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Chemical Profiles of Particulate 
Matter Emitted from 
Anthropogenic Sources in Selected 
Regions of China
Lixin Zheng1, Di Wu1 ✉, Xiu Chen1, Yang Li1, Anyuan Cheng1, Jinrun Yi1 & Qing Li1,2 ✉

Particulate matter (PM) emissions from anthropogenic sources contribute substantially to air pollution. 
The unequal adverse health effects caused by source-emitted PM emphasize the need to consider the 
discrepancy of PM-bound chemicals rather than solely focusing on the mass concentration of PM when 
making air pollution control strategies. Here, we present a dataset about chemical compositions of real-
world PM emissions from typical anthropogenic sources in China, including industrial (power, industrial 
boiler, iron & steel, cement, and other industrial process), residential (coal/biomass burning, and 
cooking), and transportation sectors (on-road vehicle, ship, and non-exhaust emission). The data was 
obtained under the same strict quality control condition on field measurements and chemical analysis, 
minimizing the uncertainty caused by different study approaches. The concentrations of PM-bound 
chemical components, including toxic elements and PAHs, exhibit substantial discrepancies among 
different emission sectors. This dataset provides experimental data with informative inputs to emission 
inventories, air quality simulation models, and health risk estimation. The obtained results can gain 
insight into understanding on source-specific PMs and tailoring effective control strategies.

Background & Summary
Particulate matter (PM) emitted from various anthropogenic sources has been identified as the key constituent 
resulting in ambient air pollution and further causing adverse effects on human health and climate change1–5. 
The mass concentration of ambient PMs, generally linked with exposure risk on disease burden assessments6–8, 
is a routine parameter of air quality monitoring and control guidelines worldwide, which implicitly based on 
the assumption that PMs are the same among regions. Since PMs in the atmosphere is a cocktail of complex 
chemicals, including elements (such as trace elements, transition metals, and crustal elements), water-soluble 
inorganic ions, and carbonaceous species9,10, more concern should be paid to the chemical compositions of PMs 
which may trigger different toxic endpoints and health effects11–13, when evaluating PM exposure risks.

The components of source-specific PMs show a great discrepancy in the relative content of chemicals for 
individual source, mainly attributing to the heterogeneity in applicating fuel types, production raw materi-
als, industrial processes, and air pollution control technologies14–17. Due to the lack of experimental data from 
local emission sources, early air pollution emission inventories in China had been mainly developed by using 
bottom-up methodology with activity rates and emission factors adopted from developed countries18. The het-
erogeneity of source-specific PMs between China and other countries could result in great uncertainty when 
using those non-local chemical profiles. Therefore, the study of updated and comprehensive chemical profiles 
of individual source-specific PMs across local regions in China, especially including those components with 
adverse health and environment effects, is necessary and meaningful to better evaluate their potential impacts.

With increasingly abundant simulation experiments and field measurements19–29, several air pollution emis-
sion inventories, such as the Peking University’s emission inventory, the air benefit and cost and attainment 
assessment system (ABaCAS) inventory, and the Multi-resolution Emission Inventory for China (MEIC), have 
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been developed in China within the past two decades30–36. These studies have strengthened our understanding 
of the PM emissions into the atmosphere and provided data for policy-making to control air pollution in China. 
However, the available data on PM-bound chemicals mainly focused on limited species of chemicals or source 
categories. In addition, the non-uniform methods of PM sample sampling, chemical analysis, simulation condi-
tion, and rough emission source categories without considering specific subcategories resulted in a large uncer-
tainty and further influenced the accurate quantification of source contributions to atmospheric PMs23,37,38. 
Industrial sectors contributed the majority of China’s anthropogenic PM emissions. In addition, residential and 
transportation sectors also contributed a lot to PM emissions considering China’s large population of rural and 
urban residents30,39–41. To better evaluate the PM effects, it is crucial to have a comprehensive understanding of 
the chemical characteristics of source-specific PM in China. Although existence of many well-studied topics 
focusing on emission characteristics of certain PM-bound chemical species23,24,42, a systematical dataset con-
taining simultaneously concerned inorganic and organic components in PMs based on field study in China is 
limited.

