
Spirulina, a nutrient-dense blue-green microalga, has

gained prominence in recent years as a superfood

due to its rich nutritional profile, which includes

proteins, vitamins, iron and essential fatty acids. It is

commonly used for boosting energy, enhancing

immune function, and reducing inflammation [1].

As interest in natural health products continues to

rise, understanding the elemental composition of

spirulina is crucial for assessing its nutritional value

and safety.

Elemental analysis plays an important role in

determining the concentration of essential trace

minerals and heavy metals within spirulina, which can

significantly impact its health benefits and regulatory

compliance.
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Introduction In this technology brief, ALTRACE, a cutting-edge

analytical tool, offers a rapid and efficient method for

determining the elemental profile of spirulina.

However, to ensure the accuracy of the results

obtained through ALTRACE, confirmation using

Inductively Coupled Plasma Mass Spectrometry (ICP-

MS) is imperative. ICP-MS is renowned for its high

sensitivity and precision, allowing for the detection of

trace elements at low concentrations.

By employing both Shimadzu ALTRACE and ICP-MS,

elemental analysis of spirulina can be validated,

leading to comprehensive insights into its nutritional

value and safety for consumers.

This dual approach not only enhances the reliability of

the findings but also addresses the increasing

demand for high-quality spirulina products in the

market.
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ICPMS-2040/2050 With AS-20 AutosamplerALTRACE

Highlights

• Combining ALTRACE (EDXRF) with ICP-MS enhances confidence in elemental analysis, providing quick

assessment from ALTRACE and accurate confirmation from ICP-MS for reliable results

• ALTRACE offers a wide range of simultaneous elemental analysis from 0.1 ppm level to % level

• ICPMS-2040/2050 achieves lower argon gas consumption and operating costs by using proprietary mini-torch
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Sample Information

Commercially available spirulina tablets were used as

samples for both ALTRACE and ICP-MS analyses.

Sample Preparation

Spirulina tablets were placed in a mortar and ground

thoroughly into a fine powder. The sample was

checked to ensure no large particles remained. Once

fully ground, the powder was transferred to a sample

cup. The cup was gently tapped on a flat surface to

evenly settle the powder before analysis.

Standards Preparation

Calibration standards were prepared using stock

solutions from Merck and Sigma-Aldrich through

serial dilution. The calibration concentration ranges,

and the specific solution used for each element are

shown in Table 1.

For detailed procedures on standard preparation and

the ALTRACE measurement methodology, please

reach out to the Shimadzu (Asia Pacific) team at

marketing@shimadzu.com.sg. Our representatives

can provide comprehensive guidelines and protocols

to ensure accurate and reliable results.

Detection Limit

The linear regression (R) of the calibration curve and

Limit of Detection (LOD) for the target element are

shown in Table 2. The LODs was calculated based

on 3 times the standard deviation (σ) from the

measurements of the calibration blank.

Experiment Design of ALTRACE

Table 1. Calibration concentration range for target elements

Elements

Calibration 

Concentration 

Range (ppm)

Solution

Ag, Cd, Cr, Hg, 

Ni, Pb, Se

0, 5, 10

2% HNO3

Bi, Co, Cu, Fe, 

In, Tl, W
5% HNO3

As, Ir, Pd, Pt, 

Rh, Ru, Sb, Te
5% HCl

Au, Mo, V 5% HCl + 5% HNO3

Results of ALTRACE

Element Linear Regression (R) LOD (ppm)

Ag 0.9993 0.15

As 0.9996 0.07

Au 1.0000 0.24

Bi 0.9996 0.12

Cd 0.9998 0.11

Co 0.9999 0.16

Cr 0.9911 0.97

Cu 0.9983 0.29

Fe 0.9985 0.47

Hg 0.9999 0.14

In 0.9997 0.14

Ir 0.9999 0.44

Mo 1.0000 0.09

Ni 0.9999 0.18

Pb 0.9994 0.08

Pd 0.9999 0.12

Pt 0.9999 0.18

Rh 0.9999 0.05

Ru 1.0000 0.08

Sb 0.9999 0.48

Se 0.9999 0.06

Te 0.9979 0.35

Tl 0.9999 0.12

V 0.9981 0.35

W 0.9985 0.34

Table 2. Linear regression and LOD

Initial Element Screening

A total of 25 elements were analyzed in powdered

spirulina samples using the ALTRACE system, with a

total screening time of 15 minutes. The results for

some of the common heavy metals are presented in

Table 3. The screening identified arsenic as a safety

concern due to its measurable presence, triggering a

follow-up precision study on arsenic quantification.

