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Abstract: To assess pollution characteristics and the degree of heavy metal pollution and to discuss the spatial
distribution characteristics, the study area was divided into 500 m x 500 m, according to land use types, a to-
tal of 181 samples were collected from surface soils in the main urban area of Yongkang City (the Hardware
City of China), and the contents of nine heavy metals: Ti, Cr, Mn, Co, Ni, Cu, Zn, As, and Pb, were deter-
mined. Pollution was assessed by a single-factor pollution index and potential ecological risks were assessed by
the Hakanson Risk Index (/z). A multivariate analysis and geostatistics were applied to examine the spatial
distributions of heavy metals in the soils, each point we take 5 samples, then mixed, after pretreatment we assay
the samples with 3 replications. Results showed that the mean values of Ti, Cr, Mn, Co, Ni, Cu, Zn, and Pb
were higher than the natural soil background values in the Jinhua Quzhou Basin of Zhejiang (P<<0.05), but
the mean value of As was below (P<C0.05). The single-factor pollution index revealed the following order:
Cr>Ni>Co>Ti>Mn>Cu>7n>Pb>As. The correlation analysis showed highly significant, positive correla-
tions for Ni—Cu (r = 0.743, P<<0.01), Cu—Z7n (r = 0.893, P<<0.01), Ni—Zn (r = 0.652, P<<0.01). The
mean value of Hakanson Iz was 49.05, which indicated that the contamination level of heavy metals in
Yongkang was slight in total. However, there was moderate contamination in local areas where Cu, As, and Co
were at high or moderate ecological risk levels. Overall, accumulation of Cr, Ni, Cu, Co, and As were influ-
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enced by industrial production; Zn and Pb were influenced by traffic; and Ti and Mn originated from smelting
and manufacturing with Ti also being controlled by parent materials. Industrial land has the highest potential e-
cological risk, which needs immediate attention. [Ch, 3 fig. 8 tab. 29 ref. ]

Key words: urban soils; heavy metal; ecological risk assessment; ordinary Kriging; Yongkang City
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Table 1 Background reference values (C,’)and toxicity coefficient(T,) of heavy metals

155 {11/ (mg-kg™) o A 511/ (mg-kg!) o
TER S waw wa om | CHERE WER Tow wia om | EAM
[PN 4 091.00 4 406.00 4 406.11 1 Lo 18.03 22.63 17.60 5
78 45.37 56.00 55.99 2 2 72.13 83.10 70.60 1
L=n 377.00 620.51 600.00 1 fif 6.49 6.90 9.20 10
En 7.20 10.40 13.20 5 A 35.12 35.70 23.00 5
=] 12.45 23.93 24.60 5
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MFE3 PR Bk, H. M. B B B B RRREYR MBI 5 677, 121, 513, 10, 23, 24,
95, 6 M40 mg-kg™', 9 FhE & JE TR P IERMAL, ¥R A M A T A, Hoh R RV A (IR
BN G M A TS S 3.0 A5 1.8 £, X 8 FiCRARZ LT AN BN EE. AR, 5.
S FOAR R AR R, 409 93.37%, 100.00%, 71.27%1 98.90% . 78 53 2 K (V) T LMk Bl B Hi e
B, WILDING 20 Ho 4y Sy 5 B A 5 (Ve =36.00% ), 1275 5 (16.00% <V .<36.00%) , %A F (V<
16.00%) . BREKFERITTEZE T REUNT 36.00%51, LAY F 36.00%, Uil 7 FocRZAEH T AN
SO A A S, LT A S BB K, ik 177.23%, URIAE TR 2 A B K, 2 A IR S
SR d5c Ry
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Table 3 Descriptive statistics of soil heavy metals

L ¥{E/ i 2/ e/ ME/ R AE/ G Y 5 B AR (4 AR
& (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™) fE/(mg-kg™) W )/% #/%
ik 5677 1298 2 629 12 045 4 091 93.37 22.86
L3 121 60 56 741 45 100.00 50.15
b 513 267 54 1728 377 71.27 52.03
A 10 10 0 66 7 56.35 93.00
2 23 8 11 78 12 98.90 35.95
il 24 43 0 441 18 3591 177.23
B 95 91 39 932 72 49.17 95.84
fifi 6 6 0 29 6. 39.23 94.99
B 40 27 4 264 35 47.51 67.49
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Table 4  Statistics of single-factor pollution index

