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E: AERUHIlS (Camellia oleifera)y™ Hb - 4 ik 3¢ 5 52 b 4 8 0 3 40 A1 H & SEARAE, 7Eb A LS, XHHTIL 5 ANihi ¢
77 bt 48 i A SR S G JE T R TS e TRV E AR RE VT . AR, WivLih 2 b3 Pby Cr. Cd. As. Hg. Ni.
Cu Al Zn & S T AR M L35 Qe R TR, LR BT REH R A . DRI B30 As. Niv Cu AL B 3
Pb. Cr. Fe &3 T HAb My L A@E LI Cd N 75 4eda %0 7y 0.93 10.81, Kb Fi5i®miZk. Cr. Ni.
Cu. Zn EEAEMAK ., Hg ETEMETH, Pb. Cd. As. Fe fil Mn E M AifEFE . WZSFF+ Cu. Fe. Mn
BHEARBKT 04, WILAESI5E, Niv Zn IEEREBUNT 0.4, BHA—EWILAEEST, Pb. Cr. Cd. As #l Hg (& £ R UM T
0.1, MRULREJIME: Frh Cuv Mn IR RECKT 0.4, WA /3, Fe MEERBUNT 04, AH—EWIEES, Pb. Cr.
Cd. As. Hg. Ni. Zn FIE& RN T 0.1, WURREIIMK: FHE S Cu. Fe. Mn EEREKT 0.4, WREJI5, Pb. Cr.
Cd. As. Hg. Ni. Zn (IEHERE/NT 0.1, WIRAEK. WA B X IR a2 4, SR, ARt Cu,
Fe. MnfA—E&EHAE/1, Xt Pb. Cr. Cd. As fll Hg L&A/
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Characteristics and Distributions of Metal Elements in Camellia oleifera
Fruits and Soil in Production Areas of Zhejiang Province

- - - - - *
QU Ming-hua!, CHEN Xiong-di?, NI Zhang-lin, MO Run-hong!, HAN Su-fang®, TANG Fu-bin*
(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Quality Testing Center for Edible Forest Products of State Forestry Administration
(Hangzhou), Hangzhou 311400, China; 2. Forestry Department of Qingtian, Lishui 323900, Zhejiang, China; 3. Zhejiang Academy of Forestry, Hangzhou

310023, Zhejiang, China)

Abstract: To study the distribution and enrichment characteristics of metal elements in fruits of Camellia oleifera
and planting soil, the assessment of eight heavy metals (Pb, Cr, Cd, As, Hg, Ni, Cu and Zn) and its enrichment
capacity were studied in main production areas of Zhejiang province during the maturity period. The results
showed that the contents of all measured metals in the soils were lower than the risk screening values of GB
15618-2018. The levels of As, Ni and Cu in soils of Changshan County, and the levels of Pb, Cr and Fe in soils of
Jiangshan County were significantly higher than the values in other areas. The single-factor pollution index of Cd
in Changshan and Jiande soils were 0.93 and 0.81 respectively, which were at the pollution cordon. Cr, Ni, Cu and
Zn were mainly found in the seed, and Hg was mainly found in shell, and Pb, Cd, As, Fe and Mn were mainly
found in the green peel. The enrichment coefficients of Cu, Fe and Mn in seed are greater than 0.4, indicating its
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high absorption capacity of these metals, while enrichment coefficients of Ni, Zn less than 0.4, and enrichment
coefficients of Pb, Cr, Cd, As, Hg, Ni, and Zn less than 0.1. The enrichment coefficients of Cu and Mn in shell are
greater than 0.4, indicating its high absorption capacity of these metals, while enrichment coefficients of Fe less
than 0.4, and enrichment coefficients of Pb, Cr, Cd, As, Hg, Ni, and Zn less than 0.1. The enrichment coefficients
of Cu, Fe and Mn in the green peel were greater than 0.4, indicating its strong absorption capacity, while the
enrichment coefficients of Pb, Cr, Cd, As, Hg, Ni and Zn were less than 0.1. The camellia oleifera fruit have
middle enrichment ability of some transition metal (Cu, Fe, and Mn), and have week enrichment ability of Pb, Cr,

Cd, As and Hg.

