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Characteristics and source apportionment of inorganic
elements in PM, . in Wenzhou, Zhejiang
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Abstract; One hundred and twelve PM, s samples were collected at 4 locations in urban districts of
Wenzhou, Zhejiang Province in January, April, July and October ( representing the four seasons) of
2015. The concentrations of 19 inorganic elements bounded to PM,  were analyzed by inductively
coupling plasma emission spectrograph ( ICP-AES ) and atomic fluorescence spectrophotometer
(AFS), to identify the pollution characteristics and source apportionment. Results showed that the
average mass concentration of PM, ; during the sampling period was 83.6 = 50.2 pg-m. The mean
mass concentrations of PM, s in SZ were the lowest in all seasons, and the concentrations of PM, < in
NP were the highest in spring and winter. The 19 inorganic elements accounted for 9.90% of the total
PM, . Na K .Ca.Si.Zn Al Mg and Fe were the dominant elements in PM, ,, accounting for 96.7%
of the measured elements. The concentrations of PM,-bound Fe, Al and Ca were higher in LW in

most of the season, possibly because of the mechanical valve commercial foundries and concrete
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companies nearby. The results of enrichment factor method and Principal Component Analysis
(PCA) indicated that coal consumption, transportation source, metal smelting and processing,
construction dust and sea salt were the main sources of PM, s in Wenzhou.

Keywords : Wenzhou, fine particles, inorganic elements, enrichment factor, principal component

analysis.

T T Hb A WY T AR 7R B S U T L DX AR SR 8 5 e R AL, ELAT IVRR AT AR AR, DR il e
TR A RN EDR AL S L R T R WA A b 2 — AR AR A AT S50 T Tl s &
JR A [] e 25 5 TR R B G 8 KA 4 ) RSB A 1 0, R AR I X SR T A 2k e 4 o K g S RIS
[, P53 PM,, 5 275 Y HE R A5 28 G F 2. [ PN AR AE 3R I, i S sl K W R 82 T a8 R sh Ty 2 AR/
F 2.5 wm PUKI (PM, 5 ) BIREE R, 2551 & S8 R AN 38 It A0 TR PM, AL AR 255
i) 2 B I K A S i B Ak DL b R RE LR EHLIC R S PM, o B B4 i 0, EERIE T A
S5 YRR (HLBHZE R AHER BRRMRGE ARG BRI 45 ) R se i ( 88X Tb R AR 755 ) .

TR R IRET 2P PM, OB A G4, F B 6048 Na Si Al Al Ti 2352 50K A K Pb Cr Zn
M Fe S B4R O R AN X T4 ZE PM, s T ICHLIC R AT /00T & B, Na K [ Fe F1 S 4§ 19 Fif
THLICE 5 PM, i A4 Y 9.2% = 2.1%. 3k 3kHk Y SEAEmF5T APEC SUUW AT K AR R
SERTERIX 5 MRS PM, 10 FHIEHLICE (Al Fe Zn H1 Pb 25) IF 2 B, Al Fe . Zn Pb ¥ &,
1E 102—103 ng-mﬂﬂﬁﬂ(qz;(]u\Ba\Mn\As\Se £ 10—102 ng'mf3 A7 Ni ok B 5, 7E 1—10 ng-mf3
(RIK - AT R AR ST B LT RS PM, 22 FHEHLOCE (K Ca Fe Cu Ni Fil Mn %) I} & 3, KA
PM, " 22 FhonE B G R 5. 22% ; X8 SEERF AT RS B TR PM, o Na K Si S Al Ca %5 23 Fh
TEHLITRE I, &R BT RS PM, s IWE R TCER T S (SiCa Al K Fe Na Fl Mg #9515 538053 5114 4.6% |
2.9% 2.8% 1.7% 1.7% 1.2% 1.2%M 1.1% , H4x 15 FocE 5 AR R 1%. A RIRFFE 504 i e £ 51
AN, FIL TR S w5

AR X ARG B S AR T, PM, s 4k B8 2418 i P2 3 1) Pl i 19 A B, IR A AR P 1) B 1 R
DNA | BRI 28 55 Go 3 5 17 i 20 M R AE | DT S S ) 5 1 FH Sl A U R 5 Wi A 25 B2 ik 2 B
Zn 5 NI SREA 2 E AR 25| K sh Bk Ak 0o M DA B s 1 2559w 5 Cr NI Pb AT Cd 4§
AREES B EA SR BN AINE R Z X AR KA PM, o ICHLIT R 5 e FR R SOk 5 A AT 1Y)
E}F%[IO-IZJ .

