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B SE NS H(H , R F Hakanson WEAEA: /G FE 1R BOE PPN AS R8T (080 B2 ZRAR 40 & S8 W A A B AU . S5 SRR HH .7 Pl
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Distribution and ecological risk assessment of 7 heavy metals in urban forest soils

in Changsha City

FANG Xi'** | TANG Zhijuan', TIAN Dalun'?, XIANG Wenhua'*, SUN Weijun'
1 Central South University of Forestry and Technology, Changsha 410004, China
2 State Key Laboratory of Ecological Applied Technology in Forest Area of South China, Changsha 410004, China

Abstract: In order to understand the influence of urbanization on distribution of heavy metals in soils, concentrations
characteristics of 7 heavy metals (Zn, Cu, Ni, Pb, As, Cd, and Hg) in various forest types were investigated along an
urban gradient in Changsha, a capital city of Hunan Province, China. The concentrations and potential ecological risk of
heavy metals in the urban soils was assessed when compared to the background values of heavy metals in soils in both
Changsha city and Hunan Province. A total nineteen major forest types were selected at three locations ( namely urban
district location, urban fringe location, and suburban location) along the urban gradient degree in urban forests soil in the
Changsha city. Two forest plots (each with the size of 20m X 20m) were built in each forest types. Three subplots were
(each with an area of I m®) were set up in each of the plots. Five soil samples (from 0—20 c¢m depth) were randomly
taken within each subplot and pooled to a soil sample for heavy metals chemical analysis, 0—20cm soil samples were
collected from different urban gradient (urban district, urban fringe, suburban) forest to analyze the concentrations of Zn,

Cu, Ni, Pb, As, Cd, and Hg, and the potential ecological hazard assessment indices by Hakanson was used to assess the
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soil heavy metals potential ecological risk degree in urban forest, based on the background values of soil in Changsha City
and in Hunan Province. Results showed that the average concentration of the same heavy metal elements in urban forest
soils tended to increase with degree of urbanization. Pb had the maximum increasing value and As the minimum. In the
same urbanization location degree, Zn had the highest average concentration and Cd had the lowest one among the studied of
all test heavy metals. , On average, while the average the concentrations of all examined heavy metals them in study sites
were lower than those in the Environmental Quality Standard for Soil ( Il grade) in China. ,. The heavy metals whose
concentrations were higher than the background values in Changsha cite and the accumulation tendency of test heavy metals
in urban forest were as in the order as of Cd>Hg>As>Ph>Cu (Ni)>Zn in the study sites. The concentration of re existed
some differences in the same heavy metal element varied concentration with among different types forest types in the city,
The average concentrations of Zn, Cu, Pb, As, and Hg were as higher in Osmanthus fragrans forests and, Cinnamomum
camphora Presl. and Osmanthus fragrans mixed forests, but that of Cu, Ni, As, Cd, and Hg were found to be was low
concentrations in Cinnamomum camphora Presl. + Pinus massoniana mixed forests and, Osmanthus fragrans +Elaeocarpus
sylvestris Poir mixed forests, the spatial distribution patterns of Pb and Zn was significant different in the study area, while
Cd, Ni and As were more evenly distributed. Significant correlations were found among Zn, Cu, Ni, Pb, As, Cd, and Hg
concentrations in soils (P< 0.05) , except the relationships between Cd and As, and Ni. The 7 heavy metals had positively
significant correlations with soil organ matter. It was found that Zn, Cu, Ni, Pb, As, Cd and Hg mainly came form the
anthropogenic inputs in the urban district forests. Based on potential ecological risk assessment, the situation of heavy
metals was in the medium ecological risk level in urban district locations, was in closing to the medium level in urban fringe
locations, and was in a slight level in suburban locations in Changsha cite. Among the studied heavy metals, Zn, Cu, Ni,
Pb, and As were in a slight risk level, while Cd and Hg were in medium or strong ecological risk level. Our study provided

scientific reference to estimate and evaluate the impact of urbanization on heavy metals in Southern China.

Key Words; Changsha city; urban forest soils; heavy metals; potential ecological risk

KT AR A A S R WM A BUA & ik 2l BHE ARl 5B SRR X A
O XA T b Z—  WSE TR b X F TR T, i 10a 2k, KD KT HESE B 8 Tl Ak, B St —
A = FE DU A P TR, — R R B B AR P TR A il AR B 24 DA LA EE Tl kR K R
2010 FHLBN GA8A 205 100 74,2011 4F< V0 SE Bl X A 77 B (E 5619. 33 42T, 2/ 26 44 23 i1 4k
557 A2 SR TTRE A VDT B AR R AN T AL R A B, T RS R A, 10 A FTECREBE N T 90
T3N3 AR 22 BT e A0 A 3 3 A, Tl T IR TR AR A AT AR i ek T BB ) H 2 g
2007 412 PRI T R o [ SR At o oA 4 [ P RN (IR0 29 T RIAEE AU Y ) 4k s IR 2R B LB Ot
B IX, ST A A ATk ) B WIS — 45 B AR BB Tl Ak kTl fb & R i ) L e BRI =
PRI AR PP & R [ DX A A8 A 0 R v T T 98 3ok ™ R, A5 R 20 ) 54155
AR, Ik, IR A Z i 2 KD Z A5IC BRI L FEE SR T B E A 28 SO 7R V3Tl A e A S B, A
SE T RS TR AR A SO R IR T IR, T R K VD ) A A SO T I Y (T R I AT R I3l 1 (2010) 9
SR o T RO AL IR T A S R G ME— AT AR s B BRI T R G, BRR O < IR T =2
Jili” AR ARG PO IR T A A EREE I R R R TR AR AR AR AT WS R SR EE R
ST Ao B 4 T LA A AT SR T T N A DT AR R A AR S S YN
T R SEHRIE AR 500 i F Zn Cu Ni . Pb As . Cd Hg %5 5 4 & AE T -1 o s e B 5 45 25, 24k
73 4 R V5 Y oe i E B X G50 OO T AR YD T« P RIRE 2 S X R R | R
IRBE 5 Y TR AR , AN 58 A VDI TT ARAK 38 A X 5 | AR5 A [ 3 T A B bR 398 L RO T v o0 X
AN ZRARISEY + 1 4 O B ARAE BT R VDT FRAR 3 5 48 V5 ORI, FILF Hakanson W 7E/E B fEE R

