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Abstr ct; /o study the' concentration charactenstlcs s wéll as sources of elements and heavy metal pollution in atmospheric dust fall in
Zhuzho Clty, 14-ﬁ samplesfrom 12 sites in the Zhuzhou urban aréa were collected from January to December in 2012 and 28 kinds of
elemgnts intthe samples were analyzed. The results showedsthat the dust fall quantities of the industrial areas and mixed commercial and
residential’ (MCR) areas were, respectively, 89.46 g-m ~* and 33.20 g-m~? and the range of all sample points was 23. 14-114. 67
g+m ~*.There were 10 elements (Na, Mg, Al, K, Ca, Ti, Mn, Fe, Zn, Pb) in the industrial areas as well as 8 elements in the MCR
areas, for which the contents greatly exceeded 1 000 mg-m ™' in the atmospheric dust fall. The Zn and Pb contents exceeded 10 000
mg-kg ™" in the dust fall of the industrial areas, which were far higher than those in the Earth’s crust. The main sources of dust fall in
Zhuzhou City were metal smelting, shallow ground dust, vehicle emissions, construction dust, and industrial production with specific
elements (Mo, Ba). Correlation analysis, principal component analysis ( PCA), and analysis of transportation characteristics showed
that 13 elements (Mn, Fe, Co, Cu, Zn, As, Se, Ag, Cd, Sn, Sb, TI, Pb) in dust fall mainly came from waste gas emissions of
industrial areas in Zhuzhou, in which 7 heavy metal elements (Cu, Zn, As, Ag, Cd, Sb, Pb) caused serious pollution. The contents
of heavy metals in the industrial areas were 7.4 to 4 079. 4 times the contents defined in China soil elements background values,
whereas those in the MCR areas were 3. 6 to 1 413. 4 times the soil background values. Cd was the highest background ratio element.
The degree of contamination was clearly higher in the industrial areas than in the MCR areas.

Key words : atmospheric dust fall; elemental composition; pollution characteristics; sources; heavy metals; Zhuzhou City

RAFFAIERS ) A ARDIFE S s 2 AN B W i, LT i A S 32 1 2 5 T
ALY, TR MR AR, Hfeas s RO E R B AR UL S i 0 LB s
B IS TR AN AR ], DR SO DR A . —————— ‘

PRI 2200, AR, SREETRACT 100 wm 0 SRR st BT 0 (201109008 : % £ 4
TR 38 7 4 75 7F T IX PRI 9 M 22, T B AR /N T Blep 4 0 H (41205093) 5 AR A B AR & 00 H

(ZR2013DMO008 )

2.5 PM SERLIE A p 11 000 k EER N EWBZE(1991 ~) 3 BB A, EBHFF 5 10 RS
}Jvm( 2‘5> E/J Eﬂ%ﬁ*\ —Ilgﬁm{)lh%ﬂliij m %t‘%i%&?ﬁg@mﬁ?ﬂ,E—mail;imwangshihan@ 163. com

[/\nyl\ E‘JIHEB: , F R %ﬁ ﬂﬁ 7@ @@ﬁﬁﬁ*ﬁ%ﬁ*ﬁ% j(/ﬁ * fﬁ{%‘{’ﬁ%,E—mail;zhangkai@ craes. org. cn



