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Seasonal characteristics and source analysis of water-soluble ions
in PM, 5 of Linfen City

CUI Hong ™ PING Lirong LIU Xiao QIN Qiaoyan
(School of Geographical Science, Shanxi Normal University, Linfen, 041004, China)

Abstract In order to explore the pollution level of PM, 5 and the composition characteristics of
main sources of water-soluble ions in Linfen City, the daily average concentration of PM, s and eight
kinds of water-soluble ions (NO;,SO;", NH;, K*, Na', Mg®* and Ca*) from March 1, 2019 to
February 29, 2020 were obtained by using the online monitoring platform. The seasonal variation of
PM, 5 and the water-soluble ions were analyzed, and the main sources of water-soluble ions were
investigated by the principal component analysis. The results showed that the mass concentration of
PM, s was 57 ug'm during the research period. The seasonal characteristics are obvious that the
mass concentration was the highest in winter, the lowest in summer, and slightly higher in autumn
than in spring. Concentration of ions was ranked as: NO;>SO; >NH;>Cl >Ca*>Na™>K">Mg*". The
annual ratio of the equivalent charge of anion and anion is 0.86, which indicates that the sampled

aerosols were alkaline. The ions SO;",NO; and NH; were the major water-soluble ions found in
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PM, 5, and the proportion of the sum of the three ions to the total amount of eight ions in different
seasons is respectively in summer (90.98%) > autumn (88.98%) >winter (87.58%) > spring
(85.68%). There is a strong secondary conversion process from SO, to SO;”, NO, to NO;. The
comprehensive analysis shows that the main sources of water-soluble ions in PM, s include industrial
sources, biomass combustion, vehicle exhaust, soil sand and construction dust, and the contributions
of pollution sources vary greatly in different seasons.

Keywords Linfen, PM, s, water-soluble ions, seasonal variation, source identification.
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1 MBLE )7 (Materials and methods)

L1 FERS

F2 153 53 Bt (principal component analysis, PCA) 7Effi i K15 L AR UG ih b FH 1z, BRIE R0
5 PMy s KR B F AR TR 171 AR S i SPSS 22 FAEXT PM, s Y 8 ANk I M S T b AT Ao
BE, 3878 TG T AN 6] 25755 PM, 5 FRoK M 85 19 = R .
1.2 Bk

FERAENMG YT 20194 3 1 H % 2020 4F 2 A 29 HWIIE PM, 5 (1 24 h ¥I{EF 8 FlK A M B+
PR . PM, 5 FOAREIME . ZE34 06 . 24 h B{E SRR T 1L 78 BH 5B A PR W P45 25 A0 0T £ 10 D0/
G, BE I A2 A TR PRIE S IR (R 23 ASUB0RE ) (PM o I PM,, 5) 1% 252 F 3 W 28 40 38 R 2SR R A )
J55 ) (HY 653 —2013) H A HLAE . 8 T P B8 Vi B S 2 AR 5T vl I 055 W) Ay 61 8 KRR 4 24
a3 B A W B G T BN 25 B e BT 1, W 3k Ry B8 0 i 20 21, SRR Bl 8 1) o £ PR UE 2
HE (A58 25 SR (PM o FIT PM, ) 35 H S Wl 3R S8 47 RN B H AR R ) L I S B3 A I ) B4 5%
2SR (PM . PM,5) E 8 W T X A B AR ) GalAT ) (R3S B0k > U A A il
FAR T AR ) RLE .
1.3 bR

PAFR [ (A3 25 S A fE ) (GB3095—2012) H1 PM, 5 A — Zhn i FRAELAE M iF o b ofie, ARy
PRUERRIE N 35 pg'm™, 24 h ARiERRIE N 75 pgrm™.

2 25 5118 (Resulis and discussion)

2.1 PM, s WK B Z= T A AL AR

LB T I T U T O A IR T PM 5 B8 3 T U B S AR R B2 AR A, T DL, A SR
PM, s R BN & Fd i, AT AR, BACEMEA KB, &40 PM, 5 191 24 9 B2 05
90 pg-m, & T3 [ A5 A0 T GObR HEARE IR 24 h B A v R RAE, Ul B S B O TR I U
PM, 5 AE IV B R 2 21 H e B 1 b 148 =7, AR TRl BH L 308, BR M i TR 2.

