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[ ZE] [EMY F5EPEEE RS EE BAREAR E R E & & &, J0 5 s e ]S 377, D5kl T
2012-10, FERR VG B AE 7 IX 8 B AR 22 8 10 A BR Bk 2R el SR 4 40 A A AR 5 L 2R T L B 5 5 B 1 B ik (ICP-
MS) il 5 4% i B DR S S R P RS E A B U R BRI s PR BOM 5 A 05 e de . (45 RY JH B 3R,
B B 59 R S Y B I A ) R (77, 688, 84), (42, 3946.19),(29. 1241, 56), (0. 1840. 02), (0. 0540, 017) 5
(7.0342.46) mg/kg; A EH R B 48R S4TSR OE I (E 4y Bk (87. 86 £5. 86),(50.02+6.57), (21, 48+
3.57),(0.2240.10),(0. 04940, 006) 5 (3. 8742.55) mg/kg. JEE 5 PHRAEAL B 3 RE S b S BB AR R EH 14
B S Bl R e B i A . JE BRI SR Bl A 4 DN T Y BOHE R O B S AR > R A SR > A &
BLRAbE SR 4 4 P E 4 R B R TS YL R BRI N > AR > > >R >4, BB AR B B ek R B - 4 R L
A5 AR ESY B 0.86 A1 0. 65, [&5ie] JE B AR R 18 + 398 5 4 JE V5 ek OoT I M V8 T S 15 P S RN R JH &
SRR A R b - S 4 S S YK R E T R TS R E RN T A LIRS A
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Concentrations of soil heavy metals in kiwi fruit orchards in
Shaanxi and risk evaluation

LI Xiao-tong, YUE Tian-li, HU Zhong-qiu,ZHAO Xu-bo

(College of Food Science and Engineering s Northwest A& F University ,Yangling , Shaanxi 712100, China)

Abstract; [Objective) The study investigated concentrations of soil heavy metals in kiwi fruit orchards
in Shaanxi and evaluated the contamination risk. [Method) Concentrations of Cr,Cu,As.Cd,Hg and Pb in
40 soil samples from kiwi fruit orchards in Meixian County and Zhouzhi County in Shaanxi were determined
in October 2012 using ICP-MS method. Then the single-factor pollution index of each heavy metal and the
aggregate pollution index were calculated. [Result] The contents of Cr,Cu,As,Cd, Hg and Pb in Meixian
County were (77, 6848.84),(42,3946.19),(29.1241.56),(0.18+0.02),(0.054=+0.017) ,and (7. 03 £
2.46) mg/kg,respectively while in Zhouzhi County they were (87. 86=+5. 86),(50. 02+6.57),(21. 48+
3.57),(0.2240.10),(0.049+0. 006) ,and (3. 87=+2.55) mg/kg,respectively. Contents of As were above
the permitted level in 5 samples from Meixian County and one sample from Zhouzhi County. The single-fac-
tor pollution indexes of heavy metals in Meixian County were in decreasing order of As>Cr>Cd>Cu>
Hg>Pb and the order in Zhouzhi County was As>Cd>Cr>Cu>Hg>Pb. The aggregate pollution inde-

xes in Meixian County and Zhouzhi County were 0. 86 and 0. 65, respectively. [Conclusion) The pollution
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level in Meixian County was clean within the warning level while the level in Zhouzhi County was clean

within the safe level.

Key words: kiwi fruit orchards;soil heavy metal; pollution risk;Shaanxi Province
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wrkz &7,
1.2 HmRESSHAFZE

2012-10, AR 41 JE B0 28 LB ok 2 7 B b o
PR LB B 10 A AR 7= b sl Az 7= P (R DL Bl
MLR AR - HERE & B P sl AR 7 S A % 4 A RAE A,
HRAE A0 M, EHEREREYH 0~40 cm,
PR BT IR A G FE HE DU 4332, AR A i BE B
1 kg, AR 5 09 B4 o, 47 132 50 = KT
WFEE FFLAR 0. 147 mm JE e 0 . S48 4 .

