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XIE Da,-n—dan 2, QI Jian-hua'?* , ZHANG Rui-feng'

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

Abstract: Size-segregated atmospheric aerosol samples were collected from September 2015 to February 2016 at a coastal site in
Qingdao, and the concentrations of major water-soluble inorganic ions were analyzed by ion chromatography. Characteristics and
variation of size distribution of secondary inorganic components in aerosol were discussed, as well as the formation process and
influencing factors of SNA (sulfate, nitrate and ammonium). The results indicated that the concentrations of NO; , SO;~, NH, ,
NO, , Cl~ in the aerosols were in the range of 10.32-193.46, 4.42-74.05, 2.21-57.75, 0.05-2.22 and 1.35-17.39 pg:m™’
respectively. And the mass concentration of SNA increased with the intensity of haze pollution. The concentrations of NO; on the
slight, mild, moderate and severe haze days were 55% , 77% , 240% and 537% higher than that on non-haze days respectively, while
concentrations of SO} increased by 4.7% , 35% , 77% and 262% respectively, and concentrations of NH, increased by 72% ,
83% , 201% and 526% respectively. The contribution of these water-soluble ions to PM, ; showed that the proportion of sum of NO; ,
SO;™, NH;, NO; and Cl~ to PM, ; was in range of 62. 03% -80. 93% . The proportion of ion to PM, 5 decreased in the order of NO;
>S02” >NH, >Cl~ >NO, . With the enhancement of haze pollution, the proportion of NO,; in PM, , increased from 29.53% to
45.54% . The correlation analysis showed that NO; and SO}~ in the fine particle were significantly correlated with gaseous precursors
NO, and SO, , and also showed good correlations with relative humidity, visibility, wind speed and other weather conditions. These

results indicated that the formation of SNA in fine particles was one of the main reasons for visibility decrease and the formation of air
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pollution in haze days. Meanwhile, high concentration of gaseous precursors, high relative humidity and low wind speed were the
important influencing factors of haze formation. Except for slight haze days, SOR and NOR in the haze days were higher than those on
the non-haze days, and increased significantly with the intensifying of haze, especially for 0. 43-0. 65 and 0. 65-1. 1 wm particle size.
Conversion rates of nitrogen and sulfur in severe haze days were 1.5 times that in non-haze days, which showed nitrate and sulfate in
these fine mode were mainly from gas-to-particle conversion. NO; , SO;”, NH,; and NO, increased in haze significantly, which
mainly existed in the fine particles. The cloud process played a more important role on haze days. While on non-haze day, cloud
process and the heterogeneous reaction were both the main factors. And the highest proportion of fine mode concentration to total one
was observed for NO; (79.4% ) and SO;™ (74.4% ) on severe haze days respectively. NO; showed a bimodal distribution with peaks
in the size-bin of 0. 43 ~0. 65 wm and 3. 3-4.7 wm on non-haze, slight, mild haze days, and the fine peak moved to 0. 65-1. 1 pwm on
moderate haze days, however the bimodal distribution changed to unimodal distribution with peak at 0. 65-1. 1 m on severe hazy days.
SO;~ showed a bimodal distribution with peaks at 0. 43-0. 65 pm and 2. 1-3. 3 pwm in the non-haze weather, while the size distribution
changed to unimodal distribution on hazy days. But the peak sizes were different in different intensity of haze, with peak at 0. 43-0. 65
pm on mild and slight haze and 0. 65-1. 1 wm in moderate and severe haze days. NH," showed a single peak distribution in the fine
mode, with the peak in the particle size of 0.43-0.65 pm on slight and non-hazy days, and 0.65-1.1 pm on mild, moderate and

severe hazy days. Therefore, haze has a great influence on the size distribution of SNA.

Key words :haze ; aerosol; secondary inorganic ions; size distribution; oxygenation efficiency
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Table'3 Numbers and sampling month of samples "'

in different intensity of haze

1% 3, B 4 }F,f 5 BRSO AR
1 S e gy c [ 6 9,10, 11,12, 1.2
_#,ﬂlEﬂK A4 8K T NO, . 0, F1 SO, )
HRVKFE U 4 B B G R L B IR, NO, BN T s
SO, M ok v 2 B T A B8, B 4 e 1 i ’ D101
16 50 gem ~ LA, 350U 786 v BE A 0 2 5 K T i 4 10,11, 12
Ji SNA Y EEHE. X 7 1n.12.2
x4 AEAERHEXT NO,, O; 1 S0, WEERE /ng-m?
Table 4  Concentrations of NO,, 05 and SO, in different intensity of haze/pg+m ~3
NO 0 SO
E| 2 3 2
{10 [l ¥l 110 [ ¥ FienEEl ¥Ma
EF 16.43 ~41. 17 26.15 29 ~61.17 45.35 14. 17 ~46. 67 25.15
B 24.5 ~64.33 42.64 18.83 ~55.6 39.32 16.38 ~39.4 27.98
Uz 25.67 ~49 35.7 36 ~109 64. 86 12 ~44 22.97
LR 33 ~65. 67 53.17 22 ~224 80. 44 13 ~55 32. 44
Gy 38.5~97.17 55.68 20.33 ~67.33 39.18 25.67 ~119.5 51.53

