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(Al Fe Cd,Cr ,Cu Pb Zn) FRTEIE S FIABE R 5K KM ,Cd Cr .Cu .Pb Zn BV &R 0:5.56.4 231.2,
143.5.394.1 mg-kg™' BB T B T RE, Cu FEE R REA 12.8 £%5.Cd BYTT 38 #7S (24.5% ) T
FRERSE G A5 (19%) BT o LL 55 55, Ph  Zn MIBRER FALS ST LR, 205000k 23.7% (44.6% ; Ga AT HILAS(70.2% ) K
¥, Al Fe .Cr.Pb 4 )@ B MAE T 5k 59 (46%—83% ) HBEIX A i Cd P Zn AYASHRAS FIBRBR 5 45 & 25 LU
2 DRI R R X R, 5 S AR B AR E (P<0.01) ;Cu , Cr M ] A8 e 2840 Ja B DORIAZ 8 X & = e,
PR 22 I A B R R 205 G 25 43 T E Tl DRI sy 0 IX B s 35, Cu 9 AT 22 48 25 5 5 B R0 A 6 ( P<0.05) . JRUBS:
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Speciation analysis and environmental risk assessment of heavy
metals in dustfall of Qingdao in winter

YI Dan'* WANG Yan'* LIU Ruhai'*™ XU Hongxia'? ZHANG Yanyan'?
(1. Key Laboratory of Marine Environmental Science and Ecology, Ministry of Education, Ocean University of China,

Qingdao, 266100, China; 2. College of Environmetital Science and Engineering, Ocean University of China, Qingdao, 266100, China)

Abstract; In the winter of 2017, dust samples were collected from traffic district, residential
district, educational district and industrial district in Qingdao, and the speciation and environmental
risks of metal elements (Al, Fe, Cd, Cr, Cu, Pb, Zn) were analyzed. The results showed that the
mean contents of €d, Cr, Cu, Pb and Zn were 0.5, 56.4, 231.2, 143.5, 394.1 mg- kg™,
respectively, which all exceeded the soil background value of Qingdao. The content of Cu was
12.8 times of the background value. The exchangeable (24.5% ) and the carbonate-bound (19%) of
Cd accounted for a high proportion, the proportions of Pb and Zn in Fe-Mn states were high, which
accounted for 23.7% , 44.6% , respectively. The proportion of organic state Cu was high (70.2%) ,
and the residual state was the primary fraction of Al, Fe,Cr and Pb, with a range from 46% to 83%.
The proportions of Pb, Cd and Zn in exchangeable state and carbonate-bound state were higher in

the traffic area and residential area, and they were correlated with the total contents ( P<0.01). The
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exchangeable states of Cu and Cr were high in residential area and traffic area, and the carbonate-
bound states of the two metals were higher in industrial area and educational area, respectively. The
exchangeable state of Cu was positively correlated with the total amount (P <0.05). The risk
assessment coding method ( RAC) indicated that the risk of environmental impact of dustfall
decreased in the order of Cd>Zn>Pb>Cu>Cr. Cd had a high risk, Pb and Zn were medium risk,
and Cr was low risk in each functional area. Cu was medium risk in industrial area, and low risk in
other three functional areas.

Keywords : dustfall, heavy metals, speciation, risk assessment, Qingdao, winter.
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Fig.1 Location of the study area and sampling sites
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G I8 B (1 43 M FH R BOBRE 1k 9 i, BIFR 0.200 g B 5 2R HNO, + HF + HCIO, #4774 fife. #) B
1.000 g &, FIFH MgCl,(pH=7.0) NaAc(pH=5.0) NH,OH-HCl HNO,+H,0,+ NH,OAc(pH=2.0)
A1 HNO,+ HF+HCIO jEZE 42 B Al Fe (Cd .Cr.Cu.Pb Zn %5 7 P& B 5 MBS . B FAC#E (b1) Bk
FREhZEAAS (b2) BEAMMZEAE (b3) AHLEE (bd) FIERES (bS) % R HIRHA %
BRI & SHEE L (ICP-AES) X4 4E i ih 42 )@ Al Fe .Cd .Cr.Cu.Pb . Zn [ 5 FHES &8 DI S E
AT E AT R v I R 25 RN VR DR b R it A 7 e o

2 R 51718 (Results and discussion)

2.1 A ESEITER S AILRHE

R b o 10 B T 4 i ) B 1 T DA BRI SE IX A2 5 e B RR B 75 B Tl KSR 2B f Cd /0Ge, Cu \Pb  Zn )
RN 0.5.56.4 .231.2 143.5 394.1 mg-kg ™', b HIEE SAE /9 2.6.1.8.,12.8 4.6 5.7 %, UiHH
&R X R R B R X Z B T — 5 .