R 1 WIS UHE R T PM, s HOE (ugrm™)

Table 1 The seasonal concentration of PM, 5 in major cities of Fen-Wei Plain during the study period (pg-m™)

b Wil Yy = HE Tk K7
Serial number City Average annual Spring Summer Autumn Winter

1 JBH 61 55 27 50 112
2 B3R 59 43 30 51 112
3 I ¥y 57 43 31 47 108
4 [E7S 55 44 24 49 102
5 & IH 55 47 28 59 87
6 btz 53 44 24 47 98
7 =1k 52 47 27 47 87
8 Y 49 45 19 40 90
9 )1l 45 43 23 39 74
10 b 44 38 28 39 70
11 [SE° 37 33 24 34 55

FHfE 51 44 26 46 90

W HEE3—5H, 2F6—8H, kFo—11H,4F12—2H.

Notes: March to May in spring, June to August in summer, September to November in autumn, December to February in winter .
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AR PMy s VR U T S S Pl 45 4 LA E Ak T o0 3=, RE TR 45 4 AR Ry =, 3830 38 i DA S Ik 2,
B RATG Ye )R RO B S R 3R KA ZE i TR B oK S BRI TS Qe R A, A%
DX 3 145 G HE T 3 E— 25 38 . VY T SR DU T A L, AR ) T S 0T A D 3 T A Rk A,
WAFN T 5 B4 1. TEAZ=T5 R g g Rl e, AR R B R W FECR BB PM, s R 5
G YR R T HA R Y R R 22—

WFFE I NI U3 T PM, 5 19 24 h S89(EAS AL An 8] 1 o, AT LB, I 9 11128 S0h PML, s I sh K,
R A ik B R B B i R CF 205535 108 pgrm ™), B 22k B HL 8l /N CF 24 31 pgrm ™).
PM, s FUAEIE R 57 pgrm, A% SBT i AR AR BEBRAE (35 pg'm ™) Y 1.63 £

I 73 T B 2% PMy 524 h SA(E 476 30 8 PR 858 25 0T — R HEVR BE FRAEL (75 pgm ) DL, L Bk, &
ZE AR KB 6 . 9d. 56 d, &2 AR KA H Rk 61.54%. 2020 4 1 H 25 H PM,5 (9 24 h 1
(BT ST N 19 B = (E. (320 pgrm ™), = S AR MERRIEY 4.27 £, 2 T3X — RIERFT, In i ik
M X R A7 RCRRTBCKRAE J AT T3 2019 4F 12 F 9 H 3K F] 248 png'm, 42 PM, 24 h B{H (1955 04
{8, EZH T2 H B E A KRR IR, J& 370 X B0 T AR SE 55, 5 30075 e ) 55 SR T 3L

— — PM, 5 24 hIGH TR E IR (75 pgm™)

300 F £ Z=Spring EZSummer FkZEAutumn A Z=Winter
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B 1 w2019 4E 3 A 1 H—2020 4F 2 H 29 PM, s 28 fLHRAE
Fig.1 Variation of the characteristics of PM, 5 from March 1,2019 to February 29,2020 in Linifen

2.2 PMys UK MR+ B 2SR
221 KV R AR

2 M m T PMy s K VE B T 1 =5 A8 ARG O . 8 Fheg AR MR EE hy 49.93 ug'm”, & B T
We B2 R K A - NO;>SO; >NH>Cl >Ca’>Na>K>Mg™; A [f] 2= 95 K i Pk 8 19 B & 43 ) o & &%
(87.19 ug-m>)>Fk % (43.98 pg'm>)>%F2(40.21 pg'm>)>KE % (28.32 ng'm?), 5 PM, s IZI5 28 (LA ).
PAEFHETRECERGA TR, ERERZ, EREMRNRHE. X F2H T2 R R,
NOj. SO, NH; & 14525 5 il b KA K sl b2 J vy & A B R e ik, HUE 28 R0 A Wiie ) B
B ARG P HECGRE K, SRS WA 5 o3 i, B RS BRI, B 5 B R R
FITEL.

