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Introduction
The increasing demand for lower 
and lower detection limits is a major 
consideration for any laboratory 
performing trace metals analysis. 
The development of sophisticated 
instrumentation, such as ICP-OES 
and ICP-MS, provides the capability to 
achieve multielement limits of detec-
tion previously unobtainable by other 
atomic spectroscopy techniques. 
However, the analytical instrument 
is just one component in achieving 
the lowest limits of detection using 
plasma spectrochemistry. The other 
critical area that puts significant de-
mands on a laboratory’s overall detec-
tion capability is to ensure that the 
sample preparation procedure does 
not contribute any additional sources 
of contamination. Several factors 
must be considered when looking to 

minimize contamination and reduce 
blank levels while preparing samples 
for analysis by plasma spectrochem-
istry. These factors include laboratory 
cleanliness, reagent choice and purity, 
quality of materials used, and the 
digestion procedure itself. Before we 
evaluate these sample-handling fac-
tors, let’s first examine how detection 
limits are measured so we can better 
understand the impact of background 
(BG) levels on the overall analytical 
method detection capability.

Detection Limits
The detection capability of an instru-
ment can be defined by several 
different criteria including instrument 
detection limit (IDL), method detec-
tion limit (MDL), limit of quantitation 
(LOQ), and background equivalent 

Achieving the 
Lowest Possible 
Detection Limits with 
ICP-OES and ICP-
MS by Minimizing 
Contamination in 
Sample Preparation
Rob Thomas

Achieving the Lowest 
Possible Detection Limits

Im
ag

es
 u

nd
er

 li
ce

ns
e 

fr
om

 s
to

ck
.a

do
be

.c
om



 3  OCTOBER 2019  |  SPECTROSCOPY SPONSORED CONTENT

Sub-Boiling 
Distillation

Optimize 
Sample 
Prep

Rotor-Based 
Digestion for 
Trace Metals 
Analysis

Acid Reflux 
Cleaning 
System

SRC 
Technology 
for Trace 
Metals 
Analysis

concentration (BEC). Each of these 
terms is defined a bit differently, but 
all four are affected by the analyte 
signal, the BG intensity, and the BG 
noise. Let’s take a look at instru-
ment detection limit (IDL), which is 
broadly defined as the concentration 
of the analyte that generates a signal 
intensity of three times the standard 
deviation (SD) of the BG noise of the 
calibration blank at the analyte mass/
wavelength. IDL is typically calculated 
using the following equation:

IDL =  3 x SD of BG noise of blank x analyte conc.  
analyte signal - BG signal of blank

Where the BG noise is expressed 
as the square root (√) of the BG 
signal of the blank and SD is usu-
ally based on 7–10 replicates of the 
blank, depending on the methodol-
ogy used.

Figure 1 exemplifies the im-
portance of the blank’s BG signal 
(red line), and whether it is either 
structured spectral BG or due to a 
contaminated blank. It can be seen 
that a concentration of 1 ppb analyte 
(blue) produces a signal of 10,000 
counts per second (cps), while the 
intensity of the blank signal is 1,000 
cps. If we apply the above equa-
tion, we get an IDL of 0.011 ppb as 
shown below:

IDL =     3 x √1,000 x 1 ppb   = 0.011 ppb
10,000 - 1,000

However, if the BG signal was 10 
cps instead of 1,000 cps, the IDL 
would be 0.0009 ppb, approximately 
12x lower, as shown by the equation 
below: 

IDL =        3 x √10 x 1 ppb   = 0.0009 ppb
10,000 - 10

Clearly, the BG level and noise have 
a direct impact on the achievable 
detection limit using plasma spectro-
chemical techniques. For that reason, 
anything that can be done to reduce 
the sources of contamination will 
have a beneficial effect on improving 

Figure 1: The importance of the 
background signal/noise of the 
blank (red) compared to the ana-
lyte intensity (blue) when measur-
ing detection limit.

Achieving the Lowest 
Possible Detection Limits
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the method detection capability. 
With that in mind, let’s examine the 
“Clean Chemistry” tools available 
from Milestone that can reduce 
contamination in every stage of the 
sample preparation process for trace 
element analysis.

Strategies for Reducing Sample 
Preparation Contamination
Overall cleanliness in a laboratory is 
important to prevent contamination 
and analytical errors resulting from 
high or inconsistent blank levels. Con-
tamination can come from several 
sources, but two basic areas to moni-
tor are reagents and materials used 
in the analysis process. In a typical 
trace metals laboratory, acids are 
used throughout—cleaning, preparing 
standards and blanks, and digesting 
samples. Different grades of acid 
are available for purchase, but care-
ful consideration is required when 
selecting the appropriate grade. The 
detection limit and analytical require-
ments will dictate the necessary 
acid grade, but as the contaminant 
levels go down, the cost of the acid 
can increase quite dramatically. 
One way to address this problem 
is to invest in technology such as 
the duoPUR sub-boiling distillation 
system to purify lab-grade acids and 
reagents in-house, so contaminant 
levels are more in line with higher 

purity reagents, without requiring the 
laboratory to purchase significantly 
higher-priced acids. 

Additional sources of contamina-
tion can also come from glassware 
and plastic containers that are used 
for sample preparation, particularly 
in high-throughput labs that are pro-
cessing large numbers of samples. 
If the containers and vessels are not 
cleaned thoroughly, they can contrib-
ute to contamination resulting in high 
blank levels. For that reason, tech-
nology such as the fully automated 
traceCLEAN closed-vessel acid reflux 
cleaning system is well-suited for the 
demands of a high throughput ICP-
OES/ICP-MS sampling environment. 

Finally, one major consideration is 
the sample digestion procedure itself. 
It is important that the samples be 
completely dissolved and all elements 
of interest be available in solution, 
without risk of contamination. For 
many sample types, heating in an 
open vessel, such as hot plates or 
hot blocks, is insufficient to provide 
a consistent dissolution due to the 
modest temperatures achieved. 
These digestion methods are also 
very time-consuming, labor-intensive, 
and suffer from high contamination 
risks. With the introduction of closed-
vessel digestion techniques—such 
as those used in modern microwave 
sample preparation systems—high 
temperatures can be achieved using 

Achieving the Lowest 
Possible Detection Limits
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elevated pressures within the ves-
sels. Additionally, the combination of 
elevated temperatures and pressures 
using microwave heating provides 
shortened sample preparation cycles, 
all in a sealed vessel that eliminates 
exposure to cross-contamination. 
Advanced microwave digestion sys-
tems such as the ETHOS UP and the 
ultraWAVE provide excellent sample 
preparation for trace metals analysis 
and help to minimize contamination 
from sampling components and cross 
contamination between samples, 
which is extremely challenging for 
other microwave digestion systems. 

Let’s examine the various approach-
es offered by Milestone that are used 
to minimize sample preparation con-
tamination, including acid purification, 
acid reflux cleaning, and the advanced 

microwave digestion 
sampling components 
and accessories.

Acid Purification
The chemical re-
agents used during 
the analysis are an 
important source of 
the analytical blank. 
Sub-boiling distil-
lation such as the 
duoPUR has been 
demonstrated to be 
the best and most 
cost-effective method 

of acid purification for most mineral 
acids including HNO3 and HCl. It 
uses contactless infrared lamps 
to vaporize the surface liquid at a 
temperature typically 20 °C below 
the boiling point. In contrast to con-
ventional distillation, where strong 
boiling action generates aerosolized 
particles results in contamination of 
the distillate by the original liquid, 
a gentle surface evaporation during 
sub-boiling distillation prevents the 
formation of spray or droplets and 
yields a very high-purity acid. 