HHET, BB A & FRM T X KA PM, s LG E 15 G R AiE DL ORI A B 0 BF 58 AR B8 R 0 17 X 75
PeIHER G ZET AR AR AR DL SR R T 2R 56 AR ST 70 TR M T 30 X 4 A SREE A, i 4 AN REER AR
PM, S BIFSE 2015 AT N TR IX AR R IX 3RS PM, S 19 FlCHLT R 1 & S EHE , T ICHLC R 1)
FEFGYRIR, AR T KA TG Y B IG5 R J1 s SR

1 #E5S I ( Materials and methods)

1.1 BEARAE

AR (PR BT 25 SR I AT W B AR D 48w (A7) ) (BAT (I FRHE 7 ) Hh B E 139 PR3 32 1A i
W 5 A R R T S8 T ARIEN T IX KA PM, s 19 R OCHLIC K 975 e KO RARE , ABIFSE e BUR
PN IR X 4 A R (sl 45 WIS A7, R T ERBE W I Ao 3 (TRTAR SZ) R TI7 P58 W 0 0o 3 R
b (FFR OH) o 5 X PR 23 A Wil 5 (TR AR LW) DA K I RS 23 A W 0 a5 ( fRTFR NP) EAT R ARE. X
SO PR (SR ) AT T s T KNS IR AR A SR 4 A RAE A TR T
FIRIX.SZ AT REIR X, NP Hl OH S AL TR, LW S TR IX ; SZ SRkE S A TRUIT 1, J il S22
RN i B IX, RAT5 G AR X 45820 s NP SRAE s A7 T M G A T B ST A, T 4% 3 B 02 WL ) 7S 2
TE AT X A2 T3 , A AR O BT 1 8 X 4, B4R A T3, i ok, H ML A —L i
KIGEE AT LW s ROV A 8 BIX S A — Se AU I 1] 5% 38 il PR E Al .4 A>3k 55 TR
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A SRR B I FR BTS2 AR i RS AR BTN T DX 25 S Hh SR 4 19 DI TS0 D RAE A 7 S AR I L 36 1.

HR AR A v X SR A B ) B ) BT AR IR, AR T A 70 43 5 T il M ol O e B HE e ) 21 P A
S S HNEE, 9T 201541 H 4 H—12 A(& %) 4 16 H—25 H(#HZ%) .7 H 22 H—
20 H(EZ) M 10 H 18 H—24 H (FkZ=) XF 4 A RAE TR 2D PM, § W RAE SRAE A5 A5 1 2030 #Y
FfE TSP it B R AR  SREERS L 100 Lomin™" . B H SRAERFR] R RE S o W As i BRER , H BA 1R
FEE B ESRART B R 20 h, AHFFE R R D IR B RAE AT, HEORAERE M 112 A RAERT S 8 B4 A A
TR 20 °C MIXHRIE 50% +5%AHRHEEE (RH) 4508 F A E IR IR 4G 47 24 h DL .

R RAESAIEARE D
Table 1 Description of the sampling sites

J5 Number SRAE S Sampling site SRAEEH S, Location
1 T T PRBE W I 0o (SZ) 2818 :120°40'15" 45 .28°01'00”
2 TR BB W 3 25 (NP) 8% .120°40'29.2" £ .27°59'17.8"
3 T TS X PR W D3l 55 (LW) 2P . 120°4'36" L .27°58'29"
4 T T PRI W 0 v S R VA 433485 ( OHL) 280 :120°38'04" 45 :28°00'32"