FE] P AT AN S R R D RE X R AR R 4 IR & AT 25 R UL 3R 1, AN [R5 D3k 11 0 4 T oF
FrEAFTE S EE S AR ET G4 3G T AR L A B LA K i + 385
SEA CAL Fe B RN TH S BT 5008, B R 20k A T LEECHRRIR) , e R iFE R )
Al Fe & B HBAR. 7 5 Cr .Cd W& 35 HE S RIR TG, 11 Cu A9 & 8 g 50 IR 25 DR
o, X AT AR A LB FLS R FIN T ARSI e Tl AR 7= B PR S Cu R P S R L
RS N R (T SRR 3 ] BE A5 SR N AT 7o Lalents Tl 8 A R A 2 B HE R Ak R R
BABEA 5. Zn S B LN AT B 9 oAk T X6 e B PSSR R SR R &R Cr S BN Cr 77
AR, W M ST e XU 07 B (R R A U 1 (GB36600-2018 ) , Cr 3K A & Z 0 SR r i &4
B AR 7 T Sl A s A

F 1 ENSMRTTIE SR DR X R REL AR & ST (mg-kg ™)

Table 1 Statistics on atmospheric dust of metal content in different functional areas of cities at home and abroad(mg-kg™")

Lol'c %:Onb A% Fe/% Cd Cr Cu Pb Zn SCHR
Avilés — 4.2 22.3 41.6 183 514 4829 [24]
Luanda 4.8 1.2 1.1 26 42 351 317 [25]

Kayseri (Turkey) — — 0.9—14.6  17.2—81.2  11.8—144  27.9—312  32.6—733 [5]

=i — — 130.7 — 394.7 3194.7 4287.8 [13]
N — 2.5 1.5 59.0 188.4 126.8 672 [14)]
SR T > — 4.4 125.4 122.7 256.4 975 [17]
W it 0.9 2.1 15.6 — 223.6 363.7 1 820.4 [23]
22N T — — 4.3 88. 7 82.2 130.3 369. 2 [26]
i) 2.4 1.7 0.5 56.4 231.2 143.5 394.1 KNI
223 X 2.1 1.4 0.6 44.7 134.8 119 393.4 AHFFE
JERX 2.4 1.7 0.6 55.6 228.4 175.7 420.1 AR5
R#IX 3.1 1.9 0.4 100.6 523.2 129.1 375.6 AR5
Tk X 2.2 2.0 0.4 54.9 254.8 124.6 428.2 KNI

5 SE 6.6 2.7 0.2 31 18 31 69 [21]

JEBIX Y CdCu Pb . Zn {5 i PR, 32 B0 T ma P 0 0 2 30 X0 1, 8 30 DX B DX R R i
Z b TCA L HEEIE O, L Rt R AR K 2h BRI &R A 08 mAUIX Cu Cr S 88, Cu I
HAPETT HEM 29 A%, IF R 8 55875 g KUK 0 26 {6 ( GB36600—2018) , S5 LA & | =30 1Y BE 451 A
5%, T L R 0K 0T A6 T R VE S A A IR X, ] R — S0 A SR 10 2 i WA R A 56 Tl XY Zn 75 5
B, AR Al T BRSSOl V5 A OC; A8l X Cd 1 & =, R ARG 458 ia AR
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JEE, Ph 1975 2 Tl DXORI R 280 X5 38 3 X 220 AR K
22 BAhESEIESS M