Key words: Camellia oleifera; Metal element; Soil; Enrichment coefficient; Zhejiang

1 %% (Camellia oleifera) 2 3 [E 45 A A A K}
P, JH KT B B 25 vl T D R L A R AR AR
W, B AR 2 BRI, Z AR g T R
A 90%, RS S EMNYEAER E. MEmAE
WAZSPIE, e TS e I R i 0L, AE 2% 52
2, R ARG AP, A E AR A ZU(FAO) ¥
AR E AR B R = g 5% Bk
1 FH I R AR EE AR, BB B K HE Bl i A
Wk FERl,

FER IR M AT 5T, AR SR A
K, #’ErrE, ARRMEFE. LIRS 5
B FRAN SR 251 it R X v 4% 2B K (1§ i 014
T ST R 22 o SR T B A Ik T AL AR R, T
WHGER B, BRI ORI HHEE SRS
e, TN EE MR L3 As. Pb A1 Cd i
B, JTERERER AR T Cd AR KV TR
TIEELFSE M, Zn. Cu. Ni. Pb Fl1 As iy
BifaHEEE, Cdy Hg ix & e H 2 DL R i
VLM I 358 Zn ¥5 JedR B0k T8 MK O, e
POl MR B S, MY K, AT
PR BE MR o AR = R 50 A2 HE Bt 25 7 b e Je 1 B
TR0, A AYIRERL. G HLE A IERE &
BN R, ZE 5 i R e RO T AR
FH 5 AR 235 AR R 25K 42 )8 o 3 AN & AR
Pt AR IE R D . WK E T &R S A, K
Mn. Pb. Zn. Cd 1 Cu LR WH# RECKT 1,
Z4JEIeE Mn. Pb Al Cd & BN R m, )
e B Cd TR ZE R P 1 E S R U
2 A PR P, Cdl; B Pb
i 1£[(0.10540.005) mg/kg]7EFRHERR (< 0.1 mg/kg)
Bz, H Mn &SR, i v sig 5 7 1
FEEUH A, FF AN SE 5 (1) Cd 25682 B 245
Cr TERMEM R E IR, FRFH Hg haiR

AP eAh, i R < e B R e i
AL RIfELE IS, Co. Mn. Pb. Cu & K KA
Vi B WO £ 1181, Cu., Fe I\ &4 0.12 £ 9.00 mg/kg,
T A 15 I TR sk — 2, Cu AL A i
R 2 =T Felt), AW 5 R B Fe A1 Sn XS Hd
Yt P It B AT T s el e b — B AR
WA WA HHE RSN M s R A
N P TE S = N S el = e e e - AL LN S R
WA SRR, 55 51 R R R -

WMARET &R E EAEY), HAEZR B AIE
oM EA SETERH, HINBTA W RE
VET R SR RS s SRR,
AT FE R WL 7% 32 77 X 3 R 25 SR SR i 4
J& TG AT E SR EAT AT, ARSI
b 3 B TR AR R R LB Rt R E
U (T 1 Pt oeow Loy = MBS i 7 o U
PBERL AR -

1 PRI

1.1 BFFE XA

MRYEHT LA WM S O, 725 LB TR
Ea B FHHEMEEE 5 AT ORI R
AR . LR 4 300 m, kb, A
S 10 a, EREALAE, YTILREHLHER 450 m, 1L
Hiu, AR 20 @, ANHEAE; 25 = AEHL 4R 809 m,
i, KRS 15 a, HHALAE; F AR
658 m, i, JHATHES 15 a, AHEAE; EREFEH
(4R 208 m, 1M, JHEHRES 30 a, AHEAE. +
RS LK 1.

1.2 A AR R EE
SKRERTE] Jy 2018 4F 10 F 145 5L 92 i 24,
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Table 1 Basic properties of experimental soil

X ™ P
PH kg (ko)

I (9k)

JKAR%E (malkg) B (mg/kg) K (mglkg)

Producing area Organic matter Hydrolyzable N Available P Available K
*# 1Ll Changshan 5.61 2.40 1.01 36.38 195.67 3359 135.10
YL.111 Jiangshan 4.68 1.34 0.23 27.56 113.90 2.56 64.51
252 Jinyun 4.56 1.94 0.66 38.65 150.85 58.97 208.06
# H Qingtian 5.09 1.66 0.19 35.60 161.12 3.97 80.24
4 Jiande 4.78 2.61 0.32 53.36 222.94 7.72 115.25