1.2 e

W12 RN DR IEERE i, B 28 59 70 89 s/ N Thedh b, i AR i (R IR-RH IR IR R ) J=, AL
Optima 2100 DV 74 B JEHE & 45 25 1A & SR OGIEAL (ICP-AES ) Ml 18 FhICHLIT R 1Y & & , FrlC R 46
B(AD) f(Cd) Bi(Co) H&(Cr) H(Cu) BK(Fe) FE(SI) HF(K) BE(Mg) Jf(Mn) HA(Na) .
BE(Ni) HF(Pb) BK(Ti) 5(Ca) HL(V) B (As) FIVEE(Zn) K5 5540 172 RITIUEIERE &, AP & By
TIBY /NI TRAR T AR T A (RS R - /AR R ) )5, AL 266 BE T (AFS-230E ) il & Hg
TR Wi, TEAN AL PRS2 (BRBE 23 U ORL A S T A b Wl 5 4 me GRA 7))
1.3 Gt fRak S il

BRI HTET, H ICP-AES I 2 T 60 e B 0 b I 5 VL, o D A D oAk B 5 SE PR ABL TR 22 7E 5% LA ;
10 AFE SL A HL— A FE S AT S AR D, B ORI S PR O D o A 1R 25 N 2 10% ; SEIr i 5 A1l =
F 58828 1, FUER IR 5 AR IS rh e LT R 6 SR 25 R T
1.4 VRN TS

WA TR W Ok 2 PRI A O TE e PR PV, R EHLC R sT kY e R E £ W T
(enrichment factor, EF) 7] LLAPREAF R IATE TR E ERE EF FTRER TR i MIS TR
JO VR B 1) EU AL B DA S X N T 2R 5 2 e 3R 9 vk B (. ik (1)

(C/C,) e

Krf, CoRTTE | IR, C, NS TR n M ERE.

MEFTTE N EEFT EF > 10 B, #/R1Z0 R TEORET A NG5S S 1<EF <10 B, #RiZtE
K H ARG YR B AR TS YR A SR IR Y EF (EHIR | B8 F A IZOT R £k | R gEECE A XUk
SRR AT TSI H A B S o R N kB E Ok A e, bk R e JF HLS A
TLEAHBALERNTE.

FE 45353 Hr (Principle Component Analysis, PCA) J&—F Z o881t 404 ik, & T4 A S 55 5 e
B =5 R YR A o A PR B B AR DG R | A FH R 2 A SRR 2 FE A e e A B LA AN D 1Y
ZRGAEE , T 43 B i R A8 A5 1 B AR A T GE 3 F SPSS19.0 X Sl kA7 3 10343 #r .

(1)

2 5L 59798 (Results and discussion)

2.1 RN T DCRAE IR BREE 25 S b P, 30 5 ViR B2 1) 23 43 A R
WFE A B, BN T 2015 4F R RE T I) PM, o 57 5t € S35 75 k315 61 24 20.5—230.8 pg - m™, 4E W Iy
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83.6£50.2 pg-m L UNE 1 FHH 4 N REESF LT PV, FHER S T (AR R IE)
(GB 3095—2012) 2 H ¥ FREHRE R (75 pg-m™) ; B PM, FHE AR T 9% H ¥y 5 R
FRUE.PM, P-4 5 R B M i BUIRAR U 4 > B Fe >R T > | 2 A B KR, PM, IR I fe iy, R fIR. 4
R PM, 15 9™ B SR R R B AR GAROURE , KA BSR4 22 s SME R 5 P s i i R
T LI IX 2 5 K, KA BRI, 0 BB R 2, I ZE KA PM, s B AR 7 46,
T AR 215 PM, R BE e IR 34 SZ; 38428 NP RFE AL PM, R i s 8K ZE NP LW il OH 45 3 4~
SRAE S5, PM, B Ve B /KPR —30.SZ DU 2R PM, YR BE AR, 1T B A DR A SRAE o 8] B A AR AR R IX, R
SAGYRIEARXS D AL TRV b, KA HRAFLF NP RAE £ TN B RS T B SSICAL , P 4538
BRI R0 7S 4238 T X A3 T8, P i i B JLERME G FACkHIn TAEY; ; B NP By g AL i)
ST LB R R B FURE , B AR WSR2, 8NP RAE AT PM, R B 5 T LA RAT A5
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Fig.1 Mass concentrations of PM, ; during the sampling period in Wenzhou, 2015

