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Analysis of water soluble ions and carbon component in PM, .

in the northern suburb of Nanjing in winter
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Abstract; PM, . samples were collected during December 21, 2015 and February 29, 2016 in the
northern suburb of Nanjing. The concentrations of main water soluble ions and the content of carbon
component were measured. The results shows that PM, 5 pollution during the study period was quite
high. Secondary ions were the main components, accounting for 47% of the total PM, ; concentration.
Three phase clustering of SO3 -NO;-NH; during the 36 observation days showed that the ratio of
these three ions in the whole PM, s was different. Type of emission source and the mode combination
were the main reasons of this difference. OC and EC had a similar change pattern. OC content was
higher and the concentration fluctuated remarkably. OC/EC value was 2.63+0.90, which suggested

common existence of SOC from secondary reactions.K*/PM, ; values indicated that biomass burning
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was also a source of PM, ; pollution in addition to coal combustion and vehicle exhaust.

Keywords :three phase clustering, water-soluble ions, carbon component.
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TP bR 2 — P EEAHE A ALK (0C) RIUCERM (EC) , Hih OC BEAL$E 5 Yo I8 Bk — kA
Bk (POC) , WAFEA AL TARTE KA & A 2 F A 2R BB — R AT HLAk (SOC) , EC WK A FAb A 4%
bl AR W IR AN 52 AR e, LA R W SO I th 25 R i R AR L RE T

AP RS S HBIX PM, TS YRR @ R ™ 1, O 5 | i At & 45 A 003 0k T A0, X PM, VR AR b b2
2053 LA SR TR AT BB 28 SR A5 o K R 1 B 1 A BB o 4 43 PR 5 AR X Al Sy, 6 — 3 22 TR AR B R 4
Mg/ ARBFGEXT 2015 4 12 H 21 H—2016 42 H 29 HERILRR KSR (PM, | ) W5 K 8 Flik %
PERS 7 T3 10 v B2 AR AR R AE HEAT TR 2. SR FH — M R I 5 iR XK i 4 8 1 4l 43 LA B SOT -NO; -
NH; R RHATIHT, 456 NO;/SOT HAEIEIFIT A 2815 Yo KA IR E T I0T5 YR AiE | I 0 Hegh & 7 X
HATHVE. FIRFE S OC/EC HEIEPEMY SOC H PR IR 43, IEXF SOC #EAT Al 3. s A L 41 o 5
NO; .S0% fE &, It K'/PM,, . EC/PM,, . OC/PM, ¢ HC {12 W98 Bk 5 41 0 A 28 AR AR AE . DL N B 5t
i DX A 205 Y IE I 0 B R0 % B 4 4 it R R 2 (8 U000 45 SR A

1 #8577 ( Materials and methods)

1.1 PM, FEAhREE

B TR K= TR Bt ALAR 6 km &b, i TOlLIX2) 3 km; 125 500 m 23838 3 118 T
F I, FLURAE SRR A /D B DR SR A TR s 32 Tl 05 3 3 Y50 A 305 5L F G [R] 5 i 44 22 2 3 IXUH
ARACIK, SR p IE SN T VLA A2 Tl Bl g XU el DX PN SR T A4k A Ak AR A5 DURE A R e 110 R 72
LT AE.2015 4F 12 H 21 H—2016 4F2 A 29 H , 78/ 505 B TR K= BSR4 FH R SR AR
(TH-1000H, &3 KT ) BEAT PM, A il R A2 RAHE T 54 1.05 m®s min™" , {8 A A7 95 I8 B (203 mm x
254 mm , Munktell, B i) Y SERE 5 3ES2R 4R 24 h RFEIAE]N ) A0 s KUa)  RUEE AR A X B A< 4
B, ERAS PM, SRR A 36 AN BB BEAE R AR T 1E U E = Rl T 2 — R KRR, T
W TN B B4 TP ORAF TS i 25 R AR B 1Y) PM,, 5 1) 5T it
1.2 KB B 453 1 I

