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INTRODUCTION

This study offers a closer look at the comparison in running costs between the Milestone 
DMA-80 evo and CV-AAS/AFS and how they stack up against ICP-MS. 

THE COST BENEFITS OF 
DIRECT MERCURY ANALYSIS: 
DO YOU KNOW THE BOTTOM LINE?

Imagine you are the owner of a large contract 
laboratory, and are beginning to get more and 
more requests for mercury analysis. You have 
always used a traditional dedicated mercury 
analyzer utilizing cold vapor atomic absorption 
or atomic fl uorescence spectrometry (CV-AAA 
or AFS), which are well suited for liquid samples 
with low mercury content including drinking water 
and surface waters. However, for the solid and 
other liquid samples that came into your lab, they 
had to go through an appropriate dissolution step 
prior to analysis, which in many cases involved 
microwave digestion. And because of the high 
volatility of mercury, these dissolution techniques 
can often lead to loss of analyte and poor 
recoveries if the  optimum digestion technology 

isn’t used, possibly resulting in sample reruns, 
which can impact lab effi ciency, operator time, 
and the overall cost of analysis.
Most of your current workload involves different 
types of environmental samples, which makes it 
very challenging for your lab to match all these 
requirements with a single technique. In addition, 
EPA Method 7471 (1) for measuring total mercury 
in soils, sediments, bottom deposits, and 
sludge-type materials using cold vapor atomic 
absorption that you have used for years requires 
daily calibration and is prone to interferences 
from specifi c species including sulfi de, chloride, 
and copper ions. They necessitate the use of 
oxidizing and reducing agents to ensure they 
were in the appropriate oxidation state before 
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the mercury vapor is reduced and swept into 
absorption cell. For this reason, the EPA method 
defi nitively states that “it should be carried out 
with properly experienced and trained personnel 
and that each analyst demonstrates the ability to 
generate acceptable results with this method.”
So, with this information fresh in your mind, it 
has you thinking that a novel approach known as 
Direct Mercury Analysis (DMA) that can determine 
mercury directly in solid and liquid samples using 
the principle of thermal decomposition coupled 
with amalgamation and atomic absorption might 
be the way to go. In this technique, the sample 
is thermally decomposed in a metallic or quartz 
boat and introduced into a quartz tube, where a 
continuous fl ow of air carries the decomposition 
products through a hot catalyst bed where 
halogens, nitrogen, and sulfur oxides are trapped. 
All mercury species are reduced to elemental 
mercury (Hg0) and then released into a gold 
amalgamator where the mercury is selectively 
trapped, heated, and passed into a fi xed 
wavelength atomic absorption spectrophotometer 
for detection. Note: A more thorough explanation 
of the fundamental principles of  this technique is 

available in the following image (Figure 1) and in 
the reference section (2).

COST OF ANALYSIS
So, with this analytical scenario as background 
information, let’s take  a more detailed look 
at the cost of analysis comparison between 
a dedicated mercury analyzer and one using 
Direct Mercury Analysis. It’s also worth noting 
that there are three approved methods using this 
approach - EPA Method 7473 for solid samples 
and liquids (3), ASTM method D-7623-10 for 
total mercury in crude oil using combustion 
gold amalgamation and cold vapor atomic 
absorption method (4) and ASTM 6722-01 for 
coal combustion products (5). The EPA method 
states that total mercury can be determined in 
either the laboratory or a fi eld setting without 
sample chemical pretreatment in less than 5 
minutes.
You know that over the next 12 months you’ll be 
getting a high workload of samples, so it sounds 
ideally suited for what you want to do. However, 
you are unsure if the cost savings can justify the 

Figure 1: A schematic of the DMA-80 evo direct mercury analyzer. 
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investment for a new Direct Mercury Analysis 
instrument.
This is the exact scenario that many labs are 
faced with when the demand for mercury analysis 
increases significantly. To stay with traditional 
dedicated mercury techniques such as CV-AAS/
AFS or perhaps move some of the samples over 
to the ICP mass spectrometer (ICP-MS), which 
is predominantly used for drinking water and 
wastewater analysis, or to invest in the direct 
mercury technique. So, let’s take a closer look 
at the comparison in running costs between the 
Milestone DMA-80 evo and CV-AAS/AFS, and 
also how they stack up against ICP-MS, to see if 
the investment can be justified. 
Note: For this exercise, we’ll make the 
comparison using similar sample types that 
require some type of sample pretreatment or 
preparation (e.g., solids or liquids that require 
digestion).

To fully understand the differences, it’s important 
to break the dedicated mercury analysis 
methods into their different components: pre-
digestion handling, sample digestion, post-
digestion handling, and sample analysis and 
then compare the associated costs for each 
step with the DMA-80 evo method. Table 1 
shows a detailed breakdown of the cost of 
typical sample preparation for a dedicated CV-
AAS/AFS analyzer, while Table 2 is a productivity 
comparison. A few points to make: these are 
average prices/costs in the US taken from 
publicly available data. An explanation behind 
each data set is given in the numbered footnotes. 
The comparison is based on 40 samples per 
day, which is the average number of samples 
that can be run by a conventional CV-AAS/AFS 
analyzer, considering the time available after the 
sample preparation/digestion has been carried 
out (refer to the productivity comparison in Table 
2).