2.2 A[FEZEATHERAE ST R R E AR

TN TR 2SS PM, s 19 FPOCHLIT R IR EE 5 PM, s BT WR BE 19 9.90% , Horfr He JTTER ARk .
Na K. Ca.Si.Zn Al Mg Fl Fe HELICER, TR B 96.7%.8 Fh F L TCHLICE T34 BT i Wk B 4K
N Si > K > Na > Fe > Ca > Al > Zn > Mg, HH1 Si Fe (Al Ca Fll Mg 2/ AR HISE U, TE R [ 145
72k ;Na K Al Mg EZOR [ERF ' Zn EZORIE TR0 (RRER 5 ) B30 DL SRR ) .Cr Cu
A Mn 2 HAY 10 FCHLICER B & 22 AR, B A PM, 19 0.33%.

B2 02 4 ASSRFE S PM, s 19 FhRHLT R PRIk E =548k, T LB IR A BT R Rk
FE RS TR, 5 PV, JFi W 1 A 35— SR RR AR S 20K 0 Na K Ca Si Zn Al
Mg Fil Fe. N[ 255 NP LW Hl OH SRAE S Na K Si Hil Fe S5 I0R B S W m T SZ 51, 5 PM, i ik
JE 2 (8] A3 AR AR BAT — B0 LW SREE S PM, P Fe (Al Fll Ca JTCE7E M1 Bk B8, il e 5 R ke
B SET AATUAR I 11 8% 3 A M R e = il A K.

TN T X PM, s Hr ICALIC R MR B 5 HAIR T X e (L3R 2) , WTLAE ) K Ca Al Mg Fe Fl Pb %F 0
WP KR T AL T A RS 3T, SN R L IR S5 T A A 24, 5 T R iy 1 2 3T e
JEAK3Zn Cr ,Cu Mn \Ni Ti Fll As SET0 5 R BE7K V-5 16 Ay Al 3k i A R Y, {HL I 4l o T s 60 R 3
SR 5 WM FHABI T PM, o V (Hg (Cd 1 Co S5 TR M BEIRH IR, BEAS AR AG
2.3 TN X PR A PM, SR IR R AT

(1) JTR & R

WOk T R B AR T ] e I T Z R IR T AR P I S TR A Fe [ Ti Ca Fl
AL ZEPY ORI FR AL ME S ORI RIS A RN AL A SR 2% (b [ e StE ) — 1
R b X IR B IEVE A S LR S, TR N T XA E 25 R PM, s 19 FPCHLIC 2 9 5 4R
T, 45303 3.
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Fig.2 Inorganic element concentrations of PM, < at the four sites during four seasons in Wenzhou, Zhejiang
®2 AFEIRTT AR AR AR L
Table 2 Comparisons of inorganic element concentrations in different cities
o S
i< gty R ESEN o g R
RO 2015 2009—2010 2009—2010 2012—2013 2009—2010 2007—2008 2001—2002 1998—1999
FAER X RIX RIX X X X I X
PM, 83.6+50.2 123.45+£71.59 191.19+104.29 106.5 62.25 44.33 21.24+13.71 24.6
Na 1.19+0.86 — — 6.12+4.40 — 0.185+0.204 0.084
K 1.73+£1.08 1.73£1.27 342+2.14 1.53 1.67+0.87 0.583+0.296  0.535+0.896 0.186
Ca 0.80+0.76 2.42+3.00 4.27+5.60 4.30 3.01+£1.39 0.802+0.478  0.349+0.574 0.106
Si 2.03+£1.23 — — — 1.863+1.328  0.114+0.095 —
Zn 0.51£0.35 0.32+0.24 0.68+0.47 290.78 0.24+0.12 0.281+0.153  0.057+0.039 —
Al 0.68+0.40 0.97£1.23 1.41£1.62 — 1.54+1.24 0.465+0.346  0.319+0.570 0.026
Mg 0.15£0.17 0.59+0.70 0.64+0.72 0.79 1.87+1.17 0.068+0.021  0.144+0.225 0.013
Fe 0.91£0.55 1.49+1.43 1.84+1.76 1.68 1.33+1.08 0.655+0.435  0.408+0.539 0.204
Cr 37.7£36.6" 0.02+0.12 0.01+0.01 791" 0.01+0.01 0.016:0.009 — —
Cu 314279 0.04+0.03 0.04+0.04 2527 0.02+0.01 0.180+0.133  0.011+0.007 0.009
Mn 52.8+38.0" 0.07+0.04 0.12+0.08 97.25* 0.07+0.03 0.048+0.030  0.018+0.020 0.004
Ni 12.1+8.88" 0.01£0.01 0.01+0.01 4.80" 0.01+0.01 0.004+0.003  0.005+0.003 0.001
Pb 63.0£54.4" 0.14+0.11 0.30+£0.22 158.40* 0.06+0.06 0.040+0.020  0.030+0.029 0.030
Ti 4724293 0.04+0.04 0.04+0.05 0.88" — 0.045+0.031  0.019+0.025 —
As 22.7+194" 0.03+0.05 0.02+0.02 471" — 0.023+0.012 - 0.000
v 5.13+£5.07" 0.00+0.00 0.00+0.00 — — 0.004+0.002  0.004+0.006 0.002
Hg N.D. -~ -~ -~ -~ —
Cd 4.96+7.47" 0.00+0.00 0.01+0.00 427" 0.001+0.001 — — 0.000
Co 0.70+0.62 " 0.00+0.00 0.00+0.00 — 0.000+0.000 —
e BRI AV A BN S ngem ™ AU AN pgem ™ NLDFIREBE AR K 5 ¢ TR ARG I

