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Pb,Cu Distribution Characteristics and Potential Ecological Risks Assessment in Orchard Soils in the Urban
Fringe of Fuzhou, China

MA Jun, LIU Ai—Qin, HOU Xiao-long

(Forestry College, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: Field investigation and sampling, lab experiments were used to analysis the distribution of Pb, Cu total contents and concentration
of HCl, DTPA, extravtion state in orchard soil of urban fringe in fuzhou. Potential ecological risk index method was used to evaluate soil pol—
lution. The results showed that: Pollution characteristics of Pb, Cu in orchard soil in Fuzhou urban fringe was similar, which generally formed
Pb, Cu composite pollution. Pb pollution was generally more serious than Cu pollution. Pb, Cu contents were significantly higher in soils sur—
rounding highways and old industrial areas, and more easily absorbed by plants. Vertical distribution of Pb, Cu total contents and state ex—
traction had certain differences due to sampling area and types of heavy metals. Correlation analysis showed that Pb, Cu and their extraction
states had a total degeneration, and different extraction agents had strong consistency on the extraction of heavy metals; Soil pH value had no
correlation with Pb, Cu contents, but had negative correlation with Pb, Cu extraction states. Evaluation showed that the potential ecological
risks of Pb, Cu contents in 10 plots were in slight pollution.

Keywords: orchard soils; heavy metals; extraction states; potential ecological risks; urban fringe of Fuzhou

LA, BEE AR R (LB AR 25 1))
A, 57K HEBE TS TR TEHE AR T B TR el R
FYHEEC R 3 Cu Pb FHE SR U BHA,
Cu 7EH & PXMERMAMASE £1, Hid B4 /8% , Pb
REXEMAEA FHIURD, R T E SR E Y
MR EIE R KT S ARMEREREE. BT, EA
& B #1:2009-09-08

E ST A AREAPHTE S H (2008Y0004) ; fREA HARPI#EHS
(2009J01051)

EEEN: T FE(1984—), B, B A, BHE 7 o R TS e i
W 53EH . E-mail : fjmj5256@126.com

EEE XNEXE  E-mail:filag@126.com

Shxi R R E SR I RPN DT A B, 22
{Z3ESEERT AR E 2R P CuZn WIES T
B ARAEHEST T Y, KBURE L3 CuZn
Ao T — O 8, 7R R SRR e 2
M A o 2SUREOR IR W T R L TR
X LT Cu B & JBE RS RMRA Cu
EERMXRIT T, KB Cu KEAESERE
RbE TP BT BB, 2 E Cu kBIRE
Cu 3 2 SRR IR ERALE) Cu & B B TRk
FEREERS_E SR X R - Y Zn,Cu Pb 55 335
SR T AT S LRGP, s TR b R



5529 855 2 S IR

BRI

AN R TR 7Y 2 22 0 X HPL LR T, 3T b R Rl
B, TR IS Y EHEHER, 135 H e Y
A, AR IR TT 1 4% X 13875 Yuiff o7 T B4 th e B S
HEJE V5 Y07 U, % SR A A AR IR
HERER ARG RS EHTT
BFFEI (B SR e+ R 4R T5 Yoy I A ST iR R
LGB o A SORHAR M I8 T 2 2% X SR ] 148 Pb.Cu 4=
ENMARBR RS EGEHTHE, UERE T ESNET R
B AV B i 7= IR BT R B AR ) (NY/391—
2000 ) FIFABELRIEBCE AR ™ i P b IR 5% T B PP
FE) (HJ332—2006) MAnifEdrAr 1375 L fR B, 16
NI % X R ] R S TR 15 YLAFAE, kT i 4%
XAl P b A S RIS AR 22K A
1 MRXBABR

IO TR E R BV , AR A8 AR 8K, VLT Ui,
118°08'~120°31'E ;25°15'~26°29'N 2 |a], J& W Hir g 1
HER AR, SFELEE K RERE, RIS 3264,
AR H BRECH 1700~1 980 h; 4FFE-3RE/K &4 900~
2 100 mm; PSR A 16~20 °C, BT, 8 TR
FAk 44 828.73 hm?, EERAEME (Citrus reticulata

Banco) . %R} (Dimocarpus longgana Lour. ) .74 #% (Litchi
chinensis ) FIRAE (Eriobotryajaponica ) 7K e