1 BRABEMAZENEMRELIEEANERER

Table 1 Information of soil samples in kiwi orchards in Meixian County and Zhouzhi County

EITE RS B 5T X B SR AR b g B i g
Number Region Location Quantity

1 R 55 4 % F Jingjiazhuang, Hengqu Town 4

2 % W58 0% k) Tuling Village, Tangyu Town 4

3 JHE M ZFE 4k Taoyuan, Huaiya Town 4

4 Meixian County BHA S AEER Yuguanying Village, Diwucun Town 4

5 ﬁjbﬁﬂ‘ﬂ-ﬁ*%ﬁﬂﬁfliﬁﬁﬁﬁiﬁgﬁﬁﬁ _ ' 1

Kiwi Test Station of Northwest A&.F University

6 42k M T P A Nangianhu Village, Yuyong Road 4

7 4 B4 )\ — K Bayi Village, Jixian Town 4

8 HEE B 4E 2% £ A Songbing Village, Louguan Town 4

9 Zhouzhi County PUtE £ | K1 Shangtiantun, Situn Town 4

10 o9 5 47 s 5k A Mk A 9 B A PR 1

Shaanxi Bairui Kiwi Fruit Research Institute Co. ,LTD

>R FH LR & 45 B T I i (ICP-MS) il 22 +
FEr Cr.Cu,As.Cd Hg .Pb &7, (A
F L ] A 9 R 85 o B A vfE ) (GB 15618 —1995) 1
Ht 4 JE A R E AT, Y Cr, Cu., As, Cd,
Hg.Pb 6 # & 4 J& & f& 4 % << 250, 200, 25, 0. 6,
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Table 2 Standards for soil quality grading based on the aggregate polllution index
FEYTS 15 YL 45 K 15 YL S5 15 YK
Number Pollution index Pollution degree Pollution level
1 [0,0.D %4> Safe i1 Clean
1 [0.7,1.0) B g% Warning level 97 Wi Nearly clean
1 [1.0,2.0) 2 JE 5 Y Lightly polluted +HE AEYE 275 Y Soil and crop were polluted
I\ [2.0,3.0) 75 Yt Medially polluted + 3 MEYE Z P E TS YE Soil and crop were medially polluted
Y [3.0,00) HJE 5 YL Severely polluted T+ VEYE 2™ HE 5 Y% Soil and crop were severely polluted

1.4 HBFELXLEBESSH
% F SPSS 17. 0 #1 EXCEL 2007 #4835 47 % 4
VOELIESEAN TR

2 RS0

BRERBERREDTIESSESE

B VG A A A SR el - B A b B A )R O e U 4
R 3, W 3 A, JEH Bk R, Cr & i
IRV B e 1E L B AR (E R F 4 E 4 i R (89. 61 &
7.74),(65.13+6. 37) FI(77. 68+8. 84) mg/kg, %
SRBC L0605 Cu 9 8 19 B e {H L S AR A RSP 35 H 43
A (56. 74+ 3. 38),(35. 73+ 4. 51) Fl (42. 39+
6.19) mg/kg, 5 FZE 15% ; As 5 11 d5 i {8 L I
AR FI - Y908 43 51 h (31, 09 £ 6. 23), (27. 11 +
3.7 M(29. 1241, 56) mg/kg. 48 F 2% 5% ;Cd
TR ) S e (E S e fIK(E R F 9 4E 4 Bl R (0. 21 £
0.07),(0.1440.03) f (0. 18+0. 02) mg/kg, 75 5
FRBC11 Y0 s He B 1k (1 5 8 {H L SR AR AA AF- 35 06 5331
(0. 086 4 0. 015), (0. 033 0. 025) F1 (0. 054 +

