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FEE. LUK AE], 8 T Tl X Bk X B R X 2 45640 i g R + T8 % 6 MIRe X E B KA B4R
(Cu.Zn Pb.Cr.Cd) &1, IR A Hakanson ¥ 7EAE MG F PR EOTAN 5 4R 15 Juok o SHWAE AU . 25 R R W& IR 45 DI g X
ERKAESE TR B E SR EA L E SRS Rl P EEKRKN Zn (1019.75 mg-kg™') > Cr (401. 63
mg +kg™') >Cu (240.94 mg -kg™') >Pb (176.04 mg -kg™') >Cd (2.33 mg -kg™"). TEFTAINAER , Cd W R ITRBEN T L
J& SFREITSY R B C ik 35. 84, ZJS KK Zn (16.32) > Cu (12.05) >Pb (7.90) > Cr (6.36). 2 HIAEX I8 # KA Ho 1 T 4
B & B FAERRES, T X WESE SRS IS RE. AR KA E S B SEAAESAFERH RUK
WRHTALX (1709.51) >3k (1 581.50) > Bl X (1297.45) > FEERIX (1 111.25) > i 3 T8 (889.97) > I & 454
(641.39) , HIH D AR A DG F KT, RN GHE WE )R T2 Cd, TEITA DIRE X H 8 R R AR A fa K, H
AR A B G EFGRL B S MEIK1 075, 16, HLRJE Cu (60.23) F1 Ph (40.77) , Xk v & A 2505 E /K i Zn (16.32) Fl Cr
(12.71) W04 A8 F K. 980 Toll T3 YL A3 15 G 1] RS2 AR AGTE 5 K 2 v 2 4 S ¥ e XU 1) 2 ZE R e
KRR KT ERJE; Kb, T WHEAESEE
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Heavy Metal Pollution in Street Dusts from Different Functional Zones of

Luoyang City and Its Potential Ecological Risk

LIU De-hong', WANG Fa-yuan', ZHOU Wen-li', YANG Yu-jian®

(1. Agricultural College, Henan University of Science and Technology, Luoyang 471003, China; 2. S&T Information Engineering
Research Center of Shandong Academy of Agricultural Science, Ji'nan 250100, China)

Abstract: The concentrations of heavy metals (Cu, Zn, Pb, Cr, Cd) in street dusts were investigated in six different functional zones
of Luoyang City, i.e. , urban-rural continuum, urban artery, industrial district, urban green space, residential district, and business
district. The pollution levels and potential ecological risk of heavy metals were assessed by the methods of potential ecological risk index
suggested by Hakanson. The results showed that heavy metal concentrations in street dusts from different functional zones of Luoyang
City were all higher than soil background values in Henan, with average concentrations of Zn (1019.75 mg -kg™') > Cr (401. 63
mg +kg™') >Cu (240.94 mg -kg™') >Pb (176.04 mg -kg™') >Cd (2.33 mg -kg™'). Cd was the most seriously polluted metal in
all functional zones, and the average pollution index (C}) reached 35. 84, following by Zn (16.32) > Cu (12.05) >Pb (7.90) >Cr
(6.36). Heavy metal concentrations and pollution levels varied greatly in different functional zones, and industrial zone had the
highest total contents and the heaviest pollution. The integrated potential ecological risk index (RI) in different functional zones all
reached very strong levels, with an order of industrial district (1709.51) > urban green space (1581.50) > business district
(1297.45) >residential district (1 111.25) > urban artery (889.97) > urban-rural continuum (641.39). Among the surveyed heavy
metals, Cd accounted for the major potential ecological risk, and the average potential ecological risk index (E') reached 1075. 16
(‘extremely strong risk level) in all six functional zones. The average E. of Cu and Pb reached 60. 23 and 40. 77 respectively, belonging
to moderate risk level, while Zn (16.32) and Cr (12.71) only reached slight risk level. A reduction in industrial and traffic pollution
might be the key measure to decrease the heavy metal pollution and potential risk in street dusts.

