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JTE 1Y 82.98% , T A W 4l R s A A R RS WLBh ZE R ACHERL . Tl HER L R + 3 A R R EOR IR, &t M atiL T
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Pollution characteristics and source apportionment of PM.; in Jiangning university town of
Nanjing during spring
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[Abstract] Objective: The current study aims to understand the characteristics and source apportionment of PM.s from Jiangning
university town of Nanjing during spring. Methods: Ambient PM.s was collected from Jiangning campus of Nanjing Medical University
between March 15" and May 31" in 2018. Thermal/optical carbon analyzer, ion chromatography, gas chromatography - mass
spectrometer and energy dispersive X -ray fluorescence spectrometer were used to determine the concentration of carbonaceous
components , water-soluble ions, polycyclic aromatic hydrocarbons (PAHs) and inorganic elements, respectively. Source apportionment
was conducted by ion balance analysis, diagnostic ratio method, principal component analysis (PCA) , etc. Results: The average daily
concentration of PM.s was 70.24 pe/m’. The ratios of ¢ [organic carbon (OC) J/c [elemental carbon (EC) ]mainly were 2.24~10.60,
indicating fossil fuel combustion source and secondary pollution. Water soluble ions mainly included SO,",NO;” and NH,". The average
ratio of ¢(NO: )/c (SO, ) was 0.65, indicating a coal combustion source. PAHs with 4~6 benzene rings were the most abundant. The
results of PCA suggested a mixed coal, petroleum combustion and automobiles emissions source. Fe, Cl, K, Al and Zn were
predominant in inorganic elements. Coal and petroleum combustion, automobiles emissions, industrial emissions as well as soil dust
contributed to inorganic elements. Conclusion: PM,s pollution is serious in the Jiangning university town of Nanjing. The main sources
of PM, s were the fossil fuel combustion and automobile emissions.
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RATG G fe 35 o3 SRR 1Y B SEBR B [ R
VIR YY) (fine particulate matter, PM,s) A7 %5 4L
YIRS TS G A ) PMLs 5 e 2 BUR JEK
NBRAERR E R R ERY . 75— RINKI5IP
A2 T, FIE PM, s T5 LRI AT ks , (EATD 445
TERGR KT, HFT S [ B SR AR AN T 2400

YR 1) PMa s ) SR 5L ) 5 A R 1 4 7t F)
K, PMosTEZS IR A, 2 TR &
A EY T, A o) AR i 4L oy K
B F | 235512 (polycyclic aromatic hydrocarbon,
PAH) LAR TEHLITER A7 ITAER , e [ 2 7 il 2%
RIT T PMos Y23 I3 AR AR 35 YR ik Ko
PRI R AU E ) Tl A R LG ACE
WA, iSRRI 2 T9 RN 2% o 10T R
Mo A R R, N AR o FURT, B0 5T PM.s
995 SRR HE LA S IR A i o R L UG T — 7 AR,
1B JRy BR 58— 20 3 R I KO PR AT, ELYL 77 R
IR PMLs 5 YL BRI i AN B 254 PMLs AR TR 4
I3 W SRR AT AT ] T B 4TI 1 gk TS G R AE , B
TR U HOR

AT SV Wy A S S A S R Y
BT o AHFSE R AR 2018 445 ZE R BUVL TR A
PM. s, Kl Hi S50 20 73 KA VERS 1 \PAH DL JEHL
IvE S 1) E A o 0 N S8 A VI
%8 PML SRR HEAT AR AT, AT A T T il 1 5t V77 R
PR TR PMLs TS YLRFIE SORTR , O PM. s T5 4 1 Bl
il 3R BRI

1 #RFTE

1.1 A

KA o BT OB ) R A 4% TH-1000C 11 7Y
(B R TR AT BRA A ) , 25 4 75 3 e L
(BN RABRA T WEEKEHE R S (Labeonco 24
7], 25 ), DRI Model 2001 A FOGHR 43 HrAL (VA
58, 25 [ ) , Dionex ICS-3000 % & 1 {4 3% 2 4¢
(Thermo A F] , 2E[H) , S AH @i%%ﬂ%ﬁi%{%(l*%ﬂem
], RED BB R A X F OGN (Malvern
Panalytical 23w , #[5) , KM RS (Jbt | R
BRHEABRAF]) , PAHRFR (AL 5T H 2 R A R
NP
12 Fik
12.1 PM,sR%&