http ; //www. ecologica. cn



23 Trihr AR UM AR 7 R R AR SO AR AR S A 7597

BOEPPAN KD I AR AR 35 4 TR A A XURS
1 W

KT F 1 R 4 A Bt , HhAk 27°51'—28°40'N, 111°53'—114°5'E, R 2k i MR, PE AR 2K, dbik
FPH 5B, RHRICVE A HE S, FH A 1,18 J7 ko’ #HK X 256 km® (2009 4F) ) A PG K 24
230km, AL 552y 88km , AR VE K AILAR . MK 200m DUF, M35 R VG W 3t 55 48, B A7, AL S 8, 1l
Mo el i RS LS U 2 BEBUNAE R A R AL AR SUE SRS LL e TRCA S A T b
HELALTHE ., LS IRE . J M BT DR 2 2 X 10 e, 4R 2 L 16, 8—17. 2°C AR [k i 1412—
1559 mm, Y Z W, B2 5, P =8, SAF O BIZ 275d, M AR B R 2k R AR, 2006 4F
BEE Ry F AT T X R R A AR ( Cinnamomum camphora) ] E 2% ( magnolia grandifloral
inn) H.( Symplocos caudata) WG ( Liquidambar formosana Hance) &P Z88 ( Koelreuteria bipinnata) 15
1€ ( Rhododendron simsii Planch) FELER ( Osmanthus fragrans Lour) %5,
2 MRAE
2.1 CRAEHL AR E

R T AN TRV T A Ao B 3T AR G 5 12 ) 43 SRR, 1 0 AR N D B ST M | 42
T U D T ST BRI 2 S e DX CRRTAR : A0 X, TR TR T S5 A0 DX S 8 X (A T 4 X
TIE) RBIX 3 AN P AT U B SR AE A, A BRI A 11 A, PO XS AR AR A T e R A B ZU Y
SRR B R AR B K AR B A U SR B AR T, N R, NS A, i A i
K, DG sh e AT R TN EE S, DX EE WAy E, 5, TR, 55
S E RE R, NOBZ , NS AR E0m , s shE A, O P RBOR, ZRIX B B A BRI 2R
/N ISR /N = BN TR B R o WA ISP S P NV | SN R R AN o2 3 (7R S =/ 7 T A
KO NR T TE 11 AR SRAEH S IO A AR, WA TE 5 A <, AR R 0% L ABAHE i AR 3 19 Filr, o
AT 53 015 2 BRIEIARIE R 20 mx20 m SRAFFEHE SR HIBEHLAT 2 5 AE B D FEHLA B 1 m® SRAERE T 3 A, 3t
BEE 114 ASREERETT SRR T IXOH A ZIE RS 5 R 0—20 em B L1, B 5TIR G5 R Tkg L IEHE
At o BEASSRAEH S RO OL B T FE AR SRR SOR R R EINER 1 R

1 REMEHERGER

Table 1 Fundamentals of each sampling location

- KA Hb s5 A ; bl W g
o e Mg it . s
. Sampling Area Age / Density Sample
Gradient . N Forest type 5
location /hm’ a (#k/hm*) number
I IX : g R ;
Ul X o HEAE A 164 HEAE W+ #h 2 {5'3 )LM( 'OSmanthus Sfragrans + 06 276 6
Urban district Elaeocarpus sylvestris Poir mixed forest
0% il A 377 FER + AL IR 38 Cin;namamum camphora 28 208 6
Presl. + Osmanthus fragrans mixed forest
WA Cinnamomum camphora Presl. forest 34 293
LU /N 118.0 LA Pinus massoniana forest 33 696 18
FEAEM AR Osmanthus fragrans forest 28 285
AR Bl 35.92 ERK Cinnamomum camphora Presl. forest 30 750 6
AR R ffﬂﬂ‘ Cll'nnam(zrrf:m :amphéra Presl. forest 35 364
g [ 130.85 R+ 5 B W TR 28 MK Cinnamomum  camphora 28 12
Repte bl . . . 210
Presl. + Pinus massoniana mixed forest
R + 5 B AN IR 38 AR Cinnamomum  camphora 33 670
LXK ; . Presl. + Pinus massoniana mixed forest
i H iz 180.38 - 18
Urban fringe e L ARFEM Manglietia fordiana. forest 26 431
WA Liquidambar formosana Hance. forest 35 540
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. s iR o it s -
i A yesy i . Fhiit
Cradient Sampling Area Forest 1 Age / Density Sample
radien location /b2 orest type a (#k/hm? ) number
R 514.14 WA Liquidambar formosana Hance. forest 35 638 6
F o 14.94 R Cinnamomum camphora Presl. forest 45 785 6
RBIX. Ry N 4079 FEAT Phyllostachys heterocycla Mitf. forest 24 1167 12
Suburban YN F2ARM Cunninghamia lanceolata forest 30 1003
A 500 Tﬁﬁf{ﬂ&]ﬁiﬁﬁﬁ‘cmnan'wmum camphora Presl. + 06 1275 6
Keteleeria fortunei Carr. Mixed forest
FZARM Cunninghamia lanceolata forest 51 625
Je 1l v R 55 A + 1 (ﬁ'g BN ‘Pinus massoniana + 47 1975
A 525.3 Lithocarpus glaber mixed forest 18
*)k BN + A B IR 2 M Cyclobalanopsis - glauca + 58 1474

