150 TFV002RM T07413QC
Sample weight (g) 0.5 0.5 0.5

Final Vol. (mL) 50 50 50

As

Exp.Conc.(µg/kg) NA 72.9 113

Meas.conc. (µg/kg) 4.22 80.8 131

Rec% - 111 116

RSD% (n=3) 7.2 5.6 1.1

Cd

Exp.Conc.(µg/kg) 11.4 21.2 32.8

Meas.conc. (µg/kg) 12.0 22.5 32.2

Rec% 105 106 98

RSD% (n=3) 5.9 3.3 5.9

Hg

Exp.Conc.(µg/kg) 60 39.6 29.6

Meas.conc. (µg/kg) 54.4 39.9 26.7

Rec% 91 101 90

RSD% (n=3) 4.7 4.9 4.1

Pb

Exp.Conc.(µg/kg) 19 52.9 44.9

Meas.conc. (µg/kg) 18.2 51.3 42.2

Rec% 96 97 94

RSD% (n=3) 8.7 0.74 1.8

Table 15. ETHOS UP recovery study of As, Cd, Pb, and Hg in dry food samples working with lower acid volume 

compared to EAM 4.7 method.

ETHOS UP, MAXI 24 HP– Lower acid volume method – Wet samples

BF-MEAT BF-VEG BF-FISH FJ
Sample weight (g) 5 5 5 5

Final Vol. (mL) 50 50 50 50

As
Measured conc. (µg/kg) 4.37 0.48 81.4 3.18

Spike Rec% 115 110 117 117

RSD% (n=3) 7.4 5.9 1.1 0.84

Cd
Measured conc. (µg/kg) 9.24 0.72 7.38 0.08

Spike Rec% 85 81 81 83

RSD% (n=3) 9.7 5.5 6.8 5.6

Hg
Measured conc. (µg/kg) 0.08 0.06 2.72 0.06

Spike Rec% 93 85 85 85

RSD% (n=3) 4.0 2.4 3.3 5.1

Pb
Measured conc. (µg/kg) 3.04 12.2 2.54 0.71

Spike Rec% 80 87 82 89

RSD% (n=3) 7.3 4.7 3.8 4.6

Table 16. ETHOS UP recovery study of As, Cd, Pb, and Hg in wet food samples working with lower acid volume 

compared to EAM 4.7 method.
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The data reported demonstrate the suitability 

of the ultraWAVE 3 and ETHOS UP systems for 

the EAM 4.7 method. In particular, they show 

how ultraWAVE 3’s higher performance is a good 

match for the Baby Food Safety Act 2021 and its 

upcoming more demanding requirements.

For dry baby food samples, applying an ultraWAVE 

3 procedure with larger sample mass and lower 

dilution factor can reduce the method LOQ’s by 

a factor of four, which in this study would lower 

it from 0.9 to 0.22 µg/kg for As, Cd, and Pb, and 

from 0.45 to 0.12 µg/kg for Hg. 

For wet baby food samples, the method LOQ’s 

can be reduced by a factor of two, which for this 

study would lower it from 0.09 to 0.045 µg/kg for 

As, Cd, Pb, and from 0.045 to 0.023 µg/kg for Hg. 

While the LOQ’s measured in this study using the 

EAM 4.7 procedure are comfortably below the 

3.3 Final considerations on sample    
      preparation methodologies

action limits proposed in the ”The Baby Food 

Safety Act of 2021”, when those action limits are 

reduced in the future, as is required by law, the 

level of confidence in the analysis will be reduced. 

According to one industry expert, “If the action 

limits were reduced by a factor of 2 to 5 times 

in the future, ICP-MS would probably struggle 

to meet the required LOQ’s, unless the sample 

weight could be increased and/or the dilution 

factor lowered.” [12] As the FDA has proposed 

investigating, this study demonstrates that baby 

food digestion methods using increased sample 

mass and lower final dilution, when coupled with 

systems capable of completely digesting samples 

under those conditions, can indeed lower the 

LOQ’s such that heavy metals in baby foods can 

be determined, both now and in the future, with 

the appropriate levels of confidence.
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that fi ts this description. Milestone has 

developed a direct mercury analyser,

DMA-80 evo, capable of directly 

determining mercury in nearly any kind of 

sample in about 5 min.