Na', Mg> Hil Ca® 2P A I FR R, 31X 3 Fh & AR A B = MR B i T HAM =Y, 20 Tl v
(R R P A =W 1 T2 2/ N R S e R R 2 5 o = W = il w1 RO B v e N e
B vy 17 28 PR T H AR TR A ZR BRI, KUK, T 5 R R4 20 KA s> .
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K2 PM,s FUKIIERS T4 934281 (pg-m™)

Table 2 Seasonal variation of the water-soluble ion components in PM, s(pg-m™)

BTds =S "z &= K2 SAFS1
Ton components Spring Summer Autumn Winter Average annual
NO; 14.84 9.66 19.26 30.86 18.65
Nejn
9.90 9.34 10.62 26.45 14.08
.
NH, 9.72 6.76 9.26 19.05 1120
cr 2.19 0.67 2.30 535 2.63
K 0.63 0.23 0.46 1.49 0.70
Na* 0.92 0.63 0.88 2.26 1.17
Mg* 0.22 0.13 0.20 0.27 0.21
Ca* 1.79 0.89 1.01 1.46 1.29
Bt 40.21 28.32 43.98 87.19 49.93

222 KEMWEF YIS Ar

LB VTR, T AR b s S I B At A A 5 v 1 S R T A8, A AURL ) 1 R
R B K () pH 75— R BE b 32 B R AAIUR W) BR S PE (9 S2 e, W] S 3R R /K R R AL, o T L A R R 1
KPS R BIRB CL L, SO NOGAE BH B 1 nl 1 i ks 7 (1 R M Na*, NHS, K, Mg®', Ca®" 45 [H 5
] B WO AR ME . A (D A(2), 38 i 7 H 55 B 25 - H e 24 5 AE(anion equivalent) 5 FH & 1
Fi fof 24 2 CE( cation equivalent) [ HAEL AT L] W J50RE 90 (%) BR B 14 , #7 AE/CE>1, R B PM, 5 SR 1 ; #7
AE/CE<1, W8 PM, 5 S md 142,

_lery, [SO] , INO]

355 48 62

Na‘] [NH] [K*] [Mg*] [Ca*
=[23]+ I8 +[39]+[ > ]+[2o]

Il ¥ 4> 4F- 1) AE/CE 4 0.86, H:Z= 15 BI{EMK UK A : Bk 22 (0.94) >4 22 (0.93)>H % (0.80)>F 22 (0.72),
VLG T PMy s TIHES T2, 33 PM, 5 S
2.3 PM,s W T RS RHE
2.3.1  SNA PUZEUk B I i L

— BN, VR KRR B T BN 9SO, NOT S NH; (3 Rl S T 4iFk ol SNA), J& i S SR A Y
SO,. NO, 1 NH; i 1=t 4 4H ml 35 ¥4 40 507 A B RIS Y2 . I ¥ T SNA AY4E SR 43.93 pgrm’,
b7 UGk 87.99%. SNA FZE T 435 M. 46725(76.36 pg-m ) >FkZ(39.13 pg-m?)>%Z=(34.45 ug-m>)>
K Z(25.77 pg'm™), 5 HA3 4 : 87.58%. 88.98%. 85.68%. 90.98%.

