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Characteristics and sources of water soluble inorganic ions in PM, 5 in
Suzhou Urban Area from 2020 to 2022

ZHOU Minfeng ™ WEI Heng ~ MIU Qing ~ XIONG Yu

(Jiangsu Suzhou Environmental Monitoring Center, Key Laboratory of Atmospheric Combined Pollution Monitoring, Department

of Ecology and Environment of Jiangsu Province, Suzhou, 215000, China)

Abstract In order to investigate the variation characteristics and sources of water-soluble inorganic
ions (WSIIs) in PM, 5 in Suzhou, we colleted and analyzed the PM, 5 samples in Suzhou from 2020
to 2022. The annual average mass fraction of WSIIs in PM, 5 constituted 43.8%, 39.5% and 42.7%
for the years 2020, 2021 and 2022, respectively, indicating their significant contribution to PM, 5
composition. The mean mass concentrations of the eight WSIIs were ranked as follows:
NO;>S0,*>NH,>CI>K">Na">Ca*>Mg*". The Sulfate Oxidation Ratio (SOR) and Nitrate
Oxidation Ratio (NOR) in Suzhou was 0.30 and 0.11, respectively, both exceeding 0.10, indicating
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that acidic ions SO,* and NO;~ predominantly originate from secondary formation processes. The
NO;/ SO4* ratio was 1.60, suggesting a greater influence of mobile sources over stationary sources.
From the view point of seasonal variations, the concentrations of NO5~, SO,* and NH," were ranked
as follows: winter>spring>autumn>summer. Secondary ions predominantly existed in the form of
(NH,4),SO, and NH4NOj; across all seasons, with higher SOR and NOR values in winter, facilitating
the secondary transformation of gaseous pollutants. The urban area exhibited an excess of the cation
NH,', while secondary anions were relatively deficient, indicating an ammonia-rich environment.
From the perspective of pollution levels, the concentrations of NO5~, SO,* and NH," increased with
increasing pollution levels. The share of SNA (sulfate, nitrate, ammonium) showed an ascending
trend that stabilized as pollution severity increased, indicating a marked increase in the impact of
secondary inorganic ion pollution. A strong correlation was observed between NO;~, SO, and NH,",
suggesting a common origin and similar transformation mechanisms and accumulation processes for
these three secondary inorganic ions. The major sources in Suzhou from 2020 to 2022 were mobile
sources, biomass burning, and coal combustion, contributing a combined percentage of 51.8% to
60.5%. Contributions from construction dust ranged from 14.5% to 17.7%. Intensive management of
these four sources is crucial for the continued improvement of PM, s.

Keywords Suzhou, PM,s, water soluble ions, characteristics and sources.

B2 S A RURL ) (PM, 5) AN 5| & KRS, 1B 23X NARIFI | 52 22 0 38 pEE R 3, 6
HOR R B PM, 5, J2: [ P AR IR BE AU 2 3 0 9 10 A a0 0L 2013 4R DIOK, R 4234 S0 42 AU R R
S AT R )45 R 2 TR AR TR, HESh PM, 5 He B B i plesE ¥, (H 2022 4EFR EAA 25%
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I, A PM, 5 752 5 0 8 ] 2 05 o R 2 AR A B 1) i 2 T e
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1 #MRL5 7 (Materials and methods)

1.1 FESCREE

AT 5 W IS0 R [ R U 9 2H 43 X 5 M T R 11345 (120.63°, 31.29°N), A3 15l A (R 25 R
e W AR TR AR BSR4 T ) ) (HI 664-2013) B, 23l 5 A7 F 5 M T 30X, X T 5 3 X A b 25
KEA RN 20204 1 H—20224F 11 A, 7T M TR 1] 50 RE PM, s B2, /NG &
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(16.7 L-min™") PR8E 45 S 0K ) R AR i (728 ] o AR i) i, 05 LVS #8), SR 4 bR R 4 3 5k A BB I
(e [E IR 72 1851-047) Fll 1 5K RF e U8 B (BTN B A %F: PF-PM25-47-15), £ 9 38 5 T 539 B FH 5
T, R B I T 200 PM, s TR S5 A 3 RoREE 1 UK, SEARAA R 915 4.
1.2 FESH AT

