
■ Overview

Nowadays, fish and seafood consumption increases in
order to feed billions of people a. In fact, this foodstuff is a
valuable and easy-to-access protein source. Moreover,
its important content of omega-3 fatty acid, various
vitamins and minerals make fish an increasingly popular
food in various preparations (like sushi, tartar…).
Unfortunately, fish meat could also contain toxic heavy
metal like arsenic, lead or mercury. Only a few part of
these contaminants come from the environment (rocks,
volcanic activity…) most of them could be directly related
to anthropogenic activities. This fish contamination by
heavy metals is far from being an isolated challenge. In
fact a study conducted in 18 European Union (EU)
Member States, Iceland, Australia and three commercial
organizations showed that up to 8.2% of fish species had
Cd levels exceeding the maximum limits in fish muscle
according to FAO and EU regulations b.
In order to protect customers health some regulations
appeared in different area. Two groups of elements are
distinguished: essentials but toxics in excess amount like
Fe, Cu, Se or Zn and toxics like As, Hg, Cd or Pb.

Table 1: Example of heavy metals maximum allowable limits in some 
different regulations. 

■ Shimadzu ICPMS-2030: a valuable system for
analysis of Heavy metal in fish

Thanks to its detector, a discrete dynode electron
multiplier, ICPMS-2030 associates high sensitivity (trace
detection) with a wide dynamic range (109) which is the
key for simultaneous determination of major and trace
elements.

Due to the unique Eco-Mode associated with minitorch,
ICPMS-2030 is able to drastically reduce running costs
by half. This shielded minitorch and the well designed
octopole collision cell assure a high accuracy for all
elements measured. Using Helium gas and Kinetic
Energy Discrimination principle (KED), this cell
suppresses most of the spectroscopic interferences
(polyatomic interferences). The efficiency of inter-
ferences suppression and enhancement of sensitivity
are improved by a cooled cyclonic chamber and well
controlled torch positioning.

In the different curves shown in Figure 1, all 
correlation coefficients r² achieve a 0.9999 level.

■ Detection limits calculation

Instrument detection limits (IDL) are calculated as three
time the standard deviation of 10 replicate
measurements of the calibration blank.

Table 3: IDL values obtained for fish analysis

Limit of quantitation (LOQ) is obtained in two steps.
Instrument Quantitation limit (IQL) as ten times the
standard deviation of 10 replicate measurements of
calibration blank. IQL values are then multiplied by the
dilution factor (400) to obtain LOQ in the final product.

Table 4: LOQ vales for heavy metals analysis in fish.

Low values of detection limits (IDL) and quantitation
limits (LOQ) showed in Tables 3 and 4 indicate the
highly suitability and ability of ICPMS-2030 for sensitive
quantitation of heavy metals in fish.

■ Results and method accuracy

For the certified reference sample DORM-4, results are
summarized in Table 5 for all targeted heavy metals.

Table 5: Heavy metals concentration Fish Protein Certified Reference
Material for Trace Metals (DORM-4).

The quantitation results in Table 5 demonstrate that
ICPMS-2030 is able to quantify simultaneously and with
high accuracy all the various elements present in Fish
Protein Certified Reference Material for Trace Metals
(DORM-4) and thus for all fish and derivative products.

■ Calibration

For each studied element, calibration curves including 4
points in the targeted concentration range are realized
in an acidic matrix similar to DORM-4 sample.
An internal standard solution in acidic solution is mixed
using online mixing with sample, before it is aspirated
(45Sc, 72Ge, 115In, 209Bi). Note that ISTD and their
concentrations are automatically selected by
LabSolutionICPMS software for each studied element.

