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FREE (B) S8 o A T E 4 R 0TS A FAE AR XU AT 25 A TR, BERKMRAETY ST iR
3P T RER T 4R 25 6 15 Y 45 AU (integrated pollution index of the dust heavy metal, IPI.dhm)
TR

S ARG AL I 4 JE IR A AT B R T O s, AL AE AL A% B i P 772 (chemical mass balance, CMB)!'™),
76 %F 3 i 43 43 Br -£ 6 2614 7] I3 (absolute principal component score-multiple linear regression, APCS-
MLR)!™ | 1F %2 %0 B4 K F 43 BT 5 (positive matrix factorization, PMF)!"*'% Fl Unmix #5 #1780 DL |y
3 o B A 4R IO B SO AE BN RE S AT a2, ETIR TS QLR . PMIF B AR 36 [ AR B
W R R A B AU S FE KRR A & 8 IR AT s Th A5 2] 1 AT, APCS-MLR 2 T
PCA VHZAF T, 38 2k 0 J5 0 5080 34647 b ME AL R T H I8 TR 1 B 48 X LS4 53 ( APCS) , &5 & 2 u4tk
(o] P A5 AU 380 R 7% 7 4 @ O BTk 38 . APCS-MLR Al PMF AN 75 2 90 5 0 2 ) VR I o S, AN &
e BRI, A% CMB 52 RB R 7l | Sk, 2R TR, B2 AR fefF
TE— 7 Jm BR M .

VEAEH, HR¥RTH KRBT R E R T PM, ., B S 0 A5 R0 . VR A K XU P45 25
A2 MO T RAFEAR T & BRI R R T, AROF5%EE: PMF 1 APCS-MLR #1718
GRENT, ME I UE,  DARE S IR A AT 0 HER . HBEE T A T s R A Y A B VA X, T
XA NG fE) FEE AN, SRS EFEEG . IRTALsh A E sy
fn, kAT RLBOR WK, MR A RS . B, ARWESE DAIREE T R I O AR S, R
PEA R DI RE XA 3 AN RAE A, REE 2AE B RAVIRERE S, ot 10 M & m o R a4, If
K H PMF 1 APCS-MLR 4 i 52 {455 TR 05 18 S8 T DR~ e 242 v 5 J SR URLE AT M A, 2 TT LL 50 ] 46 7R
TR AF AT B35 PR, B KRR RIS & AW 2 AR, 255 ook i R 2 B 46 JB 255 1 48 HiisE Y
LA I AR RS G IR X KA RS A b 8 P e & Jm i s e R B, DA D 4 ) b IX ER 4w 75 L K
SBURLTS JWIB R R LS %

U RS
L1 RS

HEER T AL T b A F &6, PUAR RATIIAK, ARESEICPIEAHEE, SI0P54 . 1L ARE F
P AR H BRI R AR 434 km?, FE AT 367.42x10° A DA KREMESE N F, 4R
PSR 13.5 €, AEFE/K i 400~800 mm. B FRBEATARM MR, LFEATIEILK .

1.2 #mRESESH
1.2.1 FHF&mk%E

SR 5 Sy 4 T ML VTP IS T T2 3k X R AR 2R HE A R TS Yl KT, AE HB R T T2 3k X AN [R] T B X AR
BT 3 KRAVIRERAE S LA ), BB (KY). W d6HEER T 4R 35 7K Ab B (DW) iy 45 45 141 HiE 9
Al (HG). KY SRAE A T TR K= i 5k

2 e S W BE T (36.57°N. 114.50°E), J&l i i A M@E 114.53°

S S8 27 B RIS SR A 52 R 2 Be A5 A, AR ’+

Y X ; DW RFE £ (36.63°N. 114.53°E) i T4t 00Np fra_[L| 13663°N
WARBETZ, JEEE RN RE R, v s b
RFATEIX ; HG KFE M (36.60°N., 114.44°E) fii  36.59°Nf i {36.59°N 4
T B R AR A 2 W) 5 K AL FRE AR TR, 1R EE S L
STl Aol B e, ARER T XL BT R R A YIS i ol et 1,