p(PM, 5) 43 M7 ¢ HR (FRBE 25 S WOR 4 (PM, 5 ) T T W 5 2 (EE 2 96) H R BV ) (HT 656-2013) Y 22
SR R, e 7 ] o A 700 35 0 A KO- (AWS-2RE B9, K5 B B T 40 2 —. p(WSTIs) 20 Hr i B (R B 23
S FRH KR B T (F, CI, Br, NO, . NO5~, PO, SO, SO, B E 8 1ok ik ) (HI 799-
2016) B2 1 (R 5% 25 3, Wk b K i v BHES 7 (LiT, Na™, NH, ., K*, Ca®*, Mg™) Bl & B 7 (a3 vk )
(HJ 800-2016) ™) iy Z2 3R I 5, 5 FH 55 = FEBR K ICS B F (i 2 B4 (5000 A ), p(NO,) Fl p(SO,) 73 Hr
i B8 (R BE 258 R A T5 4291 (SO, NO,, 05, CO) 42 [ 30 Wi il 28 48 55 A B SR A 5 75 ) (HT 654-
2013 ) B9 B BRI E , 43501 FH 56 IR R K 421 20 Hr{3CFN 431 23 AT
1.3 i fir 5 s il

iz B R B 28 SR ) (PM ) T T W00y 32 (CFR 325 ) SR B ) (HT 656-2013) 51 (1) LR HEA TR
RAEFRATE, RAE T HRR B2 45 1 8 Mo FH 4R TR 4 28, sBEOBARIR R A7 . PMy 5. KIEPEES F . SO, Al
NO, %5 PR F-Fig B R 4548 i TR T A VAP B8~ B R i 349 22 A o il 2 5 o0 M S4B, LA
PIHEAT S0 28 R T 25 FIRE R I, 25 FORR S B3R A R PR, il 2 2SR HEA I ARE . A ofe i 2R AH
KZFIYIERF) 0.995 DL, FRHEFEARXT IR 22 A 1T 10%, FE 5 s mHSCRTE 80%—120% Z [H].

2 ZER 535718 (Results and discussion)
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Fig.1 Monthly variation of PM, s in that urban area of Suzhou from 2020 to 2022
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PM, 5 JiT i i FE 1) 43.8%. 39.5% Fll 42.7%, MK %5 Pk B85 35 BT i vk B s IR HE R R E L IR
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11(0.8+0.8) ug-m>, £ PM, 5 FFAY 5 H R 2.3%.
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RV IE 3.2 pgrm, 2022 AT R 0.5 ugem >, ZEZL R Sk 2021 4798155 J0 A 452 452 735 R (475 Y i HE.
Bl 5 T A7, 2022 445 05 YL 1y 0 iR W Sk 9 2% , e NH MR B4 2021 A7 i S 3. X L 2015 4F69 5
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Fig.2 Concentrations of WSIIs in Suzhou from 2020 to 2022
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(3—5 H). (6—8 H). (9—11 )AL A, 2 A, 12 A)%l4. W, &, &2 KL p(PM,5) 43l
Jg: (37.1£16.6) . (22.2£10.9) ., (27.0+14.4) . (54.1£30.2) pg-m™>, p(NO3 ) 435 K (6.4+5.5) . (2.2+£3.4) .
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p(SO2) 35N, (4242.6), (3.4+£2.1), (3.5+2.3), (4.8+3.4)pg'm>, PM, 5. NO; . SO,> il NH, ¥ J& /)
i K>FSFK>E . NOy WU ZR IR FEFE PM, s HOXT I L4351 0 17.3%. 9.8%. 15.7% Fil 24.6%, SO, 1% Lk
SR 11.3%, 15.3%. 12.8% F1 9.0%, NH, 5 FL 235100 9.8%. 8.7%. 9.0% £ 10.8%.
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Fig.3 Seasonal variation WSIIs in urban area of Suzhou from 2020 to 2022