Here, an updated dataset about chemical components of PMs emitted from major anthropogenic sources 
based on field study in China is provided43. The emission sources, including typical industrial, residential, and 
transport sectors, can be roughly classified into 5 categories (i.e., power, industrial boiler, industrial process, 
residential, and transportation sectors) with more specific subcategories according to their applied fuel types, 
processes, and control technologies. The items of PM-bound components include elements (i.e., Li, Be, Sc, Ti, 
V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Rb, Sr, Mo, Cd, Sn, Sb, Cs, Ba, Tl, Pb, Al, Ca, K, Mg, Na, P, and S), 
water-soluble ions (i.e., F−, Cl−, Br−, NO3

−, PO4
3−, SO4

2−, Li+, Na+, NH4
+, K+, Mg2+, and Ca2+), organic carbon 

(OC), elemental carbon (EC), and 16 US Environmental Protection Agency (EPA) priority polycyclic aromatic 
hydrocarbons (PAHs), including naphthalene (Nap), acenaphthylene (Acp), acenaphthene (Ace), fluorene (Flu), 
phenanthrene (Phe), anthracene (Ant), fluoranthene (Flt), pyrene (Pyr), benzo[a]anthracene (BaA), chrysene 
(Chry), benzo[b]fluoranthene (BbF), benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), benzo[g,h,i]perylene 
(BghiP), indeno[1,2,3-c,d]pyrene (InP), and dibenz[a,h]anthracene(DahA). Figure 1 illustrates the overview 
of this dataset43, in which chemical components, such as toxic elements and PAHs, are concerned in priority. 
Water-soluble ions (WSIs), OC/EC, and other crustal elements are also recorded to present overall chemical pro-
files of source-specific PM. The study design and geographic distribution of field sampling sites is shown in Fig. 2.

Fig. 1 Framework of the dataset about chemical compositions of PM emitted from typical anthropogenic 
sources. Emission sources are classified into industrial sectors (including power industry, industrial boilers, and 
industrial process), residential sectors (including coal/biomass burning, cooking emission, and rural solid waste 
burning), and transportation sectors (including tailpipe exhaust of vehicles /ships, and non-exhaust of vehicles). 
PM components include elements (i.e., Li, Be, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Rb, Sr, Mo, Cd, 
Sn, Sb, Cs, Ba, Tl, Pb, Al, Ca, K, Mg, Na, P, and S), water-soluble ions (i.e., F−, Cl−, Br−, NO3

−, PO4
3−, SO4

2−, Li+, 
Na+, NH4

+, K+, Mg2+, and Ca2+), OC/EC, and 16 US EPA priority PAHs (Nap, Acp, Ace, Flu, Phe, Ant, Flt, Pyr, 
BaA, Chry, BbF, BkF, BaP, DahA, InP, and BghiP).
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The source-specific PM profiles could be integrated into source apportionment and emission inventory study, 
as well as serve as basic input data for multiple atmospheric chemistry transport models to further understand 
the potential effects resulting from ambient PMs. The dataset provides local and comprehensive measurement 
data based on field study under the same quality control condition, decreasing the uncertainty induced by vari-
ous study approaches. The basic data can be used for quantitative evaluations and spatial distributions of specific 
chemical components when conducting studies of PM emissions. This dataset can be also combined with PM 
emission inventories and atmospheric chemistry transport models, such as MEIC, ABaCAS emission invento-
ries, and the Weather Research and Forecasting-Community Multiscale Air Quality (WRF-CMAQ) model, for 
further study. A comprehensive consideration of PM mass concentrations integrated with their multiple com-
ponents would benefit the evaluation of adverse health effects contributed by individual PM emission sources. 
Further, the reuse of data would provide potential insights for transitioning air pollution control policies from 
mass-based approaches to health-oriented ones.

Methods
Field measurements. Field sampling of PM emission from industrial sectors. The field measurements of 
135 typical units in industry sources were conducted across mainland China from 2017 to 2022. The observed 
industry sources involve emission-intensive sectors (including power plants, iron & steel plants, and cement 
plants) and other industry sources (including non-ferrous metal smelting plants, coking plants, glass production 
plants, building material production plants, and other industrial processes). The power sectors involve 35 units 
including coal-fired power plants (CFPPs), biomass-fired power plants (BFPPs), and municipal solid waste-fired 
power plants (WFPPs). The electricity generation capacities of the tested units ranged from 12 MW to 1000 MW. 
The CFPPs of this study mainly use bituminous coals as fuel and employed either pulverized coal boilers or 
circulating fluidized bed boilers. The iron and steel sectors, with a total of 72 samples, include 22 typical units 
covering the major production processes of pig iron and crude steel, such as pelletizing, sintering, ironmaking, 
steelmaking, and steel rolling. The cement sectors involve 29 production units equipped with new dry process 
production lines with production capacity ranging from 2000 to 12000 t/d. All the cement production units 
utilized precalciner kilns, a dominant kiln type in China. The other industry sources include 18 plants that use 
industrial boilers, 10 units of non-ferrous metal smelting plants, 6 units of coking plants, 10 units/production 
lines of glass plants, and 5 other industrial processes. Each tested industrial unit was equipped with air pollution 
control devices (APCDs), which include combinations of the dedusting system (e.g., electrostatic precipitator, 
fabric filter) for PM reduction, de-NOx system (e.g., selective noncatalytic reduction, selective catalytic reduc-
tion) for NOx reduction, and flue gas desulfurization system (e.g., wet flue gas desulfurization, semidry flue gas 
desulfurization) for SO2 reduction.