A T AR Vel R 22 55 T A SR A TS e AT Fig. 1 Distribution of sampling sites
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I8 T AR R TR Tl IR X M AU T B X A B . R A KA TR UTRE A 80 R R 4% (TE-78-100 %4, 32 [
Tisch AR WE KR TR, & ARCRE K TUIRE, BEKGBERIIRE, BUIHEZ 0.45 pm
AL UE R L 8 )5 F (105+5) CHtEfE i . BS54 H TUEEGIHFNE. F 20174 12 H —
2019 4F 11 HHRE T 12 D KRABEAM G, RAERB N 30+2) do FEARRE GRS %5 B0 7] 55 5
=, RN RESRYE TR
122 M &4 2 Fa ] 2

FRULZ 0.05 g B2 FE S A PTFE JH A5, JNA 3 mL HCl, 3 mL HNO; #il 1 mL HF, 7£ 180 C
T B 2.5 ho SRS I MR RECLE H AR ARG R (150 °C), TFFEMZE R I mL i), BRHEZE
W, H 3% i HNO; ek, Jfi i 0.45 pm SFLUE B 38 2 100 mL SR P e 4. hiv/NR 2, &
12 48 5 A6 E AT 1A a0 s (0T IR, SE G 4% IR PR 2S (I{E . Al. Fe, Cu, Mn, Cd, Cr,
Ni. Pb il Zn %5 9 F 4 J@ JC K & 2 % /] ICP-MS(X Series 2 %, 2 [# Thermo Fisher 23 &) W% . T
ICP-MS # I As f77E BUI5 T4, i As R R T2 66T (AFS-230E, [ 1k A (A BHE A BR 2
ALY WP, AR R I 10% B RE S SEAT AT R G A AR R 25 S I AE <5%; H R IERRED)
it GBWO07408(# + + 4 GSS-8) #EAT it #41fil , 45 70 Z AEFRMEY) 0T (1 IR Ry 849%~118% .
13 ZikiER

1) PMF 55 #Y , PMF #5878 2 36 F AU /D — T i dE A7 B s NI ARTTA50, A B b 4o i 5 B X LA AS:
FNHE GMF, IR 80 FESEAT LA SR A% . >4 H bR sR 2T O Se/INEE RIS S A A, 113 L =K
(H~3) -

P
X1j=Z(GikXij)+Ei_,‘ 1
k=1
"\ E,
= —_ 2
0-32.(5] @
i=1 j=1
5 X MDLc < MDL
Uij = 6 - (3)
V(6 % ¢)* +(MDL)*¢c > MDL

e XN AR R R FOC RS, meke s Gy W KN DT RS 1R a1 TR
Fy WA kAT e E B AR, mgkg s B, 0 i SRR FOEZ 9522 0 ) PMF AL
RIGE SCHY EHARBRE; U AR i DA AR j FOTR AR I € 2 ; MDL K i BR, mgkg™'; 6 ARXS
Wi 2= ; c HoTR &, mgkg'.

2) 4 %5 743 B -2 o4 M 01 I3 (APCS-MLR) o 4%} K 4347 -2 Je 2 M [0l 15 (APCS-MLR) 5% {4
7 Thurston il Spengler(1985) $ 114, %77 1k i S AR J5 IR ) FH 32 B2 40 BT (PCA) 5 31 ) 4 v
AR 45 23 FURRAE 1) 5 2E 17 APCS-MLR & S IR b . 5%, IR B ir b A=k @) Fis .

_Cy- C

7= =L 4)
Kr: €, W i DREA PR j RS R RN, mekg s CRINIGE j AT ; o NG
RjIbrEZE.
I 0 W BN FEAI AR HELL,, TR AR ) .
0-C,
(ZO)j: = (5)

J J



55114 RS BT PMFEMIAPCS-MLRAFE R A TV I T RS b 4 SR IR AT M 25515 GeiT iy 3819

i3k PCA F 573 o3 # vl 45 B bR AL J5 175 G WDk BEREAS (8 IH 7~ 15903 o R Fh TS G o0 2R 19 48 %
7 (APCS) Al th HSEAEARY R 515 7008 2 Z, B I 74320 k4G TE . FPRE APCS /108 F 28, DA 4
Jig S I e FEE DAy DR g AT Z2 o0 2R [l U o A, A BRG] U5 R KR APCS e Al o BN 15 YL IR B
AMFEAR W EE TTER, TR (6) FroR .

