
A direct, rapid, reliable procedure to measure the total 
mercury content in fi sh tissues: Milestone DMA-80 evo

Abstract
A simple and rapid procedure for measuring total mercury in 
fi sh samples was evaluated and compared to conventional 
techniques. The Milestone direct mercury analyser, DMA-
80 evo, uses combustion-atomic absorption spectroscopy 
(AAS) and gave statistically equivalent results to both cold 
vapor atomic adsorption (CVAA) and inductively coupled 
plasma-mass spectrometry (ICP-MS). The system is faster 
than traditional methods, requires less sample, produces 
no waste, and would be ideal for laboratories that analyse a 
large number of fi sh samples.

Introduction
Mercury is a ubiquitous heavy metal that biomagnifi es at 
successively higher levels in the aquatic food chain. It can 
have adverse effects on the fi sh population itself as well as 
on both humans and fi sh-eating wildlife. Several methods 
exist for the determination of mercury in fi sh and biological 
tissues including cold vapor atomic adsorption (CVAA) and 
inductively coupled plasma-mass spectrometry (ICP-MS).

Both techniques require a preliminary sample pre-
treatment step of acid digestion. The DMA-80 evo however 
can measure total mercury in both solid and liquid matrices 
and as it requires no sample preparation, provides much 
faster analysis than conventional techniques (Figure 1). 

The system integrates combustion of the sample, pre-
concentration of mercury with gold amalgamation, and 
detection using AAS. As the sample is analysed without 
liquid reagents, it essentially eliminates reagent waste and 
reduces the potential for contamination.  

Instrumentation
The DMA-80 evo (Figure 2) features a circular, stainless 
steel, interchangeable 40 position auto-sampler for 
virtually limitless throughput and can accommodate both 
nickel (500 mg) and quartz boats (1500 μL) depending on 
the requirements of the application. The system has the 
advantage of running on air so no cylinder or house gases 
are required however regular grade oxygen can also be 
used.
Since the process does not require the conversion of 
mercury to mercuric ions, both solid and liquid matrices 
can be analyzed without the need for acid digestion or other 
sample preparation.
The DMA-80 evo is controlled via a compact control terminal 
with easy-to-read, bright, full-color, touch screen display, 
or alternatively, with PC software. Both provide simple and 
intuitive, but extremely fl exible control over the complete 
analytical process. 

ANALYSER KEY POINTS
- No prior sample preparation 
- Reduced number of analytical errors
- Very fast sample turnaround (<6 min)
- General cost savings (70% versus CVAA)
- Fully compliant with EPA Method 7473
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Figure 1. CVAA and ICP-MS vs Milestone’s DMA-80 evo
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Methods and results
The method was developed using a wide range of fi sh 
tissues in order to refl ect a dynamic range of mercury 
concentrations. 
To prove the accuracy of the method, the results were 

compared with standard reference materials and found to 
be fully in agreement with their certifi ed values (Table 1). 

During analysis, a fl ow of air/oxygen carries combusted 
decomposition products from the sample through a hot 
catalyst bed where halogens, nitrogen, and sulfur oxides 
are trapped. All mercury species are reduced to Hg(0) and 
then transferred with reaction gases to a gold amalgamator 
where the mercury is selectively trapped. All non-mercury 
vapors and other decomposition products are fl ushed from 
the system by the continuous fl ow of gas. The amalgamator 
is subsequently heated and releases all trapped mercury to 
the single beam, fi xed wavelength AA spectrophotometer. 
To complete the mercury determination of 33 fi sh matrices, 
DMA-80 evo required less than 3 hours total working time 
(approximately 5 minutes per sample).

Conclusions
In this study of the measurement of mercury in fi sh 
samples, the results show to be accurate and reproducible 

even among a wide dynamic range mercury concentrations 
(Table 2). The process does not require the conversion of 
mercury to mercury ions and both solid and liquid matrices 
can be analyzed without the need for acid digestion or other 
sample preparation. 
Besides reducing dramatically the working time in 
comparison to conventional techniques, the DMA-80 evo 
allows a total acid-free mercury determination thereby 
reducing the cost of analysis and also eliminating hazardous 
waste generated. Typical conventional sample preparation 
problems such as risk of contamination, memory effect 
and cleaning have now been eliminated for these types of 
samples. 

Comparison to traditional CVAA and ICP-MS showed 
statistically equivalent results however the combustion-AAS 
method of the DMA-80 evo provides faster results with less 
sample and excellent mercury recovery. All these features 
make it particularly useful to Regional or State laboratories 
that analyse substantial numbers of fi sh samples for 
mercury.

Samples Mercury content (mg/Kg) RSD (%)

Shrimp 0.039 1.36

Sword Fish 1.81 1.64  

Canned Tuna 0.27 0.89

Fresh Tuna 0.42 1.35

Mackerel 0.057 0.98

King Salmon 0.033 1.50

Atlantic Salmon 0.082 1.90

Octopus 0.12 1.20 

Anchovy 0.073 1.95

Certifi ed 
material

Certifi ed value 
(mg/Kg)

DMA-80 evva-
lue (mg/Kg)

Recovery 
(%)

Dorm-4 0.410 ± 0.055 0.39 95.12%

TORT-3 0.292 ± 0.022 0.31 106.16%

Table 1. Total mercury analysis with Milestone’s DMA-80 evo of 
certifi ed materials (n=3).

Table 2. Total mercury analysis with Milestone’s DMA-80 evo of different 
fi sh samples at different mercury content (3 replicates per each sample).

Figure 2. Milestone’s DMA-80 evo Direct Mercury Analyzer

This review paper is based on the scientifi c publication 
titled “Determination of Total Mercury in Fish Tissues using 
Combustion Atomic Absorption Spectrometry with Gold 
Amalgamation”, James V.Cizdziel, March 2002, Volume 135
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