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i E OIHIFEEAR A F T PM,  TOGER TS PRIk SCHOR TR, T 2017 4F 1 FREEELAR T 3 4w PM,,
Rty R A T AR T Mk e SR T P 5 P G O T SR R T TS QAR AR 0 A BOR DR AT 45 R AR
BEERTIAC R PM, 5 H 59 BE N by TF 2 DX > 5 v 2> SCAR 2 el 25 R B (0 e B 2 "B ek o o
(GB3095—2012) “ZARMERRMEL(75 pg-m™) BIRELIH 51 9 4.7 d; & LR KB i s BRI U AL>
Ca>Fe>Na>Mg>Zn>Ph>Mn>V>As>Cu>Ni>Cr>Cd, H 1 Al Ca Fe Na Mg Zn fl Pb TR & K EZ 4 i s
Rl TC R () 96.85%. & K T4 HT W1, Cd Zn . Pb As Cu J& TR E 4 NIV J& THEUE 4, Cr Ca FI
Mg J& T2 5 Mn Na J& THE E 4 Fe JB TRUME S N T 1R W, TR Z 0T PM, 15440
R EBOREON AR GE SR R AR e .
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Pollution characteristics and source apportionment of
elements in PM, . during winter in Panjin City

LI Yueyang' JI Yagin'® ZHANG Jun® \ ZHAO Jingqi' WANG Shibao' ZHANG Lei'

(1. College of Environmental Science and Engineering, Nankai University, Tianjin, 300350, China;
2. Panjin Environmental Monitoring Center, Panjin, 124010, China)

Abstract; In order to exploresthe sources and characteristics of elements in PM, 5 during winter of
Panjin City, PM, samples were collected at three monitoring sites in January 2017. Pollution
characteristics and souree of elements component in PM,  were analyzed by enrichment factor (EF)
and factor analysis (FA). The results showed that the order of PM, ¢ concentration was Development
Area > Secondary Middle School > Cultural Park. There were 9, 4 and 7 days at the three sites
respectively in which the 24-hour average mass concentration exceeded the secondary standard limit
of the ambient air quality standard (GB3095—2012) (75 pg-m™) during the sampling period. The
mass concentrations of elements in PM, ; were, in descending order, Al, Ca, Fe, Na, Mg, Zn, Pb,
Mn, V, As, Cu, Ni, Cr, Cd. The proportion of mass concentrations of Al, Ca, Fe, Na, Mg, Zn,
Pb accounted for 96.85% of the total determined elements mass concentration. The enrichment
factors of Cd, Zn, Pb, As, Cu were extremely high, and Ni and V were very high. The enrichment
factors of Cr, Ca, Mg were significant, and Mn, Na were moderate, Fe was slightly. The results of
FA showed that the main sources of the pollution elements in PM, ; during winter in Panjin were coal
combustion, vehicle exhaust, fuel oil and soil dust.
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PM, (RAHNBRA ) 1 3 EAR LT 9 R AH 05 Yoy, SEma AR AR UL 4%
MR B RO 1 ) 4 SR T 3R T A e 0 S5 e A AN AR DT X A A fdt R 3 2 i (] BT, A
AT TR TR EA e R JETTS e B A A A5 R 8. R, s xR b & R T R 5 QK P E &
KHE.

PM,  FERIE T4 AN WLl 4 A R FORBE S R TH) (75 Y IR HE R PM, 5 Th 42 )8
TLER AR 5 i A TR G e T R RO SR S M ] LT figp 3l vl R U ) ) 3 R U L4 7y
RFAIE, Sy o) 5 A 28042 T 5 i A 55 = BORE A A D gt A 368 R P ) D7 1 B4R B2 AR T 1 TG B i A
PRI TE ) e FA (R4 0T ) S — R o3 TR B 2 AR R B v 132 T T R
TR BEARAT O 5T b TR SO ST FA A3 AT I & % PV, h &8 T R F 2R IR TR RIE Y
JRAk b S A Tl HERC A K T B 24 s NS A Y BT FA AR BT AT PM, EEORTE TR AR
2B BRI DL B WLSh A s IR A LT FA A5 H R T30 DX AN OB ) ) R IR T UKL T AU SR
B AR AT A A2 BEURES A | TV 254 | B B AR R 2 145 TR 2R A TR, AS [R) 3 i
PM, s Fr a8ty B2 2 R AT BITAS ), DR AT5 B B RFE AL A7 A 25 57, DRI 5 X 28 38 TRt L BT 5.

