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Assessment of pollution and contents of water-soluble ions in
airborne submicrometer particles using ion chromatography
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(1. National Institute of Environmental Health, Chinese Center for Disease Control and Prevention, Beijing, 100021, China;
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Abstract: A method for simultaneous determination of five water-soluble ions (F~,Cl”,NO3,S0>" ,NH}) in airborne
submicrometer particles was established. And the method was used to analyze the contents of the water—soluble ions in
airborne submicrometer. particles collected in east urban Beijing during 2017—2018 heating season. The airborne
submicrometer particle samples in residential areas in the east of urban Beijing were collected using quartz fiber filter
membrane. After. ultrasoriic extraction with ultra-pure water, the contents of F~, ClI”, NO;, SO3 and NH] were
determined simultaneously by ion chromatography. Shimazin IC-SA2 column was chosen for separation of F~, Cl™,
NO; ,S0?%" with sodium carbonate/sodium bicarbonate solution as leaching solutions, and Shimazin IC-C4 column was
for NH; separation with oxalic acid solution as leaching solution. The conductivity detector was used. The linear
correlation coefficients of F~,Cl~,NO;,S0> and NH; were not less than 0.9990 within the linear range of 0.078—
25 pg-mL™", and the RSD was in the range of 0.016%—0.76%.
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B IREE R KM JCHL R T RSy SRR A ORI (PM, ) , 24 i BRI 20%—609% ) R T ERAR 43 H7
FORTT FE AOK AR 1 27 20 73 2T A 2 AR B SR IR B R A R A 35 T 5 ) k.

RO T 0B oK PR R 1 AN 5 D7 1 22 A S L gk b BT R AL A R A R T 0
LS T OE B R AR Ry R BRGS0 AT BE RS I 2 Pl R I 0 R T AL
1 T i S A BRI AN 5, AT BT 1 I i 2 S A TS R I P A B 1, BT B D e A rh
XF R GEHEA TS oh s, A S 2 BB, 52 2 A B FH B 100 5 I e 5 A B R, 7 M8 3R A2 B

AR SR AU 35 185 1 A, 15 280 LR T AT, — U 5 B 2 K A 9 FH B 1 1) TR s 005, ] 7 3
K AR ) h Z2 UK PR 7 (F~ .C17 \NO; (SO \NH;) FillE.

1 SEE&HER4S ( Experiment section)
L1 FBAE AT

H A HERY Prominence HICs BUSLHE SP-NP B T (A%, 1.C-20ADsp Hiii % (A+B) , CTO-20AC H: B4, SIL-10AP H
HHERERS , CDD-10Asp HL G #F , CBM-20A 4545 %%, HIC-20A Super £ T (3% /3 Hr il il #% , DGU-20A , 7E 28 il < 2%
‘#,LC LabSolutions {4 3% T fEuf f5[E Sven Leckel B LVS6-RV P RFERS , PEHC 20 =X PMX sl RkE Sk PM, , 1 M
A FE 3 47 mm A7 TEEF SRR N (25 18 MTL). Bl 43 B K F (3 M e 0 XP26 2 ) | Sl W8S (22 18 Effendorf,
1000 pL.100 wL).

TCKBGIREN , BRIR S0, KGR, B R 2l 18 2454 Ak 2200 A FR S &) {8 FH AT H5#E 105 °C 44 4T 2 h,
T s H S BT s BHES F (F.C17 \NO; .SO% ) IR A PRIEN &, 1000 mg- L' {36 AccuStandard /A 7 ; #¢ih (NH; )
FRUEN £, 1000 mg- L', 38 H AccuStandard 23 7] ; S5 FH /K B 4K, B BHER =18.2 MQ - cm. T 4 3877 BB i 1E 7S+
LRI 2608 0.45 m (LB g,

1.2 (UES TAESM:

A . BB F 3% Shim-pack IC-SA2 (4.0 mm i.d.x250/mm L) , B3 F 4554 Shim-pack IC-SA3(G) (4.6 mm
i.d.x100 mm L) ; FHE T 43 Shim-pack IC-C4 (4. 6mm i.dex.150mm L). BB 7 ¥E#: 1.8 mmol - L' Na,CO,-
1.7 mmol - L™ NaHCO, 1R & ¥ W, A B F R Ve . 2.5 mmol « 17" B2 7 . 6 8 7 3 38 o0 25 5 v MO, bk 9% 90 38 3kt
1.00 mL-min~" ; E B FARFL .50 wL; #1540 °C ;K #% . i FAGIES ; Labsolutions Ver.5.81 {4, T./Eub.