UM E S BT R B AR Rt A E S B EEAER Y ELE S SR EAE P A L
W) S R e s B RN AR AR, AT B0 4 JE oG 2 LUK W) B AT e TR B p > F
5y liFE R Al Fe P Cr FEONSIEZS (] 2) SRR AL Fe 535 di SLAY 82.5% (81.4%. Cr FRHEAS (5
69.3% ,iX FEE RN Cr JCEKHIIAFAE T — LR RERREL T, RS R4 R Ph BUFRIE A 5 46.25%.
Al Fe Cr ] 32400 S AR IR Eh 45 6 A B eI, 5 i /N T S i 19 3%.Pb  Cr Y Fe-Mn E AL 3 =
FHAh 3 ML pH (E A AL IE B2 B AR A X6 5 4 J8 B Fe-Mn ALY S 5 EERZ I, B2 T A 31 855
AbTFRACSAT P BHES T2 585 R ALYTE AR 8 MO S 265 A IR AR S R R B e ™, TR b ket 81k
BIEFEBN.

Cd ETPIANTEZS T 5 e 24.5% F1 19% , Zn TS TE 0T A7 LR 10% A1 16.7% , % L & 3R,
Cd Zn (7] S A IR IR ER 25 5 A5 0 L A9 B I 3 LA 42 I, B WA LAt 4 Js B A G B i ik, BA
BRI AT R, 75 T s il Cd A6 T 38 s rp i o 1) el IR R (24.5% ) , Zn 282 LUBRAT A AL S A7
TE (5 44.6%).

Cu FEUAWEEABATE( A 70.2% ) 3% SHE RS X762 A T — 8l T35 517 Cu &
B TN Cu BT S S TR IR R 25 525 LU 155 55, 2 T RETICR PRI i, FEX At 22 4 ) UIMEE K.

il B "

60 |

) W] A8 #: 7% Exchangeable state(b1)
AR EL 454 2% Carbonate-bound state(b2)
(11D &4 4 AL 7S Fe-Mn state(b3)

AAHLA Organic state(b4)

BB 5% 15 25 Residual state(b5)

Fraction ratio/%

20

=

Zn

B2 KRABERERIESS A

Fig.2 The chemical fractionation distributions of metals in atmospheric dust

4B 5 S TE A R BN KNG I W T 4 e KX HIEAS MR 3R 2 Cd \Zn BR
THREAS S AR Ju‘j?i’ﬁffﬁﬂé (P<0.01) ,Pb iy 51w 5 AL AR A G (P<0.01) , Cu M4
J& i S PGS S TR B S B B A G (P<0.01) , 5 7] 38 # 25 Ak 4 AL 28 5 i 40 56 (P<
0.05).Al {9 B SRR 2 B 3 HUAH G (P<0.05) , SHRIE A A B E M 5C (P<0.01) .Cr Fe Ay B H
%ﬁﬁ(é‘js%*&izmﬁaé(ko 01) , X Ua B 76 A s hURAE S8 AN FE R IR, I & S5 iR E A AR
b, X P Fh 4 15 ) T DARSUE (AR BB AFAE  Fe M B S5 A PLES G AR B EH X (P<0.05).

K2 SFIURERSESZENHLER

Table 2 Relationship bwtween the total concentration of metals and different fractions

Al Fe Cd Cr Cu Pb Zn
bl -0.434" -0.294 0.956 " 0.050 0.403 * 0.572"* 0.458 **
b2 -0.318 -0.226 0.968 ** -0.043 0.273 0.771** 0.741"*
b3 -0.237 0.233 0.956 " -0.125 0.426 " 0.957 " 0.794 "
b4 0.051 0.421" 0.726 ** 0.019 0.929 ** 0.869 ** 0.676 **
b5 0.984 " 0.991 " 0.363 " 0.987 " 0.645"* 0.620"* 0.413*

w % 0.01 K RFEAR * * Correlation is significant at 0.01 level (2-tailed) ; * 0.05 K | A K * Correlation is significant at
0.05 level (2-tailed).