B 1/32 1 PM, BE R, 59 15 S5 R A B il A 28 DU 8RR, I 50 mL 588 Tk 58 1R U
JEE, 2 IR 75 I 30 min, >R AH 0.45 wm 7K FR B 1 2 U8 28 2 u& AN RE ST BRI A3 AT, DUDHRE 800 A 0K AR
4 CARE X2 IR R FH AR TR 5 2 A7 A0 B8 -0 5 rf Jir 237 7K 0 1 88 - 1) 7 ik, O DA S B 1
Bra R rhdniR. F 1CS-3000 F1 1CS-2000 #4243 ( Dinoex , 3& &) ) Wl 72 A i v (7K PR B8 21 43, 43
FIAE S FPBHESF(Na® NH; K™ Mg™  Ca®™ ) F1 3 FBHE T (Cl17 \NO; \SO7 ) B 2. 45 25 1 1) o fIAS: DU
FRE/INT 0.3 gom™ FEM TR B TP EAT ™A% 1 BT 45 1.
1.3 BRBZH I3 (OC EC) 1 E

fdi 1 Model 2001 A #4/ SR 53 BTG 2 PM, JFF 5 S OC \EC. I o 72 ok FTRR T TH, 43 P~ B
Be S — A B o A T AT, IR EEBRE R 140 °C | 280 °C ., 480 °C, 580 °C, 4 HIMH 0C, . 0C, .
0C, ,0C, ; 55 AP B AE & 2% A A RIS T A TRF FHE , 43 3 H EC, (EC, \EC,. R 633 nm ##
SRR RE , HERR R K (OPC) |, i 20 OC 5 LM 0C, +0C,+0C,+0C, +OPC, EC & L H
EC,+EC,+EC,~OPC {5 5 ARAG I PR . 54 HLEK (TOC) :0.82 pg-cem™>, BICE K (TEC) :0.20 pg-cm™,
SR (TC) :0.93 pg-cm™.
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2.1 PM, FFESTHT

SIS 1] PV, | Jo e v BE AR AL B S A & 1 TR, 7E 36 AN URI H HL, PM, S ¥ R 10716+
50.25 pg-m” REIRE BT A ST HE (GB3095—2012) H V3 “HARHE(T5 pg-m™) 1Y 1.43 £, — K brifE
(35 pg-m™) M9 3.06 f5. 1% F AL 5 (115.80 pg - m™ )5 PG % (142.60 pg - m™ ) B #D
(165.10 wg-m>)" B & T HE 7 (86.20 pg - m> )™ th B & W (55.50 wg - m>) TN
(76.80 pg-m™) " 0] B AL RBA R AR (PM, ) 15 Y il T .

M1 a] LA 2015 4F 12 21 H—2016 4E 1 A 1 H B PM, i & k¥ {4 (144. 67 =
54.12 pg-m ) AHXTT 2016 45 1 A 15 H—2 H 29 H K PM, i ik BE 24 {H (88.40+36.61 pg-m™ ) 3,
12 1 22 H¥RERIE 233.43 pwgem™ IR0 ORI HA (5] o 2 de v H, 6 BH 24 H AZFER R ™ EE 1 PM, 575
Y i ELI ] PM, (R RE B shilg BE Rk, 12 A 22 H B B IR i, 23 BV A 00 46 R Il 3 ) PR AT
£ 125.35 pgem™. 12 H 25 HEIG PM, W B 4350t 0/ L FHR/INIE B 27 BB R R IR T
R, B2 40.03 pg-m™. 12 H 28 HJG PM, W E %A B Jt, T 30 H Bk 5 ) 5 &k B
165.54 pg-m™ , PUJ H /NI T R AR R 28 1, LI HA 1) gt b XK ASUAR PR T 0, 76 12 A 23 B m Rt IX.
Z K K UTRRRR BEAE FREAR T 24 H A PM, IR BT AE 12 H 27 H  Fg st X XS A 4—5 2,
A A (5.5—10.8 me=s™ ) K, I FI5 Wiy 8, (15 25 B PM, & B R IE L.

