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Characteristics and Source Apportionment of Dustfall Pollutlon in the Coal Mme
Area and Surroundmg Areas, of Wuhal City in Sprmg I

wuU Hong -xuafi ,/SHI' Chang- -qing " ZHANGﬂane, ZHAO Ting-ning, HU Plng, LU Yun CHEN Tong .
(School of Soil and Water Conservation Bel]lng Forestry -Umverslty, Beijing 100083 China) .

- '““..“

Abstract To study the concentration levels, pollutlon gharactenstlcs of each functionhl area, and sources of pollutants of theZdust
heavy metals Al, As,Ba, Be, Cd, Co, Cr, @u Fe,|Li,/Mg, Mn, Ni, Pb, Sb, Tigz*V, and Zn in spring in Wuhai, 43 groups of dust
samples were collected from_different locations Withid the city from March to June 2018. The heavy metal mass concentration was then
measured using ai mductlvely coupled plasma; optleal"'emrsswn spectrometer (ICP-OES). The results showed that: (DThe average
contentsd of As Cd Cu, Pb, Cr, Ni, Sb, and Zn were 408~ 78 1.97, 27.40, 38.93, 45.97, 25.41, 2. 71, and 277. 76 mg-kg ™'
respectlv,efy , which were higher than the background values of the element soil. @Only 5 of the 18 elements had significant differences

k]

in individual intervals, and the 18 elements had similar enrichment characteristics in 5 functional areas. This meant that the heavy
metal pollution of dustfall in various functional areas of Wuhai was similar. @As, Cd, Cr, and Pb elements were key pollution factors,
and their comprehensive pollution indexes were 3. 332, 2. 622, 1.369, and 0. 523, respectively, with As and Cd as primary factors.
@ Through the analysis of pollution sources, it was found that in the Wuhai area the atmospheric dustfall was mainly caused by
industrial emissions, coal burning, traffic dust, and coal mining and transportation. Factor analysis and multiple linear regression
showed that coal was the main source of Cd pollution, with coal mining and transportation and industrial emissions accounting for
77.58% and 22.42%, respectively. The sources of As were complex, with 18.99% from industrial emissions, 15.87% from coal
burning, and 6. 79% from unknown sources.

Key words: dustfall ; heavy metal; sources; pollution characteristics; opencast mine area
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Table 2 Statistics of dustfall trace elements in the surrounding region of the study area

I 3 o g El
5% /mﬁil /mf_ffg,l /f;(_% 1 R R /i f R %

Al 2923.36 ~18 337. 39 7 106. 20 3162.84 0.45 56 700. 00 0. 00
As 234.91 ~724. 80 408. 78 173.49 0.42 7.50 100. 00
Ba 126.22 ~841. 50 299. 67 111.18 0.37 542.00 2.94
Be 0.32~2.21 1.23 0.39 0. 31 1.78 11.76
Cd 0.55 ~16. 68 1.97 2.70 1.37 0.05 100. 00
Co 0.32 ~3.64 1. 41 0.42 0.57 10. 30 0.00
Cr 21.71 ~94. 14 45.97 11. 64 0.25 41. 40 79.41
Cu 16.72 ~49.73 27.40 6.63 0.24 14. 40 100. 00
Fe 3247.62 ~27 595. 56 16 565. 64 5911. 38 0. 36 23 100. 00 8.82
Li 0.31 ~0.51 0.36 0.05 0.13 26. 30 0.00
Mg 134.28 ~2224.43 362.77 387.49 1.07 — —

Mn 249. 35 ~665. 12 389. 59 96. 08 0.25 520. 00 8.82
Ni 16.93 ~52.78 25. 41 7.16 0.28 19. 50 94. 12
Pb 19. 58 ~65.25 38.93 10. 69 0.27 17.20 100. 00
Sh 0.23 ~8.57 2.71 1.93 0.71 0.96 88.24
Ti 1083.09 ~4317.63 2 640. 83 534.09 0.20 3 200. 00 8.82
Vv 25.67 ~91.58 50. 83 11.58 0.23 51.10 47.06
Zn 37.13 ~3462. 80 2717.76 610. 44 2.20 59.10 82.35

D L L ——
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Table 3 Concentrations of heavy metals in dustfalls of different areas

