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Introduction

PM, . (OC/EC, water-
soluble 1ons, Stable carbon
| st and nitrogen isotopes)
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Method

Sampling Information: 23.5h, Continuous Sampling (KC-1000
high volume sampler , 1.05m’**min-!, LAOSHAN MOUNTAIN
ELECTRONIC INSTRUMENT FACTORY CO., LTD.)

Sample Analysis : Ion chromatography (ICS 5000+, Thermo
Scientific);

N 34°19', E117°15'



Result and Discussion

Ion balance (winter) :

v=1.0175x +0.1088 &
. . . . R?=09588
CE:ha _l_I'ﬂ-[4 +K' _I_I-}Ig _I_I-Ca (1)
23 18 391 243 40 .
ap-_ & 250, NO; [F ! >
3545 96 62 19 y
0 "l .
clear air:  visibility>10km, RH<90%; D | Awion 3
mild haze: visibility5~10km, RH<80% or
RH80~95%, PM, >75ug-m3;
severe haze: visibility<Skm.
BEHE @ BHEKRKS BESE EYi$
CE/AE 1.02 0.99 0.88 0.93
R? 0.96 0.99 0.84 0.95




Result and Discussion

Concentration of PM, . and water-soluble ions:
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Fig.1 Daily variation of PM, 5 and WSIIs mass concentration

Talel Mean mass concentration of PM, 5 and water-soluble ions in different cities/pug-m-3

Al ) H&%  PM,, Na* NH,S K  Mg*  Ca* F- Cl NOy SO  NO,7/S0*
wmM (REE) 2015-12~2016-2 32 1648 059 13.16 334 025 378 020 601 2250 17.52 1.37
7 161 2015-12 21 99.37  1.61 1253 094 0.0 038 019 374 2319  15.06 1.54
B0 2014-12 62 778 019 429 050 003 038 007 147 549 3.94 ~1.4
=pild 2015-1 30 36.1 079 454 041 059 095 — 096  4.82 4.22 —
Eigos) 2013-12~2014-2 28 138 —» 12.6 — — — — 498 291 19.5 1.42
Ami” 2014-8~9 1h 55.1 — 9.02 — — 0.45 — — 1212 16.54 0.74

1) AAFFEA R



Result and Discussion

Characteristics of water-soluble 1ons in PM, . under different

haze levels:
Table2 Mass concentrations of PM, s, water-soluble ions , NO;/ SO,*, and WSIIs/PM,

i H SRR AR KRR RES ENE
FE L 32 3 14 15
PM, . 164.8+77.3  32.8+15.5 12494225 228.4455.5
Na* 0.59+0.32 0.08+0.07  0.58+0.32  0.70+0.24
NH,* 13.1648.34  2.47+2.57 12374582  16.03+9.37
K 3.34+6.54 0.28+0.22  1.57+0.76  5.59+9.14
Mg?* 0.25+0.42 0.03+0.02  0.12+0.08  0.41+0.57
Ca2* 3.7842.73 0.50+024 2904221  5.24+2.57
F- 0.20+0.16 0.0240.03  0.16+0.13  0.27+0.17
Cl- 6.01+3.98 0.514036  4.90+1.28  8.15+4.57
NO; 22.50+12.69  2.67+2.40 20.73+8.87 28.11+12.72
SO, 17.52412.09  4+471  15.6948.86 21.81+13.74
NO,/ SO,* 1.37+0.49 0.79+0.77  1.49+0.45  1.39+0.41
WSIIs 67.50+36.08 +8.76 +22.82 +35.98
WSIIs/PM,,  0.42+0.15 0.37+0.09  0.48+0.19  0.37+0.10




Result and Discussion
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Fig.2 Accumulation of water-soluble ions and its contribution to WSIIs in clear air, mild haze and severe haze



Result and Discussion

Correlation analysis:

Table 3 Matrix of Correlation coefficients between main water-soluble ions in PM , 5 during haze period
NH,” K* Ca* CI NO; SO