8 TEASERE . BRI TR AR A P T R R SR IR B 3131

B S . [ B AR At mT LS 2 A IS
Y10 IX AR R R R E LB TR
SR T A X SRk E R
(AN B b S TR e w4 Do o G Sy
TR PEY I 2 27 ) I 2 (R R I ) o i 1, B 7
ARSI A KAL) 5 B AR nT LSS 9 T
Y, xF A k3 A MR s s 7. H Rl
TR P TR RELEET ) Z IR,
Pan 218 xR 10 MHBIX BIRE AR BESE R B, [
AR R 2 R R R T R N E ORI,
R A - HEROH . AT, BE. E L BRI S
PAEJCR MK A TR — B S Chen 457 X
VLT R Hr 4 B e UEA T AT, 45 R R Y
iR F Pb . Zn, Cu. Cr, Ni F1 Cd #9343 51
BRI A 20.5.6.6,2.9. 2.4, 1.4
H183.0 1%, skaFies 0 xSk AT R h T 4 B 7E
ANTRZS [a) i BE R 0 B b AT T X EL, 2 SRR W R
H Cd, Cu, Ni F1 Pb %3 &t Bl RS2 18 & i3, Cr
A Zn W RS2 1 =N, H ﬁuxj‘ﬂﬂf"%m%
WA FBEP TSR CE, BHEEL BN
Pk CR 7T, XTF&/"ﬁﬂgﬁm%%mFﬂwﬂ%%ﬂ%
iﬂjﬁ%rﬁ%‘fﬁﬁmﬁmﬂ*ﬁmﬁu'\
Hﬁ{)ll?ﬁhﬂ:@ﬁ'ﬁé ?E%B%jt,ﬁfﬁiﬁ/ﬁ%ka
1410 mm , FEXHEE 78% . Hﬁdll?ﬁxe/m?ﬁé?zﬂﬁ
IJL/iﬁJzFE CHITOLA& B EG T 20 T4 30 418, DI
o= A AR et T 1&1%*411[11#@1&
o3, AT P 544 ) R e
SR, 2008 AF kY A o F R B0k 25 (BRE A B A
FNZBFT D) R X, BRBE B I B 4 5% (B4R
(T Tolk A P= S BOCY A B AR IH A e R ] Z A 15
YLl A ST A XY T KRR R RE R AT R
£ MR 28 FhOT 2R BT A A, DA T
i Y b R B TR AR AT R TG YR, #— 2
B HET B HL ARSI S 02 0 2 20 A B0 S i) B
AT REAR T

1 #MBEFZE

1.1 REERTE] 5 Hb A

SEA RN T A R, R R T A 12
ARFES (KT, 2 1) 9000 Tk IX | FERS
XOREX) , RSB Tk IX 3 4~ (S2, S3,
S7T),IRAIX 9 /N(S1, $4, S5, S6, S8, S9. SI10,
S11, S12). S2 ¥R Rk T, S3 HIm L4 A
ST WAL T3X 3 AN SR AE AL T RIS 7K I Tl el

| B wdREastEE S

l‘lg i Dlstrlhullpn of sampling sites in Lhuzh‘bu Fd

[ #&1" Mﬁxnr&fﬁimﬁ,ﬁzﬁﬁ iR 3
Table 1 Samii)ling'isites of atr{ibg%heﬁc deposition in Zhuzhou _
e Al
SU HIAERE S RRE TR X, I A HERE TR
2 Wif R T KEULT W, BT
3 WA FAUET TP, T BT

-

S4 R AT IR , o R T

S5 AUEX BN Tl XA R, TN R T

S6 KRk T X R S R T

S7 MERMET KA T, T TR

S8 AEHL Tolk X R R A B T

9 KAHIE Tl X R B A X, A BB T
S10 gy R AGE R X, T

S11 MmPgy5 KA EE) WXL SR R X, INVARERE TR

S12 BRyHpH T X 2 B X, e B T

DX PN A SR R Tk XORAE . B ol s fE Tolk
XA, I LISCH, Bl I R A
RA X, Hrp St #RIBEERE . S9 KA S12 #
PG SR BRI T AR EE A Bl W, B T
REEVE. AT TR L X T XU A e KA
R TTR DI S A S 22 5 7E Tl X
FABAE T S4 (X ) LSS (XL ) L S6 (XL
ml) . S8R ) FERAE . AT T KABEAFI