The duoPUR sub boiling distillation 
system shown in Figure 2 consists 
of two quartz distillation units. Each 
unit contains two infrared heating el-
ements (1), a water-cooled condens-
er (2), a high-purity PFA collection 

Figure 2: duoPUR acid purification system.
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bottle (3), and a fully 
automated acid loading/
discharge system. The 
vaporized liquid is col-
lected on the inclined 
water-cooled condenser 
and drips into the collec-
tion bottle. The double 
distillation process is 
microprocessor-con-
trolled, allowing the 
user to set the distil-
lation time and power 
allowing for a distillation 
rate up to 200 mL per 
hour, depending on the 
power setting and the 
temperature of the cool-
ing water.

The purification ca-
pability of the duoPUR 
system is exemplified 
in Table 1, which com-
pares trace element 
results from two labs 
carrying out the double-
distillation of reagent-
grade nitric acid with 
that of Ultrex II nitric 
acid from J.T. Baker. It 
can be clearly seen that 
duoPUR data shows 
comparable results to 
the ultra-high purity 
acid.

Milestone also offers 
the subCLEAN, an acid 

Customer 1 Customer 2 Baker Ultrex® II

Element Concentration (ppt) Concentration (ppt) Concentration (ppt)

Ag 16 <5 <2

Al <10 119 <10

As 19 <1 <10

Au 38 – <10

B <10 – <20

Ba <10 2 <1

Be 22 <0.5 <5

Bi 25 – <0.1

Ca <10 – <20

Cd <50 <1 <1

Co <10 <1 <1

Cr <10 3 <10

Cu <10 10 <3

Fe <10 <65 <20

Ga <10 – <1

Ge <50 – <1

In <10 – <1

K <10 32 <10

Li <10 – <1

Mg <10 19 <5

Mn 12 2 <2

Mo 22 <1 <1

Na <10 – <10

Nb <10 – <1

Ni <10 9 <10

Pb 31 2 <1

Pd <50 – <10

Pt <50 – <1

Re <10 – <1

Rh <10 – <1

Ru <10 – <10

Sb 18 <1 <10

Sn 11 6 <0.1

Sr <10 – <1

Ta <10 – <10

Ti <50 6 <0.05

Tl <10 <1 <0.1

V <10 <1 <1

W <10 – <5

Zn <10 12 <5

Zr 14 – <1

Table 1: Comparison of contamination levels of double-distilled 
HNO3 using the duoPUR with that of Ultrex II (J.T. Baker) ultra-
high purity nitric acid.
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purification system that is made of 
high-purity fluoropolymers instead of 
quartz, which is suitable for the pu-
rification of HF, as well as for HNO3 
and HCl. The acid is automatically 
loaded into the distillation container, 
where it is gently heated below its 
boiling temperature as previously de-
scribed. In addition, the subCLEAN 
does not require cooling water 
or a chiller, as acid vapors rapidly 
condense into a collection bottle by 
forced air cooling.

It’s also worth pointing out that 
there are significant cost savings 
when using the duoPUR, compared 
to purchasing high purity reagents. 
This is demonstrated in the following 
example (all costs provided as esti-
mates for example purposes only):  
If a laboratory processes 200 
samples per month using 30 mL of 
ultra-pure nitric acid (J.T. Baker Ul-
trex II) per sample, it will use 6 L of 
ultra-pure acid at a cost of approxi-

mately $5,500 per month or $920 
per liter per month. Six liters of 
reagent-grade acid (Sigma Aldrich) 
would only cost approximately 
$250 per month or $40 per liter per 
month. By distilling this lower grade 
acid, $5,300 would be saved every 
month, which translates to the duo-
PUR paying for itself in less than 
four months. This is demonstrated 
in Table 2, which shows the cost 
saving for both nitric and hydrochlo-
ric acid.

Acid Reflux Cleaning 
Cleaning various items used in 
ultra-trace analysis work is a criti-
cally important laboratory routine. To 
minimize contamination, traditional 
cleaning methods require soaking 
items in hot acids, often for several 
hours. To be effective, large volumes 
of acid are consumed and need to 
be changed regularly. There is also a 
substantial risk of exposure to hot 

Table 2: Comparison of approximate cost per liter between ul-
tra-pure grade nitric and hydrochloric acid (J.T. Baker Ultrex II) 
and producing it from-grade reagents (Sigma Aldrich) using the 
duoPUR sub-boiling distillation system.

Mineral Acid Ultra Pure Grade per Liter  
(J.T. Baker Ultrex II)

Reagent Grade per Liter (Sigma 
Aldrich)

Nitric Acid $920 $40

Hydrochloric Acid $890 $40
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acids and acid vapors using tradi-
tional soaking techniques. This is 
particularly the case when trying to 
achieve high-quality blanks when 
using microwave digestion proce-
dures, as pre-cleaning the vessels 
is critically important. However, it 
is not sufficient to simply wash or 
soak vessel liners in dilute acid. The 
surface of PTFE is porous and will 
take up trace amounts of digest so-
lution at elevated temperatures, es-
pecially as it “ages” with continued 
use. Running a blank in a vessel 
previously used to digest a sample, 
without thorough cleaning, will lead 
to serious blank contamination. 

To circumvent issues associated 
with acid soaks, and to more thor-
oughly clean microwave digestion 
vessels, labs may choose to per-
form a separate cleaning run (with 
blank acid) in the microwave prior 
to each sample digestion run. The 
downside is that this significantly 
reduces the sample processing 
capacity of the microwave system 
and impacts the vessel lifetime. 
So in order to address these is-
sues, Milestone has developed the 
traceCLEAN, a fully automated, 
self-contained, acid steam cleaning 
system that can not only be used 
for cleaning microwave digestion 
sample vessels and containers, 
but also for other accessories, 
glassware and components that are 

used with the ICP-OES and ICP-MS 
instrumentation.

So how does the system work? 
The items to be cleaned are 
placed in the traceCLEAN, where 
freshly distilled acid vapors con-
tinuously reflux within the sealed 
unit, thoroughly leaching any metal 
contaminants from the items. Vari-
ous holders are available for vials, 
microwave digestion vessels, 
flasks, glassware, and ICP sample 
introduction components, such as 
torches, nebulizers, or spray cham-
bers. Steam cleaning with nitric 
acid vapors is a highly effective 
cleaning method for preconditioning 
and routine cleaning of containers 
and apparatus. The component to 
be cleaned is placed over a PTFE-
coated glass rod. Acid in the lower 
reservoir is heated, and purified 

“The items to be cleaned 
are placed in the 
traceCLEAN, where 
freshly distilled acid 
vapors continuously reflux 
within the sealed unit, 
thor oughly leaching any 
metal contami nants from 
the items.” 
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acid vapor travels up through the 
glass rod and condenses on the 
container, removing surface con-
tamination as shown in Figure 3.

Microwave  
Digestion Components
Traditional, state of the art closed 
vessel microwave digestion instru-
ments, such as the ETHOS UP 
and the ultraWAVE Single Reac-
tion Chamber (SRC) system have 
all been designed with “Clean 
Chemistry” technology in mind. 
Digestion vessel material is a key 
consideration for clean chemistry 
sample preparation. Milestone 
engineers all its digestion vessels 
from either glass, quartz or TFM, a 
high-density and thermally resistant 
form of PTFE, which can withstand 
higher temperatures (up to 300 °C). 
TFM is chemically inert to most 
dissolution reagents and provides 
a non-contaminating environment 
for ultra-trace metals analysis. All 
ETHOS UP rotors including the 
SK-15 high-pressure rotor and the 
MAXI-44 high throughput rotor 
also feature vessels with liners 
manufactured from high-purity TFM, 
minimizing absorption of vapors and 
liquids over time, which can nega-
tively impact the digestion blank. In 
addition, smaller TFM inserts can 
be used inside the standard 100 

mL TFM vessels to accommodate 
smaller samples or to minimize 
the dilution factor and the contact 
surface. 

