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Diurnal variation characteristics of PM,; in Hanzhong in autumn
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Abstract: Background, aim, and scope Fine particulate matter (PM, 5) has been widely concerned by people and
scientists due to its negative impacts on climate, human health and ecological environment. To better understand
air pollution in China, more characteristics of PM, s chemical components should be considered in urban areas.
Hanzhong (105°30.5'—108°24.6'E, 32°15.3'—33°56.6'N) is located in southwest of Shaanxi Province and
has a special basin topography. The air pollution in Hanzhong has gradually become severe with economic
development, but research on PM, 5 in Hanzhong was limited. In the present study, PM, 5 samples were collected

at three urban sites in Hanzhong to investigate the characterizations of chemical species in PM, 5 during autumn.
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This study could provide valuable information and dataset for air pollution prevention in Hanzhong. Materials
and methods PM, s samples including daytime (08:00—20:00) and night (20:00—08:00) were collected at
three observation sites in Hanzhong from 7 to 17 September 2015. The samples were collected on pre-baked
quartz fiber filters (QM/A, Whatman Inc., U.K.) by mid-volume samplers (TE—5030, TISCH Inc., USA).
The PM, ; mass concentrations of each sample was weighted by a microbalance (1 pg sensitivity, Mettle M3,
Switzerland). The organic carbon (OC) and element carbon (EC) were analyzed by a Thermal/Optical Carbon
Analyzer (DRI—2001) with IMPROVE_A protocol. Water-soluble inorganic ions (Cl°, NO;, SO;, Na', NH;,
K, Mg, Ca™) were analyzed by an Ion Chromatograph (Dionex— 600) using the aqueous extracts of the acrosol
filters. Results The average mass concentrations of PM, 5 was 27.04 ug-m in autumn, the main components
in PM, ; were SNA (sulfates, nitrates and ammonium, calculated by SO;, NO; and NH;) and organic matter
with both contribution of ~30% to PM, s mass. The average concentrations of OC, EC, SO;", NO, and NH; were
3.85ug-m>,2.93 pg-m>, 1.62 pg-m >, 5.43 pg-m >, 1.67 pg-m° during daytime and 5.76 ug-m, 3.29 ug-m",
1.96 pg-m™, 4.95 ug-m, 1.75 pg-m at night, respectively. Furthermore, the concentrations of anions followed
the order of SO} >NO;>CI’, while in cations followed the order of NH, > K'>Ca’">Na">Mg"". A strong
correlation (R°>0.93) was found between anions and cations for all samples, indicating that the five cations
and three anions were the major ions extracted from filters. The slope (cation/anion) of linear regression
during daytime and at night were 0.86 and 0.81, respectively, which indicates the aerosol particles were acidic
in Hanzhong. Furthermore, OC correlated strongly with EC (R*>>0.82), which indicated similar sources for
carbonaceous species. Discussion The diffusion of pollutants was difficult at night due to low atmospheric
boundary layer, which led to higher PM, 5 loadings at night compared with the daytime. The strong correlation
among SO, NO; and NH; and the results of regression analysis indicated that main existing forms of the three
ions were (NH,),SO,, NH,HSO,, NH,NO, in PM, ;. Further, the estimated NH; concentrations correlated well
with the measured values (R*>>0.93) with a slope of 1.2 indicating that SO; was maily in the form of (NH,),SO,.
The well correlation between K™ and CI at night (R*>0.73) revelated that they may come from biomass burning.
Conclusions The average concentration of PM, s was lower than the first level of national ambient air quality
standards. The concentrations of SNA and organic matter accounted for 32.3% and 39.6% of PM, ; mass during
daytime, 28.9% and 39.6% abundance at night, respectively. PM, ; was generally acidic. The PM, ; concentration
at night was higher than daytime in autumn. Recommendations and perspectives This research provides a
significant scientific basis for understanding the characteristics of PM, s and its chemical components. However,
for the future pollution mitigation, more researches on aerosol in Hanzhong should be conducted.

Key words: Hanzhong; PM, ; carbonaceous components; water-soluble ions
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Tab.l Mass concentration of PM, 5 and chemical components in Hanzhong in autumn
25 #eE  Concentration/(ug-m™) ‘ EI FeeE / &*@m yg.
Parameter V€= . EFS . & I8 Daytime concentrgtlon/ night
Autumn (n=60) Daytime (n=30) Night (n=30) concentration

PM, 27.04+14.64 24.35+10.48 29.98+17.44 0.81

ocC 4.79+3.98 3.85+1.54 5.76+5.33 0.67

EC 3.07£1.75 2.93+1.13 3.29+2.18 0.89

Cr 0.39+0.40 0.28+0.27 0.48+0.46 0.59

NO; 1.73+£1.31 1.62+0.98 1.96+1.69 0.83

SO 5.15+£3.86 5.43+3.86 4.95+3.87 1.10

Na’ 0.16+0.13 0.15+0.13 0.174+0.12 0.90

NH; 1.68+1.38 1.67+1.38 1.75+1.42 0.96

K" 0.38+0.23 0.37+0.21 0.39+0.24 0.94
Mg™ 0.03+0.02 0.03+0.02 0.03+0.02 1.27

Ca™ 0.35+0.25 0.38+0.28 0.31+0.23 1.19
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Fig.1 Diurnal variations of correlation between OC and EC in
PM, 5 in autumn
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Fig.2 Ions balance of PM, s during daytime and
at night in autumn
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Tab.2 Correlation of water soluble ions in PM, 5 during
daytime and at night in autumn

Cl' NO; SO Na° NH; K Mg" ca*

AE (anion equivalent) = o + s

FRZE LI BT TE] I T PM, 5 81 B BH 85 1 £
gEJLNP 2 FT7R, PR IR0 B BH B 1 B8 R 24
R 280 R? 439024 0.9424 1 0.9386, Al
1, RURES IS AR, WA EEAE T lR;
F R AR A CE/AE FLAE 535124 0.8580 F10.8113,
BHES AR 5 451, KRBT PM, 5 B AR R (Huang
etal, 2012) .

IR B 22 18] B AH S 43 A mT DA tE— 25 4y
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OB R TR A OC R A, A LT B
SR I B ] A AH DG R B, R B Z [ A G
PR E] T 5, AT BB PR R R PM, 5 19 R U
MO . AR Mg 5 Ca® 2 8] A 56 M 5 T 1K
], EBRFEA Mg 5 Ca™ EELEH KA,
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2 HE it — % &= ) CI', NO; 1 NH; ( Chen et al,

cr 1 0.31 0.09 068 —0.04 0.73 0.51 0.55
NO; 0.67 1 0.74 010 0.77 0.71 —0.12 —0.14
SO7 055 0.83 1 —0.03 0.97 0.58 0.15—-0.07
Na" 0.14 025 038 1 —0.17 056 0.53 0.57
NH; 0.76 0.83 0.96 034 1 0.49 0.02 —0.09
K* 070 0.86 0.87 038 089 1 0.31 0.31
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The regular and italic numbers are the correlation coefficients of water

soluble ions during daytime and at night, respectively.
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