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Table S1 Operating Parameters of Microwave Digestion System. 

Heating time 

(min) 

Temperature 

(℃) 

Holding time 

(min) 

5 120 5 

5 150 5 

5 190 20 

 

Table S2 Operating Parameters of ICP-MS System. 

ICP-MS System Parameter setting 

RF power (W) 1400 

Nebulization gas flow (L/min) 1.100 

Auxiliary gas flow (L/min) 1.00 

Cooling gas flow (L/min) 14.00 

Sampling depth (mm) 5 

Sampling cone/interception cone Ni/Cu 

Scanning times 10 

Dwell time (ms) 10 

Scan mode peak hopping scan 

Collision gas He 

Collision gas flow (mL/min) 1.33 

Isotopes 111Cd, 202Hg 

Internal standard 45Sc, 115In, 186Re 

 



Table S3 Correlation analysis between CaO content and Cd recovery 

 Average 

value 

Standard 

deviation 

 Recovery Soil CaO 

content 

Cd 

recovery a 

70.27% 18.69% Pearson 

Correlation 

1  -0.896** 

p value  0.000006 

N 15 15 

Soil CaO 

content 

4.78% 5.72% Pearson 

Correlation 

-0.896** 1 

p value 0.000006  

N 15 15 

** Correlation is significant at the 0.01 level (2-tailed). 

a Recovery (%) is: SS-ETV-AAS concentration / ICP-MS or certified concentration × 

100%. 

 

Table S4 Comparison of this proposed method with ETV methods. 

Methods Sampling 

introduction 

Analyte LODs 

(ng/g) 

Time 

(min) 

Ref. 

SS-ETV-AAS Solid Cd 0.17 ng/g ~4 38 

MCH-ETV-

AFS 

Solid Cd, Hg 0.04-0.4 

μg/g 

5 39 

DSSA-ETV-

ICPMS 

Solid Hg 1 ng/g 1 40 

HG-ETV-MIP-

OES 

Liquid As, Bi, Ge, 

Hg, Sb, Se 

1-6.4 

ng/mL 

5 41 

SS-ETV-AAS 

(This method) 

Solid Cd, Hg 0.3-0.7 

ng/g 

3  

 



 

Fig. S1 Schematic diagram of SS-ETV-AAS instrumentation. a) Hg analyte was 

transported into the CPF2#. b) move the CPF2# ~2 cm away from the outlet of the OT, 

for Cd detection 

 

 

Fig. S2 a) The effect of Na2CO3 and NH4Cl on the recovery of Cd from soil CRMs. 

NH4Cl increased the recovery of Cd to a small extent, and was not as significant as the 

effect of NaCl. b) The residues of soil and Na2CO3 mixture after high-temperature 

heating. 50 mg Na2CO3 and NH4Cl were added as modifiers to 100 mg soil CRMs, 

respectively (GBW 07447 Cd=150±10 μg/kg, Hg=15±3 μg/kg). The operational 



parameters were consistent with Table 1. NH4Cl increased the recovery of Cd to a small 

extent, and was not as significant as the effect of NaCl. The addition of Na2CO3 

decreased the recovery of Cd, furthermore the mixture of Na2CO3 and soil formed very 

hard residue after high-temperature heating, of which the release of Cd became more 

difficult than before. In addition, the residues are solidified in the sample boat and too 

bonded to remove them, making the recycling of sample boat impossible. 

 

 

Fig. S3 TEM image of soil CRMs. a) 100 mg soil CRMs without modifier. b) 100 mg 

soil CRMs with 50 mg modifier. Soil CRMs was GBW 07542 (Cd=190±10 μg/kg, 

Hg=12±2 μg/kg). The operational parameters were consistent with Table 1. 

 

 

Fig. S4 Correlation between CaO content and Cd recovery The other operational 

parameters are consistent with Table 1. Five soil CRM sample (GBW07981 
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Cd=200±10 μg/kg, CaO 0.36±0.01%; GBW07554 Cd=290±30 μg/kg, CaO 1.43±

0.03%; GBW07978 Cd=98±7 μg/kg, CaO 1.39±0.03%; GBW07542 Cd=190±10 μg/kg, 

CaO 5.47±0.05%; GBW07546 Cd=109±5 μg/kg, CaO 15.26±0.32) was employed for 

solid sampling (n = 3). Recovery (%) is: SS-ETV-AAS concentration / ICP-MS or 

certified concentration × 100%. 

 

Fig. S5 The influence of air flow rate for Cd dehydration, ashing and Hg vaporization. 

The other operational parameters are consistent with Table 1. A soil CRM sample 

(GBW 07978 Cd=98±7 μg/kg, Hg=34±3 μg/kg) was employed for solid sampling. The 

error bar represents the standard deviation of three measurements (n = 3). 
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Fig. S6 The influence of air flow rate for Cd detection. The other operational parameters 

are consistent with Table 1. A soil CRM sample (GBW 07978 Cd=98±7 μg/kg, 

Hg=34±3 μg/kg) was employed for solid sampling. The error bar represents the 

standard deviation of three measurements (n = 3). The intensities were normalized with 

the maximum signal (average value) set as 1. 

 

 

Fig. S7 The influence of catalytic furnace temperature for Cd. The other operational 

parameters are consistent with Table 1. A soil CRM sample (GBW 07978 Cd=98±7 

μg/kg, Hg=34±3 μg/kg) was employed for solid sampling. The error bar represents the 
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standard deviation of three measurements (n = 3). The intensities were normalized with 

the maximum signal (average value) set as 1. 

 

 

Fig. S8 The influence of catalytic furnace temperature for Hg. The other operational 

parameters are consistent with Table 1. A soil CRM sample (GBW 07978 Cd=98±7 

μg/kg, Hg=34±3 μg/kg) was employed for solid sampling. The error bar represents the 

standard deviation of three measurements (n = 3). The intensities were normalized with 

the maximum signal (average value) set as 1. 
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Fig. S9 Comparison of Cd signal using soil CRMs and standard solution. The 

operational parameters were consistent with Table 1. A soil CRM sample (GBW 07542 

Cd=190±10 μg/kg, Hg=12±2 μg/kg) was employed for solid sampling. And the soil 

sample was replaced with a standard solution of 190±10 μg/L Cd and 12±2 μg/L Hg; 

and then 100 μL of slurry aliquot prepared was introduced into the ETV for 

measurement. 

 

Fig. S10 Comparison of Hg signal using soil CRMs and standard solution. The 

operational parameters were consistent with Table 1. A soil CRM sample (GBW 07542 

Cd=190±10 μg/kg, Hg=12±2 μg/kg) was employed for solid sampling. And the soil 

sample was replaced with a standard solution of 190±10 μg/L Cd and 12±2 μg/L Hg; 

and then 100 μL of slurry aliquot prepared was introduced into the ETV for 

measurement. 
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