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Characteristics of mass and water-soluble ionic compounds in atmospheric
particles(PM, . .PM,,) of four National Atmospheric Backgrounds

DAO Xu WANG Chao ZHANG Linlin™" LYU Yibing TENG Enjiang
(China National Environmental Monitoring Centre, Beijing, 100012, China)

Abstract; To investigate the mass concentratation of fine particles and component characteristic of
water-soluble ions in National Atmospheric Background, PM, ; and PM,, samples were collected at 4
sites in four seasons of 2013.The mass concentrations of nine inorganic water-soluble ions were
analyzed by ion chromatograph (IC). The results show that the mass concentrations of inhalable
particles were higher in the first season than those in the third and fourth seasons. The average
annual value of PM,; and PM,, was 17 wg+m™ and 32 wg-m™, respectively, which are comparable
to those in other major regions and countries. All of above results indicate that the atmospheric
quality is good. Second, the contents of the water soluble ions wrer PM, were between 35.5%—
42.2%. The concentration order of these ions is SO; ,NH; ,NO;> Ca’* ,CI" ,K* ,Na*>F~,Mg”*. The
concentration of Ca™ in PM,, was higher in the first season, which indicates that controlling the dust

concentration is of great importance to decrease the concentration of PM,,. The concentration
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characteristic of the nine water soluble ions in PM, s and PM , in different seasons is similar to that of
fine particles, higher in the first season and lowers in the third and fourth seasons. Third, the
secondary ions are the main water soluble ions in the background, whose concentrations are
comparable to those in other major regions and countries. The concentrations of NO; and SO are
obviously related to that of NH} , with the correlation coefficient (r) of 0.754 and the slope less than
1, which shows the acidic ions are dominant in water soluable ions and affects a lot on the acidity of
the aerosol.

Keywords : national atmospheric background, PM,, PM,,, water-soluble ions.
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Table 1 Concentrations of PM,; and PM,, in 4 seseaons of 2013 in 4 national atmospheric background sites( pg+m™)

Pt A LUR Y/ TR W g e} 3 ey WSS I E
) PM, 17 11 16 6 13
KEAW
PM,, 27 20 19 8 18
i PM, 30 14 4 23 18
220
PM,, 91 33 23 31 44
‘ PM, 31 9 6 12 15
ez
PM,, 78 37 21 16 38
PM, 13 22 41 6 21
s
PM,, 20 41 50 11 30
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TP , K 258 55.0%—84.2% , UL BHIZ w3 or 20 WUk o5 32 5, D R vl — 3 = R 17.4%—
33. 0% , S5 WUZEFE 74.19% , ULBHILHT 3 A28 O B0RIY) |5 325, SIS —ZR 1 P e B2 48 g ()R L AH
TF A BLAE 5 e SR VA 2, B = ZR LR 5 £ 5, HUAE N 24.3%—39.7% , 55 U 2= LB 48 A
75. 0%. Fg I AR U (5 325 FUIB M 53.7%—82.0% . i B i3, 4 AN B R TE 5% 25 B0k: 4 vk BE 43 Aii
K < e SR V8 B AR BTG YRR A A8 ) 3 — 2 B s Y b L, H DUHLSURC V5 9 3 a8 A Pl )
(PTG R Oy oW 11 2 X VA e 5 e 3 NP7 28 UK v s R e R 2 Ve o 5 DA ROk 2 N £
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Table 2 Concentrations of water-soluble ions in PM, s and PM,, of National Atmospheric Background sites (pg-m™)

R T2 AR RLES B B e S

F- 0.040+0.035 0.018+0.008 0.006+0.006 0.014£0.016

Cl” 0.284+0.240 0.267+0.092 0.156+0.057 0.145+0.035

NO3 1.417+1.243 0.985+0.698 0.366+0.120 0.747+0.809

SOy 3.652+1.325 2.387+0.970 2.420+1.815 2.253+1.201

PM, 5 Na* 0.380+0.148 0.363+0.286 0.161+0.203 0.066+0.036
NH} 1.782+0.740 0.955+1.041 0.915+1.080 0.708+0.409

K* 0.263+0.110 0.196+0.161 0.100+0.023 0.102+0.052

Mg** 0.055+0.044 0.028+0.019 0.019+0.018 0.009+0.009

Ca® 0.761+0.624 0.709+0.367 0.135+0.069 0.106+0.034

F- 0.063+0.065 0.051+0.022 0.013 £0.024 0.026+0.032

Cl 0.459+0.135 0.344+0.206 0.406+0.702 0.255+0.198

NO3 3.304+2.242 2.280+1.295 0.496+0.296 0.995+1.128

SOy 4.714£2.041 3.672+1.865 2.852+2.276 2.761+1.903

PM,, Na® 0.710+0.392 0.644+0.438 0.193+0.197 0.164+0.164
NH} 2.321+1.342 2.074+1.000 1.013+1.218 0.791+0.488

K* 0.308+0.142 0.136+0.057 0.114+0.052 0.137+0.056

Mg** 0.126+0.096 0.033+0.016 0.028+0.025 0.022+0.027

Ca® 1.940+1.833 1.530+0.715 0.253+0.153 0.295+0.285
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BT SRR RRE B R ACIRGL A, T 5 KA RS 78 PM, P LR T P, BERH KA PE RS
T EEZHFLET PM, .

