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Summary 

With stricter food industry regulations now in place, demand 
for trace metals analysis at lower detection levels has reached 
an all-time high. ICP, once the standard for food metals analysis, 
is rapidly being replaced by ICP-MS, placing increased 
emphasis on sample preparation methodologies. Closed-vessel 
microwave digestion has proven to be an e� ective technique, 
o� ering fast, complete digestions, a clean environment, and 
e� ective recovery of volatile compounds. The single drawback 
has been the inability to run digestion on several matrix types 
simultaneously. Milestone’s Single Reaction Chamber (SRC) 

microwave digestion, is a revolutionary new approach, 
incorporating all of the bene� ts of closed vessel microwave 
digestion with new levels of convenience and e� ectiveness. 
The Milestone UltraWAVE is a bench-top instrument that 
operates at very high pressures and temperatures, capable 
of processing large, dissimilar and di�  cult samples quickly, 
easily—all without batching. The data shown in this technical 
note demonstrates that the digestion of samples in the 
UltraWAVE results in uniformly high analytical data quality, 
making it the ideal solution for trace metals detection in food.
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199 bar, which enables the complete digestion of virtually 
every sample-type. Samples with high organic content gener-
ate pressure in the microwave vessel due to the generation of 
NOx and CO2: in traditional microwave digestion, high-pressure 
vessels (typically 100 bar) must be used. The higher pressure 
capability of a SRC allows higher sample weights to be digested 
– up to 1 gm organic in a 15 position rack. 

With SRC, because all the samples are digested together 
under the same conditions, di� erent sample types can be 
run simultaneously – there is no need to “batch” digestion 
runs into identical sample types as with traditional 
microwave digestion. For example, polymers, oils, food and 
pharmaceutical products can all be digested together in the 
same run. The SRC also requires less digestion acid (typically 
2-4 mL), which lowers the reagent blank. On completion of 
the program, the chamber is vented and the rack removed. 
Samples are diluted to volume in the vials, ready for aliquot-
ing and measurement. The SRC microwave system used in this 
work was a benchtop UltraWAVE instrument (Milestone Inc. 
Shelton, CT). 

Digestion Method Optimization
Fig 1: UltraWAVE microwave program for mixed food samples 
8 x 500 mg food sample standard reference materials: ramp 
to 240oC and hold for 15 min. The line marked T1 shows the 

actual digestion temperature achieved 
(T1 line). The applied microwave power 
(E) is automatically controlled by the sys-
tem so the actual digestion temperature 
precisely follows the programmed tem-
perature pro� le. The outer temperature 
of the reaction chamber is also moni-
tored (T2). At the end of the run pressure 
was released automatically resulting in a 
total run time of 50 min. Note that pres-
sure reached more than 100 bar, which 
is not possible in conventional closed-
vessel digestion. This is due to the high 
organic content of the sample generating 
CO2 during the digestion giving a sample 
digestate with very low TOC.

This is a bene� t for ICP-MS analysis: the 
presence of carbon in the sample enhances on the sensitivity 
of poorly ionized elements. By removing the organic carbon, 
the analysis of poorly ionized elements becomes more pre-
dictable and reliable.

The samples were digested in disposable glass vials in a 1
5-position rack in UltraWAVE: 2 mls H2O and 2 ml conc HNO3 
was added to each vial prior to the digestion. 0.25mls of 1.0 
ppm (Se, As, Cd, Pb)/0.1 ppm Hg spike standard was also added 
to a blank (vial#2) and Peach Leaves (vial#6). (See table 1)

Table 1. Food Samples

Vessel Standard Reference Material Weight (g)

  1 Blank  -

  2 Blank + Spike  -

  3 Apple Leaves NIST 1515 0.5328

  4 Apple Leaves NIST 1515 (dup) 0.5045

  5 Peach Leaves NIST 1547 0.5384

  6 Peach Leaves NIST 1547 + Spike 0.5198

  7 Tomato Leaves NIST 1573a 0.5223

  8 Tomato Leaves NIST 1573a (dup) 0.5025

  9 Spinach Leaves NIST 1570a 0.5020

10 Pine Needles NIST 1575a 0.5375

Figure 1. UltraWAVE microwave program.
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Demand for trace metals analysis in the food 
industry is growing strongly due to stricter 
food regulations such as the recent Food 
Safety Modernization Act. 

ICP has been the 
standard for metals 
analysis for food, 
but as demand 
for lower levels of 
detection grows, 
the industry is 
experiencing a 
signi� cant transi-
tion to ICP-MS thus 
placing increased 
emphasis on the 

method of sample preparation. Traditional sample preparation 
techniques for food include hot block digestion, closed-vessel 
microwave digestion, and ashing- each posing di� erent chal-
lenges. Hot block digestions su� er from long digestions, air-
borne contamination, poor digestion quality, and poor recovery 
of volatile compounds. Closed-vessel microwave digestion has 
proven an e� ective technique with fast, complete digestions, 
clean environment, and recovery of volatile compounds. One 
challenge with closed-vessel microwave digestion for sample 
prep is the inability to run digestion on several matrix types 
simultaneously.