An isokinetic sampling system (C-5000, ESC, USA) was employed to collect PM samples from industrial flue 
gases according to US EPA Methods 17 and 201A15,44,45. This widely-used sampling system for collecting PM 

Fig. 2 Study design and spatial locations of field sites for PM emission source in mainland China. (a) The 
flow chart of dataset formation with main procedures, including field sampling from typical sources, chemical 
analysis, data analysis, and the final dataset integration. The instruments for chemical analysis are listed as follows: 
TOA indicates thermal/optical carbon analyser to test OC/EC. ICP-MS/ICP-OES means inductively coupled 
plasma mass spectrometer/optical emission spectrometry to detect elements. IC means ion chromatography to 
measure water-soluble ions. GC-MS means gas chromatograph mass spectrometer to test PAHs. (b) Geographic 
distribution of the field-studied industrial plants (including power, iron & steel, cement, and other industry), 
residential sites, and transportation sites.
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samples from stationary sources mainly consists of a heated stainless steel sampling probe with nozzle/cyclone 
sets, a 47 mm filter holder, a set of glassware, and a console with a vacuum pump. The isokinetic sampling nozzle 
and probe, and the stainless-steel filter holder were heated and maintained at 120°C throughout the entire sam-
pling process to avoid condensation of water vapor and flue gas. PM samples were collected on quartz fiber filters 
(QFFs, Whatman 1851-865, UK) and Teflon filters (TFs, Whatman 7592-104, UK) for subsequent analysis. The 
sampling duration for each industrial unit ranged from 30 to 120 min. Three successful samplings in parallel of 
the selected industrial units/sites were conducted. Additionally, field-blank filters were also collected to subtract 
the background concentrations of each pollutant. The PM samples were stored at −20°C before further weighing 
and analysis. Meanwhile, some industrial flue gas dust samples were also collected from dedust systems near 
the end-pipe. Additional information regarding the field sampling techniques and quality control methods for 
industrial sectors can be found in our previous studies15,44,46.

Field sampling of PM emissions from residential sectors. Field measurements of residential solid fuel burning 
for heating and cooking were conducted in typical households in rural areas in China, which included the main 
types of commonly used solid fuels (i.e., bituminous coal, anthracite coal, wood and, crop residue) and stoves 
(i.e., brick stove, three-stone stove, iron stove, and gasifier stove). The stoves used in this study remained in their 
usual locations of household, while the chimneys were replaced with shorter sections to hold their outlets under 
an exhaust hood equipped with an electric blower as a constant-volume flue gas dilution system. Water heating, 
which intentionally limited the maximum temperature of the water to 80°C, was used as the field test method 
to avoid interference of smoke emissions or additional vapor from cooking activity. Coal samples were ignited 
with pine chips until a stable flame was observed, while biomass samples were ignited with lighters. The whole 
burning cycle lasted about 2–8 h for coal, 20–40 min for wood, and 15–30 min for biomass, respectively. The 
diluted flue gases passed through a vent pipe with a fixed flow rate of 22 m3/min. A homemade sampler was used 
to collect total suspended particulate (TSP) samples, and a PM2.5 cyclone (URG 2000-30EH, USA) was used 
to collect PM2.5 samples. Two parallel PM samples were collected on QFFs (Whatman 1851-865, UK) and TFs 
(Whatman 7592-104, UK) for different analyses.