232 NO;/SO*

NO; FISO; 2 KAL) 7K 75 14 5 - 11 T 2 4 B 40, 3 A 85 - I A7 AR08 T At BH N2 %f
KAART R 7 X TR NO; 5 SO; ¥k FE LB (NO; /SO ) AU RS LU B8 51 15 YL il 5 [ o ¥ e
VA ) 5 M 56 B /N, T L BE A5 R H A AN [R) 95 e U X 43 A i ot R ARG R B9 A X sk, — i, A
NO; /SOZ <1, 15 B [ 2 5 Y P Xt J0kr 490 (4 52 7k B K5 #7NO; /SO2>1, WUk A 8% 3155 Y 5 ) o0k 49 #4) B3
[Nz NG

It %3 T NO5 /SO Y 2= 5 A8 Ak Ry Bk ZE (1.81) >F 4= (1.50) >4 Z= (1.17) >H &= (1.03) . £ F
NO; /SOy LB T . Bk Z&, F 2 i T 4 2= 5 o 4 A8 1 15 {15 SO, iy K &t R ik o 80 B &
NO; /SOy L fE#A, 2 i T H 2w iR A5 KA ROV TR BR, NO A& A= b AL B 87, w55 1
I, NO; /SO 4EIE A 1.32, NO; /SO> 4 T 0.43—7.05 2 fi), HANO; /SO <1 FRELZ (5 27%, #H A
R 3K SE BT RS B IR ) DT R OR T [ VR I . (B A AR, NO; /SOF AN e HA Aff 1 2 7 20 VR -5 i1 2 R
X DX 3T G i BTk 25 5, SRR R R ML) RO KB ARENO I R IR, (E T HERL . Ak A 55
12 7 RNOS Y 8 20 320,

AE QD)

CE (2
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233 SO; . NO;HHASHMAY 51k

SOR(H A AL ) Al NOR (A ALK ) 7] LIk RAEERTAY) SO,. NO, 1SS0, NO; AL FERE,
SOR F1 NOR UE B, WAL FE 2 B . WF9E R BIP 22, 24 SOR>0.25, NOR>0. 10 i, KA AFTER
FEE Y SO, FI NO, Ak 72

IIf > 117 SOR 1 NOR 2= 5 43 A5 f 0 40 &1 2 fr 7 . SOR 4E ¥ {H 4 0.40, Z= 75 45 {0 K (0.45) =Fk
(0.45)>4Z(037)>FF(034). h TEKEN @ik &E . RTEHER R, A T SO/ 14k .
NOR 4 H{E K 0.30, 74810 422 (0.37) >Rk (0.31)>F 22 (0.29)>K 7(0.28), 5 L NO; e & 1Y) 5=
AR —3. 2 2 NOR (HARAY IR IR —: OE FREKEZ | KM, KA HERETI R, 15101
PSR E. QF BB, SetbE RN R AL, fE i TR m A M L. A& SOR F
NOR {H ¥4 &5, 2 B Ifi %3 717 SO; . NOJAS J& — Wk 15 Y HE il 5 5L, 18 A7 72 #8511 SO, [7] SO; . NO, [i]
NOFALI UGS, Sl v i e fh . SR ATl B Tl FEHE K 3t SO,, ML HHEBUR i NO, K.

05 [JSOrR EI NOR

A | 7
0.1 g

Spring Summer Autumn Winter

B2 DYz SOR 1 NOR F3 At L
Fig.2 Seasonal distributions of SOR and NOR for each of four seasons

Value
N

2.4 PM, s HOK LR T-1R] Y 5C 5 SOk IR Hr
241 MK

PM, 5 H 2% Tl 1 22 8] A AH S AN ASURT LA B ORI B i 258 J7 2K, W RE A 418 1L (R A A 39 TR
FEBTE. PM, 5 KV MBS 18] A AH G R B3k 3 i,

A LUE H, NO;. SO; . NH. CI'. K'# 5 PM, 5 & i AHOC, UL PM, 5 B 5 X LR ES 76 &
%Y. NH; 5 NO; . SO; A& R EHH 0. 918, FIH1(NH,),S04. NH,HSO, Fl NH,NO; 7] fE & KA
JiEHINHL , NO; . SO 1 FEAAAEE R

R 3 PMys KRB T H B ARG R HL

Table 3 Correlations coefficients for the concentrations of water-soluble ions in PM,

BF Ions PM, s NO3 Nern NH} Ccr K Na* Mg* Ca™
PM, 5 )
N0y 0.896%* 1
S0;” 0.872%%  0.772%* 1
NH; 0.923%F  0918%*  0.918** 1
cr 0.742%%  0.696**  0.589%%  0.681%* 1
K’ 0A412%%  0399%%  0408%F  0434%F  0.777%* 1
Na 0252%F  0271%%  0.237%  0282%F  0.723%  (.800%* 1
Mg —0.001 0.046 0.061 0.093 0478%%  0.809%F  0.824%* 1
ca' ~0.055 ~0.058 0047  —0.037 0.428%%  0.623%*  0.782%%  (0.819%* 1

R TRAHSEPETE.0 17K 58 OBUD).