AR ZE N AR PR IE DR , B2 AR5 Yo ik B A IR 52 R R R 3, 2022 46 28 NH, VR
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13.1%. 422 NO;5 | SO . NH, 2021 4E T [, 2022 43475 fr S 3, NH,, e B Tl 4 R iF i

2020—2022 4EFR M T p(PMy ) i 2215 0 44 28, 5 R R MM T S5 I T AR o AR B, =22 Y
R HE A7 T, — 2 R B R s Y HE s 1) T, R4 TSR TR, R 2SR sac ik
ANH. e BB 25 B8 20 (AQD B MU E (A7) ) (HT 633-2012) M ¥4 A I, FH 2 RAF 91 d, Hr
BTG KU b5 SRR B 4.4%; 25k AE 92 d, Hirp 52 TS 4 K DA B A 2R FE R LAY 1.1%; FkZ
KekE Ol d, Ho 82 B 5 e K L b5 RCRBE R B 1.1%; 222 % 4E 80 d, Hoh AR 5 e M DA I 5 BOCRAE
KB 21.3%. NS K VE B F A A BCRF , 428 NOs 7EBURLY) H () 7 L e, 1551 24.6%, = i
HAZETT 7.3%(F2) | 14.8%(H Z), /& PM, s Y E EE4 57, Ui A LY IR B4k J2 5 M T &
7% PM, V5 L ) R BRIE. FUAEARY) 2R IR T ) . BBk Ai ol iy [ 2 USRS sh IR HE A, B AR LA b3 g
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NH, "5 SO 45 &5 ) FEMAFIE RS . B H c(NH,) /e(SO4) 5 ¢(NOy ) /e( SO A 77 F i i i
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(NH,),S0,4. NH,NO; Fil/b & NH,ClJE Xy g %
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7 5 NoOs 7E R 22 11 K & 42 18 NOy ™. TR AT R e Ak i TR RN R B 09 45 31 & A BIF 58 7 SOR I
NOR F77E B 8 1 25 15 R 1IE.

PM, 5 1 NOR {H 4 2455 (0.19), AL (0.06), TN T4 2= NO, 28 5 & E kb, i 7 2=
FEALFRREE S/, WAL 6. NOx A Al R 2h LRI AAZE I B 25 57, LR DDAk I bl &, 524 2
HEBZ SR HE RO ], NO, 1A AT TS G W HE RGN, e 3 4 1447 fie i KT, HA 2 ) B R i R
W T HAB Y, AR E R AGA R E, KA A AR O, A R AL R T s (BRI O R
B AT, EBMALEE NOx A2 i NyOs i — 2038 ik {F Y41 AH S hiy Az B R &, 4% 2= M0k vk 2 18
W EER, M ARRIAR R B T AR, AN, B S SRR TS IR T A B A, 32 R
23 S PR R AR AR PR SS , T DAAS ZE LRI IR BE A 1 T NOy R B ARl iF— 20 SR IR R 4k 1) —
IR IR S R IR M T 44 28 PM 5 R BE KT 2 R
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Fig.6 Variation characteristics of SOR and NOR in different seasons

FA MRS, BRI T SO MIXIHR N, SO, Fl-OH Y ¥R I 32 28 37 1 B AR
FRER S 52, B 20 IR ZN, Sk 2= S At o, S AR EAL R B & A=, B T3S SO, ) SO, 1Y %%
AR . A ORI, RAE YRR, AH S0 B 2 =080 55 . 73 1T 44 2% SOR(0.33) T 2%, Al g
A TR PR B %, T UAE R EES %, A A TR ER I8 B, HE I3 M T 4 28 SO, M) SO #YHE
YIH s 7 A B 2 T e
2.4 R[AIG YL ] PM, s AK B PE2H 4328 A A