Key words:risk assessment; heavy metals; dust; functional zone; potential ecological risk
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Fig. 1 Distribution of sampling sites
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A T hEE 1 2 %0 Hakanson' ™ #2 B 4 )R
TR T M Cd > Cu=Pb>Cr>Zn, FRH IR HH
FE MR EACTE 48 T M R B IPIIR TS, X5 1 &R

BERTEAN IS E 6K Cd =30,Cu=5,Pb=5,Cr =
2,7Zn = 1. #4E EF RIAER] 20 ARG AR 2518 3 K
F(F1).

®1 E.MRISEEBEHXRD"
Table 1  Relationship between pollution and E’ or RI

ci TS YL R E! RI fo EREE

<1 T E! <40 RI<150 BMESEE(LH)
1<Cj<3 755 11 40<E <80 150 <RI <300 hAEAESAEE(IR)
3<Ci<6 SREE ! 80<E. <160 300 <RI <600 AR E ()
6< Ci<9 BEiGUN 160 <E! <320 RI=600 RER A EE (VR
Ci=9 EIGRV Ei=320 WA fEHE (VR

1.4 BdEbr

FIH Excel F1 SPSS 13. 0 2545 314k 44 %t B4 ik
758315001, B Pearson A1E R B E 4R &
2[RI AH DG

(] E o 5 4 A7 28 B G2 1 2 53 A AL AreGIS
9.3 WG F . T GIS kA T E
TH2E 20 B 19 B 4 JE SR AR A0 A TR R SR A Y
73 (8] 45 A AT 5 A e A, AT AR S R B TR
KA B AR B PL G B R S 8O AS i JF R Kriging
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4 R T KOE 1 2w T R T AR R
B afE. Hrh P SRS AR E Zn (1019.75
mg-kg "), G Cr (401.63 mg-kg™') > Cu
(240.94 mg-kg™') > Pb (176.04 mg-kg™') > Cd
(2.33 mg-kg™"). Cd . Zn Cu A E VSRR , Cd 1)
TG YRR B A PG G R AR A 35. 84, Z R R
&7Zn (16.32) > Cu (12.05) >Pb (7.90) > Cr
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Fig. 2 Spatial distribution of heavy metals
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GER(641.39) . X ILIFEMARHE(F 1) A0, &
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E R E T AR A S fe FE KE, i‘.i%%m?
WHHA 6 N IIRE X KA ) Cd & &)™ & B in
JREC AE LB T Cd 2 )5, Tolk KAKSR A A Cu Al
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Table 2 Heavy metal concentrations in street dusts from different functional zones of Luoyang City
ragIx. WH Cu Pb Cr Cd Zn
TYE (Ave) /mg-kg ™! 88.92 81.39 327.74 1.26 591.38
. #2/IME.( Min) /mg-kg = 71.21 46.71 215.99 0.71 454. 88
I & vk
S Ga(UR) HAAE (Max) /mg-kg ™! 99.70 106. 63 513.94 1.87 710. 03
A5 ZH(Cv) /mg-kg ™! 0.17 0.38 0.50 0.46 0.22
SEYE (Ave) /mg-kg ™! 116. 62 83. 63 197. 62 1.79 748.02
f2/IME (Min) /mg-kg ™! 52.03 77.74 175.03 1.54 674.78
b/
PRI E T (UA) R (Max) /mg-kg ™! 242.34 94.51 217.24 2.27 833.94
A5t ZRE(Cv) /mg-kg ™! 0.93 0.11 0.11 0.23 0.11
SEE (Ave) /mg-kg ™! 849. 80 466. 74 990. 43 2.87 2 191. 64
. #2/IMEL( Min) /mg-kg = 231. 81 257.73 572.29 2.27 961. 50
X
LB (ID) 5 KAH (Max) /mg-kg ™! 1476.79 741.75 1390. 44 3.64 3522.74
S FRE(Cv) /mg-kg ™! 1.04 0.83 0. 60 0.38 0. 86
FH{H (Ave) /mg-kg ™! 83.26 218. 46 368. 64 3.23 550. 57
- f2/IME (Min) /mg-kg ™! 36.52 103. 87 263.29 2.05 365. 62
b! 5 5
RATERA(UG) I KAE (Max) /mg-kg ™! 157.87 383.83 555.98 4.70 708. 67
S RE(Cv) /mg-kg ™! 0.78 0.67 0. 44 0.42 0.31
EYE (Ave) /mg-kg ™! 41.79 98. 02 226.49 2.30 718. 86
/IME (Min) /mg-kg ™" 22.84 72.75 200. 54 1.88 528.02
JERIX (RD) > IMEL(Min) /mg &
e RAE (Max) /mg-kg 63.56 113. 19 255.62 2.56 880. 31
A5 ZRE(Cv) /mg-kg ™! 0.49 0.22 0.12 0.16 0.25
FHME (Ave) /mg-kg ™! 265.23 142. 63 298. 84 2.53 1318.02
. 5 Mi -kg! 163. 96 124. 84 242. 67 1.70 696. 70
B (BD) I/ IMEL( in)/mg-kg ]
e KAH ( Max) /mg-kg ~ 417.71 171.37 329.17 3.15 1717.00
AR ZB(Cv) /mg-kg ™! 0.51 0.18 0.16 0.30 0.41
ol /mg kg ! 20. 00 22.30 63.20 0. 065 62. 50
®3 EHETEDRKERRLEERSERE(C) MBEESRERB(E)
Table 3 C;r and E' of heavy metals in street dusts from different functional zones of Luoyang City
Ham ES WM EFH(UR) W ETEUA)  TAX(ID)  SliEH#(UG)  JERX(RD) FIX (BD)
Cu C; 4.45 5.83 42.49 4.16 2.09 13.26
E! 22.23 29.15 212.45 20. 81 10. 45 66.31
Pb C} 2.10 3.75 20.93 9.80 4.40 6. 40
E! 18.25 18.75 104. 65 48.98 21.98 31.98
Cr C; 5.19 3.13 15. 67 5.83 3.58 4.73
E! 10. 37 6.25 31.34 11.67 7.17 9. 46
Cd C} 19.38 27.54 44.15 49. 69 35.38 38.92
E! 581. 08 823.85 1.326.00 1491.23 1 060. 15 1 168. 62
Zn Gy 9. 46 11.97 35.07 8.81 11.50 21.09
E! 9.46 11.97 35.06 8.81 11.50 21.09

