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The evaluation of the potential risk of soil heavy metal pollution with con-

ventional pesticide application in pear orchards

QIAO Xiaofang', LIU Qizhi", LIU Songzhong’, LIU Jun®, LIU Conghe'
('Laboratory of Entomology and Nematology (LEN), College of Plant Protection, China Agricultural University, Beijing 100193, Chi-
na; *College of Forestry and Pomology, Beijing Academy of Agricultural and Forestry Sciences, Beijing 100093, China)

Abstract:[Objective]The pollution of heavy metals in soil is becoming a more and more concerned is-
sue in pear orchards. It has huge impact on pear yield and fruit and environment safety. To investigate
the contamination of heavy metals in soils of pear orchard with conventional chemical application (8-10
times a year), this study was conducted in order to guide reasonable pesticide application and reduce the
risk of heavy metal pollution in pear orchards and thus to ensure orchard sustainability. [Methods]Forty
six pear orchards with conventional pesticide application were investigated for heavy metal contamina-
tion evaluation. These orchards were located in 5 suburb counties of Beijing, namely Pinggu, Daxing,
Miyun, Shunyi and Fangshan. Fifteen trees in each pear orchard were randomly selected. Three soil
samples at the depths of 0-20 cm, 20-40 cm and 40-60 cm were taken 0.5-0.6 m away from the trunk of
each tree with a 4 cm diameter earth drill. The soil samples of each layer from 5 trees (15 sampling

points) were pooled and about 1 kg of the pooled sample was put into a plastic bag as one replication.
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Three replications were designed in this study. All the samples were collected and carried to LEN labo-
ratory at the same day. In the laboratory, the collected soil samples were put into a ventilated and cool
place for air-drying. The totally dried soil samples were crushed in a mortar and sieved with 80 Nylon
meshes. The atomic absorption spectrophotometer (single pass) in Vegetable Research Center of Beijing
Agriculture and Forestry Academy was used to measure the contents of cadmium (Cd), chromium (Cr),
lead (Pb), srsenic (As) and mercury (Hg) in the soil samples. Single factor, Nemerow multi-factor pollu-
tion index, single pollutant and multiple pollutant potential ecological risk index were used for analysis
and evaluation of the potential pollution degree and the risk of heavy metals in pear orchard soils. [Re-
sults]The contents of Cd in the 3 layers of soil in all pear orchards were higher than the soil background
value of Beijing (0.12 mg- kg''), most of which were beyond the quality standard of national soil envi-
ronmental (0.6 mg- kg'"), and thus the soils had been polluted. Among them, the highest content of Cd
was found in the soil layer of 40-60 cm in pear orchards in Shunyi district (6.88 mg-kg"). The contents
of Cr and Hg were beyond the background values of Beijing soil, but no higher than the national stan-
dards of soil environmental quality. It showed that the accumulation of Cr and Hg occurred in Beijing.
The other elements were in the normal levels. The single factor pollution indexes of Cd in the three soil
layers of 46 pear orchards (except 40-60 cm soil layer in Daxing district) were higher than one, which
could be regarded as being polluted. Others were not. The Nemerow multi- factor pollution indexes
(multifactorial) in the five suburb counties were Shunyi> Miyun> Daxing> Pinggu> Fangshan. The 40-
60 cm soil layer in the pear orchards in Shunyi district and 0-20 cm soil layer in pear orchards of Miyun
district were both severely polluted. The potential ecological risk index of multiple pollutant RI
(471.57) was at a serious level, and the potential ecological risk index of Cd reached the severe level
(459.41). The Nemerow multi-factor pollution index of the 0-20 cm soil layer in pear orchards in Miyun
district showed that the soil was severely polluted too. The potential ecological risk index of multiple
pollutant RI was in the medium level (202.5). In addition, the potential ecological risk index of Cd
reached the serious level (184.56). Other heavy metal elements were all in the low risk level. The poten-
tial ecological risk indexes of Cd in 20-40 cm soil layer of Daxing and 20-40 cm and 0-20 cm soil layer
in Shunyi were 157.50, 93.76 and 89.66, respectively. All of them were at the severe level. Others were
at the low level. The potential ecological risks of single and multiple pollutants in the remaining suburb
counties and in the other soil layers were all in the low level. [Conclusion] The results indicated that
some pear orchards in Shunyi and Miyun regions might have Cd pollution, possibly due to the orchards
located in a high Cd content area. The use of phosphorus fertilizers and pesticides should be reduced,
and Cd hyperaccumulation plants such as Galinsoga parviflora, Cardamine hirsuta Linn. are recom-
mended to be planted in the pear orchards.
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Table 1 Grading standard of soil heavy metal pollution'”
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Integrated .
Grade . Pollution assessment
pollution index
I Pyx<0.7 L4 Security level
II 0.7<Px< 1.0 BLR Alert level
il 1.0<P\< 2.0 B2 T5 Ge2 Slightly polluted level
I\ 2.0<P\<3.0 HPEE 5 Y2 Moderately polluted level
Vv P>3 T 5 V5 Y42 Severely polluted level
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Table 2 Evaluation criteria of single factor