Milestone’s Single Reaction Chamber (SRC) microwave 
digestion, a completely new approach, incorporates all of the 
bene� ts of closed vessel microwave digestion while making 
sample preparation fast, easy, e� ective, and the highest quality. 
SRC operates at very high temperature and pressure (300°C 
and 199 bar respectively), thus complete digestion of even 
the largest sample size (up to 3-5 g) and most di�  cult samples 
can be achieved. The sample can be weighed directly into a 
disposable glass vial, eliminating the need for acid cleaning 
and vessel assembly. With SRC there is no need to batch sample 
types because mixed sample and mixed acid chemistries can 
be successfully processed in the same run. This technical note 
describes how a variety of sample food matrices were digested 
simultaneously with complete recovery of the trace metals 

without sample-to-sample cross-contamination, including 
volatile analytes such as Hg.

Instrumentation
The SRC features a large 1 liter pressurized stainless steel 
reaction chamber, which also serves as the microwave cavity. 
This enables the intensity and distribution of the delivered 
microwave energy to be optimized to the shape of the 
reaction vessel, ensuring even heating without the need to 
rotate samples during the digestion program. 

Samples are placed inside the SRC together and digested 
simultaneously. Because the samples are placed inside a 
pressurized vessel, individual pressure vessels are not needed. 
Samples are weighed into auto sampler-type vials with the 
appropriate digestion acid and loaded into a rack. Loose 
� tting vial caps prevent condensation from the roof of the 
chamber dripping into the samples (the caps must be loose 
� tting to ensure pressure equalization within the chamber). 

The rack is loaded into the chamber, which is then sealed and 
pre-pressurized with nitrogen to 40 bar prior to microwave 
heating. Pre-pressurization prevents splashing or boiling of 
the sample solutions, which prevents cross contamination or 
loss of volatiles. Because the pressure in the chamber increases 
with sample temperature, boiling never occurs. SRC can oper-
ate at very high temperature and pressure – up to 300°C and 

UltraWAVE Schematic

1 - Magnetron

2 - Waveguide

3 - Reaction Chamber
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Se (H2 mode) 0.005 103.24 108.34 107.13 95.29 98.58 108.08 102.58 91.838 97.722

As (O2 mode) 0.001 105.94 98.520 88.418 108.78 103.66 98.479 112.27 93.268 100.86

Se (O2 mode) 0.003 102.3 99.159 87.877 95.481 98.78 102.08 119.30 90.520 102.17

Cd (He mode) 0.000 103.06 110.04 112.40 101.81 100.26 104.10 101.29 101.06 106.491

Hg (He mode) <0.005 105.4 105.22 104.72 104.76 107.2 100.65 94.598 92.502 95.735

Pb (He mode) 0.089 106.78 96.42 97.074 98.543 98.62 N/A N/A N/A 89.839

Sample Results
All the standard reference materials (SRMs) were digested as 
described above. The sample digested completely, forming 
a clear digestate, which was made up to 50 ml with DI water. 
The samples were analyzed for toxic elements like Lead (Pb), 
Cadmium (Cd), Mercury (Hg), Arsenic (As) and Selenium (Se) on 
an Agilent 8800 ICP-MS (Agilent Technologies, Santa Clara, CA). 
(See table 2)

Duplicate analysis is generally good for all SRMs and 
excellent recovery was obtained for the spiked samples and 
for the spiked reagent blanks. Excellent recoveries for Hg 
demonstrate the e� ectiveness of pre-pressurization of the 
SRC prior to the digestion sequence. Volatile elements such as 
Hg are not lost, and no cross contamination of samples occur 
due to sample splashing or boiling. This is illustrated with low 
blank concentrations obtained from the same digestion run. 

Conclusion
Milestone’s SRC microwave digestion (UltraWAVE) o� ers mul-
tiple bene� ts for sample preparation for trace metals analysis 
over conventional benchtop microwave digestion systems. 
Due to its higher sample capacity, use of disposable vials and 
faster cool down time, sample processing throughput is 2x – 3x 
higher than conventional closed vessel digestion. The better 
digestion quality achieved at higher temperatures (and 
pressure) and low TOC content of the digestates makes analysis 
by ICP-MS more accurate. The data showed in this technical 
note demonstrates that the digestion of samples in a single 
chamber, in loosely capped vials, does not negatively impact 
analytical data quality. While the ability to digest di� erent 
sample types together and larger sample weights with mini-
mum acid volume (1-4 ml per sample) makes it very suitable 
technique to perform sample prep for trace metals analysis.

About Milestone
Our full suite of Microwave Sample Prep productivity 
tools is backed by over 50 patents and 26 years of industry 
expertise. Milestone is committed to providing safe, reliable 
and � exible platforms to enhance your productivity. Over 
18,000 customers worldwide look to Milestone to improve 
their metals digestions, organic extractions, mercury 
analyzers or synthetic chemistry processes.

Table 2. ICP-MS Trace Element Recovery Data
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Learn more or request an onsite demonstration:
info@milestonesci.com or 1-866-995-5100


