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Pollution characteristics and sources of water-soluble ions in PM, . in Baoji
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Abstract: Background, aim, and scope Fine particulate matter (PM, ;) causes air quality problems in urban areas,
especially visibility reduction and health problems, such as asthma and even mortality. Water-soluble inorganic
ions are major components of the atmospheric aerosols, especially PM, ;. They can compose up to 60% —70%
of the total mass of suspended particulate matter. Therefore, observations on the chemical composition of water-
soluble fine aerosols would be valuable for understanding their physical/chemical characteristics, sources, and
behavior and formation mechanism. Baoji (33°35'—35°06'N, 106°18'—108°03'E) is an inland city situated in the
mid-west part of China. Due to the rapid increase of motor vehicles and the growth in energy consumption over
the past few decades, Baoji is facing serious air quality problems, mainly due to the high aerosol loadings in the
region. However there has been no much attention paid for the problem in these mid-scale cities. In the current
study, we collected the water-soluble ions in PM, s samples at urban site of Baoji and to investigate the temporal

variations and possible sources for these species. This study can provide useful information for establishing
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control strategies of aerosol pollution. Materials and methods Water-soluble inorganic ions in PM, s were collected
in Baoji from March 2012 to March 2013. The sampling site was located in Baoji Environmental Monitoring
Station that is surrounded by a big residential area. Aerosols were collected by mini-volume samplers equipped
with pre-baked quartz fiber filters. A total of 10 water-soluble ions (Na', NH,, K', Mg*", Ca’", F~, CI', NO,, NO;,
and SO;") were analyzed by Ion Chromatograph in the aqueous extracts of the air filters. Results The 24-hr
average mass concentrations of total water-soluble ions in PM, 5 varied from 10.54 pg-m™ to 207.00 pg-m,
with an overall average of 51.62 ug-m . Monthly average concentrations of total water-soluble ions were highest
during February (92.33 pg-m™) and lowest during April (22.1 pg-m). In anion, the concentrations of the most
abundant ionic species followed the order of SO; >NO;>CI>F, while in cation were NH,;>Ca’">Na>K ">
Mg™". Overall, SO.", NO, and NH; were dominant ionic species in PM, s, the annual average concentrations were
20.89 ug-m, 15.88 ug-m " and 7.78 pug-m, respectively. A strong correlation (R*>0.95) between cation and
anion equivalents for all samples indicates that the five cations and five anions were the major ions extracted
from the filters. The slope (anion/cation) of the linear regression was close to 1.25 in summer and winter, 1.08
in spring and autumn. The annual volume-weighted mean values of NF for Ca®", NH;, and Mg2+ were 0.23, 0.50
and 0.04, respectively, indicating that Ca’* and NH, were the major neutralizers in PM, 5 in Baoji. The seasonal
variation of NO,/SO; was shown winter(0.85)> autumn(0.83)>spring(0.66)>summer(0.36). Discussion The
seasonal variations of secondary components, SO; , NO; and NH;,, were similar, i.e. high concentrations in winter
and low concentrations in spring and autumn. The seasonal variation trend may be ascribed to (1) the increase of
emission sources (i.e., residential and commercial coal combustion); (2) meteorological conditions during winter
were characterized by stagnation with a low inversion layer, which intensify secondary components levels through
accumulation of air pollutants. Ion balance calculations are useful for studying the acid base balance of aerosol
particles. This result implies that the aerosol particles from summer and winter are more acidic. The buffering of
acidity in spring is likely due to the high dust loadings. The neutralization factor (NF) of Ca>", NH, and Mg>* were
calculated using their equivalent concentrations that can be used to describe the interaction between cations and
anions. The NF for NH; was higher in four seasons and NF for Ca®* was higher in spring and autumn, suggesting
that Ca™" played a dominant role in the spring and autumn acid neutralization while NH; had a stronger buffering
ability in the whole year. It showed clearly in correlation coefficients between major ions that SO; mainly
existed as (NH,),SO, and NH,HSO,, while NO; as NH,NO,. The mass ratio of NO,/SO; was not suitable for
indicator of mobile vs. stationary sources of sulfur and nitrogen in the atmosphere in Baoji. NO,/SO; ratio was
relatively high with increasing API, it means sulfate decreasing and nitrate increasing while poor air quality. A
preliminary source identification study of the ws-ions was carried out by principal component analysis. The two
factor PCA model for the ws-ions in the PM, 5 aerosol samples accounted for ~80.0% of the total variance in the
concentration data. Factor 1 account for ~49.9% of the total variance, and it was strongly loaded with NH;,, NO;,
SO, and K', suggesting likely origins from secondary aerosol and biomass burning. Factor 2 is dominated by
F, ClI', Mg’ and Ca™, and it accounted for ~30.1% of the total variance, suggesting their concentrations are
affected by primary soil dust. Conclusions The annual average concentration of total water-soluble ions in PM,
was 51.62 pg-m in Baoji from March 2012 to March 2013. Water-soluble ions were mainly composed of SO;
NO; and NH,, accounting for 40.47%, 30.75% and 15.07% in total water-soluble ions, respectively. PM, 5 was
generally acidic. NO,/SO;” ratio was relatively high with increasing API, it means sulfate decreasing and nitrate
increasing while poor air quality. The PCA results indicated that secondary aerosol, biomass burning and soil dust
were mainly sources of water-soluble ion in PM, . Recommendations and perspectives The search provide a
significant scientific basis for understanding the pollution characteristics of water-soluble ion in PM, 5 at Baoji. To
alleviate the PM, 5 pollution, reducing coal burning, biomass burning and controlling soil dust should be performed.
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Tab.l Concentrations of water-soluble ions in PM, ; in Baoji (unit: pg-m™)