2 HRAE

2.1 HmRE

TEXTIR 5T X A T B AT () B b, AR PR B 1 5 4R
R, GEESHRER G | HEEAAT 3t
USSR | 3 LG = R R A B B AT A A
RIELH SR IRV LR T EERAE 10 MR X
(B 1), FiZE# R GPS315 EALRAE MBI &

2008 4F 11 HRE M, R S B 8, 43 ER
£ 0~20 cm.20~40 cm F1 40~60 cm T4, T HH
SAOHERGHS. HIERREENAARANTE, B
Yl , HE BTl E A
22 AE

43 31% il HC1-HNO;-HF-HCIO, 1B & 3R BRI &
HC1.DTPA #1242 1% Pb.Cu 28 M ARIR /A
DR , B e B A e AR i R Pb Cu & &
2.3 BEESKEENE

) il Hakanson Y8784 2518 3 18 801, LAE 2
BHERERRE SO IR R EENE

e 309
’_x’””““‘\’
et ,«/ J
i (C X ?
O A g
O i
O i f,
ek | Y
kN
\ LN /
\ \z:mﬂ" ’Wf:%:#ﬂﬁ_ ﬁﬁﬂiﬁ“\a\/’;f
‘i\ S _E::L_ ‘j_,} 1) " Q > \‘ e d v
. Oy eV
o AT S R 7
Fot : } i ;\, -:EJ;FHJJ ;
z‘) \“w,‘w Jf T
i

E1 REXETEE
Figure 1 Plots sampling diagram
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Table 1 The evaluation standards for the heavy metal pollution of
orchard soil(mg-kg™)

RYE| Pb Cu

R R RE 349 21.6

SR MR TR AR UE (pH<6.5) 50 50

B AR S MRS IR BT AR ME (pH<6.5) 80 150
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Table 2 Indices and grades of potential ecological risk

index of heavy metals

T HHESR RI BEeRBEATEY
Ei<40 LY RI<150 240
40<Ei<80 rhég 150 <RI<300 REy
80<Ei<160 [} 300<RI<600 [
160<E:<320 GieEL 600<RI<1 200 R
Ei=320 g RI=1 200 LE

%3 RELTEPb.Cu FE(mg-kg)
Table 3 The content of lead and copper in orchard soil(mg-kg™)

REEX pH Pb Cu
R 6.01 79.05+6.35d 32.73+3.61de
esLpt 4.95 55.33+23.71d 30.40+5.11e
MwER 5.23 171.88+7.61a 55.67+6.57a
thER 5.68 157.19£1.53ab 42.50+2.23bcd
Al 4.82 142.68+11.91bc 46.77+10.42ab
=R 4.75 131.98+16.38c¢ 46.67+4.51ab
PR 4.91 132.446.14c 34.07+3.82cde
B 4.57 147.104.72be 44.13+1.96hc
#HILA 5.12 147.11:£4.96bc 37.2022.95bcde
TR 5.15 135.76£21.52bc ~ 44.73x13.28abc
BRE 6.01 171.88+7.61a 55.67+6.57a
B/ME 4.57 55.33+23.71d 30.40+5.11e
SEHE 5.21 130.05+36.01 41.499.25
BRA - 27.69% 22.30%

ISR E R T ERREZRALE , ARTFEERZERE
#(P<0.05), Al

Pb & B 7E 55.33~171.88 mg-kg' Z A, EH&ES
130.05 mg-kg™, BAREA LR E RAEM 3.73 £5,
£ NY/T391—2000 ) 2.60 1%, & HJ/T332—2006 [
1.63 1% ;Cu & B7E 30.40~55.67 mg kg™ Z[A], V&
A 41.49 mg-kg™, BRI TIEMEE RER 1.92
i, ABAR T LAt 5 o, 2 B ) 38 T i % IX SR el
+3Erp P ¥5 458 . Cu 2H, 10 MEX A, Pb.Cu
SRR RPN 27.69%F1 22.30% , H Pk
¥ SRl + 3 Pb & BB Kk 171.88 mg kg™, HSERTH:
W, K 157.19 mg kg, I3k A Pb S &5/, BEMH
BRPBHNREE L E P SESHENZRAE
ZF,5HA S MER¥ABELER;Cu FRAMMHE
I'MHI‘JE’J%A@ R B E ik 55.67 mg kg, 5%
U5 =R FTHERZRAEE, S5HM 6 MER A
BEES SN Cu &/, RHEMNB AT A%
X SR -3 Pb.Cu /- AHEAE L, 2 Pb.Cu BHT5