Quartz Inserts 
However, the ultimate vessel ma-
terial for producing low-digestion 
blanks is quartz. Quartz is avail-
able with very low levels of metal 
impurities, does not absorb vapor 
or liquid, and is easy to clean. The 
high-pressure SK rotor is often 
used with 35 mL quartz inserts that 
fit inside the standard TFM vessels. 
The sample is weighed into the 
quartz insert and acid is added. Due 

Achieving the Lowest 
Possible Detection Limits

Figure 3: Schematic of the 
traceCLEAN acid reflux 
cleaning system
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to the smaller volume, less diges-
tion acid can be used (only 2–4 
mL), which reduces the digestion 
blank. Since the sample is digested 
in the quartz insert, the TFM vessel 
does not need to be cleaned and 
lasts longer. An additional benefit 
of using quartz inserts is the ability 
to use higher weights of organic 
samples. The insert sits in 10 mL of 
a water/H2O2 mixture. During the 
heating cycle, H2O2 reacts with the 
gases CO2 and NOx produced during 
digestion, greatly reducing pressure 
buildup in the vessel. This allows 
higher weights of organic samples 
to be digested, especially with 
complex matrices such as oil and 
coal samples.

All ETHOS UP rotors can accom-
modate high-purity quartz vessels 
which are ideally suited for ultra-
trace analysis. The benefits of lower 
acid volume, elimination of vapor 
and liquid absorption by the vessel 
walls, and easy cleaning all apply 
equally well to the different rotor 
configurations, as all vessels have 
indirect temperature control via an 
IR sensor (Milestone’s easyTEMP), 
and because quartz is transparent 
and has excellent heat-conduction 
properties, IR temperature monitor-
ing is both very accurate and fast. 

Single Reaction Chamber (SRC) 
Microwave Digestion Vials
Clean Chemistry technology has 
been incorporated in the ultraWAVE 
through the design of its sample 
vials. Unlike rotor-based closed ves-
sel digestion where samples are 
digested in individually pressurized 
vessels, the ultraWAVE’s Single 
Reaction Chamber itself is the pres-
sure vessel. Samples are weighed 
into simple autosampler-type vials 
available in glass, TFM, or quartz and 
placed in a rack. The rack is lowered 
into the chamber, and all samples 
are digested together. The benefit of 
glass is that it is disposable, but for 
the lowest digestion blanks, TFM or 
quartz should be used, both of which 
give extremely low blanks. Digestion 
acid volumes of only 1-4 mL further 
reduce the digestion blank. Since 
the pressure in the vials is the same 
as the main chamber, absorption of 
vapor or liquid by the walls of the 
TFM vial is virtually eliminated. It 
should be noted that the ultraWAVE 
vials have loose-fitting TFM caps 
which allow for very easy handling. 
This is possible because the larger 
vessel which holds the vials is pre-
pressurized with 40 bar of nitrogen 
prior to the start of the microwave 
program. This nitrogen load acts as a 
“gas-cap” and keeps all the vials in-
dependently closed. As the pressure 
builds, equilibrium is achieved both 

Achieving the Lowest 
Possible Detection Limits



 11  OCTOBER 2019  |  SPECTROSCOPY SPONSORED CONTENT

Sub-Boiling 
Distillation

Optimize 
Sample 
Prep

Rotor-Based 
Digestion for 
Trace Metals 
Analysis

Acid Reflux 
Cleaning 
System

SRC 
Technology 
for Trace 
Metals 
Analysis

inside and outside the individual vi-
als. As a result, a variety of vial types 
including disposable glass, quartz, 
TFM, or any combination thereof, 
can be used.

The extremely low digestion blank 
of TFM is exemplified in Figure 4, 
which shows ultraWAVE digestion 
blanks (4 mL high-purity HNO3 di-
luted to 20 mL with DIW) obtained 
for 26 elements in glass, quartz and 
TFM vials. All 
digestions and 
measurements 
were performed 
in non-cleanroom 
conditions us-
ing an Agilent 
ICP-MS system. 
The trace metal 

content of the digestion blank can 
arise from impurities in the acid and/
or water, contribution from the vials, 
airborne cross contamination, or 
from the ICP-MS sample introduc-
tion system. Only four elements 
were found to be greater than 1 ppb. 
The highest levels were for B and 
K, which were present in both vials, 
suggesting the source is not the vial 
material.

Achieving the Lowest 
Possible Detection Limits

Milestone’s duoPUR 
and traceCLEAN 
Lower Costs and 
Increase Productivity

SPONSOR’S CONTENT

Figure 4: ultraWAVE microwave digestion blanks (4 mL high-puri-
ty HNO3 diluted to 20 mL with DIW) obtained for 26 elements in 
glass, quartz and TFM sample vials, clearly showing the benefits 
of using TFM to carry our ultra-trace analysis (all data generated 
with an Agilent ICP-MS system)

https://cdn2.hubspot.net/hubfs/546758/Spectroscopy%20Milestone%20eBook%20March%202019/Spetroscopy%20Milestone%20eBook%20Sept%20Oct%202019/Lab%20Profile-Albhades_USREV082119.pdf
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Final Thoughts
It is widely accepted that sample 
handling and preparation must evolve 
and improve to meet the same high 
standards as plasma spectrochemi-
cal instrumental techniques. Several 
external factors can critically impact the 
quality of the data, including reagent pu-
rity, sample preparation methodology, 
materials used to prepare the sample, 
the environment in which the samples 
are prepared, and sample to sample 
cross contamination. The significant role 
of the analytical blank in the determina-
tion of trace metals therefore cannot 
be overemphasized, which means that 
sample preparation procedures must 
be at least as sophisticated as the 
instrumentation used in the measure-
ment process. 

This study has demonstrated that 
ultra-trace analysis is as dependent on 
minimizing contamination and control-
ling the analytical blank as it is on the 
accuracy and precision of the instru-
ment carrying out the analysis. When 
working at ppb and ppt levels using ICP-
OES or ICP-MS, the higher the blank 

and the worse the BG noise, the poorer 
the detection capability. To address 
these issues, Milestone has developed 
a wide range of products, accessories, 
and consumables to support clean 
chemistry sample preparation and ad-
dress the multitude of challenges faced 
by the modern analytical laboratory 

when carrying out 
ultra-trace elemental 
analysis.

Further Reading
•  Milestone, Inc., 

Clean Chemistry 
Tools for Atomic 
Spectroscopy.