1994 B2 53 1k 2 38 &

2.3 ﬁlﬁJIJJA"XF“"‘EPE/ﬁEB’J T3S S I3 KB

A 9 NG BN, & S B S E SRR IR 2= 5, AR S RBGE K, Ui 32 A 2876 352
TIACTR 22 AR — A Ny, B 7 R EL CV<10% NI T, 10%<CV<100% N A FE, CV =
100% 5 AR S Cu  Cr MBS B A 7R Ji B X RN AZE X A Ay, T3k 4 Ja (R 1R R 25 5 45 40 3l
TE T X A X 5 i3, Cu Cr 7E 4 N IX A8 57 RECGEAES 8 T 4548 57 P Cd \ Zn B 2SS HASFI
TR ER 455 A5 ) B 1 Y70 J B IXORN A X A 5, e (LU 2 AR R 7 T R X B IR X R 4, T 2 5 B
HRE AR I A B 552 Pb  Cd \Zn V5 5% B IR. Cd 19 1] 32 $a85 FIBR R 1R 25 A 35 K/INVER by i R
X > 223 X > 2 X > Tl X, Her g R IXCFL T X A9 A8 S5 R B35 K F 80%. Zn 1] A2 #0257 J R IX 38,
ﬁ’i@&ﬂ‘%ﬁ?&ﬁﬁ@lﬁéﬂm?ﬁEﬁ% JZn PN TEZSTE 4 D IDRE X A X R 223K (D 3) , U BHREAR

— 200 - - -
80 TR 80 X 200
Industrial area & Educational area S
70 . 190 g 160 &
- g g
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Fig.3 Statistics on the fractionation content of heavy metals in different functional areas
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Pb BRI IE AT R B XSS X 3 & H A i, Ph (1 AT A8 40 28 R /MR UM Ji B X > 2838 X > Tl
X > X (RIS XA AR S R K T 130% , Ul B AS 5 850 4 0] o3 A B Bk Lok, 32 R
SFEMEE  [RI AZRSE RO, T i AT 5 P BOBRIR Eh 255 7285 0 Js B DX > Tl XS w8 20X > 3258 X
Ph WA W) RO A RIX S 2 28 1 ST R PR Y Ph 15 e nT 2 JL T I A A A ) S R R Y
SIXNPREE NBE (L) P AR AR 6 3 —Se P R I S I % 235 3 15 mg-kg ™' LA B AT 75 31 1
s Mielke S H& 1 X R T I S50 I AV VR 1) £ 48 Ph Bl 80 mg-kg ™' FEASHIF X R AE M AE b oA
96% 15 B IX. Ph [ & i 2 15 T 80 mg-kg ™", A7 L6 M7 L IR H] 660 mg-kg™ I T a2l of JLFE A R Y
XUBS M, B A ZE RN | R T 4 M i B IR L A SR v P 1 & i ARG i T 80 mg-kg ™', PRIIL,
] AR T3 3 2 5 L P e ) 28y ke ) L 2 ft B [ T, 5 37 DA S ZEAR R v Tl IX A 5 dt A X AR, X 2
PRIA SRAE AR TR TE FE 3, FE 38 DX P A 2 Tl X A0 Wi 8 s, Tl IX )R b R 2 v e T XAh
HAHR)N.

4 1 T A A FIBR R R 25 4 25 T /e B MR AR T B, % FH T 1A 2 4 Jas 1 At 2 U 11
i gt i (risk assessment code , RAC) A4 1] 32 W 25 MR IR 1R 45 & 285 2 A R Y B e B0 V- 8
2 T W AR DA A5 | DT DA Xof B A8 R i XU | XURS: S AR TN 3 .

R3O b 1 i ARG bR e

Table 3 Level criteria for risk assessment code

DR 5545 TS RS A LR e AL =N
Risk No risk Low risk Medium risk High risk Very high risk
[ (b1+b2)/T] % <1 1—10 11—30 31—50 >50

Kl 4 D9 B R 4 D IIREIX HE G R B9 T S HeAS # i R ER 45 3 25 o8 S B B9 L], AR B A A
IR DA i B 1 S 20 3, B AR X R SEAG L) MU HE R Cd>Zin>Ph>Cu>Cr.4 DN INBEX Cd JTEERBITA R
AR R KU PP 2 512, 7775 i XUBS: AR AT BB ; Pb M1 Zn &5 5 BE AR AR 7 11—30 Z /6], J& T
HR R AR 5 Cu 72 Tl DX T FP 85 XU T 7 2838 DX RS DR o 28 DX LA 1—10 Z [, Ak TR XU 5 Cr
T 4 A DR 7K AR

or Il 555% X Traffic area
[l 7 R [XResidential area
] ##XEducational area

40 [ ] Tk KIndustrial area

30

20 |

Quality percentage/%

Al Fe Cd Cr Cu Pb Zn

B4 5 HRAELARDIREX AT 5B B 400 [

Fig.4 Comparison of exiractable mass fractions of heavy metals in different functional areas of dustfall in Qingdao