B RUE

%

X

JLHE BRI IX WA s L LR Tk X FERA X WX

Al 7907.00 £2438.02a  6385.46+3494. 102 6636.51 £2468.27a  5630.02 +904.41a 8684, 39 =4 835. 35a
As 425.51 £190.38a 545.32 £210. 52a 376.93 £170. 83a 351.46 +133. 10a 390. 00 + 168. 28a

Ba 240.72 +68. 80b 289,75 +24. 38ab 284.76 +18. 57ab 276.96 +63. 23ab 391. 34 + 188. 96a

Be 1.60 £0. 45a 1.26 +0.21b 113 +0. 16b 1,12 £0.37b 1,10 £0. 435~

cd 1.48 +0.82b 5.25 +6.41a 1.44 £0. 54b 1.27 £0, 66b 746 £0,35h [
Co 1.92 £0.94a 1.62 +0.79ab 1.36 £0. 76ab 1.45 0. 64ab 0, 820 621

Cr 45.64 7. 46a 49.23 11,494 44.00 +5. 19a 43155 £9. 60a 48.13 £19. 53a

Cu 27.77 +7.04a 30.00+2.88a & 25.83+3.39a 28.22 5545, 25,82/ 10860

Fe  16128.862475.70a 1380266777638  19.040.77 +6195.950 | 1826036 47 039,824 1492853 <3051, 4o
Li 0.41 £0.07a 0/35+0.042 © __ 0.36+0.03a 0:36 £0.02a 0.3 20 025 &
Mg 220. 96"+ 59. 94a 463.42+449. 470/ _285.30 £132.04a | . 58908 #679449a 255.80 + 105410a
M 37031 + 180. 60a 423.51 461,004 - , .-"’ 384.49 +51.36a 4 ; 498.53 £108,23a 349.28 +91. 64a | _~
‘Ni 2763 9. 10a 23.29 42, A A~ .91 51,908 25.17 1%. 174 25. 65 £ H733a

Ph 39.46/£11.92a 45.16 12900 © k 39.22 +6.59a 39.94 29,540 33. 34811, 753

Sh 2.761%1.95a 3.47 #3364 3.4422.55 [ g0 2.25:1.01a 2.11£0.82a &

~Ti 2021.05.4421.59a  2624.80+331. %4a || 2579.95+195.95a ) 2581.76 £632.60a  2510.37 £772.45a
y | 54.70.210, 46 51.99 47, 41 /48,31 +5.99 50. 61 +10. 994 48.82 +18.29a
Zn 18799 « 168. 04D 378,524 516,54~ 460, 61 + 154, 02b 591.96 +1171. 71a 86. 48 +62. 83b

1) Bl I 5 BEAEE (n23) ; a Bl b T RISIAEIK 12 P <0. 05 (O3 122 52 24t

HR A 2 117 4% T Rk X B 2 o0 2w 4R O (B
2), % X3 As A1 Cd JEE & E W T KT 100. #7740
B FAERA X LB IX Zn STTEBEE
ERT RS 9,8 TR EE. BT As fICd &
L FHIE Ik 434. 88 1297, 11, fF e Hi 5 Y,
F 7 N IS YIRS, Co Al Li JCE EF H{ETI/N
T2, BREEE, FEORIE T H7E 1. & X0
X, TolklE X A Ba JCRE AP XY Be TLE B HEH T
FE2 ~5 Z [0 B w4, FEORIE T e 5 L4
x?‘@vﬁﬁf ANHRFH. %X Cr, Cu, Fe, Mn,

L Pb Sh Ti MV ICREHLBEENS ~40 Z[H,E
ﬂ.@ﬂi% LR FER AT, FEZ N
Vot Al

LT 5 AN XA EEH T As| Cd, Co,
Cr.Fe, Li, Mn, Ni, Ti fil VARZRE N0, LA
5E; Sb. Pb. Be Ml Cu MY 5 RE 4 R 0.1,
0.13,0.15 f10. 14, 2/NE55PE; Ba Ml Zn 53 R
BOOrHIh 0,18 10,22, B A4 k. X B 2f
MRAEEMESEICEES MAFDBEX HATH

RLAY B SRR 3 200 2 A RO A 2 v =2k
iz TR I B B e HEVE T, AT S ol G
5 DX ) 3 E A HE ).