Achieving the Lowest 
Possible Detection Limits

THINK BLANK 
Clean Chemistry 
Brochure

SPONSOR’S CONTENT

Robert Thomas is the prin-
cipal of Scientific Solutions, 
a consulting company that 
serves the application and 
writing needs of the trace 
element user community. 
He has worked in the field 
of atomic and mass spec-

troscopy for more than 40 years and has 
written over 90 technical publications in-
cluding a 15-part tutorial series on ICP-MS. 
He recently completed his fourth textbook 
entitled Measuring Elemental Impurities in 
Pharmaceuticals: A Practical Guide. He has 
an advanced degree in analytical chemistry 
from the University of Wales, UK, and is also 
a Fellow of the Royal Society of Chemistry 
and a Chartered Chemist. He has led the 
heavy metals, plasma spectrochemistry task 
force on the ACS Committee on Analytical 
Reagents.

https://milestonesci.com/clean-chemistry-systems/
https://milestonesci.com/clean-chemistry-systems/
https://milestonesci.com/clean-chemistry-systems/
https://cdn2.hubspot.net/hubfs/546758/Spectroscopy%20Milestone%20eBook%20March%202019/Spetroscopy%20Milestone%20eBook%20Sept%20Oct%202019/Clean%20Chem%20Brochure%20-%20Think%20Blank%20-%20NA.pdf


 13  OCTOBER 2019  |  SPECTROSCOPY SPONSORED CONTENT

Sub-Boiling 
Distillation

Optimize 
Sample 
Prep

Rotor-Based 
Digestion for 
Trace Metals 
Analysis

Acid Reflux 
Cleaning 
System

SRC 
Technology 
for Trace 
Metals 
Analysis

SPONSORED CONTENT

he increasing demand for 
lower detection limits is a 
major consideration for any 
laboratory that is carrying 
out elemental determina-

tions by ICP-OES and ICP-MS. The 
analytical instrument is just one 
component in achieving the lowest 
limits of detection. The other critical 
area that puts significant demands 
on a laboratory’s overall detection ca-
pability is to ensure that the sample 
preparation procedure does not 
contribute any additional sources of 
contamination. Several factors must 
be considered when looking to mini-
mize contamination and reduce blank 
levels when preparing samples for 
analysis by plasma spectrochemistry. 
These include equipment cleanliness, 
reagent purity, quality of materials, 
and the digestion procedure itself. 

Reagent Purity 
Currently, many laboratories purchase 
expensive high-purity acids for trace 
elemental analysis. There is, however, 
an alternative approach. Milestone has 
developed the duoPUR, a sub-boiling 
distillation system that allows laborato-
ries to make their own high-purity ac-
ids at dramatically reduced costs. The 
advantages of the duoPUR include: 
•  Up to 90% cost savings by purifying 

low-cost reagent grade acids 
•  High productivity of up to 3 liters in 

eight hours 
•  Continuous supply of high-purity 

acids 
•  On-demand acid purification 
•  Re-purification of contaminated 

acids 
•  Single or double distillation 

duoPUR Acid Puri-
fication System: An 
Economic Approach 
to Reducing Reagent 
Blanks in ICP-OES and 
ICP-MS Analysis
Rob Thomas

T

duoPUR Acid  
Purification System
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Principles of Operation
Sub-boiling distillation is a tech-
nique based upon vaporizing a 
liquid by radiative heating of its 

surface to prevent boiling. It is 
recognized as the best method to 
obtain high-purity reagents typi-
cally used in ultra-trace analysis. 

In conventional distillation, 
violent boiling action gener-
ates aerosolized particles, 
resulting in re-contami-
nation of the distillate by 
the original liquid. Surface 
evaporation during sub-
boiling distillation prevents 
this, yielding a higher purity 
distillate (Figure 1). 

The duoPUR (Figure 2) 
consists of two high-purity 
quartz distillation units with 
two heating elements (1), a 
water-cooled condenser (2), 
reagent collection bottle (3), 
and a drain. The distillation 
process is microproces-
sor controlled, allowing 
the user to set the distilla-
tion time and power level. 
Infrared heating gently 
vaporizes the surface liquid, 
accelerating evaporation, 
and preventing aerosolized 
particles. Vaporized liquid is 
collected on an inclined cold 
finger where it condenses 
and drips into the high pu-
rity PFA collection bottle.

By using higher power, 
faster distillation rates are 
achieved, but at the sac-

Figure 1: Conventional heating com-
pared to sub-boiling infrared heating.

duoPUR Acid  
Purification System

Figure 2: duoPUR acid purification 
system.
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rifice of purity. Therefore, simple 
method development will deter-
mine the optimum program time 
for the required acid purity. Table 1 
shows typical distillation rates for 
water, nitric and hydrochloric acids 
in mL/hour, based on varying infra-
red power settings.

Purification Performance
The capability of the duoPUR 
system is shown in Table 2, which 
compares trace element results 
from a laboratory carrying out the 
double-distillation of reagent-grade 
nitric acid with that of Ultrex II nitric 
acid from J.T. Baker. It can be clear-

duoPUR Acid  
Purification System

Table 1: duoPUR typical 
distillation rates for HNO3, 
HCl, H2O in mL/hour based 
on varying infrared power 
settings

Infared 
power (W)

Productivity (mL/hour)

HNO3 HCl H2O

200 50 45 65

400 145 155 175

600 235 260 270

800 325 375 360

1,000 420 445 45

Table 2: Comparison of con-
tamination levels of double 
distilled HNO3 using the 
duoPUR with that of Ultrex 
II (J.T. Baker) ultra-high pu-
rity nitric acid

duoPUR Double- 
Distillation 

Reagent-Grade 
Nitric Acid

Baker  
High-Purity 
Grade Nitric 

Acid

Element Concentration 
(ppt)

Concentration 
(ppt)

Ag 16 <10

Al <10 <20

As 19 <20

Ba <10 <10

Ca <10 <10

Cd <50 <10

Co <10 <10

Cr <10 <10

Cu <10 <10

Fe <10 <10

Mg <10 <10

Mn 12 <10

Mo 22 <10

Ni <10 <20

Pb 31 <10

Sb 18 <10

Sn 11 <20

Ti <50 <20

V <10 <10

Zn <10 <10
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ly seen that for most elements, 
duoPUR data shows comparable 
results to the ultra-high purity acid.

subCLEAN System
The subCLEAN is a compact system 
that uses sub-boiling distillation with 
forced air cooling where all parts in 
contact with acid are made of high 
purity PTFE instead of quartz, making 
it suitable for use with HF, as well as 
HNO3 and HCl. In addition, if a double 
distillation is carried out, the purity of 
the acid is significantly increased as 
exemplified by the data for reagent-
grade nitric acid in Table 3.

Cost Savings
It’s also worth pointing out that 
there are significant cost savings 
when using the duoPUR or the sub-
CLEAN, compared to purchasing 
high purity reagents. This is demon-
strated in the following example (all 
costs are provided as estimates for 
example purposes only): If a labora-
tory processes 200 samples per 
month using 30 mL of ultra-pure 
nitric acid (J.T. Baker Ultrex II) per 
sample, it will use 6 L of ultra-pure 
acid at a cost of approximately 
$5,500 per month or $920 per liter 
per month. Six liters of reagent-
grade acid (Sigma Aldrich) would 
only cost approximately $250 per 

duoPUR Acid  
Purification System

Table 3: Comparison of puri-
ty between single and double 
distillation of reagent grade 
nitric acid using the sub-
CLEAN

subCLEAN  
Single- 

Distillation 
Reagent-Grade 

Nitric Acid

subCLEAN 
Double- 

Distillation 
Reagent-Grade 

Nitric Acid

Element Concentration 
(ppt)

Concentration 
(ppt)

Ag <46 <1.5

Al <557 <147

As <3 <0.9

Ba <25 <3.5

Ca <900 <157

Cd <8.1 <1.8

Co <6 <1

Cr <118 <4.6

Cu <58 <21

Fe <1000 <210

Mg <195 <42

Mn <9.7 <2.1

Mo <7.1 <0.4

Ni <155 <23

Pb <10 <2.5

Sb <6.1 <0.5

Sn <22 <9.1

Ti <59 <8.1

V <51 <11

Zn <261 <49
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month, or $40 per liter per month. 
By distilling this lower grade acid, 
$5,300 would be saved every 
month, which translates to the duo-
PUR paying for itself in less than 
four months. This is demonstrated 
in Table 4, which shows the cost 
saving for both nitric and hydrochlo-
ric acid.

