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Composition of PM, ;. and the formation mechanism of high

secondary sulfate in the fall season of Guilin City
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(1. Guilin Environmental Monitoring Central Station, Guilin, 541002, China;

2.College of Environmental Sciénces and Engineering of Shanghai Jiao Tong University, Shanghai, 200240, China)

Abstract; To investigate the composition of PM, , samples were collected at 5 sites from September
2015 to November,2015.in Guilin. Concentrations of PM, <, inorganic elements, water-soluble ions,
organic carbon ( OC). and elemental carbon ( EC) were analyzed. Enrichment factor method and
ratioing were used to evaluate the element enrichment degree and the source of PM, 5, as well as to
investigate the reason for the pollution of high-concentration secondary sulfate in PM, 5. The results
showed that the concentration of PM, s was (57.0+35.8) pg-m™, among which the concentrations
of water-soluble ions and OM, which contributed the most to the spotted pollution, were 56.7% and
22.6% , respectively, followed by trace element (7.2% ) and EC (6.3%). Se, Pb, As, Zn, V and
Cu were mainly enriched by anthropogenic pollution, such as coal-burning activities. The ratio of
[NO3 ]/ [SO?} was less than 1, indicating the dominant role of fixed combustion source. The ratio
of [SOZ ]/ PM, was 41%, higher than reported values in other cities in China, and the average

value of SOR was well above the flag value of first emission (0.1). This means that in addition to
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emission of SO2” from local coal-fired source and regional transmission, most sulfate was from
secondary transformation process. Therefore, the effects of regional pollution transmission on PM,
should be noted at the same time as emissions from the local coal sources were concerned in Guilin.
Keywords: Guilin, PM,,, composition characteristics, high concentration sulfate, formation

mechanism.
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1 #BS 1 ( Materials and methods)

1.1 RAE b SRR [

ARHFFE T 2015 459 H 18—22 H .10 H 19—27 H 11:H 16—20 H MR T 5 4> PM, R FE
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SO, D3PS PR T UM AL B T 1 AR R A PV s W e o3 B il B 3 1.
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Table 1 .The scattergram and information of PM, s monitoring sites

SRAE R gt SRS

Sample sites Latitude and longitude Description of sample sites
JeB/NE E110°18'34",N25°16'14" Pl AR SCHUX

i\ E110°17'6" ,N25°13'44" g, AUR T 2 s R A X
i W E110°16'59",N25°16'11" s R DS R RIRA X
R RAETTAL X E110°24'49” N25°19'6 " FEL 9 e, AR TR T it X R

i BUF E110°10'41",N25°14'14" A 1 ARER B X

1.2 SREEAES R

i PR R TP BB IR IURLY) SR FE 2% ( TH-150CIIT, i ) 34T PM, R AE, SRR 100 Lemin ™'
RAEIENEN AR 90 mm YA SLRME(PALL, £ ) , 735 T PM, o JBT f ¥R BE 73 At TR 3 i FIK I 1 5
T B oy BT X 28 FIREEA TR AR , X T A5 MBS SR A 5000 1104 7 A 7 11 55% . A 0 30 S SR AR i) 7 2 4 6 9
H1ZE 500 CHERE 2 b, DABR 220 S I b (1) 45 S P 4 I A5 B o T A DR ISEAE R A i I | 38 75 8 fE R R
VA7 24 h ZJEHEATRRE RO B9 00 FFIRZEKH 8. 00 H Bl 1R SR 23 h AR H
2 2 A PM, o RAESE UG T IBAE A2 A B XTI 2 5 BB IR &, 0 M FRFE, BRI Z S 7E 4 °C R ¥ JARAT
PARF M i 4 A S T H
1.3 2B Mk