P
Cj=bo; + Z (bi; - APCS,) ©

L CHESE ) BT BOREE; by, WESJE j Z 0B HE R0 by, R IR kA48 j 1y HIH &R
B, APCS, R4kt £ o F14555 p W F48 b APCS, R p XF C I BTER S, BT A HEA R
by APCS, V- ¥IEACR T IR AP 43 5Tk

#£ APCS-MLR 2 5 vf | GTik 38 o130 A vp ] 6 HE B G0 (6L, 52 e Y050 B AR MR B 12k o oM il Uiz )
B, W T (A B A XHE L 40 R 1 TR, o X R R G I 4 JE A T kR
14 EEREETHETEMN

AR AR 45 1 Y IPLdhm AR Y PL BT R & i 575 S LE BR) MIH— L &%k, XTIt
R R ERAIW RO, FIL, ¥ BRECHITTEME LR F (EF), JEXH#ETH—~IHE, ¥
M7 8 FhE S B LEA T Y85 (Cd. Cr. Cu, Mn, Ni, Pb, Zn fl As), 5 AKX KK (7).

IPLdhm = PI, + PL + PI; + PL(7) 7)

A f . IPLdhm R E SRS A8, 2 IPLAm>05 1, £RIZ TR N B FGRET;
Pl WE4JE EF WA — L RE, M PI>015 B RRAFERE; PLIVESEE SPIMIH L RE, Y
PL>0.15 Bf 3R /R 4 R B A3 K5 PL oM H &8 1, MH — b R AL, 29 PL>0.15 By 3535 YL A
T PL,AEERE E MIH—fL &8, 24 PL>0.15 IR h B4 SR EER 7.

J
IPLdhm, = Z IPLdhm, X S 4 ®)

A . IPLdhm, W5 kR B BER 4 B L5 AT Y iR 5 oM eEM2E, IPLdhm, HoTE i BIRELE
SIBRLETT YRR S, WA i FOT R & L L.

2 #HR512

21 BRALSESSHHE

R 2E A It S, 20 I GE T T HRHE T 3 A ThBEIX 2017 4F 12 H—2019 4F 11 A KA M
H 0 FEEICE S ENEEE, AN E T84 (A R) BT SE @ Ra9TIe g LS R
H”) S (WL 1o B ALZA, HoAth 9 Fh &R o &5 Fi i /o 8l Tirde 4 389 (5. Mn Al
In S REE ., 43 1259.09 A1 1 104.95 mgkg ' Cd i 0 A%, “FHME /T 10 mgkg';
Cd. Cr. Cu. Mn. Ni. Pb. Zn 1 As & 5 V- {E 535 ki db 44 9 S (A1) 112.06. 2.10. 5.11.
213, 251, 10.93, 15.37 F13.09 £, X KUIHBHEE T KR 482 N WK . ALY L& 55
BT Ab A B3 (8 Fe M P34 & 40 BUR WAL T35 S (E 1 2.69 £ .

AFRVIGEX TR TR BAAAERKRESR, BARE T X &R S ERm, EEXKKZ, mAX
B/ o 33X B A M 1) Tl & Sh o SR T B2 b & R S R AAAE B A R T UEE Tl o 3,
BRIl S R Tl 55— K™k, 2018 AEHR SR M 4K 7~ 1 oy 4.12%107 ¢, (I db4 7~ & 1Y 17.40%, &
S E BT 4.50%, S ARHUBIR 2 T A\ K EE BT 7 IR T A 3R XV R A AL
TR A5 Tl A b HE I K AT 10 52 38 32 Hi PT BB 2 o A2 Ml DX e b b B 4 S T 3R A I SR A

F2RY, 5ENIMLAI T AL, HBHEE T KRR Cd R Zn TR BUR T EET, |
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Table 1 Concentrations of metals in atmospheric deposition