BD-150 TFV002RM T07413QC BF-MEAT BF-VEG BF-FISH FJ

Hg

Sample weight (g) 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Exp.Conc.(µg/kg) 60 39.6 29.6 25 25 25 25

Exp.Mass.(ng Hg) 12 7.92 5.92 5* 5* 5* 5*

Meas.Mass.(ng Hg) 11.66 7.97 5.79 4.77 4.83 5.12 4.91

Rec% 97 101 98 95 97 102 98

RSD% (n=3) 0.97 1.2 0.59 0.88 1.0 1.1 1.1

Table 17. Hg from results from baby food analyzed with DMA-80 evo.

*Commercial samples were spiked with 100 µL of a 50 µg/L std solution (5 ng Hg) directly into the DMA-80 sample boats.

DMA-80 evo
TriCell

Typical ASQL
(ng)

Sample mass
(g)

Dil.
factor

LOQ
(µg/kg)

Safety Act Action Limit
(µg/kg)

Dry/Wet
samples Hg 0.03 0.2 1 0.15 2

Table 18. Typical LOQ calculation for DMA-80 Hg determination.

Milestone DMA-80 evo

Do you know about Direct Mercury 

Analysis? Ask analysts about their ideal 

analysis technique and they probably 

will describe analytical measurements 

performed directly on untreated samples, 

without any sample preparation steps, 

and with a simple strategy for analytical 

calibration. Something like: insert samples, 

wait a few minutes, and get results! To many 

analysts, this may seem like a dream.

But fortunately, technology exists today 

4 | Concluding remarks: an integrated, rugged, and greener sample preparation workfl ow for trace metal analysis
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4 | Concluding remarks: an integrated, rugged, and greener sample preparation workflow for trace metal analysis

4.

As you know and as we have discussed in the 

previous sections, trace elemental analysis 

depends on modern instrumentation with extreme 

sensitivity, but the analytical capability of these 

instruments will not be effective without optimized 

analytical procedures and trained analysts.

The analyst culture must be adapted to think 

about contamination and how to control the 

Concluding remarks: an integrated, rugged,
and greener sample preparation workflow for trace 
metal analysis

analytical blank. It is well known that trustworthy 

results could not be obtained without proper 

sample preparation and without proper control 

of the analytical blank. We propose here an 

integrated and complete workflow, specifically 

developed for food testing labs, to be rugged, 

easy to apply, and have less impact on the 

environment (Figure 7).

Figure 7. Sample preparation workflow for trace elemental determination
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In this workflow, manual sample manipulation is 

limited as much as possible:

•	 duoPUR: starting from reagent-grade acid, 

produces fresh, ultra-pure acid on demand

•	 easyFILL: automatically adds all the required 

acids to the digestion vials

•	 ultraWAVE 3: enables digestion of up to 20 

samples per run working with high sample 

mass and low acid volume for superior LOQ’s

•	 traceCLEAN: automated and robust vial 

cleaning guaranteed by continuously 

generated fresh acid vapors

The proposed workflow enables achievement of 

accurate trace element results, and it is pivotal for 

meeting the stringent requirements for determining 

As, Cd, Pb, and Hg in baby foods. However, 

despite being essential, it is not enough to think 

only about blank control and analysis accuracy. 

Nowadays, analytical procedures must also be 

friendly to the environment. To develop a greener 

sample preparation workflow, we should also 

consider the following analysis-related areas that 

have an impact on the environment and can lead 

to a “green chemistry” approach [9]:

1.	 Production of reagents: raw material, energy, 

time, purity, subproducts, yield, and generated 

waste.

2.	 Chemical and physical properties of reagents: 

boiling point, flammability, corrosiveness, 

stability, shelf life, ease of recovery, and ease 

of handling.