By using the simple calculation 
shown in Figure 3, the cost sav-
ings for your lab can be estimated. 
Simply fill in your own information 

to calculate the potential monthly 
savings.

Certified Quality
Ultra-pure reagents are supplied 
with a certificate to attest the 
quality. However, once the bottle 
is opened, the contaminant levels 
can change rapidly. Analysts may 
adversely affect the quality of 
reagents through daily, repeated 
handling, especially in high through-

duoPUR Acid  
Purification System

Table 4: Approximate costs per liter of ultra-pure nitric and hy-
drochloric acids (J.T. Baker Ultrex II) compared to producing it 
from reagent-grade acids (Sigma Aldrich) using the duoPUR sub 
boiling distillation system

Mineral Acid Ultra Pure Grade per Liter  
(J.T. Baker Ultrex II)

Reagent Grade per Liter (Sigma 
Aldrich)

Nitric Acid $920 $40

Hydrochloric Acid $890 $40

Figure 3: Simple calculation to estimate cost savings per month 
using the duoPUR. Note: This worksheet should only be taken as 
an approximation of cost savings.
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put labs. The potential impact of 
repeated handling can be observed 
by looking at the effect on four dif-
ferent bottles of ultrapure water in 
a typical eight-hour workday. The 
initial sum total metal contamina-
tion for 10 common elements was 
around 74 ng/L. After eight hours 
of repeated handling by an analyst, 
contaminant levels rose to a range 
of 368–2,627 ng/L across the four 
bottles tested, a 5- to 25-fold in-
crease (Table 5). 

On-demand reagent purification 
with sub-boiling systems supplies 
fresh, high-purity reagents in accor-
dance with laboratory requirements 
and allows for re-purification of con-
taminated acids. 
By validating the 
sub-boiling pro-
cess, any labora-
tory can certify 
the quality of 
acid produced. 
Method optimi-
zation is done by 

duoPUR Acid  
Purification System

ROI calculator 
for duoPUR & 
subCLEAN

SPONSOR’S CONTENT

“Method optimization is 
done by performing purifi-
cations at different condi-
tions, followed by ICP-MS 
analysis to check con-
taminant levels.”

Table 5: Influence of analyst 
handling on ultrapure water 
contamination levels Think 
Blank Clean Chemistry Tools 
for Atomic Spectroscopy, R.C. 
Richter - J.A. Nóbrega - C. 
Pirola, 2016, Milestone Srl

Element
Reference 

Bottle Freshly 
Prepared

Range of four 
bottles used for 
routine prepara-
tion operations 
over 8-hr day

Al 11 40–120

Ca 20 100–700

Cr 0.3 0.4–2

Cu 2 2–12

Fe 4 5–60

K 20 100–300

Mg 2 9–70

Na 10 100–1300

Ti 0.2 0.3–13

Zn 4 11–50

https://cdn2.hubspot.net/hubfs/546758/Spectroscopy%20Milestone%20eBook%20March%202019/Spetroscopy%20Milestone%20eBook%20Sept%20Oct%202019/ROI-duopur-subCLEAN_USREV082119%20(1)-1.pdf
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performing purifications at different 
conditions, followed by ICP-MS 
analysis to check contaminant 
levels. Once the method has been 
optimized to achieve the desired 
grade of purity, the ICP-MS analysis 
verifies the acid quality obtained 
with the sub-boiling system. 

Conclusion
High-purity acids and reagents are 
critical to controlling the analytical 
blank, the “Achilles heel” of trace 
analysis, and to improving ICP-
OES and ICP-MS detection limits. 
Reagent purity, cleanliness of the 
materials used in sample prepara-
tion, the laboratory environment, 
and the skill of the analyst are all 
factors that contribute to contami-
nation. The duoPUR and subCLEAN 
systems offer a truly cost-effective 
way of cleaning reagent grade acids 
and avoiding the expense of purchas-
ing the highest purity acids.

duoPUR Acid  
Purification System

See the duoPUR and 
traceCLEAN video
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major consideration for 
any laboratory carrying out 
elemental determinations 
by ICP-OES and ICP-MS is 

the increasing demand to achieve lower 
detection limits. The analytical instru-
ment is just one part of achieving the 
lowest limits of detection. Laboratories 
must also ensure their sample prepara-
tion procedure does not contribute any 
additional sources of contamination 
that will negatively impact their overall 
detection capability. The factors to 
consider when looking to minimize 
contamination and reduce blank levels 
while preparing samples for analysis 
by plasma spectrochemistry include 
equipment cleanliness, reagent purity, 
quality of materials, and the digestion 
procedure itself. In this technical note, 
we will examine different methods of 
cleaning microwave digestion vessels, 
instrument components, and labware.

Approaches for  
Cleaning Equipment
To achieve high-quality blanks when us-
ing microwave digestion, pre-cleaning 
of the vessels is critically important. It 
is insufficient to simply wash or soak 
vessel liners in dilute acid. The surface 
of PTFE is porous and will take up trace 
amounts of digest solution at elevated 
temperatures, especially as it “ages” 
with continued use. Running a blank 
in a vessel previously used to digest 
a sample, without thorough cleaning, 
will lead to blank contamination and 
degraded detection capability. 

There are two ways to thoroughly 
clean a microwave digestion vessel. 
The traditional method is to perform 
a cleaning run (with blank acid) in the 
microwave prior to each sample diges-
tion run. However, the downside is that 
this significantly reduces the sample 
processing capacity of the microwave 

traceCLEAN 
Automated Acid Reflux 
Cleaning System: 
Maximum Efficiency 
Coupled with High 
Productivity
Rob Thomas

A

traceCLEAN Automated 
Acid Reflux Cleaning  
System
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digester and puts additional wear and 
tear on the vessels, since it is done at 
high temperature and pressure. The 
alternative approach involves placing the 
vessels in a closed system containing 
high-purity acid vapors. There are many 
benefits of this technique over micro-
wave cleaning runs or acid soaking, 
which are described below.

The traceCLEAN Acid Reflux 
Cleaning System
The traceCLEAN from Milestone is 
an automated acid reflux system that 
thoroughly and safely cleans microwave 
digestion vessel liners including TFM, 
PFA, glass, and quartz. The system is 
comprised of a heated acid reservoir 
with a metal-free cleaning chamber 
above it. The traceCLEAN is based on 
acid steam cleaning, so only high-purity 
acid vapor comes into contact with the 
items to be cleaned. Trace metal con-
taminants present in the cleaning acid 
remain in the lower reservoir and do 
not come in contact with the cleaned 
items. A built-in exhaust/cooling system 
prevents operator ex-
posure to acid vapors, 
allowing the system to 
be placed outside the 
fume hood. User safety 
is ensured through 
the use of a dedicated 
interlock which allows 
for unattended running. 

A cleaning run typically takes about 
one hour, and cleaned items are cooled 
inside the system prior to removal, 
which prevents airborne contamination. 
In addition, the traceCLEAN can also 
be used for cleaning other accessories 
compatible with acid, including plasma 
torches and sample introduction com-
ponents used with ICP-OES and ICP-
MS instrumentation. A schematic of the 
system is shown in Figure 1.

This method of cleaning is preferred 
to traditional acid soaking because:

Figure 1: Schematic of the 
traceCLEAN acid reflux clean-
ing system.

traceCLEAN Automated 
Acid Reflux Cleaning  
System

Watch video to see the 
traceCLEAN in action
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•  Trace-metal contamination found 
in the reagent-grade acid remains 
in the lower reservoir and does not 
come in contact with the component 
to be cleaned.