2.1

0.017) mg/kg, 8 5 Z %4 317 ; Pb & &k i i 5

T AR AN SF #4440 ) R (13, 18 £4.21) ., (4. 53+
1.56)F1(7. 034+2. 46) mg/kg, A H 25N 35%.,
JE 2= Bk AR J B, Cr A 8 09 A s 8 A AR A A
SESAME 4> B R (99, 14 7. 95), (74. 74 + 8. 24) il
(87.86+5.86) mg/kg, ZFZAZH 7% ;Cu TR MR
e E S B A RS 4 E 43 0 S (62, 78 £ 6. 19),
(40. 366, 51) F1(50. 02+6.57) mg/kg, 25 5 &5
13% 5 As £ it B S5 i (8 L o (K (8 A0S X5 (8 2 51 o
(27.5243.55), (16. 06 3. 26) F1(21. 48 £ 3. 57)
mg/ kg, A8 F ZE 17 % s Cd o 4 14 B o A L SR A A8 AN
SEXME 43 9 R (0. 46 0. 16), (0. 13+ 0. 09) Fl
(0.22+0.10) mg/kg, A F R 45% ; Hg F A
e e AI(E F P 08 43 9 o (0. 063 £ 0. 009),
(0. 04040. 011) F1 (0. 04940. 006) mg/kg, 15 F &
B 1200 s Ph 2 1 i e A S5 I AF R X 48 400 Ky
(10.234 3. 31), (1.314+0. 97) F1 (3. 87 + 2. 55)
mg/ kg, A8 5 R 667,

3 BMEBENMAZENBEMRELENESELEZAE
Table 3 Contents of heavy metals in soil samples from kiwi orchards in Meixian County and Zhouzhi County
141/ wE 2/ .
— HEE)R A Ta] SR B I 2l / (mg « kg™ ') Measurements W AR AR
KA H (mg * (mg * )
I . eavy i il ¥/ %
_ocation metals . kg™ kg™ cv
o 1 2 3 4 o Average SD )
Cr 89.6147.74 65.13+6.37 70.85+5.57 74.94+8.91 87.85+9.11 77.68 8. 84 11
Cu 43.5247. 31 37.46+5.12 35.73+4.51 38.50+6. 11 56.7443. 38 42.39 6.19 15
MTE"!E As 30.81+1.12  27.11+3.79  27.2142.45 29.361.03 31.09+6.23  29.12 1.56 5
eixian
Cou);ty Cd 0.18+0.02 0.174+0.01 0.2040.01 0.14+0.03 0.21+0.07 0.18 0.02 11
Hg 0.06340.011 0.04440.012 0.086+0.015 0.033£0.025 0.04240.016 0. 054 0.017 31
Pb 5.28+2.23 6.0141.87 4.53+1.56 6.16+3.01 13.18+4. 21 7.03 2.46 35
. -5 1E / N E 2/
S € R [ B U 6/ (mg + ke~!) Measurements VM, bR,
KA b (mg + (mg * o
I . Heavy 1 1 R/ %
_ocation metals kg™ kg™ v
) 6 7 8 9 10 Average SD
Cr 90. 76 £5.01 99.14+7.95 74,74+8. 24 88.3344.78 86.3344.01 87. 86 5. 86 7
Cu 52.93+7.71 62.78+6.19 40.3646.51 43.274+5.97 50. 78+3. 38 50. 02 6.57 13
Zﬁ?ﬁ%\ As 16.06+3. 26 24.3644.79 27.52+3.55 21.0443.07 18.41+6. 25 21.48 3.57 17
houzni
County cd 0.1340.09  0.1540.07  0.21+0.12  0.1740.03  0.46+0.16  0.22 0.10 15
Hg 0.04240.007 0.0634+0.009 0.040+0.011 0.048=+0.005 0.05040.006 0. 049 0. 006 12
Pb 1.60+1. 89 2.934+0. 66 1.3140.97 3.26+2.90 10.23+3. 31 3. 87 2.55 66

A RS SR R A B B B B o)

(GB 15618 —1995) " Sk &, JE E kA Bk 57 bl + 4
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Br T As P2 & i bR b H Al G R P 2
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EHAMPR . Cr.Cu As fl Hg & H7ZEF AR LS
RENT 30%,Cd Pb E S R K, B i
4500 s FERTIN L AR A 1 AN REE I As & B bR,
JEE L HE As Heg Pb & M-FRHE T A=
.9 Cr . Cu . Cd FHEIFHEYBRTHEL,
2.2 BABBMRELREEERETREY

R FHBALIR 735 e 48 BRI 22 I 2545 1 e 4 20k
A B 2= Bk b SR bl L b 6 R GRS
QAR R A R o 3k 4 M 5. ik 4 L JE &
S AR R EAEFLBR T As B P, #RT 1 b,