FE20184E3 H 15 H—5 H 31 H 4 rg sl SRR
AL TR X 22 i 15 (31.95 °N, 118.90 °E)FEH

SRR B 24 18 mo ZCRAE ML TR BT VL
TREE, DAL T SR IX R RAEEX S5l T8
A5, BRI o SR DRI A B R 2
ETF BRI ) RAE S TH-1000C 1T &1L 1.05 m*/min Y
KRRV R A, BRR 24 h, FERFE 420K, IR0
AR R RRROUARTR . REERT S YT K e E T
5 Y 28 8] 24, S4TSR 0 PR 3 10 SR A
AR IR B i 22 T PML B IR B . A e 7
20184E5 H 11 H—5H 24 H (5 A 13.14.20.21 H¥%
FEME B ) RS B B FS 4T AE DR MR A7 S A% 10 5K 0F
(TR i
1.2.2 BRR5 5HF

fdi 1 DRI Model 2001 A #5665 20 B 43U 5E B i
g Bk (organic carbon, OC) 176 2 W% (elemental
carbon, EC) & & . R HMBY B IMPROVE ¥ FHilia
Bi i — W BAE A A S T, T 140 °C 280 C.
480 °CH1 580 Ci& N # A JEE , 3 45 5] OC1 .
0C2.0C3 F1OC4; 55 B BAE & 5 (2% ) I 2 <A
H, F 580 °C 740 CHI 840 CIE A AL 9 4=
M EC1.EC2FEC3, ffm , i KA B e il &
FE SR COLAERR A R A JFoh CHL i, OC il
A A B4 Ak (organic pyrolytic carbon, OPC) , i
633 nm He-Ne 3t 4 2 JEGTAE &, T E OPC A2 i
o FEaH OC % 2 4 (0C1+0C2+0C3+0C4 +
OPC),EC & (ECI+EC2+EC3-0PC) .
1.2.3 KEWE-FHH

W R PMos A 0 A DL 8 23 1 A D B
)5 BT 50 mL 208 78 15 mL £ & /K
FAHRHL30 min. $REUKZFLAE N 0.22 wm 9 8 50t
U, EE RSP —K, HIKIER A I RIHET
6,35% 7% (ion chromatography , 1C) ¥ I F£ /i 1 NH, "
Ca," K" \Na* Mg”*.S0.” \NO; PO, ,CI" \NO, fl F f#}]
VRE o AR LR B ST ) R 06 T AR A3 AT R oK 1
BT
1.2.4 PAH XA A5 5T

W RAEAT PMLos A i 1) B 308 2 A8 i Ak 25 1 3
BELF AE RN 0TS BT 150 mL =, 7F 100 mL
ECKES “E BV stV owme=1:1) IR A5
HOR A PR 30 min, (LA 0.22 m A BE AR
I8 JEEE LRI IR IR A I R
OB R R0, 8 40 C R 4 2R A
1 mL 1E C %e 8 3% Ja H A0 60 52 3K BT 35 A (gas
chromatography-mass spectrometer, GC-MS) Kl 16 F
PAH(ZE JeHs JE 25 JE E BB R [al B
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i ATIE[b 9 ROk 2B R [a )28 EIE[ 1,
2,3-c,d ]t . ORI [a, h ERIE [ g, h, i H8) B9k
B o AR R B B B R0 T AR A MR it R PAHLIR S
1.2.5 RIATESH

BT 1A AR N 47 mm R PM,RE S B 28
IR A B I |, 38 0ot g e (A i X SRtk ik
D A DB @ (P) (40 (AD VR (CD) VB (KD LB
(Se) VEK(Ti) VBL(V) 4% (Cr) i (Mn) JBK (Fe) b
(Co) R (Ni) M (Cu) 5¥(Zn) K (Ga) Jfifi (As) Al
(Se) IR (Br) E8(Sr) HF(Pb) HE(Cd) .85 (Sn)
(Sh) P& i o ARMEAFITTER A X PO R ETHA
Hofr i HRA R (D) R

p= (LA (1)