** Indicates significant correlation at 0.01 level (bilateral).
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Cl'5 KA R BN 0.777, KU MR E] A [WM. — oAy KA CIM K E2R AT
Mg, HIG Y T 8 T NI, S2 13 B R i B/, A AT R R S B0 XL I S Ks i R 2 —.
FIAk, KA Ca® 1 — M G, R Pk A BT 2 KRR Z —. CU S NH B AHC R ECH 0.681, 1
IR S0Pk 2 . A A BOBHR AT OCHh, CIVR BE IR A2 AR W) BBk B L AR T 3l B 52 1 4 5% Na®, Ca®",
K H Mg? Z (A AH e PR b 2, B o s g 7 LAY RV, H 38 345 20 DL R XD ] g R F Bk R
242 EWIS A

F BT o H TS G  E EE R A W BOA BRI R Tl RS R A (BB 3T T A Rk
WRPEVR 25 ) . S SO R FUBUE A9 KMO 84 0.711>0.5, 32 B & T 32 o020 i, 45 51 L 3% 4.

Fa PM, s UK BT O IESCHERE IR T B0 i

Table 4 Varimax rotated factor loading matrix for the water-soluble ions in PM, s

EHE B CES T B
Average annual Spring Summer Autumn Winter
==a Hr1 W72 HF1 2 HF1 H¥2 W3 HF1 A2 HF1 H¥2
Tons Factorl  Factor2 Factorl  Factor2 Factorl  Factor2  Factor3 Factorl  Factor2 Factorl  Factor2
NO; 0.056 0.942 0.361 0.849 0.933 —0.054 0.067 0.814 -0.35 0.892 -0.16
2
SO, 0.044 0.920 0.432 0.785 0.930 —0.045 0.146 0374 —0.712 0.862 —0.236
N
NH, 0.074 0.977 0.450 0.875 0.968 —0.09 0.119 0.782 —0.573 0.905 —0.287
Cr 0.597 0.698 0.960 —0.037 0.477 0.72 0.243 0.876 0.28 0.889 0.146
K* 0.836 0.404 0969 —0.176 0.262 0.769  —0.504 0.902 0.198 0.809 0.279
Na* 0.917 0.228 0.963 —0.240 0.052 0.775 —0.584 0.869 0.373 0.104 0.861
Mg* 0.944 —0.007 0.939 —0.284 —-0.257 0.682 0.555 0.325 0.807 0.572 0.7
Ca™ 0911 -0.134 0.878 —0.383 —0.306 0.753 0.408 —-0.015 0.724 —-0.289 0.833

B 2/%  56.579 31399 61.989 30.223 39.123 34.446 14.604 48.218 29.877 52.817 27.34
SRR T
2% 56.579  87.978 61.989 92.212 39.123 73.569 88.173 48.218 78.095 52.817 80.157
VE: BB R8P B S R A C .
Note: Boldface corresponds to elements with higher load values in a factor.

AR IE F2 5 2 BT ok, WA 32 40 R - () A B T 7K 1 JE ML B TR R 1Y 87.978%. Al F
1R T 56.579% A8 &, Hip K° Na', Mg>fl Ca*BY/E 3. K E Bk A TR Bk, Na',
Mg il Ca* T B K H HIEX P MK 70079 H 7 2 A F ka5 Tl g, HhNo;, sor,
NH;F1 C1 AEF B 2, i Be T B TR I Y 31.399%, EHINO;, SO, NH;I# 3 Ff i 7 £ Bk T Ik §k
b CURIIRIEES ), 456 I U T AR HUARRAE, CUERAE TR, A48 Tolk 2B r= | SR b7 3 beas.