Field measurements of PM emissions from cooking were conducted in a canteen, serving barbecue and 
Chinese-style dishes. End-pipe emissions of the ventilation system on the roof covering the whole cooking 
process, and three individual cooking styles (i.e., barbecuing, stir-frying, and deep-frying), were chosen as rep-
resentative cooking emission conditions. The PM2.5 samples from end-pipe emissions were collected on the 
210 mm × 297 mm QFFs (Whatman 1851-865, UK) using a high-volume air sampler (HV-R500, Sibata, Japan) 
at a flow rate of 1100 L/min. PM emissions from three individual cooking styles were sampled with a flow rate 
of 16.7 L/min. A PM2.5 cyclone (2000-30EH, URG, USA), positioned near the range hood above the cooking 
workspace at a temperature similar to the ambient environment, was used to collect samples on QFFs (Whatman 
1851-865, UK). The PM samples collection covers one complete cooking process and was repeated at least twice. 
The additional information on field sampling set and quality control methods of household solid fuel burning 
and cooking emission can be found in our previous studies11,47–49.

Field sampling of PM emissions from transportation sectors. The commonly used on-road light-duty gasoline 
vehicles (LDGVs) and heavy-duty diesel vehicles (HDDVs) in China were selected for field measurements of 
tailpipe exhausts. A total of 10 LDGVs were chosen, which represent major types of LDGVs in China, to per-
form field measurements on an electric chassis dynamometer (VULCAN EMSCD48, Horiba, Japan) to simulate 
real-world driving conditions. The engine displacements ranged from 1.5 to 2.3 L. Measurements were con-
ducted with the Worldwide harmonized Light vehicles Test Cycle (WLTC) under hot engine start conditions. 
Six typical HDDVs were tested on a chassis dynamometer (ECDM-72H Maha, Germany). The engine displace-
ments ranged from 6.5 to 9.7 L. Each HDDV was tested through the Chinese World Transient Vehicle cycle 
(C-WTVC). Tailpipe emissions were diluted with clean air using a constant volume sampling (CVS) system 
(CVS-7000, Horiba, Japan) with a fixed flow rate of 140 m3/min in the CVS. A PM2.5 cyclone (URG 2000-30EH) 
was used to collect PM2.5 samples on both QFFs (Whatman 1851-865, UK) and TFs (Whatman 7592-104, UK).

In addition, 6 types of brake pads and 6 types of tires were selected to collect wear particles as representative 
non-exhaust emission samples of vehicles. Measurements of brake wear particles and tire particles were con-
ducted on a brake dynamometer (Model 3000, LINK, USA) and a tire wear test system (ZF Friedrichshafen AG, 
Germany), respectively. They can simulate standard real-world driving conditions. The testing platforms were 
adapted to stay in chambers to minimize the influence of external ambient air. Filtered clean air can be drawn 
into the testing chambers, and wear PMs generated during system operation were sampled through a sampling 
tunnel. A PM2.5 cyclone was used to collect PM2.5 samples on both QFFs (Whatman 1851-865, UK) and TFs 
(Whatman 7592-104, UK).

Six types of commonly used ships including bulk cargo ships and container ships in China were selected for 
the field study. The gross tonnages of these tested ships varied between 495 and 1925, with the length ranging 
from 38 m to 67 m, and the width ranging from 7 to 15 m, respectively. Field measurements of ships were car-
ried out in cruising mode with engine load being stable at about 80% of maximum power during the sampling 
period. A flue gas sampler (Dekati model 4000, Finland) equipped with an online dilution system was employed 
to dilute the vessel exhaust with a dilution ratio of 1:40. A homemade sampler and a PM2.5 cyclone (URG 2000-
30EH, USA) were used to collect TSP samples and PM2.5 samples, respectively. The PM samples were collected 
on both QFFs (Whatman 1851-865, UK) and TFs (Whatman 7592-104, UK) for further analysis. Three success-
ful samples were conducted for each test. The additional information on field sampling sets and quality control 
methods of transportation sectors can be found in our previous studies13,16.
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Chemical analysis. An inductively coupled plasma mass spectrometer (ICP-MS 7500a, Thermo, USA) was 
used to test the contents of trace elements (i.e., Li, Be, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Se, Rb, Sr, 
Mo, Cd, Sn, Sb, Cs, Ba, Tl, Pb), and another inductively coupled plasma optical emission spectrometry (ICP-OES, 
JarroU-Ash, USA) was used test other elements (i.e., Al, Ca, K, Mg, Na, P, and S). One-quarter of each filter was 
digested in Teflon tubes with 10 ml HNO3 and 1 ml H2O2 using a microwave acid digestion system (MARS, CEM, 
USA). Heating procedure for microwave digestion was set holding 2 min at 120 °C, 5 min at 150 °C, and 45 min at 
185 °C. The PM extract was filtered with 0.22 μm polytetrafluoroethylene (PTFE) syringe filters and subsequently 
was heated on a hot plate to mitigate the concentration of HNO3 to 5%. Then the ultrapure water was added to 
dilute the PM extract to a volume of 10 mL.