BEFR AL T LD 748 T g 0, A3 = A PR L iy RSB B IX G T IX R AR I 3t =
X—8 RFRE EH A A AR PR T LU ORIk LA T A iU RIS o 1 3 25 219
Tl A4 FR AR 2017 AF AT ABDIR I AR PR, 2017 AF R T PM, W FE AR Y B8 2 ( PR BE 28 R ot
FRifE) (GB 3095—2012) Y 0.14 7%, 72 B 15 5 K DL AYEAR K R, PLPM, s o8 1 2875 e W 00 KRB0
42.77% AL 77 3 DR UBURE ) T e — e & =5 A 2 J. (Rt ARG o R SR B B Tl 2017 4F 1 A
[ PM, FF i, R & £ 35200 Cd Zn Ph As 4§ 13 FlG 2 0 &8 RE, R B 70 i 2 12 W &
FRAPM, 5 HFICER 0 RV, LU il 25 1 i 2 Ut ddhoste 7 S S (IR

1 #BS 7 ( Materials and methods)

1.1 FEACREE

ARBIFGE RAE B BT AR T I & X (KE) SO 2 FE (WH) ISR 24 (ZX) SRFERT BEh 2017 4
1H 4 H—1 H17 H, R A 0 8 DURET 2 A 1y H 30 & 0K 90 SR RE 8, SRR U8 15 Ry 3R T4 s U6 i
(D90 mm ) SRAFE R FH 7T M EASCT SRARE (S 2% T e T A7 A offE | SRR B 1852 R 100 Lemin™' & H L4
8:00—9.:00 FFUARAE ;R4 23+ 1 b B H 7 S A SR 1 5Kas (B FIBR2S FHE, REA 5E
EIE56 5K ; SRAELE RS HGIEIEE F-4 °C VKA ORA7.
1.2 BT

fdi 26 ) Agilent 23 W)Y Agilent 7500a %Y HL B 5 55 B TR BTIE AL (ICP-MS) 73 HrFE i P ) Na Cr
Cu.V.Zn Ni As Pb Mnl Cd 3£ 10 FioCE , FHHUEHE G 55 8 7 6% (L (ICP-OES) 434 Al Mg Ca Fil Fe
4 M.
1.3 RS REERI AT A o 45 i

SRAEHPRE 2 R IG IR E T 60 “CHURE 1 2 h, SRAERT G 0K 8 BRI I 1 R 7 25 747 3 d,
ARSI |V 3 A5 X A 14 5 M SR R T X g 5K D8 R A 7 3 SR o, L Bl A2 1T TP PR 2 SR 2
{E/NF+0.005 mg M1k, BCOFHI{H

FESR TR R P, 450 M (A AR X R 25 FNBR R 22 3475 /N T 5% , LA 2 4B T 2R 5 0 5
10 ANFE S SR T B SRS HE RN 25 (N | ST RGN 235 SR 45 200l J I s ok

2 5 59718 (Results and discussion)
2.1 PM, RJEHE

1R T 5T 3 I RO PM, o H B B e AR A 00 i B 1 ml DL, 3 AN g i 52 P,
H 5 e AR A AR — B (HTF R X PM, o H U R T 53 ShI A, 5501 % XA 3% 3lxt PM,
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HERL B2 M A KA O TF R IX ST B RN Af — 2 4 28 P, Wk B2 34 (B 43 3 R 103.86+54.51 ,69.10+
35.26,72.05+37.21 pg - m” AR (IR EE A AR ME) (GB 3095—2012) 94 b5 i H vk i PR {H
(75 pg-m™) A A AT R X PM, R 2 AR 1.38 553 AW &3 PM, s H¥ME 14 d H43004F 9 4.7 d
AR,