SR LT, AR 205 R B4 1) 05 e R 2 AR O TR . iR Tl iR S ki (B
S LA R RIS ) (AR T 15 IR I sk A S K 22 0. B B A FBPA K
I3 PP LR T KV E TOALES TR TR Y 92.212%. 78.095% . 80.157%, E 2= 3 4~ 32 43 Ko 53 ik
K2 88.173%.

HFE T LMRET 61.989% MyAs &, Horp CI'y K'\ Na'. Mgl Ca> (1 I 3%, iRIE B IE 45 51,
Cl'. K E ok [ TAEW I BRES, T Na', Mg il Ca> =48 0] T3 Kb FIe sk, R 7 1 £ 848
A ) kbR S 1 AR I 2 TPINO;. SO NHPE BRI, i Bf T 25 7R UE 1Y 30.223%, NO; .
SO; . NH;3 Ffi B 7 EZORIE T ik k. B W7 1. T 2. BT 3 90 0lf# R T 39.123%. 34.446%.
14.604% 1178 &5 7 1 AT 2 0 5IARER T kB AL RN AE W iR pe . B2, ELk JLFP IR 1% BTk R AH
MR AR R R T 1T SO BTHRFA K, 2 WAL sl SCMRIE By Tl ZERK 0] 25 R ik
BLATE YA, T HNO; . NH;, Cl, K, Na'#g 1] (9 Wk 56 Ak . A R Yo e s TR 2 v Mg Al
Ca” TRk K, ICR T XIS 4. & K. ¥ 1 FNO;, SO . NH;, Cl', K'f¥4EH %, /i
3R TR I R B AR, CURR IR, A48 Tolk Az 7= | R B3 BE be 56, &5 A I U Th A b AR AE
CURAE TR, S 7 1 AR Zkad #2 AW B be 5 Tol i, ke T 52.817% A8 i 7 2 ff ke T
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BT ORUR Y 27.34%, Na*, Mg> fll Ca? (IPEH B35, AR T LR A s 4.
3 %518 (Conclusion)

(DI, I3 T PMys AFX9WRBE R 57 pg-m™, JE Il i3 25 S0 i G vfE BR A, B WG 7
S PMy s I TEAARKAR IR H 25 AR (LA b, & e i, FRZRMG & TR 2, R ik, R R 22 230
B b Ty bl DX DARREAR AL 5 e SR 32, 32 25 R R A AR A i s e, 44 28T Je W HECE R, b T R BE AR,
FIRMRIE, FEORRZE 08, RV B2, 155 R Ry i 2 25 m e, e
NG BR, KAV BUA A, H R ) B Tk,

(2) I U3 T PM, s H K U PR B T 4F 2 Mk BE Y 49.93 pug-m™, A [A] B 7 9k JBE 4 IR N NO;>SO2 >
NH;>CI>Ca*>Na>K>Mg*>, H:H SNA Jy FEERKIEMEE T, ek 87.99%.

(3)1lfa i T K H SNA, SOR. NOR S5 215 AR AL RFIE B i, FEAR RN SR> K B>H B
e 3t SR TR [ b 7 W 2 0 AR A 3 A . PM, s Y SOR I NOR {4188 =5, 4391l 24 0.40.,
0.30, F WG U 17 S0; . NOTAAUAL FH — W15 YL HEICE 1, i AFTE IR 1 SO, [11SO; . NO, [MNO;F% {k iy
TG, X S TR AT R R HEL SO, HL3h A HE K i NO, A K.

(O WFFEHIA, I ¥ T AE/CE AIAEIIME N 0.86, UEHH PM, s HIHES T8 %, SEOL R

(5)FH A B A 3 o 0 A R B, e i3 T PM, s oK PE RS 5 E 20k A T kB fbad 12, RS
YRR 32 B DI I 2 Ry 0 TR, Rz 20U 2R A APk be . R M s 4
SEI 2, T ELAS [R) 23715 4595 YRl 1) BTk B k2001
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