•  The clean component does not 
remain in contact with the cleaning 
acid after the surface contamination 
is removed.

•  The critical surfaces of the clean 
components are nearly dry when the 
cleaning process is complete, which re-
duces the need for rinsing and drying.

•  The cleaning process takes place in 
a sealed container, which minimizes 
airborne contamination and provides 
a clean environment for the com-
ponents to be stored until they are 
needed.

•  The clean components are not 
subjected to high pressure as with 
microwave cleaning, thus enhancing 
the component lifetime.

•  Increased productivity as the 
microwave digestion system is 
used for running samples while 
the traceCLEAN is dedicated to 
cleaning vessel components.

Capability of the traceCLEAN 
The performance of the system is 
exemplified in Table 1, which is a com-
parison between acid steam cleaning 
of the traceCLEAN compared to 
conventional microwave cleaning (1). It 
shows the ICP-MS analysis of a suite 
of elements in digestion blanks of a 

traceCLEAN Automated 
Acid Reflux Cleaning  
System

Table 1: Comparison between high temperature microwave cleaning 
and cleaning with the traceCLEAN after digesting a soil sample. 

TFM Teflon Vessel Quartz Vessel

Element
Soil Sample 

(Elemental Con-
centrations)

Achievable 
ICP-MS 

Detection 
Limit**

Acid  
Leaching 
(ng/L)*

traceCLEAN 
Steam Clean-
ing (ng/L)*

Acid  
Leaching 
(ng/L)*

traceCLEAN 
Steam Clean-
ing (ng/L)*

Al 6.53% 200 287±46 258±24 398±28 327±18

Mg 2.89% 196 289±22 232±15 441±56 347±26

Na 1.14% 121 <121 <121 1190±350 608±67

Fe 2.89% 474 <474 <474 ±474 <474

Ni 21 mg/g 55 <55 <55 <55 <55

Co 10 mg/g 56 <56 <56 <56 <56

Cu 114 mg/g 52 144±39 117±12 170±15 109±9

Cr 47 mg/g 85 <85 <85 176±57 <85

Cd 41 mg/g 72 <72 <72 <72 <72

Tl 2.5 mg/g 261 <261 <261 <261 <261

Pb 1,163 mg/g 57 <57 <57 <57 <57

Zn 350 mg/g 876 995±80 <876 1640±1000 1005±124
**Detection limits calculated from the standard deviation of 10 blank measurements. *Error expressed as one standard deviation (n=3). (1)
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soil sample prepared in microwave 
vessels with quartz inserts after clean-
ing with both the traceCLEAN and the 
microwave digestion system. The first 
two columns show the concentrations 
of elements in the soil sample, to-
gether with the instrument detection 
limits. The remaining columns give a 
side-by-side comparison of the diges-
tion blank values obtained by micro-
wave cleaning and cleaning with the 
traceCLEAN system. It can be clearly 
seen that the traceCLEAN produces 
lower blank values, especially for the 
common laboratory contaminants 
such as Al, Mg, Na, Cu, and Zn, for 
both PTFE-TFM and quartz vessels. 

Conclusion
The traceCLEAN is a highly efficient 
steam cleaning system that is proven to 
be superior to traditional high-temperature 
microwave cleaning and acid leaching. 
The system can be used to clean a wide 
variety of laboratory items including 
microwave digestion vessels and vials, 
PTFE bottles, glass/quartz volumetric 
flasks, as well as ICP-OES and ICP-MS 
sample introduc-
tion components. 
In addition, acid 
consumption is sig-
nificantly reduced, 
and analysts do 
not have to handle 
large quantities of 

highly corrosive acids on a daily basis. As a 
result, this acid washing system is highly 
recommended for any lab that wants to 
perform trace-metals analysis.
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Introduction
It is widely known that the digestion 
process directly affects analysis qual-
ity and ICP-OES and ICP-MS perfor-
mance, as data reliability depends on 
quantitative conversion of solids into 
homogenous solutions. In addition to 
providing a complete digestion, the 
optimal sample preparation solution 
needs to match the lab’s productivity, 
ensure easy implementation into the 
lab’s workflow, and be reliable. For 
many years, thanks to its well-known 
benefits, microwave closed-vessel 
digestion has been the benchmark for 
numerous industries and applications, 
including food, feed, pharmaceutical, 
nutraceutical, polymers, consumer 
product testing, petrochemical, clinical, 
biological and cannabis. Microwave 
technology has evolved along with the 
elemental analysis needs of labs and 
atomic spectroscopy instrumentation. 

The Milestone ETHOS UP repre-
sents the latest evolution of rotor-
based technology, which incorporates 
over 30 years of experience and 
knowledge in microwave sample 
preparation (Figure 1). It perfectly 
merges the four pillars of a micro-
wave digestion system: microwave 
hardware, reaction vessels, reaction 
sensors and user interface, providing:
•  Enhanced ease of use and produc-

tivity

State-of-the-Art 
Rotor-based Digestion 
for Trace Metals  
Analysis

Rotor-based Digestion for 
Trace Metals Analysis

Figure 1: Milestone’s 
ETHOS UP.
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•  Superior digestion quality with no 
method development

•  Highest throughput and performing 
rotors

•  Superior safety and reliability
This technology report describes the 

benefits associated with the use of the 
ETHOS UP for trace metals analysis, ex-
plaining the impact of its main features 
on the digestion process.

Safety and Reliability
Trace metals analysis may require the 
use of large sample masses to achieve 
the required detection limits. Often, this 
can result in spontaneous reactions with 
a sudden increase of temperature and 
pressure. Microwave digestion systems 
must have all the necessary safety fea-
tures to properly handle such reactions. 

The ETHOS UP is a flexible and 
highperformance platform used for 
trace elemental analysis and routine 
determinations in many applications. 
Its rugged construction relies on a 
stainless-steel structure coated with 
five PTFE layers, making the ETHOS 
UP the most robust system in the 
market.

The cavity is in excess of 70 liters, 
which not only accommodates higher 
throughput rotors, but is inherently saf-
er, as it reliably contains gases escaping 
from vessels in the event of a sudden 
over-pressurization. The safety of the 
ETHOS UP is further enhanced with an 

innovative self-resealing mechanism of 
the stainless-steel door (Figure 2).

Ease of Use and Control
Microwave closed-vessel systems oper-
ate at high temperatures and pressures 
to ensure complete digestion and that 
all elements of interest are in solution. 
For this reason, appropriate temperature 
control is pivotal for digestion quality 
and safety. Milestone’s easyTEMP is 
a built-in sensor to directly control the 
temperature in all positions (Figure 3). 

Rotor-based Digestion for 
Trace Metals Analysis

Figure 2: Pressure- 
responsive door.

Figure 3: easyTEMP 
contactless direct temperature 
sensor.
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It combines the fast and accurate 
reading of an in-situ temperature sen-
sor with the flexibility and ease of use 
of an infrared sensor. Accurate and 
precise temperature control is crucial 
in sample preparation for trace met-
als analysis, since it ensures superior 
digestion quality by achieving the 
optimal conditions in all positions. 

Combined with easyTEMP, the 
ETHOS UP’s easyCONTROL software 
provides digestion traceability and 
temperature indication for every 
sample; the temperature diagram and 
profiles are displayed in real-time and 
can be subsequently saved on the 
terminal. 

The ETHOS UP comes with a dedi-
cated color touch-screen terminal and 
easyCONTROL software, which fully 
controls all digestion parameters and 
provides complete documentation 
(Figure 4).