AP T 2R 2 XU 0 R o asl R VY = U )
BET S6., S7. S8, S9 FIS10, 5 ARAE k. BEM
SRAE A B RN T AT B X AR R I &, TRt e Y



3132 2N 5%

Bt 2% 38 &

T XA TRE AR A, SRR SRS WL 1. SREERT
[E]h 2012 41 ~12 H.
1.2 FESCRESHHTITL

AT it SR AR T FH 1) B A T Ry A B3 s R R
2R BN 2 F ) (GB/T 15265-94) HUHLE #4428
(15 £0.5) em, #5430 em (IRIEIE MG, B4
RAERUBCE 3 AREARELD TEGLAINA 80 mLL £ i,
DL TR D . B 0 AR — Y A RE R ik
FEE RIS ST R AR R W A (8 A SRR R, R 2R G v
ol A% A RE 2 T 25 B POk P IS e R R,
SRHI T 2 B RAF FE T S Al 1 2588 T K I AR FA.
R AR HAE S TE 26 % vh il TR & 21 4L DB IR A 7
HIEAR B o B A B B A S T g A
TG UL IR 100°C ) FE7E T v F-AiF 48 h
VAL AT 5 2 — KPR . TR
T TG R 2 S AT 0 U 5 A1 D I 19 0 S P U
ABEFRHE 1 h(100°C) IFFE T4 P45 48 h DL L,
PEATARER , P PR I A4 o i 22 Ry [l B it

5408 I 1151 B 43 A #8848 T A
6 mL HNO,(65% ) . 2 mL H,0,(40%) . 0. I mL HF
(30% )™ "1 FEBEA (185°C ) THAFR 1A I A
% 50 mL. 4% 20, B VO AT IR AP T
B3 AT 1 ICP-MS( Agilent 7700 ) 53
SN i i A 53 A T 20 Ngy Mg
AFTK, (;a\ Ti, V5 Cr, Mn, Fe, [Cox Ni\_uCu“\.‘ Zn

As{Se St Mo, Ag.jed, Sh. Ph 3t 28 FUBZMIE

. SRR A i 0 2 TR 91959
<1058 2 ), AT KA T 5 4 M52 £
NTF2%.

2 HR5R

2.1 RAFEDFREA TR ILARRHE

X RN T AR AR DR e R 2R P oT 3R 5 i
HEATA3HT , S5 I L BRI T AR sSSP AR 4RI
Rty 23. 14 ~ 114.67 g-m 2, Hh Tl X AR &
X AESAUTREAE 25 K 89. 46 g-m > H133.20 g-m >,
[]— 2y il X B 2 Th AN ) JC 3R B Y 22 K (
2), TokX Be, Co, Ni, Se, Mo, Ag, Tl Th, U %9
FPoCE & B E I EM P EBET 100 mg-kg ™', #£
KAREL S EEAL, Hd Be TTHE S EHRAL, 2
YHEAPE 514 2.0 mg-kg ™' A1 1.8 mg-kg™"; V.,
Cr. Cu, As, Sr. Cd. Sn, Sb., Ba 29 FcEny& &
SERE AT AE AT 100 ~ 1000 mg-kg™'; Na, Mg,
Al K. Ca, Ti, Mn, Fe, Zn., Pb %10 focE ST

KIEMAPE AT 000 mg-kg ™', Herfr Al Fe | Zn JCE
S PIEA LK Pb JCE 9°F ¥ #8510 000
mg-kg™'. Al, Fe, Ca, Na, K, Mg J& T4Laibse ) £
FIUE TR MY 23. 1% 5 Zn 1 Pb JCETEHL
FerP SRR (SR AN 19 L R
1 Zn Fl Pb JUZ L FHISE I & i JE TR TR
R HARRIR IR,

RAIX Mn, Fe, Cu, Zn, As, Ag, Cd, Sn. Sb,
Pb %5 10 FPoCE 09 & 2 A H Tl X ¥4 3 & T B,
TREHEA T 33.8% ~68.5% ; Mg, Al, K JLE
AT, B RN 10. 6% ~35.6% ; Hifth
JCER 5 Tk X & Rk