*® 4 RELTEE P .Cu & EBIRER
Table 4 The exceeded multiple of lead and copper

content in orchard soils

Pb Cu

REX  EhE MR 8 B 8 B
e g 4 | S g e q

BFER 227 1.58 0.99 1.52 0.65 0.22
B 159 1.11 0.69 1.41 0.61 0.20
WEMERT 492 3.44 2.15 2.58 1.11 0.37
hER 450 3.14 1.96 1.97 0.85 0.28
Al 4.09 2.85 1.78 2.17 0.94 0.31
=R 378 2.64 1.65 2.16 0.93 0.31
e 3.79 2.65 1.66 1.58 0.68 0.23
bl 421 2.94 1.84 2.04 0.88 0.29
iR 422 2.94 1.84 1.72 0.74 0.25
TEER 3.89 2.72 1.70 2.07 0.89 0.30
R T LIRS T S E AR U s AR I« X
SR M IR R AR AR ; AR AN - LA B A 7 i
B BRI MM AR AR T

YURHE
3.1.2 AR RA 3 Pb.Cu & B/ AFHE

MR 5 FH, ARZHES T Pb.Cu F &5
FEARR], H Pb i) HCLIZ3EAH DTPA BHRA R
FES A ERAREA , 5 R SR B B R
WEZRARE BSHRANA BEZER;Cu iy HC
BIRA SN 5 5, DTPA BB E LN &E, 1
5% AN E R EER, 5HA 6 MEXER
RNEE,
3.1.3 13 Pb Cu FH A

Fi SR 4% Pb . Cu T REE /AL (E 2,E3)
A, 10 AR A AR A s S AT AR A L RN

#5 RELTEPL.Cu IFERRELE (mg-kg™)
Table 5 The extractable content of lead and copper

in orchard soils(mg-kg™)

Pb Cu
R HCIZ4EA DIPARRA HCIREZES  DTPA BiEA
BFER  631£1.03d  3.46:0.11c  2.1120.45d  0.64:0.08d
Bkt 10.90£1.66c 7.78+2.77abc  2.95+0.34cd  3.1520.35¢
MR 16.53£0.86a 12.01x4.91a 3.88+1.19bcd 4.12+2.37abc

R 14.40£3.76ab 10.04+1.98ab 8.86+7.58ab  4.03x1.69abc
&l 9.55:1.24cd  6.45£1.08bc  8.66+2.49ab  5.48+1.50ab
ZRW  11.71£2.13be  5.87+1.34bc  7.33%1.71abc 4.56+0.04abc
PP 9.87+047c  5.05:0.71bc 6.38+1.64abed 3.890.63bc
Y] 12.10£2.09bc  9.10+1.60ab  9.67+3.49a  5.19+0.43ab
#HIR  9.712091c  7.11x1.05abc 7.19+2.07abc  5.93+1.01a
TP 8.93+2.57cd  8.98+4.97ab  5.13+0.80abed 4.32+0.17abe
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2120} Pb Cu
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mlm m > >
P o020 cm o HAREE gy HORRE  ppe
A 60r O 20~40 cm GEM 020 715 462 5.52 172
‘2‘3 A 40~60 cm 20-40 822 436 5.40 1.87
b L 40~60 8.47 4.19 8.73 227
EErREERZEEEEE BN 0~20 3059 27.50 9.62 13.02
& B & I K £ & 20~40 2653 16.92 11.98 10.72
2 BELE P SBEESE ML 40~60 10.89 6.19 8.02 8.11
Figure 2 Vertical distribution of the content of lead in orchard soil fapis 0-20 10.60 10.39 7.70 10.70
20~40 9.57 6.83 8.25 6.73
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Figure 3 Vertical distribution of the content of copper in orchard soil
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F . BRI APTHEN Ph . Cu Y548 2R 2 [ 2 A A E AL
AR, XA B Tl X KI5 Je = E A %,
3.1.4 13 Pb. Cu FHE4MT