To find the method best suited for 
your application, simply select the ap-
propriate pre-stored method from the 
ETHOS UP terminal or via our unique 
web-based application, Milestone 
Connect. This 
app allows you 
to become a part 
of the Milestone 
community and 
gain exclusive 
access to a 
robust library of 
information that 

includes lists of parts, technical notes, 
user manuals, video tutorials, continu-
ously update application notes and all 
relevant scientific articles.

High Performance and Productivity
The design and performance of the 
digestion vessels and rotors directly im-
pact the digestion capabilities of the sys-
tem. As the sample preparation process 
is carried out at high temperature and 
pressure, the vessels must be able to 
withstand these extreme conditions, en-

Rotor-based Digestion for 
Trace Metals Analysis

Figure 4: easyCONTROL built-
in library.

ETHOS UP sets the 
bar for rotor-based 
microwave digestion 
systems

SPONSOR’S CONTENT

https://cdn2.hubspot.net/hubfs/546758/Spectroscopy%20Milestone%20eBook%20March%202019/Spetroscopy%20Milestone%20eBook%20Sept%20Oct%202019/Labnote%20Ethos%20UP_USREV081619.pdf
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suring complete digestion in full safety. 
The ETHOS UP is available with two 
rotors: the SK-15 (High Pressure Rotor) 
and MAXI-44 (High Throughput Rotor), 
which were developed to match specific 
application needs in terms of sample 
type, sample mass, and throughput. 

The SK-15 rotor perfectly matches 
the needs of a modern analytical lab 
to determine trace elements, thanks 
to its ability to digest large sample 
masses at high temperature (up to 
300 °C) and pressure (up to 100 bar) 
(Figure 5).

Suitable for countless applica-
tions, the SK-15 can accommodate 
low reagent volumes, achieve high 
temperatures, and safely digest large 
masses of organic samples.

The MAXI-44 is a high-throughput 
rotor capable of digesting a wide 
variety of samples, improving labora-
tory throughput. It was specifically 
designed to accommodate the needs 

of routine labs that need to process 
large batches of samples, such as 
environmental labs (Figure 6).

Milestone’s rotors are equipped 
with our patented vent-and-reseal” 
technology which safely controls the 
internal pressure of the vessel and 
any over-pressurizations, providing 
labs with the high performance and 
reliability they need (Figure 7).

Rotor-based Digestion for 
Trace Metals Analysis

Figure 6: MAXI-44 easyTEMP 
high-throughput rotor.

Figure 7: Vent-and-reseal 
technology.

Figure 5: SK-15 easyTEMP 
high-pressure rotor.
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During the digestion process, exo-
thermic reactions may occur, which 
generate a sudden increase of tem-
perature and pressure. During some 
digestion cycles, the pressure could 
exceed the limit of the vessels, which 
would require a proper safety mecha-
nism be in place. In these situations, 
our vent-and-reseal technology safely 
releases the excess pressure without 
sample loss or loss of volatiles. 

A wide variety of inserts and ma-
terials (TFM, quartz and disposable 
glass) are available to further reduce 
acid volume, dilution, and contact 
surface area.

Conclusion
This technology report reviews the 
benefits of the ETHOS UP for trace 
metals analysis, explaining how its 
unique components and features 
work together to impact the labora-
tory’s sample prep process and 
workflow. The synergy between the 
system’s components also ensures 

high digestion quality, high through-
put, full control, and superior safety 
with every digestion run. 

The ETHOS UP system is designed 
to remove many of the variables that 
trace metals labs face when reaching 
lower detection limits and provides 
the high throughput and safety re-
quired throughout the sample prepa-
ration process.

Watch video to 
see the ETHOS UP 
in action

SPONSOR’S CONTENT

Rotor-based Digestion for 
Trace Metals Analysis

https://www.youtube.com/watch?v=Lljf-K7vWjs
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he ultraWAVE with Single 
Reaction Chamber (SRC) 
technology overcomes 
many of the limitations 

of conventional microwave sample 
preparation systems. For this reason, 
it has found a place in a wide array of 
market segments, such as contract, 
production and research laboratories 
in the pharmaceutical, polymer, metal-
lurgical, geological, environmental and 
consumer product industries.

With the ultraWAVE, there is no 
requirement to batch samples with 
a similar matrix. As a result, all 
sample types can be digested at the 
same time. Additionally, the high 
temperature and pressure capabili-
ties of the technology allow even the 
most difficult organic matrices to be 
digested in the minimum amount of 
time. With the nitrogen-pressurized 

capping system, samples of widely 
different analyte concentrations can 
be positioned next to each other in the 
chamber without concerns of cross-
contamination.

Milestone offers a wide range of 
racks and vials, including racks that 
accommodate vials with different 
volume types to digest different 
sample types and amounts in a single 
microwave program, enhancing the 
lab workflow and productivity.

As a result, the real-world benefits of 
the ultraWAVE microwave digestion 
system preparing samples for trace el-
ement analysis are truly “Any Sample 
at Any Time.”

Experimental
This technology report describes how 
widely differing sample types can 

The Performance and 
Benefits of Single 
Reaction Chamber 
(SRC) Technology

T

Performance and Benefits of 
SRC Technology
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be digested together without cross 
contamination, and complete recov-
ery of volatile analytes such as Hg is 
achieved. A comparison of digestion 
blanks obtained from a variety of dif-
ferent vial materials, in non-cleanroom 
conditions is also made.

Instrument
The ultraWAVE (Figure 1) meets the 
requirements of modern laboratories, 
thanks to its unique benefits, such as:

• Superior digestion quality
• High productivity
• Ease of use
• Superb safety

Developed by Milestone, the ultra-
WAVE with Single Reaction Chamber 
(SRC) technology is designed with a 1 
Liter reactor, capable of operating at 
very high temperature and pressure 
(300 °C and 199 bar, respectively). 
This capability ensures complete 
digestion of even the largest sample 
sizes as well as highly reactive and 
difficult-to-digest samples (Figure 2).

For the first time, a microwave 
digestion system ensures the same 
temperature and pressure conditions 
in all positions, even when different 

Performance and Benefits of 
SRC Technology

Figure 1: Milestone’s 
ultraWAVE.

Figure 2: Schematic of the 
ultraWAVE’s single reaction 
chamber (SRC).
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samples and/or different chemistries 
are used. This results in superior di-
gestion capabilities, higher productiv-
ity and better workflow for the lab.

The ultraWAVE’s base load and 
positive pressure load prior to heating 
generate an equilibrium of temperature 
and pressure in each position, thus 
avoiding sample/element loss and 
cross contamination. Samples can be 
weighed directly into disposable glass 
vials, eliminating the cleaning steps. 
Sample throughput compared to 
closed-vessel digestion is approximate-
ly 2x higher. Labor and consumables 
costs are significantly reduced over tra-
ditional microwave digestion. However, 
since the sample prep workflow using 
SRC technology is quite different to the 
workflow with traditional closed-vessel 
digestion, it is important to consider 
possible analytical implications.

For example, glass vials are not as 
clean as quartz or TFM. This technology 
report compares the blank contribution 
from glass, quartz and TFM vials, in or-
der to assess the suitability of glass vi-
als for ultratrace applications. Because 
all samples and blanks are placed into 
a single chamber and digested togeth-
er (vials are capped, the caps are loose 
fitting to prevent pressure build up in 
the vial), this note also investigates the 
possibility of cross contamination be-
tween samples and loss of volatile ele-
ments during the digestion program.