PSRRI PM, KR S BT 02 00T JoA B3 720 T AR 41 A 20 A 2R FH L R A5 45 B8 TR R T &
BEIE (1CP-OES) 1% ( Optima 7300 DV, 3£ [ ) 4347 Al As .Ba . Ca Co,Cr . Cu Fe K Mg Mn Na Ni Pb,
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Se Ti,V.Zn 5§ 18 MOLR & i RIA LR/ TR K (OC/EC) 73X (DRI 2001 A #4 SE &) 4347 EC, OC
T R T3 ( Dionex 1CS-3000 %4, 32 [ ) 4347 vl M B (NH; (F~ .CI” \NO; ,SO; .NO; Na* |
K" Mg™ [Ca™ ) ¥ 5. 45 o0 W BRSO 1522 SCRk [ 7 ] AR S BE AL E 109 8O- A7 4R 43 BT, X 55
KLY R AR KA AT I B, BTN (R i, 5247 T o 42 ) 15 . ) B 3 0 20 BT (S8 A8 P T A A4 S iR A7
WEUE 4 K6 0 W 5 b [ ISR AE 80%—120% , 35 3] 5t B 425 1) 31

2 5 59798 (Results and discussion)

2.1 PM, MHEKT

1 AR TR R P, J3T o e 8 R = 8 b 2% 2 43 o a8 B[] A8 46 17 371 PML, 5 7 2 B it vk R
57.0£35.8 wg-m >, A HMEAALIE R 15.5—145.1 pg-m™  F7AE 35.3% 1) PM, Bt fe v i o 17 2 —
Y% H ¥ BEERRUEBR(H (75 pg-m™,GB3095—2012) .PM,  FHTEREh SO2 AR EL NO; BFEh NH HAvw
T JCEW EC JCE AP OM(H OC e Ll 24 1.4 #E#455)) V-2 e B 40 W R 23054144 1.7+1.1,
5.4+3.3 1.841.0.3.622.1 4.1£2.1,.12.9+8.5 pg-m, 705 5 PM, ¥ F 1) 41.3% .2.9% .9.4% 3.1% .
6.3% 7.2% 22.6%. 7] L7 K B 1 (S0Y NO; Ml NH) ALY OM FITER 12 FE AL #4114y,
di BB Y 83%.
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Fig.1  Temporal variations of PM, ; from Sept. 2015 to Nov. 2015 in Guilin
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ERAIREL R As F1 Se MR RIARIRAL Y, B 15 YR R ELE R 538k, Cr (Cu Zn |
Ph FZESHLEHERAA K M0V EER [ TR B RN " Ca Na FZZ @A+
HEARRU 553X B S A 5 AT, PM,,  FROT 2R IR 2S5 HLsh R T e
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Fig.2 The mass fraction and enrichment factor of elements in PM,

2.2.2 A LB/ TCE M BURRE

PM, ;H OC .EC SAIIE 514 9.2+6.0 pg-m > fl 3.6+2.1 pg-m™, 43l 5 PM, Y 16.1% i
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Fig.3 Correlations between mass concentrations of OC and EC in PM,
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TR, Q BT TR
Q=NH;/18+K*/39+N3*/23+Mg*/12+caz*/zo )
SO /48+N 0;/62++Cl™/35.5+F /19

ABFFE 1 BH B 118 A B AR S PE (R =0.94) , Q< 1, FEBHRE S SR IR R 1 | Bk 2= 00k ) h iR
PETCHLI B F I ST , 3% 5 T AN RS R T 4 SR — 3K

PM, KPR RS T R I 32.4 + 19.0 wg-m™, & PM, M JE 0 56.7%. Horf kB 1
SNA (SO NH Al NO; ) h i B |5 PM, 1Y 53.6% , H. NH; .SO; \NO; 5 PM, A &4 H (R*=0.85,
0.89.0.41,P<0.01) , AT WLEEAKTT PM, s IE K5 24 H SR Y SNA A 3R SR HEW Ik AR 15
Yuj& PM, U800 EE 22 SR AL [ NOS 1/ SOT ] A JoT 2 v B LA vl A hy b ¢ [ o R 08 VR S 8 il HE e v
PM, ;5 YR XS STERER BE RO EEZEHE AR NOS B Al R AR LA LR 2% AL MLBh A2k, 1hi SOT ok
VT AR (AR 8 AR S URE [ NOS /[ SOT TR FL MR KT 1, R FIWr PM, 35 Y B 2
R ol R a8 2 VR EEAR T [ NOS 1/ SOT T SEXIME 4 0.09, FLAE TR R 0.05—0.2 , AT VAR [ 2 A b Ui
15 4% (A HHE RO XA ) A2 3 S A 1.
2.3 i EER R AR B IR LR R4