IEE S fikid

HE)m N e T P e AR WA 17 i 5 VeSS
7N 0.64 2.94 1.39 TRAE TS Y 5.51 0.96 IEAs
% 1.24 7.51 2.58 B S Y 5.47 0.45 MEOERS
i 0.14 4.58 1.36 TETE G Y 4.92 -0.58 XEOERS
A 0.02 9.23 1.42 TETE G Y 4.58 -1.03 MEOERS
[ 0.85 6.27 1.82 VTR G Y 4.95 0.83 X BOE S
| 0.01 24.43 1.36 LTS g 30.80 -2.85 MEERS
22 0.54 12.92 1.31 VAR5 Y 8.12 2.00 MEERS
i 0.01 4.44 1.02 WAETS g 10.68 -2.21 XEERS
i 0.11 7.52 1.14 WS 5.73 -0.13 X RCE 2
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0.801, 0.804, 0.723, 0.249, 0.360; % 5EFATAHOC R ECN 0.307, B S56f 0 AHC R ECH 0.290, 4754 .
BELOEP L OBEYAOAR OC R EAr I 0743, 0.652, 0318, 0.419; M 58 H0AH C FR Er Bl Dy 0.893 F
0.591; B S5HTMMERECH 0.640, #E L T 0.01 ACF 1) B EMERL . —BOoRUL, # . 8. 8. B 4
Z IR A DGR R T ARG S sE e Y, B S . AR S AT Z M AE O R B T 0.17~0.18, 7E 0.05
5 56 7K 2B R 55 1E A 0%
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Table 5 Correlationship between soil heavy metal elements

CiEE] R % Bl il B il B fif i
N 1
% -0.300%* 1
fif 0.049 0.174* 1
i 0.436%* 0.126 0.121 1
R —0.325%%* 0.801%** 0.076 -0.007 1
il —-0.303%%* 0.804* 0.176%* -0.051 0.743%% 1
B —0.280%%* 0.723%* 0.307%** -0.073 0.652%%* 0.893%** 1
22 -0.017 0.249%* 0.057 0.290%* 0.318%%* 0.117 0.139 1
i -0.095 0.360%* 0.179%* -0.083 0.419%%* 0.591%* 0.640%* —-0.241%%* 1

YT % FOR MR REAE 0.01 kP E W3, * FoR MR EAE 0.05 K-F 1 R3%E.
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YT 3 A B U R MR IEZ AN RIE S5 AR E W, ER TNk 6 FiR . ARIEFREE KT
AR T 3 AN Esr, F—F M. 6 F 0 M = F o B 2 9 3.77, 1.64 A
1.30, i 3 AN ERAr B LTIk R IL 74.69% , FAT DRI E M E8(E4,

B BT 2 TR N 41.89% , JUEH . B M BEAAT Y B 2k 4 4 51 0.850, 0.809,
0.906, 0.890 1 0.677, 457K HH B B8 1 4 M A 395 S0, Horb 8 o B A 9 I KB 2 )ik
BT RAAM 189, 92 F1 12.9 %, Wik . . M. B BT E Z A XAF AN E A S, the ]
H, XHITTRMBRFEZE ARG % ARG 0 E AR, B VR A L
FETAV PR B BE . Y BT TG & TR FF W HERL, VR 2R R O S A — A R R
T A8l V5 Y IR bR S e R P B AE MBI IR 280, W TN A SR ES R, SRR
PHEAIRT 4 By SRORMR B L SR R ARG, Il KA A L3R B, 5 —
IR T Tl AR 7 K 58 3 32 T Bl R

5 R ) 22 TR 18.32% , JTR AN AU B 2R AT B, 4 o 0.827 A1 0.702, 4EICER
Y E TEMm AT SE, MocRWEMT MW AT Sl HW & 0 s [H 07 k8 A 9.2 A
4475, JERTIEY . BE A TS 4. TR b A=, m Ao f UL A Y SR e R
AL AR S5 SRR, X SE R I R R L AU R L ORI R RE R TR T AL
A ALY Bk, 58 30 AR T Tolk Az =36 sh i s
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Table 6 Factors matrix of soils heavy metals

EE] By B ER EEEWR ES] BTy BRIy =T
N -0413 0.457 0.591 B 0.890 -0.082 0.197
% 0.850 0.291 -0.157 il 0.250 0.702 -0.477
i 0.298 0.196 0.515 i 0.677 -0.335 0.490
i -0.012 0.827 0.276 R eI 41.89 18.32 14.48
! 0.809 0.117 -0.277 BBy £ Tk R/ % 41.89 60.21 74.69
il 0.906 -0.086 0.070
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B = R 1T 25 TR 14.48% , ST R BRI B 2k i, 40 3o 0.591 1 0.515, £k F14:
BT WAy M, RKMESN &M S 2.9 145 5. KR P S EHER S 9
PHICE, T HREMPUEMmEE HAR ., HIbwE 5 M RmHR A 4. datmih & EiEa 5 12
PoeE, R WG T EEICE™, el s, SRS RE AR ATz, XAE Tk
TR REEZEMENITE, FIE =R T ARG S Tk = Ik E s,
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ABFFENG A TR B 15 e AR O AT 38 vl AR (A, DA A IR G Jm S e s (Rl o A FE b, A
H BRI RS HNR T iR, Gt K-SR SouRMFEIESSM, &, M. &, 8. 8. 8.
fiff . By TR SRS AR A R A, T DR T v B AR, 25 A 45 A LR G Y e A
HEAT 7 S bR ARG I (. JUREK . R BURIER YL G RECKH 0.25~0.75, HA P ER A B OCE, AT
REAEPERENLIN R REm . JCRE . M. B, BT MELE KRB R T 075, 2 AAHEHRSS, RINK
SRABEALYE . T 5 R 4R T R B R AT RE 2 AR Sl RZ i 6
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Table 7 Models and the relevant parameters for semivario rams fitting of soils heavy metals