—&— JF & [X Development Area
250 - —e— xfk/AE Cultural Park
| —&— %1% Secondary Middle School

200 -
150

100 -

Concentration/(ug-m™)

1 1 1 1 1 1 1 1 1 1 1 1 1 1
¥ 9 ¥ 5 %® 9 2 D9 2 F 22T
A L L
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Fig.1 Concentrations of PM, 5 in winter in‘Panjin

2.2 PM,HhICE TG YLHHIE

ST A2 3 AN W S A7 PM,  H o 9k B R F Q018 2 7R PM, s FF Al Ca Fe Na Mg.Zn . Pb Mn,
V. As.Cu Ni Cr il Cd JCE 2T B ¥{H 2 5k 393.18 376.71,365.95,345.16,284.78 | 126.77 ,39.22
17.12.15.71.9.48 8.36 .6.31 .4.48 1.38 ng-m_° , Hi[1 Al Ca Fe Na Mg .Zn Fl Pb JUZ i e & 2 5 B
KT R W ) 96.85%. A1 Ca Na Mg V. As Ni il Cr JTCRTERS IR 22 R 5B/, e KA S f/IMAE
ZHINT 1.5 4, R R T & AL LR ST R TS L 152 e 72 B2 8 A A 8L Fe . Zn \Pb Mn , Cu il
Cd m%%f%,.\uzmhijt{ﬁ'ﬁmd\ﬁzttﬁa\ﬂw 1.68.1.73 .1.62.1.68 .2.45 Fl 1.55 1% , ¥ KT 1.5,
SERER, HLk JUFP T Rl RAB H BUAE T 4 X, T & DX A A Tl R AR A 4 il i el Ak = ol [l 4 A [l
X, 2 IS G SIS Fe (Zn Pb Mn Cu Fll Cd ¥J 4316 T Al A 7= FpL gl 424 7 it i v HE .

2000 — 5 Main elements KF FF& X Development Area 80 b.Minorelements KF F#&[X Development Area
WH 4k [X Cultural Park WH 4k [X Cultural Park
ZX % —rh 2% Secondary middle School ZX % —rh 2% Secondary middle School
o 1500 60
= =
& &
£ £
ER L . 5
§ 1000 Ba0F
g g e
g g )
] ] x
500 | 20 * .
2 ak g o et
]
. 5 e - Ty
0 KF vh]zx KFPVH]ZX KF}.VH]ZX KFWH] ZX[KF WH[ 2X] KF]%I]Z KE[WH 0 KFWH] ZX KFWH] X[ KFWH] 2X] KFWH] ZX] KF[WH] ZX[ KFWH 2X] KFWHZzX
Al Ca Mg Na Pb As Cd Cr Cu Mn Ni \

2 EERTTAERAPM, PILREE

Fig.2 Concentrations of elements in PM, 5 during winter in Panjin
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a5 ABE A TEARME) (GB 3095—2012) 1 Ph Cd #1 As JCZEARHERR(E (500.5.6 ng-m™) Lt
B, AIAN P A Cd IR FARERRME , As TCR AR & X SO A B FIEE b2 4 2 As ZEH{E 5351 h
12.02 .8.20 .8.22 ng-m™ , 23 AR 2.00 .1.37 F1 1.37 1%, As T B R IFALIEMRIEBR B 5Nk Ia B4 1E N
FERT AR FEMTGRITER X 5 AR FE A G

1 RWIRE T KA PM, s PIeE f s KE. 5 AR T A e, AR v SR T V TR IR
i, HA TR IR AL V ST Z R AR R ST I AR A ek S o E R B S i
AN TR, PRI V ST R R K T HAB S T AR T B A KRB 22 5 5T AR PM, B
B YL YR AR AL (8] 45 75 YL IR A9 76 3K A .