AFEFEXBE 10 ADRAE R, IR S IR dh Xt
S PR % R AR Rt 2 SR SRR Al o SR ST IRAR
RRRE, BEASKAE RCRSE 54 0~30 cm IR EFER
BRGNS T R, R,
H 50 3 H ARG . BEASRAE RURER 5 AR, fE
RS 7L T  PAY AT AR Tl Jo) B R SR R S 124, 3
60 MR SLALE 1 AR S AR 2, 3E 50 45 2R R S8
P

1.3 FESWE

RF-HFE 0.149 mm %57, Pb. Cd & &%
1 GB/T 17141-1997 ( L3R &4, #lle £
W RO o e EEVR) WlsE, Cr. Niv Cu. Zn
SRR H) 491-2019 (H3EAMTAVIARE . e 4.
BOETIME KGR TR SRR MSE, As
Al Hg & 8448 NY/T 1121.11-2006 ( H3g460. +
HE R E ) A1 NY/T 1121.10-2006 {15246 -
TIERORIMIE) WE, Fe M Mn SEIZIE LY/T
3129-2019 (FRAR L I84R L 2. Bk e ERTIE B
RO S B PR SRS W AR RN
¥y FERIF R 3 #64y, 105°C AT 15 min, 80°CHt
TJEkE, &JR& mi%IE GB 5009.268-2016 (& /i
TREEFhME BT ZnRERNE) WE.

14 &RURTBIIE
K I 775 e da BUE A A Mg 2 R AT e 4R
HOE XS W2 7 3 - e R T R TS AR AT VR

Pi=Ci/Si, ngg:\/(Pzimax + Pziave)/z’ A Ci Ay

JEICE Sl &2, SN E B T E | RS I LA,
DL GB 15618-2018¢ I 5 i & Ak FH th - 43875 4y
PR 12 A ) H 6 A ) St 33875 G JRURS: i e {7
PEMARAE s Pimax AR T15 R 4850R KA, Piave N
BRI RO A . B TS TR B (P F R
PR R B — O RV YK, Y Pi<1 AAURTE

Ti55, 1<Pi<2 RoRAREGY, 2<Pi<3 Fn
RS Yy, Pi=3 NETGYY: AT TP »0)H
RV RFE S FE M NS BLEBTT IR, P sa<
0.7 N HIEIMAET RN L R/, BLRAEWR, FoniFEE;
0.7<P 4a<1H 2 %, WTEMH, FRMiFHE, 1<
Pus<2 N 3%, TRHY, Ron LR
M SME; 2<P sa<<3 N4 %, Ehisd, tHE. &
M2 B P TG Y P sa >3 N5 4, A T H 54,
TR AR AR BEAR T 2228,

BERN=EYN SR EEEI BT SRS
&2, KAMYMNEERET 0.4 Bl w Akt
W4 @A o, 0.1~04 &Mkt f1; /N T 01
R RE FIERA,

1.5 FHEBIGIHT

K FH Excel 2010 11 SPSS 19.0 A% #5347
AEERFNSSHT, R LSD % H L EHE T %2 7 B
R, P<0.05 /N2 7 5% o

2 SRR

2.1 WZRFEH IR R BT

WiV 2% £ 77 X B 3 Cdy As. Hg.
Ni Al Cu & & TH A, As. Ni fl Cu &&E
HHAFHMEREE, SITE LESECR
B EE I, Cry Cd. As. Ni. Cu Al Zn 735l
P T 10%. 64%. 256%. 50%-. 40%7Fl 14%, Pb.
Hg. Fe 1 Mn & &K T S fH. L0 E g
Pb. Cr. Zn fll Fe & & m T H AR ™H1, Pb. Cr Al
Fe S5 HAMHMNEREE, 5T REHE,
Pb. Cr. As. Ni. Zn 1 Fe 7> B2 T 14%. 45%.
7%. 23%. 14%71 37%, Cd. Hg. Cu 1 Mn &
BERTERE. S B A SERETRERS
T 13%. ZnEE T 4%; #EALE Cd HER
BRERE T 44%. AsHEF T 3%; Sl &
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EAMEHELEPHRASRE TR EHRTY
FofH. Witz /7 X 4% F Pb. Cr. Cd. As.
Hg. Ni. Cu 1 Zn & & 535 27.72~40.74. 32.38~
81.24. 0.06~0.28. 4.72~24.53, 0.04~0.10. 15.54~
35.79. 13.95~31.66 f11 64.88~94.75 mg/kg, HIfE+

R 2 MR R O R A (g lkg) AR R TS AR (PY)

Heys g G & G E N . Pby Cr. Cd. As. Cu Al
Zn (P& 85y 518 32.16. 52.93. 0.17. 10.30.
18.90 £l 83.53 mg/kg, SHTIL 5 PH %k th 261+
AT, YoM A 3 X H RS BT R AR
REHF (K 2).