  PRODUCTIVITY AND COST COMPARISON

SAMPLE PREPARATION COSTS FOR 40 SAMPLES

Labware cost per  
40 samples1

Operator cost  
per 40 samples2

Total cost  
for 40 samples

CV-AAS/AFS $38 $36 $74

Milestone 
DMA-80 evo - - -

Table 1: Cost of Sample Preparation for a Dedicated CV-AAS/AFS Analyzer

1 Reagent and disposable flask costs required for 40 samples (equivalent to $0.95/ sample)
2 Operator time required for pre- and post-digestion steps: weighing, adding reagent, vessel assembly/disassembly, 
and dilution (filtering not included). Equivalent to 72 min. of an operator time ($30/hour). 
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Note: It should also be emphasized that these 
times do not include the pretreatment of samples. 
For example, even though homogenization might 
be required by both techniques, it has not been 
included in any of the calculations.
And finally, the cost associated with the analysis 
process for the dedicated CV-AAS/AFS analyzer 
compared to the DMA-80 evo is shown in Table 3.

Note: The CV-AAS/AFS techniques require daily 
calibration and the use of fresh standards and 
reagents, while the DMA-80 only requires a 
calibration check either with a standard solution 
or a certified reference material (CRM). The costs 
associated with these tasks are explained in the 
numbered footnotes.

SAMPLE PRODUCTIVITY COMPARISON

Sample preparation 
time1

Operator handling 
time2

Analysis time 
per samples3 

Total samples 
per day

CV-AAS/AFS 120 min 72 min 6 min 48

Milestone 
DMA-80 evo - - 6 min 80

ANALYSIS PROCESS COSTS COMPARISON

Reagents and rinse 
solutions costs1  

(40 samples)

Operator time cost2 
for reagents prepara-

tion (40 samples)

Operator time cost for 
analysis3  

(40 samples)

Total costs 
(40 samples)

CV-AAS/AFS $13.72 $7.50 $4 $25.22 

Milestone 
DMA-80 evo $0.16 - $10 $10.16

Table 2: Sample Productivity Comparison of CV-AAS/AFS vs. the DMA-80 evo analyzer 

1 Digestion time (heating and cooling) for 40 samples, obtained by running two digestion cycles with a closed-vessel 
microwave digestion system.
2 Time required for the operator to prepare a total of 40 samples (weighing, reagents addition, vessels assembly/ 
disassembly).
3 Average time required by the instrument to perform the analysis. CV-AAS/AFS time might change based on the 
system configuration, volume of sample introduced, and other factors.

1 Reagents required for the analysis (HCl typically ultrapure, ascorbic acid, SnCl2, distilled water); rinse solution 
for cleaning (HCl typically ultrapure, distilled water). DMA-80 evo requires only the replacement of the sample boat 
every 1000 runs (equivalent to $0.004 for each analysis) 
2 Cost of the operator to freshly prepare the reagents every day.
3 Operator cost to set up the analysis, equivalent to 8 minutes for CV and 20 min for DMA-80 evo (including sample 
weighing).

Table 3: Cost of Sample Analysis for a Dedicated CV-AAS/AFS Analyzer compared to the DMA-80 evo
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To put this into perspective, the overall cost 
comparison of CV-AAS/AFS with the DMA-80 
evo system is shown in Table 4, which represent 
the total of the individual data sets taken from 
Tables 1-3. The cost comparison for 40 samples 
per day is given, but It’s also important to 
emphasize that 80 samples per day could be 
run on the DMA-80 evo system, compared to a 
maximum of 48 by CV-AAS/AFS, a 67% increase 

in productivity. And to make the comparison 
more relatable for a high sample workload, the 
cost breakdown is given for a typical lab running 
5000 samples per year, equivalent to carrying 
out mercury analysis for 6 months of the year 
(125 days). It can be seen that the Milestone 
DM-80 evo represents an 89.8 % saving in costs 
over CV-AAS/AFS.

It’s also worth mentioning that additional costs 
for a cold vapor system could also include 
nitrogen and argon, which are required for 
CV-AAS and CV-AFS respectively. It would be 
perfectly reasonable to include these costs, 
but because of variations in instrument design 
and volumes used, they will not be used in this 
evaluation. On the other hand, the DMA-80 evo 
works with an air compressor, which would 

typically be purchased with the instrument, and 
thus would not incur any gas-related operating 
costs. 
To make this evaluation complete, let’s compare 
the analytical capabilities of ICP-MS which is often 
used for carrying out mercury determinations.