1.3 SRR
1.3.1  FESL AL

W 0 D DR 1/2 SRARDEME, BT 15 mL/ZI B0 I A 10.0 mL #BAI/KIZ B, 37 SR04 35, 38 XU 20 °C iRk
TR R 30 min J5 BRI 4500 remin”' B0 10 min. B 0.45 wm U8k U8 IR S IF RS £ 5 mL FEAR A K
SREESR A (UGS BN B T-45 ) W By, S5 R UCR AR A SR REARE R 1] 55 50 22 4 S R 32 (A R RIRE ot (R AR A 2.
1.3.2 ek

23 IR 19.0826 ¢ NayCO, . 14.2820.¢ NaHCO, 22.5267 g HiFR (105 C FHET 2 h, TIRE P A M EER) K T
glizk i SRIG IR A 1000 mL A5 HI, 8 28 EARdk, #5659, 43l il £ W & 24 180 mmol « L™' % Na, CO, 170 mmol - L™'
Na, CO, 1 250 mmol - L™ i) EEER MK PR fift 25U A7 TR LG , 4 CUKFHIRTE.

HERA B Na, GO, Al NaHCOR i ZE % 45745 10 mL BT 1000 mL 20, 8 25 BAR2k 3820, A9 EE 2 1.8 mmol - 1!
Na, CO,-1.7 mmol - 1" NaHCO, {55 1k 2 il FH k.

YLt U R I A% 5V 10 mL & T 1000 mL 25, AR SEK @ 25 BARLR 3550 A5V B4 2.5 mmol - L' BRI
eI .

1.3.3 bRk RV AL il

WL 5 TS IR A b HE A A VA TR T 2tk v, i 48 BT B AR ik R 1 (S, —S, ) , BT F T e B 43 31120 0,0.078
0.156.,0.312.,0.625.1.25.5.00.,25.0 mg-L™'(S,H FAREM) , A#FEAE 5 mL BESH A,

WL TR B AR & TR TR 2K b 4 B F ARt R 510 (S,—S, ) , BB F R YR B 435910 0.,0.78,1.56 3.12,
6.25.12.5.25.0.50.0 mg-L™"  IWFE4E 5 mL KES IR .

1.3.4 @Ak

5 TS ARV O B TR B VU, FEHLE P38 X B35 R 2> F 30 min, 358 B BHES 143 8 4. 85 B 3h
HERESRAR IR B WUBA B F (B PH S 7 ) bRt 2251 50 pL, A B 7005, 45 8 & AR E M B 7 (SUHE ) i aigEL L
W THT AR AL A, Vi B SRy 8 AR A, 22 T A v I 2K

iz BER T B4 2 TR il P B K T 9 BH S 443

_ ko =)V, S

L 0 L 22 1
p, v s, (D
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K, p, 19 PM, o FK P I B B 7 BT e L, g™ s e SRR AV TR (5555 p, A R it VA VR T 7 0 1 P Y 8 14 o
W mg- L7 5p, AR R 25 RO T KR PE B B 28 7 B BRI mg- L1 5 V R SEBRSRAEIRTR, Ly v S B IR i PR A A
B, mL; S, SRy 3 BT I T A ORF: it D) T B B, em® B g5 S, AR it A 1) T AR B BT, om® B .

2 ZR 518 (Results and discussion)
2.1 SReMETTREAIAG PR

MFE 1AW FAE 0.078—5.00 mg-L™",C1” \NO; .SO?" £ 0.078— 25.0 mg- L' &ML HI P H M R R R R
£ 0.9991—0.9999.NH} 7£ 0.078— 25.0 mg- L™ & Wil 4k , #HOC R 5K 0.9999. 53 ,F~ .CI™ \NO; \SO3™ \NH; f {4 &4 it [a]
23508 4.032 min [5.223 min.7.383 min . 15.979 min £ 4.372 min.

R ANETTR AT AR R
Table 1 Linear equations and method detection limits

b7 A Y BRI SE Bt R BR

BT AR et MRARE gy WCER TR R R
(mg-L") (mg-12H) (pgem™)
F- y=58364x—-706.6 0.078—5.00 0.9999 0.03 0.10 0.004
Cl™ y=49229x—-16654.2 0.078—25.0 0.9991 0.03 0.10 0.004
NO3 y=23423x+4049.3 0.078—25.0 0.9996 0.03 0.10 0.004
SOf{ y=33948x—-33383.4 0.078—25.0 0.9995 0.03 0.10 0.004
NH; y=—1266x2+17856x—11.0 0.078—25.0 0.9999 0.10 0.30 0.014

TSR 2 FORPEARFRIRE 144 m® R Al T4 358 25 R A 10.0 mL.