1) 5 km<Vis <10 km 54,3 km<Vis <5 km AR 2 km<Vis <3 km N Vis <2 km NHEJE, Vis Jf/NEILE

2.2 $K T IR L R

KA AT B3R TR AT, Frll R4
R ] 2 1 B I 9] 32 5 4 75 e, X PRI 28 U

T AR B R R . SRR ], A
NO, | SO;™ . NH," . NO, | Cl~ Wi s ik & AR fL 7 il
SRR 10.32 ~ 193.46, 4.42 ~ 74.05, 2.21 ~
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77% . 240% F1 537% ;S02~ Y2 e B4 il s m 1
4.7% . 35% . T7% A1 262% ; NH," 11t Jo £ 1% & 73 51

x5 AEERFEXTNO; ( NO;

Table 5 Concentrations of NO5

NH; .

, NO, , NH,", SO2~ in aerosol in different intensity of haze/pg-m ~

WY 72% . 83% . 201% 1 526% . W9t 54
(%A NOS . SO2™ . NH, By R A= g it 7
FIR G, Q0 AR X I8 B . IR /)N At e R
SAMERAS R L TR ERED Y HRET
U TRFIR T, 32 15 £ 19 52 e A R B S, R R g S
ZIRTEAZER M IR, 37 22 RUEE ) 4 ZR 1 0
5 C1™ MR BE 2 pal 55 , 1 AR 2 CL 1 £ Bk
Pz— T EE KIS Y R BB,
R Cl B T

SO~ WREIRE/pg-m >

3

SH NO; S0%- NH,f NO, cl-
N S S S ShEe S
i Fl ¥iE L F ¥ifE JL ¥iE 5 Fl ¥iE 1 H ¥iE
(31 10. 32 ~26.93 18.58 10.58 ~22.19 14.73 3.36 ~7.9 5.45 0.73 ~2.08 1.28 3.69 ~5.63 4.50
i 10.4 ~39.59 28.79 7.76 ~21.93 15.43 2.31 ~15.02 9.39 0.17 ~0.95 0.61 1.35~7.77 4.38
E=35°s 15.91 ~51.28 32.82 4.42 ~27.23 19.89 2.21 ~15.81 9.98 0.05~1.22 0.67 2.13~6.28 4 05
R 25.56 ~112.38 63.13 16.57 ~43.97 26.02 6.03 ~34.86 16.42 0.06 ~2.09 1. 15 2.16 ~8. 484 8}
WE 61.17~193.46 118.28 35.99~74.05 53.26 21.54~57.75 34.09 0,12~2.22 0.7 2.59"~17.394 7 7. a4
VAR PM,, 33X — 25 55 1 36 s R H G A £t §
SR 11 5 M SR R 37 1 AT e 3, PR AR SE X AN (] 2
SRR T ORI FAE P, PN EAE T,
ZEHAME 2 8. NO; . NO, . NH, L S07 L €178 &
TUSE 2 RGPV, L 1Y H@(ﬁ%ﬁi@@%& 03% S ;

~80,93% Z7Ju 44 5 R o7 He T gt PR YR
N‘O?m\\ 804217 N NH4:‘\ C‘17 N N027 . Fﬁ%‘%ﬁﬁ%n%u |

NO TEYPM, , F1 I Ll 5 08 i e T b

20. 3% 45054% | 5 R 76 T T PRI, NOFAE
PM, (I L 2 SR AR S 1Y 1.5 45,502 FI NH,
TE PM, s HH i) B o o 58 45 2% 1040 i Ja 7 4k TG B 48 R A
HAHZEARNK, 435910 14.59% ~19.28% . 10. 66% ~
13.53% ; FH T H 38 K SNA [ K= A4 s M or o tL &
38 TN, C1™ AT NO, 7£ PM, ;71 A% b 5 bifi 2 45 4% 14
il 22 /0N e H, dE g K B R B A K, 4 B ok
4.73% 1 2. 12% , C1~ 761 B 58 KA 0 305/ IME R
2.20% , 1 NO,; Ff i L 5 A e /IME R 0. 18% , i #
e R
2.3 RPN S RSB TCHLLL 53 1 Ak
2.3.1 S0;” 550, MRG&KMMIXR

