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S1 Sample pretreatment 1 

In our work, sample pretreatment was conducted in a class 100 ultra-clean laboratory at 2 

the Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, and primarily 3 

included the preparation of PFA beakers and Teflon jars, sample digestion, and chemical 4 

purification. 5 

S1.1 Preparation of PFA beakers and Teflon jars 6 

To minimize background, the following protocol was used to clean PFA beakers (7 and 14 7 

mL): 1) PFA beakers were wiped with ethanol-soaked swabs, and then immersed for 12 h in 8 

water which contained 1% detergent; 2) lint-free cotton was used to wipe the inner and outer 9 

walls of PFA beakers, which were then rinsed thoroughly with ultrapure water; 3) PFA beakers 10 

were sequentially soaked in 6 mol/L HNO3 (120°C, 6 h), 4 mol/L HCl (120°C, 6 h), and 11 

ultrapure water (120°C, 6 h); 4) each PFA beaker was filled with 8 mol/L HNO3 (5 mL) and 12 

heated at 120°C for 4 d with the lid closed, and after that the solution was discarded. After each 13 

of the above steps, PFA beakers were rinsed thoroughly with ultrapure water. Finally, PFA 14 

beakers were dried and stored for further usage. 15 

Teflon jars (40 mL) used in digestion were cleaned using the procedure detailed in our 16 

previous work (Zhang et al., 2022; Zhang et al., 2023), and a brief overview is provided below. 17 

Each Teflon jaw was first rinsed three times with ultrapure water, and then cleaned using the 18 

following protocol: 1) it was filled with 2 mL ultrapure water and 4 mL concentrated HCl 19 

(guaranteed reagent), heated at 180°C for 1 h in a microwave digestion apparatus, and rinsed 20 

three times with ultrapure water; 2) it was filled with 2 mL ultrapure water and 4 mL HNO3 21 

(guaranteed reagent), heated at 180°C for 1 h in a microwave digestion apparatus, and rinsed 22 
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three times with ultrapure water; 3) it was filled with 1 mL ultrapure water and 3 mL HNO3 23 

(spectral grade), heated at 180°C for 1 h in a microwave digestion apparatus, and rinsed three 24 

times with ultrapure water. After being dried, Teflon jars were stored in clean zip-lock bags for 25 

further use. 26 

S1.2 Sample digestion 27 

S1.2.1 Desert dust, coal fly ash, municipal incineration fly ash, heavy fuel oil bottom ash, 28 

and urban particulate matter samples 29 

The following procedure was employed to digest desert dust, coal fly ash, municipal 30 

incineration fly ash, heavy fuel oil bottom ash, and urban particulate matter samples. 31 

1) The PFA beaker which contained a sample to be digested was filled with 2 mL HNO3 32 

(8 mol/L) and 1 mL HF (24 mol/L), heated at 120 °C for 7 days with the lid closed; after that, 33 

the lid was removed and the solution was evaporated to dryness. 34 

2) The beaker was first filled with 0.5 mL H2O2 (10 mol/L), and after 30 min with 1.5 mL 35 

concentrated HNO3; it was then heated at 120 °C for 1 h with the lid closed; after that, the lid 36 

was removed and the solution was evaporated to dryness. 37 

3) It was filled with 4 mL of Aqua Regia and heated at 120 °C for 4 h with the lid closed; 38 

after that, the lid was removed and the solution was evaporated to dryness. 39 

4) The PFA beaker was filled with 1.5 mL HCl (6 mol/L) and heated at 120 °C for 1 h 40 

with the lid closed; after that, the lid was removed and the solution was evaporated to dryness. 41 

5) The PFA beaker was filled with 1 mL HCl (2.5 mol/L) and heated at 120 °C for 2 h 42 

with the lid closed until the solution became clear, and the obtained solution was transferred to 43 

a centrifuge tube for further experiments. 44 
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S1.2.2 Steelwork fly ash and biofuel burning aerosol 45 

The following procedure was employed to steelwork fly ash and biofuel burning aerosol 46 

samples. 47 

1) The Teflon jar which contained a sample to be digested was filled with 4 mL 48 

concentrated HNO3 and 2.5 mL H2O2 (10 mol/L), and the beaker was kept at room temperature 49 

for 15 h. 50 

2) It was filled with 5 mL concentrated HNO3 and 2 mL HF (24 mol/L), and then digested 51 

at 180 °C for 3 h in a microwave digestion apparatus. 52 

3) The Teflon jar was filled with 6 mL Aqua Regia and heated at 180 °C for 1 h with the 53 

lid closed; after that, the lid was removed and the solution was evaporated to dryness. 54 

