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Assessment and Pollution Characteristics of Heavy Metals in Soil of Different

Functional Areas in Luoyang

LIU Ya-na, ZHU Shu-fa, WEI Xue-feng, MIAO Juan, ZHOU Ming, GUAN Feng-jie

( Department of Chemical and Pharmaceutical, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: The residential areas, science and education areas, urban green lands, commercial districts, urban arterial roads, industrial
zones and urban and rural junction districts in seven different functional zones of Luoyang City were taken as research subjects, and
sixty-three soil samples were gathered. The concentrations of soil heavy metals were measured and their pollution levels were evaluated
by single pollution index and Nemerow complex pollution indices. The ecological risks of soil heavy metals were discussed with
Hakanson potential ecological risk index (RI) and their geneses and sources were indicated by the principal component analysis
(PCA). The results showed that the average level of all heavy metals exceeded the background values of Henan Province. The
pollution degree of single gene index was in the following order: Cd > Zn > Pb > Cu > Ni > Cr. Nemerow complex pollution indices
indicated heavy metals had the highest concentration and the heaviest pollution in industrial zones. A single heavy metal potential
ecological harm (E.) showed Cd had the highest risk index. RI was ranked as industrial zones > urban arterial roads > commercial
districts > residential areas > science and education areas > urban green lands > rural junction districts. The heavy metal pollution in
industrial zones, urban arterial roads and commercial districts reached strong levels, and the pollution in residential areas, science and
education areas, urban green lands reached moderate risk levels, but that in rural junction districts belonged to slight risk level. Cu,
Zn, Pb and Cd were called anthropogenic factors and came from industrial wastes and transport emissions, but Cr and Ni were
explained as natural factors and their contents depended upon the parent materials of soil.

Key words : heavy metals in soil; urban functional areas; pollution; characteristics; assessment
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Fig. 1 Locations of sampling points
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Table 1 ~ Classification criterion of single gene index and complex pollution indices methods
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Table 2 Classification criterion and potential ecological

risk index of heavy metals
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Table 3 Concentrations of soil heavy metals in Luoyang City(n =63)
JLER FRVEE/mg-kg ™! x+s/mg-kg ! A5 R A % FEABIRE/ % FREY /mg-kg ™! HofE?
Cu 14.33 ~126.68 34.75 £26.08 75.07 80.95 19.7 1.76
Zn 62.32 ~542.35  293.67 =155.95 58.66 95.24 60. 1 4.42
Ni 21.07 ~51.08 37.58 £7.63 20.32 85.71 26.7 1.41
Cr 29.59 ~159.94 66.47 +26.70 40.16 57.13 63.8 1.04
Pb 6.18 ~219.42 56.64 +48.75 86.01 80.95 19.6 2.89
Cd 0.18 ~1.18 0.65 £0.37 53.29 100 0.074 8.75
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Fig. 2 Spatial distribution of heavy metal contamination in soil of Luoyang city
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Table 4  Concentrations of soil heavy metals in other Chinese cities

TIEE RS/ mg kg ™!

G Cu Zn Ni Cr Pb Cd
Je 5l 17.33 92. 60 24. 00 61.00 23.30 0.13
g l10] 27. 80 99. 36 —n 87.72 28. 86 —
Jp 200 11.00 277. 00 11.10 22.40 65. 40 0.23
P2z 2] 94.98 421. 46 — 167.28 230. 52 —
PR 41.60 234. 80 — 67.90 80. 20 1.1
IR s e 113 30.07 89.93 16. 47 54.75 11.63 0.31
B4 61.59 201.17 47.73 37.25 20. 01 —
H 22 27.61 397.96 11.68 187.75 97.27 0.91
FEE015) 36. 40 164. 03 23.87 53.11 36.71 1.05
N 34.75 293. 67 37.58 56. 64 66. 47 0. 65
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Table 5 Content of soil heavy metals in different functional zones of Luoyang City/mg-kg ™'
i RAEEL Cu Zn Ni Cr Ph cd
LR 9 30.64 £2.71b 100.34 +27.63de 28.79 £7.15b 58.61 +£11.15ab  39.75 £17.53ab  0.31 +0.058de
JERX 9 32.19 £13.75b  258.92 +33.70¢ 39.35 £2.83a 70.11 £14.28ab  49.00 +£13.31ab  0.47 +0.046d
b7 9 17.70 £3.53b 79.35 £14.99¢ 26.50 +£2.42b 43.12 +15.39h 11.05 +£5.14b 0.25 +0.061e
FFiE 9 43.28 £29.59ab 469.54 £63.73a 40.84 +2.20a 70.17 £19.16ab  108.33 +7.51a 1.01 £0.245ab
Tolk X 9 76.78 +43.64a  457.56 £27.66a 46.45 +5.03a  101.58 £50.70a  106.04 +98.30a 1.19 £0.135a
Falk X 9 23.30 +4.68b 333.83 +40.74b 41.26 +2.02a 64.79 +12.48ab  51.76 +£28.49ab  0.88 +0.040c
BHEIX 9 19.33 £3.18b 161.58 +25.77d 39.82 +4.06a 56.93 +23.03ab  31.11 £15.55ab  0.41 +0.036de
eyl 19.7 60. 1 26.7 63.8 19.6 0.074

