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Using single particle aerosol mass spectrum (SPAMS) to study chemical characteristics of Pb-
containing particles during heating periods in Xianghe
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Abstract: Background, aim, and scope Lead is one of the most common toxic metals, which has attracted
wide attention because of its serious harm to human health, especially the neurotoxicity to fetuses and infants.
In addition, lead in the atmosphere can also affect the ecosystem and climate through dry and wet deposition.
Lead particles in the atmosphere are mainly sourced from natural and anthropogenic activities. Since lead-
containing gasoline was banned worldwide, the sources and concentrations of lead in the environment have

changed greatly. However, reducing lead pollution remains a challenge, determining the source and chemical
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composition characteristics of lead in the atmosphere have great significance for controlling lead pollution.
In recent years, online single particle mass spectrometry, which can determine the particle size and chemical
composition of a large number of particles at a high time resolution, has made a significant contribution to the
study of environmental aerosols, and the research results are of great significance for our in-depth understanding
the physical and chemical characteristics of lead-containing particles. In this study, SPAMS was used to determine
the chemical composition, size distribution and mixing state of lead-containing particles, the contribution of the
heating season to lead particle pollution, and provides scientific basis for related departments to carry out lead
pollution prevention and control. Materials and methods The number concentration of PM, s in Xianghe were
measured by SPAMS, from Oct. 5, 2017 to Feb. 1, 2018. PM, 5 mass concentration, relative humidity (RH), SO,
concentration and NO, concentration were obtained from the meteorological tower and National Control Station
of Xianghe Atmospheric Observatory. We discussed the chemical composition, size distribution and mixing
state of lead-containing particles by MATLAB R2014b. In order to explore the influence of heating season on
lead particle emission characteristics, our work was divide into the following two stages for analysis: (1) before
heating (from 15 : 00 on Oct. 5, 2017 to 23 : 00 on Nov. 14, 2017); (2) after heating (00 : 00 on Nov. 15, 2017
to 23 : 00 on Jan. 31, 2018). Results The average mass concentration of PM, ; before and after heating were
772 ug-m~ and 102.5 pg-m, its maximum was 145.0 pg-m" and 256.3 pg-m ", respectively. The relative
coefficient between the variation trend of particles number concentration measured by SPAMS and the mass
concentration of PM, s during the observation period was 0.8. The average relative humidity (RH) before and after
heating was 52% and 36%, respectively. The average gas concentration before and after heating were similar,
only the average O, concentration decreased from 8.5 pg-m™ to 0.8 pug-m . According to the natural isotopic
abundance of lead, particles with mass charge ratio (m/z) in 206, 207 and 208 were defined as lead-containing
particles, accounting for 0.8% of the total number of particles. Based on the mass spectrum characteristics of
lead-containing particles, six categories were classified by ART-2a method: potassium-rich (Pb-K), elemental
carbon (Pb-EC), organic carbon (Pb-OCEC), organic carbon (Pb-OC), metal (Pb-M) and dust (Pb-D) particles.
Pb-K particles were the main contribution (larger than 45%) of lead type particles. Lead-containing particles
was mainly distributed between 0.5 um and 1.2 um. Each particle was exhibited the peak of secondary species,
such as nitrate (**’NO;, “NO;) and sulfate (’’"HSO, ), with different degrees of intensity in the average mass
spectra. When RH lowered than 40%, the proportion of all lead particle types were basically stable. With the
increase of humidity, except for Pb-D, the proportion of other lead particle types were show different trends.
Discussion Before and after the heating season, the proportion of Pb-K particles ranged from 45.6% to
46.6%, while the proportion of Pb-EC particles changes significantly, rising from 29.7% to 31.7%, indicating
the important contribution of coal combustion to lead particles. The size distribution of Pb combined with
carbonaceous component (Pb-EC, Pb-OCEC, Pb-OC) were from fine mode particles and mainly concentrate
on <600 nm, Pb combined with other component (Pb-K, Pb-M, Pb-D) were from coarse mode particles and
mainly concentrate on >600 nm. The results of mixing state shown that Pb-containing particles are mainly mixed
with nitrate, especially Pb-K and Pb-D. The prevalence of nitrate in Pb-containing particles may be due to the
formation of lead nitrate particle, which is a ubiquitous mode of existence of lead. Overall, RH has no significant
influence on inorganic components of Pb particles, but has a certain degree of influence on organic components.
Conclusions SPAMS were used to investigate the particle size distribution, chemical composition and mixing
characteristics of lead particles in the year 2017 heating season in BTH region. The degree of Pb-OCEC mixing
with sulfate was the highest, indicating that carbon particles of organic elements were tend to combined with
sulfate. Through the analysis of the relationship between RH and the relative proportions of six types of lead-

containing particles, it was found that with the increase of RH, the proportions of sulfate and nitrate in lead-
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containing particles changed different, showing that liquid phase reaction promoted the formation of sulfate

and contributed to the formation of nitrate to a certain extent. Recommendations and perspectives Real-time

monitoring of the composition characteristics of metal particles in aerosol particles through SPAMS is of great

significance to human health and plays an important role in taking effective measures to control lead pollution.

Key words: lead-containing particles; single particle aerosol mass spectrometer; size distribution; chemical

composition; mixed state
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