Table 2 Contents of metal elements (mg/kg) in soil and single-factor pollution index (P;)

e 77X Producing area T4 WHLAEHRE  AR{E

Element Hil i UTES HH 1 Mean Background Risk
Changshan Jiangshan Jinyun Qingtian Jiande value in Zhejiang  value

Pb 28.7945.72bc 40.74+1.81a 30.09 £2.06bc 27.72+3.57¢c 33.46 +4.55b 32.16 35.70 70

P; 041 0.58 0.43 0.40 0.48 0.46

Cr 61.6246.53b 81.24+2.34a 49.67 +2.45¢c 32.38+2.40e 39.72 £7.55d 52.93 55.99 150

P; 041 0.54 0.33 0.22 0.27 0.35

Cd 0.28+0.05a 0.1340.03b 0.06+0.02c 0.1540.04b 0.24+0.03a 0.17 0.17 0.3

P; 0.93 0.43 0.20 0.50 0.81 0.58

As 24.53+8.44a 7.38+1.28b 7.77+0.45b 4.72+1.96b 7.11+3.93b 10.3 6.88 40

P; 0.61 0.19 0.19 0.12 0.18 0.26

Hg 0.10+0.03a 0.05+0.02b 0.06+0.02b 0.040.02b 0.09+0.01a 0.07 0.17 13

P; 0.08 0.04 0.04 0.03 0.07 0.05

Ni 35.79 +4.66a 29.53+3.02b 21.13+1.07c 15.54 +1.36d 18.16 +4.82cd 24.03 23.93 60

Pi 0.60 0.49 0.35 0.26 0.3 0.40

Cu 31.66 +3.36a 18.58+1.25b 13.95+1.36¢ 15.06 +2.03c 15.244+2.37c 18.90 22.63 50

P; 0.63 0.37 0.28 0.30 0.3 0.38

Zn 94.53+33.39a 94.75 +9.46a 86.50+12.31ab 64.88+3.01b 77.01+8.20ab 83.53 83.06 200

Pi 0.47 0.47 0.43 0.33 0.39 0.42

Fe 25.15+4.23b 39.12+0.48a 24.96 +0.42b 23.16 +1.59bc 19.98+3.41c 26.47 28.56

Mn 144.71+41.61b 481.31+211.47a 464.84+146.66a 530.18 +219.75a 543.00 +265.30a 432.81 620.51

[EAT HdR 5 AN R 7 B OR 22 57 . 3 (P < 0.05) -

Data followed different letters in the same line indicate significant difference at 0.05 level.

i PR NI = ve- U G RN PSR SR = 1 )
Cd>Pb>Zn>Ni>Cu>Cr>As>Hg, % 1L+ Cd.
As. Ni I Cu HLE15 444840535049 0.93. 0.61. 0.60
F10.63, YLiL-35Erh Ph A1 Cr BRI TS5 48500 5N
0.58 11 0.54, sl +3erh Cd HLEE 15 JLa %0k 0.81,
IR I Cd A 5P E MLk (Pi>0.700T); I
REBICR PRI REE09/NT 05, i 1-3%
1 Pb. Cr. Cd. As. Hg. Ni. Cu Al Zn &=/ T
A b 355 e RS e, SR TS YA ONTE T
CEOTS AR P 55=048<0.7, OV RSEH N L
A, WITLIHAS F2 77 X 398 B R AR i 2 4

2.2 WMFRREERTTRK A RAE
HHAFEESE Pb. Cr. Cd. As Fl Hg 7EiH

A EMTFH LR EEBHICT L mgkg, Zh &8

JLE Cu. Zn. Fe fll Mn & &5 & . HAFH Cr.