HpEBEEEW P ABNT 1, LEPEEESETY
P, M & B B ¥ K As™>>Cr>Cd>Cu>Hg>
Pb, F 3 As (9 & B2 . JH B R
MR e+ 25 A s e s BOP Y E R 0. 86, 2 ISR 2
AL T M X R Y SR O E A TS K TR
W TSR T R CER T E AL

H 2% 5 Al JH 2 E 5 BRI 4R AL
A 1IARE D As 9 P KT 1, A R 1 5%
HERBW P HBNTF 1, LEPRELETY Pk
& B A F S As™>Cd>Cr>Cu>Hg>Pb, J&
2 FLRR Ak SR e 1 1 2R 5 i e dR B B {E R 0. 65,
S 2 AT X T A RIS Y O A TG
KB SR F A R A .

x4 BABENEMREIRESENSERER

Table 4 Pollution indexes of heavy metals in kiwi orchards in Meixian County
L] 4 B 775 YL 48 % Single factor pollution index NSRS
Number N N N /\ggreggle

Cr Cu As Cd Hg Pb pollution index

1 0. 36 0.22 1.23 0. 30 0.06 0.02 0.91

2 0. 26 0.19 1.08 0. 29 0. 04 0.02 0.79

3 0.28 0.18 1.09 0.33 0.09 0.01 0. 81

4 0. 30 0.19 1.17 0. 24 0.03 0.02 0. 86

5 0. 35 0.28 1.24 0. 36 0. 04 0.04 0.92

SEY{E Average 0.31 0.21 1.16 0. 30 0.05 0.02 0. 86

W22 SD 0. 04 0.03 0. 06 0.03 0.02 0.01 0.05

x5 BERAEERGRRELESSENTLEH
Table 5 Pollution indexes of heavy metals in kiwi orchards in Zhouzhi County
L] 2 B 775 YL 48 % Single factor pollution index EANEREE S 1
Number B B N Aggrcggtc

Cr Cu As Cd Hg Pb pollution index

6 0. 36 0. 26 0. 64 0.22 0. 04 0 0.49

7 0.40 0.31 0.97 0. 25 0.06 0.01 0.72

8 0. 30 0. 20 1.10 0. 34 0. 04 0 0. 81

9 0.35 0.22 0. 84 0. 28 0.05 0.01 0.63

10 0.35 0. 25 0.74 0.77 0. 05 0.03 0. 60

SFY{E Average 0. 35 0. 25 0. 86 0. 37 0. 05 0.01 0.65

bR SD 0.02 0.03 0.14 0.16 0.01 0.01 0.09

2.3 BEBBEHRRETIEESRSERAXESHT

e P A A A 2R el - 38 v % R < R S A A SE A

T E e

*k 6 MERBRRELEPRESESENHEXESH
Table 6 Correlation between concentrations of heavy metals in soil samples from kiwi orchards in Shaanxi Province
EIRIE DI & Z 81 Correlation coefficient
Element Cr Cu As Cd Hg Pb

Cr 1 0.81~ 0.41~ 0.29 0.02 0.14
Cu 1 0. 27 0. 26 —0.08 0. 27
As 1 0.08 —0.07 0.17
Cd 1 0.01 0.60"
Hg 1 0.06
Pb 1

Hn=40, x RRMALMES P F KT (P<0.05),

Note;n=40. * means significant correlation (P<Z0.05).
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JB 415 YL A8 B4 B 0. 86 1 0. 65,75 Y 4 4y
SOl A G N s R R SR B £ 3R Cu 5 Cr,
As 5 Cr.Pb 5 Cd # I gE3k B Al — V5 Y& I 5 H Al
& B IC R A MR BB, b He 5 HoAth ot E AH
S NE R AR, U] He MR SOR 32 HoAh 5 4 s 5 i

N TR R B SR e A S M A K e A
WO AEEE E Tk =R DL R oA 48 4 380 A 355 75 7K HE
TR L PR R 4 TG A Ak B 3T 7 M B
VB Ry BERME R i 2 7™ A% s il A 205 G, 7 it IE O
AT 350 1 F A LA TR 58 sl A A it JE 2 3 i Ak
GNE o I s R A Ak 2B = 2o AR v R R 1) 4 2 g
¥,

