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WE . SR 2013 4ERKER BT 6 NIRRT PM,,  FE &, 408 PM,,  BTib ik B K I 18 Fh & @ 0% (Mg, Al K| Ca,
Ti, V. Ba, Co, Cr, Mn, Fe, Ni, Cu, Zn, Cd, Pb, As, Hg) WEEFE, IHFHEZRG ks 7 PY, i iR TR B2k
U5, Z5RRM, B BTTRKZE IR P, H 30 i i B Wl JE (OB 2 BB AR HE) (GB 3095-2012) U ARiERRME( <75 pgem ).
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Enrichment Characteristics and Source Analysis of Metal Elements in PM, ; in

Autumn in Nanchang City

LIN Xiao-hui', ZHAO Yang"*, FAN Xiao-jun’, HU Gong-ren', YU Rui-lian'"

(1. Department of Environmental Science and Engineering, Huaqiao University, Xiamen 361021, China; 2. Nanchang Municipal
Environmental Protection Bureau, Nanchang 330038, China; 3. Nanchang Municipal Environmental Monitoring Station, Nanchang
330002, China)

Abstract: PM, ; samples were collected in six different functional zones in Nanchang City during autumn in 2013. PM, ; mass
concentration and enrichment characteristics of eighteen metal elements (Mg, Al, K, Ca, Ti, V, Ba, Co, Cr, Mn, Fe, Ni, Cu, Zn,
Cd, Pb, As and Hg) were analyzed. The pollution sources of the above elements in PM, ; were discussed based on the resulis of
multivariate statistical analysis. The results showed that the average daily mass concentration of PM,  during autumn in Nanchang City
met the secondary standard limit ( <75 pg-m™) of National Ambient Air Quality Standards ( GB 3095-2012). The enrichment
factors of Mn, Ti, Al and V were lower than 1. 0, indicating that these elements were barely enriched. The enrichment factors of Fe,
Cr, Co, K, Mg, Ba, Ca, Cu and As ranged from 1.7 to 7.8, suggesting the influence of both natural sources and anthropogenic
sources. Hg, Zn, Pb, Ni and Cd were obviously affected by anthropogenic emissions since their enrichment factors ranged from 21. 9 to
481.2. The combined results of correlation analysis, principal components analysis and cluster analysis revealed the pollution sources
of these metals in PM, 5 : Mg, K, Al, Ca and Ti mainly came from natural soil and building material dust; As and Hg were mainly from
coal combustion; Ba, Ni and Mn were mainly from industrial emission of metal smelting; V, Cu, Fe, Cd, Pb, Cr and Co mainly came
from traffic sources; Zn was influenced by metal smelting and coal burning.

Key words: Nanchang City; PM, ;; metal elements; enrichment factors; source analysis
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1.1 PM, JFEEH R A

2013 4£9 H 13 ~25 H (19, 20 121 H KA
KAE) FER BT AR T 6 SR, & KM A
IREAE DL 1, 20 A5 W 1. [R) 2B R4k, B H SRR
(ETRCRIEY = STt T ] 5 N = 1 Y N B
— 4 20 h, HRAE 10 d 19 60 4HFE .