1) [Al—3 P R FRER R 25 e A B3 AR TR0 2557 3% (P <0. 05)

2.3 BT IR X L 4R S Y

W BAT R R DI RE X -4 1 4 )R V5 Y 0P a3k 6
Fiis. AR TS Y880 P, W NI SIREIX 6 FP
SR AR FIEII R T 1, IS I REX 4
B EEM S, Kb Cd &SR E iR, 15 Y i
RyE. BEJRPEETE SR Cd > Zn > Pb >
Cu > Ni > Cr. Zn SH 5 YRS Y% (4% M AR +
HERRAN) 5 Pb ETHE M TV IX R 55, g R X A
B X Ry s e g RN RN X R RTs 4 3k % i+
HeR T g Cu RIS YR IeTs 4 (Br Tolk X o 5
1SYHN) 5 Ni#E 6 DINfEX A X KR T5 L. Cr
MG Y RTCTE Y (ki SRR X - 48) .

TEE SR AT AR B Py T, Tk X F 4
J& B S EAEASTIRE X P, BT ER ., Z 5 R
ARG X > R R X > BRHUX > 480 > 3 % |
W2 FnZg b A ST BT LA D R IX TG
[FIEE, 3% 6 iy B 4 R e AR B H 15
BOE, AT IS AT R DX - 5 Cd BT 7EAE
SEFEREE S E ¥R 262.32, F T, Tk
XA X Cd Bkl A e F , e R IXCEH
X Cd AARSRASfEEF IS Mgk Cd himE S fE
F. i Cu, Zn, Ni, Cr 1 Pb X 5 FPEE4JEN E' 1
4355 8.81 ., 4.89 . 7.23,2.08 F114. 68, )8 T
BRMEREEAKTE. EHETTARITIREX S35

F6 EBETARINGEXTEESRETLERTFN
Table 6  Pollution index evaluation of soil heavy metals in different functional zones of Luoyang City

e 3] JERIX e F1E TolkIX Tk X P IX HfH
Cu P, 1.56 1.63 0.9 2.2 3.9 1.18 0.98 1.76
E! 7.78 8.17 4.49 10.98 19.49 5.91 4.91 8.81
n P, 1.67 4.31 1.32 7.81 7.61 5.55 2.69 4.42
E! 1.67 5.14 1.49 8.76 7.61 6.39 3.19 4.42
Ni P, 1.08 1.47 0.99 1.53 1.73 1.55 1.49 1.41
E! 5.39 7.37 6.35 7.65 8.7 7.73 7.46 7.04
Cr P, 0.92 1.10 0.68 1.10 1.59 1.02 0.89 1.04
E! 1.84 2.2 1.35 2.2 3.18 2.03 1.78 2.08
b P, 1.98 2.50 0.56 5.53 5.42 2.64 1.59 2.89
E! 9.88 12.50 2.82 27.71 27.09 13.20 7.94 14.45
cd P, 4.24 6.39 3.38 13.66 16.08 11.95 5.50 8.73
E! 127.16 191.73 101.50 409.70 482.80 358.38 164.99 262.32

Py 3.28 4.96 2.55 10.36 12.16 8.90 4.19

RI 153.72 226.27 117.45 466. 06 548.87 392.81 189.76




6 XUSEZ A ;00 R 0 BH T AN TR D RE IX 18 o 4 J 5 G AR AE B A 2327

TEfEFfER TR 2L RLAKIK R Tl X (548. 87) > F 1
T (466.06) > Rl IX (392.81) > it KX (226.27)
>BFH X (189.76) > Sk (153.72) > Ik xB
(117.45) , TolkIX | =38 AR Xk 25 A= A e
ERRIX BHEIX Lkl B rh AR Tk
SR TRBMAESGE.