(&% k]

(1] 2P EUREE. HOW Rk T 32 R = 39 & 4 43 A B0 A v o
5% [1]. AR ,2011,39(8) :4657-4659.
Dong H P, Yan C X. Study on the distribution law of soil heavy
metal in apple orchard in Tianshui City in Gansu [J]. Journal of
Anhui Agri Sci,2011,39(8) :4657-4659. (in Chinese)

(2] dkbRFR. B R, I, G PVE3ER 3 E 4 m & BkF
B HATAR [T]. SR 241, 2004,21(2) : 103-105.

Zhang L S, Liang J, Wu C L,et al. Evaluation and concentration

[3]

[4]

[6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

of soil heavy metals in apple orchards of Shaanxi Province [J].
Journal of Fruit Science,2004,21(2):103-105. (in Chinese)
Matthew Omoniyi Isinkaye. Distribution of heavy metals and na-
tural radionuclides in selected mechanized agricultural farm-
lands within Ekiti State, Nigeria [ J]. Arab J Sci Eng,2012,37.
1483-1490.
Zorer O S, Ceylan H, Dogru M. Determination of heavy metal
and comparison to gross radioactivity concentration in soil and
sediment samples of the Bendimahi River Basin (Van, Turkey)
[J]. Water Air Soil Pollut,2009,196,75-87.
BRSNS I QISR 1 1 (= o
FEAr ARG A3 ()], a2 4% . 2008,17(3) : 215-218.
LiBY,Liu X F,Jin H C,et al. Analysis on soil nutrition of ki-
wifruit orchards in Meixian County of Shaanxi Province []].
Acta Agriculturae Boreali-Occidentalis Sinica, 2008, 17 (3):
215-218. (in Chinese)
GRS B 3 Q- F WLl = Y (3 Sl (-8 Y L Rl e
(7. 28 B2, 2007, 35(20) :6299-6300.
Lei L,Liu D M, Zhang X H. Pondering over development prob-
lems of Chinese goosebeery industry in Zhouzhi County [J].
Journal of Anhui Agricultural Sciences, 2007, 35 (20): 6299-
6300. (in Chinese)
Eva C, Lenka V, Miloslav S. ICP-MS determination of heavy
metals in submerged cultures of wood-rotting fungi [J]. Talan-
ta,2004,62:483-487.
Umit D, Nesrin H, Mustafa S. Trace heavy metal contents of
some spices and herbal plants from western Anatolia, Turkey
[J]. International Journal of Food Science and Technology,
2006,41.712-716.
Irena B, Hanna B, Anna P. Distribution of pesticides and heavy
metals in trophic chain [ J]. Chemosphere, 2005, 60: 1590-
1599.
BRUL, TR B AR AR (M. dbat. h B SRR R AR
AR 1996 84-87.
Xia J Q. Soil environmental quality standards [ M]. Beijing:
China Environmental Science and Technology Publications,
1996:84-87. (in Chinese)
RETC,E AT PR A FRRBERE S 3 R
&8 RBBURBLHTAT L], T R XL AT 5T . 2010,28(3) - 219-
223.
Zhang Y F,Wang Y, Ren D, et al. Research on heavy metal
accumulation in soil in an organic kiwi fruit production base
[J]. Agricultural Research in the Arid Areas, 2010,28(3):
219-223. (in Chinese)
o [ PR M L P R R (ML e P E R
BiRb R AL 1990 265-267.
China National Environmental Monitoring Centre. Chinese
soil environmental background value [ M. Beijing: China En-
vironmental Science Press.1990:265-267. (in Chinese)
faf U HEBR T AR B MR AE Y T 4 R S HR R AR 5 35 Y 1T
v [DJ. 3R« P Al K 2, 2004,

He F. Correlation and assessment of heavy metal contamina-



178 Pl A PR R R BHEID

543 &

tion between agricural soils and food crops in Chongqing [D].
Chongqing: Agricultural University of Southwest, 2004. (in
Chinese)

[14] Feng M,Bin D,Feng Y. Measurement and analysis of mineral
and heavy metal components in grape cultivars by inductively
coupled plasma-optical emission spectrometer ( ICP-OES)
[J1.] Verbr Lebensm,2012,7:137-140.