®1 HETEREREMEER

Table 1 Details of PM, 5 sampling sites in Nanchang City
SRR ifgIx RAE SR
RARZER (BRI ZBIX T8 B EROR A2 Bl B R OB T e 4 5 A /K %
MAEIT (B HIX) it IX. B AT A MO B B I3 AR TO, A7 725 HL X A O bty 4 8 A 1 5 AR A el 45030
AR LX) HHX CLATMETT BO RRE T, 2R e ()l B e AR R Bk 43
BN RWIX) FERAX VLA AN RBURSN G55 I A ST, AL TN — 20 5%, AL 4B A R 5%
FURBABUR (F I X AR BELIBORT RS IO, AP o 25 2 52 v 00 1ol el A0 2 5 v T R el 43
A(HEIBEX) SCIH X D TE AT 5 7 1L A A RO, P I S, B e i
ol ] PR L b MR T3 L R HEIE
N RARE /{ - HE \ g R B e 45 8] 15 mL A AR, B
yan " SRS T A T A A 25 1 4L
244 pp / rﬂ\ FH H S A A 45 B K 5T 3% Y ( Agilent ICP-MS
/ - 5 N Ry —
/ TR (I ) 7500, LZHEAR) M E EAR RO T ICER Mg, Al K|
i AR BB . =y — T
28040.% / r Ca, Ti, V. Ba, Co 55y & , o0 K i FR 15
/ . \ie o
/10 2km #sh | 0.004 ~1. 108 pg-L~'; FHJE F IS4 ( Solaar
I \ oy éfjt[' S4 5 EHHE) M E Cr, Mn, Fe, Ni, Cu. Zn., Cd,
28°36" | | L
115740 115°48" 115°57 115736 115°60'E Ph {5 & o BE &G HH FR Y 0. 002 ~ 0. 03 pg-L7';
1 HETPM, RESLTE FHIE T 5 665X (AFS-933, AL 5T 3% K ) M 5E As,
Fig. 1 Sampling sites of PM, 5in Nanchang City Hg E/‘J/H\E: s *ﬁ\l'_l—ll BE %%Uﬂ‘j 0. 006 Mg'L_I 7Fn0 000 5

SRBEAER A TH- 150 ATL % BE b 7 o Uk 4 2R A
(BRI R BB R T ), W (100 £ 1)
Lemin~". RAEEAR A 90 mm PR IEIR  RALHTIIE
AR AR 60°CHE 2 h. SRAY HIFJ5 4 SRAE S B AL
BE(30°C £2°C)  AHXTIRE (40% 5% ) M RF=
HOPf7 48 h DL b S 2 IRFRIEZE R IR ZEA KT
15 wg, Hi4E HJ 618-2011( HEE25 5 PM, Fil PM, , )
e wEEL) A PM, AR IE. TR Pl
BHIEMAE <4°C T BT .

1.2 PM, M ITR i

SR TN AR T il 12 2R A i AL B - o ik D 5 B
TERASEIE L, A 15 mL HNO, #15 mL HCIO, ,
R 11478 A 800 3 B s <1, T 100°C A2 A 4 L AR
(EG35B, At 5t AR BHMU A R AR ) k2 1%

pe L7 A UM 45 T R AR KA A Mg (0. 011

pgrem > ). Al (0.086 pgeem ™). K (0.005
pgrem > ), Ca (0.008 wmgeem ™)., Ti (0.012
pgrem > ).V (0.004 pgeem ). Ba (0.023
pgeem ), Co (0.002 wgrem ). Cr (0.001
pgrem>) . Mn (0.002 pgrem ™). Fe (0.004
pgrem > ). Ni (0.003 mgeem™ ). Cu (0.002
pgeem ). Zn (0.002 pgeem ). Cd (0.009
pgrem > ). Pb (0.004 pg-em™ ). As (0.002

pgrem ) Al Hg(0.004 wg-cm 7). 4 HrifdnpEss
PR 45 TCR A IS AB A Ry e 445

2 HR5ITR

2.1 CRFEYIIE] PM, Sk B2 i) s 18] o A Ak
SRAEIIRI g B T RS PM,, 5 19 T S v 32 L% 2.
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JIT AT SRR KLE P, B E AR AR T (3R B 2= R i
) (GB 3095-2012) 4% H ¥ it 4 e B2 FRAEL (75
wgem ). BURBLEUN RAE R PM, o F 22 i
i, RE OB R IR 30% %R KE U B AR SR T L
b Pl 2R e T R el BT, S L Tl S e P

TR 82 22 5 & SN RAE U PM,, 2
JERE A B AR R WL 30% , TTRERR 32\ — 2
bel 55 B A6 B S Re B 5 Sl RS2 5 7 AL RV BT PR
FERRORE S PR A 10% 5 HE T2 ROMROAR A AL R
FE R B IR A