4) It was filled with 1.5 mL HCl (6 mol/L) and heated at 120 °C for 1 h with the lid closed; 55 

after that, the lid was removed and the solution was evaporated to dryness. 56 

5) The Teflon jar was filled with 1 mL HCl (2.5 mol/L), heated at 120 °C for 2 h with the 57 

lid closed until the solution became clear. The solution was then transferred to a centrifuge tube 58 

and centrifuged at 5000 r/min for 3 min; and the obtained solution was used in chemical 59 

purification. 60 

S1.3 Chemical purification 61 

This study employed resin columns packed with 200-400 mesh AGMP-50 resin (Bio-Rad, 62 

USA) for chemical purification of Fe in all the solutions. The Eichrom polypropylene columns 63 

we used are 80 mm in height and ~8 mm in diameter, with resin bed volume of ~1 mL. 64 
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The entire purification procedure consists of five steps (Table S1), as detailed below. A 65 

reagent should only be introduced into the column after the previous one was completely 66 

drained from the resin column. 67 

1) The resin column was sequentially filled with 10 mL HNO3 (6 mol/L), 15 mL HCl (6 68 

mol/L), and 5 mL of Milli-Q water to condition the resin, and the volume of each solution was 69 

5 mL. 70 

2) The resin column was filled with 1 mL HCl (0.2 mol/L HCl) to equilibrate the resin 71 

environment. 72 

3) The resin column was filled with 100 μL sample solution which contained 80-210 μg 73 

Fe. 74 

4) The resin column was sequentially filled with 1 mL HCl-HF mixed solution (both being 75 

0.2 mol/L), 2 mL HCl-HF mixed solution (both being 0.2 mol/L), and then 1 mL HCl-HF mixed 76 

solution (with HCl and HF being 0.2 and 0.5 mol/L), in order to elute other elements contained 77 

by the sample solution. 78 

5) The resin column was sequentially filled with 2 mL HCl-HF mixed solution (with HCl 79 

and HF being 0.2 and 0.5 mol/L) for three times, and then 1 mL of the same HCl-HF mixed 80 

solution. A PFA beaker was used to collect the eluate。 81 

The beaker which contained the eluate was placed on a hotplate to evaporate the solution 82 

to dryness at 100 °C; after that, the beaker was filled with 200 μL concentrated HNO3, and then 83 

placed on a hotplate to evaporate the solution to dryness at 120 °C. Finally, the beaker was 84 

filled with 1 mL HNO3 (2% v/v) to dissolve the sample, and then placed on a hotplate at 100 °C 85 
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for 3 h with the lid closed. The resulting solution was used for Fe isotopic analysis by mass 86 

spectrometry. 87 

 88 

  89 
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Table S1. Fe purification procedure using the AGMP-50 resin. 90 

Steps Eluents Volume/mL 

Column cleaning 6 mol/L HNO3 10 

 6 mol/L HCl 15 

 Milli-Q water 5 

Conditioning 0.2 mol/L HCl 1 

Sample loading 2.5 mol/L HCl 0.1 

Matrix rinsing 0.2 mol/L HCl＋0.2 mol/L HF 3 

 0.2 mol/L HCl＋0.5 mol/L HF 1 

Fe collecting 0.2 mol/L HCl＋0.5 mol/L HF 7 

 91 

  92 
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S2 Experimental results 93 

Table S2. Summary of δ56Fe values (2σ) determined in our replicate measurements. The second 94 

column presents δ56Fe values determined in individual measurements, and the third column 95 

presents the range of δ56Fe values reported for replicate measurements (defined as the 96 

difference between the maximum and minimum values). 97 

Sample δ56Fe (‰) range (‰) 

BCR-2 +0.07±0.07 0.04 

 +0.13±0.14  

SARM4 +0.04±0.05 0.06 

 +0.10±0.13  

Arizona test dust +0.07±0.13 0.07 

 +0.00±0.02  

 +0.05±0.01  

Luochuan loess +0.15±0.13 0.02 

 +0.13±0.13  

CFA-Chongqing +0.50±0.14 0.08 

 +0.58±0.13  

CFA-Neimenggu -0.19±0.03 0.02 

 -0.21±0.14  

Sintering Fly Ash-1 +0.15±0.03 0.07 

 +0.08±0.02  

Peanut straw -0.46±0.02 0.03 

 -0.49±0.02  

municipal waste fly ash-FDU +0.34±0.14 0.04 

 +0.30±0.14  

 98 

 99 

 100 

  101 
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Table S3. Summary of δ56Fe (2σ) measured in our work for power plant coal fly ash samples 102 

