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Fig. 1 Distribution of vegetation pattern in residential area



%5 TRIEAE : /INRUBEKF AR RIS SR 0 Sl i 2 b b 5 e ) SR AR A 52 1345

HAT 43 g B Ji s BowUR 35 A7 5 gkt Jmy (B 1(b)) 38 8 M FT 504 1 A Jm S Ik 52 B M+ 91 A
Fte s, A TE TR, 2 ks ; HEAUEk AR R (] 1(c)) 8 # R FE R ) 5 SOR e
A Ry, i A SR AR il SR B JE gk, HaZ 2R AR R IX 0 @52 R HOui T, g
YR RS s RS R (8 1d) Z84 T L E 3FIEEL, %A RE A F LU 2 M A B e
A, AHIEARAS LU A — A Ja oy 32 520
1.3 REREERRERZE

A5 RAT: T2 B A XA [F)AE A% Jm 28 B J B DX A 20 S i R AS R ) 7 S A 3R )2 0. e
TR IR, WAL D7 ) LT 12 A s R (18] 2), BRI R (g, 15500 IRA
AL AR 2 I 3 A BATARRERY FE RIX o O 1 B DX IORURE /sl b WL RUBE 5 e ) 73 A1 6 Jes
XA R BRI, AT IT B E A B T B B B R G R T R 2 3 55 R A L AU AR
(R 3 A AL, B 2 &3 e Wy 4 ok B B 2 5 T v

AL B 0 H5 00T S5 I AU 0 R T R
5 PR R0 1 3 1R 3 P R 1K 43 5 43 A 7 DR TR

TR oL T R P R R X A S 4 S amBERK

(T RN 43 A, A T B I 2 43 4 43 51 D sERRx

B 23 AR REA L ZES AT A1 A B | |

T A/ X S BE e 4 A B 2950, T ELBE |
BRI B/ R )y 3743 50 A oomrma] |

B 3ANRRE BRI AR E KT T P e MG
NS B A B 2 S SRAESS, 7 100 m? . ATSERK

F I R M BE B 1 A SRR A AR ” onmREh
FEASTE 10mx10 m ALY, SRH S SIRE R

FERIZE (0~10 cm) +HE, FHE | kgt T 1 AORIERE

B4, HORE AN LERES . BEERE A REEH
HELBEE, — 8RR % TR i s’ ™ e
100 Hfii 5, AFROBERH T, 7 T-25C P HT 10515 1192 R RBE MBI

* 5 FHAZ R LA J2 4 R RAE A7
2 RERDT

Fig. 2 Distribution of soil samples
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Table 1 Concentrations and variation coefficients of seven heavy metals in surface soil of study area

F4IE e B/ IME/(mg kg ") WRBE R B/ (mg kg ™) BB (mg kg ™) WA/ (mg kg ") ERREU%

oS S 5D S D S HE el FE S R
Cr 32.7 50.6 63.4 163 459 68.1 46.5 64.4 150 234
Ni 14.5 17.0 28.2 48.9 21.9 29 222 27.4 144 257
Cu 13.0 15.0 159 101 29.1 23.6 22.3 23.7 88.1 19.8
Zn 332 48.2 245 226 71.8 102.6 65.1 97.5 37.6 345
Cd 0.104 0.005 0.235 0.339 0.156 0.074 0.150 0.073 19.1 789
Pb 13.2 10.0 132 46.0 31.2 254 232 24.1 85.6 24.8
Mn 335 419 648 1039 400 705 384 685 16.0 22.7

E: DESESH T AT P EEE™.