1 AFEBETT KRS PM, PR FERE (ng-m™)

Table 1 Concentrations of elements in PM, 5 in different cities(ng-m™)

R Y,
City Sampling date  (pug-m™>)

Al Ca Fe Na Mg Zn Pb Mn v As Cu Ni Cr Cd

#E 201741 H 81.67 393.18 376.71 365.95 345.16 284.78 126.77 39.22 17.12 1571 9.48 836 631 = 4.48 1.38

2N 20124E 12 1205 — —  — — — 497 1056 214 1196 34.16 69.15 1419 30.56  8.47
FoM LT 2013 4E 12 A 108 647 2430 807 1010 400 499 1363 725 36 — 409 38 7 5.97
Jemis) 2014451 H 92.0 — 4983 4624 — — — 495 178 500 112 — 90 43 —
mHlel 20134127 1126 — — —  — — 183 1363 486 7.1 111 82 74 93 1.9
b7 2016451 H 70.64 - -  —  — — 7100 4500 1854 — 800 1600 1.10 0.73 8.50

2.3 PM,hICEAKES BT
23.1 EERNT

& 2K (Enrichment Factor, EF) & I T40 8 K UWCR 1 eb o0 F 15 G ik A0SR 5 A 5 vl
TR AR R R IC R A & AR AR B, o] DAL R SR v 75 e e R (0 F AR RN R R TR & 4R
Pyt A (1)

(C/C.) e

SHC/C) =

Kb, CEIIFE RIS ¢ FOTER M A 405 T C N E NS TR A 73 & i T iR Bokiy ™ S K4

PRI ICR W E G, T TR RIS E RE T or R A S E AR E R RN, i

TCER M E SRR R 5 NG 15 YO R = W 52 N R R R SE MR, TR 53 L3R 2 AT SR B AL

ERZ ot E  EHEL TE A B LIRS AP OEE N LIRS R G e R E &8 FH
N (D) RS EEART A B RR PM, POt R E £ R TN 3 Fin.

H1 8 3 W, AR T 222 K PM, s ITE Cd Zn Pb As Fil Cu( UL AES —rh 2Rk ) & 4
TR T 40, )& TR & 4, Ui £ 22 2 AR M. Cd  Zn  Pb As Fil Cu JCER TEAS [A] 55467 Z Hif 14 22
SRR, L Z B KB/ IMBEZ e (R H ) R T 1.5, Hap RAE Y S BRAE T e XS, SR &
X2 B ARSI B R e K. Cd JCR & AR R e, T R 1861.69, Tl RS (16 7k MR Ak
B BB AERE GBS ) R R Cd 5 H) EEORVE Y . Zn B AR N ME O 244,13, H 3 SR E TR
IR MLBh A RS HEBOMAR IS 56 R B 45, o J2 b 3 S IR Be AR IR oe R P Ph B AR T F- (A
218.08, KA Pb WRIET 1z , BAR TS AT i ) 2 (W88 1 L3l 42 R RO R Ph B 52
i) AEE ARG TV G A R Ph B SRR s ™ R L US|, Hefb R
TR L TE As B AR T30 121.87, HEBORIE THAIREE ™ | TA MR, S EORFE R,
PRIt As JTER ' SRR IR B o & 4R . Cu W AR R 1P 34ME Y 46.30 , A [a] U 22 8] 22 5 e K, oA (R L
R 2.59 , FEHHNIA] s A7 32 B A IR ) Y R B B SR AN [R). T 2% DX A B A A R A R A T SCAR A
PEL RIS —rp 208 Tomal s 4. RAFRY b Cu EERE TR S TMPLsh 2B, R KR ke
HER DL S SR ARG A s g A 2 R & X Cu & R AR R T SCb A T sl — vy,

JCE Ni\V B R FETE 20—40 Z 1], J8 TR ZU s 48, Ui I AL ER T & 22 KA PM, s Ni LV JT
FEEZ TNV BRI AR RO R > FIB L2 4 B SRS Ni f9SR IR T E Cr Ca
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Mg & 8P HE A 5—20 Z 00, 8 T 3 5 42 S TEX R H Cr Ca il Mg JCER I E SR E
AR . Cr FERIETHLEh 4 R Tk S HERL ™, Ca FIl Mg J2/K TR A K AIFRE G R 2 3
FH R AR A K TR Mg 38 AT BB 2 1R R T A0 R20 28 6K Mn Na & 5 N - 9(E 878 2—5 2],
WP R, CE Fe BENTFEHE/NT 2,8 TRME £ 881 LK PM,H Cr.Ca Mg Mn Na
Fl Fe LR B L H T XMEE/NTF 10, UL A IEXT L EZmAR /N, E23Z2 [ R IEZ M ;Cd Zn Pb As Cu,
Ni F V 8 H T EHE AT 10, 28] 52 AT