3 4512 ( Conclusion)

H & RKABEA Y Cd Cr,Cu Pb Zn M3 &l T R 5E, Cu &\ LI 5%
B, FE2b i Cu Cr 7E R ZUX B 2505, Cd P P4 Ja 76 8 B XA & i 22 At 3 AN IX&, Zn 76 Tl X
FE B IX 5 AR X H 5 5 AL Fe \Cr \Pb EZELIGRE N 32 (46%—83%) ,Pb Cr PRI & J& 1) Fe-Mn & {b
BB E T HA 3 FIEZ.Cd Zn (7] S HIS FBRIRZS 575 S 2 0 H (10%—24.5% ) , HLBIH &+
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HiAth 4 & , Cd 7E v AZ e 2s B o () e Bl R (24.5% ) , Zn 8 LIAR FAL B AFEAE (1 44.6%) ,Cu LIA
PR (70.2%) 5 Cu  Cr B S FRASTE JE R XSS I X3 B A8 i, 13K A 4 I R PR 3 45 5 A8 43 il 7
Tl DX R 2 XA B R 3 P Cd  Zn T P AN TE A B 7R A Jar R DX ORI 283 X7 i i, BR 2 P AsE s 1) Ph
15 YL AT e A K 1 PR XU 5 A RURS: DA A ik Do ¥ KU HE P24 Cd>Zn>Pb>Cu>Cr.4 PN IHEIX
1) Cd FETE = XU i AT BEME , Ph Fl Zn J& T &5 XU, Cr J&8 TGRS , Cu 78 Tl DX Ak T v 45 AU , 7 Ho A
3 Ay RE DAL TR RS B ARk U, ZEE AL P Cd Fl Cu X PR 4 5210,

5 2% 3Lk ( References)

[1] YUANGL, SUNT H, HAN P, et al. Source identification and ecological risk assessment of heavy metals in topsoil using environmental
geochemical mapping: typical urban renewal area in Beijing, China[J]. Journal of Geochemal Explor, 2014, 136 (1) : 40-47.

[2] SHISX, DONG L, LI L L, et al. Polybrominated diphenyl ethers and polychlorinated biphenyls in road dust from Suzhou, Wuxi and
Nantong[ J]. Europe PMC, 2013, 34 (10) ; 4024-4030.

[ 3] ACOSTA J A, FAZ A, KALBITZ K, et al. Heavy metal concentrations in particle size fractions from street dust of Murcia ( Spain) as the
basis for risk assessment[J]. Journal of Environmental Monitoring, 2011, 13(11) ; 3087-3096.

[4] OLIVA S R, ESPINOSA A J. Monitoring of heavy metals in topsoils, atmospheric particles and plant leaves to identify possible
contamination sources| J]. Microchem J, 2007, 86 (1) : 131-139.

[ 5] TOKLIOGLU $, KARTAL $. Multivariate analysis of the data and speciation of heavy metalstin street dust samples from the Organized
Industrial District in Kayseri (Turkey) [J]. Atmospheric Environment, 2006, 40(16) . 2797-2805.

[ 6] BURT R, HEMANDEZ L, SHAW R, et al. Trace element concentration and speciation.in selected urban soils in New York City[J].
Environmental Monitoring and Assessment, 2013, 186 (1) 195-215.

[ 7] CHRISTOFORIDIS A, STAMATIS N. Heavy metal contamination in street dust and roadside soil along the major national road in Kavala's
region, Greece[J]. Geoderma, 2009, 151 (3): 257-263.

[ 8] WANG G, OLDFIELD F, XIA D, et al. Magnetic properties and corfelation with heavy metals in urban street dust: A case study from the
city of Lanzhou, China[ J]. Atmospheric environment, 2012, 46. 289-298.

[9] HUANGSS, TUJ, LIU HY, et al. Multivariate analysis of trace element concentrations in atmospheric deposition in the Yangtze River
Delta, East China[ J]. Atmospheric Environment, 2009, 43 (36) :/5781-5790.