2.3 HREEALDESEGET R

F T DX 3R] A A DX A /0N, 7E AU A
DA TR YL P4, BT Sk [ 18 ] s 25 F il
(14 AU fﬁ%ﬂﬁ fr%;'%r* MiHEERELRH As, Cd, Co,
Cr, Cu, Ni, Pb Fl V iX 8 Fh 4 J&@ (25 & 15 Y35 4K
(%%4).

Wz 4 Fi7R,As fl Cd JCE PL, ¥ KT 0.5, 2
Lt T B 2 v Az 4k 2 2 5 T Bl e AR AR R Y 4
J& AR B S E WA — A R E(PL) HEF R
As>Cd>Pb>Cu>Ni>Cr>V >Co; Crfl As JGE
PL, BJRT 0.5, S0 TR 2R rf X i e i) BT R 264
I E S E R 5 YR O H — b R (PLL) HE
¥l Cr>As >V >Phb >Cd=Ni>Co>Cu; As, Cd
JLE Pl, t’JjﬂEo 5, %t By T R A A T A B AR
#,Cr, Cu, Ni, V Fll Pb JCZE P, # KT 0.3, % 5

Fﬁﬁk"‘qﬂﬂﬁm TR A, b B RRAR E 5 — 1k
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N ‘-';*;" l ] Table 4 Pollullon levels of'-'tﬁfs"[ heavy metals during spring in the study area
E BR Pl SPI Pl Lo Pl E, PL, IPL. dhm
As 54.504 1. 000 6.813 0. 845 5.183 1. 000 545. 040 0.488 3.332
Cd 37.236 0. 682 0.030 0. 003 4.634 0.936 1117.092 1. 000 2.622
Co 0. 137 0. 000 0.020 0. 002 -3.457 0. 000 0. 683 0. 000 0. 002
Cr 1. 110 0.018 8. 065 1. 000 -0.434 0.350 2.221 0. 001 1. 369
Cu 1.903 0.032 0. 002 0. 000 0.343 0. 440 9.516 0. 008 0.480
Ni 1.303 0. 021 0.028 0. 003 -0.203 0.377 1.303 0. 001 0. 402
Pb 2.263 0. 039 0. 049 0. 006 0.59%4 0. 469 11.317 0.010 0.523
\Y 0.995 0.016 0. 068 0. 008 -0.593 0. 331 0. 995 0. 000 0.356
1) BR 7R SN (55 15 LAY LUAEL, SPT M BRI IS QeA8 b, 1, o B BUE L, B, e 5 X
AB(PL) HEF S H R IILERIA LRI (PL) HEF 2.4 HFREARF As 1 Cd I5 5050 fikEiE
AR DT R T CA(PL >0.5) fF7ER = BT BN T REEBTTRIFM AR 2 HIES
MRS KU, As FETER A S RUBS: W ZEZE R RS IXTS e ™ FE A As FI Cd ST =S 8] 73413 (181 3) .

B IH— 4L R E(PL) HEFF A Cd > As > Pb > Cu >
Cr=Ni>Co=V; ZEET5 Y4850 (IPL. dhm) HEF R
As>Cd>Cr>Pb>Cu>Ni>V>Co. 4 MEIREES
FEESE R R, b As, Cd, Cr Fll Pb £ 575 Yt
FEBO R 3,332, 2,622, 1.369 1 0. 523, & 24 Hl
Raob 9 1 835 4 B (IPL dhm >0.5). Hirh As Al
Cd & ik Z 5 Yon &,

As TR MEFAEZ A B EIX (B 3) 56—
(EL DX 88 KA DX BT L S e T B I, DXl
B {E N 703. 74 mg-kg ™' As TR G HE fJLEhFrE
Ll A XA I REAR P 34, R WA A M s 2 2
X As V5 g E2SL . R A LS R As JTRTE
PEZ KA R 5 B, PR R A T B E Y
HRR, As N AL G Wi oy 7045 -V BEVE AL T
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%%il_ﬁ;‘m , T ik R KU b £ 5 Y A
As FICd 1 BB 438 A KSR B Cd TR AR
HMB LR B K, KIS (E R 5. 25 mg kg ™.
EHEA AR TET Shs L85 4 /"{%%IXEI“E%E"H“?