Lithocarpus glaber mixed forest

2.2 k2SR

TR R 2T 3 100 & H . AWFSE 22X ZRAR L3 Zn Cu Ni Pb As Cd Hg #4753H7,Zn
Cu Ni .Pb As Cd Hg Z 0k RIS - LR B2 BUS | Cu Zn .Cd . Pb Ni 2K ] Hp3510 J& 1M I 436 BE i 5
As Hg R AFS-930 AUSGE JiF28 60N e . 1A LT & 5 R B AR R AR /K A kil 2 , 4= N &
R AR LS AR, 4 P &R A AL Bl - s bt L Gkl e
2.3 HHEE SR TR E SR PN IR

ST R VDI T AR - 4 4 R A A A A T AR R WA DX )RR, AR F 5T 1E ] Hakanson
P B AR S FIREOET KV R R Y M A R Rl T E NS A (R 2) P K
VDI T ARAR A 498 T 4 S VT R AR S KUK

R2 T EESEMNHEERENFEREREE

Table 2 Environmental background and Environmental quality standard values of soil heavy metals

$8¥5 Indicators Zn Cu Ni Pb As Cd Hg
KL

L 93.33 25.67 28.50 30.17 14.43 0.070 0.10
The background values of soils in Changsha( mg/kg)
¥ i g e B2 (17
Y TS . 90.0 25.0 31.9 26.0 18.6 0.081 0.11
The background values of soils in Hunan( mg/kg)
WA i bR ( 112
LIRS R R AREC 15 200 150 40 250 40 0.30 0.30

Environmental quality standard for soil ( Il grade) (mg/kg)

BT G R TR AR S H REE,) MR AN
E =T x (C/C,)

K, €, Co, T A3 RS | FP 4 A S0 B (mg/kg) B HUME (mg/kg) REEE R AL, BEPE REBURIE RS
JRAEI R E S R RE(T)) :Zn=1 Cu=Ni=Pb=5 As=10,Cd=30 Hg=40,

ZAE &R S FRRB(RD WA AN

RI= Y E

WA E, R RIE, 2 BUUBW) (+38) h i & B W e R B H R A A S e FH IR BCRS B LR
R TIRAEEES it 7 B 4 iV A AR A5G R A RE R 5 WV e AR S e F it (£ 3) .
2.4 HdlEaem

KM EXCEL SPSS17. 0 GEiH Sk e A7 £t ab 31 AR G b 351230 #T
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% 3 Hakanson BEA S RBEIFMIER

Table 3 The potential ecological hazard assessment indices by Hakanson

ABEE B g bt R B
Ecological risk Slight Medium Strong Very strong Greatly strong
E; <40 40—80 80—160 160—320 >320
RI <150 150—300 300—600 >600
3 ZR5H5M

3.1 AS[EIHT AR B AR bR L 4 Y i

FE 4 0T LI H AN RIS T PR B bk it 2 8] [ 5 4 Jag 1940 - 22 o 20 222 B0 A B 8 Py DR vl A ef B e | BV
T AR B B = TG O, Ph Mg i B K, As B MR R /N, Zn (Cu \Ni \As Hg I AL IX (43518 56.8 .24.91
28.24 23.93 0.23 mg/kg) HL X RBIX 125 W3 (P<0.05) , 14 X 5RFIX 1) 22 548 .3 (P>0.05) ,Pb
AR N HL X (36.55 mg/kg) FilgIX ZRIX Z (8], #1 2% IX 528 X Z 8] 1 22 5 24 i 35 (P<0. 05) ,Cd Ryt
[X(0.18 mg/kg) HRBIX Z A 25 57 B3 (P<0.05) ,(H 5L X Z (8], 12 X 5B IK 2 8] () 22 5 A8 B3 (P>
0.05),

4 Fros, [F—3 i A Bh BE AR AR LI DL Zn AP 34 &t die i, Cd eAIX, (H IS A i - 3 A B3 T it e
(GB15618—1995) Il bl . A[EHEEEARAR I Zn Cu Ni B35 BRIP4 109 5t
B> AHAUL X Cu NiCEY S BT R0 Ph B PO X T s 57 A, X SR IXABE T
+IEFFEET)  As Cd Hg ¥yt + 33 g7, H DL Cd Wbn i 8o i, 76 1. 48—2. 57 2z a), Hik &
Hg, 7E 1.36—2.30 Z[f], Zn M7E5 R 50K, 1E 28.37% —48. 82% ,Pb N HIK  1E 27.05% —44.38% , As Hx
IN,H8.22% —12.22% , TE 114 REJTH  Zn Ni Cu . Pb As Hg Cd #Bi 07 F 335 50> 10RE Iy 43 3
$95.38% .18.28% .19.35% .30. 18% .92. 63% .93.55% 100% , H1.0>[X. Zn, Cu Ni Pb As Hg.Cd %35 K
11.63% 30.23% 37.21% 51.16% .100% .100% .100% ,Ni Hg it + I3 R F b5 ( GB15618—1995) 11
RERUEAEIFETT 739000 2. 33% F11 16. 28% , R P IR TT AR R T2 (0—20em ) & A R 2 3 & 48 1y
P HOABRKMZE T As Cd Hg M54, LHZPLG X, SR LA 7 FiiiE 4 )8 Bt Ky fnidi s 4 +
HERS R A BCHE R N - Cd>Hg>As>Pb>Cu(Ni) >Zn,

F4 KOPHETHROR-BDER-PEEERRLTESESENESE

Table 4 Heavy metal concentration in urban- fringe- suburban gradient forest soil in Changsha