®2 REHEEETPM, JRERE/pg-m™

Table 2 Summary of PM, 5 mass concentrations in Nanchang City during the sampling period/pg-m

-3

RAE AT BAR 2 MREHIT AT 2R BHMI» SRR ik
I R 32.35 +12. 11 41. 67 +20. 60 44.61 +17.50 53.39 +19. 48 55.06 +26. 51 47.24 £21.36
e 11.92 ~55.16 10. 00 ~82. 86 14.39 ~70. 18 22.85 ~88.05 11.90 ~ 100. 3 15.11 ~77.78

2.2 PM, M &JEITR T EAKF

BT PM, 5 14 JE I8 3P B SR e R Y
Ca>Al>K >Fe>Mg>Ba>Zn>Ni>Pb>Mn>Ti
>Cr>Cu>As>V>Cd>Co>Hg E3IFNIHETEHE
7 FE AN IELE BT PM, § B AT K4 Jm T 3R -1
JEER . SRR BT PM, o & &R R T
FEl A T, 55 R BURIAR oS T e SR H s T3
FEl P R R R AR, 5 [ R T (B R R A
WESI ) AR LE , 1 B T 22 504 T 0 3R o Ik R 5 g A

I H Ni 43R S RS AR Y 42,5 F1 68 1%, Zn J2
AL 2 15 £, Co SRR ZY 9 5. S s FIE 41
WAL, B BT 4 JE T 2R TR KO B
MR (R 23 U AR ) (GB 3095-2012) L&
MEBIT RS Z WA, M & PM, s Pb Fl Hg
[T VR BEAE BT A SR AE R AR bR, 1T As 0T R v B 7
AT RAE SRR A AR 61 5 T 50% , Cd Jit f R
BEAEAR SN RAE SRR SR AR 5K 100% , 758 4%
KA AR AR SR A R

®3 BETPM, REBAEREBRESHMWHILE ng-m™

Table 3 Mass concentration of PM, 5 and mental elements in Nanchang City and other cities/pg+m =

3

T G K R 2] Fpe[ 10! dese o mE o AE O WE ERA EE %
X i [ L) HX K WK X w2 gy ER sEg sl frgt®)
PM, 45.72 92.75 104.7 166.9 180.0 — 123.1 45.5 37.2 22 75
Mg 0.537 0. 127 — — — — — — 0. 062 — — —
Al 0. 740 3.431 — — — — — — 0.215 — 0.1 —
K 0.734 0.788 — — — — — — — — — —
Ca 1.207 0. 859 — — — — — — 0. 244 — — —
Fe 0.571 1. 530 — — — — — — 0. 401 — 0.1 —
Ni 0. 150 0. 007 — — — — 0. 004 0. 003 0. 005 — — —
Zn 0.279 0.260 0.015 0. 025 1. 144 1. 182 — — 0. 350 0. 092 — —
Ba 0. 325 — — — — — — — — 0. 004 —
Pb 0. 106 0. 035 0. 193 0. 386 0. 101 0.237 0. 143 0.172 0.131 0. 103 0. 005 0. 500
Ti 0. 033 0.112 — — 0.284 0.241 — — — — — —
v 0. 009 0. 001 — — — — — — 0. 008 — 0. 004 —
Cr 0. 020 0.015 — — 0.023 0.074 0.011 0. 009 0. 005 0.011 — —
Mn 0.043 0. 063 — — 0.130 0.134 — 0. 066 0.032 0.011 0. 002 —
Co 0. 004 0. 002 — — 0. 005 0. 008 0. 001 0. 001 — — — —
Cu 0.019 0. 058 — — 0. 068 0. 053 — — 0. 054 — — —
As 0.010 0. 002 0. 156 0.335 0. 003 0. 007 0.012 0. 020 — 0. 002 — 0. 006
Cd 0. 005 0. 000 5 0.004 0.025 0.001 0. 001 0. 003 0. 004 0. 003 0. 008 — 0. 005
Hg 0. 000 2 0.00001 0.006 0. 002 0. 001 0. 001 — — — — — 0. 050
2.3 PM, " T&mcRKrE ERE EF = (C/C,)/(B/B,) (1)