FER BT 5T T, RO A M T — B R AT e A, i AR B LR A R AR R
B2 AR Z RPN, TR Z A O R AR B AS fe e + 4 5 4 @ ol U, [] Bsf o B A% 4
R T R EZ B AR E B, BrLL, AT #E—00 R IX 59 & 48 Aok
U, B Az B RS ER  EEIS Y), AR AE SR TR M L, ARV R R A T
6 fi4JEICE (Na, K. Fe. Ca. Mg, Al MWEE, JFXFLL b 13 R @ @ou R T 1 E o4, 45
RwF 2w, TLEH, AUFRIEEI4 ATy, BEEREOAE I 20 84.7%. Eim 15
MAS BT 30.4%, BABEBMAICE N Cu, Zn F Pb; E RS> 2 5 24.3%, B B T
E M Fe, Mg Fl ALy T804 3 7 17.5%, EAr s InEA Cr M Nis ERS 4 4 12.5%, Bm 2amr
)= Na Fl K JLZE . JCZE Cd. Mn Fl CaixX 3 FICE 70 AIAE 2 D EE 2 3 A4S F s b ny 8 (E A2 ol
P X S C R A B Z B Z AN HZ A STk AEL . Cu. Zn. Cd F P i #2317 4 3 b 3 5 77 78 1)
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Z N RTE S R A E AR TS YY), T Fe, Mg Ml Al JCR R 28 NG sh T ok ang
F R R A), & FHAER BB P vk AR &, Bk, ARTE X TR E
G U B G S M AR X A /NG BR T SRS Y, Cr TN 7E 3 A S B A 56 . Na Al
KIOCERAE LRz, JFHWRER S, A oy A — M K, mbnT WL, dbat
HERX LS Cu, Zn, Cd FIPb B EZRIE AN ACHIR, I HE 48 A2 N s mii k.

JCE WA IR IER 3 R IR &R R A A TE S TR G Z — o MWk EEAL
W R AR IER Ay, UEIAEAE N R, ik 3 fos, EIRE A T, U Cr. Nio Cd. Ca.
Mg Fil Al %5 6 Fh T R ) K-S K 36 A T2 (P>0.05), I NIES A, XU AN TN EE D,
At 7 Fh T 2 A Tk B AR S 3 BH J (9 A TR 34

%2 WRELRETEREREFN %3 LMHSDETIREORE. 1§,
B FHE S EAERR (K-S #)
Table 2 Principal component loadings of elements Table 3 Skewness, kurtosis and normal test (K-S testing) of
concentrations in studied soils after rotation heavy metal concentrations in studied soils
JLR FHir F g2 F i3 F o4 TTE [E35° (ol)3 P
Cr 0.281 0.078 0.886 —0.003 Cr 0.053 0.100 0.200
Ni 0.065 0.001 0.914 0.117 Ni —0.342 —0.321 0.200
Cu 0.960 0.135 0.037 —0.064 Cu 22.0 422 0.000"
Zn 0.951 0.064 0.200 —0.050 7n 14.3 3.17 0.000"
cdv 0.664 0.153 0.476 —0.170 Cd 0.316 0.529 0.200
Pb 0.904 0.118 0.140 —-0.206 Pb 721 2.60 0.000"
Mn" 0.737 0.606 0.114 —0.008 Mn 6.31 2.02 0.008°
Na -0.209 -0.135 —0.096 0.808 Na 2.83 1.49 0.000"
K —0.032 0.178 0.168 0.879 K —0.245 -.0725 0.004"
Fe 0.227 0.857 —0.045 —0.031 Fe 0.637 0.922 0.017°
Ca" 0.361 0.589 0.499 —0.327 Ca —0.257 —0.164 0.200
Mg —-0.023 0.905 0.244 0.039 Mg 2.29 1.23 0.068
Al 0.131 0.880 —0.068 0.068 Al 1.61 0.678 0.200
T DITRE2ALL L E R S AR L 3 TE: *FRR 225 3 (P<0.05),

GAETHEPTESIRIOCRERESE SENGEIT R . TR0 DL IE 2550 A K 56 25 2 B
XEE/NX P ES)E Cu, Zn, PoX 3FPICR 5 A NGB R CHER K CdiRA —EM
FHICPE, (HIE A XT3/ o AHIE 5% 45 SR 55 i 101 76 b st i e ol DX R i i DX R DX ) o] e A 9 285
—5, W, ETEELEIGEY N Cu. Zn, Cd HIPOPA2Y AR, A A EHFFEEY R, Jbatmi gl
XX 4 i g7 E 4 2 BRI T A Rk, I H A R R AE R AR R
22 AREXLTIE 16 HBIAFIRIRE B RKIRESH