®2 WHHENTIHE

Table 2 Classes of enrichment factor

EF {8 EF value EHEME Enrichment Level 75440 Pollution Standard
<2 <l ALEHE,1—2 NRMEE 1
2—5 TR R (HE3h) 2
5—20 BEEE 3
20—40 SRALE A 4
=40 e 4 5

®3 ARTTATRTPM, s POCREERN T

Table 3 Elements enrichment factors in PM, 5 during winter of Panjin

o5 o

JLER e S T kX P& /NTT| . X e RAE/ e/ IME
Element  Background value/%  Development Area Cultural Park Se“’“gj?o O’:/hddle Average EF,./EF,.

cd 0.84x10°3 2609.97 1608.81 1366.31 1861.69 1.91

Zn 5.91x10™ 348.56 188.05 195.77 244.13 1.85

Ph 2.07%10°3 308.21 185.62 160.40 218.08 1.92

As 0.86x10" 165.29 108-61 91.70 121.87 1.80

Cu 1.85%x107 71.52 39.80 27.59 46.30 2.59

Ni 2.46x10°3 37.80 34351 20.45 30.92 1.85

v 8.18x1073 23.73 25.74 24.49 24.49 1.08
Cr 5.45%10°3 11.82 8.22 8.92 9.65 1.44

Ca 0.80 7.22 8.99 5.78 7.33 1.56

Mg 0.77 6.09 4.40 5.22 5.24 1.39
Mn 5.63x107 5.78 3.13 3.04 3.98 1.90

Na 1.48 357 2.94 2.57 3.03 1.39

Fe 2.77 2.68 1.39 1.71 1.93 1.94

2.3.2 HF4HT

Rk —2 T AR T AR PM, O R 1 R EORUE, B ST SPSS16.0, R FH B T2 Hr 1)
J7E KR HA R SR T 3 3l R PM, # TR 174341, ot KMO ( Kaiser—Meyer—Olkin ) £ %5
B4 0.632(>0.5) , BV FIAFERIZARKG 5616 4 0.000( <0.05) , AT FE4T 143 b 88 11k 7 22 e K iE ik ok 4%
TCERFERL 4 A EZHE T IR A T RIEE, 455 3k 4 iR,

% 4 WoRHTFH AR 4 AP, BRI 2509 74.858% . 1 F 1 ff R T 5 2219 26.984%
Hrh Cu(0.915) (As(0.854) Ph(0.781) IYZRAT K, Cu  As | Pb J& M BABE Y 2, M e 1 1 AUk
SRR A R 2 fR R T T 2210 22.315% , Hor Mn(0.815) \Mg(0.777) .Zn(0.759) B2k faf 48 K, Mn  Zn
KR FALSNZE R AHEA, RIE Zn WRIE TR ICHE G EE 41, Mg W] 68 S5 AL 80 4247 b i A4 f e 20 A5 G, BT
DA 2 ACFTE B A @20 I 7 3 ff e T M7 2510 13.862% , Hid Ni(0.843) 'V (0.739) U ZR T K, Ni |
V FEORIETRAMIREE , I R 3 (AR MR AR K 4 ff ks T 85 2519 11.697% , Hoh ooz A1(0.905)
FIZRAT LR, AL SR i i E B e R 2 — I F 4 RFE LA n o, S 4R KA
PM, s EEORIE TR L 8 B sC s SRR 3 .