FEHE Gradient T H Ttem Zn Cu Ni Pb As Cd Hg
b X BRI/ (mg/kg) 124.35 55.14 45.67 84.00 27.88 0.28 0.56
Urban district /M (me/kg) 30.10 15.69 18.71 20.73 20.94 0.14 0.14
M/ (me/kg) 56.80a 24.91a 28.24a 36.55a 23.98a 0.18a 0.23a
5 RE % 48.82 33.52 19.00 44.38 8.22 23.53 37.38
WX BRI/ (mg/kg) 96.98 28.77 30.35 46.73 24.26 0.17 0.28
Urban fringe /ME/ (mg/kg) 28.08 11.10 13.28 16.17 15.46 0.12 0.09
SFEHIE/ (mg/kg) 39.69b 16.12b 21.56b 24.55h 19.52b 0.15ab 0.17b
5 B %o 42.08 29.65 19.79 27.05 10.09 6.67 21.76
RBIX K 1H/ (mg/kg) 71.77 32.21 33.21 39.59 22.38 0.14 0.28
Suburban f/IME/ (mg/kg) 18.30 9.67 13.27 13.77 14.65 0.10 0.08
FH{E/ (me/kg) 43.07b 18.82b 20.17b 20. 82¢ 18.92b 0.12b 0.15b
5 R % 28.37 32.41 25.59 32.66 12.22 8.33 32.13

[RIFIAN Rl 5 R 225 3 (P<0.05) IR P REROR 2R 3 (P=0.05)

3.2 Sl G DO R BRI Y - S T i 19 5
N 5 B, ol DA ) 2R bR 2R 7 - M 7 b G Jm S iR R S R ROE S EOR, o Ph R,
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28.74% —61.02% , Hi¥k & Zn, } 7. 34%—59. 17% , Cd  Ni #/N, 4353 K 5. 88% —35. 22% Hil 14. 20% —
29.04% ,As fi/N, H 3.63% —12.90% . B Pb Zn 23 [8] 504 22 5 B0 i, Cd  Ni | As 25 [H] 4345 L8 57 AR AE
AR o AN TR RIS Y - B8 R A i 4 S () P8 & AR e — e M 25 57 (R A RS LI & Jm & i i KM
(B& Ni Hg A1) PS4 it - 33 R0 B A v ( GB15618—1995) 1T SRARVES . ek [ BEAERI AR A A+
FEAETR AR Zn Cu \Pb As Hg & 55, R +EE LTRSS AR Hh RARAR 1 Ni \Cd & i85, R
MR AL+ FEEIRACHR 145 Zn P & B BAL, R + D RN R AR FEAE+FE IR SR 1245 Cu \Ni As Cd Hg &
HHAK, Zn Cu( BREEAEMM FER -+ LRSS ARAN ) 1 & T R sl ™7 NI BRARAE AR S 2
AR AR -+ A 1 B T S AR i K VD Tl 3 (e A, MR T R e (> P As . Cd \Hg ##8ad +
R RAET ) T EES A AR AR L He S8 S5 H T S RIS R A BEAE R AR T A
M AR HEEAE RN AR 358 P B S SRR AR AL+ AT SR SR (8] AR AR AR + A AL TR AS AR 1338 Cu
T HHE 4 RIS 8] HEAERIAR R+ EEAERHE AS AR A+ 5 RAME SR T Zn S 5 HE 3 Figk
MR Z (AR 2 1 25 5 (P<0. 05) Ah B AN R ZRARSS AU 2 8] [Rl A e 43 8 7 e T W 3 25 5% (P>0..05) .

x5 KPTHOLRHZFHRERIESEEENESE

Table 5 Heavy metal concentrations in different forest types soils in the urban district in Changsha

BEHb Sites T H Ttem Zn Cu Ni Pb As Cd Hg

HETEA AR B/ (mg/kg)  112.46 55. 14 33.68 70.07 27.88 0.20 0.56

Osmanthus fragrans forest f/ME/ (mg/kg) 42,91 23.75 25.46 25.48 21.52 0.16 0.21
SEMME/ (meg/kg)  66.82a  34.79a  29.23a  41.91a  25.02a 0.17a 0.34a

5 R % 59.17 50.70 14.20 58.46 12.90 13.32 56.34

A oK/ (mg/kg)  124.35 32.98 39.34 58.43 27.44 0.27 0.36

Cinnamomum camphora Presl. forest /M (mg/kg)  30.10 16.38 19.46 20.81 21.86 0.14 0.15
M/ (mg/kg)  48.97b  23.65b  27.75a  31.77b  24.15a 0.17a 0.23b

A2 5 FH % 51.28 22.32 19.23 28.74 7.15 19.99 28.38

AR R/ (mg/kg)  87.33 29.42 37.81 84.00 26.56 0.21 0.26

Pinus massoniana Forest /M (mg/kg)  31.46 18.13 25.78 25.52 22.49 0.15 0.16
SEMME/ (meg/kg)  51.34b 23.27b 29.91a  40.98a  24.69a 0.18a 0.20b

A2 5 FH % 41.32 19. 14 16.34 61.02 7.06 12.45 19.04

HEAEA + L VRS KM/ (mg/kg)  53.13 20.99 35.68 46.73 22.87 0.18 0.19

Osmanthus fragrans+ Elaeocarpus e/ME/ (mg/kg) 44.85 16.04 23.45 20.87 21.06 0.16 0.16
sylvestris Poir mixed forest FHIE/ (mg/kg)  48.32b  18.94b  27.45a  28.86b  21.98a 0.17a 0.17b

A2 5 7 H % 7.43 9.46 17.57 35.79 3.63 5.88 6.55

TS + AL R S AR KM/ (mg/kg)  122.24 51.74 45.67 65.54 26.78 0.26 0.43

Cinnamomum camphora Presl. + f/IMAE/ (mg/kg) 43.03 15.69 23.65 25.57 21.75 0.22 0.14
Osmanthus fragrans mixed forest I/ (mg/kg) 89.95a 28.20a 31.16a 42.50a 24.74a 0.23a 0.23b