PAIATE p(PM, 5), 1595050 M (0—35 pg'm™®) . B(36—75 pg-m™>) | B 55(76—115 ug'm™>) .
FEG Y (116—150 pg-m™) . HEFIEYE(151—250 pg-m™) FZH 5 YL (5250 pg'm™) . 4341 Bos, 1.
MR, PEMEEIS RS 228d, 103d, 20d, 1d A 2d. BRJF, FEMEFISREST
p(PM, ) F-I{H 55112 85.1. 123, 163 pg'm”, 43 A RS (21.9 pgrm™) 1) 3.89, 5.62, 7.44 f5. & 1 7]
W, P B R EETS Y b BT YR RE VG e R AU, p(SNA) S FME 43l 7.2, 20.4, 43.8, 55.6.
77.6 pg'm”, GG Y] p(PM,5) AL AR & . p(NO;3 ) . p(SO) il p(NH,") 43 1l H LB 11
25,29, 1.9 pgm”> I3 E IS Y RS 445, 149, 18.1 pgm>, 408 4.1—16.8 1%, W& 7. 7%
KB T & AR 51, p(NOy) 5 L MG AY 11.3% b T+ =R B 15 Y 0 29.4%. NH, 5 L 28 fb fil
NO; HEA—FL. I, p(SO4) i FL I AR ) 13.1% T = 5 TS YL Y 9.1%, #%A Fr AN A, Hifth 2%+
di be, 46 Ca™, Mg™', CUMI K, Bls e b FHWA AR EE B T P Bk R B, p(PM,5) b FHAT,
TR TCHILES F DTk T .

R 1 2020—2022 4FEFR N AR 28 B EGT PM, s MUKV T AL (ugrm ™)
Table 1 Concentration of PM, 5 and WSIIs in different pollution stages of Suzhou from 2020 to 2022(ug-m™)
&?/E‘Mﬁiﬁéﬁlﬂu - 2- - + + + 2+ 2+
Pollution stages PMas NOs S04 cl NH, Na K Ca Me SNA
e 21.9 2.5 2.9 0.2 1.9 0.2 0.1 0.07 0.01 72
49.1 10.2 52 0.5 4.9 0.2 0.3 0.17 0.03 20.4

RS Y 85.1 25.0 8.4 1.4 10.4 0.2 0.7 0.27 0.04 43.8
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2e /= R
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N 2 - NH,* + + 2+ 2+
Pollution stages PM, 5 0, SO, Cl 4 Na K Ca Mg SNA
PR Y 123 273 12.4 1.7 15.9 0.1 0.9 0.12 0.01 55.6
G R 163 445 14.9 1.6 18.1 0.1 0.8 0.14 0.01 77.6
A

Fig.7 Spatial distribution proportion of WSIIs in different pollution stages of Suzhou from 2020 to 2022
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W B T 1Y Pearson AHIC R AL, *FRRAEMEZE PAEH/NT 0.05 B7KF W 3. TR Il R A5 Y K<
T, p(NO3) | p(SO4) Fl p(NH,) X 3 Fp ICHL B F Z 0] B AH ¢ R AL AE 0.5 LA b (BRiI5 R RAF
SO HI NO; B AHIE R %L R? R 0.46, P<0.05 ), B =3 19— UCHE BOR R B AL HAT — 2 1) [R) U5
Kl 8 7R, p(K) 5 p(CI) AR G R AR B35 IEAH G (P<0.05) , R IR U5 T 26 W TR e B R B Tl
SEl0-el p(Mg?) 5 p(Ca®) ZEE T K A5 YL RAH I R B0 0.52 1 0.49, XAV E YK A 4205,
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Fig.8 Pearson correlations of the WSIIs
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FIH RAE T X 3 4F 19 PM, s /KU P B 7 40 43 (047 F2 8000 20 BT, 485 51 I 36 2. 2020 4%, 7 1
NO; ™. SO, NH, #kfar #5 fm1, Al T A sl AR IR, DTk R 52.3%. Bl F- 2 v Mg il Ca® 3 fnf 4
L AT A R IR, TTERR N 17.3%. BT 3 v Na Fl ClUkfg 48 5, i A A i R U1, STHRR A 10.8%.
2021 4, I 1 41 NOs . SO, NH," M KM i a8 i, FIRMT M AL SR . BRI S 2R W Bk b, STk



