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Abstract: [Objective] Myrica rubra is a subtropical tree grown for its sweet, crimson to dark purple—red,
edible fruit, which is very populous in China. It is native to eastern Asia, mainly in south—central China,
where the tree has been cultivated for at least 2 000 years. Due to the high medicinal and edible values of
M. rubra, the planting area of the fruit has exceeded 5 million acres in China including 1.3 million acres
in Zhejiang province. With people’s concerns about the healthiness of the diet, increasing attention is be-
ing paid upon the production environment and fruit quality and safety of M. rubra. Heavy metal content in
M. rubra soil is an important parameter for the safety of the product. In this study, the contents of six
heavy metals in soils sampled from orchards in Taizhou, Wenzhou, Shaoxing and other places of Zhejiang
province were investigated. The aim was to provide a reference for the evaluation and management of soils

and environmental quality in the traditional M. rubra producing regions in China. [ Methods]Two hundred
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and forty—one soil samples were collected from the M. rubra producing areas in Zhejiang province from
2007 to 2013. Soils were sampled from a depth of 0-40 cm, and each sample volume was 1 kg evenly com-
posed of soils sampled from five sites randomly selected from M. rubra orchards. The Pb, Cd, Cu, Zn and
Cr contents were detected with an atomic absorption spectrophotometer and As and Hg contents were de-
tected using an atomic fluorescence spectrometer. Correlation analysis was carried out to reveal the rela-
tionships between heavy metals. The assessment of heavy metal pollution in the orchards was conducted
using single pollution index and comprehensive pollution index methods. [Results]The average contents
of heavy metals in the soil samples from the M. rubra plantations were in the order of Zn> Cr> Pb> Cu>
As> Hg> Cd. The contents of Hg, As, Pb and Zn in some soil samples exceeded the limits. In case of Hg,
there was only one sample with 0.21 mg kg™', which was slightly higher than the limit of 0.20 mg kg™'. The
contents of As in 6 soil samples were slightly higher than the limit. The Pb contents in 18 soil samples col-
lected mostly in 2007 and 2008 were higher than the current limit of 45 mg kg™'. In addition, 20 soil sam-
ples had a Zn content that exceeded the limit value of 100 mg kg™'. The majority of heavy metals in the M.
rubra soils showed a slow deceasing trend from 2007 to 2013. Correlation analysis of heavy metals and pH
value in the soils showed that there was no significant correlation between Hg and other elements. The
content of Cu showed significant positive correlations with As, Zn, Cd and Cr. There was a positive correla-
tion between Pb and Cd as well as between Cr and As (P<0.001). However, a significant negative correla-
tion was found between pH and As and between pH and Cr. Except for Hg, As, Pb and Zn in a few of the
soil samples, the heavy metal contents in most of the soil samples were lower than the limits of the soil en-
vironment quality standard. Soil samples were also assessed by means of the single factor pollution index
method and the comprehensive pollution index method. The result showed that the highest single factor
pollution index was found in Pb in soil samples collected in 2008, which was 0.90. For most of the years
(except for 2009 and 2012), the pollution index of Zn was higher than 0.70, which was below the limit for
food safety. However, the single factor pollution indexes of the heavy metals were all lower than 1.0, and
so was the comprehensive pollution index. [ Conclusion ] Although some soil samples contained heavy met-
als exceeding the limits, the pollution index showed low risk of heavy metal pollution in the soils of M. ru-
bra plantations in Zhejiang province. However, the pollution index of zn was always on the alert level,
which needs to be further studied with the method of source apportionment. Policy of source control and
prevention should be adopted to control heavy metal pollution in M. rubra plantations.

Key words: Myrica rubra; Orchard; Soil; Heavy metal ; Risk assessment
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Table 1 Sample distribution in the Myrica rubra producing
areas in 2007—2013

FEHb, 20074F 2008 4F 20094F 20104F 20114F 20124F 2013 4F
Place  In2007 In2008 In2009 In2010 In2011 In2012 In2013

7K 3 8 9 4

Lishui

T 3 2 3 3 2 1
Huzhou

RN 16 13 11 8 13 1 2
Wenzhou

“M 27 16 3 8 20 4 5
Taizhou

FHli 4 3 3

Zhoushan

TH 3 2

Ningbo

TN 1 3 2 2 1

Quzhou

42 2 1 4 2 3 1 3
Shaoxing

i 2 2 6 2 2

Jinhua

&4t 6l 45 38 32 46 6 11
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Table 2 Soil heavy metal limits qualifying production

of edible forest products
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Heavy metals Limit values/(mg-kg™)
& Cd 0.25