AR5 FE % 41.42 50.27 29.04 40.16 8.66 6.48 49.89

T+ R AR S AR R/ (mg/kg)  122.53 27.25 29.06 72.53 25.81 0.28 0.23

Cinnamomum camphora Presl. + e/ IME/ (mg/kg) 36.23 20.21 18.71 20.73 20.94 0.14 0.18
Pinus Massoniana mixed forest T/ (mg/kg)  61.31a 22.68b  25.43a  38.15ab  23.17a 0.17a 0.20b

55 R E % 56.79 13.03 15.67 52.65 8.54 35.22 10.00

[RIFAN Rl #2225 3 (P<0.05) I REROR 2R A .3 (P=0.05)

3.3 [ECTT AR B FRbk 1 e 4 2 IR) S - b M R AR A AR S

SRV AR e 45 R 48 A SR IR RS, WS [RI3 T A B ARk I R 4 @ e E 2 Al S+
AL A R PR A S E A T 0T, S5 R AN 6 Fin, D IXBR Cd 5 As Ni AHZE(P>0.05) 4h, e HE 4
J& Z (B AE 2 (P<0. 05) Bt i 3 (P<0. 01) AR OCH:  AH G RELTE 0. 445—0. 949 Z[a], R B .0 X R
Cd 5 As Ni BRIEFTHEAIRI AL, Zn  Cu Ni Pb Cd As Hg I 40 B4 HH R BRI, 78502 X Cu 5 As,
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Cd Hg Z [0] 5 48 3 AR E (P<0. 05) b, Hop B4 8 Z [ 34 J0 i 3B AR CPE (P>0.05) , BRI ZIX Cu 55 As,
Cd Hg BRIERTREMIF], 7ERBIXAN Zn 5 Phb Z [0 5 &AM G, RIAZRIX Zn 5 Pb ARIR AT REAHIR,
DX 7 MESES AT ZE, Zn Pb . Cd 54 N Z[E],Zn Cu Ni,Pb As Hg 54 P Z [0 & B & (P<
0.05) Btk 3 (P<0.01) BYAHSCHE  FEIN % XA Cd 54 N 4 P Z[8], Pb S AL Z [ 7R 135 A OC 1 (P<
0.05) ,7EXFIX , 4R S AP 4 N 4 P Z R EHYE(P>0.05) ,

x6 KOPTARBTUGEFHLIEESCEZ ARESTEVZERNEXRY
Table 6 Correlation coefficients between heavy metals concentrations and chemical properties in different urbanization gradient forest soils

in Changsha
1

Gradie As Cu Zn Cd Pb Ni Hg oM TN TP
e X As 1 0.752**  0.445" 0.339 0.515* 0.765** 0.729**  0.515° 0.336 0.498 "
Urban district Cu 1 0.529* 0.523*  0.642"" 0.697"" 0.949**  0.543~" 0.312 0.622**
Zn 1 0.840"* 0.705"" 0.411" 0.472* 0.776 ** 0.665"" 0.556"
Cd 1 0.576 ** 0.288 0.526" 0.560 " 0.546*  0.393
Pb 1 0.428" 0.581" 0.664 " 0.535*  0.569 "
Ni 1 0.693**  0.457" 0.215 0.499 *
Hg 1 0.469 " 0.253 0.575*
Ik 358 As 1 0.525* -0.215 0.431 0.126 0.056 0.369 0.125 0.296 0.325
Urban fringe Cu 1 -0.224 0.575* -0.010 -0.035 0.568* -0.021 0.365 0.231
Zn 1 0.005 -0.001 0.234 -0.274 0.047 -0.012 0.063
Cd 1 0.001 -0.073 0.344 0.327 0.564*  0.534~
Pb 1 0.133 0.041 0.580 " 0.424 0.155
Ni 1 -0.013 0.046 0.084  -0.104
Hg 1 0.040 0.165 0.285
RBIX As 1 0.321 0.097 0.055 0.167 0.420 0.435 0.330 0.203  -0.379
Suburban Cu 1 0.089 -0.069 0.034 0.378 0.391 0.182 0.113  -0.426
Zn 1 0.079 0.548* -0.018 0.025 0.113 -0.128 0.208
Cd 1 0.364 0.020 0.004 0.069 -0.033  -0.039
Pb 1 -0.050 —-0.058 0.344 0.009 0.358
Ni 1 0.816 0.193 0.121 -0.375
Hg 1 0.042 0.091 —-0.434

# FR80.05 KV EZEREFE, " FR0.01 KV EEREH

3.4 UL XR[E ZRARE Y + e 4 8 2 8] S H S - e fb A M 8 s i AH DG 2

& 7 AT, TPt KON [RI R AR R 4 825 Fh 7 42 U8 =2 [A038 il A7 2 AR DG R — B 25 5 REAERT AR A
PR AR+ AR S AR R + 25 R A TR S MR - 4 T 4 & 2 (R A AH S FU B AE AR + R IR 5SS AR | T R A AR
SRR U HOEAR AR AR 1 7 R 4R PP 2 A8 2 3 (P<0. 05) Bl 3 (P<0. 01) Iy &1, 7 5 2
WABK+IEAY Cu 5 As,Zn 5 Cd,Pb 55 Cu.Zn .Cd,Ni 5 As Cu.Cd,Hg 5 As Cu Ni Z[i] 5 B3 (P<0.05) 8
W3 (P<0.01) MAHCHE: RIS [RIR b 2E 1l P 38 T RO 2 4 W RS L SRR AR 50 I 3l 1 S i, R, -
BESERIREZFEE I,