Figure1: Calibration curves obtained in acidic matrix similar to DORM-4
sample. DBG analysis are purged with He gas in collision cell (KED).
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Parameter Setting

RF generator power 1.2 kW

Plasma gas 8 L/min

Auxilliary gas 1,1 L/min

Carrier gas 0.6 L/min

Nebulizer type MicroMist

Sampling depth 6 mm

Spray Chamber temperature 5°C
Coll. Cell gas flow (He)

DBG mode
8 mL/min

Quantified Isotopes 
(Toxic/ Essential)

75As, 111Cd, 52Cr, 65Cu, 56Fe,
202Hg, 60Ni, 208Pb, 78Se, 66Zn

Internal Standards (ISTD) 45Sc, 72Ge, 115In, 209Bi

Table 2: ICPMS-2030 measurement parameters. 

Element 75As 111Cd 52Cr 65Cu 56Fe
IDL (ppb) 0.003 0.001 0.005 0.02 0.06
Element 202Hg 60Ni 208Pb 78Se 66Zn
IDL (ppb) 0.003 0.01 0.004 0.01 0.03

Element Measured 
value (mg/kg)

Duplicate 
measured 

value
(mg/Kg)

Certified value
(mg/Kg)

As 6.59 6.69 6.80 ± 0.64
Cd 0.299 0.298 0.306 ± 0.015
Cr 1.88 1.89 1.87 ± 0.16
Cu 15.6 15.5 15.9 ± 0.9
Fe 326 328 341 ± 27
Hg 0.415 0.360 0.410 ± 0.055
Ni 1.31 1.29 1.36 ± 0.22
Pb 0.388 0.389 0.416 ± 0.053
Se 3.44 3.51 3.56 ± 0.34
Zn 55.0 53.3 52.2 ± 3.2

Moreover, ICPMS-2030 is able to save all the masses from
sample measurements and allowing results treatment
without need of new analysis. Then thanks to its exclusive
development assistant, LabSolutionsICPMS software is able to
propose the optimum parameters for each element in the
sample. Method development has never been so easy and
fast than with ICPMS-2030.

■ Sample preparation and method parameters

Analyzed samples used is Fish Protein Certified
Reference Material for Trace Metals (DORM-4) from
National Research Council Canada.
0.5 g of DORM-4 is placed in a digestion vessel followed
by addition of 5.0 mL of concentrated nitric acid, 2.0 mL of
hydrogen peroxide and 1.0 mL of water. The mixture is
then digested using microwave assisted digestion system
based on AOAC 999.10 procedure. After the digestion
process, deionized water was added to the digested
sample to a final total volume of 200 mL.

Element Status Regulation authorities

Maximum 
allowable 
limits MAL 

(mg/kg)
As Toxic Australia N. Z. Food Authority, 2011

DOH, 2004
2.0
3.0

Cd Toxic FAO Legal Notice No 66/2003
EC Regulation No 1881/2006
DOH, 2004

0.05
0.1
1.0

Cr Essential Brazil Standard 0.1

Cu Essential FAO (1983)
UK, Spain
Turkey 

30
20
5

Fe Essential - -

Hg Toxic FAO Legal Notice No 66/2003
EC Regulation No 1881/2006
DOH, 2004

0.5
0.5
0.5

Ni Essential - -

Pb Toxic FAO Legal Notice No 66/2003
EC Regulation No 1881/2006
DOH, 2004

0.2
0.3
0.5

Se Essential European Union 
Norway 

0.3
0.5

Zn Essential FAO (1983)
Turkey

30
50

Element 75As 111Cd 52Cr 65Cu 56Fe
LOQ (ppb) 3.88 1.76 7.2 26.0 80.0
Element 202Hg 60Ni 208Pb 78Se 66Zn

LOQ (ppb) 4.4 16.0 5.6 18.0 36.4

a The state of world fisheries and aquaculture; Food and Agriculture Organization of 
United Nation 2016
b Heavy metals in marine fish meat and consumer health: a review; A.C Bosch, B.  
O’Neill, G.O. Sigge, S.E. Kerwath and L.C. Hoffman, J Sci Food Agric 2016; 96: 32–48
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