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Source Apportionment and Seasonal Changes in PM, ; Chemical Components from

Different Functional Areas of a Provincial Capital City

SUN You-min', FAN Jing', XU Biao®, LI Yan®, HAN Hong' , ZHANG Gui-qin'~**

(1. School of Municipal and Environmental Engineering, Shandong Jianzhu University,, Ji'nan 250101, China; 2. Shandong Provincial Environmental Monitoring Center, Jinan
250101, China; 3. Research Institute of Resources and Environment Innovation, Shandong Jianzhu University, Ji'nan 250101, China)

Abstract; To explore seasonal characteristics and source apportionment in the atmosphere of different functional areas of a provincial capital city, PM, . samples were collected
from three typical functional areas (an urban area, industrial area, and urban-rural transition area) and a botanical garden area, which served as the ambient atmospheric
background site, during three seasons ( spring, autumn, and winter) in 2019 in Jinan. The mass concentration, chemical components ( water-soluble ions, chemical
elements, and carbon components) , and sources of PM,  were analyzed in all PM,  samples. The results showed that during the ohservation period, the p(PM, ) spatially
followed a descending sequence of industrial area [ (89. 88 +49.25) pgem ™ ] > urhan-rural transition area [ (86.73 £57.24) pgem > ] > urban area [ (70.70 +44.89)
pgem ] and was much higher than that in the botanical garden area [ (44.36 +21.54) pgem ™ ]. p(PM, ;) in each functional area in autumn and winter was
significantly higher than that in spring. The highest value of p(PM, 5) in spring and autumn was observed in the industrial area, whereas in winter, the highest value of
p(PM, ) was observed in the urhan-rural transition area. The mass concentration of water-soluble ions in PM, 5 was relatively high in each season in the industrial area, and
the sum of the proportions of NO; , SO;~, and NH," in PM,  was the highest in the urban area in autumn (52.30% ). The sum of the proportions of NO; , SO3 ™, and
NH," in PM, ; was similar in the urban-rural transition area and urban area. The proportion of SO7 ~ in PM, 5 in each functional area was the largest in spring. The proportion
of NO; in PM, was the largest in autumn and winter, and the highest value (29.98% ) occurred in the urban area in autumn. The concentration of each element in the
industrial area was significantly higher than those in other functional areas. The concentration of Fe in autumn and Pb in winter in the industrial area were the highest. The
concentration of Si in winter was the highest in the urban-rural transition area, and the content of K in autumn and winter was much higher in the industrial area and urban-

rural transition area. The mass concentrations of OC and EC in PM, s in the industrial area and urban-rural transition area were similar and were higher than those in the urban

s HEA: 2021-08-07; f&ITHHA: 2021-09-29
ESTE . ¥ BUN KSR I AR HT R 55 H (402015202000024-001) 5 55 17 BB 1 BAT5 H (2020GXRC008 )
1’E%r1f‘ INAZI(1974 ~ ) L B 8% , EBWFFTT W KR TS %’%}IFEJ E-mail; ymsun@ sdjzu. edu. cn

W {EVE#, E-mail : zhangguiqin320@ 163. com
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area. The OC/EC ratio in winter in the urban area was greater than 5, indicating that coal-burning emissions were the main pollution source during the sampling period in this

region. The results of source analysis using the chemical mass balance model showed that secondary sources ( sulfate + nitrate + secondary organic carbon) accounted for almost

half of the PM, ; source apportionment. Secondary nitrate was the main contributor to PM, 5 in autumn and winter in the three functional areas (31.90%-39.45% ). The

contribution rate of secondary nitrate followed the descending sequence of urban area, urban-rural transition area, and industrial area in autumn and urban-rural transition

area, urban area, and industrial area in winter. The contribution rate of motor vehicles was 9. 81%-26. 75%, which was relatively high in the industrial area and urban-rural

transition area, and the highest contribution rate of motor vehicles appeared in the industrial area in spring, whereas the contribution of the dust source in the botanical garden

area was the largest, especially in spring (25.75% ). In the botanical garden area, secondary sources were the main contributors to PM, 5 in autumn and winter. There were

marked seasonal and area-related changes in the distribution of the contribution rate of each source. Seasonally, the dust sources of the three typical functional areas were

large, and the contribution of coal-hurning sources in winter was higher than that in spring and autumn. The highest number of industrial sources was found in the industrial

area. The largest contribution of mobile sources occurred in the urban area and urban-rural transition area. In summary, the contributions of PM, 5 and its components and

source apportionment in each typical functional area exhibited notable regional characteristics. Our results suggest that mobile sources and civil coal-fired sources should be

particularly scrutinized as sources of pollution in the urban-rural transition area.

Key words: fine particulate matter; functional area; chemical composition; chemical mass balance model; source apportionment
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