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Characteristics and Formation Mechanism of a Multi-Day Haze in the Winter of

Shijiazhuang Using a Single Particle Aerosol Mass Spectrometer ( SPAMS)

ZHOU Jing-bo', REN Yi-bin', HONG Gang', LU Na', LI Zhi-guo', LI Lei’, LI Hui-lai', JIN Wei'"

(1. Shijiazhuang Environmental Monitoring Station, Shijiazhuang 050022, China; 2. Shijiazhuang Pollutant Emission Trading Service
Center, Shijiazhuang 050022, China)

Abstract: A multi-day haze episode occurred in Shijiazhuang during November 18-26, 2014. The characteristics were studied based on

the data collected by the single particle aerosol mass spectrometer (SPAMS) located in the automatic monitoring station (20 meters) of
Shijiazhuang. In accordance with the source spectral library of atmospheric pollutant emissions in Shijiazhuang, the main sources were
distinguished and analyzed. The mass concentration of particulate matters and meteorological conditions being taken in account, the
causes of haze in winter were also studied. It turned out that fine particulate matters in the Shijiazhuang air were mainly from 7 different
sources: the tracer ion of coal source was Al; the tracer ions of industry sources were OC, Fe, and Pb; the tracer ion of motor vehicle
tail gas source was EC; the tracer ions of dust source were Al, Ca and Si; the tracer ions of biomass burning source were K and
levoglucosan; the tracer ions of pure secondary inorganic source were SO, , NO, , and NO; , and the tracer ion of dining source was
HOC. Of the above mentioned, OC, HOC, EC, HEC, ECOC, rich potassium particles minerals and heavy metals were 8 dominant
polluting groups in hazy days. OC and ECOC particles were the majority, which accounted for more than 50% and 20% of the overall
measured particles. OC particles were mainly discharged from coal combustion and industrial processes, and ECOC particles were
mainly from coal combustion and vehicle exhaust emissions. When haze occurred in Shijiazhuang the proportion of pollutant particles of
NH, , SO, , NO, and NO; increased, of which NH,” was the most sharply increased. The mixed degree between EC, OC and NH,",
SO, , NO; in the haze was higher than usual, of which NH,” was the most sharply increased. In the static and stable weather gaseous
(S0,, NO_, NH,, VOCs) pollutants and particles were difficult to spread and accumulated rapidly, which were discharged from coal
combustion, the process of the medical industry and the automobile exhaust. The gaseous pollutants tended to react for the second time
and formed the ammonium nitrate and ammonium sulfate particles. Secondary particles were formed by collision and mixed with each
other adequately or mildly, which caused the reduction of atmospheric visibility. This was the main cause for the haze during the winter
in Shijiazhuang.
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i H HASE Tz LBl R E7EEN LW BT bR B 2l P IGHLIR
ol 50. 1 22.2 9.13 5.03 0.98 3.35 4.43
ECOC 46.3 10. 1 40.2 2.64 0.16 0.40 0.05
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THRAIT, ARETRIP S ALY SiO0;
CN™ | Cl™ ki 2 X FERH TETEHKSP
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Table 2 Characteristic ion proportion of clean and haze days in different cities/ %

ETH ORI ki 1 ki 2

TR K551 K% 2 TR TR 1 K% 2 THRA TR 1 TR 2
Na* 53.9 56.6 48.5 31.7 32.3 27.1 68.7 70.2 60.9
Mg* 0.13 0. 06 0. 04 0. 04 0.02 0.01 3.02 1.99 2.01
K* 97.8 99.3 98.1 95.0 96. 8 96. 4 96.2 97.3 97.6
NH/ 50. 4 82.2 74.3 13.8 38.3 23.2 54.1 78.9 63.8
Fe™ 2.44 1.08 0. 86 0.38 0.11 0. 05 16.5 24.8 20.2
Pb* 4.49 2.23 1.95 1.33 0. 83 1.55 10. 8 5.18 6. 14
Cd* 0.01 0.00 0.00 0.01 0.01 0.01 0.11 0. 04 0. 08
A 0.27 0.07 0.07 0.02 0. 05 0.01 0.23 0.18 0.22
Mn* 1.42 0. 84 1.00 0.34 0.32 0.22 2.15 1.88 2.96
Li* 3.85 1.52 1. 60 0.34 0.25 0.13 8.47 5.03 4.46
Al* 14. 4 10. 6 8.02 10. 4 12.5 11.6 10. 1 8.01 11.6
Ca* 1.02 0.34 0. 50 1. 80 0.81 0.49 6.57 3.67 4.50
Cu* 1.10 0. 47 0.41 0.59 0.38 0.25 3.98 2.83 3.24
Zn* 0.12 0.04 0.04 0.07 0.01 0. 00 0.78 0.34 0. 63
Cr* 0.15 0.03 0. 06 0.00 0.00 0.00 0.14 0.09 0.17
CN~ 63.0 51.3 37.9 92.6 78.8 89.6 74.8 58.8 59.0
POy 8.35 5.38 5.11 2.75 2.57 1.81 11.9 8.10 7.94
NO, 95.0 97.1 97.9 86.2 93.1 87.4 98.6 99.5 98.9
NO; 95.2 99. 4 98.8 76.9 87.2 79.5 96. 4 99.1 97.9
Cl- 37.5 17.8 13.6 53.5 40.7 47.8 43.2 24.9 27.9
SO0;~ 83.5 95.6 94.9 90.1 94.8 92.3 87.4 95.0 94.4
Si05 3.35 2.23 2.57 0.90 0.77 0.57 3.80 3.31 3.15
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