& 4T (enrichment factor, EF) 42 5k A\ ZE 15
B%t B AR PRI B AR B A B AR A, B A i
TR MY SSE 5iZoT R 15 5B R TR 1
AR LI A R IR X RE R e R B SR
A TR

KX EF MEERT; ¢ AC, 43000 PM, PR
JLER i MZBIITE r KB, B, F1 B, 43 WG E i
MSHITER r 19 L5 SO AR ERULYE A
J2 TR SHEA U EAE A ok g
HATHISEZ R AL, Fe, Ti Fl Mn fEHZ L ITER A
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SEE A A T LSS A A A EF {HH K
210 ~10*, W F BT 22 8 AZIE shEm "
K2 BT PM, s &4 @t R0 E £+, Mn,
Ti, AL FIV B EERTFIE0.6 ~ 1.0 SN, FHX
YILEAE PM, s PR A EH. Fe, Cr, Co, Mg,
K. Ba, Ca, Cu fl As B ERKFHFEN 1.7 ~7.8,
FUIXLE T R A7 B [ SR IR A Ry o 5 1 3 [ 5%
Wi; He. Zn. Pb. Ni F1 Cd (085 4 A Y5 Bl Ry 21.9
~481. 2, T WX LLIE 2 327 BN I () R i5 4% | 45
5ORIETT R PM, s Tt RS R ER N —
ﬁm.
2.4 PM, &R ICERIES M
2.4.1 MY

HH 43T 2 38 3 AH O 72 BOR Al 174 22 [ 1)
PREIE X TC 3 8] I AH P 2 T T A 2 48 7R ot
R F Y 0k IR s R ik 42, A B T 1 Mg Hok
P50 AT 5E K FH Pearson SUIM AH G 43 BT 15, &

B % 37 %
— 4 480
2460
E 180 th
&
Y4 4 60 =
440
420
0

As Cu Ca BaMg K Co Cr Fe V Al Ti MnHg Zn Pb Ni Cd

E2 @WEWPM,PEETENEEET
Fig. 2 Enrichment factors of metal elements

in PM, 5 of Nanchang City

TCEMEREOHME W 4. WPl L Bg BT PM,
Mg, Al, K, Ca, Ti, Fe Z[EBMAHSCRE, EiT&E
B FEIOTER , B ROk A IR (HIX ST R X
5 Cu, As, Cd, Hg A B AACHE, BLIH — & 7R
AR RZ . P, Cu, Cd Z[H)A B A ¢
P, UL e T2 B A R R, an3SE YR, Zn, Mn 5
HoAh 4 SR T Z AR S , RS YL ilif T 25 5.

®4 BETPM, PEBTERRBEXRH(n=060)"

Table 4 Pearson’s correlation coefficients of metal elements in PM, 5 of Nanchang City (n =60)