Blank Contribution from  
Different Vial Materials
To determine the digestion blank 
contribution from the three different 
vial materials, a digestion run was 
performed with a 15-position rack 
containing 15 mL vials of each material 
type. The quartz and TFM vials were 
precleaned by soaking in concentrated 
HNO3, while the glass vials were used 
uncleaned. Ultrapure concentrated 
HNO3 (4 mL), was added to each vial, 
and the ultraWAVE ramped to 220 °C 
in 15 minutes and held at 220 °C for 
15 minutes. After cooling, the acid was 
diluted to 40 mL with DI water. TFM 
caps were used with all vials. Analysis 
was performed on an Agilent 7500cx, 
with a standard glass Micromist 
nebulizer and quartz Scott-type spray 
chamber and Ni cones. The analyte list 
comprised 26 of the most common 
analytes. Both prep and analysis were 
performed in a regular lab environ-
ment. As expected, the glass vials 
were found to give the highest blanks, 
but only for a relatively small number 
of elements. The highest elements 
measured in glass were: Na 525 ppb, 
B 120 ppb, K 113 ppb, Al 60 ppb, Ca 13 
ppb and Mg at 4.3 ppb. The remaining 
elements were ppt level. For the other 
vial materials, B and K were found 
at the single figure ppb level in both 
quartz and TFM, though B was likely 
present in the DI water, and K is an 
environmentally common element.

Performance and Benefits of 
SRC Technology
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Figures 3 and 4 show the data 
in graphical form; Figure 3 has a 
maximum concentration scale of 100 
ppb, while Figure 4 is the same data 
displayed with a maximum concen-
tration scale of 10 ppb.

Clearly, if ultratrace analysis in 
digested samples by ICP-MS is to 
be performed for the above men-
tioned elements Na, B, K, Al, Ca and 

Mg, then either quartz or TFM vials 
should be used. However, B is not a 
commonly required analyte and the 
other analytes listed are all present 
at high levels in most routine sample 
types, so for many applications, 
glass vials are acceptable.

And in fact, for USP method 
<233>, none of the above listed ana-
lytes are required to be measured. 

Performance and Benefits of 
SRC Technology

Figure 3: Digestion blank by vial material.

Figure 4: Digestion blank by vial material (expanded scale).
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What this study also dem-
onstrates is the ability of 
the ultraWAVE—especially 
with quartz and TFM vials—
to produce digestates with 
extremely low blank levels, 
making it equally suitable as 
a sample prep technique for 
ICP-MS as well as ICP-OES.

Ensuring Full Recoveries
The reason cross contamina-
tion or loss of volatile ana-
lytes does not occur in the 
SRC is due to the effect of pressure 
increase in the chamber. Prior to 
the start of the microwave program, 
the chamber is pre-pressurized with 
N2—typically at 40 bar. This pressure 
acts as a cover over the samples. 
As the samples heat up, their vapor 
pressure further increases the pres-
sure in the chamber, which increases 
the boiling point of the samples, so 
the samples never boil. Figure 5 il-
lustrates the initial pre-pressurization 
of 40 bar increases the BP of water 
to 250 °C. Assume the microwave 
program heats the sample to 250 °C. 
As microwave energy is applied, the 
sample heats up, which increases 
its vapor pressure, subsequently 
increasing the pressure in the cham-
ber. At the target run temperature of 
250 °C, the increase in pressure due 
to the vapor pressure increase in the 

sample is 20 bar. Added to the origi-
nal pressure of 40 bar, this gives 60 
bar pressure in the chamber. How-
ever, at 60 bar, the BP of water is 
270 °C—so the sample never boils. 
Because the sample never boils, 
no volatiles are lost and no physical 
transport of sample between vials 
can occur.

Cross-Contamination Test and 
Volatile Element Test 
To confirm that cross contamination 
and loss of volatiles does not occur, 
two different tests were performed. 
First, 8 blanks were placed in a 
15-position rack with 7 vials contain-
ing 110 ppm Hg standard solution. 
The blanks consisted of 4 mL high 
purity concentrated HNO3 in glass 
vials. The vials were not precleaned. 

Performance and Benefits of 
SRC Technology

Figure 5: Boiling point of water with 
increased pressure.
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Figure 6 shows the arrangement of 
blanks and standards in the rack- the 
blanks were spaced evenly through 
the rack. A digestion run to 250 °C 
was performed. The blanks were 
then diluted to 40 mL with DI water 
and analyzed for Hg using an Agilent 
7500cx ICP-MS.

Table 1 shows the concentration of 
Hg measured in each of the blanks, 
showing that no Hg from the stan-
dards had been transferred to the 
blanks by spatter, boiling, volatilization 
or other mechanism. The test above 
demonstrates that cross contamina-
tion, even with a 
volatile element 
such as Hg, does 
not occur. In the 
second test, 
three different 
certified refer-
ence materials 
(CRM), certi-

fied for Hg, were digested together 
in the ultraWAVE along with two 
acid blanks. Hg analysis was then 
performed on the digestates using 

Performance and Benefits of 
SRC Technology

Milestone helps 
Chemical Solutions 
meet intense customer 
demands
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Table 1: Hg concentration 
in the blanks

Hg (ppt)

Blk position 01 0.020

Blk position 03 0.032

Blk position 05 0.001

Blk position 07 0.002

Blk position 09 -0.003

Blk position 13 -0.007

Blk position 13 -0.007

Blk position 15 -0.006

Figure 6: Schematic of vial 
rack (15 positions) White vi-
als: blanks. Green vials: 110 
ppm Hg.

https://cdn2.hubspot.net/hubfs/546758/Spectroscopy%20Milestone%20eBook%20March%202019/Spetroscopy%20Milestone%20eBook%20Sept%20Oct%202019/Chemical%20Solutions-Lab%20Profile%20USREV012819.pdf
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a Milestone DMA-80 evo direct mer-
cury analyzer.

The CRMs had Hg concentrations 
covering 2 orders of magnitude, yet 
excellent recoveries were obtained for 
all aliquots of every standard (Table 2), 
demonstrating that Hg is not lost dur-
ing the digestion run and complete 
recovery is achieved.

The variety of sample types—a fish 
tissue, a polymer and a soil—able 
to be digested together under the 
same conditions also demonstrates 
the highly efficient workflow of the 
ultraWAVE.

Conclusion
A detailed comparison of digestion 
blank contribution due to the choice of 
vial material was made. The compari-
son demonstrates that the ultraWAVE, 
used in a routine, non-cleanroom envi-
ronment, can produce digestates suit-
able for ultratrace analysis by ICP-MS. 
While the higher productivity, ease of 
use and superior digestion power of 
the ultraWAVE are well accepted, this 

report demonstrates that the diges-
tion of samples in a single chamber, in 
loosely capped vials, does not nega-
tively impact analytical data quality. 
The technique of pre-pressurizing the 
chamber with N2 effectively prevents 
cross contamination and loss of vola-
tiles, since the digest solution never 
reach boiling point.

Watch video to see 
the ultraWAVE in 
action
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Table 2: Measurement of 
Hg in 3 reference materials 
following digestion in the 
ultraWAVE

Sample Certified ultraWAVE

DORM-3 
Fish protein

409 ± 27 
μg/kg

393 μg/kg

383 μg/kg

388 μg/kg

ERM-EC680 
Polyethyl-

ene

25.3 ± 1.0 
mg/kg

24.9 mg/kg

24.4 mg/kg

24.6 mg/kg

NIST2709 
San Joaquin 

soil

1.4 ± 0.08 
mg/kg

1.36 mg/kg

1.40 mg/kg

1.35 mg/kg
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https://www.youtube.com/watch?v=kK3KRYqlwnw&t=25s