2.5 HERADRIES TR ST
2.5.1 ZJEITERIEII
HRGE BT 2018 AR Z=RER F BRI AL
%%%AXTKIEJH%J?ijF"QE’Jﬁﬁﬁ,E 45 R[]
THY R HER A e 0 B 18 Rt E
]ﬁER Al As Ba,Cd,Cr, Co,Cu,Fe Ni, Pb, Sh,
. VI Zn 314 FpOCEAE A FRIE AR IR OT
% K RS 14 A b R T K A7k TR
YU AR IR AE 7)1 KT 1, B Z 5tk R KT
80% Y I P2 B F K -+, PR EREE SR W3R 5 ik 6.
6 @R, HF 1 ¥ Cr, Ni, Ti A1V ICEHT
TR, RT0.8.Cr, Ni, Ti FIV 548 6E .
Y A a b B S LA G, AT
PUEKRT 5 8T A NRIE > LB HrHF 1 AR
RIS T2 H As Tl Fe m?l%ﬁaﬁi@zm,
KT 0.8, BER T HEKT 5 J%Ju%f?@?ﬁ?‘ As
k%ﬁ%?‘éﬁm/m%f,HEFHW%%IFJ?&E’JEHEI%#%
P oA & Fe TR T USRS A TIA T 2 ﬁa’%%k%b“z
Jkbe. BT 3 1 PhANZn 0% m%dtl%zﬁﬁ,ﬁ
X Ba. Cu/ %u NiYE WA S B B By Cu,
Zn 1 Ph m% %ﬁ%ﬂiﬂﬁiﬁﬁﬂzﬁj ZFEEEUZ?“H
TUEHE’JWL A 5 3 o B R ) A S
H Pb. BA. ﬁmn%mﬁwm&miﬁmwm
E’JI%E%?‘” G OAHTIET 3 AT RS A T
4 vh Cd TER BT TS, N 0.950. Cd TC R 7E K I}
WE BN T AL 410011, BHRsREE, Z AN
W THRIZ. Cd 50 DKo K IR A HE XAk

R5 MBRERFE
Table 5 Total variance explained

A7 PR TEmERR/% BITETEE/ %

1B 3T 16. 68 mg-kg ™' W fH X5 As JC
%/«/« [iji f\j 81K8 A[_J{E H‘l:j 1 5.672 40. 51 40. 51
E¥ 0 XA A AR, Cd TCRFEHN Iha L4 & 2 2.731 19.51 60. 02
ngizmmﬁ@ﬁmrﬁ&ﬂm@,aﬂzEz%%ﬁ 3 1.845 13.18 73.20
o N 4 1. 116 7.97 81.18
PR A I
F6 MRXBELITERFHLT
Table 6 Factor matrix of elements in dust in the study area
A7 Al As Ba Cd Co Cr Cu
1 0.577 0.099 0.757 0.051 0. 190 0.926 0. 663
2 0. 652 0. 945 -0.138 0. 002 -0.038 0. 152 0. 342
3 -0. 205 0.011 —-0.438 -0.040 0. 083 -0.129 0. 345
4 -0.175 0. 196 -0.015 0. 950 0. 031 0. 036 0.394
AT Fe Ni Pb Sh Ti v Zn
1 0.230 0. 855 0.579 0. 082 0.901 0.919 -0. 006
2 -0. 883 0. 190 0. 082 0. 681 -0.061 -0.050 -0. 066
3 0.294 0. 325 0. 660 0. 131 0.203 0.273 0. 689
4 0.043 0. 150 0. 584 -0.014 -0.010 0. 189 0.016
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BT HF a5 3, R H 2 504t A fig b £5
FRFHEZESE T E ORI R otk (% 7). E/
0 F&7R 2 TCAE ARSI 1) B 4 5 i 5 5
DIME ) HUAE. E/0 2558359868 1, BB SEIE 58540
EZ G KL REAf. As, Cd, Pb, Cr, Fe, Ni, Ti
IV ITRE M ENE R e ZE(R?) R T 0.8,
BB AR UL 5 FZ 8 5 Zn JC R BELAUL A TR E R AL
(R*) 4 0. 480 , B BILL A5 BE A AR, b 388 A48 )0 — %
B2 1 sTikR, BN T 1% B9 1E 5TRRAR /1N
ZWEART AR KT 1% I 5TIR. 04 Bt R
EKJ 4 D FEHFBTHCR Z /N T 100%, 2 B8 A HAilb