Table 3. Initial element screening results 

Element Results (ppm) 

As 1.10

Cd < LOD

Hg < LOD

Pb 0.25

Sb < LOD

Se < LOD
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Arsenic Repeatability Evaluation

After arsenic was identified in the initial screening, 10

repeated measurements were carried out on the

same sample to verify the repeatability. The results,

presented in Table 4, showed a consistent outcome

with a relative standard deviation (RSD) of

approximately 3%. These results demonstrate that

ALTRACE delivers excellent reproducibility for

arsenic at low ppm levels, meeting the needs of food

safety monitoring. To further validate these readings,

arsenic levels in the spirulina sample were also

analyzed using the ICPMS-2040/2050.

Sample Preparation

Approximately 0.3 g of the powdered tablet sample

was weighed and transferred into a digestion vessel

of the microwave digestion system. Concentrated

ultrapure grade nitric acid (HNO3) (Merck, USA) and

hydrogen peroxide (H2O2) (VWR Chemical, USA)

were added subsequently into the digestion vessels

before transferring the vessels into the microwave

digestor. A pre-set multistep temperature program in

Table 5 was employed for the digestion.

After microwave digestion, the digested samples

were cooled to room temperature. The undigested

particles were filtered and topped up with ultrapure

water to 50 mL. The digested samples were then

further diluted 10 times with ultrapure water before

sample analysis. The sample was prepared in

duplicate. A sample blank solution was prepared

using the same procedure, but without adding the

sample to the digestion vessel during the microwave

digestion process.

Standards Preparation

Single-element stock solutions of arsenic (As) from

Sigma-Aldrich, USA were used to prepare calibration

standards through serial dilution using 1% HNO3. The

calibration levels for arsenic are shown in Table 6.

Internal Standard Solutions

Internal standards were used for correcting potential

matrix interference and instrument drift. Single-

element stock solution of Germanium (Ge) was used

to prepare internal standard with 1% HNO3. The

internal standard was added to all calibration

standards, samples, and washing solution with a final

concentration of 5 µg/L.

Experimental Measurement Conditions

Table 7 and Table 8 present the instrument

configuration and analytical conditions for the ICP-MS

instrument, respectively. Shimadzu’s proprietary

advanced mini-torch, which is designed to consume

two-thirds of the argon gas compared to a standard

torch, was used to reduce running costs. The same

analysis as in this technology brief can be carried out

with ICPMS-2040 or ICPMS-2050.

Replicates Results (ppm)

1 1.10

2 1.09

3 1.04

4 1.14

5 1.10

6 1.10

7 1.06

8 1.06

9 1.08

10 1.07

Average 1.08

Standard Deviation 0.03

Relative Standard Deviation 2.66%

Table 4. Results of arsenic repeatability test 

Table 6. Calibration levels for arsenic

Element
Calibration Concentration 

Range (µg/L)

As 0 – 10

Experiment Design of ICP-MS 

Step Temperature (oC) Time (min) Power (W)

1 180 10 (ramp) 1800

2 180 15 (hold) 1800

Table 5. Decomposition conditions for microwave digestor 

Table 7. Instrument conditions

Instrument ICPMS-2040/2050

Nebulizer Micromist DC Nebulizer

Spray Chamber Cyclonic Chamber

Plasma Torch Mini-torch

Sampling Cone Nickel

Skimmer Cone Nickel

Autosampler AS-20
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Detection Limit

The linear regression (R) of the calibration curve

obtained is shown in Table 9. The R value obtained

for the target element exceeded 0.999, indicating

good linearity was achieved under the selected mass

number and gas mode. Limit of Detection (LOD) and

Limit of Quantitation (LOQ) for the target element are

also shown in Table 9. The LOD and LOQ were

calculated based on 3 and 10 times the standard

deviation (σ) from the measurements of the

calibration blank, respectively.

LOD = 3 x σ x slope of calibration curve

LOQ = 10 x σ x slope of calibration curve

Sample Analysis and Spike Recovery Test

To validate the results from ALTRACE, arsenic levels

in the spirulina sample were measured using a

calibration curve method with the ICPMS-2040/2050.