BRMTTIR A X5 Tolk X2 tho 2 & Xt o]
DIE M IRAXEAT SR T ENTTRDESE T
FZNE, SRR CR UM b 0 F BT R
O BRIATR A7 X5 Tll DA BEHE 8 242 9 43 I
EF S S/ Toe SHE A1 U TR R AN
T o 04 L (5118 et e

4

2.2 R uR R AN
2.2.1 ﬁ%ttﬁ@*ﬁ & ;

Jg 4 TR Tl ISR A KA OTR I S
MRS R %ﬁ'F%%a's;P PIoE HIAR TR 15 YO,
WA TR S I A T R R OT RS
R AT R SO A i
PR I LB TEE 400, G5 S22 (6 2) ) Tl
X KSR Be, Mg, AIVK, Ti, V., Ba%%7 Fpot
ZI R ILEAE 0.4 ~ 1.5 2], 5 110 el A
AH[A]; Na, Ca, Cr, Mn., Sr, 555 MR E S HUE
2.1 ~3.6 ZH), Ul AEE—EBRENTGY; Cu,
Zn, As, Se, Ag, Cd, Tl, Pb 5§ 8 FIOCE M5t L
{HTE 7.4 ~4079. 422 8. Hop AR &R Cd o
L, HPR As, Se SN E AR ITE, B Tk X 4
FAEENESEER. 5 TALXKMHE, BEXH
HIfE P # 4 )8 JCK (Cu, Zn, Ag, Cd, TI, Pb) Al
KEJRITE As, Se I R ILETE3. 6 ~1413.42Z
], A AT Tl X AEBR T1 AME SR IS YL ™ 8 ; Na,
Ca, Cr, Mn, Sr % 5 iR T R ILER 1.7 ~
3.6,5 Tolk XA HL S 5 HUAE IS A TR TR A X HoAh
TUR T 5t S Tolk X FEAAH[H].
2.2.2 EERTII
BHAEFT (EF) 2 A W5 Yok i | m s
YRR H O, HO T oh .
c./C,

E F Xl’l) /XII



8 TEASEAE . AR A TP TR RHIE SR U3 B 3133
100000 £ N ) (a) TolkIX
- M
L ” ¥
10000 - x #
- E_-__é_ ________ %é _______________________________________ R A
'en 1000 %
o = Hoox
E R S B L A N 9 A R
= - 1]
4z 100 x
e E
IR e i
i -l%
- L L 1 1 1 1 1 L L L 1 1 1 1 1 1 L 1 1 1 1 1 1 L L L 1 1
Be NaMg Al K Ca Ti V Cr Mn FeCo Ni Cu Zn As Se Sr MoAg Cd Sn Sb Ba Tl Pb Th U
: ) (b) BEER AKX
100000
10000
:_%n 1 000 =
=) =
= -
= o ___X
41 100 &
#* E
e -
T &
L E x
0‘] 1 L L L 1 1 1 1 1 L L L 1 1 L 1 1 | L 1 L 1 L L 1 L L
Be NaMg Al K Ca Ti V Cr Mn Fe Co Ni Cu Zn As Se Sr MoAg Cd Sn Sb Ba Tl Pb Th U
r ] p— _ /
o B2 TURMEEREXMELHPTESHIFE
Fi] Fig. 2 Element distribution characteristics in dust fall of the industrial areas and mixed commercial and residential areas
R2 HMTASKEEHTEST)
Table 2 Statistics of elements in atmospheric dust fall of Zhuzhou City
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Table 3 Enn(‘hment factor value of elements in the du%t fall 1 e

Ni, Ba % 8 L&MW EF (ENF 2.0 ~5.2 {77852
S, EEoRIE T o, 32 3 ARG S R
M. Sr, Ca, Tl JGZ EF {H/ T 4. 6 £ 13. 4(Sr #Eilk
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Table 4  Comparison of elemental content and dust fall quantity between Zhuzhou City and other cities
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