Note: The units of components with * were ng-m™ , the other were pg-m™; N.D. means undetected ;

“~" means not analysed.
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R3O PM, PN R EER T

Table 3 Inorganic elements enrichment factor of PM, 5 in Wenzhou city

Jay Ry 42 Py w5 A% &= A2 Y
Elements Soil background value/% Spring Summer Autumn Winter Annual average
Na 0.63 24.85 22.83 21.03 22.20 22.73
K 1.91 11.58 9.06 10.75 11.59 10.75
Ca 0.45 22.35 18.69 25.39 20.10 21.63
Zn 1.11x1072 584.5 587.6 595.1 509.7 569.2
Mg 0.60 3.35 1.98 3.29 2.95 2.89
Fe 3.07 3.72 3.02 3.64 3.73 3.53
Cr 5.23x1073 104.7 52.93 46.23 112.5 79.09
Cu 2.00x1073 229.7 118.8 130.3 227.5 176.6
Mn 6.19x1072 15.58 9.25 8.88 7.65 10.34
Ni 2.21x1073 82.73 79.29 84.05 38.67 71.19
Pb 4.07x1073 278.9 131.2 128.3 176.8 178.8
Ti 0.36 1.50 2.00 2.45 1.00 1.74
As 7.60x107* 321.18 440.0 462.2 301.0 381.1
\ 7.79x1073 13.78 7.22 14.85 0.43 9.07
Hg 1.18x107° 0.00 0.00 0.00 0.00 0.00
Cd 1.27x107° 8976 3700 5381 1691 4937
Co 9.10x107* 17.95 6.33 8.26 4.95 9.37

H 2 3 15 M T X PM, s FEHLTER M & R N F AR R K. Cd  Zn Fil As S0 1Y & L F-4B
TR F AR5 A 10, U6 X 260 2K 32 A 5 e ™ H. e 2 1 4 W7 s BUIRIK K R . Cd L Zn
As .Pb Cu ,Cr Ni.Na K Mn .,V Co Fil Ca JLE MY & LK F7E 10—40 A AT, UiX er R F2ok A A
Fi5 e Fe Mg Al Ti (Y& LR FAE 1 A4, I £ 20k [ 572 .

3 E AT LARR A 76 2 10 R U5 K] 43 T AN OB PM, 19 28205 Yol U5 A F X 6B, Ph  Cr Al
As FERAEBIREEICE )P Cu T Cd R AL 4 I A AE T 2 ) Cu EER [ M 4 4 %
PRSI ZhHL ) N VR RAE AR R C R ) Zn 52l 5 YA L) Na 2k A ik
KT A+ HERIP A K 5 A TREEA 5 Ca R HESA A AUARIL 5> s 5341, Pb Zn [ Cd I Cr 7] fE 5
GIRE RN T AT 57 YR iR N T R e B AR & R B A RGP, 2015 AR LB R
202.68 J1 0, b FAFERIGIN 14.45 T340 H A0 Y IR | VREE THC RN 2R I R S 7 b I bE b AR
£ 7.0% , 5 AERE0 L Tl 39 e LR 49.5% 5 4 4F F L & 344.00 12T FURT AR 4 & 48 TR 7 19 20 B 445
55 BRSO, FIBER N T XK PM, s IEHLITER A9 205 Y IR R IA MR &R iR e i 1. 3838 75 Y
TR (WLsh % A B IR AR R 0 DA S — R 2 55 ) (@52 DL k7.