ARACAS TR 308 1l T8 £ 2 KA ks ) 5 B YR 25 SR AN R 5 B ] UL, ZR b b IXOAS [ 3k Tl 4% 2 K A< ki
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WA AR R 95 Gk, A2 | 138 2055  AEOR TR RS R T REIRES AL | Tl S5 M SE AN [R], 2% 75 G
PEOR RARIURE ) ) BT HR AT 2 5 S5 T A A Tl & 3k, DR IMO R 242 ) i 8 A R SUURE ¥ ek TR
AR T AR AU AL AR T, 25 T 2 2 0 Sl 2 ) S 0 K. PRk, Syl oy 8 v = Ui, B BT 5 2 ok
X I A T 47 2 B ) ISR BT 4 0 B 5 L T R A4 5 e A T K BOAR A B TR i
[RI, A A Xt B A Tl A= A8 0 B8, B FUR s kL.

R4 EWTTAT PM, R ICR R IR ORTT 22 e 1o rdl 2R

Table 4 Results of rotated component matrix of elements in PM, 5 during winter in Panjin

Hor H+ 1 HF2 A3 A5 4
Component Factor 1 Factor 2 Factor 3 Factor 4
Cu 0.915 -0.070 0.047 -0.030
As 0.854 0.195 0.287 -0.227
Pb 0.781 0.499 0.137 -0.251
Na 0.654 0.396 0.524 ~0.070
Cd 0.463 0.113 0.285 ~0.347
Mn 0.423 0.815 -0.014 -0.043
Mg -0.198 0.777 0.142 -0.068
Zn 0.407 0.759 0.099 -0.242
Cr 0.571 0.683 0.190 -0.175
Fe -0.004 0.541 -0.315 0.200
Ni 0.087 0.123 0.843 -0.198
v 0.454 -0.180 0.739 0.013
Al -0.155 0.029 0.047 0.905
Ca -0.098 -0.115 -0.237 0.634
FRIE(E 3.778 30124 1.941 1.638
T3 2 TTERAS % 26.984 22315 13.862 11.697
Fit5 2 5Tk % 26.984 49,299 63.161 74.858

RS RIEAR R AR AUBORE ) 2R

Table 5 Main sources of atmospheric particulates in different cities in Northeast China in winter

i UK 44 i i) EX 230 ik
City Size Period Major sources Reference
fiLk PM, 2017 4E 1 H BEEZR GERSSE A WA R e ABFS
Bl PM, 5 2016 4E 1 A Wgaa i ML ERS RS S [14]

Hir 1 PM,, 2004 4F 1 A B BRRREL | XD UK IR A [30]
AL PM,, 2002451 H R Tl R HEFUKIR A [30]
eI TSP 2002 4E 1 A WA A B R [30]
K PM,, 20124E 1 A FHER ISR GE R TV HLsh 4R ARk [31]

W IR PM, 2010 4F 10 A BEARA RERERER ATk [32]

T 3P BORUEAY TR R B/ IMEUCHES

Note: The contributions from the main sources in the table are arranged in order of largest to smallest.

3 %52 ( Conclusions)

(1) BT ARRA PM, 5 H BJU RN A FF 4 X >85> SR A B, 3 AW PM,, 5 H ¥
{E 43514 103.86.69.10,72.05 pg-m™ ;PM, HHME 14 d 43504 9.4 F17 d #HFx.

(2) FHRTTA R RA PM, s P& TC R R T 2AE H 5 BIMIIKICA Al>Ca>Fe>Na>Mg>Zn>Ph>Mn>V >
As>Cu>Ni>Cr>Cd, HiH Al Ca Fe \Na Mg . Zn £ Pb JCZ i 5 2 A5 EA R oo R R 1 96.85%
JERA PM, EE A TCE ; As JTUR MR RE 1 8525 ST R ERR(E (6 ng-m™) 2 F LT RICE.
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(3) & LR TR | T 4R PM, H, 7&K Cd . Zn Pb As Cu JE TH IR ELE, LR NIV
J& THREVE 4, JCEK Cr.Ca I Mg J& T & &4 ,J0FK Mn Na J& T E A, JUR Fe J& THRME % ;Cd,
Zn Pb As Cu Ni M1 V EFZ A\ NIERE , Cr Ca Mn Mg Na 1 Fe T8 [ SRIFFE .

(4) AT P25 R mT A, B8 T AR PM, 15 e R I BRI M 2 38 6 22 2 SRR
At
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