7K Hg 0.20

fifl As 20.00

HYPh 45.00

# Cr 100.00
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Table 3 Heavy metal contents in soils in the Myrica rubra producing areas of Zhejiang province from 2007 to 2013

i H w(Hg)/ w(As)/ w(Ph)/ w(Cd)/ w(Cr)/ w(Cu)/ w(Zn)

Item (mg-kg')  (mg-kg') (mg-kg')  (mg-kg') (mg-kg') (mg-kg')  /(mg-kg')
S 0.09(0.46)  6.04(0.80) 26.77(0.72) 0.07(0.79) 32.03(0.55) 13.24(0.82) 78.80(0.51)
Average value

SEON( 0.21 47.00 70.00 0.25 99.00 72.00 283.00
Maximum value

e/ ME 0.002 0.18 3.6 0.01 0.46 0.68 2.30
Minimum value

AR 5 7= M A A T AR bR <0.2 <20 <45 <0.25 <100 <80 <100

Soil environmental quality index of forest food

TEAR S PR AR R T,

Note: The numbers in brackets are the coefficient of variation of the sample. The same below.
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Table 4 Heavy metal contents in the soils in the Myrica rubra producing areas of Zhejiang province during 2007—2013

KA o(Hg)  w(As)/ w(Ph)/ o(Cd)/  wo(Cr)/ w(Cu)/ o(Zn)/

Sampling year (mg-kg") (mg-kg") (mg-kg™") (mg-kg") (mg-kg™) (mg-kg™) (mg-kg™)
2007 0.11(0.26) 6.70(0.62)  27.80(0.98) 0.09(0.64) 30.85 (0.54) 16.27(0.86) 70.12(0.48)
2008 0.08(0.44) 6.86(0.80)  40.49(0.40) 0.11(0.65) 37.67(0.43) 12.13(0.60) 71.99(0.44)
2009 0.06(0.47) 9.79(0.64)  23.84(0.52) 0.08(0.86) 45.41(0.49) 15.97(0.71) 66.52(0.56)
2010 0.07(0.63) 7.42(0.71)  16.56(0.56) 0.08(0.86) 38.56(0.59) 13.87(0.98) 82.31(0.32)
2011 0.09(0.41) 6.10(1.11)  23.69(0.43) 0.06(0.99) 28.55(0.62) 12.67(0.87) 70.64(0.56)
2012 0.05(0.09) 4.48(0.08)  16.27(0.06) 0.09(0.07) 33.17(0.16)  5.02(0.25) 43.00(0.04)
2013 0.08(0.81) 5.37(0.94)  10.69(0.57) 0.07(0.67) 29.50(0.44)  8.70(0.76) 75.95(0.96)
FRMREE ™ - PRI T S A <0.2 <20 <45 <0.25 <100 <80 <100

Soil environmental quality index of forest food
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Table 5 Correlation coefficients of heavy metal contents and
pH in soils in the Myrica rubra producing areas of

Zhejiang province

Hg As Pb Cd Cr Cu Zn pH
Hg  1.00
As  0.09 1.00
Ph  0.14 0.06  1.00
Cd 013 0.08 0.28" 1.00
Cr  -0.09 025" 0.01 0.03 1.00
Cu  0.00 0257 0.16 0237 041" 1.00
Zn  0.11 0.03 045" 0267 0.001 029" 1.00
pH 000 -021" 0001 0.14 -0.25" 0.10 0.06 1.00

TEAHPORTE 0.01 K EREDE, #FIRTE 0.001 KT EREHER.
Note: * indicates significant correlation at the 0.01 level. ** indicates

significant correlation at the 0.001 level.
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Fig. 1 Distribution of heavy metals in the Myrica rubra producing areas of Zhejiang province during 2007—2013
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Table 6 Environmental quality assessment index of heavy

metals in Myrica rubra producing areas of Zhejiang province

?Zzﬁ?yem P. Pu Py Po Pu  Pu Pasna
2007 055 033 062 036 031 020 0.70 0.58
2008 040 034 090 044 038 0.15 072 0.72
2009 030 049 053 032 045 020 0.67 0.55
2010 035 037 037 032 038 0.17 0.82 0.64
2011 045 031 053 024 028 0.16 0.71 0.56
2012 025 022 036 036 033 006 043 033
2013 040 027 024 028 029 0.11 0.76 0.58
FHE 038 033 0.51 033 035 0.15 0.68
Average
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