The concentrations of WSIs in PM were determined by ion chromatography (940 Professional IC, Metrohm, 
Switzerland). One-quarter of each filter was extracted with 10 mL ultrapure water (Millipore, UK) and soni-
cated for 40 min at room temperature. The PM extract was filtered with 0.22 μm mixed cellulose esters (MCE) 
syringe filters. A C6-150/4.0 column (Metrohm, Switzerland) was employed to analyze cations (Li+, Na+, NH4

+, 
K+, Mg2+, and Ca2+) and a Supp 5-150/4.0 column (Metrohm, Switzerland) was employed to analyze anions 
(F−, Cl−, Br−, NO3

−, PO4
3−, SO4

2−).
A punched filter (0.508 cm2) from quartz filter was used to determine carbonaceous species (including OC 

and EC). The OC/EC was determined by a thermal/optical carbon analyzer (DRI Model 2015, Magee, USA) 
with IMPROVE_A protocol. Eight temperature stages were designed to analyze OC fractions (at 140, 280, 480, 
and 580°C) and EC fractions (580, 740, and 840°C). More detailed information about instrument settings and 
test procedures can be found in our previous study or elsewhere16,50.

A gas chromatograph coupled with a mass spectrometer (GC-MS 7890A-5975C, Agilent or ISQ 7000, 
Thermo Scientific, USA) was employed to detect US EPA 16 priority PAHs (i.e., Nap, Acp, Ace, Flu, Phe, Ant, Flt, 
Pyr, BaA, Chry, BbF, BkF, BaP, DahA, InP, and BghiP). One-quarter of each quartz fiber filter was extracted with 
dichloromethane/n-hexane (1:1, v/v) using an accelerated solvent extractor (ASE 350, Thermo Scientific, USA).  
The PM extracts were evaporated, purified, and finally concentrated to 1 mL before testing. More detailed infor-
mation about instrument settings and test procedures can be found in our previous study16,51. The toxic equiv-
alent benzo[a]pyrene values (BaPeq) were quantified to estimate the carcinogenic potency of the targeted 16 
PAHs. The toxic equivalency factors (TEFs) were employed to calculate PM-bound BaPeq values according to 
the following equation.

·∑=BaP C TEF ,eq i i
i

where Ci means the concentration of each PAH, μg/g PM; TEFi represents the toxic equivalency factor of indi-
vidual PAH, which are obtained from previous study52,53.

The TEFs for 16 PAHs have been widely used for estimating the health risks associated with PAH expo-
sure11,54–56. The BaPeq for a mixture of PM-bound PAHs reflects their overall toxicity levels. This estimation 
method also enables comparison with data from extensive literature, facilitating further analysis of the health 
risks associated with emission sources.

Data Records
The dataset is available at Figshare43. Two Excel files are provided in the dataset, including one named “Additional 
Description for the Dataset” and the other named “Mass Concentrations of PM-bound Chemicals Emitted 
from Typical Anthropogenic Sources in Selected Regions of China”. The file named “Mass Concentrations of 
PM-bound Chemicals Emitted from Typical Anthropogenic Sources in Selected Regions of China” has five 
sheets exhibiting chemical profiles of PM emitted from individual sources (i.e., power, industrial boiler, indus-
trial process, residential, and transportation) in this dataset. The concentration units for the elements, WSIs 
and OC/EC are presented in the form of mg/g PM, while the concentration units for PAHs are presented as 
μg/g. “N/A” means no available data. In addition, the descriptions of field sampling, including emission sources, 
locations of sampling sites, and other related information of sampling units (such as fuel types, products, pro-
duction processes, and APCDs), are also provided in each sheet. The file named “Additional description for the 
dataset” involves a basic introduction about the category of emission sources, explanations for the abbreviation 
of APCDs, and concentration units of chemical components. The category of emission source in this dataset is 
modified according to ABaCAS emission inventory57.