r
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Table 4  Correlation between heavy metals

Cu Pb Cr Cd
Pb 0.911°
Cr 0.951" " 0.946 " "
Cd ns ns ns
Zn 0.972" " 0.845" 0. 866 * ns

1) * FRTE P <0.05 KRB E, = = FRFE P <0.01 KFRBE ns
FRIA WA

3 itig

ABEFE R, I FH T MR K A2 Zn (Cr Cu Pb
Cd B2 5 vy, e S R BRI (3R
5) A& FHIE B% K22 Hf Cr 75t v T I PN AP A 3
PRI 4 4, Cu FROGK TR ELG Zn
UK T AW RS Ph & & 2 I E
PIEL I 60% ; Cd 7 AR T F 2. et &
PR RNl T T 3 20 ) T 4 S 3
KA — B X AR TG YU G, Sk i A
HaEdE, Tl kol , St 2, B BCE 21
A A U PR Dy — A2 3, S RE iR
P AT AU TR T RE P AR R R R TS
e, B BEAT AP B A ] 54 A 77 3 Bl v 1) SR e HET
W TRZE RS IY), S LRI E
8, EOS P K A v H G ) 7 e i s
fi. SR A W R B, W BHTT Tl X 5% - v iy

R5 FARAHTEEKLELERE /mg-kg ™!
Table 5 Heavy metal concentrations in street dusts from

different cities/mg-kg ™!

3] Cu Pb Cr cd Zn
draxlii 78.3 69.6 85.0 0.71 248.5
Fgl1s] 196. 8 204.9 159.3 1.23  733.8
Jp el 176 240 78.8 2.41 586
TEBR 81.33  106.26 4.35  224.47
Pzl 72.39  140.2 5.25  302.4
e oK (18] 95.54 53.53  54.28 1.17  294.47
Fr 1ol 116.04 202.16 51.29 1.59  321.4
T s (20] 173 181 3.77 1450
kel 22 35 99 97
Tt 1L [22] 188 1927 476
R 101 245 3 296
FE% B R 129 214 4.1 645

B IE A R 2 26.34 36.15  11.15 4.24  387.98
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