TERFSE XN, a R IX 322 + 3 PAHSs ¥ B Ge 45 SR 3¢ 4 Fros . WF9T X 4% 16 A PAHSs i i
(Z,PAHSs) (1) £ J5 Il hy 88.1~2 844 ug-kg™', HOi{E N 327 ng-kg™', 1Bt + 3 IR PAHS Rk
FE (1~10 pgkg HBPY, HIE, W58 X +HEZ 550 £ 22N AR M K GE4). IFH, 7 16
PAHs "', B& Nap fil Flu ), FiAY 14 F ik (28 5 2503 KT 80%.

PAHs [F] 53 53 44 A L AR VR 2 FH ok 40 B i 2 2 F- BP9, YUNKER %P7 00 24 Ant/(Ant+
Phe)<0.1 i}, W] PAHs T ZRIE T 41l &% ; 4 Ant/(Ant+Phe)>0.1 I, KB PAHs = Zok I T 4%
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T4 MEXRELIES PAHs IKE

Table 4 PAHs concentrations in surface soil of study area

EY ] W BUME(neke ) i peke ) BORfEAne ke ) AR REU%
e Nap 2 3.79 15.4 33.9 51.6
& Ace 3 1.23 3.49 28.6 103
e Acy 3 0.140 1.05 8.25 114
%) Flu 3 0.710 2.60 13.1 72.9
E[3 Phe 3 5.60 26.6 204 105
h:o Ant 3 1.07 3.72 475 140
PR Fla 4 9.29 30.5 346 124
[a Pyr 4 7.09 22.7 283 132
I (a) BaA 4 5.68 19.8 188 111
J& Chry 4 7.99 29.2 289 115
HIF(b)IE BbF 5 11.3 413 269 85.8
P SiTIND 5 BKF 5 6.39 224 226 118
FI(a)ek BaP 5 6.60 233 250 130
ZHIf(a )& DahA 5 2.60 10.5 91.4 113
FH(ghDAk BghiP 6 9.09 343 288 108
EiJf(1,2,3-cd)t InP 6 9.44 44.1 288 94.4
fIK3FPAHS LMW PAHs 2~3 12.6 49.9 326 85.6
FiFRPAHs HMW PAHs 4~6 75.5 278 2518 111
J\PAHs ~PAHs  2~6 88.1 327 2844 107

Ky AR AT IMBREE s 24 Fla/(Fla+Pyr)<0.4 i5f, P PAHs 320K A AlitER ; 24 0.4<Fla/(Fla+Pyr)<
0.5 I, FB] PAHs I8 T A1 A% ; >4 Fla/(Flat+Pyr)>0.5 I, ] PAHs 3222 38 J5 T4 7% A1 A= 4
WRBE . + 3 PAHSs KR 2087 AR O B WL IR 3. MR 4G Ant/(Ant+Phe) (K 3(a)), BR T ASHIEE S LIS, 48
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Fig. 3 Scatter plots for the characteristic ratio of source analysis of PAHs in soil
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K FE AT Ant/(Ant+Phe)>0.1, I H Br A7 #E 45 19 Fla/(Fla+Pyr)>0.5, ik, DL X[ 435 44 L
R, 5% X L4 PAHs DIREIR . 2590 5 LA KA iR e S5 R be ol IR 32 . [ B, BaA/(BaA+Chry)
A1 InP/(InP+BghiP) 1 1] DL FH oK H) % PAHs SR ECY, 24 BaA/(BaA+Chry)<0.2 5, InP/(InP+BghiP)<0.2 H ,
W] PAHs Al EE 5 24 0.2<BaA/(BaA+Chry)<0.35 B, — Ny PAHs R I T A il SO0 A Be 5
24 0.2<InP/(InP+BghiP)<0.5 I}, PAHs AR FEEZ AT ilARe , AIE A HARBCAEMALE ;24 InP/(InP+
BghiP)>0.5 5% & BaA/(BaA+Chry)>0.35 i}, ] PAHs == %24 5 b A= 9y o sl 8 B A58 . 411 3(b) Frr
7N, ST X KE 5 A BaA/(BaA+Chry)>0.35, 3 H InP/(InP+BghiP)>0.5, Pt 13 B 32 B e 5 T 4 Wy i #l
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VRS B S, B, b7 3l 48 b g 0 T 5 R 1) A I e R e L T T e 2 A 05
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Fig. 4 Numerical distribution of concentrations of major heavy metal pollutants in soil with different vegetation patterns
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A BE N 2N T 4 R S Y Wi BV AL ER B VR . 3 Cd o R VR B 9 40 e B K 3R I IR R T
7 3 Cd MR JE — MK . ARBFFE P CA IR E K Z N 0.1~02 mgkg ', FEARGIRZEMHME K,
R, e A ot T Cd U R e ils B OCEM E F % & EH.
2.4 AT REIHEERETIE 16 1 PAHs B R2IRIFEEL