(2) EG o pr el R

AWFFEFIH SPSS( Statistical Product and Service Solutions ) 19.0 G4, XF M 7 X K< PM, 5
19 FICHLIT Z AT 2 B4 40 . 38 2 O 25 e KBEHE 5, T 49 8 4 A BB, R T SR 1Y
80.68% , 7T 45 R W3R 4.

24 nTLLAER, TR 1R T B0 209 47.99% , i 6% Mn(0.901) .Zn(0.866) .Ph(0.873)
1 CA(0.810) [y #far EL4 K, BT Pb . Cd Al Zn = ZR T AR AN 8 42 A, PR mT DI Ir 32 % 4 1
T { AR L AL B 4 R ASCHERL ; TR 2 AR 3 AR T R 2210 18.72% 1 8.71% , H:
HR AT R TR 73l Cr(0.795) F1Ni(0.496) , B IANITER Cr Fl Ni S5 RRBEHE BRIl A2 10 T
My HERCIEA DG, FT LA 2003 2 A3 R FRIE R R BRI s A3 4 H Cu IERATER, — A
 Cu 3k H & BB H, R Bt 2 L8 428 R B AR S HE I 2= 2 — L £ 05 4 nTRE R &R
TR RS TG Y IR 255 TR T A AT RN T X KRS PM, s R IEHLIC R FEERIFEN BRI BE 28
W5 YR AR A AN T R LA R kT
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Table 4 Matrix of load factor of principal component analysis
LR % FHigr 2 FHG 3 i
Element The first component The second component The third component The fourth component

Na 0.797 -0.502 0.093 -0.007

K 0.698 0.291 -0.337 0.407

Ca 0.780 -0.106 -0.404 -0.284

Si 0.718 0.436 -0.314 -0.032

Zn 0.866 -0.269 0.200 0.045

Al 0.725 0.278 -0.425 -0.198

Mg 0.661 -0.433 -0.374 -0.279

Fe 0.783 0.480 -0.222 -0.058

Cr 0.482 0.795 0.057 -0.086

Cu 0.543 -0.079 -0.175 0.712

Mn 0.901 0.155 0.315 -0.026

Ni 0.608 0.482 0.496 0.025

Pb 0.873 -0.309 0.105 0.144

Ti 0.464 0.527 0.317 -0.055

As 0.635 -0.407 0.267 0.047

\Y 0.565 -0.654 0.198 -0.081

Cd 0.810 -0.288 0.255 -0.145

Co 0.039 0.566 0.328 -0.088

TR/ % 47.99 18.72 8.71 5.26

RIFTTHRE % 47.99 66.71 75.42 80.68
FHEAH 8.638 3.369 1.567 0.947

3 258 ( Conclusion)

(1) IR X 2015 4ERASANPRY) PM,  (IAEF- AU 2 4 (83.6 + 50.2) pg-m™, 4EHHk i I 5 3|
TR 4 ZE> B/ ZESTRTESE 28 T (SZ) SRAE AL PM, AR89V JE 5 fIK, A 2T (NP ) SRAFE 2L PM,
o e e B AR A

(2)19 FITEALTTE FIM T 5 PM, SRR BE 119 9.90% , ik B Fe v i 2 Si s it & IR T K v Zn Wk
B BT (LW) SRR 05 PM, s H Fe (AL Fl Ca JCETE L2507 LR BER &, 7T BE-5 SR AR o5 B SIT 4 AL AR )
1R A AR A A .

(3) & HFIEME R RS R R RN T X IREE 2 S PM, 2R [ BRI Sl 15 YL I8
S IRIG TSN T A7 A AR T
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