[15] sl s i B X JAu YK 0 b 3 4 R 75 Y RAT

#r [D]. BE AR B iRl K2, 2007,
Yu Y H. Soil-plant-water assessment of heavy metal pollution
in Xinjiang Kuitun Reclamation Area [ D]. Urumgqi: Xinjiang
Agricultural University,2007. (in Chinese)

[16] Antonious G F.Kochhar T S. Mobility of heavy metals {from

[17]

[18]

soil into hot pepper fruits: A field study [J]. Bull Environ
Contam Toxicol,2009,82:59-63.

Golia E E,Dimirkou A, Mitsio I K. Influence of some soil pa-
rameters on heavy metals accumulation by vegetables grown
in agricultural soils of different soil orders [J]. Bull Environ
Contam Toxicol,2008,81.:80-84.

¥ E S TR R A5 U = A U e A L 8 oA A
WA R TG YOIRBL I A 5 I [T, A0l 35 5 B 2 4= 4, 2006,
25(3) :751-755.

Ma C L,Wang H Y.Zhou ] M,et al. Investigation and evalua-
tion of the heavy metal pollution in farmland of a typical coun-
ty in Yangtze River Delta [J]. Journal of Agro-Environment

Science,2006,25(3) :751-755. (in Chinese)

(L% 172 70

[16]  BRUGWE , #2743 37 [, 45, 2+ 5B 1k 1L DXk oot b + 5%
R SRHERF S LT B B ) [J]. T2 X %R 5%
15,2007,21(3) :121-124.

Zhang Y R, Cai J J,Dong L G, et al. Research on variation
characteristics of soil nutrient after slope land changed into
the terrace in semi-arid degenerated mountainous Area: Tak-
ing Ningxia Pengyang County as example [J]. Journal of Arid
Land Resources and Environment, 2007,21(3).:121-124. (in

Chinese)
[17] 4 8. g fb o br (M. d6a0 . v gL A 5 2000 25+
114.

Bao S D. Soil agricultural chemistry analysis [ M ]. Beijing:
China Agriculture Press,2000;25-114. (in Chinese)

(18] 5RIEIC. Py -3¢ [MI. dbat . B2 ek, 1992.:363-449.
Guo Z Y. Soil of Shaanxi [ M]. Beijing: Science Press, 1992
363-449. (in Chinese)

[19] IR, T 5 3 XA & BT e B0 B 2k 7= o it (0], Hol
B ,2006,22(1) :178-179.

Liu H F. Measures of improve the productivity of newly-built
terraces in arid regions [ J]. Gansu Science and Technology.
2006,22(1):178-179. (in Chinese)

[20]  # Km0 Bow. 2000 55 00 B8 6 M A s8OR BFgE [T, B A

[21]

[22]

[23]

W BF2E,2003(4) - 17-19.

Dong S L, Liu E B. Fertilizing effects of green manure in new
terraced fields [J]. Science of Agricultural in Shaanxi, 2003
(4):17-19. (in Chinese)

ik L B85 S A9 e I S8 R [T Al BB S AE
H.2011(19) :28-29.

Zhang G Y. Question of soil fertility and production increase
after slope cropland changed into terrace with the machine
[J]. Agricultural Technology and Message,2011(19) ;:28-29.
(in Chinese)

gk L X EMW L EEOSE LS. B DXk I A R A A Sy T
ARFEAE [T, 7K AR REIF 5, 2010.17(1) : 20-23.

Zhang C,Liu G B, Xue S,et al. Evolution of soil carbon frac-
tion after slope crop land changed into terrace in Loess Hilly
Region [J]. Research of Soil and Water Conservation, 2010,
17(1) :20-23. (in Chinese)

MR Fy , Emfm, X A K AR R - A 2 R
i [J ] K B AR i@ 4 . 2003, 23(1) :46-48.

Kang L. L, Wang Y Z, Liu X, et al. Effect of soil and water
conservation measures on soil chemical properties [ J]. Bullet
in of Soil and Water Conservation, 2003, 23 (1) :46-48. (in
Chinese)