Technical Validation
Quality control procedure. In order to obtain reliable and valid data, we have implemented strict quality 
control procedures during the whole sampling and analysis processes, including field measurements, sample pre-
treatments, chemical composition measurements, detecting method validation, and data calculation. The major 
quality control procedures are described as follows.

The quartz filters were prebaked at 450 °C for 6 h to remove potential organic contaminants before usage. 
Blank filters (before sampling) and PM sample filters (after sampling) were all pre-stored for 24 h and weighed 
in a constant-temperature humidity chamber under the condition of 50% relative humidity and 20 °C. The fil-
ter holder was cleaned carefully every time before and after sampling. The sampling flow rate calibration and 
leakage check for the sampling system series were performed before each PM sampling. When making chemical 
components analysis, blank samples were also analyzed following the same procedure as the collected PM sam-
ples for blank correction. The correlation coefficients of standard calibration curves of target components are 
equal to or higher than 0.999. The method detection limits (MDLs) for target elements, water-soluble ions, and 
PAHs are 0.3–3.9 μg/L, 0.47–3.33 μg/L, and 23.9–51.2 μg/L, respectively. In addition, the recovery rates of target 
toxic elements and PAHs are about 83%–118%, and 80%–110%, respectively.
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Data summary. Here, we provide the data summary of this dataset, which doesn’t fully cover all detailed 
processes in this descriptor. Taking the PM samples from the iron & steel industry for example, although the 
dataset actually covers pelletizing, sintering, ironmaking, steelmaking, rolling, and many other processes, only 
the three major processes, i.e., sintering, ironmaking, and steelmaking process, are included in the summary to 
make comparison with other sources and references in this descriptor.

The mass fractions of elements, WSIs, and carbonaceous species vary widely in tested PMs from different 
anthropogenic emission sources (Fig. 3). PMs emitted from industrial sectors have high proportions of ele-
ments (13.8-51.9%) and WSIs (19.6-57.1%), while PMs emitted from residential and transportation sources 
exhibit high proportions of organic matter (OM: 26.4-73.1%) and EC (14.7-37.4%) mainly due to the incomplete 
combustion of fuels. In addition, the chemical components proportions of PM emitted from the same industry 
source also vary with the application of different complex production processes (such as the iron & steel indus-
try) and/or different fuel types (such as the power industry).

The concentrations of toxic trace elements in PMs emitted from major anthropogenic sources are shown 
in Fig. 4. The targeted toxic elements include Be, Sc, Ti, V, Cr, Mn, Fe, Al, Co, Ni, Cu, Zn, Ga, Ge, As, Se, 
Rb, Sr, Mo, Cd, Sn, Sb, Cs, Ba, Tl, and Pb. Industrial sources-emitted PM has much higher concentrations of 
toxic elements than those of residential (15.6 times) and transportation (10.8 times for tailpipe exhaust and 
3.8 times for non-exhaust) sources-emitted PM (Fig. 4a). Furthermore, the concentrations of toxic elements 
in per unit mass of PMs emitted from the iron & steel industry (253.0 ± 98.0 mg/g) and non-ferrous metal 
smelting industry (328.1 ± 222.3 mg/g) are substantially higher than those emitted from other industrial sources 
(27.4 ± 23.1 mg/g), due to their high contents in raw materials. The average concentrations of these concerned 
toxic elements in PMs emitted from the iron & steel industry are approximately 10.9, 4.6, 8.8, and 20.4-55.1 
times of that in PMs emitted from the power industry, industrial boilers, cement industry, and other sources, 
respectively. Figure 4b illustrates the average concentrations of individual toxic elements in per unit mass of 
source-specific PMs. Fe predominates the mass concentrations of PM-bound elements among most emission 
sectors, with average mass concentration ranging from 0.4 to 270.1 mg/g per unit mass of PM, and mass fraction 
ranging from 21.3 to 96.7% of all targeted toxic elements. The concentrations of other elements vary among 
different sectors. For example, the highest mass concentrations of PM-bound Cu, Zn, Ni, As, Cd, and Pb are 
observed in the non-ferrous metal smelting industry. Additionally, the residential burning of anthracite coal 
exhibits the highest mass concentration of Se, while non-exhaust emissions from vehicles and the non-ferrous 
metal smelting industry show a relatively higher concentration of Sb.