3.	 Lifetime of equipment, vessels, and sensors.

4.	 Sample amount needed.

5.	 Mass, volume, and concentration of reagents.

6.	 Need of gases or special reagents.

7.	 Energy needed for promoting and keeping 

the reaction system heated – use of energy-

effective apparatus.

8.	 Reaction conditions: temperature, pressure, 

and time.

9.	 Generation of excessively reactive or 

dangerous products.

10.	Volume and toxicity of gases generated.

11.	Risk to the analyst and to the environment.

12.	Volume of wastes generated.

13. Recycle of reagents.

The proposed microwave-assisted sample 

preparation procedures for trace analysis of baby 

foods were developed with consideration for these 

principles. Consequently, high masses of baby 

food samples can be efficiently digested using less 

acid nitric solution and all steps, i.e., from weighing 

to measurement, can be performed with reduced 

sample manipulation by the analyst, avoiding losses 

and contamination. The use of limited volumes 

of nitric acid solutions, prepared from reagent-

grade acids purified by sub-boiling distillation, 

lead to better blanks, lower cost of reagents, and 

less waste generation. Clean acid are produced 

on demand and only of the amounts required, so 

there is no risk of needing to dispose of excess 

ultrapure reagents that can become contaminated 

over time. Furthermore, we avoided the use of 

hydrogen peroxide or any other concentrated 

reagent and consequently better digestion blanks 

were obtained. The use of traceCLEAN ensures 

proper decontamination of digestion vessels by 

using and re-using a limited amount of acid. The 

developed procedures combine blank strategies 

for proper control of analytical blanks that meet the 

needs for trace elemental analysis of baby foods, 

with green strategies for decreasing impacts on 

analysts, laboratory staff, and the environment. 

In Table 17 are reported data from Hg analyses 

performed with DMA-80 evo on the same CRM 

materials used in this study. In addition to the 

excellent recoveries, Table 18 demonstrates how 

the DMA-80 evo method achieved an LOQ suitable 

for the Baby Food Safety Act Hg action limit and 

even has a performance margin for when the action 

limit becomes lower in the future. Given the several 

challenges of determining Hg by ICP-MS, more 

and more laboratories are turning to Direct Mercury 

Analysis for their low-level mercury determinations, 

such as those described in this baby food analysis 

study.
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  Appendix

Acid purification - duoPUR

HNO3: 45% power ≈ 60 mL/h (4-h cycle)

HCl: 35% power ≈ 50 mL/h (4-h cycle)

Reactor cleaning – traceCLEAN

Total time 01:30:00

Temp. 240 °C

Acid volume 500 mL

PROCEDURES

ultraWAVE 3 digestion procedure

Time Temp (T1) Temp (T2) P Power

1 00:20:00 250 °C 60 °C 130 bar 1500 W

2 00:15:00 250 °C 60 °C 130 bar 1500 W

•	 Pre-loaded pressure (N2): 40 bar

•	 Cooling temperature (liquid chiller): 8 °C

•	 Vessel cooling activated beyond 40 °C

•	 Pressure release below 80 °C

•	 Pressure release rate: 8 bar/min

MW program:

ETHOS UP, MAXI-24 HP digestion procedure

Time Temp Power Fan

1 00:20:00 210 °C 1800 W ***
2 00:15:00 210 °C 1800 W ***
3 00:20:00 Cooling ***

MW program:
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Parameters Settings

RF Plasma power 1.55 kW

Cones Pt cones

Nebulizer Gas flow rate 1.05 L/min

Auxiliary Gas flow rate 0.8 L/min

Cool Flow 14 L/min

Insert High matrix

Sampling depth 8 mm

Pump rate 15 rpm

Autodilution sample loop 2 mL

CRC flow
SQ-KED: 4.85 mL/min

TQ-O2: 0.34 mL/min

Integration time As and Hg 200 ms; Cd 100 ms; Pb 50 ms

Replicates 3

Internal standards

45Sc 100 ppb

73Ge 100 ppb

103Rh 10 ppb

193Ir 10 ppb

Internal standard calculation Interpolation

Quantification

Analytical instrumentation: Triple-quadrupole ICP-MS

Instrumental parameters:
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