potential ecological risk index™

Range of potential
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Table 3 Evaluation criteria of potential
ecological risk index RI*
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Table 4 Soil heavy metal contents in pear orchard with normal use pesticides in Beijing (n=46) /(mg- kg")

X +2 i i B H fith K

Area Soil layer/cm P Cd Cr Pb As Hg

“F-4 Pinggu 0~20 6.37 0.12~1.21 20.03~38.80 0.00~7.84 2.07~6.10  0.01~0.07
20~40 6.33 0.00~0.83 13.99~43.01 0.00~5.45 2.80~6.28  0.00~0.08
40~60 6.50 0.02~0.31 8.68~15.32 0.05~0.30 2.26~6.11 0.00~0.04

% 75 Miyun 0~20 6.56 0.15~4.85 2.51~43.37 0.00~6.34 1.60~5.43  0.01~0.04
20~40 6.57 0.05~0.84 14.16~32.90 0.00~7.54 0.19~6.22  0.00~0.07
40~60 6.61 0.03~1.04 9.26~22.92 0.03~1.01 0.16~5.49  0.00~0.04

JIi . Shunyi 0~20 7.07 0.15~0.76 18.51~38.74 0.99~16.83  2.01~5.33  0.02~0.07
20~40 7.22 0.08~1.57 20.41~36.59 0.68~11.33 1.18~4.79  0.01~0.11
40~60 7.47 0.00~6.88 1.84~10.42 0.03~5.84 1.47~4.83 0.01~0.02

K% Daxing 0~20 7.93 0.00~0.78 19.88~35.58 0.78~2.17 1.16~4.84  0.01~0.03
20~40 8.05 0.00~1.72 20.54~40.33 0.73~4.75 1.40~4.70  0.01~0.04
40~60 8.14 0.00~0.77 11.78~18.15 0.00~2.14 1.77~5.86  0.00~0.03

75111 Fangshan 0~20 7.98 0.00~0.31 11.04~27.00 0.00~2.09 1.62~5.44  0.01~0.20
20~40 8.25 0.09~1.15 11.21~36.93 0.43~4.56 1.48~5.55 0.00~0.12
40~60 8.37 0.00~0.18 11.17~28.89 0.00~2.66 0.08~5.61 0.00~0.03

B i <6.5 0.30 150.00 250.00 40.00 0.30

National Standard* 6.5~7.5 0.30 200.00 300.00 30.00 0.50

>7.5 0.60 250.00 350.00 25.00 1.00

bR LR G S R A 0.12 29.80 24.60 7.09 0.08

Background concentrations of soil heavy metal in Beijing"”

K R Detection limit 0.001 0.001 0.005 0.005 0.001

VE: a. RIS R AR (GB15618—1995) .

Note: a. The standard of soil environmental quality (GB15618—1995).
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Table 5 The single factor pollution index of heavy metal

in soils of pear orchards with conventional use pesticides
in suburbs of Beijing

HX i}; PR 75 Y445 % Single factor pollution index
Area Soil layer/
cm i Cd #Cr  H#iPb  filAs  JKHg
& 0~20 2.50 0.83 0.14 055 038
Pinggu  20~40 226 086 0.1 064 037
40~60 1.32 038 001 061 024
B 0~20 6.15 080  0.10 043 029
Miyun  20~40 1.68 078 0.3 038 025
40~60 1.63 038 001 038 025
i X 0~20 2.99 0.93 026 044 046
Shunyi  20~40 3.13 0.94 0.17 044 0.4
40~60 15.31 027  0.08 039 0.8
KN 0~20 2.58 1.03 0.05 028 025
Daxing  20~40 5.25 1.02 008 035 025
40~60 225 048  0.02 027 0.3
Ji 0~20 1.17 0.69 0.05 050 051
Fangshan 20~40 2.05 072  0.09 057 034
40~60 1.01 054 004 043 026