The total concentrations of 16 PAHs contained in PMs from different emission sources are shown in Fig. 5a. 
The concentrations of PM-bound PAHs from the residential (coal and biomass burning: 5967.7 ± 5520.2 μg/g) 

Fig. 3 Relative mass fractions of chemical components in PM emitted from typical anthropogenic sources. 
Doughnut Charts are grouped by sources and sub-grouped by fuel types or prevailing production processes. 
The content of organic matter is estimated as 1.2 times that of organic carbon. Others indicate undetermined 
species. CFPP: coal-fired power plants; BFPP: biomass-fired power plants; WFPP: solid waste-fired power plants; 
CFIB: coal-fired industrial boilers; BFIB: biomass-fired industrial boilers; NFMS: non-ferrous metal smelting. In 
addition, “Vehicle” and “Ship” refer to tailpipe exhaust in this figure.
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and transportation (tailpipe exhaust: 219.1 ± 310.8 μg/g) emissions are approximately 1-2 orders of magnitude 
higher than those from industrial sources (except iron & steel industry). Among these industrial sources, the 
iron & steel industry contains the highest average content of PM-bound PAHs (622.5 ± 747.5 μg/g), which is 
about 22.7 times larger than the power industry (27.7 ± 39.2 μg/g). In addition, the average concentration of 16 
priority PAHs per unit mass of PMs is exhibited in Fig. 5b. The 16 PAHs have relatively higher concentrations 
in PMs emitted from residential coal and biomass burning, tailpipe exhaust of ship, and iron & steel industry. 
The dominant species of PAHs in PM also exhibits discrepancies among emission sectors. For example, the 

Fig. 4 Concentrations of toxic elements in PM emitted from typical anthropogenic emission sources. (a) The 
total mass-normalized concentrations of toxic elements (i.e., Be, Sc, Ti, V, Cr, Mn, Fe, Al, Co, Ni, Cu, Zn, Ga, Ge, 
As, Se, Rb, Sr, Mo, Cd, Sn, Sb, Cs, Ba, Tl, and Pb) in PM. (b) The concentrations of individual toxic elements per 
unit mass of PM originating from different emission sources. CFPP: coal-fired power plants; BFPP: biomass-
fired power plants; WFPP: solid waste-fired power plants; CFIB: coal-fired industrial boilers; BFIB: biomass-fired 
industrial boilers; SINT: sintering; IRM: ironmaking; STM: steelmaking; KH: kiln head; KT: kiln tail; NFMS: 
non-ferrous metal smelting; BC: bituminous coal; AC: anthracite coal. In addition, “Vehicle” and “Ship” indicate 
exhaust emission, while “NE” means non-exhaust emission.

https://doi.org/10.1038/s41597-024-04058-6
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dominant species of PM-bound PAHs emitted from iron & steel industry are Flt, BbF, and Phe, while the domi-
nant species from residential biomass burning are BaA, Chry, and Flt.

In addition, a brief summary of major PM-bound chemical species based on typical emission source classifi-
cations from this dataset is shown in Supplementary Tables S1–S7, which provide averages, standard deviations, 
interquartile ranges (IQR), medians, and range levels for uncertainty assessment reference.

Comparisons of emission data with other studies. In this section of the data descriptor, source-specific 
elements and PAHs of PM samples in our dataset were chosen to make comparisons with those reported in previ-
ous studies. Four industrial sectors, including the power industry (with fuel types of coal23,25,58–60, biomass61, and 
solid waste25,58), industrial boilers23,62, the iron & steel industry63,64, and cement industry27, and residential sec-
tors (including coal and biomass burning19,65–67), and transportation sector (including tailpipe exhaust of vehicle 

Fig. 5 Concentrations of PAHs in PM emitted from typical anthropogenic emission sources. (a) The total mass-
normalized concentrations of 16 PAHs in PM. (b) The concentrations of individual PAH per unit mass of PM 
originating from different emission sources. CFPP: coal-fired power plants; BFPP: biomass-fired power plants; 
WFPP: solid waste-fired power plants; CFIB: coal-fired industrial boilers; BFIB: biomass-fired industrial boilers; 
SINT: sintering; IRM: ironmaking; STM: steelmaking; KH: kiln head; KT: kiln tail; NFMS: non-ferrous metal 
smelting; BC: bituminous coal; AC: anthracite coal. In addition, “Vehicle” and “Ship” indicate exhaust emission, 
while “NE” means non-exhaust emission.
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and ship23,25,26,60,68–71), were selected to conduct data comparison with previous studies. Due to the limitation 
on the number of element species from other available published data, only a part of the elements was listed in 
this section. In addition, the total concentrations of PAHs and their BaPeq values in industrial sectors (including 
power industry22,72–74, iron & steel industry22,72, and cement industry72), residential sectors (including coal75–78, 
biomass burning21,67,78–80, and cooking emission81), and transportation sectors (including exhaust of vehicles and 
ships68,82–84, and non-exhaust emission from vehicles85,86) were selected to make comparison with other studies, 
which could comprehensively reflect the overall level of source-specific PAHs and their carcinogenic potency.