BRFIE AV%  Fol% cd/ Cr/ Cu/ Mn/ Ni/ Pb/ Zn/ As/
(mg'kg") (mgkg!)  (mgkg")  (mgkg') (mgkg') (mgkgh)  (mgkg')  (mgkg)

ey 304 432 5.07+ 101.94+ 94,86+ 1029.10+ 62.41+ 198.88+ 1031.83+ 33.83+
2.39 0.96 133 100.58 51.72 236.13 42.12 123.68 214.77 7.69

i 406k 495 6.85+ 143.95+ 106.79+ 1171.26+ 80.77+ 223.92+ 1190.32+ 39.81=+
2.74 1.89 428 133.11 39.08 381.29 55.59 118.20 547.09 13.14

Tyx 3S1E 1355 8.28+ 166.83+ 120.43+ 1576.92+ 73.24+ 249.11+ 1092.69+ 44,85+
2.73 3.98 3.81 116.93 112.50 649.98 49.39 120.77 395.05 6.61

3PIXKEL 353+ 761+ 6.73+ 137.57+ 107.35+ 1259.09+ 72.14+ 223.97+ 1 104.95+ 39.51+
FIE 262 4.96 3.60 119.06 74.65 506.61 9.23 20.97 408.39 10.48
ml:%‘i 6.72+  2.82+ 0.06+ 65.40+ 21.00+ 592.00+ 28.70+ 20.50+ 71.90+ 12.80+
S 1.00 0.69 3.57 133 134 1.30 1.46 1.36 1.49 1.44

T R PTREUE P EbR 22 S AL E 2 (AR W

*2 HMEHTREANMBSBTASEEPEESRRENHN

Table 2 Content of heavy metals in atmospheric deposition in Handan and some cities of China and abroad mg-kg!
Hh gk cd Cr Cu Mn Ni Pb Zn As A EIIE S
H SR 6.74  137.58 107.36 1259.10 72.14 223.97 1104.95 39.50 ZN T
rhE RN 1.15 111.52 162.09 — — 201.29 — 32.00 SCHR[8]
thE LT 200 12830 144.90 — 51.50 93.50 572.20 — 3CHk12]
A 8.11 68.90 68.07 — 40.22 157.15 1 809.60 35.47 SCHR28]
BHEERZSR 2.98 128.70 134.10 — 55.40 128.90 640.00 63.90 3CHK[29]
SRSEAT 096  183.70 101.70 939.00 42.50 2080 597.00 12.19 SCHRI30]
SHEEERT 2.81 125.40 122.70 1 061.00 84.83 256.40 975.00 — SCHR[31]
i E R 1.59 72.68 — — 20.99 101.17 — — SCHR[32]
BB WEEL 030 3.70 7.30 390.00 3.70 0.70 56.00 0.30 SCHR[33]
PR S 0.98 37.20 67.00 — 53.40 96.30 400.30 50.60 CHK[34]
IR E R AL 0.37 4330 65.84 — 15.20 39.10 112.50 1.30 SCHR35)
ENEEIR &2 — 164 92 743 36 128 289 — 3CHk36]

T —FoRErA

o FAC T RN LR Bl RMTE . ERT . AR L Pk 5T R K AR
W, RN RARA SR 22.46 F119.73 %, Cr Y FE /P BUR T80T, msE T HABIRT . As 1Y
Tt B T2 AR A 5, 54N AEEM S . Ni 5 Pb (& 2 B F RN T . Cu i
S LRI R A5 B AR Y, (R R T AR %ﬂ;ﬁﬂ Tk A AE T B e R AR R TP E A R
EARKEW, Tk XSG S T HAMM X, 38 AR AN 5T X IR 3 Ry B 52520,
2.2 PMF #1 APCS-MLR HJiR 24
22.1 RARA