K pRERE R ML E W & (pg/m’)
LREME S LT3R X STRDETREE (eps) s 1f0#R
25 FHIERE TEHLIC R X GFERPERE (eps) ; AR
UEIEE b G A ORI A TR (em®) s bARFRA R i 26
BER [eps/(pg/em?®) |5 VARRFRIUAF (m*)
13 %itsrE

AW 5T R B (3.5.1 A ) I R £
“psych” HEAT A3 HT . LIFRIF(E > 1, BB 22
DR > 80% A9 Ji D) 5 B = i 43 PR 7, ek 7 254
PN R N5 W

2 &% B

2.1 PM.si7 F4¥4E

1 FT7R A R B 1] PMLs 6 B 5 R4 5 1F 7
TR SRAE W] PML s e S 0 — 2
W B, R RE W] PM.s 24 hOF 2k BE R 11.99~
176.96 wg/m®, - 35 o 5 ¥k i 4 70.24 pg/m’s #H 2K
PEITHTEE R BN, PMos R B 5 P BB (r=-0.14, P=
0.370) F-HJEJE (r=-0.27, P=0.082) & Uk G HaH
22 RIS T RAAE

OC FIEC 1Y H V-3 T i W B 433128 36.07 pg/m’
F15.10 pe/m’®, 43 51 (5 PMas 5 42 e BE 19 61.37% il
7.40%(F£ 1), EC EZRIETILA KR AP 5T
ANGELRRBE , OC TR T35 Y IS HE R — A LK
(primary organic carbon, POC) FlAG AL LE KA
R SO AR L) — A HL (secondary organic
carbon, SOC)"™ . OC 5 EC A9 Fu & ] FH T 1FA% o5 Joit
AR, ¢(0C)/c(EC)H N 1.0~4.2.2.5~10.5 Fl
8.1~12.7 B 43 I R LB 42 R R BERAR R AN A= ) ot
BRE, ERER W IE] ¢ (0C)/e(EC)(H 224k
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Figure 1 Variation of PM,;(A) , relative humidity (B) and

temperature(C) during sampling

T 2.24~10.60, $75 RAF 15 PM.s 2 A A BRI E
WA, AN, c(0C)/e(EC BRI H 104.00, BEHI7E
AR A= P Bk PM.s 1) EZERE

¢ (0C) /e (EC){ELIR AT 48 75 JIURL 90 (1) — R SRR o
M c(0C) /e (EC)fH>2 B}, $E7RAEAE SOC . AHIFGY
W] ¢ (OC) /e (EC)HI>2 , K WIRAFE 5 PMs 1
H SOC A= 1, SOC 15 YL Jy ™,

K1 EHEHEASPM.:FRFAS RERE

Table 1 Mass concentrations of carbonaceous compo-

nents in PM., s (pg/m?)
feamat YilEsbaize gk BME BORME
0C 36.07 + 12.51 35.87 20.62 56.20
EC 5.10 +4.64 4.11 0.27 15.03
OC/EC 22.86 + 33.37 8.89 2.24 104.00

23 REMWETF T EFE
23.1 KREWBFRERE

I HA [] PMLs K PR B 1 B T vk R
11.14~45.20 pg/m*, 4 it &5 ¥k & R 26.74 pg/m’,
Horfr ) BT ES F 19 BTlkR KB/ 43 51 R SO7>NOy
>PO,>CI>NO,>F, BH & 1 19 53 8k 2 A K 2] /N
51 NH>Ca*>K'>Na'>Mg> . S0.> \NOy I NH,"
LU A e, 3 KO M S R T A R Y 84.38%
(%£2),
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Table 2 Mass concentrations of water soluble ions in PM, 5

KistE  YEARE BME O BOKME HEFE

B Z(pgm’)  (pgm®)  (ugm®) HHH(%)
[T
SO 11.40+3.55 5.74 16.48 39.69
NOs 7.54 +4.58 4.90 15.78 26.24
PO, 1.22 £0.62 0.34 2.06 4.25
CI” 0.92 +0.60 0.28 2.02 3.20
NO, 0.06 = 0.04 0.02 0.12 0.21
F 0.05 = 0.06 0.01 0.17 0.17
FHE -+
NH,’ 5.30£3.02 0.38 9.61 18.45
Ca™ 1.17 £ 0.61 0.33 1.78 4.06
K* 0.49 +0.22 0.17 0.79 1.71
Na* 0.38 +0.44 0.13 1.26 1.32
Mg™ 0.20 = 0.11 0.03 0.37 0.71