[10] LIHM, QIAN X, HU W, et al. Chemical speciation and human health risk of trace metals in urban street dusts from a metropolitan city,
Nanjing, SE China[ J]. Science of the Total Environment,-2013, 456-457(7) ; 212-221.

[11] LIANG J, LIU J, YUAN X, et al. A method for heavy metal exposure risk assessment to migratory herbivorous birds and identification of
priority pollutants/areas in wetlands[ J J¢ Environmental Science and Pollution Research, 2016, 23(12) . 11806-11813.

[12] R, B0, Z0%, 45 B4 BRSO M B BROCR NIRRT #E [ 1], PARRAT 2, 2018, 39 (1) 102-106.
LU F, ZHAO F, CAI J.Y, etal. Progress in'research of relationship between heavy metal exposure and cardiovascular disease[ J]. Chinese
journal of Epidemiology, 2018, 39(1) ;"102-106(in Chinese).

[13] EtZE, k3L, SRk A, & BRI KR P T RRE BCRIE T T]. SR5ERIE, 2017, 38 (8) : 3130-3138.

WANG S H, ZHANG K, CHAIF H, et al. Characteristics and sources of elements in atmospheric dust fall in Zhuzhou City, Central China
[J]. Environmental Science, 2017, 38(8) : 3130-3138(in Chinese).

[14] MFHFME, HEF, dIHLR - KO AR, . m ad il KA T 4 8 5 YK R PR [J]. BREER, 2018, 39 (7):
3118-3125.

TIAN C H, YANG R Z, GULIZHAER Y L H M, et al. Pollution levels and risk assessment of heavy metals from atmospheric deposition in
Nanjing[ J]. Environmental Science, 2018, 39 (7): 3118-3125(in Chinese).

[15] k&R, RiB, BBEIT, 5. 3 BT OB T S w0 AR I PEO [ T]. BRI, 2014, 35(7) : 2736-2741.
ZHANG C R, WU Z L, YAO C H, et al. Health risk assessment of heavy metals in atmospheric dust of Qingdao City[ J]. Environmental
Science, 2014, 35(7) : 2736-2741(in Chinese).

[16] Jrschke, wkm, HRAREE, 45 2P ReA G Jm M 75 QT SOEREURATAN [ 1], P EFRERIE:, 2015, 35 (12) :3795-3803.
FANG W W, ZHANG L, YE S X, et al. Pollution evaluation and health risk assessment of heavy metals from atmospheric deposition in
Anqing[ J]. China Environmental Science, 2015, 35 (12) :3795-3803(in Chinese).

[17] SREREE, BIMME, THGEE, 5. SUNTTRAREA P &R TR I YAl BORIEARNT[J]. PRI, 2016, 37 (8) : 2881-2888.
ZHANG Z W, HU G R, YU R L, et al. Characteristics and source apportionment of metals in the dustfall of Quanzhou City[ J].
Environmental Science, 2016, 37(8) : 2881-2888(in Chinese).

[18] ESPINOSA A J F, RODRIGUEZ M T, ROSA F J B D L, et al. A chemical speciation of trace metals for fine urban particles|[ J].
Atmospheric Environment, 2002, 36 (5) :773-780.

[19] TESSIA A, CAMPBELL P G C, BISSON M. Sequential extraction procedure for the speciation of particulate trace metals[ J]. Analytical



9

DR 7 1 T 24 2 vp o 3 B 25 20 W HC BRI XU Bl 1997

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Chemistry, 1979, 51 (7). 844 -851.

LI X, COLES B J, RAMSEY M H, et al. Sequential extraction of soils for multielement analysis by ICP-AES[ J]. Chemical Geoogyl,
1995, 124 (1-2) :109-123.

Wi, P, e, & H R LT SR R kL= PHIE [ T]. PE M, 2008, 35 (3): 539-550.

YAO D, SUN M, YANG F G, et al. Environmental geochemistry of heavy metals in urban soils of Qingdao City[J]. Geology in China,
2008, 35(3): 539-550(in Chinese).

dPRAR, SRR, A, AF WA MY T 3R T R R P TR MR BERRAE R IR AR AT (0], FRAERLAE, 2017, 38 (11):
4463-4468.

ZHAN C L, ZHANG J Q, ZHENG J R, et al. Characteristics and sources of elements of a PM,;, measurements from a typical industrial city
in eastern Hubei Province[ J]. Environmental Science, 2017, 38(11) ; 4463-4468(in Chinese).