R 5 .7 Al 3 48 7 i s i MRS QR AE AR AR AR + AR AR RITR S AR | 5 EE A AR AR + E R AN IR A
PR(Cu Hg BRAM) AFERFR(As Ni BRAM) BIEE 4R & 85 AL 4 N(BREERIAK As Cu Ni Hg 4b) & it
I i3 (P<0.05) Bl B 3 (P<0. 01) B IEAH M | ILAMEAE R AR AR + B AL B TR S AR AREAR AR ( As N B
Hh) TSRS EE S S P FEERE(P<0.05) 8l 35 (P<0.01) A 1E A S ; i 5 48 & s BRI A
AP+ A TR A L B DB E S B S AR 2 N 4 P Z A B3 (P<0.05) AN, 28 E 4R
H5EPUR 4 N 4 P ZR AR R E MM (P>0.05) , FIAHUTN &4 8 HA AR50 A e B, 2k
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ARPR e v R R R E AR

R7T KPTHTHORERIREESRZ ARESUFEERIERHEXRY
Table 7  Correlation coefficients between heavy metals concentrations and chemical properties of urban district different forests soils

in Changsha

preSit

Foret type As Cu In Cd Ph Ni Hg oM 0 TP
FEAER K As 1 0.797*  0.784* 0.808** 0.701* 0.951** 0.829** 0.567* 0.633* 0.810*"
Osmanthus fragrans forest Cu 1 0.883** 0.999**  0.959** 0.945** 0.998** 0.849** 0.853** 0.876*"
n 1 0.999**  0.892** 0.938** 0.997** 0.875** 0.854** 0.891**
Cd 1 0.987** 0.951** 0.999**  0.842** 0.882** 0.898*"
Ph 1 0.887**  0.980** 0.895** 0.882%* 0.843*
Ni 1 0.962**  0.794"  0.842** 0.952*"
Hg 1 0.930**  0.957** 0.999 **
BEAK Cinnamomum camphora As 1 0.856"* 0.137  0.272 0.345  0.875** 0.816** 0.192  -0.074  0.231
Presl. forest Cu 1 0.38* 0.585*  0.689** 0.777*  0.857** 0.486*  0.257  0.450*
n 1 0.908** 0.752* 0.300  0.472*  0.746*  0.782* 0.719"
Cd | 0.887** 0.394*  0.527*  0.737*  0.724* 0.787"
Pb 1 0.442%  0.612%  0.857*" 0.695% 0.579*
Ni 1 0.921**  0.217  -0.009  0.361
Hg 1 0.435*  0.193  0.436*
)TN AN As 1 0.805** -0.261  -0.251 0.055  0.813** 0.694*  0.463*  0.601* 0.200
Pinus massoniana forest Cu 1 0.200 -0.136 0.473*  0.908** 0.966**  0.889** 0.956** 0.094
n 1 0.724*  0.928** -0.181 0.194 0.589*  0.426* -0.312
Cd 1 0.795* -0.469* -0.291 0.534*  0.415* 0.219
Pb 1 0.109 0.406 0.771*  0.630* -0.054
Ni 1 0.906**  0.688*  0.807** 0.274
Hg 1 0.887** 0.965** -0.046
BEAEAR+FE SR AT AR As 1 0.787* -0.283  -0.380 0.609* 0.725*  0.937** -0.109 0.106  0.655*
Osmanthus fragrans+ Elaeocarpus Cu 1 0.813* -0.690*  0.587* 0.789*  0.891**  0.027 0.317  0.218
sylvestris Poir mixed forest n 1 -0.253  -0.549* -0.167  -0.154 0.351 0.571* =0.370
Cd 1 0.000 -0.746* -0.658*  0.561* 0.252  0.112
Pb 1 0.082 0.409  -0.492* -0.430* 0.949**
Ni 1 0.902** -0.246  -0.041  0.008
Hg 1 -0.229 0.038  0.406
RS+ AL RN S As 1 0.806** 0.968** 0.297 0.903** 0.805** 0.768*  0.976** 0.965** 0.971**
Cinnamomum camphora Presl. + Cu 1 0.743*  0.008 0.930** 0.986** 0.995**  0.760*  0.842** 0.869 **
Osmanthus fragrans mixed forest n 1 0. 941" 0.859™* 0.689*  0.648*  0.979*" 0.965** 0.937**
Cd 1 0.747* -0.114  -0.09% 0.841*  0.872% 0.674*
Pb 1 0.944**  0.916**  0.921"" 0.963** 0.899 **
Ni 1 0.993**  0.775*  0.840** 0.834**
Hg 1 0.724*  0.805** 0.824**
AR+ T RS As 1 0.669*  0.805** 0.777*  0.899** 0.744*  0.740*  0.768*  0.628* 0.408
Cinnamomum camphora Presl. + Cu 1 0.631%  0.240 0.673*  0.161 0.973**  0.257 0.092  0.049
Pinus massoniana mixed forest n 1 0.988**  0.958** 0.465*  0.393*  0.985*" 0.938** 0.164
Cd 1 0.968** 0.533*  0.302 0.996**  0.968** 0.163
Ph 1 0.697*  0.453*  0.963** 0.898** 0.270
Ni 1 0.330 0.518*  0.438*  0.503*
Hg 1 0.328 0.172  0.014

# B8 0.05 K EZER B » = FR0.01 KF L2257 RE
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3.5 FRMREHEE SRR SR
3.5.1  AS[EITT A B AR A 8 4 1V AR A S KU

W8 s, A VP T im0t o™ e S LR, K VDT B AR LI R A A A e
TR PH O 8 A T A BE A | RO X iR (439 202.23 1 180.26) ¥ E AR h & A A5 G R, i %%
DX AR (405124 157.23 F1139.63 ), 4353 hy v 85 A 285 5 535 R B8 A ol A 28 e B AR A, 240 IX eI (135 66 LA
T) ¥R S AEERE . NS ESEERB(E,) KA, L& UKD R 5ol ™ B2 IR A +
B EHE T E NS A, AR TR R FRAR 3 Zn  Cu Ni Pb  As BN E G ERE, Hoh Zn ¥
HAESEERBENT 1, EERE RN, Cd BN PSSR ERE, by 44. 44 DL L He fEb 0 X 80,
BIE AR A A5G E AR TS X MIRRIX 405 A 61. 82 F154.55 LA I ¥y S 5 i AR, R K
UL X AR AR T 4 R TR R A S AR i, UL He IO TR A S8 ERE R, Cd MHIKR, Zn MH/h,