232 BF-FHMH
A 5T 38 13 B P S A 0 T A PMLs 11 R
BT BABH B A A = an=8 (2) #1= (3) Fr .
_[505'] [No;] [poi] [cr] [NO] [F]
AE= e+ e v st 55t ae T
g fe] K] (] ]
CE= e+t gty * gy )
T AE  CE 43 A 2R B L BH B8 - 4 B, g 36 3
(mol/m*) 3 [ X AR A B8 1 1) o i e i (pg/m®)
gE L OR | RFERE] AE/CE B 4E % F 0.58~0.96, 3%

FE 1 PMLsH B B R A, PMLs VA o AT,
KA SO, FERE T A A BHE SR ([ I8 ) , NOy
FESE ARERR (B , KSH ¢(NOs)/e(S0.)
B F T F B[ o HE IR RN RS 2 HE A0 A0 HE T 5
JEUS S A > 1, WA CATS R IE LA il R 3
FZ DA IR o SRAEIE] ¢ (NOs /e (SO4)
ﬂﬁi’%tmﬁj@0.65,%#@PM2_5%J<%73%%%%fé‘?%
PN

2.4 PAH 5 454
241 PAHRERE

W] PM, s 5 PAH S0 BT E BEA 14.50%10°7°
~51.77% 107 pg/m’, Rk B 4 31.34% 107 pe/m’
(£3), WHERABEETTR 57, PAH AT 5328 B ¥ K 1Y
IR (2 33F)PAH A2 & 1 R 35 (4 35) PAH FILE
KR 2R IR (5.6 35) PAH, o] I F 9125 PF 4
PAH R IE . AAFFErh 2891 [a, h [ B[ 1,2,
3-c,dJEE AIf g, h,i 46 AIF[b |9 EFRTf[a ]t
S B L 348 R R 3R PAHL, 2 R R TAE A1 1%
BRI
242 B4 MmRIAE %

7] 53 S A A LUARLYE T T VT4 PAH 5 44k

PR, RAE S PAH 2T HL(E W2 4. BUCE+3F)
<0100 A MR IR, HLE>0.10 WAC BRI . AR
T, BB +3E ) (N 0.64~0.94, 48 75 BRBE VR 1K)
TR o A2/ (25 +6 ) (B8 5 7 0.40 LR, ik
Bl ) LUAELIN>0.40, ASBFSE 25/ (2 +EE ) E 2 0.02~

xR3 FREHEASPM.;FPAHREIRE
Table 3 Mass concentrations of PAH in PM, s

PAH PIH bR IE2E (pg/m®) e/ ME (pg/m’) e KAE (pg/m’*) A BT E 53 (%)

TR [a,h B 9.63x10™ + 5.28x107 2.35x107 1.98x107 30.72
Bidf[1,2,3-c,d]iE 7.11x107 + 3.88x107 2.55%107 1.38x107 22.69
L g,h,il3E 4.13x107 = 1.94x10™ 1.56x10™ 7.51x107 13.18
I b e B 3.55x107 + 1.13x107 2.24x107 5.88x107 11.32