Mg Al K Ca Fe Ni Zn Ba Pb
Mg 1
Al 0.823%* 1
K 0.835%* 0.764* * 1
Ca 0.700* * 0.797** 0.775** 1
Fe 0.536"* 0.617** 0.404 ** 0.653** 1
Ni 0.219 0.397** 0.394 " 0.564 ** 0.322" 1
Zn 0.291°" 0.369 " * 0.266" 0.367** -0.095 0.247 1
Ba -0.087 0. 208 0. 128 0.404** 0.133 0.629** 0. 205 1
Pb 0.276 " 0.488 * * 0.412%* 0.674** 0.641** 0.541** 0. 004 0.503 " * 1
Ti 0.597** 0. 698 * * 0.732** 0.828** 0.375** 0. 608 * * 0.375*" 0.547 "~ 0.526**
\ 0.211 0.326" 0.215 0.488 " * 0.692 " * 0.167 -0.139 0.285" 0.510* "
Cr 0.252 0.362%* 0.317 " 0.453** 0.417** 0.332*" 0. 124 0.331** 0.496* *
Mn -0.040 0.071 -0.050 0.108 0.138 0.093 0. 027 0.236 0.186
Co 0. 100 0. 135 0. 024 0. 104 0.363 " * 0.383** -0.220 -0.038 0.326"
Cu 0.411%* 0.625%* 0.463** 0.758** 0.750 " * 0.479** 0.259 " 0.471%* 0.731**
As 0.524** 0.562** 0.574** 0.493** 0.396* * 0.316 " 0.344** 0.288 " 0.301 "
cd 0.470* * 0.622%* 0.427%* 0.696 * * 0.855** 0.464 " * 0.072 0.304" 0.794* *
Hg 0.458* * 0.511** 0.472** 0.521** 0.505 " * 0.218 0.252 0. 154 0.497**
Ti A% Cr Mn Co Cu As Cd Hg
Ti 1
v 0.313" 1
Cr 0.330" 0.309 1
Mn 0.134 0.266 " 0. 004 1
Co -0.071 0. 046 0.375** -0.058 1
Cu 0.585** 0.734** 0.472% " 0. 194 0. 144 1
As 0.410* * 0.336** 0.259" 0.058 -0.050 0.571** 1
cd 0.409 * * 0.582** 0.525*" 0.128 0.415"* 0.827 " * 0.391** 1
Hg 0.370** 0.303" 0.320" 0. 085 0.161 0.567** 0.655 " * 0.506 " * 1

1) # s F/RLE 0. 01 AR 1 BEMDE, * FaRTE 0. 05 /K- (UM I 8 A
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2.4.2  FRSHT

F % 43 43 Br ( principal components analysis,
PCA) JEUATCER & A iAot R AR &
ZE R J5 22 R0 B A R AIE A, o 20 T 0 A% ol i
YR AN DB L5 A A i, B RSB0k s
P (5 B T4 Th AR, BEAE AR 205 e ) vk
P SR R BRTE ) 2 R 5
YL IR TR, LTy 22 DTk S i 2 3
ST PEEUR UG5 Yo 5 B AE , Hoy 22 SToR oK, &
W% 3 A BT e SRR A R BRI A
AAH B B R AEAE SRy b o, PRI 23 1o R 5 1) A8 4R
FHJ7 25K (Varimax) igfe k. &S ol %0, £HF
ST IR 4 A F2 7, X R A AR ) REUK
AR5 74. 4%  SEART] ff B PM, s T4 &Rt R
M EERIE. BT 1 RN 45.0% %K Fh
Mg, K. Al Ca, Ti, As., Hg fl Zn i {E4m , Hop
Ca Il Mg 2K . A KEHEEITCE ™| Ca-Al B
FHREF IR AP As R AR 2 1Y A B T
F R T 1 AR R SRR BRI Y
R4, T2V, Cu, Fe, Pb, Mn il Cd {4
e, Hoh Cd R R R TP Y LR R P
FER ARERA, BEWR G, WERh s
Pb EAAF 2 REACER I ; HF 3 Ba
FU NI (8 far 8B 0 5, 18 R S BR 0 2 B0 Ni A HE
B, BARH P TiL, Zn AP AR K, B

£5 WEDPM, hEEBTEEHASHER)