222 EAFEABEAFN EH WD AT YR
BOExE 5 M E & BT RPN HER G, ISR 1
CEATT AR B bR UE , S A REIX S5 B3 GeFa BRI
HEFK N < NS> 25> K> P 48> L5 MRS IX 3
bl 40~60 cm 12 % = X AL 0~20 cm - E 25 G
TR EOEE 11.1.4.50, 35 9 8 5 GKF, % b B
DA77 G g BOR BT HE b = 25 QLR K2 T H &
JEHICE ™ EH AR (R 6) .
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Table 6 The integrated pollution index of soil heavy
metal in pear orchards with conventional use

pesticides in suburbs of Beijing

é/’i:A.w‘ AN
B e,
X Soil ORI~ SN 5 i
Integrated .
Area layer/ . Grade Pollution assessment
om pollution
index Py
RS 0~20 1.88 I BPLTS Je gk
Pinggu Slightly polluted level
20~40  1.78 11 BEZS R
Slightly polluted level
40~60  1.04 I BT Y gk
Slightly polluted level
B 0~20 4.50 \% LTS5 RS
Miyun Severely polluted level
20~40  1.45 I LR S
Slightly polluted level
40~60  1.27 111 BT Y gk
Slightly polluted level
Jig X 0~20 2.24 v SUEREE T
Shunyi Moderately polluted level
20~40  2.35 v SNEREE
Moderately polluted level
40~60  11.12 \Y ENLREP S
Severely polluted level
K% 0~20 1.92 11 RIS R
Daxing Slightly polluted level
20~40  3.84 \Y HZT5 R
Severely-polluted level
40~60  1.65 I LAY S
Slightly-polluted level
Zall 0~20 0.98 II IR Alert level
Fangshan 5o 40 156 M R
Slightly polluted level
40~60 096 II LR Alert level
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b, & AR XA AL el % LR AR 4T E SR RS
eV ies 7 A2 25 ARG 48 B AR KU K- (R 7D o

D147 252 e P B IR 9 e i i, < A 10V



952 PS i)

¥k

H35%

R7 IRHTHXENRARELRECE
BIERYBEE TSI
Table 7 The single pollutant potential ecological risk
index and degree of soil heavy metals in pear orchards

with conventional use pesticides in Beijing suburbs

ISR AR S KSR B S L (n=46)

Hh X i% Single pollutant potential ecological risk
Area Soil index and degree
layer/cm -
i Cd BCr  HiPb  AilAs  FKHg
T 0~20  75.09 1.65 0.70 550  15.10
Pinggu s o I E KE
Medium Low Low Low Low
20~40 67.91 1.73 0.55 6.38 14.64
Wz wEORE KE RE
Medium Low Low Low Low
40~60 39.50 0.77 0.03 6.11 9.56
{(i9:-3 iR IR IE (R
Low Low Low Low Low
En 0~20 184.56 1.60 0.49 4.26 11.59
Miyun it fiCsz iR R E
Serious Low Low Low Low
20~40 50.28 1.38 0.65 3.76 10.10
T {117 19~ 19 S (194
Medium Low Low Low Low
40~60 48.83 0.77 0.05 3.82 10.08
g e E E RE
Medium Low Low Low Low
iz S 0~20 89.66 1.86 1.29 4.43 18.57
Shunyi 5 e R R R
Heavy Low Low Low Low
20~40 93.76 1.89 0.85 4.37 21.45
L o R E E
Heavy Low Low Low Low
40~60 459.41 0.53 0.41 3.95 7.28
FEE fiCE IR KR (R
Severe Low Low Low Low
K 0~20 60.50 1.83 0.32 3.92 10.55
Daxing O (e (92 IR fICkE
Medium Low Low Low Low
20~40 114.38 1.83 0.36 4.56 8.27
B (453 R RE KE
Heavy Low Low Low Low
40~60 19.73 0.55 0.03 3.88 4.46
{1953 iR I E RE
Low Low Low Low Low
Sl 0~20 35.14 1.38 0.25 4.99 20.34
Fangshan ficpz fiCsz o RE fE
Low Low Low Low Low
20~40 61.49 1.45 0.45 5.73 13.67
T {119 S 19" 19 S (191
Medium Low Low Low Low
40~60 30.13 1.08 0.20 4.26 10.40
{1953 o E RE RE
Low Low Low Low Low

VR P TR AU .