M1 A15H—1H29 HPM, WEAELS 12 H 21 H—1 H 1 HARRL, {3 B2 A XS 4%, 1560 e it
Bz SRR A 16 Bk BRI, J 147.93 wg-m™,21 HHEFEZE 40.52 wg-m . M5 H 3 —
SEMER ETE, 1A 23 HIFUAHEUFRE, 24 H R B E 35.60 pg-m .1 A 20 H—22 H gt X
PIARES i H Ut m XU B ss £, ol a2 S B B PM, W E AR EZRK.2 H 18 H—2 H
29 H P Sh i BE AR AN, F 2 A 23 H 28 H A5 H B = {H ( 168.88 wg-m™ (146.15 pg-m™).
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Fig.1 Daily variation of PM, s mass concentration

ML S0 ) 5 4 DXt B R ARG BEAR BN SR 1 Bz ARG S 1 m] R UL 301 ) 5 g DX - 4230 A
65 °C , H1 T TR , 23 T R U2 AN B 2 Rl 2 O A b T, 52 30) 14 T )52 e B A, e T e
ek Uk B 22 ; TR, AR YRS /. DRI B 1 B TR T 46 ) 3 0 i EL A R AR S A I, 2 R
TH R HEBSENS: . i T30 331 23R B4 1 O S B0 e W I b i JZ2 AN T R R (7 — R HE IO LA B — 0 e Al T ok )
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PM, 2 A R ARG 1 AT LI (6] S S A R N 69%+14%.12 H 21 H—1 H 1 H B FIHE%F
TN 78%+8% 1M1 1 H 15 H—2 A 29 H A EIAXTIRE N 65%+15% ,ii# A & TieE. 5105
1 BRI B VR T B AL (AN TR LS A ) T R G R, T AN B R 4 7S G R

R LI ) R R X R AR

Table 1 The weather condition in Nanjing during observation

H PN NG Wil L AR
Date Weather Wind direction Wind scale Temperature/°C Relative humidity/%
12-21 Zr—HM xR 3% 9 88
12-22 [} A—lt 34 12 85
12-23 F—/NEd AL 3—4 %% 11 86
12-24 /NiI—FA ARk—t 3% 10 95
12-25 EA ) PY—PH Ry 3—4 %% 9 73
12-26 ESR VYR —PY 3—4 % 13 73
12-27 H—== AL 4—54 5 80
12-28 ESN HRA—H* 3K 7 67
12-29 ESN KM 3% 9 73
12-30 i g4 3—4 % 9 75
12-31 I x® 3% 9 74
01-01 EAN IR 3% 12 72
01-15 15 RE 3% 3 75
01-16 Zrn—/Nl x 3 3 69
01-18 i it 4—5 % 1 80
01-19 B—== x 3—4 % -1 64
01-20 ML —RE R 3—4 %% 0 61
01-21 MR — N K 3—4 %% 0 88
01-22 NEh S — N 14 4—5 % 0 87
01-23 H—== [iiiE[4 5—6 4% -3 65
01-24 I (L[4 5—6 % -7 42
01-25 i L] 3—4 %% -3 53
01-26 B—== [iige] 3—4 %% 0 58
01-27 Zr—/Nl ENG] 3% 3 62
01-29 /NE—F At 4—59 4 91
02-18 ESR (L] 3—4 4 8 55
02-19 H—== [ 3—4 %% 9 53
02-20 ESN [iiiE[4 3—4 % 7 38
02-21 BH—/INFR x 3—4 %% 6 59
02-22 /NE—F x 3—4 %% 6 93
02-23 ESR Ak 4—59 8 73
02-24 WB—== Ak 3—4 4 5 62
02-26 ESR L] 3—4 %% 10 61
02-27 ESN [iife) 3—4 % 12 51
02-28 ESN [iiiE[4 4—5 % 12 57
02-29 i) it 3—4 %% 6 55

22 FEOKEMEE T ZAHEE S
2.2.1 NH;+SO¥ +NO; Na*+Mg® +Ca> L}z CI” K" =AHE /07

XF PM, it 8 FK B PERS T (Na™ \NH (K™ Mg™ (Ca®™ (Cl” \NO3 ,SO3) 43 il 2 45 2R % W NO;
(20.86+10.00 wg+-m™) SO (16.84£8.32 pg-m™) NH}(14.34+9.51 wg-m™) & FEE T 3 FhE 1 HH
5 PM, 5 5 BE A 47% 5 FEUOR: €17 (4.18£2.02 pg-m™) (K" (1.59£0.63 pg-m™);Ca” (0.75=
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0.26 pg-m™) Na'(0.61+0.32 wg-m™>) Mg*(0.32+0.20 wg-m™>) F 4.