3 ERATHKEEET 500N PM, & PM, i HLE (%)

Table 3  Proportion of water-soluble inorganic ions in PM, s and PM,,of National Atmospheric Background sites (% )

LUERRY/EEES B Eem) B EHIRES) 3
PM, 37.5 42.2 35.8 355
PM,, 25.7 333 26.3 30.8

T HCRUKIEPE R 7 O 2 0TS G0 LI 1.9 FoK PR 25 178 PM,, o Hhove B8 5 1 2 —ROK IS PR3 -+
(SOY \NH; \NO;) , Hrh SOT ¥ ey, 4 D SAFEEME N 2.63 wg-m™ ,NH; 4 1.09 ug-m™ ,NO; N
0.879 pg-m™, Hik & Ca® .Cl” K" Na*, 4EX{H 2514 0.428 .0.276 .0.165 .0.243 pg-m ™ ;F~ Mg™ ¥ fiF
B, 2 4R350 0.019—0.028 wg-m ™. FFR T 25X 48 111 RS Hi X WY SO2™ \NH; \NO; ¥ J8 43 31]
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Fig.1 Percentages of water-soluble ions in PM, 5 and PM,, of National Atmospheric Background sites
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Fig.2 Comparison of soluble ion concentrations of PM, s and PM,, in 4 seasons of National Atmospheric Background sites
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Fig.3 Concentrations of water-soluble ions in PM, ; of different National Atmospheric Background sites
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X SURE o B 7 A TR, © A B ST 3R B R B A R ARUBURL Y T LR R B¢ ((NH, ), S0, ) | il iR B
(NH,NO, ) F 4 R VAL AP L B A A (NH, ) (AR (HNO, ) FIER R (HCL) " 7776, NH; 1E A HE
T A5 ORI h R R B R M B B, I SOT  NOS & AR IO AR BB R #% ((NH, ), S0, ) | il iR #%
(NH,NO, ). KB F Z IR SR 2 B IR 0 R e Ak 2 4 A s 200 55 RO At I 58 7k
RHLIX ) KBS FIRBEA HE (3 4) , TR RAE 505 R T /KT 5 HAB I 40 [ % ZR MR IX 8 3k
FEAKEAR .

WFFE — R 5 WKL P Wk B 2 IR A 2 2R, 4 BB 3 b R 7 5 U 0 vk B2 adR A7 [ 05, &5 SR I
4,507 R34 0.0491,NO; WISk 0.0263 , 15 B Fifl 75 H50R 9 e B2 1) T i, SOT H3E IR K1 NOj , 1
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NH; &R 0.0442, 5 6 B AR 4 R 32308, 3 S b 1 3% 5 J0RE 40 Wk B 1) O 3R A v (R AR fh 1
(NH,),SO, B8 ,NH; 1565 SO R, -5 HARL 7 SOn; , B IS NH VR B4 = i 4, SO A7
76 B LU IR AT AR C R AL (r) ,SO2 4 0.5714 \NO; 4 0.5376 ,NH; 4 0.6482 , Bl T K&
T 5 ORI BE Z R AEA DG ZR |, UK TR B A T v s 15 | JEe s 40 Yk B T v

4 G E R ARMIRX T RE TR AT 8 (ug-m ™)

Table 4 Concentrations of secondary ions at forest areas over the world (pg-m™)

X L) i ] S0% NO; NH
Yosemite NP, USA2!] 2002 1.19 0.33 0.41
San Gorgonio, USA[2!) 2003 1.71 1.58 1.31
Great Smoky Mnt NP, USA[2!] 2004 7.66 0.17 1.94
Grand Ganyon NP USA[?! 2003 1.01 0.30 0.42
Research Triangle Park , USA[??] 2003 6.85 0.19 2.22
K-pusta , Hungary %! 2006 2.87 0.57 1.34
I R A B AL (ARBIFAY) 2013 2.68 0.88 1.09

H1 T NH; 43508 5 SOT NO3 KA SN, X5 5 4 AN 235 I RAUBRLY i SOT NO; i sy
YR Z IS NH W5 e e B AT [l ) 204, S5 2R LI 5, ARG Z 8 r T 0.7539, U I (800 1B 35
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Table 5 Concentration ratios of nitrate and sulfate
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