As shown in Figs. 6 and 7, the concentrations of PM-bound elements, PAHs, and their corresponding Bapeq 
value in this study show similar trends with other studies among emission sectors. An additional comparison of 
WSIs with other studies was summarized in Supplementary Table S8, indicating similar ranges for the main WSIs.

The data on individual species and emission sources in this study generally align with those reported in 
previous studies, largely within one order of magnitude. The discrepancy of certain chemical species with pre-
vious studies possibly resulted from the uncertainty of various field conditions, sampling, and detecting meth-
ods. The chemical profiles of source-specific PM can provide valuable data in source apportionment, emission 

Fig. 6 Comparison of source-specific PM-bound elements with previous studies. The concentrations of elements 
in PM emitted from (a) power industry involving coal-fired power plants23,25,58–60, biomass-fired power plants61 
and waste-fired power plants25,58, (b) industrial boilers23,62, (c) iron & steel industry63,64, (d) cement industry 
including kiln head and kiln tail processes27, (e) residential sector including coal and biomass burning19,65–67, and 
(f) transportation sector involving tailpipe exhaust of vehicle and ship23,25,26,60,68–71.
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inventory studies, and health risk estimation and serve as fundamental input data for atmospheric chemistry 
transport models, enabling a deeper understanding of the potential effects resulting from ambient PM pollution. 
Considering the local features of source profiles, establishing detailed local source profiles and emission inven-
tories across China is necessary and important. However, it requires considerable effort to achieve this goal. 
Additionally, the integration of results from different researchers necessitates the adoption of standard methods, 
such as field sampling and measurements of chemical components to minimize the uncertainty resulting from 
variations in study approaches.

Usage Notes
Industrial PM samples in this study refer to the filterable PM, which refers to particles that are directly emitted 
as a solid or liquid at stack condition. Consequently, relying solely on this dataset to quantify total pollutants 
emitted from industrial entire flue gases could underestimate certain chemicals that readily disperse into the 
gas phase.

Although the sampling covers a wide geographic and source category in China, it doesn’t cover all potential 
variation in emission profiles across different regions and over time. More extensive investigations in the future 

Fig. 7 Comparison of source-specific PM-bound PAHs with previous studies. The total concentration of PAHs 
(a) and corresponding BaPeq values (b) of the industrial sector (including power industry22,72–74, iron & steel 
industry22,72, and cement industry72), residential sector (involving coal burning75–78, biomass burning21,67,78–80, 
and cooking emission81), and transportation sector (including tailpipe exhaust of vehicles and ships68,82–84, and 
non-exhaust emission from vehicles85,86).
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or complementarity with other research data are needed to address this issue. When determining the emission 
factor for one specific source, it is important to consider the applicability of the available data, such as the simi-
larity of emission units evaluated within a specific area or data quality. In some cases, the emission factor may be 
chosen as representative source-specific range level, or even simply as the average and median of available data 
of acceptable quality for the same source category. Uncertainty analysis, evaluated through the propagation of 
error and the Monte Carlo method18,37,87, should be conducted especially when integrating the data further with 
other emission inventories or models.

Varied methodologies for collecting and processing emission data could result in inconsistencies in how 
emissions are quantified and categorized. The quality of data also influences the accuracy of integrated analyses, 
given the uncertainties induced. For example, the emission factor of the PM mass-based dataset can be inte-
grated with other inventories with PM emission data. However, the used subcategory of emission source in this 
study cannot exactly match with all inventories. Thus, it is crucial to establish clear and standardized guidelines 
or standards for data collection, reporting and integration. To address the data gaps or anomalies, potential 
statistical techniques will be required to be employed. Moreover, sensitivity analyses and scenario assessments 
can quantify how integrating data affects emission estimates and model outcomes. Finally, continuous efforts 
should be made to establish common data repositories or platforms, enabling more precise integrated analyses 
with high resolution.

Code availability
No custom code was used in the generation of the dataset. Microsoft Excel and Origin were employed to process 
data and draw the figures in this descriptor.
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