7i<FHEPAPMFSOJ_ TR, KRBT EEREFARMIEMRSE, TRERTFH, # oMl
/N, DS B bTas B MG IR T KM mTRER IR, W8N TR 3~6 #1702 5 20 1K,
i 1 A R R BT Opgpust/ Ouree /N TM A AL FHL. H A, Opope N PMF B ELTE Robust A5
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TAARIE HAR R O AR, T O, MEWERE QO EAE . BHEFEHN S, Qv T Ouue 20
B/, 97% R ZAHAE-3~30 Orepust T Ouue H PMF Wi E A RI A FE 9 S 80, MLEF R? R 0.57~1, BR
As R} 0.57, HARITUER RP KT 0.70 X U B % 7 1 ) AR g A R 30 g, f b 5 SR an & 2
FIE 7R o

XY It 2% & 2 2oy
« 2R g
£ el o
= E = E
\ = - & 1EC
N . N R . o 1= o HEC
4o Al Fe Cd Cr CuMnNi Pb Zn As &2 4
(a) A LRI IR (b) T 218 - HEROR
2 | 2 |E
&n %E+ an [E+Q2
g 1E+ g 1EH0T
= %E+ = ]E+ ?
:E E— *,E 1E—
& EC & 1E0s
08 1E— g 1E-04
& & Al Fe Cd Cr CuMnNi Pb Zn As
JTE
(d) Bl F4i B2 M IR (e) 5 Tl HERCE

E 2 PMFEEMFRENER
Fig. 2 The results of source apportionment by PMF model

PMF A F 1 & 8 m K = I JC R B Pb. Zn Ml As, 51 #k 3 43 9l O 56.60% . 39.43% Fll
60.74%(PMF). 1 F & [E 2000 4F 4= 1 A% (- 85 85 FUf & 85l JF B e 7 3R % Po BRAE
(0.005 g'L™", GB17930—2011 ZEH I EZKArifE), B, 3l Ak & & 20 Pb ok A TR
R GERSH, As RBREHER AR BT R, GE Y LB, Zn A1 Pb J2 I BRI HE ik
MEENESE TR . F TR A S b DCRUBE R e 14 75 BEIH FE R B MR, 2018 4 AN
2019 4F I8 T R ME T B B4 51y 4.01x107 F14.10x107 t, K 2.01%*Y, FHtk, FIWiH 7 1 58005
) EE O

PMF 1K 2 " Fe F1 Mn 19 & sk B . STRR R 53901 O 59.42% F138.30%. 15— 42092,
Fe 7ER + 2 Wi iy i i i THAB K +. MnJ& T8GR, HEFERMAAIES S Fetiftl, 5
TEGRR A g AR W WAt b BRSO i — KA, M HRER T R b 4 A ANk 7
[FES, MnfEC TSR 8 FhE @ U R h & it i, MOHIMr Mn E 20k A Tz KRG . HEHR
Tl XA KBS A A, K R Sk A RS, XU F 2 56 B HERC ¢ .

PMF ) A F 3 ALRY & &2 87 5 =, 5T Bk %5 °F 86.66%, Fe Fil Mn 1) & it £ far 43 51 A
26.68% 1 14.53%. AL FEHL7E i 3 A AH 34 5) B il Re e, s E8 HRIER/REEJCR . MK
AiFF 7% 3¢ B 4 HE UK 9 1 J2& Fe A1 Mn 19 TE 2R R, (AL PMF (9 [FF 3 1 Fe Al Min 2% fa7 7] fiE 3% 3] 1= 3¢
2R PO ZHANG 88 R SIS R T AU ) 7 1 A2 B R | 520 SRR b X Vb 2R () 52
M) o S 3 T 7 3 S A T Jr Il T AR R X B, T A R R T AR AR T R R R . X R
ZIRTT A P EORIE, SO T 3 H O H AR

K- 4 XF Cu 1 Zn B AHXS TTEREL =5, BTERSE 53518 61.90% Fi1 27.05% (I 5] 2). 2838 T H (1) il 2
AR T 1S o R P A Cu, RERAT & Cu, UHESME, X CuEATE PR
gL BRIP4 Za AERE IR 2 N H PRSI AR, R0 HE B S 8 Zn R,
HEEE IR AR A =B K, 2019 2 L3l 4 00 235 185.58x10% 4, ¢ 2018 4EH K T 7.4%+),
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R, HIWTR T 4 Ry 38 B A2 U5 .