NO; .SO% \NHj %5 3 FlvS T A9 LR  4e , F 8 kO A NO; EE IR THLsh 42
SHEBUS A NO AL ; SOT B FIRAMEHE R L K SO, %4 Ak s NH, 2225 T BRRL s IR IR B HE )
R AL PLBh 4 RSB BNE R HAA ALBE A= . CU B R IR AC N B 2% B 46 Tk & &)
T HERR A=W BT (RS AF) Bhbe KA HCL W e i AR AR B AR A0 DL SRR+ K EZAEE T 1 um
DL B4k 7 WA N A R B B FE R B 1P Ca® Nat Mg™ %5 3 Fes TR/ A L1 AR08
K RIR S F SRR AR BAR R CL AR TR, (XM ] C1™ 5 Na AR M489 (r=0.25) , 1 H.
B AT R T IBEIR T, — 2 M SRR T2 /N BORE CU A A 2836 S HERL. 36 AN H Y 7K % 1 85 1
ARSI 2 PR RAEB N WoR, T TR 35 AU H 32 242 78 2+ (NH; +S07 +
NOZ) X, AR 1A H w0 FARME X, 78 B AR B (Na™ +Mg™ +Ca™ ) X — X =
FACEARE 76 KPR CL ik — X A — o 2251 1A s B AR AR a4, i 1 32 2248 th 7R X L
L], KBTS PM, A TRSRAYAH M (r=0.96) , LI k5 e oA ™ i, AT RE R TR G R
RIS HEBORHEGT 22— 005 G AR TR, BN _ LR R T4 B0m G 450, 1 ™ 5 1 k5 .
HARIEES 75 PM,  AOAHSEMERESS (r=0.12) , 1 K*(r=0.36) \CI"(r=0.48) 5 PM, K T —E MK
PE UL HARIEXT PM, BSR4/ )N.

K*+CI”

2 JRIEERE T MR

Fig.2 Three phase clustering of water—soluble ions

2.2.2 SO7 \NOj3 NHj KR = AHER A7

Seinfeld' " 251\ 4 SOY \NO; NH] 7EHRY b 5H,0 M EHLVIBIRIK R (K &+ S0T 45 NO;
JLfm] T4 NH, T AR50 SOT NO; NH; AR —AMAR 4355 3 Fes FAE R & v B o e i
MG SR AEIE DL, P 36 AN H 143 7528, sl 3 Kk 2 R mTUEH T 0 I IV, V VI3 Ahes
FIERR PTG BB K ES 19 NO; Br i Fu il i, Hoko& SOT AK NHG. ITH NO; /5 el i,
SOT NH; HeBAHIT. A NO; /7 by, HkJg SO NH; &AK. IV . V H NO; 5 SO B b fil4%ir , NH;
FAXTAA. VIR SOY JT ot Hufilfie iy, HeUOR: NHY (NO;. SO3 \NOS NH 7R3 A R L L 22 57, W fE2
T HERCIR SR i B TR 22 5 L K NH 5 SO2 NO; 4s &7 AR 5. [ NO; 1/[S0T 11
(B AT LA R A S HEROIR 2T | PR T 1, BB S5 5 By, L (E/N T 1, 8 BH [ 6 5 3222l
.1 VIV V VI NO; /[ SOT ] HefE 434 3.66.3.24 1,98 .0.90,1.27 .0.40. [ (11 [T, V¥
[NO;1/[SOT T MBI T 1, BB 3 1 E) B8 o) Y5 o ik B K — 2L, i IV, VIR [ NOS 1/[ SOT ] HefE /N T
1, 6B [ IR s i B R A, fi PR R P SO 5 NO; I3e 4 C &, S0 s/ 2 55 NOS s,
AT LS.
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B3 S0¥ NO; NH} KZ& =A%
Fig.3 Three phase clustering of SO, NO; and NH}