aﬂa}az 1.39x107 + 5.82x10™ 7.59%x10™ 2.62x107 4.42
HIE[ KPR 1.32x107 + 5.97x10™ 4.96x10™ 2.66x107 421
it} 1.32x107 £ 1.10%10° 2.42x10™ 3.69x107 421
A [al B 1.07x107 + 5.84x10™ 3.65x10™ 2.14x107 3.40
4 8.65x10™ + 6.01x10™ 1.59x10™ 1.94x107 2.76
) 5.35x10™ + 2.56x10™ 1.50x10™ 1.09x107 1.71
A 2.91x10™ + 1.52x10™ 9.59x10°° 5.04x10™ 0.93
E[5 4.52x107 + 1.64x107 2.74x10°° 7.43%x107 0.14
% 3.33%107° + 2.61x10° 1.41x10° 1.02x10™* 0.11
JE W 2.69x107 +4.02x10° 2.22x10°° 3.40x107 0.09
% 2.61x107° + 1.17x10° 6.64x10°° 4.10x10° 0.08
e 1.01x107° + 3.49x10° 4.92x10° 1.63x10° 0.03
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0.06, IR IRILR AL S PM.s PAH SRR A0S
VIR SiltkEE . AT [l BU ORI [a ] B+im) fl<
0.20 B A R 2 A ik VR, HEE >0.35 2 W A4k e ok
U8 o AW AR T [al BRI [a] Bl+7a) {4 0.34~
0.84, R[N Ry FEE R IABEIR I vk . Lol 2 e A

B FRRBE R ER I (1,2, 3¢, d B/ (B[ 1,2, 3-
e, dJEE+TFF g, h, i 4B (51514 0.18.0.37..0.56 1
0.64, ABFFEEIIF[1,2,3-¢,d]iE/(HiH[1,2,3-¢,d]
EE+AT g, h, i JFE) M 0.54~0.69, RSG5 LR R
P 25 PML s BRI W R A 5 R

R4 REHEPM.H PAHISETLLE
Table 4 Diagnostic ratios of PAH in PM.,;

RN FeAE 15 YRR
B CE+3E) 0.64~0.94 FRIFETR
251 (Z5+EE) 0.02~0.06 AU R % 2 SR
AIF[al B/ CORIF[a B+ 0.34~0.84 FRIETR
Bigft[1,2,3-c,d 8/ (B[ 1,2,3-c,d JEE+ 4T [ g, h, i 14E) 0.54~0.69 AW bE

243 ERSHHT

SRt — A AT RS PMLs Y PAH I, R FH A%
YoM A TR AT, SRR 44 R T, B
TR K 87% (K 5) . T 1 ZE TR N 24% , 1
H2y BRI b [ R B i e B R - 1 R
SRERMRBENR o T2 J7 22 TTHR R 24% , Horh 8y
B E RIS e BIIE(1,2,3-c,d [1E . 2RI a,
h BRI (g, h, i 36, AR LS S LR
P, RT3 0 TR 23% , o 2% 2RI [a [
DT, SR A7 3 AR AR ST pLFNA,
ML IR SRR . T4 )7 22 50kE Ny
17% , < R EE A0 5 1 , A AP

g A5 T) o3 AR HU A 1 0 26 B4 40 BT A 285 2R ]
I, SRR 55 PMosHY PAH FEZRIECON M e A il AR
RS TR SR S HE
2.5 RMAETRIFIE
251 AMAERERE

KA PMLs 1 TCAHLIC 2R S B i R B R 0.86~
5.29 pg/m’, BRI E N 2.41 pg/m’, Hir, Fe,
Cl. K ALFN Zn 7t d5e g , BT o EUAGIIIR 82.98% (52 6) .
252 ERSHH

A GEHE— DAl ] 32 1053 23 B Pl PMLs G
PLOCER AU o XoF A IR 8 2 47 o ot 45 ], e HBC AL
K.V .Mn.Fe Ni.Cu.Zn.As 1 Pb 40 A F 42007,
HATTR R BHR B ™ 8 ok BE AR DA S TC R
EEMEMARBEAAA o AWFFTIFRIGE 34~ 1 7,
SR 20T N 83% (7). Hp AT 17258
kRN 33% , BAr i 141534 Mn Ni Zn F1Pb, Mn
FING F BN R T BRI A TR e = A A AR 2, Zn 11
Pb EZRIE T HLEN AL AR A HEC ™ fR I
TR BEIR AL SR . BT 2 Jr 2 5Tl R 27%, V

®5 FHEMKERERE 16T PAHHER S B FHE
Table 5 Factor loadings for PAH on principle component
analysis with varimax rotation
AR hE WF1 HWF2 HWF3 W14
0.00 0.27 0.85 -0.27
-0.39 0.85 0.19 0.12
0.36 -0.08 0.52 0.72
0.85 -0.02 0.11 0.10
0.82 -0.29 0.08 0.13
0.60 0.04 -0.64 -0.35
0.58 0.14 0.59 0.50
0.70 0.13 0.29 0.59