K57 Cr, NiflCd IR, TTERE 2008 69.61% ., 37.91% F1 49.56%. X 2 U5 A9 45 R
HA @M. Cr fINi £k 3 T FEm Tl A5, fiR Mgk SR iR K s < 2 v
Cr Al Ni ¥ Wb 195 S fl, Ui 2 Fion R 2 A g mi K. —MAF5iAk Cr f1 Ni 5 R
W B SR TN S M, Cdk A& RN T gl i, HEHRT XA 245 A 4
T, B, TS S Tl HEROE

B 5% X3k R AR 2R 4 7 B EA T bR v

m Al ® Fe ACd v Cr * Cu

AL, R i KMO-Bartlett BRJE A3 . KMO 45 M gre Acd voro G
% 7% 0.566>0.5, Bartlett’s BRIE K56 P <0.001, 1or v
X W45 T G Jm Ju R Z ] Al REAFAESE T B o5 £ % .
HHOMISHE, BRI T A7 . k4 06f )
TG AR RN E S, R varimax JEfF 1k . % % 0.4 ¢ ¢ o .
B 6 5 T 1 0 SR B T 34 R . 1 .
v, o AT R D 22 10 32.31% . 26.87% il o ¥ -
19.38%, BitIr2%H 78.56%., X W% 3 4~ w02y ] s
T S WORCHR 0K 415 L, MG R LI 3, o4r , |
F1 " Fe, Cd. Cr. Mn. Nifll Zn (5 8 Fl N F2 P

W, STER RN 44.66% . 52.74% . 90.56% .
74.61% . 73.75% 1 81.22%. 1% L6 4: J& J2 HiL AU 1)
TolkHER TR, Bk, 8 FLIEE Tk 516 %
HERCUE -

F2 #faf 2 = I JC % O Cu. Pb Al As, BTRR 353010 80.34% . 88.47% Fil 61.64%, 5 PMF iy Al
T 1 HA —E ML Pb Al As BB M BLRUR B0 K, 1T Cu 553848 iy RIEA 6, Wik,
FI W F2 SRR 5 3C IR A TR

F3 0 AL B i 2kmmr, DTlkR R 99.52%. Al 16 R B B RE AL 5 P (& AR T4 35
soff, HEAb2EM AR E, B, W F3 o AR,
222 RITEK

7E PCA PH W AT 75 YL U5 By 55l |, FH APCS-MLR BRI HE S T 475 L ¥ 5 50 20k BE 19 pR B0OC
R, ARG Z oLk I 05 5 AR A el U R B AR A 4 R R W BTk E . PMF Hil APCS-MLR ) 5 ik
RULE 4, PMFiR G T SASUR, B SR IR G B HE RO & b de K, 5Tk R 4 il ol 40.229% Al
41.29%; Hofth 3 AN WE R BRBEHE IR | T8 A TR A Tl HERCTR , STRk R 50N 2.18% . 6.13% .
10.17 (&l 4 (a) )o APCS-MLR #5134
VR, Tl SR RO 5 R R, TTER R A
50.74%; JHLUJE A ARUE, DTERER N 30.32%; R
be 5 28 38 R A VR STk iR b, BTk 18.93% 0229 30.74%
(4 (b) )o X 2 P52 PRARL Y 2535550 Tk I 41.29%
23 AT A SR TR KR K SRR AR 1

3 mERETEEER

Fig. 3 Rotation factor loading matrix

10.17% e 2.18%
6.13% '

30.32%,

18.93%
wIRIEHEIR w i AR B Tk SRR

FEERPE RS = TAVHERE WRHE 5 5 IR A
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[SEAE (B/M) A2 B 1, WA RO B ar . 2 FRBE AL (Y g SR L 3% 3.