Note: The data in the form are the index values.
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184.56, 38 2| T [ KUK 5 IS IX 4> 1 )2 (0~20
em 52 20~40 cm) - K% X 20~40 em T E R G R TEE
A R FEEM N 89.66.93.76.157.50, 4b T HLJiF
JARSEZP- 5 A X AR el P Ay AR FEE RS2 7K~ (R DD o
232 3G 4MEHEELESARIHK RAZIHRY)
TEAE AR S KBS FRHO0) 570 8 4 8 1 27 & KU #E47 V7
M, &5 X AL 2 75 Gety i 48 AR 7 R 7 B0/ HE
IR A < LSS 26 250> K PEF48> s L, oA i S IX
A0 40760 cm 2 SR FEECA 471 57, A HLFE R
[ K, % = X AL 0720 em 1 2 2 XU 35 BN
202. 5, KP4X 20-40 cm + 2 R XK FEHC 129. 41,
359 2 v B XU 7K1 T HG A 406 X B el 7 3 A - J2 )
IR RS 7K (R 8) o
£8 ARTBEEMEHREALRESR
SIS RYBEESNEIE
Table 8 The multiple potential ecological risk index

RI of soil heavy metal in pear orchards with

contentional use pesticides in Beijing suburbs

= 25 YA MHEEES
Hi X 50;1: XS HEBLRT AR $
Area laver/em The multiple potential ~ The potential adverse
yerie ecological risk index RI effects of heavy metal
RS 0~20 98.06 fiJ% Low
Pinggu 20~40 91.21 fICEE Low
40~60 55.97 /% Low
EE 0~20 202.50 ¥ Medium
Miyun 20~40 66.16 1iKJZ Low
40~60 63.55 i/ Low
I3 0~20 115.81 IR Low
Shunyi 20~40 122.32 iK% Low
40~60 471.57 & Serious
K 0~20 92.64 fiXJ% Low
Daxing 20~40 173.40 H ¥ Medium
40~60 76.22 K% Low
Bl 0~20 62.11 iK% Low
Fangshan  20~40 82.78 fICE Low
40~60 46.07 &% Low
A Al
3

3.1 HREERERERHSRNEE

A L3 ) Cd Cr 55 4 E ZORYFE 1L IE
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TRE B A%, £ 58 Cd KRB R, fid
FE LR Rt 22 3 o CA Rl . Bl
H X 22+ Cd & & (o, J5 [ 761t B IR 2 )5 1
H1°0.19 mg - kg™, 3 [ 3 A el 1% 252 it F 55 A 36 a
J&» B3R Cd & BN 0.93 mg - kg P, N FL [
WD AL AR AL A

2R 20y o 5 T i Cd Cr S5 L & & ot
RUA, TERHE Loy R (P 1R 2507, A FLAE L e
H—DEE FHELSESEER. TEPNES
JE %S (Co BRI T2 0 WA, TE SRS N , i%
B 2 et i % it P A 2 AR 24 B n FH 25 1K
B, oWmtEPCd.CrEESEICRN S EY,
F4 [t it FH A 2 AR 2 G T, 3B B B S i A
MG, B AR it 3 IR 25 1 AL ] 5 R A it 8 YR 24 1) AR
Ll , % J2 3 P e B0 5 A, AR 8 IR 241
AiGE, Cd & B8 0.8 mg- kg, 1 AF4F it FH 3 k245 AL
bel , Cd & AU~ 0.24 mg- kg™, MBS, w1k
2 A 24 1) il 24 O BORT DA BRI - 38 B 4 R 1 e e
F o IR 2 DA el il 5 Tl A 27 A 24 Ak ) S R

YT IS YR AR Y, R IH Rt T b 3 L Tk
TERAG R S5 BT YU A R AR R T I 4 R
NHL R KT 35 Ve 45 7K » 2B 3 B e a7 e A W -
D R AR S A TS K HE R RS B
S IEITEIRTE K, BERERE N R A .