(N: the number of measurements). 103 

Sample δ56Fe (‰) N Note 

CFA-Anhui +0.33±0.13  1 This work 

CFA-Chongqing +0.54±0.11  2 This work 

CFA-Fujian +0.46±0.13  1 This work 

CFA-Gansu +0.47±0.13  1 This work 

CFA-Guangdong-1 +0.33±0.13  1 This work 

CFA-Guangdong-2 +0.57±0.13  1 This work 

CFA-Guangxi -0.02±0.13  1 This work 

CFA-Guizhou +0.00±0.13  1 This work 

CFA-Hainan +0.26±0.13  1 This work 

CFA-Hebei +0.24±0.13  1 This work 

CFA-Heilongjiang +0.03±0.13  1 This work 

CFA-Henan +0.30±0.13  1 This work 

CFA-Hubei +0.26±0.13  1 This work 

CFA-Hunan +0.16±0.13  1 This work 

CFA-Jiangsu +0.33±0.13  1 This work 

CFA-Jiangxi +0.28±0.13  1 This work 

CFA-Jilin +0.13±0.13  1 This work 

CFA-Liaoning +0.32±0.13  1 This work 

CFA-Neimeng -0.20±0.03  2 This work 

CFA-Ningxia +0.12±0.13  1 This work 

CFA-Qinghai +0.13±0.13  1 This work 

CFA-Shaanxi +0.29±0.13  1 This work 

CFA-Shandong +0.15±0.13  1 This work 

CFA-Shanghai +0.52±0.13  1 This work 

CFA-Shanxi +0.41±0.13  1 This work 

CFA-Sichuan +0.36±0.13  1 This work 

GBW08401 +0.27±0.20  2 This work 

CFA-FDU +0.26±0.13  1 This work 

CFA 2689 +0.05±0.08  1 (Li et al., 2022) 

CFA 2691 +0.75±0.01  1 (Li et al., 2022) 

 104 
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Table S4. Summary of δ56Fe (2σ) measured in our work for steelwork fly ash samples (N: the 105 

number of measurements). 106 

Sample δ56Fe (‰) N 

Coking Fly Ash-1 +0.43±0.05 1 

Coking Fly Ash-2 +0.42±0.00 1 

Coking Fly Ash-3 +0.39±0.03 1 

Sintering Fly Ash-1 +0.11±0.09 2 

Sintering Fly Ash-2 +0.20±0.07 1 

Sintering Fly Ash-3 +0.05±0.05 1 

Sintering Fly Ash-4 +0.01±0.08 1 

Sintering Fly Ash-5 +0.18±0.01 1 

Blast Furnace Fly Ash-1 +0.12±0.07 1 

Blast Furnace Fly Ash-2 +0.19±0.04 1 

Converter Fly Ash-1 -1.11±0.02 1 

Converter Fly Ash-2 +0.01±0.04 1 

Post-S、steelmaking Fly Ash -0.13±0.01 1 

Casting Fly Ash +0.02±0.02 1 

Steelwork Emission Fly Ash-1 +0.09±0.02 1 

Steelwork Emission Fly Ash -2 +0.20±0.05 1 

Steelwork Emission Fly Ash -3 -0.02±0.03 1 

Steelwork Emission Fly Ash -4 -1.16±0.03 1 

Steelwork Emission Fly Ash -5 -0.38±0.04 1 

Steelwork Emission Fly Ash -6 +0.29±0.00 1 

Steelwork Emission Fly Ash -7 +0.02±0.13 1 

 107 

 108 
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Table S5. Summary of δ56Fe (2σ) measured in our work for biofuel burning aerosol samples 111 

(N: the number of measurements). 112 

Sample δ56Fe (‰) N 

Wheat straw -0.15±0.01 1 

Corn straw -0.65±0.09 1 

Peanut straw -0.47±0.04 2 

Soybean straw +0.21±0.01 1 

Rice straw -0.18±0.04 1 

Fir +0.09±0.04 1 

Birch -0.35±0.04 1 

Pine -0.13±0.08 1 

Lychee wood +0.13±0.01 1 

Apple wood +0.03±0.02 1 

Pear wood -1.23±0.03 1 

 113 

 114 

 115 
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