PMF A& 81 10 T Z A9 2 SEX{E A (0.89+0.12) , 1 APCS-MLR &) 2 SEH{E 4 (0.86+0.08),
A It , PMF It APCS-MLR 8l & B ¥ & . PMF A% EMM F ¥ { & (0.97£0.05) , K T APCS-MLR
(0.91£0.08), M VT #2 & 5K {56 PMF #¢ APCS-MLR HE 1)

# 3 PMF F1 APCS-MLR i& f MBI EL 5%
Table 3 Comparison of fitting degree of PMF and APCS-MLR

FERME T/ meke ) - APCSMR
fiit{E/(mgkg)  # EM  fliitHE/(mgke)  # EM
Al 3537831 3537831 11 32 548.05 0.87 0.92
Fe 76 086.62 76 086.62 11 67 717.09 0.92 0.89
cd 6.74 6.23 0.75 0.92 6.87 0.90 1.02
Cr 137.58 137.18 0.99 0.98 132.08 0.91 0.96
Cu 107.36 88.52 0.88 0.82 85.89 0.77 0.80
Mn 1259.10 1259.06 0.99 1.00 115837 0.92 0.92
Ni 72.14 73.36 0.82 1.02 69.25 0.89 0.96
Pb 22397 221.63 0.94 0.99 230.69 0.94 1.03
Zn 1104.95 1082.02 0.85 0.98 950.26 0.79 0.86
As 39.50 38.01 0.63 0.96 30.42 0.69 0.77
MBS T E5 R, X 3 Fh 32 (AR AL 1R 22¢ Zz3Cd CJCr C0Cu £XIMn
I Tl . S A AR I K Bk N = e m
Wb 4 ) EBEOR TR (18] 5) o 2 Fh 2 AR AY i:i: 7
HTFEEZER, HMAT 0y E I A e 4 § 12F % %
IR . A% T APCS-MLR fi# 7 Hi 9 1 7 U5, = ol =
PMF 4173t T B Z 1995, anLA Fe F1 Mn g £ % 0.6
e AR 1028 B HERCU . LI, MR R Fe 04} %
(7=1) Al Mn (=0.99) B30 &5 B4k, H Fe £ O RN B SR 1A IR MR
Tk X m TAWE XA X, B G HER IR
M HE RO Fe 76 R AURE A s e il 2 250N . B 5 &EREASRERn S
[) A} B2 8% R Rl 52 AR AR R X As 1)~ {H 53T, 2 Fig. 5 Average contributions of the sources to /PI.dhm

PMF 41143t DL As Ay 32 2 38 5T wik () 8 J5E HE ik
PR, XAt — 2 i ) PMF [ i A 45 SR AR

SASKRE , PMF X T & LG MR T 45 R K2 5 APCS-MLR A8, {H PMF & T {5 M L1 7 51
A 2EMITER , IFXT A TR W B S AN 8 S BT SUIMAUEG T, AT 45 R T R R 24
YRR E o Xt PMF 78 5 i BT 7 T 28 BLA I i R BP0 SR, APCS-MLR R ik 3
BAEIEAT AL, AR IR 22 A 7 B MG RLIE 59 4 APCS-MLR A Z2 3R M 5 o0 2 G far v 49 S, 0
S PR U Y 25 5
23 BRALBEEREEITREITEN

K H TPL.dhm A5 70 X HS 8 77 R AR 2 v 3 &2 JB A T35 e bR, A3 T R X AR NS IXOR T
b X BEAAE S 8 FhEE 4 JR LR W PL,. PL,. PIL, A1 PL,, 7EULILAE BRI 3N IREXELEL AT
PeAs BOF A N A IME (€ 4).
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HEHR T 3 N ThfiE X Cd /Y PI,. PIL, 1 PL, 13 T4 TRDMERELBEASLIER
H1.00, T TFHMITE, XEHCdEER Table 4 Mean IPI.dhm of heavy metals in different
L R AR R, AR AT functionalarea
W R 2 1E B YT Cr PIL, {8 K 1.00, IP1.dhm RAIX HETRIX Tolk X FHME
e Cr 2 S 8 17 21 P35 2 5 KR 5 0 4 « >0l >0l >0l >0l

J&. 3TNAEIX Cu. Ni, Pb. Zn Fl As ) PI, “ : ! ! !