B A I B VR BE N 0.156 mg - L7 Al 1.25 mg- L™ AR A AR HE AL T 2 HERE 6 U, E KO B8 B [ i T L, 5 5%
TR RRR R MERURE % BE . R 6 IR, X 0.156 mg- L VRAFSER T, F~ .Cl™ \NO; \SO; I NH; 83 Bt i) By AE X6 4 v i
50524 0.085% .0.099% .0.104% .0.056% 1 0.057% ; ¥ 125 mg- L™ VRAFRUER T, F~ .Cl- \NO; SO Fl NH; {4 f4 it [a]
B AR XS B AR 2243 314 0.057% .0.041% .0.039% .0:016% F110.027% , 75 B4 5 M BL 4T

H5Z 6 WA, XF 0.156 mg- L™ ARERE W, B (G \NO; ,SO3 FI NH i B2 I 7 45 2R 19 AF X e v i 22 43 551 1 4.6%
1.1% 1.4% 2.5% 2.7% ; %t 1.25 mg- L™ IR-EPRER,F~.C17 \NO; .SO%™ F1 NH] ¥ BF 1 A4 bR E 2243 B4 0.76% .
0.17% ,0.19% 0. 08% Fll 0.27% AHXIHR Ui 25 59/ NT 5% , 7 150G % FE At B4
2.3 ERESCE

SR FHRRUES 25 ) ST P-4 v AR

43 5 B S5 BH B AR HE R 5 ( GSBO4-2821—2011) FlI7K Ji 2 A AR fE S % W) [ ( GSB 07-3164—2014) 1l £ P FAT b5
WES25 TERE L A BRI G |, T 25 RAF B AR IES B E R 7 IE R E R 4F.

2.4 SEBREES AT

o FHEEST (1 7R T T AL BT AR R IE IR X 2017—2018 SRBEZE (2017 47 11 H—2018 45 3 A ) PM " R ZKIFEH: B
TR AR S5 R ANFE 2 P MR JE ST ZR B X 2017—2018 SRIE T RAEFATHY PM, , T B /K BB T W B | 22 1
V5 YRR H ¥ AR AR &l 1 TR,

£ 2 JEETHARIBIIIX 2017—2018 KIEZE PM, ,h EEKEHE T8 (B pg-m™)
Table 2 Main water-soluble ion content in PM, ; during the heating season of 2017—2018

in the eastern part of Beijing

BT F- cl- S02" NO; NH; N/S
¥fE 0.14 2.36 5.51 11.7 3.62 1.94
e/ MHE 0.02 0.22 0.74 0.57 0.38 0.36
RME 0.67 9.05 34.1 95.7 24.7 4.91

PM, ,# NO; .SO% & B3R BE 7= 2 1Y SO, \NO, \NO, NH, &40 — AL ok | 2 SR iy — k5 ety A
WHFFTH ,NO; \SO; Al NH; (##K SNA) B2 fl s PM, B9 ELBIAE y 41.4% , RALITRA PM, , HE S 4, 8
AR T AR X RS P, IR TG YL ™ .

[NO; /[ SOF JEL{E (N/S) R LI b A [ 5 VR AR el ) 4 ) NS sl (bl sh 42 B <0) X KA h /U B A
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X GEHk AR/ NS AN 1 IHE A DL N 3, R T AT 1 % 2 B Sh IR STk 0. A Yk o g 3]
], N/S BB R 1.94(0.36—4.91) ,[ NO; 1/[ SO; 1, 5 T UL AR TR [ A i A 7 48 00 >0 | ik S50 st 4R ok IX R 2
SIRBAL, M ERERERRERA TSR IRMNR, 55 & A TSR R B A &, BRI R X KA 5 Y 52 80 E
TE R ( BZR IR B HER) AR iR ( EZNHLEh E R HERD) FE A A5 e 2 DL sl e Tk B 2, T
I, N/S B Sl A AR AL B s A At SR s e B I A5 56 1

500 mPM,, ®F(XI10) mCI
SO} NO3 m NH}
T;E 375+
=
2 250
S
i
=
1250
ol HuBllm =mb N —mll 1 ™ | I
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Fig.1 Characteristics of main water-soluble ion pollution in PM, ; during the heating

season of 2017—2018 in the eastern part of Beijing

3 4518 ( Conclusion)

AR SCHEST T WU S (0 % - L R A T[] A 0 B U 2 42 R0 PML o 5 RIS MBS F (F~ €17 \NO; ,SO; \NH) ¥
Ik TR EYE RS R AR R R ATl — kb R T AR B 52 R E R R RIS R 40 R S, A
e DXl A 40y R VAt TS T I v B UL £ 3k 1 58 | o R HE AR 1 Y, A I S MR 559 e SR R A R ASUOK
PETCHLES F 1Ak 2R AE B A i AL T s TR L
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