X SRAEHE] 31 B RS AT R R,
SO;~ MBI EE B SO, Fi ik B8 Y 38 fin i 4 fin
(W 3). FRBIJELE 2015 4E 11 A 30 H 12015 4
12 A 21, 24 25 H™ &5 58 KA, S0; Bk
FEA I T, B SO, MU A AESHHE, o .
55 K B A R VTR R T ) E AR AR L B SO, Al
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Fig. 2 Proportions of NO; , NO, , NH,; , S0?~ and C1~
in PM, 5 at different haze levels from Sep. 2015 to Feb. 2016
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Table 6  Correlation of SO3~, NO; , NO, , NH; , NO, and SO, with meteorological parameters in aerosols with different particle size

KA/ wm NH/ NO; NOy NO, S0, Vis T L Rz
<0.43 0. 854 -0.267 0.789 ** 0.428* 0.432" -0.22 0. 081 -0.013 —0.442"
0.43 ~0.65 0.587 ™ -0.049 0.905 ™ 0.628 ™ 0.676 ™ -0.411" 0.390 " 0. 148 -0.449"
0.65~1.1 0.926 ™ 0.12 0.944 ™ 0.533 ™ 0. 640 ™ -0.578 0.508 ** -0.22 -0.461"
1.1~2.1 0.767 -0.177 0.955* 0.229 0.390 " -0.445" 0.355" -0. 194 -0.305
2.1~3.3 0.934 0. 029 0.903 ™ 0.241 0. 464 ** -0.34 0. 268 -0.291 -0.233
3.3~4.7 0.824 0. 024 0.534 0.312 0.534 -0.349 0. 303 -0.544 " -0.24
4.7~7.0 0.522™ -0.014 0. 254 0.108 0.381" -0.212 0. 179 -0.589 ™ -0. 066
7.0 ~11 0.547 * 0.394 " 0. 137 -0. 005 0. 266 0. 168 -0.237 -0.704 ™ 0. 024
>11 0.539 ™ 0. 096 0. 107 0. 085 0. 344 -0.034 0. 021 -0.669 ™ 0. 039

1) n=31, = * FIRAE 0. 01 K b RO 25 (RUIMALSR ) , + FIRAE 0. 05 7K b AHOCHE 38 CRUAG SR ) |, T 1]
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Table 7  Correlation of NO; , NO, , , NO, and SO, with meteorological parameters in aerosols with different particle size
*ué/ wm NH, NO, NO, S0, Vis MR L K
<0.43 0. 900 ** -0.097 0. 485 ™ 0.494 ** -0.311 0.175 -0.351 -0.367"
0.43 ~0.65 0.780 " -0.036 0.769 ** 0.799 ** -0.524 ™" 0.444 " 0. 046 -0.512*
0.65~1.1 0.942 -0.018 0.563 0.671 " -0.551™" 0.504 -0.194 -0.400"
I.1~2.1 0.839 * -0.184 0.282 0.415* -0.464 " 0.413 " -0.178 -0.304
2.1~3.3 0.940 ™ -0.213 0.216 0.271 -0.372" 0. 400~ -0.112 -0. 145
3.3~4.7 0.727 0. 008 0. 341 0. 137 -0.339 0.409 ~ -0.047 -0.125
4.7~7.0 0. 685 -0.11 0.35 0.117 —-0.349 0.401 " 0.119 -0.181
7.0 ~11 0.478 ** -0.103 0.202 0.034 -0.233 0.361" 0. 052 -0. 109
>11 0.174 0. 086 -0. 006 0. 091 -0.321 0. 187 0.022 -0. 065

1)n =31, # = FIRTE0. 01 Kb AR B 3E (UMAZER) |, * F7R7E 0. 05 Kb ARSI 35 (U )
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I RAR S S T R IR % 49K T 1 SOR A

NOR .
_ [n-S0;]

SOR = [n-S027] + [S0,] 3)

NOR = [n-NO; ] (4)

[n-NO; ] + [NO,]
A, [n-S0; ™ AR R AUBALY P AR e £ R R AR 1Y
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Table 9  SOR, NOR for different particle size of aerosols
Bif2/um <0.43  0.43~0.65 0.65~1.1 1.1~21 21~3.3 33~47 47~7.0 7.0~11 >11
SOR 0.03+0.01 0.3220.11 0.35+0.17 0.25+0.16 0.2020.10 0.16+0.06 0.15+0.06 0.12+0.04 0.04 0.02
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