HE)R B el HEH RERI AR Ey Eys Eys Epys Eps S
7N i BB Y 0.057 0.113 0.507 3398989  0.003 0.008 0.316 0.296 0.940 ¥
% R AT 0.064 0.089 0.962 3528.545 -0.007 -0.020 0.695 0.765 1.097 X EL
i i KR 0.258 0.280 0.919 7227290  0.023 0.002 0.815 0.713 0.924 PO

B i KR 0.926 1.273 0.727 2836.794  0.279 0.069 3.098 1.329 0.475 PO
kit 125 ST A T 0.077 0.091 0.841 8 187.070  -0.004 -0.017 0.536 0.635 1.185 PO
Al 5 FUpE Al 0.690 1.178 0.586 8 187.070  0.006 -0.089 1.828 2.409 2.200 PR
[ T8RO R 0.263 0.268 0.980 6 419.927 -0.055 -0.083 0.733 1.252 1.729 PO A4
i i KR 0.878 1.874 0.468 16 769.045 0.212 0.021 1.944 0.881 0.678 POR
i TR BB AL 0.302 0.313 0.967 1 028.610  0.009 -0.057 0.796 0.817 1.124 PR3
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AR5 R ROL S R U S A R R s B B B BERIEDT R Z B MO T, Bk R
Bl M G R WAF AR AE R AN TR . Dy ik — 2B 72 7 YW 2 6] o A BORUR, A~ 728 S ok B0 045 JE il
by RPBRSE DI AT v A AR WA 1 s, BRI IS RR R A LR R, BROTER TS
QoA FEEPAETLMAE, B TREFR, REEMTHZ TAkRIX . 2R X F 2 5 R 3
Hoo BUH . BoCR EE LIRS AR A, BRI U, 15 de g RO i a3 07 2 2 A TR SR
(194 3 oMb X5 3004 Tl X, it A R T R BRI T X, EE WA . e T H . B
HA gh T H. o 4foc R 19 Y 3 288 f 78 TR £ 38 94 50 DA S PR S am b, AR 0 1 i 3 X 9 e A JEE e
B, HROTER TS Y OO S B LA ARG D B B8 RO B A, T R BT LR R K RE LA 3 DX T i R T 2 I
X, KRAFEZRMESBIGRMGO 70 H . BOUER S X E 204 T X . X LRI T X
PRTE R LR, X SWITR MR8, HIE ., TR FZORBET AW . HoCR &
DX 32 B0 A T3V XS MOR LB R b 2 i, XS g P A Tl sh R B — Bk . BT R
YA B8 [R)C IR 23 A1, e (AL T 74 R 5 A8 252 s Ml DX A SR A A 1 Sk TP I sk TR X, A
FEIA Tl X E B A I HUR  R8bde . BRI ARk Tk X507 3k Tl KA TR BRI A, &
TUEHAE . AL, B TH. A, WX AR 2 R . B ST RS Y R R A
RGNS LB o BT AR B 23 A1 T DX PN S 0 A A R R A — B, A R (L DL T T X R
LX LR RERZ, HRHEERET @GS MR RIERREEX AT A= Tk KL K
FETTALERT B, %) X BT R B AETS QeI o0 — o (B X AR 7K 2 5 R O g 3 58 B Ak vy vl e 4
W, EEzB Mg, me LI B . BOCR R e, S XA T 5 E AR
P TR AR A e A TR R T S B X, LA B Y AT A R S SR PR X AR A, T DX B A A B
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B> >8> > > B TARA S K ION R BORE , Mo A 1| AFERR TR RS
MBS, 3 AFERR T ALK BOoRA | IREAR THhEASKRES; #OotRA 14
AR TS RSN Y HRBHEASEG R TRYE TRENAESKESFH . NR—JCRIES
WK , A AR A A A XU A AR By, B B B BT AF 4 BROCER 1 d (e BEAE Tl
SEEME, B B B UR BRI R, B0 IS RSN, 525
EEM. B, G FETREEREEUR, B UTE A #0280 TR AR S KU AR B o ZE G AR S XU 4
BORFE, KT X SR TRES KSR, DAL KA SR T A S F 5. &+
Mo A IR Y vh Tl T M B A d i B 25 B W TR AR S KB, 2 AR A KU 48 X (Tn) {9 67.09, HLRJE 2
Pl 5 M (57.30) R E I (56.24 ), oA % M S 2545 1 70 A 25 XU AR A1
T R 25 3 A K R T T S T A A A XU B S ) 0 AL, AR SRS RS X b SR AT

PEAT I v B AR EL, AR ILIE 3. nTRIFE BRI DXk, RIHT rpcs XIS T 4 J 2 5 TR A AR S XU
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Table 8 Index of heavy metal potential ecological risk in soils of the studied area
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Figure 2 Landuse of study site Figure 3 Spatial distribution of potential ecological risk index of soils heavy metals
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