FHRME(FR 7)FEH,Pb 5 Cu 2% BEH A, H
H3E Z B3k 0.561;Pb 5 Pb-DTPA . Pb-HCl A3 2%
HRIK A 0.383 F1 0.468, 435I 2 B A AR 8.5 4
%, 5 Cu-DTPA.Cu-HCI [A] 4 3% & %t ik 0.521
0.423, 43 | B AR B E LB EH % ;Cu 5 Cu-DT-
PA MR R FN 0438, 2 B EH XK, 5 Cu-HCL MK
HAREZE, 5 Pb-DTPA.Pb-HCI A4 % R EH K
0.402, ¥ 2 @ E K . RUIAEMIRTT A% X Tl 13
Pb.Cu 2FAHF /3 RRHAE , LA Pb.Cu HHI55%,

HRRASZ I, Pb-DTPA 5 Pb-HCl #HR RECH

R 7 13 Pb.Cufl pH Z AR
Table 7 The correlations between lead , copper content in

soils and the soil pH values

WH pH Pb  Pb-DTPAPb-HCl Cu Cu-DTPA Cu-HCl
pH 1
Pb -0.311 1
Pb-DTPA -0.425* 0.383* 1
Pb-HCl -0.365* 0.468** 0.811%** 1
Cu -0.154 0.561** 0.402* 0.402* 1
Cu-DTPA-0.665**0.521** 0.460* 0.331 0.438* 1

Cu-HCl -0.371% 0423* 0243 0320 0254 0.693* 1
T+ 0.01 KRB EASE; * 0.05 K- BEMK,

0.811, 24K I 41X ; Cu-DTPA 5 Cu-HCl L 2%k
4 0.693, 24K i E A, RIARIR AN Rl —E 4
JB W AR B RS8R A9 —BUHE ; Pb-DTPA 5 Cu-
DTPA H% RN 0.460, 2 B EHX, 78 DTPA Xf
Pb.Cu & B R IESCRA BRI —BE

pH {E5 Pb.Cu & Z AKX AN B3, R
Pb.Cu &85 pH EK/NE*X, pHES Pb #l Cu
MRS ZEIE R EAMER, K, 5 Cu iy DTPA
BRIES BN B E A, RIS M IR T 2 X R+
#rh  pH {E K/ Pb.Cu 2R H H#E# W, pH
EHA T 3 P Cu BIES S EW/N, HEYB
MER W, [z, pH HA5/ME 188 Pb.Cu BAES
SR, YU Pb.Cu EHE K,
3.2 MBS X RE 1 Pb. Cu BEESKE
4

MR 8 HI UL, 437 LAAE AR S E (H)/
T332—2006 #1 NY/T391—2000 2 L AERT, 10 M BE
X Pb.Cu VE7EA S XK AL FHREFREE ,Pb (1) E LE
Cu B, BT RI R, A TRk, IR 5N Sk
SR B/, T, R 38T 30 2 IX R R A B R 2 Tl
X & 1 B 4 SR e AR A XU i T — 8 X 38

4 i

TR IR T 2 G X SR el + 3 FPAF7E Pb Cu 7554 H.
Pb {5HLLE Cu {55475, I A0 o A B IS Tl X

& 8 RE L5 Pb.Cu BEESKKEITEN

Table 8 Potential ecological risk assessment of lead and copper content in Orchard soils

WH wEpt Bk B R Al =R P 2 iR FEER
ZHWE Fiolcimm: $78 v gavie]
E Pb 11.33 7.93 24.62 22.52 20.44 1891 18.97 21.07 21.08 19.45
Cu 7.58 7.04 12.89 9.84 10.83 10.80 7.89 10.22 8.61 1035
RI 18.90 14.96 37.51 32.36 31.27 2971 26.86 31.29 29.69 29.80
ZWE SR S IR SR R B AR HE(NY/T391—2000)
E Pb 791 5.53 17.19 15.72 14.27 13.20 13.24 14.71 14.71 13.58
Cu 3.27 3.04 5.57 425 4.68 4.67 341 441 372 4.47
RI 11.18 8.57 2276 19.97 18.95 17.87 16.65 19.12 18.43 18.05
Sl B AR S e R R AR (HI/T332—2006)
E: Pb 4.94 3.46 10.74 9.82 8.92 8.25 8.28 9.19 9.19 8.49
Cu 1.09 1.01 1.86 1.42 1.56 1.56 1.14 1.47 1.24 1.49
RI 6.03 4.47 12.60 11.24 10.48 9.80 9.41 10.66 10.43 9.98

T BRI ARG R MG R NETEES R T EL
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