B

E

o

R R R

IHlal ¥ 025 033 086  0.09
003 -0.04 093 0.4
JF[b ]9 E 080 025 -0.08 047
Ik [ B -0.11 -0.16  0.15 -0.89
I-[altE -024 056 -0.18 -0.51
Eid[1,2,3-c,d] i 024 092 007 0.3
ZFa,h B -027 085 031 -0.07
FIt[g,h,ildE 030 089 006  0.08
FEAEE 385 378 367 268
75 22 TR (%) 24 24 23 17

RBUT TR (%) 24 48 71 87

Cu Fll As HAT B @ 2 A (i . Forb v B e ) k™
Az, As Fll Cu EEORIE T4 (648 I HE
I, T2 AT A Tl HERR IR . B 3 07 28 sk %
R 23% , 5 ML B HLFE 0 R K F Fe AH R ey, 2
NN AR ZEA T T A AR AT SR
FPMos T IEHLIT R FERIE TR kR AL
A RAHER . T HER AR 56724

34 it

ABFFEREEYIE] PM. s H P44 4 70.24 pug/m’,
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Table 6 Mass concentrations of inorganic elements in PM. s
ToHLITER PHE+PRUEZE (ug/m’) e/ IME (g/m®) R IH (ng/m®) R A (%)
Fe 38.73x107 + 25.28%10° 19.72x10 113.05x107 24.33
Cl 32.46x107 + 40.68x10°~ 4.21x107 151.95x107 20.39
K 23.69%107 £ 36.18x10°~ 1.63x10° 128.94x107 14.88
Al 22.11x107 £ 8.62x107 6.97x107 34.82x107 13.89
Zn 15.10x107 £ 12.58%10°~ 3.88x107 48.07x10°° 9.49
Mn 4.87x107 + 5.48%x107° 1.30x107 20.41x107 3.06
Sn 4.11x107 £ 1.33x107 2.50x107 6.45x10 2.59
Pb 2.33x10™ £ 0.86x10™ 1.15x107 4.21x10 1.47
P 2.31x107 £ 1.49%x107 0.57x10 6.17x107 1.45
Se 2.01x10™ £ 1.41x107 0.69x10 6.08x107 1.26
Sh 1.90x107 + 0.65%10™ 0.89x10 3.15x107 1.20
Ti 1.73x107 + 1.39x10* 0.34x10 5.73x10 1.09
Cu 1.68x107 + 0.97x10™ 0.49x10 3.29x10 1.06
Sr 1.63x107 + 1.96x10 0.04x107 7.17x10 1.03
Br 1.58x107 £ 0.78%107 0.74x10 3.55x10 0.99
Cd 0.63x10 £ 0.26x107 0.23x10 1.19x107 0.40
As 0.49x10 £ 0.25%10™ 0.20x107 1.07x107 0.31
Ni 0.44x10 £ 0.22x107 0.12x10 0.94x10 0.28
Cr 0.44x107 £ 0.16x107 0.21x10 0.77x10 0.27
Se 0.31x107 £ 0.12x107 0.14x10 0.49%x10 0.20
\ 0.24x107 £ 0.15x107 0.09x10 0.55%x10 0.15
Co 0.18x10 £ 0.08x107 0.06x10 0.38x10 0.11
Ga 0.17x10 £ 0.22x107 0.02x10 0.77x10 0.11

KT FHEBRKEFEFI10MMENTENER S EFHE
Table 7 Factor loadings for inorganic elements on princi-

ple component analysis with varimax rotation

At HF1 F2 F3
Al 0.03 -0.11 0.57
K 0.25 0.02 0.93
v 0.36 0.83 -0.27
Mn 0.97 0.13 0.09
Fe 0.05 0.11 0.96
Ni 0.87 0.07 0.03
Cu 0.22 0.89 0.13
Zn 0.94 0.23 0.21
As 0.00 0.88 -0.03
Pb 0.72 0.59 0.15
FEAEAE 3.34 2.70 2.28
J7 2 DT (%) 33 27 23
SR ETE (%) 33 60 83
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