15 Y TTRRAEAE  ICVEARTE T, LA US R,

SR TF 2R SRR 8000 1 BTk 18. 99% ., 15. 87% FlI
6.79% 1 As JCE R AR TG B = A As TR 5
22.66% . TGSl 38 | R IR Mz #
I i$RHE 36. 77%. 14.39% F1 1. 26% ) Fe LK. [
1 58.349% ) As JTGE 5 47. 58% ) Fe JLEAFLE
EE’%DEH? Tl B = T RS 80% LA BB Cr,

VTRV TR, AT A 9.96% 1 Ni,
5.62% Y Ti, 8.06% AV, 12.62% ) Ti 2RI T H
AR TS e . S e It T 55.55% 19 Pb A
98.62% W Zn JC %, TG 424t T 43.17% 1) Pb
JCEK. Cd JTCER EZRIE T TR Sz iy, Sk T
K Is iRt TR R 77.58% B9 Cd DT, Tk
SRR T 22. 42% 119 Cd JTE.

K P HT-22 TR P [ A 285 SR 3R 0, S0 v 3 2
T4 R TCR TTRR B R EIMEIK R TG o
Jhbe | SEAR  JEAIFSR BB R L, T AR S

T B AR ST, TG 3 MERRbE . AR HSTIRRA A | Fe 11 Ti JUR U‘Tiﬁ’ﬂlﬂé/}?
®7 BeERERHRE, EME SERELE (E/0) RIBXRH(RY) P ,.f
Table 7 Source contribution and estimation te~observatign ratios (E/0) of heavy metals using-factor, analy51s/ multiple linear legressmn (R )
- ¥ TR A/ % =~
o Figs vk | 1@41, IR SER g s | ' I “3',
As }8. 99 15.87 ; 0 0 6.79 ¢ 58.34" i “1.000 o ?4}2
- Cd = 2242 0.00/ " ¥ o ra 77.58 0.,00 1. 024 fT0.906
Ph Fanl St 0. 00 /555 1.28 ! i o.00z4 1. 000 *_0. 895
Jc 98:55 1420 L 0.00 0. 00 i 0. 00 1. 000 0. 898~
P 36. 77 0.0 ¥ 14. 39 1.26 ‘ 47.58 1. 000 0.920
A 85. 664 1.67 bolo96) 2.71 0. 00 1. 000 0. 895
[T R 0.00 JF 562 e 0.00 12.62 1. 000 0.857
% 88. 63 0. 00 8.06 3.30 0. 00 1. 000 0.958
Zn 0. 00 0. 00 98. 62 1.38 0. 00 0.999 0. 480
3 HARGE | SCE R | TR Sz . R IT R Mas

()BT HEZER 18 FESIE T, As, Cd
Cu, Pb, Cr, Ni, Sb fll Zn JCE & &M 408. 78 .
1.97, 27.40, 38.93, 45.97. 25.41. 2.71 A
277.76 mg-ke ™V HIAXE T NE L LR =
. H As F1 Cd Jo 3 @R H N 100%, T8 KX
W HME IR I W B = (A

(2) UG RE LA T RE X B 2R O 2 A
25,/ Ba, Be, Cd, Co il Zn JCELEN H T BE
XAAERE 25, HIE R TT R4 X 4R S g0t
AREITCE RS /NE S RS S
I fie X AT AR TS LR AE

(3) 2T As, Cd, Cr %n Pb LR LR 15 448
BRI 3,332, 2,622, 1.369 F1 0. 523, 42 4 Hh [
A TS Y T o As I Cd o T E S
PITEK.

(4) BT R EEORTET Tk HEc . 4

By, Tl HE 53 50 5T ER A vh 77, 58% F 22. 42%
) Cd JCE R SE Cd V53Rl 5k Tolb kL
TEBCIRBE . B e FF 2R K iz By 43 3 53wk 18. 99%,
15.87% F16. 79% 1 As JLE , 22 58.34% (1) As
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