2 AT R AT PM, s SOT MR BE K 5 LU L. WT R, 2015 AERKZEHEARTT PM, 5 SOZ
W LU A 41% 0k i T LA T A A ST 45 S FEARTT SO5 X P My ¥ BE i {H STBRAR K. 455X
GINFE HWIE M A=A, PM, R SOT AR AT L RJLAS : (1) KA o] GEA7 1 i IR
RS M T AR — R B R R UKL, 57 A 1l y™= A DX S % . (2) ARt ™= A R X I 3% 1) SO, Ak K
B R R JURE , AR T B 2 BB FE 3k 71% R 2E T SO, mL.SO5 %L Ak, (3) A b 7= A= R X ok % i 1) —
YRR £R AL T SO, 75 0T B — R B R 3k UK B SRS S #E R T e 23 MR 52 i) T (325 XUl P 321
SR Rk, R SEE R AR ) | TovE A B ek I R, TEEEAR T H AR A R,

F2 AFMIATPM,  FeS0T W (pg-m™)

Table 2 The concentration‘analysis of PM, ; and SO in different cities( pg-m™)

b5 Cities A5y Year PM, 5 S0%” SOY /PM, 5
Hebk (AWF5T) 2015 59.2 24.3 41%
| g L20) 2011—2013 47.0 10.2 22%
Jege 2! 2012—2013 89.8 19.4 22%
A R B2 2014 79.7 26.3 33%
mag (%) 2013 161.8 40.8 25%
P2z (2] 2014—2015 79.8 12.6 16%
7 025 2011 53.6 19.8 37%
Py 2012—2013 78.6 18.1 23%
TR s 2015 74.3 14.5 19%

TR IR Eh AR IR ok IR T — W5 Y O HE A S R AR, 38 R RT DL B R AR AR Ak R

(SOR) HZFAFE KA P HICE LIS TT Yl SO, T A A BRI A4 5 SOT ARRRE Y A E .
[nss—S021/96

" [nss=S02"1/96+ [SO, ] /64 (3)
A, [nss-S03 10 SO HARIBER LI A BT (ng-m™ ), [ SO, ] A BT VR BE (g -m™ ) UL 151 ]
SOR Y B ARII(E 2518 0.51, B g 3 F— R HERCERE(E 0.1, 8 SO FZok [ S0, &b M k2
SRR IE E IR T1% , 7 SR VE N (FEXHRE >50% ) | FlR A LR SOR Fifi 25 1 B Ao 34 iz i ks Jin , So,
HIB AR AL RGN, SO, 0] SOT (W FE Aok, [RIi, /KM B 7 NH; \SO; \NO; Z R AH G AR 47,
SOT 5 NH;MHHSE R £ r 4 0.95,NO; 5 NH; A SC R EL r 24 0.62. NH A XTI SE S SOT 454 4
(NH,),S0,F1 NH,HSO, , 1% 5 & =¥ M, , Fok st e e X —2.

SOR
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3 %5 ( Conclusion)

(1)2015 4EFKBAEART PM, P-4 B RN 57.0435.8 pg-m™, &5 [ I 25 S0 iE — Rbn il
FYAE L RAE , UERAEE AR T V5 Y B 35480 IR

(2) JLEH Se .Pb,As . Zn .V . Cu,Cr Mn Na Ca FE R FHE T 20, X EITREZE AR5 YL R
HYSRZUFZ I, UL REERRTT PM, 15 0% F2 5 AL E R T AR s T A K.

(3) MUK TCHLE T 5 Heh 56.7% , Hirft SNA (i 1E 53.6% , HL SNA 5 PM, M SGHER s, R —
KI5 Y LA H. [ NOS 1/ [ SO T B ELAB S MEAR T 1, 2 DA Ml 8 VR ( A st ORI DX A% )
PR R M 2 7 32 ST 1), AL B 25 55 88 s R T e DTk A X 452

(4)2015 SEFKZERERRTT PM, FhERRRER SOY (5 1L 41% , 5 1 A RIS B HEHER 19— YR B R h Uk
SO; FEERH SO,1 k¥ 1k.

(5) R T HEHIAEMRTT KA PM, 575 5%, B2 R bR PR EE 25 S5 i, @ UM 3 A Sl AR D5 HE e W, )
IR B R X 305 Yo AL S X PM,, 14 5
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