F cr NO, SO; Na"* NH, K Mg”  Ca”  TWSI*

3 H Mar. 0.17 246 1683 2324 254 829 069 009 265 5697

4 J April 0.08 121 576 9.0l 1.86 126 027 009 256 2205

5 H May 0.05 1.01 566 11.71  0.89 196 037 0.8 1.50  23.03

6 H Jun. 0.04  0.76 622 1546  1.04 348  0.61 0.09 057 2816

7 H Jul. 0.09 094 9.12 2126  1.52 559 037 0.4 127 4030

8 A Aug. 0.13 127 17.83 4024 177 1212 088 021 177 7623

9 H Sep. 0.13 1.34 9.86  14.85  1.40 415 043 0.10 096 3321

10 A Oct. 0.04 148 1230  13.51 1.06 5.51 1.09 012 229 3674

11 [ Nov. 0.16  3.81 1618 1484  1.50 730 092 023 2,12 47.05

12 A Dec. 027 520 2175 2884 191 1332 146 032  3.00 76.08

1 A Jan. 0.31 449 3109 27.64 254 1370 154 042 218 8391

2 J] Feb. 022  3.66 3535 3172 164 1609 235 041 0.89 9233

AEEHAE Annual avg. 0.15 235 1588 2089  1.66 778 089 022 193 51.62
i TWSI % % of TWSI 028 455 3075 4047 322 1507 1.73 0.43 3.73 =

*TWSI (Total water-soluble ion): & /KA E T
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Fig.1 Temporal variations of temperature, API and water-soluble ions mass concentrations
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Tab.2 The correlation coefficients of water-soluble ions in PM, 5

F cr NO, SO; Na* NH; K Mg™ Ca™
F 1.00
clr 0.72 1.00
NO; 0.65 0.62 1.00
SO;” 0.50 0.42 0.83 1.00
Na' 0.48 0.53 0.35 0.42 1.00
NH, 0.64 0.62 0.96 0.94 0.42 1.00
K' 0.69 0.66 0.85 0.74 0.30 0.84 1.00
Mg 0.63 0.67 0.64 0.49 0.37 0.62 0.65 1.00
Ca™* 0.36 0.41 0.22 0.16 0.39 0.23 0.15 0.36 1.00
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RS, PM, st SO 8%, ifias T5 g kA
Bf NO;

2.6 SRiESHT
ABFFEAE R i (PCA, SPSS 17.0,
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SPSS Inc. 1988 ) U /KM TCHLES ¥ 2RI,
IE2A e BN SR IR KRBT . R T
— Mz AN Zoeg ik, nTUAR G R
Atk 27 [) () A DG 2 DR PR 43 28 DA T 87 A i e
Bt o 8 2 AT T LK A R B
HEICE DO ER T (B ) DME-FR
P A B 2 (] 5C 2 (Han et al, 2006) . %414k
P KMO % it >0.5 38 FH 3 isr b, - H
BEREFRIFAA > 1 AR A 75 2 B A5 B P 5
(Kaiser, 1960) , 3 Jy 53 K< PM,, &
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R TR 2 TR K E 45 N F L
Cl'. Mg” il Ca™", RET —R LI HR, +
AT 1A 2 1 B DTEkR A 80.0%.

3 PM,, KU IERS T IIBERS 5 A 8 R
Tab.3 Rotated component matrix for
water-soluble ions in PM, 5

T
BT lon Cfniim ;ﬂ\ilﬁjﬁg .
. Communities
F 0.521 0.650 0.694
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NO, 0.905 0.314 0.917
SO; 0.915 0.071 0.842
NH, 0.939 0.274 0.956
K 0.862 0.334 0.854
Mg** 0.512 0.650 0.685
Ca™ —0.044 0.821 0.675
FHE{H  Initial Eigenvalue 522 1.18 -

TiEk%  Percent of variance 49.9% 30.1% =
Sl &

. 49.9% 80.0% -
Cumulative percent

3 it
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i
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20.89 ug-m”>, 15.88 pg-m F17.78 ug-m >,
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PM, s H1 Ca®" il NH; 2 21 FIFEM .

(3) WFFEWIN], 450 T 25 <5 B A
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B 2T G

(4) ER SR ER, FXGT PM,;

IREPE B F 1 EZOR A IR,
B+ 4E
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