TECHNIQUES FOR MERCURY DETERMINATION COST COMPARISON ON 40 SAMPLES

CV-AAS/AFS Milestone DMA-80 evo

Sample preparation costs for 40 samples1 $74 -

Reagents preparation and related operator time 
costs for 40 samples2 $21.22 $0.16 

Operator time cost for the analysis of 40 samples $4 $10

Total costs for 40 samples $99.22 $10.16 

Total cost for 5000 samples $12,402.50 $1,270 

DMA-80 evo cost saving as % of CV-AAS/AFS cost - 89.8%

Table 4: Overall cost comparison breakdown of sample preparation, digestion and analysis for 40 samples

1 Sample preparation (digestion) costs: reagents, flasks for digested solution and operator time
2 Reagents, rinse solution and operator time costs related to the analysis



TECHNOLOGY REPORT
DMA-80 evo 

6

  A COMPARISON WITH ICP-MS
There have been a number of studies carried 
out comparing the DMA-80 evo with ICP-MS, 
highlighting the many limitations in common 
between CV-AAS/AFS and ICP-MS, mainly 
because they are both solution analysis 
techniques. As a result, the lengthy sample 
preparation steps to get difficult samples into 
solution and their impact on the productivity 
will be very similar, as well as the time required 
for daily tasks such as instrument set-up, 
calibration, QC checks,  routine maintenance, 
and cleaning etc. In addition, both techniques 
use hazardous waste chemicals, acids, and 
solutions, which must be disposed of in a safe 
and environmentally-friendly manner.
The determination of mercury by ICP-MS is 
also notorious for its memory effects and carry 
over, because it can stick to the walls of the 
sample container as well as the peristaltic pump 
tubing and surfaces of the ICP-MS sample 
introduction components. To compensate for 
this, long washout times are typically required to 
ensure the previous sample is not still resident 
in the sample line. This can be minimized with 
the addition of a few ppm of gold, which acts 
as a strong oxidizing agent to convert the 
mercury to the mercuric ion to stop it from being 
reduced to elemental mercury and lost to the 
atmosphere or absorbed into the sample line. 
This is further compounded if the solutions are 
left for extended periods of time before they 
are analyzed. An alternative approach is to add 
approx 1% HCl to the sample preparation or 
digestion stage, which binds with the mercury 
and helps maintain it as a soluble complex ion 
rather than the easily reduced free ion. It is also 
beneficial to add the HCl to the diluent and the 

rinse solutions to assist in moving the mercury 
through the sample introduction system without 
sticking to the sides. The bottom line is when 
carrying out determinations at low levels by ICP-
MS, mercury is usually measured on its own, not 
only because of the washout problems, but also 
the other analytes could be negatively impacted 
by the addition of chloride ions to the samples. 
This means that it is not advisable to  measure 
mercury in  a multielement run, and particularly if 
a rapid sampling system with switching valves is 
being used for high sample throughput. 
Moreover, if samples contain high levels of 
mercury, sample-to-sample contamination 
can be a potential problem with ICP-MS. To 
avoid these issues,  the sample might need 
to be diluted, which will not only degrade the 
detection capability, but in extreme cases the 
sample introduction components might need 
to be cleaned using a gold/hydrochloric acid 
solution, or even replaced, which all have a 
significant impact on sample throughput and 
productivity. For this reason, the DMA-80 evo 
(Figure 2) could even be (and often is) used 
as a complementary technique to ICP-MS in 
order to avoid contamination problems and the 
associated additional costs.

Figure 2: Milestone’s DMA-80 evo direct mercury analyzer. 
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  FINAL THOUGHTS   FURTHER READING

With over 50 patents and more than 20,000 
instruments installed in laboratories around the 
world, Milestone has been widely recognized as the 
global leader in metals prep technology for the past 
30 years. Committed to providing safe, reliable and 
flexible platforms to enhance your lab’s productivity, 
customers worldwide look to Milestone for their metals 
digestion, organic extractions, mercury analysis and 
clean chemistry processing needs.

  ABOUT MILESTONE

MILESTONE Srl - Via Fatebenefratelli, 1/5 - 24010 Sorisole (BG) - Italy

Tel: +39 035 573857 - Fax: +39 035 575498

www.milestonesrl.com - email: analytical@milestonesrl.com

MILESTONE
H E L P I N G
C H E M I S T S

With over 3000 Milestone DMA-80 systems 
installed worldwide, Direct Mercury Analysis 
has proven itself to be a valuable alternative 
technique to CV-AAS/AFS and ICP-MS for 
carrying out mercury determinations and to be 
able to analyze both solids and liquids directly 
regardless of the matrix or the concentration 
range. Moreover,  its seamless operation, easier 
workflow with minimal sample handling, and 
long-lasting calibrations are very attractive for 
remote field-based studies as well as for labs 
that don’t have sophisticated sample preparation 
and digestion procedures available. In addition, 
the ability to introduce the sample directly into 
the instrument means contamination issues are 
minimized, which makes it ideally suited for non-
experienced operators who are not well-versed in 
working in the ultra-trace element environment. 
This study has shown that the DMA-80 evo 
system offers a significant cost saving of almost 
90% per sample over traditional CV-AAS/AFS, 
which could translate into an instrument paying 
for itself in a very short period of time, particularly 
for labs with a high sample workload.
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Figure 2: Milestone’s DMA-80 evo direct mercury analyzer. 