F2 [ VI SO -NO;-NH] & & T/ &5 (%)
Table 2 The percentage of SO?{ ,NO; and NHZ from [to VI(%)

S03° NO; NH;
| 20.46 74.84 4.71
| 19.77 63.94 16.29
I 30.31 60.16 9.52
I\ 45.29 40.49 14.22
\ 32.11 39.45 28.44
VI 50.45 20.00 29.55

NH; A5 S0 \NO; 4547 . ( NH, ) ,S0, .NH,HSO, .NH,NO, , iX A] i & % )i, SO2-NO;-NH 1k &
3 FEs 7 HO 22 S0 R R 2 — SR BRI TE] NH 5 NOS A ARBR A M (r=0.88) , 5 SO MM CM: g
SR (r=0.74) K NH, 5 FEALE ML S NO; 4568 Tt — 230 =F 14 & 0 X, Aot
SR U 286 s AT I

#7Lh NH,HSO, NH,NO, JEZUFAAE, [ NH; ] nladad =X (1) 355

[NH;]=0.192[SO>" ] + 0.29[ NO; ] (1)
#LI(NH,),S0, NH,NO, B 477, [ NH; ] nladad = (2) 1153 .
[NH;]=0.38[SO; ] +0.29[ NO; ] (2)

MR (1) B2 NH, ] /93 HEAE 5 S0 E R A OC R ECH 0.86 AR 45X (2) R8I [ NH; ] ITHHEES
SEMME ARG R ECH 0.85, #B A TR TR ATAH G , 15W] (NH, ) ,S0, \NH,HSO, \NH,NO, iX 3 F4h & 7 2UAR
FELE.NH,HSO, NH,NO, X FhfE7e e AR 2 —26 A5 B NH 71l 5 Cl7 454 B8 NH, Cl1, A
e NH, 5 C1 AR S PEAR R85, M 56 R 0.52. /T g2 i T C1 & & AEXE T S02 1 NO; &k ik
BLHY.

2.3 BRI SMRHIE AT
2.3.1 OC.EC 5 NO; SO $F#E/rHr

OC .EC R R AL AN 4 FioR,0C SN 9.74+4.44 pg-m™, EC A 4.13+2.19 pg-m™,
TH N PM, JREREERY 14% AT UL OC EC tJ& PM, B9 EE 5. 0C (EC 2L #HBL, OC ¥ JF it K
EHIAE 12 A 21 H, 8 24.31 pg-m™ ,7F 27 HIiKBNRAL, N 2.94 peg-m™ WA R, HA B KW D)
W EC MR BE R B RTE 21 H B, 2 10.37 pg-m™,27 HIREERAL, 4 0.66 wg-m™ L AHXT AT,
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BAMRRER /. OC 5 EC MMk BE25(E K 5.61+3.22 pe-m™ fHE 12 H21 H 30 HU &2 A 18 H .19 H
B OCTREWREZET EC REWRE, 255 13.94 pg-m™,15.50 pg-m™ 10.56 pg-m™,
11.23 pg-m™.0C FZEFT5 Y HEB — KA LTS Yo Fn 280 S b SR A= B — k5 Ye . 1 EC #
FHARAE R — A B T5 G bR iR Y. OC F1 EC BYAHDCHE T ATE — @ FRBE B XSk e OC (EC SR
AT AT AR OC 5 EC AAHSE R 500 0.73, M G458, Ui OC F1 EC A3 35 14 [a) Y% |, i 5
OC .EC 5 PM, , iYAHEE R E053 318 0.72 .0.76 , 156 B 85 S HECIR X PM, s BA 38K 5Tk,

W, 0C/EC /] HFPF OC o —CRIE R AR5, 24 OC/EC H(E#E T 2.0 B A7 —
U A= B SOC. WL [8] , OC/EC #Y LA R 2.63+0.90, 1fif H. OC 5 ¥R B 1 (SO, +NO; +NH] ) H 1%
AR (r=0.60) , BEIAME A7 7E SOC 155%. SOC Xt OC [Tk il LAKRHE S 2UH A .