KA 5 R 2R BBURL ) D R B B R i AR
BWIGEM RS,

THEpHETHESESENARARR. =
ST T IR AR I CA B — e . —
B 35 pH AR 1) B, T3 IR B Cd i R
HEIN, Cd BV R EE R OR, WTRTINEE T Cd 7E L3 1
EREREAL . A, BE 133 pH AR A3 K, 34k
WP Cd B R R B, Cd VS R R AR R 2 B
%, SR IE AW CAd7E R HGTRN , I MR Z LT
T, DRITHT , IR A2 R T 3 & R e R IT S
A EE R T AFAGRER, L%
X 30 pH 35N 6.56~6.61, )& T 59 MR I 1) - 3%,
CAN TR, FEERAE LR Z, IR)Z HIER D,
FE SIS X () 38 pHAEES I T 7.00, 2 5587,
CAA Gy R AERE » T A2 3287 v 1R 2 38R BT
32 AERTMXBEELIEEERETHE

JE BB X 343 L ] 43 o B8R Cr Rl Hg (193

oA S B K bR AEE , (A Cd.Cr.Hg WP &
B O AL T R R E AR TR R AR ]
B, G R AR LR, X E SR T
AR IX B[ SR FRFE AN )

JEH S IX Cd F & f i » R B 1AL I O
RFAIA B b A B 38 25 A A B B 2K
CAKHI R, R u =I5 Y X,

% XAE Cd & & E 5, 4T m REDRE ,
HE&Em 75, JRR T ReE = — 2R A G
SRR, B R ST R I 2 X R X
) Cd & & B e T b nd il - 5 8 4 g 1 S (B AN
B SRR AR s 1% XK AR V6 75 AOR Tolkis 7K
VEEAR

Bt R P) MK TR (Hg) & T Tt &,
FESMTAAEERY, K PhE LR RS E
BEm. AWAME, thmh P EE—RA
10.00 mg - kg'. Hg 7E 72 1 (F°F 35 &% & 41 5 0.07
mg-kg' "o ZPFHIGER B R AN FIHX AN [F] 3
KA EEERBER, b F X HEF Py
HZ %9524 mg-kg' ™, DY )1 —Le R A HL X Pb £ 2
235.17~261.30 mg-kg' “, {HA L X & & HIR D,
%222 mg-kg', EERITCAT . AR A b
LU X &AL P & & — 8 0~16.83 mg kg, H AL
bl Hg % &4 0~0.20 mg - kg
33 TIEFESERNEEST

A 5 T M R B 4R R R L)
A B R R 2 89, Wb o, S bR v R
CAdis QW P R, FiE - SRR EN L
BR TR 0 P RN, ) fE LR R VTR
AT AT 25 F RN, A6 S X A ] 4 3 S b g
% T 2 B 2 R BT R, & 40~60 om L
BECAIULERE T B %~ XA E AR R
O RAE 0~20 om 2 A ey, Bl 2 R i s>
U B A0 X AL ()48 70 R AE LI R g,
5y A, AME BN AR F IS S B A N IER .

NNHIRE G LI E SR SRR
— AU R R o KSR B A K A B
&lE R EE .

34 TIESERBESEY

B W FHAE , 4 18 %6 (Galinsoga parviflora) i
K % (Cardamine hirsuta Linn. ) 7] UL M = 338 o 0%
Cd™™; 38 W5 3% (Thlaspi arvense L.) 7] LA M 1= 3 rft
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chloa ciliaris (Linn. ) Merr.] A CL M\ = 38 1 0 ffY
AsPYo PR, A 5K 22 B AL bl R A TR 3 L
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4 45 ©®

2000 5 4k 5t 2 B AL e 35 Cd 7 7 [ ShR v
fEANAE 57 3% 5e {8, Cr Hg & & L 0 5e il .
Cd.Cr 25 5 & @ KU Z B A SIS AR 25 . 35
R pHA K. EUEEME R ERTREE
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