The results of the analysis are shown in Table 10. To

further validate the measurement results in Table 10,

an unspiked and spiked of spirulina samples were

quantitatively measured. The spike concentrations

Table 8. Analytical conditions

RF Power 1.2 kW

Plasma Gas Flowrate Ar 9.0 L/min

Auxiliary Gas Flowrate Ar 1.10 L/min

Carrier Gas Flowrate Ar 0.65 L/min

Dilution Gas Flowrate Ar 0.20 L/min

Results of ICP-MS

Table 9. Linear regression, LOD and LOQ 

Element
Gas 

Mode

Linear 

Regression (R)

LOD

(µg/L)

LOQ

(µg/L)

75As Helium 0.99999 0.01 0.04

Table 10. Quantitative results (Unit: mg/kg) 

and spike recovery results are shown in Table 11.

Spike recovery of 97% was obtained for the

measured element, demonstrating the spirulina

sample matrix has minimum effect on the ICPMS-

2040/2050 analysis.

Spike Recovery (%) = Concentration of spiked sample −

Concentration of sample) / Spike-concentration × 100

Conclusion
This technology brief demonstrates that ALTRACE is

ideal for rapid, non-destructive screening analysis,

offering a quick and efficient way to assess elemental

composition. When combined with the ICPMS-

2040/2050, which provides accurate confirmation for

reliable results, these two technologies work together

to deliver a powerful and comprehensive solution for

elemental analysis.
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Element
Spirulina Sample 

(Repetition 1)

Spirulina Sample 

(Repetition 2)

75As 0.90 0.91

Table 11. Spike recovery results (Unit: µg/L)

Element
Unspiked

Value

Spike 

Concentration

Spike 

Value

Spike 

Recovery 

(%)

75As 0.43 2.0 2.37 97
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ALTRACE enables simple, direct screening for elemental analysis,

eliminating the need for complex chemical pretreatment and saving time

and effort. It delivers accurate, efficient results with features such as rapid

analysis speeds for enhanced sample processing, continuous multi-

sample analysis, and the ability to add new samples during operation.

These capabilities effectively streamline workflows, making it suitable for

high-volume testing. Its straightforward screening process also ensures

fast, reliable results, meeting the demands of time-sensitive applications.

Designed for versatility, ALTRACE is the ideal solution for diverse

industries, including food, chemical, and environmental analysis etc.,

where efficiency and accuracy are paramount.

ALTRACE

Learn More

Learn More

ICPMS-2040/2050 Series

Learn More

Learn More

Shimadzu offers Total Solutions for elemental analysis, extending beyond

ICP-MS and EDXRF to include atomic absorption spectrometry (AAS)

and inductively coupled plasma optical emission spectrometry (ICP-

OES/ICP-AES). From ensuring food safety to meeting analytical needs

such as RoHS screening in electronics, environmental monitoring,

impurity analysis and residual catalyst analysis in pharmaceuticals and

much more, our solutions are designed to support a wide range of

applications.

Elemental Analysis Solutions For Every Need

Learn More

Learn More

Shimadzu’s ICPMS-2040/2050 Series seamlessly integrates

environmental sustainability with exceptional analytical performance

through its innovative Mini-Torch System. Featuring sustainable

features such as using only about two-thirds of the argon gas

required by conventional torches and lowering power usage,

ICPMS-2040/2050 continues to deliver outstanding performance

with enhanced sensitivity through improved ionization efficiency—

all while reducing measurement time and streamlining workflow

efficiency. Paired with intuitive software, it boosts productivity with

customizable features and minimal operator intervention.

For automation capabilities, the AS-20 Autosampler holds up to 60

vials of 15 mL and 8 vials of 50 mL. Its rotary design shortens

tubing length for faster sample introduction and minimizes memory

effects. Additionally, the dual rinse port with an overflow-type rinse

system effectively reduces contamination between samples.

https://www.shimadzu.com.sg/an/products/elemental-analysis/edx-fs/altrace/index.html
https://www.shimadzu.com.sg/an/products/elemental-analysis/icp-ms/icpms-2040_2050/index.html
https://www.shimadzu.com.sg/an/products/elemental-analysis/icp-ms/icpms-2040_2050/index.html
https://www.shimadzu.com.sg/an/products/elemental-analysis/index.html
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