NH,* 1
K* -0.11 1
Ca?* 023 0.08 1
CI- 0.17 0.85%* 0.29 1

NO;y 0.89** -0.02 -0.02 0.24 1
SO,> 0.94** 0.14 -0.19 0.37* 0.82%%* 1

1) **7£0.01/KF L EZFMIE, *7£0.05/KF L EZE A

c¢(NH,")/c(SO,>)=4.12, c¢(NH,*")/c(NO;)=1.86



Result and Discussion
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Fig.3 Triangle diagram of SO,*-NO,-NH,*
I B EEKERE EERK ZEZE EEE
NO;7/SO* 1.37+0.49 0.7940.77  1.49+045  1.39+0.41



Result and Discussion

PCA:

Table 4 Varimax rotated factor loading matrix for water-soluble ions in PM,, ;

A1 FF2 A3

Na® 0.38 0.43 0.14

NH,* 0.98 -0.03 -0.08

K* -0.02 0.98 0.03

Ca?* -0.03 0.08 0.95

Cl 0.31 0.84 0.33

NOy 0.93 0.03 0.08

SO,* 0.94 0.20 -0.09

FRBED L% 33.26 65.91 87.65

5 RIR ZRERE AV, LR RS




Result and Discussion

Backward trajectory analysis:

Air mass trajectory analysis package
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Fig.4 The 72h backward trajectories of air mass arriving Xuzhou and mass percentage of water-soluble
ions associated with three air mass trajectory cluster



Conclusion

The average concentration of WSIIs in winter is (73.6+40.9) pg-m=, which
accounted for 43.2% of PM, .. NH,*, NO;" and SO,*- are the major components
of water soluble ions. With the 1ncrease of pollutlon degree,the proportlon of CI-
and NO;" increased obviously, conversely, the concentration of NH,* and SO,* in

WSIIs dgecreased

The value of NO;/ SO,* in haze period(mild haze :1.49 and severe haze:1.39)
obviously larger than clear air period(0.79), the results show that the contribution
of vehicle exhaust is greater than that of coal combustion during the sampling
period, and vehicle emission is the main source of air pollutants during the haze
occurrence in Xuzhou.

SNA’s correlation with each other were significant, NH,"*, NO, and SO,*were
in the form of (NH,),SO, and NH,NO;.Secondary formation, blomass burmng,
fossil fuel combustion and dust were the major sources of the water-soluble ions
in PM, ..

Air masses arrive at Xuzhou mainly from the northeast, northwest and south
through long distance transmission. During the transmission, SO, and NO, are
converted into NO;- and SO,*, and biomass combustion products K* and CI" are
brought to Xuzhou



Future work

* Data:one year data of water-soluble 10ons,OCEC,stable
carbon and nitrogen 1sotopes






Result and Discussion

* Fluctuation of PM, s and TWSIs concentration diurnal variations in winter 1s
greater than in summer.

* The variation trends of the concentration of PM, . and TWSIs was consistent

,the ratios of TWSIs to PM2.5 during winter and summer were 40.3% and
38.7%.

* SNA(SO,*. NO;. NH,") was the main component of PM, ..
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Fig.1 Diurnal variation of PM, ; and total water-soluble ions (TWSIs)
concentrations(24h average) in winter and summer



Result and Discussion

* The concentration of SO, ,NO;- and NH,* has the same variation
trends. The concentration of K™ in February 8th and 9th was
significantly higher than other dates maybe due to the effects of
biomass combustion.
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Fig.2 Diurnal variations of major water-soluble ions(Ca?", Cl',K*,SO42';NO3',NH4+) in PM2.5.



Result and Discussion

Table 1 The concentration of water-solution ions in PM, 5 and the value of SOR,NOR and NO,/SO,* in winter and
summer/pg-m-

Winter Summer Winter/Summer
PM, 165.21+81.95 62.46+20.38 2.64
Na* 0.59+0.34 0.17+0.09 3.37
NH,* 12.53+8.38 4.88+1.77 2.56
K* 3.56+6.97 0.454+0.29 7.95
Mg 0.26+0.44 0.05+0.03 5.66
Ca2* 3.834+2.71 1.29+1.00 2.96
F- 0.23+0.15 0.0440.03 5.75
Cl- 5.99+4.24 0.46+0.27 12.81
NO, 0.28+0.24 0.20+0.13 1.41
NO;y 22.33+£12.97 4.69+2.48 4.75
SO,* 17.28+12.08 11.79+£3.53 1.46
Oxalate (C,0,%) 0.37+0.35 0.214+0.12 1.73
TWSIs 66.56+:37.84 24.21+7.38 2.75
SOR 0.35+0.15 0.29+0.11 1.18
NOR 0.28+0.09 0.13+0.04 2.19
NO,/SO,* 1.46+0.44 0.39+0.14 3.69

