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Concentrations of Acidic Gases, Ammonia and Related Water-Soluble Ions in

PM, . and Gas-Particle Partitioning in Qingdao

ZHOU Jia-jia', SHI Jin-hui"**, LI Li-ping', YAO Xiao-hong''?, GAO Hui-wang' *

(1. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China; 2. Key Laboratory of
Marine Environmental Science and Ecology, Ministry of Education, Ocean University of China, Qingdao 266100, China)

Abstract: Fifty-eight samples were collected in Qingdao from November to December 2012 using a PM, ; sampler. Concentrations of
acidic gases, ammonia and their partner ions in PM, ;were determined, and the correlation between concentrations and the gas-particle
partitioning were analyzed. The averaged concentrations of HNO,, HNO,, HCl, SO, and NH; in atmosphere samples of Qingdao were
1.36, 1.64, 1.46, 27. 58 and 2. 95 pg+m ™, respectively, for the concentrations of NO; , NO,; , Cl1~, SO and NH," in PM, , were
6.49,0.12, 1.95, 9.36 and 6. 04 wg-m ™, respectively. When the measurements made in haze days, compared to those made in
clear days, the concentration of these ions in PM, , increased more than those of acidic gases and ammonia; In foggy days, the
concentrations of gases were lower than those in clear days except HNO,, while the reverse was true for the concentrations of all
particulate species in PM, . During whole study period, the NH; level was high and the NH,” in PM,  in Qingdao was mainly present
as (NH,),S0,. The analysis results suggested that formation of NO; were mainly determined by HNO,. To further explore the control
factors of these species in PM, 5, the thermodynamic equilibrium model of ISORROPIA 1 was employed. Our sensitivity tests showed
that the formation of NH,” was less sensitive to the change of total NH; (TNH; ) , but sensitive to the changes of total H,SO, (TSO,)
and total HNO, (TNO, ). The formation of NO; and SO}~ was sensitive to the changes of TNO, and TSO,, respectively. Taken
together, our findings implied that the reduction of TNO; and TSO, rather than TNH, appears to be more effective in lowering mass

concentrations of PM, ; in Qingdao.

Key words: acidic gases; ammonia; water-soluble inorganic ions; PM, ;; gas-particle equilibrium; ISORROPIA II model
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Fig. 1 Concentrations of gaseous HNO;, HNO,, HCl, SO, and NH; in Qingdao atmosphere
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Table 1  Comparison of gaseous HNO;, HNO, , HCl, SO, and NH; in different regions atmosphere

N R W/ pgem - N .
A HNO, HNO, HCl S0, NH, Uiy Sk
78 [ 15 o R 0. 80 0.30 0.17 5.87 0.48 2001 4 10 H % 2003 4£ [21]
BRITT 2.10 — — 32. 60 37.05 2009 4F [13]
ELET RIS R 1. 00 19.6 1.16 19.4 50. 10 2005 4F 12 H & 2006 4F [18]
EJ B R 7.25 — — 15.90 22.30 2007 4F % 2008 4F [22]
H A tg X 2.16 — — 7.01 0.79 2006 4% 5 H %2007 4F 4 A [14]
BN 3.00 1.73 0.08 21.77 2.47 2011 4F9 AZE 11 A [23]
HEER 9.51 2.71 0. 80 3.91 5.24 2010 4E [17]
hEEE G 1. 90 2.90 — — 8.50 2002 4E [1]
PEEEAY 2.43 3.62 0.91 13.00 8.70 2004 4E10 HE 11 A [24]
E SRR 2.00 3.59 1.84 19. 00 18. 00 2004 4E 10 HZE 11 A [24]
o T v 2.40 3.99 2.26 15.76 29.93 2006 4F % 2007 4F [25]
Ll 6.30 2.90 2.80 55.40 7.30 2004 410 AZE 11 A [16]
dtae 1. 90 3.60 0. 60 14.10 16. 60 2002 4E, 2003 £ H [15]
5 — — — - ; ?gg;:g; 2013 4F 4 f 126]
G 2.06 0.92 — — 3.03 2012 4E5 H [12]
HE 0. 80 0.49 — — 4.71 20124F6 AZETH [10]
H 1.36 1. 64 1.46 27.58 2.95 2012411 HZE 12 AR5
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M2 R A KA A 0 78 A R 8% 5 T ¥ e A K
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FEAR 23 A BRI A 11 A4, 58 KR 15 4, 3%

KEFH 9 A Gitas R wos (B 2), F &% K
HNO, . HCI, SO, Fl NH, ¥ & 7655 K i ey, S50
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JNY 57% F135% . 58 KB, KA ER AR B A R
FEEEHOIE IR TR K2 A B Tis e SUARTE
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Fig. 2 Comparison of gaseous HNO;, HNO,, HCI, SO, and NH;

in atmosphere of Qingdao during different weather conditions
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Table 2 Comparison of particulate NO; , NO,
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W/ ng-m 3 i o
Hi NO; NO; Cl- S03- NH; L Ak
BRMNP G 1.24 1.33 0.28 2.44 4.18 2009 4E4 HZE5 H [30]
LT R R 18.90 — 7.43 19.20 16. 10 2005 4F 12 H 2 2006 4F 1 A [18]
E[ R R R 18.70 — 1. 60 23.65 13. 60 2007 4EZ 2008 4F [22]
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Fig. 4 Comparison of particulate NO; , NO, , Cl1~, SO3~ and

NH, in atmosphere of Qingdao during different weather conditions
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%3 PM, # NH; . NO; #01 SO~ Myl s

Table 3 Model-predicted concentrations of NH,",

NO; and SO3~ in PM, 5

WiH NH, NO; S0z~

SEAE/ pgem 3 6.04 £3.09 6.49 +5.72 9.36 +0. 08
BEHUE/ pg-m 3 4.41 3. 60 7.64 +6.09 9.24 +£5.97
NMB/ % -26.9 17.8 -1.27
MB/pg+m 3 -1.56 1.12 0. 004
RMSE/pg+m > 2.20 2.19 0. 007

LIPS S y=0.96x —1. 40 y=1.0lx+1.08 y =0.98x +0. 05
R’ 0. 82 0.90 0.99

DNMBH—F B (i 2%, S (BB — Sl () /> S, MB: P f2s, S (BME — S0 {H)/N; RMSE; ¥ 77 i 2,

[ S (B - sz 2/n]"7 s BEREBON = 58
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U BRI — 3. SO ALK TSO, A5 £k i i
JB,TSO, B I ak 2> 20% W, Ax g +20. 0% , 3 7]
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TNO, HOHE T, BEAR SO (1% ¥ B 75 Wk /b TS0, Y
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£4 PM, A NH; , NO; F1 SO~ XTI R E TN ABRIES

Table 4  Sensitivity of NH," , NO;~ and SO?~ in PM, 5 to aerosol precursor concentrations

T +20%TS0,  -20%TSO,  +20%TNH;  -20%TNH;  +20%TNO, -20% TNO,
NH,' 5.04 3.81 4.53 4.27 4.87 4.05
B B2/ g+ m =3 NO; 7.46 7. 65 7.68 7.32 9.08 6. 10
S0%- 11.23 7.49 9.36 9.36 9.36 9.36
NH, 19.4 -19.8 2.25 -4.75 10.2 -10.8
Ax/% NO; -1.40 0.32 1. 56 -3.43 20. 1 -20.3
S03- 20.0 -20.0 -0.01 -0.01 -0.01 0. 00

3 HZig
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