T E SR AT YRR Py I EEARREF
BRI KB, Tolk X V5 e g™ 8 | W TESE F 8 B
K. &IV X RGN Tk X, E 4,
G A K55 & JLHAERY P s A B9 Tl
DX HURE i A PR LIX. XSl B+ 4 a7 A
PGS AT Cu, Zn, Cd 1 Pb 58 4@ KA |
S ANRAE il ad TR DR e i O BB
M X - e 4 S N, T e e, ™
FEEMS. AU Rb R Ha,
PN B 85 Tl Tl DX 99 e f B Rl A de . £+
I Pb, Zn Al Cd FRRFE B i, 5 AR R 9% BH T8
W N AL B AR A O, PR BRI R 2015 AR
FHTT ML 4444 ik 105 Jiar, [b 2014 4F £ 1 17. 4
T, HLBIZE S Ph YRR RARE 2 Ph 15 4L 320k
J5 IR e e &4k BELE b = 4k Zn AT Cd
ARG YL OS2 T T I A R ) AE 2 T BT Y

FEIX, Pb, Zn F1 Cd 3X 3 FP 4 @ 09 % - R B
TRE R, Bk XORAE i B e BT
Yy, FraBIC AR T X 3 ARk O, Bk X Y
BRIEY) . A TG R A e S 4R A B BRBE ok
LR IG Yt i — R R R X PR 1 2
FAETGEF RS | T AR B E R B, Ji R 16 B3
RHEES RN E IR, Mo Ak %
BEAKVE | SRS AN B0k 3 N RBIX, 3
5, 48 Cu, Ni, Cr f1 Ph IR T L3 = MH =2
Cd & 1TSS 3. 38 £, 5 Py HA 3 17 14 36
AR AR Cd FREAME 2 AT K,
KA HHRIUTRE A2 | ARREFNSEAL S 1 % {5, 4T
AE B IR TS L.
2.4 EHTARREZhAE X 438 5 4 8 /9 32 a4
FE 53 b

TG XT % B TR [\ U Re X 4 s R AT
Pearson AHOCHEM T, A5 R WK 7 iR, SN ELEE
A2 [] EL AT 4858 A AH 6%, Cu-Zn-Pb-Cd , Cd-Cr-
Ni #l Zn-Cr-Ni f 35 1E A OC. KMO %508 K 56 {6
0. 749, Bartlett 3K B K 55 1) P {54 0. 000, /T i 2
PR 0.05, T LA A BIF 5 v 10 50808 3 & 480 7
G3HT.

x7 BETARIEXTEESERAXRN

Table 7 Correlation coefficient of soil heavy metals in different functional zones of Luoyang City

Cu Zn Cr Pb Cd
Cu 1
Zn 0.495" 1
Ni 0.341 0.648 " * 1
Cr 0.200 0.447" 0.451" 1
Pb 0.814" " 0.634" " 0.397 0. 155 1
Cd 0.449 * 0.866 " * 0.614" " 0.443" 0.635" " 1

1) % % FRMEREAE 0.01 KT 1 B2 « R HI% EHE 0.05 AP [ %
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Table 8 Main calculation results of principal component analysis( PCA)

mH — A5 e oY 7
FRAEAE 3.60 1.12
FIHRR/ % 60. 06 18.62
BRTTHCR % 60. 16 78. 68

Cu 0.715 -0.551
Zn 0. 904 0.115
Ni 0. 644 0.348
Cr 0.537 0.628
Ph 0. 805 -0.518
cd 0. 887 0.126

Xt L IERE Y B NIRRT, S — R
Y Cr Il Ni B & &, A5 — 3 B4 1 BT ik R 2
18.62% ,Cr A1 Ni B92% 174351k 0. 628 F1 0. 348,
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