KT 0.15, X FHIBE 5 FpoT B AELE— 7 FEIE 1Y c 0-36 0-36 03 0-34
{‘S‘QQ i IPLdhm E/‘Jllzﬁj {E’ﬁz{ﬁ(jﬂ Cd>Cr>Zn>Pb> Mn 0.13 0.11 0.15 0.13
Cu>As>Ni>Mn, Hi 4 Ff 4 J& JC £ 9 IPLdhm F Ni 018 0.17 011 015
PIE>0.5, MW EGRNT., X4MITES T r 063 0.6 038 0.6
b K R B8 B 3 . Cd i TPLdhm F 3 8 Zn 073 071 063 07

As 0.37 0.3 0.28 0.32

B T HABTTER , UL IC R AR M5 Yt

R, XRS5 E N ZA X PR — 2
5K 53 A0 X E PR IR X A AR A A R TS AR AR AT TR SE, BRI 6 RINREIX Y Cd By
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Ko CATEWI A RIEN KRAIMBEAELS BT TR, KIIZHX KA Cd &by
T FAEM 18 4%, AT EIGYOKT . KA RRZE HEESEWEIORE, Hik, XK
SEERTPTESBHTRAMNR 0 E, JUHRE CAFEGREICE, W T HUEREXLE,
24 ETIESEAS T

44 PMF BB fif B 45 S A0 IPLdhm {5 2 5 H 5 45 VR 0905 Je ok, 25 R WA S frn . & U5 &
4 08 LA TS Y 1Y TR YR g Tl HE R TR (32.81%)>1A Bt HE SR (21.73%)>18 15 HE IR (16.80%)>14 B%
ZEE R (15.02%)> H SRR (13.63%) . Tk HE AR 2 HBHR 7 R AR 2L 4 B 25 A 15 Y i i Kot ik, B
BEFRZ, X 2 AR ST RRIRZS A B VIR G . R T R AR & B A e W5 g, 522N,
FEAETTCY . B LTt A Tl IR T A 45 R — B0 8 Tl HE R 2 3 AR IR A R T R AR TR
MRAREE 48 0 T5 Y B . RS T UM R I T HEFA 7t , A0 A58 o0 e ol . 4%
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B HRHECR (50.74%) . BRI S BIR AU (18.93%) . HARIR (30.32%). BA LA, st X+ HE
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Source apportionment of metals in atmospheric deposition of a typical
industrial city based on PMF and APCS-MLR and comprehensive pollution
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Abstract In order to study the pollution situation of atmospheric deposition in Handan urban area, 3 sampling
sites were set and 72 atmospheric deposition samples had been collected monthly from December 2017 to
November 2019 by atmospheric dry and wet deposition autosampler. Contents of 10 metals (Al, Fe, Cd, Cr, Cu,
Mn, Ni, Pb, Zn and As) in the atmospheric deposition samples were measured. The sources of metals were
identified by positive matrix factorization model (PMF) and absolute principal component score-multiple linear
regression receptor modeling (APCS-MLR). The results of two receptor models were compared. The pollution
level of 8 heavy metals was assessed by the integrated pollution index of the dust heavy metal (IPI.dhm) model.
The pollution contributions of each source were quantitatively calculated in combination with the source
apportionment results of more suitable model. Results showed that except for Al, all 9 metals in the atmospheric
deposition exceeded the corresponding soil background values for Hebei Province (A layer). 5 sources of metals
in the atmospheric deposition were identified by PMF model: source, smelting emission source, natural source,
transportation source and industrial emission source. 3 factors were identified by APCS-MLR: industrial smelter
emission source, natural source, coal-burning and transportation mixed source. Better results of PMF were
observed in this study. PMF were better than APCS-MLR. The result of IPI.dhm model showed that Cd, Cr, Zn
and Pb were the significant pollution factors. Based on the pollution assessment result of source apportionment,
the pollution contribution rates of the 5 sources were in order of industrial emission source (32.81%) > coal-
burning source (21.73%) > smelting emission source (16.80%) > transportation source (15.02%) > natural
source (13.63%). The study showed that the heavy metal pollution of atmospheric deposition in Handan urban
area was mainly affected by industrial and coal-burning emissions. It is suggested that industrial emissions
should be controlled priority and clean energy should be promoted, which could control the heavy metal
pollution of atmospheric deposition in the area.

Keywords heavy metal; source apportionment; PMF; APCS-MLR; comprehensive pollution assessment
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