75, AR, BRIk, . BUMI T RS E 4 8 15 e AR SR IERFFE[ 1] . FBEi5 I 5 B1IR, 2013, 35 (1) : 73-76.

JIAO L, SHEN J D, YAO L, et al. Pollution characterics and sources of heavy metals in atmospheric dustfall of Hangzhou [ J]..
Environmental Pollution & Control, 2013, 35 (1) 73-76(in Chinese).

ORDONEZ A, LOREDO J, MIGUEL E D, et al. Distribution of heavy metals in street dusts and soils of an industrial city in Northern Spain
[J]. Archives of Environmental Contamination and Toxicology, 2003, 44 (2): 160-170.

BAPTISTA L F, MIGUEL E D. Geochemistry and risk assessment of street dust in Luanda, Angola. A<tropical urban environment[ ] ].
Atmospheric Environment, 2005, 39 (25) . 4501-4512.

ZEPR, BESETT, EMER, GF. M RRREAE &R TS PP SRR AT [ T]. MEERL, 2014,735(3) ¢ 1021-1028.

LI P, XUE SY, WANG S L, et al. Pollution evaluation and health risk assessment of heavy metals from atmospheric deposition in Lanzhou
[J]. Environmental Science, 2014, 35(3): 1021-1028(in Chinese).

AKCAY H, OGUZ A, KARAPIRE C. Study of heavy metal pollution and speciation in Buyak Menderes and Gediz river sediments[ J].
Water Research, 2003, 37 (4) . 813-822.

WG, BN, BREE, L RS R AAL S AN T ARSI . SIS, 2007, 16 (5) : 1551-1556.

LEI M, LIAO B H, QIN P F. Assessment of bioavailability of heavy metal-in contaminated soils with chemical fractionation[ J]. Ecology
and Environmental Sciences, 2007, 16 (5): 1551-1556(in Chinese) .

Fadh, 2R, BE S, A HES R T BERZ DU S IR IE 500 A6 KRR [ T]. BREERE 2014, 35 (9) : 3346-3351.
BAIJ K, LI C L, KANG S C, et al. Chemical speciation and risk assessment of heavy metals in the middle part of Yarlung Zangbo surface
sediments[ J |. Environmental Science, 2014, 35 (9).:3346-3351(iin Chinese).

BANERJEE A D. Heavy metal levels and solid phase speciation in street dusts of Delhi, India[ J]. Environment Pollution, 2003, 123
(1):95-105.

LR, thallf, A5 PE2io bl KA Cu Pb Zn Ni Cd BYAL2AIE R RO AE A 2k [ ] BRI, 2011, 30
(7): 1284-1290.

MEI F M, XU C Y, ZHOU L. Cheémical species and bioavailability of Cu, Pb, Zn, Ni and Cd of dustfall from Xi'an parks in China[J].
Environmental Chemistry, 2011;:30(7); 1284-1290(in Chinese).

R, ERER, R, SR TR AR RS R TR A E iR A S A LR B[ T ] BREEREE, 2015, 36 (2) @ 497-506.
ZANG F, WANG S L; NAN Z R, et al. Speciation distribution and risk assessment of heavy metals in sediments in suburban outfall of
industrial oasis region[ J]. Environmental Science, 2015, 36(2) : 497-506(in Chinese) .

XU, SRR, E AL, AR T DT X IR SR TS R S s R AR 1], FREERL:, 2016, 37 (1) @ 270-279.

LIU S, WU QY, CAO X ], et al. Pollution assessment and spatial distribution characteristics of heavy metals in soils of coal mining area in
Longkou City[ J]. Environmental Science, 2016, 37(1) : 270-279(in Chinese).

MIELKE H W, GONZALES C R, SMITH M K, et al. The urban environment and children’ s health: Soils as an integrator of Lead, Zinc,
and Cadmium in New Orleans, Louisiana, USA [J]. Environmental Research Section A, 1999, 80 (2): 117-119.

SINGH K P, MOHAN D, SINGH V K, et al. Studies on distribution and fractionation of heavy metals in Gomti river sediments—atributary
of the Ganges, India[ J]. Journal of Hydrology, 2005, 312 (1) 14-27.





