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Introduction
Soy sauce is traditionally used in Asian cuisine for cooking and as a 
condiment. It originated in China and spread throughout Asia and more 
recently to the West. The sauce is made from a fermented mixture of boiled 
soybeans, roasted grain, brine, and Aspergillus family of bacteria.1 Once the 
process of fermentation is complete this mixture is filtered. The liquid part of 
the mixture is the soy sauce and the solid by-product is often used as animal 
feed. There are many varieties of soy sauce depending on its country of origin 
which ranges from China, Taiwan, Japan, Korea, Indonesia and many more. 
The quality of the sauce is dependent on the raw materials used and the 
method in which it is prepared. However, most of the varieties of soy sauce 
are high in salt and brown in colour.

Lead is a toxin that can accumulate inside the human body and cause 
nervous system damage. The United Nations Food and Agriculture 
Organization/World Health Organization (FAO/WHO), the Codex Alimentarius 
Commission (CAC), and Joint FAO/WHO Expert Committee on Food 
Additives (JECFA) of 1993 recommend a provisional tolerable weekly 
intake (PTWI) of 25 μg/kg body weight of lead. The control of lead intake is 
categorized as an important monitoring item in the field of food supervision. 
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Goal
To demonstrate that AAS is an 
ideal solution to deliver accurate 
results quickly even with complex 
samples and high background 
effects.



It is prescribed in GB 14935-1994 “Hygienic standard of 
lead limit in foods” that the acceptable lead limit is not 
higher than 0.05 mg/kg for dairy products (fresh), and not 
higher than 0.2 mg/kg for eggs, vegetables and fruit.2

There are many techniques which can be used to 
measure lead such as flame atomic absorption (FAAS) 
and disulfide hydrazone colorimetry, however the 
sensitivities of these cannot meet the requirements of 
the hygienic standard GB/T 5009.12. Graphite furnace 
atomic absorption spectrometry (GFAAS) has a high 
sensitivity and is a recognised technique for lead analysis 
in a variety of sample matrices. The Thermo Scientific™ 
iCE™ 3500 AAS (Figure 1) can cope effortlessly with 
the wide array of laboratory requirements such as fast 
analysis, accuracy, excellent day to day reproducibility 
and high sample throughput. The system allows lead 
determination in samples which contain a high salt and 
water content without memory and matrix effects on the 
data obtained.

Figure 1. Thermo Scientific iCE 3500 AAS.

Method
Instrumentation
An iCE 3500 AAS (Figure 1) was used for the GFAAS 
measurements of lead in different soy samples. The 
default spectrometer parameters provided by the  
Thermo Scientific™ SOLAAR™ software for graphite 
furnace lead measurements were used. The transient 
height signal measurement was selected and each 
measurement was performed in triplicate. Due to the 
high salt content of the samples it was expected that 
there would be significant background effects, which 
if not corrected could result in false results. Deuterium 
background correction was used throughout to combat 
these interferences. The final set of spectrometer 
parameters used is shown in Table 1.

Parameter Value

Wavelength 271.0 nm

Band pass 0.5 nm

Background correction D2

Lamp current 75%

Signal measurement Peak height

Measurement time 3 s

Replicates 3

Table 1. Instrument settings for the iCE 3500 AAS.

The furnace temperature program for lead analysis was 
optimized using the ash/atomize wizard feature in the 
SOLAAR software and is shown in Figure 2. Due to the 
challenging characteristics of the sample matrix, an 
additional drying step was put in to facilitate complete 
drying of the samples.

Figure 2. Furnace temperature parameters.

Thermo Scientific Omega platform cuvettes were used 
throughout the analysis. The final total injected volume 
used in this work was 20 μL. The working volume was 
set to 10 μL for the sample and the furnace autosampler 
was used to add 10 μL of a diluent. It was found to be 
beneficial to select the slow solution uptake and slow 
solution injection functions for all samples as some of the 
samples were more viscous than others (Figure 3).



Soy sauce sample
Concentration  

(μg/kg)
RSD (%)

Sample 1 2.7 0.5

Sample 2 6.5 2.2

Sample 3 18.7 0.6

Figure 3. Final sampling parameters.

Sample preparation
Standards

A lead master standard solution containing 1000 mg/L of 
lead was diluted with a pre-mixed solution of deionised 
water and ammonium nitrate (5% w/v) to provide a 
working standard of 10 ppb.

The calibration blank solution used throughout was a 5% 
w/v solution of ammonium nitrate.

Samples

A total of 3 different brands of products were investigated 
in this study, representing all the main types of soy sauce 
that are commercially available, including dark and light 
soy sauce varieties.

A 1 g sample of liquid soy sauce and 0.5 g of ammonium 
nitrate were accurately weighed and transferred into a 
suitable vessel. This was then diluted with deionised 
water to make up a final weight of 10 g, and shaken 
vigorously for a few minutes to ensure homogeneity. The 
same procedure was used to prepare the sample blanks, 
and all the samples were prepared in duplicate unless 
stated otherwise.

Calibration

Calibration curves were constructed for each sample 
using a standard additions method. The standard 
additions method was used due to the complexity of 
the matrix of each individual soy sauce and the extreme 
variability between different samples. Should the same 
variety of soy sauce require multiple analysis then the 
standard curve function in the software could be utilized. 
This would reduce the total analysis time considerably.

Typical calibration curves obtained during the analysis 
using this calibration method had an R2 factor of 0.996 
or better. An example of a standard additions calibration 
curve is given in Figure 4.

Figure 4. Standard additions calibration curve.

Results
All data was calculated from 3 replicate readings for each 
solution using transient peak height measurements with 
the RSD values being 2.2% or lower and is shown in 
Table 2.

Table 2. Experimental levels of lead found in soy sauce samples 
using iCE 3500 AA.

The soy sauces stay well within the limits that are advised 
by the United Nations Food and Agriculture Organization/
World Health Organization (FAO/WHO), the Codex 
Alimentarius Commission (CAC), and Joint FAO/WHO 
Expert Committee on Food Additives (JECFA) governing 
bodies.
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Conclusion
The Thermo Scientific iCE 3500 AAS demonstrates an 
ideal solution for lead determination in soy sauce.

As a complete automatic system, the iCE 3500 AAS 
is able to analyze lead in a wide range of soy sauces 
from low to high content of salt without the use of time 
consuming acid digestion by using standard additions 
method. The optimization wizards within the SOLAAR 
software make method development simple and ensure 
optimum analytical conditions. Significant background 
effects were accurately corrected by the deuterium 
background correction included as standard in the 
instrument.
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