RS KibTM T RESENEEESEERYUMBELESEERY

Table 8 Potential ecological hazard coefficient and potential ecological risk index of heavy metals in forest-lands soil

Wk 2 A 2 M N . y
- o WTEE S G E R WS G ERE
BHEE ZHH Potential ecological hazard coefficient (E;) Potential ecological
Gradient Consult value L
Zn Cu Ni Pb As Cd Hg risk index (RI)
X Kb Loy g2 0.61 4.85 4.95 6.06 16.62 77.14 92.00 202.23
Urban district WIEE s w7 0.63 4.98 4.43  7.03 12.89 66.67 83.64 180.26
SHEIX Kb Loy g2 0.43 3.14 3.78  4.07 13.53 64.29 68.00 157.23
Urban district WIFEA T ey e ) 0.44 3.22  3.38  4.72 10.49 55.56 61.82 139.63
ZRIX Kb Loy g2 0.46 3.67 3.54  3.45 13.11 51.43  60.00 135. 66
Suburban WIFE A T ey e 0.48 3.76  3.16  4.00 10.17 44.44 54.55 120.57

3.5.2 WL XOR[RIZRMSS A 4 58 4 e 1T e A S KUK

N9 T LIE Y, I YD T 5685 5o R e 2 s S ME N S U, ol XOR [R] ZR AR R
I 4R BV A S E AR B BB AL 150, K/NHERF R B AE R AR (220. 39 DU L) > AR + 4 AE AR TR 58 A
(201.82 DL ) >HEMF AR (175.32 LA |) > T AR (170. 46 LA 1) SHER+ 55 BAME AR (164. 69 LA | ) >EEAER
+FEIEIR AR (150. 78 L L) W E AR P A S ERE  NETEAESEERR(E) RE, Tit UKD
TR R R RIS R ST VN Z G, Zn  Cu Ni Pb As 754 FRARE Y - 9015 M i R 2515
ERRRE, Cd 7R +HEAERNE SR IR A B AE G F R L 5 PR A 1 ey g rh A A 5 5
£ Hg TEREAEREAR FRRIAR AR+ AL TR 2SR+ VA AR B fe 3 RECY Tl it 80, A8 Tilm/E S e H i
B AR RAMAR R+ RAME SR FEAER + M SR S R T A AR S fa B AR (I B2 80,
4 Hit5itig
4.1 KIS 4R & B ARE

T e 4 R A S A KIS S IO R AR S AN KV AR AR LI T L Zn Y
Prfe, Cd ik, RIS, B FIRT AR R EE AN TR, 2836 ol sg ik AN [R] , 38 4 @ & s AN [R) 5 0
SRAR A, S R IR AE | Tl A KSR, i 0 DR T R 9 R S U R I - R A
A E R Z — 0 X e A i W T A A o 9 R A A R X
FARIX, NI 5h a3 55 X Al P67 X A i, T O G S i = K sk E SR &
S I AR U R A B A R & i AR AN, bl K 35 & iR AR X 1. 27—1. 76 fi5,
Z%IX Ni Pb As Cd Hg V¥ & e TREIX

AR AE[R)— IR 55 1 B AS [ AR 2L B AS TR BRI T | ply - AR 2 R 0 38 08 T - 98 b2 1 o
pH (B A HUTRT N P K 55, X6 AN ) 5 4 F14 R o 2R 5 o B S A i 0241 DT 5 R AR [ K 8 £ 3 o
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FRARIF] — LR R R 4 i 2 S W 3 10 A LT T 4 AT BRI 4 B Re ), 1R AR o R
A BB BRI 2 S AR — B R O DCOREAE R AR AR RS +EEAE TR ZE bk 138 Zn  Cu \Pb
As Hg P42 5 i Fl B ey, AR + 5 R MR AR B + AL TR AR 1 Cu Ni \As | Cd  Hg P43 7 &35
LA

x99 KOTHORARFEREE T ESCRNEBEEESEERENEBEEESRERY
Table 9 Potential ecological hazard coefficient and potential ecological risk index of heavy metals in different types soil in the urban district in

Changsha City

v A f5E 2R . N
B N BrEAESEERE VYR A A T R
AR ZILME Potential ecological hazard coefficient (E;) > . .
i Potential ecological
Forest type Consult value L
Zn Cu Ni Pb As cd Hg risk index (RI)

FEAER AR KV s e (12 0.72 6.78 5.13 6.95 17.34 72.86 136.00 245.76
Osmanthus fragrans forest WG s B 0.74 6.96 4.58  8.06 13.45 62.96 123.64 220.39
FERIAR Cinnamomum K Ub T - ey s 12 0.52  4.61 4.87 5.27 16.74 72.86  92.00 196. 86
camphora Presl. forest WG g B 0.54 4.73  4.35  6.11 12.98 62.96 83.64 175.32
TR K yb T - ey (g 12 0.55 4.53 5.25 6.79 17.11 77.14  80.00 191.37
Pinus massoniana Fores WA + gy e 7 0.57 4.65 4.69 7.88  13.27 66.67  72.73 170. 46