1338 7N 54 1k 2 44 3%

51.8%. A 2 h Mgl Ca> #far ¢ 51, fRAT M35 A28, BTk 17.7%. A 3 B9 Na Fil CUZ AT 55 =i, T
R (13.5%) . 2023 4F, 7 1 o NOy~. SO, NH, M KA 381 8¢ e, BT — R IR B A= ) Ak e
(60.5%). ¥ 2 EZ LR IRFE /R 1Y Ca¥', STHKF R 14.5%. I F 3 ML IR A DTSR N 9.5%. B2, 7
T 2020—2022 4F PM, s F R AR SR . £ BTBRBE I . AR 55 I HUAE 51.8%—60.5% Z[H],
AR IRTE 14.5%—17.7% Z[0], 5 =M HANIR T s 45 R AR
2 2020—2022 FIRMTT PM, s H/K AT BS 7 35 000 e % TR 1 48 4oy 46 1
Table 2 Rotated component matrix of WSIIs in PM, 5 of Suzhou from 2020 to 2022

M (ugm™) 2020 2021 2022
Components ¥ 1 K2 K53 K1 A2 3 K1 A2 K3
Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
cr 0.376 0.014 0.200 0.390 0.084 0.366 0.405 0.011 0.211
SO, 0.377 -0.288 0.132 0.319 —0.486 0.041 0.352 -0.205 0.171
NO;” 0.424 -0.285 -0.110 0.440 -0.173 0.002 0.431 -0.099 0.014
Na* 0.180 0.468 0.762 0.082 0.384 0.802 0.123 0.734 0.620
NH, 0.439 -0.322 -0.059 0.433 -0.366 0.020 0.431 -0.192 0.058
K 0.396 0.071 -0.136 0.430 0.134 -0.092 0.394 -0.187 0.065
Mg* 0.190 0.580 -0.567 0.277 0.516 -0.332 0.346 0.145 —0.420
Ca® 0.345 0.413 —0.082 0.312 0.400 -0.319 0.223 0.563 -0.598
T 25T/ % 53.2 17.3 10.8 51.8 17.7 13.5 60.5 14.5 9.5
BT 20T /% 532 70.5 81.3 51.8 69.6 83.0 60.5 75.0 84.5

3 4518 (Conclusion)

1)2020—2022 4%, #5317 PMy s il SNA 2R [ 5 38 IR AR 34 F B vk B2 43 8 4.0 pgrm™ Al
3.7 pgrm’, 23 AR R B R 12.5% Fl 14.2%. 2020—2022 4F SOR 5 PM, 5 W B A8 fb#a v — 3, 5 T [
e, NOR 2 F N iesh, A WL W28 k.

2)PM, 5 1 NO5 . SO, Hil NH, MR 2 R/ Ky: &>F>F>H, £ 70 h B 1 £ 2 2L (NH,) ,S0,.
NH,NO; JEZ A 7E, SOR Fl NOR {H 4285 i, 3 T 815 iy ik i fk.

3) bt 5 Y AR BE T, p(NO;3 ) | p(SO) Fll p(NH,) 7K VM B8 -k i AR 5L T b 34, At i 1 bt v5
YRR EEREIN & R R AR, R IR EHLE T RE p(PM,5) LTI T .

4)NO;™, SO Hl NH, HH XM i, 2 B13X 3 A R TEHL B 10 0 38 A s AL AL 1 8 LA — & B9 R
U TR T 2020—2022 48 EZRIE N B S IR . AE W TR BE IR | BRI A5 (5 L AE 51.8%—60.5% Z
0], [ 4% AR PR BTRRTE 14.5%—17.7% 22 0], % X BE IR 42 2 45 PM, 5 175 He By 16 14 3885 7 7).
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