Table 5 Principal component analysis results of metal

elements in PM, 5 of Nanchang City

JLE Fas 1 Fsr2 FAr3 Esr4
Mg 0.922 0.017 -0.101 0.147
K 0. 883 0. 000 0.157 0.113
Al 0. 853 0.186 0.170 0.188
Ca 0. 750 0.321 0.399 0.218
As 0.672 0.283 0.151  =0.090
Ti 0. 656 0.142 0.596 0. 003
Hg 0.597 0. 348 0.034 0.148
Zn 0.478 -0.217 0.424  -0.328
% 0.187 0. 859 0. 030 0.128
Cu 0. 491 0. 675 0. 340 0.237
Fe 0. 460 0. 648 -0. 066 0. 500
cd 0.431 0.568 0.174 0.567
Mn -0.117 0.548 0.216  -0.269
Pb 0.284 0.531 0. 421 0. 486
Ba -0.012 0.297 0.878  -0.003
Ni 0.238 0. 030 0.767 0. 395
Co -0.054 —0.047 0. 007 0. 889
Cr 0.243 0.184 0.313 0.537
R/ % 45.0 12.2 9.6 7.6

1) [RIA2 PR B 5 3 i %o o7 119 452 Jd T 2% T AR ] S a3

IR 3 BB A TAE S Tk, W5
4 R (B R 1 2 Co A1 Cr, AT Fe . Cd 1 Pb 2
FR R, I 7 4 %3 58 WA 4 8 v Hk
FTREMRA.
2.4.3 RS

R (cluster analysis ) J& X S0 i X 5 i7F
TP RGP 2, /T T oo s R A . R
H Ward % m Sl PM, 1 18 R & @ sc R 1T R
RUAR S R, 45 R AN 3 .
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Fig. 3 Tree diagram of cluster analysis of metal

elements in PM, 5 of Nanchang City

M 3 0l UL, p & PM, s &R o R ORI 1] 43
=K. FH—2H Fe, Cd. Cu, Pb, V. Cr. Co,
5 2 FEAR B AR RN IR A T Y PR
5280 Niy Ba, Mn, AHSCTERF, 5 T3 3 B
—H REL BB TG Y5 . 5 =2n 4
2 AN ALK FE LT 1 T RO R ORI X 47
H—/NEN Ca, Ti, Mg, K, Al fUSR 14 AR,
HEFATF YR B TUNE R As | Hg, Zn MR
WRIEETS LR 23 5 g T T R A AR i 4 11
IIHTEE SR — 8.

3 it

(HFET 6 I RAEREKERTPM, ; HEY
JoHE e B AR T (PRI 28 AU BR o) (GB 3095+
2012) ZRFRAERRME (75 pg-m ). 5 E RSN
FHLE , B E T PM,, 5 Joi v J32 35 i {1 7 O i HG At ik
7, 5 7 WE U e RO, B T 2R R R R OR 3
LR

()ME T TR PM, s & BT R
B & Ca > Al > K > Fe > Mg > Ba > Zn >
Ni>Pb>Mn>Ti>Cr>Cu>As >V >Cd>Co>Hg.
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2% 37 %

Horfr As ZERT A RAE SRR S AR R385 T 50%
Cd 1E8 SN RAFE SR SO AR %35 100% , £ H AR R
FE AR AR S AT A bR, 5 E AR T AR L,
AT KA PM, 5 P E 3R I &R W E K 28K
(Ni, Zn 1 Cu BRAbM) s SEWBAESMEAAH L, -
IV YDk a7 3 DN AT

(3) BAERR TR R 7 AT RKZE RS PM,
M Mn, Ti, Al f1 V EAEAH HE; Fe, Cr, Co,
Mg, K. Ba, Ca, Cu Fl As 32 2] H SR IE A AR Y 2L
RS0 ; Hg, Zn, Pb, Ni F1 Cd 2 %0 81 AN
155,

(4) ZEB M T . E I B LRI
SRR BT PM, TP Mg, K, Al Ca, Ti &
BORET 405, I — e R 2 B R
As, Hg 2R A AR ; Ba, Ni, Mn £2kAF
SBEHR TS YW, V., Cu, Fe, Cd, Pb, Cr,
Co FER AACHIR ; Zn KIET 12, MEZ & @R Mkl
A BRI 5 ).
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