- i+ j:—H—,‘A 2= N
BEALH %{ﬁ)‘% Kvbi -1y s 2 0.52  3.69 4.82 4.78 15.23 72.86  68.00 169. 89
Osmanthus fragrans+
Elaeocarpus sylvestris Poi o

aeocarpus sywestris Folr WA ey e 17 0.54 3.79 430 5.55 11.82 62.96 61.82 150.78
mixed forest
FER + R B R A K K yb T ey (g 12 0.96 5.49 5.47  7.04 17.14 98.57  92.00 226. 68
Cinnamomum camphora
Presl. + smanthus fragrans WA s el 1.00 5.64 4.88 8.17 13.30 85.19 83. 64 201.82
mixed forest

2+ I BNV RE
*?m R AR S Kb ety i 12 0.66 4.42  4.46  6.32 16.06 72.86  80.00 184.77
Cinnamomum camphora
Presl. +Pinus massoni . N

rest. s massonuana WA ey e 17 0.68 4.54  3.99  7.34 12.46 62.96 72.73 164. 69

mixed forest

4.2 KIUPTTIT AR e 4 AR VR 2 ) 4y S bk

b T [F)— B S [F) AR RS Y 3 H 4 J@ 40 Zn . Cu Ni Pb As Cd \Hg T %3k [ T M+ B M A,
3 A3 M A A A A DG, AT LA DN T T TR U5 5 A ], 5 T 4 IR =2 IR A AH DG, B B AT R U5 AT B
SERATR A, SRR AT KT A X, e8I AR ) ZR AR e S AAS [F) ZR AR Y (BRAEFE +
IR AN ) £IEF K, Zn .Cu Ni Ph As Cd Hg Wi 2 ] 52 i 3% s 2 35 A9 IEAH 6%, FL Pb As .Cd  Hg “F
Py s As Cd Hg /b B @ TR RS RE" RS Cu NI P E RS SE " Y, Zn T
FER TS H 48 AR R A B Rl B, e AT A SETE B TS YR
FLBIERICE | T Wb Trul X FEAK 138 Zn Cu Ni .Pb As Cd \Hg 2245 0L 00 A i AR

48 DA R W A MUBORL I, S5 U2 & IR 2% 1 46 6 285 4 Ja T ok 1 58 7 L aerh R 5
T, ELE A VR A BLTE 5 S8 i 348 5 DRI e ML SR T - S 4 B R B AR RV L X
LB T REFENEARLES B R 5A VT )5 02 sl 2 A, 1M 6 Fh ARSI A IR X,
MR 26 AELL L g B EZE T B HLEh SRR R, Sl e R, N
B R A AR T, KU T O KRR E )2 (0—20em ) A HLR & EE N 10.470% |, 5 T4 IX
(9.094% ) FIRBIX (8.905% ) , Ykl +- XA LT 3= ZR IR T 38 38 BN HLT5 Y4 ik S0k &9 e IR i s
P SR XA O EESFURTRE A BB A DA BT A | Tl b3 0 RS, 4RI A Ph AR 0. 4—
1.0 g/kg Z 0], 7K EHESH P BIZ23A8 20—S0 e/ R RBAURY o Ph Ni 2405015 37% f134.5% ,
TEBHORZS T 16 KA 4M BIHEL 0. 571 mg/min F1 0. 533 mg/min'® K4 RSHE MR FE 2 He , 5 T 5
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REE A R BRI EOR SR REL BTG S R T R EBCR R Cu Cd R = R
TR TG B AD B IE T AE SE: 130 Cu Zn ROEEERIEDS SRS ERA B T BURL 250 AR B ) A
AR P A AR b e A S AR AR T 3, TR R RN | Tk A e A s i R Ak A SRRk et 2
BB — AN E BRI, KU PO X AR 33 Zn Cu \Ni \Pb As Cd \Hg TERIE T Esmis i Ja R
AT T YRR AN Tl v YL 28 38 i S TG S IR g AR S A sTE — S B E

NG XM EIERER Cu 5 As . Cd Hg 48, ZBX R Zn 5 Pb A, B B 4@ 2 [ A TEAE B AH 56, 21
TG IX TR X FRAR - 4 JE R WA IE—A . As Cd Hg ¥ A/ IME Y T elidin £y i ™",
J&4E Zn Cu Ni Pb P& B e Sl ™" HE KM (BRABIX Zn 41) B8 T R 5o >,
FAH 2 X FRBIX, KB AR LI Z RN T As Cd Hg 155, WA HS2E T Zn Cu Ni Pb 154 THRUIKE
SRRV HRES R F B KB B w5 R B S A i e R ORI R
M PRI T & Cu Fe Zn Mn  As A Al ALY E N T FBOSR00E 590 Cu Zn Mn  As %555 L
Tk 3 52 22 KRB PR A VAR BTG Y T R I 2k KRR IX ZRAK 1 R 4 R 1T BE R EOR IR TR E R
AR A I Tl XCRA iR A T A = B R felk A 7= 1% 30
4.3 KUDTW T AR 4 49 A SR VR R 1R A S AU

KT L X ZRAR 45 K 6 Fh ARS8 4 )8 RI AL 150, ¥R 3] T & A S E R, H
PRI ) R PR S . 141X RIAE 139. 63—157. 23 Z|A], 3530 i 45 fa F AR RBIX K T 150, i fe %
PRI TS AN A3k T A B AR AR A 1A 2 o XOR [ AR MRS A+, Zn  Cu  Ni Pb | As B Gl e 3 /2
JE,Cd Hg ik 8| THEEERE L, Zn SR, (HEEE R BN, WA S KU 5K, 1 Cd He & 1 11%,
AR SR, Bl T Cd He (W E, &, PO X BRI E S EREESEERD T
SR TR Cd He BTG 4RI, Cd He &M Ei5 M E 4R, 24 WAE R (ALY e
T AR E . KILmER AR Cd Hg ASRMERIEVER %8 S B Cd He M 5t AR A HIERTE2E 11
FH G S i Tl F L A BURHRN GRS R IR R TS R IE it 45 1 o) s B 4 Cd Hg

AR,
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