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Characteristics of water-soluble ions in dry deposition in Taiyuan
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Abstract: The chemical characteristic of the water-soluble ions ( WSIs) in the dry deposition in
Taiyuan was reported by the atmospheric dry deposition field sampling from April to December 2013
and the methods of the ultra-sonic extraction and the ion chromatograph analysis. Then their fluxes
were estimated and the sources were discussed based on the WSIs composition and mass
concentration levels. As the results showed SO; (4258.83 pgeg™') Ca™(2388.45 pugeg™') and
NO;(1048.35 pgeg™') were the major ions in the dry deposition. The concentrations of WSIs were
the highest in the autumn followed by the summer and spring influenced by the emission source
and meteorological factors. The fluxes of dry deposition and WSIs were 323.72 and 21.43 mg*( m*d) ™
respectively. And the flux of sulfur and nitrogen by the dry deposition were 1. 55 and
0.39 t+( km™a) ™' respectively which were higher than those in other regions in China. Based on
the correlation relationship and mass ratios between the individual WSIs NOjand SO were mainly
from coal combustion while Mg®* and Ca®* were from the soil dust as well as coal combustion.
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1 ( Sampling and analysis)
1.1
50 m
APS2A ( )
2013 4 1 —2013 12 1 2
16 . (RH=50% T=25 C)
48 h 160 mm
12
: SO, NO,
1.2
1/4 40 mL 45 min 0.45 wm ( PES)
4 C . ( Dionex 1CS-90)
(F".Cl"\NO;.S07) (Na' NH;.K".Mg*.Ca™). AS9-HC
SCSI 9 mmol*L.™' 3 mmol* L™’ 10 pL
1 mLemin".
5 =0.99. F .ClI"\NO;.SO; -NH;.Na*.
K"'.Ca®™ Mg™ 0.04.0.03.0.01.0.01.0.03.0.06.0.10.0.10.0.05 mg*L™". 10
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2 ( Results and discussion)
2.1
1 Al Al
(meq) (m?) (meqem) (2
(R*=0.77) .
1 N N
Fig.1 The chemical composition and flux of WSIs in dry deposition
and the meteorological parameters and levels of selected gas pollutants during the sampling time
1
10152.64 pgeg™ 3332.59—31805.75 pgeg . SO; .Ca™ NO; 3
41%.23% 10%. Ca™* 58%
2388.45 I.Lg'g_l Na* 33% NH, 27.20 pg'g_l;
S0% 68% 4258.83 pgeg’! NO; I
16% 14% 1048.35 wgeg™' 998.67 pgeg .
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2
Fig.2 The ionic balance in dry deposition

1 (ngg)
Table 1 The concentrations statistic of WSIs in dry deposition( pg*g™")

lonic species Max Min Median Average Deviation
F- 386.43 0.16 111.27 129.76 87.68
Cl~ 4781.42 0.37 783.21 998.67 982.06
NOj3 3420.24 0.85 818.25 1048.35 869.39
SO?{ 11390.16 4.46 3093.12 4258.83 3368.59
Na* 6553.18 6.59 940.39 1444.74 1646.58
NH} 83.45 0.01 13.26 27.20 28.49
K* 587.47 0.25 119.08 168.13 147.39
Mgz* 444.03 1.52 139.83 171.51 108.85
Ca* 6854.46 36.86 1962.38 2388.45 1505.47
SO NO; PM,
e Ca™ (23%) Ca™* (29%) "
3 (NO;.SO7  NHj) 64%
(72%) " (29%) * (45%) ° .
SO, NO, ( 1)
SO NO; )
3—5 6—8 9—11 12—2 ).
1 SO; . Ca™ NO;
NO;.S0Z .Ca™ .
(14626.38 pg-g’') (9736.55 pgeg')
(7588.14 pgeg™) 7 (6796.58 pgeg™') 9 (19832.64 pgeg™').
3
9—I11
S0, ( 1.
K" CI° (38.19 pgeg™'  1560.13 pgeg™)
(1.77 mes™) (221 mes™) (1)
SO, NO,
NO; SO; '° NO;-S07 2.03 1.77
2.2

2013 4—11 1 207. 69—
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514.82 mg*( m™d) ' 323.72 mg+( m*d) .
’ (171.39 mg+(m’+d) ") 7
(1278.90 mg*(m™>d) ") " .

(85—912 mg-:(m™d) ")
(105.5 mg+(m°+d)™") *
(438.26 mg*(m™d) ") >

(295.46 mg*(m>d) ") > (275.62 mg+(m>d) ") 4
(514.82 mg+( m™d) ') 9 (207.69 mg:(m™d)").
( 3). (3.11 mes™)
8.43—

35.43 mg+(m*d) '

(24.98 mg:(m™d) ') >

Mg™ \Na* CI

2013

3
Fig.3 The relationship between dry deposition
flux and wind speed ( WS)
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1:8—1:13 201
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4—11
11 (10.88) .
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SO
14.47(

11.11 > . Ca™* /Mg™
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SO%”

21.43 mg+( m™d) '

10 7

(20.53 mg*(m>d) ") >
(18.47 mg+(m™d) ).
(48.5mg+(m™d) ")

2
Ca™.

4

1.55 t+( km™a) '
1.93 t+( km™a) ™' "
0.39 t+( km™a) ™'
1.54 t+(km’a) " "
(0.15 t+(kma) ") *

NH;.NO; SO; 3
NH,HSO, .( NH,) ,8SO, NH,NO, 3
Caz+
Caz+\Mg2+
2 80r
Ca Mg2+
Mg2+ ®

Mg** (r=
F .80

Ca™
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‘L S0, /NO,
1
2.11—11.14
NO;

6.07( 4) Fang
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6 (2.10)

S0,
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Ca™  Mg™ A4—11  Ca™/Mg™
SO; /NO; (r=-0.48 P<0.01). Ca™ Mg™
C32+ Mg2+
2
Table 2 The correlation coefficients between the individual WSIs in dry deposition

F cl NO; S07” Na* NHj K* Mg** Ca”*
F- 1
ol 0.31 1
NO3 0.77** 0.24 1
S0 0.84** 0.28 0.88** 1
Na* 0.82** 0.33 0.11 0.31 1
NHj 0.42" 0.15 0.72** 0.77** 0.25 1
K* 0.42" 0.11 0.44" 0.47" 0.45" 0.25 1
Mg** 0.64™* 0.11 0.60™* 0.69™* 0.55™* 0.30 0.22 1
CaZ* 0.67** 0.16 0.78** 0.79** 0.39 0.197 0.61** 0.87** 1

Dk % 0.01 () o 0.05 « )

Note: % * Correlation is significant at the 0.01 level( 2-ailed) ; * Correlation is significant at the 0.05 level( 2-tailed) .

4 SOY /NO;  Ca™ /Mg
Fig.4 The mass ratios of SO> /NO; and Ca™ /Mg™ in the dry deposition samples

3 ( Conclusion)
(1) SOZ .Ca*™ NO; 4258.83.2388.45.
1048.35 pg*g”’ 41%23% 10% > >
(2) 323.72 mg+( m>d) ' > >
(3) 21.43 mg+(m’™d) '
(4) SO;  NO;
Cd2+ Mg2+
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