SOC=TOC-ECx(OC/EC) .
K, (OC/EC) ., T OC/EC B/ ME. LT SOC SFHHR N 5.44+3.20 peg-m™, i OC i
FEIY) 56%. 1B SOC J& R st ALAR R PM, s OC (1 EE 24T R 7.

RIEE 4,0C EC 5 NO; SO MRk 35 A — @ AR H i EC Mk 7K B IK T NOS i
SO AE A3 A, 1 H EC A1 345 B BRI AH M (r=0.64) , BEBA X =34 [ R PHEER | 1T B
T4 R B , 15 Y WA AR v, SR wid BRI R R VR A 2 3 R s ol = ZEHEOIR. 0T OC 5
NO; I SOT HYMISE R EHK 0.55 , FHSPERIXT 35 , AT OC AR IRAI T Hui & 4.

45 —

I —0—0C
40 b ——EC
r —&— NO;

35

30

25

20

Concentration/(ug-m™)

4 OC.EC \NO; .SO7 Bt i H AL #a %
Fig.4 Daily variation of OC, EC, NO; and SO’ concentrations

2.3.2 OC.EC 5 K' CI KR

AR R K/ PM, 5 1T AR — 248 7~ 2B 4 R Be Xt PM, s AR BTk, 40 5315 K /PM, 5
OC/PM, s .EC/PM, LA ]z CI"/PM, A& 5 Fi7n. 0l LB H K*/PM, 5 OC/PM, AR fb e 345458l — 24, i
OC 5 K" BAHICPEW AR (r=0.55) , BAW] 3 Rl PR 5, i H SOC 5 K* IR — & M &Pk (r=0.40) ,
XFTRESEAE W) B A e (NS AT) R TR 2 ik S AL & W DL R VOC,, e & 5 46 A4 i SOC 3 A 1.
EC/PM, 5 ClI"/PM, AL #EFH AL, EC(4.13+2.19 pg-m ™) Al C17(4.18+2.02 wg-m™ ) WK
AR 1T H 3 A R AR et (r=0.60) BB EC 5 CIT A —Z BRI KT 5 EC YA
WAL (r=0.52) , VW] EC 5 K" A —& M RIJEME AP BT bt stk 1384 EC. {H2 K™ 5 CITAEC
PEBLS (r=0.28) , BEHDULII ] C1™BR A= P BTRA RN i A HABHR O A7
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24~

—m— OC/PM, 5
2 —@— EC/PM, 5
20 |- —aA— K'/PM, 5

18 _ —@— CI'/PM, 5

Percentage/%

02-22 |-

02-20 -
02-21
02-23

02-18 |-
02-19 |-

02-27 |-

02-26
02-28

5 K'/PM,, .0C/PM,, EC/PM, F1 CI"/PM, A1k
Fig.5 Daily variation of K*/0C,0C/PM,,EC/PM, s and CI"/PM, 5 ration

3 78 ( Conclusion)

(1)36 AU H b RBA 2= KA AR (PM,, 5 ) V5 948 ™ .

(2) X B BKIEVE B 1 = AR IGE R0 LI 0 [B) — k75 Y i, AT RE R B TR R R RS
HEBORHERGS 22— U5 G b AR , B BSR4 800 G 400, 18 0™ 52 19 k35 L. S05-NO; -
NH; B = HIRHrR A, 3 Fs FAEAMR R PR L AFTE 25 5, HEROIR AL BT 18 18 1) R (A4 1) R Tl
DL NH; 5 SO; \NO; 14 & 20 1 s F 22 52 1) 2 2 A

(3) SOC /&R HALRBRA, PM, s OC B N4 K'/PM,  FLE LRI, 0C 5 KA B[R] I
P, SOC JR5 KR IEARML, oT fEJe A= 0 BB (INFS FF) HE T Z MR L AP AKX VOC, , Fe &1k
A 1 SOC 8 1) BRI AL EH ZE RS HEO , A=Y Bk be i 5Tk 1354 EC A Cl.

(4) BRI LB ZE R ASCHE AW BRBE R PM, 75 YL 1 3= ZEHE IR 13 SR U5 1 S0 AR X 450N,
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