The concentration level of water-solution ions was NO,>SO,>>NH,">Cl
>Ca?>K*>Na"> C,0,>> NO,>Mg?>F- in winter, was SO,>>NH,*>NO,>
Ca?*> CI> K*> C,0,2> NO,™> Na™ Mg?*>F- in summer,

In winter, the main pollution source is Mobile Sources,and its Stationary Source
1n summer.



Result and Discussion

Table 2 Mean mass concentration of PM, . and water-soluble ions in different cities/ng-m-3

A i ] Na* NH,* K* Mg?* Ca2* F- Crr NO;-
WM 2016-1~2 0.59 12.53 3.56 0.26 3.83 0.23 5.99 22.33
2016-8 0.17 4.88 0.44 0.04 1.29 0.04 0.46 4.69
5] 2014-8 0.12 1.96 0.23 0.02 0.24 0.06 0.07 0.74
2014-12 0.19 4.29 0.50 0.03 0.38 0.07 1.47 5.49
S 2015-8 2.30 8.00 0.44 0.11 0.44 0.05 0.53 7.88
2015-12 1.61 12.53 0.94 0.10 0.38 0.19 3.74 23.19

The concentration of water-soluble 1ons in Xuzhou 1s higher than in
Xiamen and Suzhou in winter , and is higher than in Xiamen and
lower than in Suzhou in summer.



Result and Discussion

Ion balance in PM2.5: o Summer
=RGzeneraI ”:;gzgé’

Nat NH} K+ 2-Mg® 2.Ca®t

CE=53%18 "391" 223 @0

ClI-  NOz No;+z-503- 2.C,02 Anion

AE=3ract 7 "6z T 9s T @8

Winter: AE/CE<I ,particulate matter was

weakly alkaline, probably due to excess NH4+ Cation
in the atmosphere ; ]
: - : Winter
Summer:Particulate matter is neutral 3
y =0.9423x - 0.0643 * oSeri
RGeneral esl,
’ 2.74

263
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Fig.3 Comparison between measured NH, " and calculated NH," value

The main forms of NH, " in the atmosphere are (NH,) ,SO, and NH,NO,
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Result and Discussion

Fig.4 Diurnal variations of [NO;"]/[ SO,*>],SOR and NOR.
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SOR and NOR fluctuated greatly in winter than in summer, the range of SOR in
winter 1s 0.05~0.71,in summer 1s 0.11~0.62,the average value of SOR in winter
1s 0.34+0.15, in summer 1s 0.29+0.11;the average of NOR in winter is

0.28+0.09,in summer 1s 0.13+0.04.

The [NO;)/[SO,*] is higher when SOR decreases and NOR increases, or NOR

increases rapidly.



Result and Discussion

PCA: 2% =%

A+ 1 A+ 2 A3 &+ 1 A+ 2 &+ 3

Na* 0.38 0.43 0.14 0.25 0.78 0.04
NH,* 0.98 -0.03 -0.08 0.96 -0.08 -0.18

K* -0.02 0.98 0.03 0.37 0.82 0.22
Mg?* -0.03 0.97 0.10 -0.14 0.90 0.09
Ca? -0.03 0.08 0.95 -0.23 0.89 0.13

F- -0.01 0.23 0.93 -0.66 0.21 -0.05

Cr 0.31 0.84 0.33 0.75 -0.08 0.15
NO; 0.93 0.03 0.08 0.96 -0.05 0.15
SO,* 0.94 0.20 -0.09 0.85 0.19 -0.34
FURE (% 33.26 32.65 21.74 35.19 31.23 11.09

)

Source:Secondary formation, biomass burning, fossil fuel combustion and dust



