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Table 1  Information of the samples
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Table 2 Detection limits of the elements
SPHTIH KRR TR DA 7 TR = o411 S ¥
Ag 20 ng/g Se 1 ne/g
As 1 neg/g Se 0.01 ne's
Bi 0.05 we/g Sn 1 ne/s
cd 20 ng/g Ti 10 nes
Co 1 ne/g Tl 0.1 ne/g
Cr 5 [Ih.2 v 5 ng's
Cu 1 be/e W 0.2 e
Ge 0.1 ne/'g Zn 2 ne/'g
Hg 2 ng/g Zr 2 pe's
La 1 ne/g Si0, 0.1 %
Mn 10 pe/s || ALO; 0.1 %
Mo 0.2 ne/s || TFe,0, 0.1 %
N 20 nyg MgO 0.05 %
Ni 2 ne/g Ca0 0.05 %
P 10 ne/s Na, O 0.05 %
Ph 2 ne/g K,0 0.05 %
S 50 ne/g OrgC 0.1 %
Sh 0.05 ne/g TC 0.1 %
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M T VL S S R
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bl B, 25 A RS 20 i B R Ee B, AL
Kb R E AT TR & = B A R R AL, O] 14
TR & EEMWRK TS R E . 13T
RoEx ARYE RN RENE
2.2 P 1Sy i S R0 P 2R

B IR A i A A ) Y — T
Bo JBUIT IS e BEO-3 1T 7= 2600kg R Bk 11
i g, AR AT R SOIARS A T 5 8 e E B i b
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EHEENFIERE, AR EAEX PR e
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Table 3 Comparison of elements concentration in soils and rocks of research area
sppimp M TG MS02 MS03 VS04 MS05 MS06 MRO! MRO2
B R {E
Ag” 68.2 257 28.4 31.09 43.51 24.63 36.92 50.67 65.07 34.16
As 7.66 9.2 3.14 5.32 2.66 12.92 21.84 15.83 1.67 31.56
Bi 0.35 0.23 0.10 0.18 0.10 0.09 0.11 0.12 0.02 0.06
Cd* 201 70 219.13 48.22 83 73.94 64.39 119.62 77.90 69.16
Co 8.1 13.2 5.51 3.66 6.08 6.34 5.97 6.86 1.64 5.25
Cr 57.5 52.9 10.95 23.53 9.62 7.25 8.42 5.12 5.76 3.32
Cu 24.8 17.6 11.16 9.5 14.47 7.98 8.93 20.47 3.11 3.95
Ge 78.6 62 1.53 1.47 1.35 1.61 1.54 1.5 1.29 2.17
Hg” 78.8 86 56.78 64.18 46.92 44.95 56.29 71.57 5.25 4.19
La 41.8 33.8 47.94 26.7 66. 65 88.73 92.73 108.01 60. 85 121.79
Mn 330 448 214 156 476 543 503 641 488.70 420.58
Mo 1.16 5.7 1.15 1.68 0.89 0.6 0.72 0.66 1.00 0.95
pH / / 5.29 4.95 6.30 4.61 4.71 5.92 / /
N 1187 / 561 640 669 582 709 900 51.35 94.82
Ni 17.2 24.6 6.48 8.82 6.5 3.77 4.33 3.36 2.10 2.94
P 583 471 1560 374 687 559 691 1178 202.80 317.82
Pb 31.5 23.7 53.84 37.14 45.34 45.61 41.72 44.79 35.73 29.95
S 283 / 172.7 197 185 129 144 144 53.30 68.50
Sh 0.74 1.53 0.37 0.51 0.35 0.39 0.54 0.41 0.19 0.44
Se 8.85 9.45 5.76 6.56 4.92 10.18 10.37 9.65 3.00 7.82
Se 0.36 0.435 0.23 0.36 0.31 0.13 0.16 0.18 0.03 0.03
Sn 4.61 3 2.61 3.18 2.54 2.31 2.64 2.73 2.18 2.13
Ti 4567 3700 1408 2106 1384 2952 3020 2941 1000 2537
Tl 0.68 0.5 0.79 0.7 1.02 0.55 0.53 0.64 0.79 1.70
\Y 78.4 69.3 19.3 32.2 25 26.8 27.2 27.8 10. 68 26.36
w 1.87 2.91 1.67 1.65 1.41 2.43 3.1 2.53 1.39 5.72
Zn 79.6 70.6 89 66 94 76 83 133 51.71 70. 81
Zr 285 245 186 216 181 327 378 360 154.27 323.62
Si0,) 74.92 / 71 70.38 69.04 65.94 66.63 65.9 70.61 67.23
Al 05 12.14 12.45 15.26 15.06 14.8 19.91 20.19 18. 66 12.85 18.33
TFe, 05 4.21 3.19 2.59 3.09 2.25 3.77 4.03 3.54 1.69 2.99
MgO * 0.65 0.73 0.33 0.28 0.25 0.68 0.63 0.76 0.23 0.51
Ca0”* 0.28 0.17 0.26 0.15 0.61 0.12 0.12 0.31 0.90 0.11
Na, 0 * 0.28 0.51 0.07 0.05 0.13 0.32 0.25 0.35 1.62 0.33
K,0~ 2.35 1.78 1.85 1.53 2.96 3.73 3.17 4.71 5.11 5.23
OrgC ™ / / 0.57 0.82 1.04 0.6 0.75 0.84 0.07 0.08
TC* 1.36 / 0.56 0.77 1.02 0.58 0.72 0.8 0.19 0.04
TE TR S RN me/kg, FRIE" = 7 HOTCER RN weg/kg, AR x " IIICR & A% ,pH TCREE, /" FRoR TR o