K5 43 5 7R T LMW PAHs(% 5(a)). HMW PAHs(/4 5(b)) 1Y PAHs(IE 5(c)) 1 4 Fl ki # A% )5
TR BERE AT . AFEAESAE R T, JERIX LY, PAHs WP AAEUT R . IS8 (444 pgkg)>
1750 X (408 pgkg >HE B X (292 pgkg IR A X (271 pgkg o AT 8N AH BAK /N X, 4
>PAHs ¥k i (LB TE 4 Fias R /N IX AL THmoKkF s JFH, Mg RERIT, T (PAHS e KMH
ik 2 844 pg-kg !, 2o HAl 3 R BEAS R Y 4~5 45 . IbAh, SE SR E AR, 75
B 7Y 13 b LMW PAHs, HMW PAHs 1Y PAHs B ¥ B 73 A #8485 43 ;1 H., HMW PAHs
FY, PAHSs ¥ B () rh A (B 76 TR & SRR AT A A e P ik, AR5 48 1, Ant. BaA I
BaP iX 3 # PAHs Wy CECME feolm , JUHE B I RRPL. B, +3Erh, X 3 F PAHs % A 43t
R, Mg e A HE R Ar . B 6 AT, AT oA 3 FAEBIAS R, Ant( 6()).
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Fig. 6 Numerical distribution of concentrations of local indicative PAHs in soil with different vegetation patterns
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Impact of vegetation pattern on soil contaminant accumulation in urban green

land at small scale
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Abstract Accumulation characteristics at small scale is not only close to people’s daily lives, but also links to
neighborhood environmental management and garden planning. Typical residential neighborhoods with different
vegetation patterns(encircled, linear, mixed and dotted) were chosen as studied areas. Through multi-site
sampling in residential green land, the concentrations of seven heavy metals(Cr, Ni, Cu, Zn, Cd, Pb, Mn) and 16
prior polycyclic aromatic hydrocarbons (PAHs) were analyzed, then the impacts of vegetation patterns on soil
heavy metals and PAHs accumulation in green land at small scale were explored. The results showed that the
main heavy metal contaminants were Cu, Zn, Cd and Pb. In residential soil, the concentration of total PAHs
(Z,,PAHs) ranged from 88.1~2 844 ug-kg', these PAHs were derived mainly from the combustion of coal
rather than petroleum and its products. In soil with linear pattern of vegetation, the concentration of major heavy
metals and PAHs contaminants presented scattered distribution, and high concentration contaminants were also
observed. In soil with dotted pattern of vegetation, the median concentrations of major heavy metals and local
indicative PAHs: Ant, BaA and BaP, were lower than the other three patterns of vegetation. For the soil quality
investigation in residential area with linear pattern of vegetation, more sampling sites were needed to get
representative concentration of contaminants. Moreover, linear pattern of vegetation in residential area was
benefit for capturing contaminants, and the soil in green land could play a role in absorbing contaminants. By
contrast, the soil environmental quality was better in green land with dotted pattern of vegetation, while was
adverse to play its ecological role in absorbing contaminants.

Keywords ecological function of soil; vegetation pattern in residential area; polycyclic aromatic
hydrocarbon (PAHs); heavy metal pollution
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