PA DZ/T 0295—2016 1 i it & Hb BR Ak 2
RLTE) v - 7 00 45 98 s HE DA R A, X5 X
bl TR FEHAR DL AT PR, BEFP IR 0 JCRAK
P AR N AR, — 5 T =
S5 VTLAEIE U 8 B E RS B
Bz o R IR PN AR WL 1,

Rebd A:Mo J& T EARZE; P.K,0,Ge Zn F5)

SR, B2 AEE ;N MO TFe, 05 ,Co V.S Cu
AR T JE T Z R, T E R AT
Rbd B:K,0.Ge J& TFEIRZE; P Mo Mn =

ANJPH;Ca0 ,Co V.S 2FF Y 15, T B R AT
N .MgO TFe, 0, .Cu 75 Z 75504 72 o

MIELGIRART BB A F Y Mo, Ge Zn Fil
Jbd B Wiy K,0.Ge Zn Fh, HAB 5300 2R & ik
ZARE

T R el - S R S N B A = ) 32 i PR T g
A —J7 TS A B O, R B IR OT R
MEERFE., X FEN K Ca,Co,Cu, Fe,
Mg . Mn N Na, P Zn OrgC % Z R ER{L 2 F5 05 1T
SRR, T K Mo, Si 2550 2 AR X 5 5 — 7
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Fig.1 Nutrient classification in orchard soils at research area
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Table 4 ~ Screening values of soil pollution risk for agricultural

land

e 7/RE| As Cd Cr Cu Hg Ni Pb Zn

pH<5.5 Frifi R E
(mg/kg)

5.5 <pH<6.5 i
FR{E (mg/kg)
ARWFIE AT

I RAH (mg/kg)

T EAR AR R RoTR Sait,

40 0.3 150 150 1.3 60 70 200

40 0.3 150 150 1.8 70 90 200

21.84 0.22 23.5320.47 0.06 8.82 53.84 133
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Table 5  Comparison of element contents in fruits with their
standard limits
N oy C =) SRR YRS
SR FREEY  BREHE® WEHRKE 'ﬂ‘r/ﬁ? A
(mg/kg)  (mg/kg)  (mgkg) [0

LL As i) <0.2 0.5 0.009 A bR
(LA Pb i) <0.2 0.1 0.01 FEATRE
(el adit)  =<o0.01 0.05 0.0007  fF&bsiE
R(LAHgil)  <0.01 0.01 0.0009 A bR
B (DL Crit) / 0.5 0.01 B brifE

T FRELEORARE NY/T 425—20004 2R €4 7 i BRIGHED o 0 FR{EL 5
IREHE@EFRE GB 2762—2017 (fr il & 42 E ZARME 1 i
QeprRaE) rh it IR, PRIEE@H As Hg, Cr AFRAE A 2 B fi
BRI, /7 R AR R H AR

B R R BERFICRAE— B B AR T 55—
Mo B SRR, nT TR AE DT R AE AN [ S ]
LA RE T , 70 A2 A5 0 R ALY T v A 8 22 1O
FAPT S BT R B R R BUR LR SR £
PR R —INE ESH ., A" X+
B PP OCER 1 8 R R = 407 i PG R B
(mg/kg)/IZICRAE L A E (me/kg) o HFSE
XA AR S %/ \Fof o 2 i G 3R P 2 AR RO 8
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Table 6 Element enrichment coefficient in fruits

RE CE Y-

%% As € € Cu Hg N Pb Zn

MO1 0.0005 0.0033 0.0013 0.0436 0.0002 0.0060 0.0002 0.0029
MO02 0.0005 0.0047 0.0003 0.1195 0.0008 0.0048 0.0003 0.0011
MO03 0.0009 0.0050 0.0006 0.0243 0.0003 0.0041 0.0001 0.0032
MO04 0.0002 0.0065 0.0010 0.0487 0.0019 0.0104 0.0002 0.0033
MO5 0.0001 0.0089 0.0006 0.0358 0.0007 0.0082 0.0002 0.0049
MO06 0.0006 0.0049 0.0027 0.0256 0.0008 0.0108 0.0002 0.0069

TP EEEICRAES AN B EA
K, G HG A K — Bk, 14 pH fE#
1R, B4 B U R T Sl MR . kR S B
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FIACHEA 2 S S - SRR A i i i 2L UK P &R 9
AX LR HE SR ICR SR A R, H pH EAH £
fi%e P, 4w i AL B TR E KB AT SR AT A, 5 245
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JEICR SR

3 i
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HIGHLIGHTS

(1) The contents of nutrients and heavy metals in orchard soil were investigated and the influencing factors were
analyzed.

(2) Soil environment quality and ecological risk in orchards were studied by the methods of land quality
geochemical surveys.

(3) The soil in the study area had the characteristics of strong acidity, uneven distribution of nutrients and low

content of heavy metals, and showed no ecological risk at present.

Result Strong acidity soil,

uneven distribution of nutrients
and low content of heavy metals

| E———

Method Land quality geochemistry
assesment

E———

Heavy metals
Data Nutrient and other elements

ICP-MS AFS

| ———

Analysis methods . ICP-OES XRF

Transport
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ABSTRACT

BACKGROUND: The orchard soil environment is closely related to kiwifruit yield, quality and its edible safety.
Research shows that the nutrient insufficiency and uneven distribution in kiwifruit orchard soil is a common problem
in China, and in some areas, the content of heavy metals in soil has been found to exceed the environmental quality
standard for soils. In recent years, the planting area of Kiwifruit in Zhejiang Province has been expanded year by
year, being one of the important kiwifruit producing areas in China.

OBJECTIVES: To study the present situation of soil environmental quality in kiwifruit orchards in Jiangshan City,
Zhejiang Province.

METHODS : Two typical kiwifruit orchards were selected to collect samples of soil, rock and fruit, and the content
of heavy metals, nutrients and physical and chemical parameters of soil and rock samples were determined by
atomic fluorescence spectrometry ( AFS) and inductively coupled plasma — optical emission spectrometry (ICP -
OES). The environmental quality and ecological risk assessment of orchard soil were carried out with the main
research contents of nutrient abundance and deficiency in orchard soil, influence factors, heavy metal content and
fruit edible safety.

RESULTS; The results showed that the content of Ag, Bi, Co, Cr, Ni, Sb, Se, V and SiO, in the soil of the two
orchards were lower than those of Quzhou City and Zhejiang Province, while Pb and Al, O, contents were higher
than those of Quzhou City and Zhejiang Province. The characteristics of soil element content were obviously
controlled by the natural geological background. Soil pH value ranged from 4. 61 to 6. 30. According to the
classification standard in DZ/T 0295—2016, the soils in the studied area belonged to strong acidic and acidic
soils. Nutrient elements K, Ge, Mo and Zn were abundant, but N, P, Mn and S were deficient. The maximum
value of As, Cd, Cr, Cu, Hg, Ni, Pb and Zn in the soil samples were 21. 84, 0.22, 23.53, 20.47, 0.06,
8.82, 53.84 and 133mg/kg, respectively, which were far lower than the screening value of soil pollution risk for
agricultural land (standard limit were 40, 0.3, 150, 150, 1.3, 60, 70, 200mg/kg when pH<5.5). The risk of
soil pollution was low. The contents of heavy metals in kiwifruit fruit were lower than the limits of green food and
food hygiene standards. For example, the highest content of As was 0. 009mg/kg, the limit were 0. 2mg/kg and
0.5mg/kg, respectively.

CONCLUSIONS: On the whole, the soils in the study area have the characteristics of strong acidity, uneven
distribution of nutrients and low content of heavy metals. It is necessary to take scientific measures to supple and

balance soil nutrients and prevent the risk of heavy metals activation caused by soil acidification.

KEY WORDS: kiwifruit; orchard soil; environment quality; heavy metals; ecological risk assessment; atomic

fluorescence spectrometry ; inductively coupled plasma — optical emission spectrometry
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