Ni. Cu Al Zn & & (/5124 0.805. 4.370. 15.502 Al
15.702 mg/kg)¥ s T-5¢ (43 52 0.463. 0.682. 13.703
F 4.923 mg/kg) F# B (45124 0.411. 1.602. 8.971
A1 7.461 mg/kg); T B2 Pb (0.313 mg/kg) & s Tk
(0.277 mg/kg)F17¢(0.184 mg/kg); Cd. As Fll Hg 7
¥ M B B & E R R . Mn 753 55 2R
e SRR, . SRR R H 4 o 282.013.
260.325 A1 790.652 mg/kg (% 3).
HEE IR O EAAR AENAE S RGeS
S TTER 52 BN N R ER P0G A FE AN 25 8] 43 A 4
oL, R REEOR, BRWZAN TR RS, o
() 73 A AN Y S 7Y, 8 LRI Ll 25 SR s o Ph
BRI, Ba T AR A A ST R R
i, Pb S EMD R RECN 2.32, WA EFHujh A%
STt Ph Wi 2= SRR . YL 38 Ph s
THFEIFEZE T HRHEE 2), HIEAEAF,
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TR SN Ph B AR AR, T B KA
RH. ThESK . M Cd. As BEA R AEET
2.00, AT R S A BRI B S R S R A
PR WZHF 7o FRHHX SR NIy Cu. Zn,
Fe il Mn & RAEA R~ HA) 28 5 R AU T 1, U
BF Y 2 Hhax 2o 4 R n mPE AR, SRIES—,
0% R S0} LR STAE AN [R)7 1 1) 22 S ML/

WMEFF P AEEBITERRHFAN Cr>Pb>Cd=
As>Hg, Cr 7 5 /™ 7 XM A K H L H 2% 8 100%,

R 3 MR PSR G R & B (mglkg)

Table 3 Contents of metal elements (mg/kg) in Camellia fruits

Pb A 52%, Cd. As } 8%, Hg N 0. Cr# 51+
=X S N 100%, Pb N 88%, Hg 4 76%,
Cd I As 0. Pb il Cr7E 7 7 H A H % 24 100%, Cd.
As Fl Hg £ H 25 518 24%. 44%F1 64% . Pb £ i
BN — A6, Cr fEMZFF . FeRld i bt i
sy, Cdv As il Hg 7EVH 2K 0 A ik, 1X 5
B ICRAT KA, e M. IR
. R A Niv Cu. Zn. Fe 1 Mn B4
AREHIE, K FOy 100%.

> A5 RH o R 19 — o 27 A5 R o R 19

variation rate variation rate

Pb ¥ Seed 0.277 2.32 52 Ni ¥ Seed 4370 0.36 100
7 Shell 0.184 1.39 88 7 Shell 0.682 0.50 100

B Pell 0.313 0.61 100 HE Pell 1.602 0.35 100

Cr ¥ Seed 0.805 1.06 100 Cu ¥ Seed 15.502 0.87 100
7 Shell 0.463 1.10 100 7 Shell 13.703 0.50 100

HE Pell 0.411 0.54 100 5z Pell 8.971 0.68 100

Cd ¥ Seed 0.001 347 8 Zn ¥ Seed 15.702 0.43 100
7 Shell ND 0.00 0 7% Shell 4.923 0.66 100

H I Pell 0.012 2.18 24 HE Pell 7.461 0.45 100

As ¥ Seed 0.002 3.00 Fe ¥ Seed 14.112 0.33 100
7% Shell ND 0.00 7% Shell 6.552 0.36 100

i Pell 0.008 3.60 44 FHHE Pell 15803 0.75 100

Hg *F Seed ND 0.00 0 Mn ¥ Seed 282.013 0.62 100
7 Shell 0.002 1.25 76 7 Shell  260.325 0.45 100

#H R Pell 0.001 0.93 64 P Pell  790.652 0.52 100

ND: KAt Pb. Cd. AsHl Hg iy tHBR 43732y 0.002. 0.001. 0.001 i1 0.001 mg/kg.

ND: Not detected. The detection limits of Pb, Cd, As and Hg are 0.002, 0.001, 0.001 and 0.001 mg/kg, respectively.

2.3 MERELNERBITENEERT

B RBU M T YN 1S R e R B R
71, BHERBGK, YR EJE TR B IHGE,
BERLGE/N, EY &R CR RERE S EE, Bt
T L R TT YL RE SRR, A &R TR I E
HZHCNCu>Mn>Fe>Ni>Zn>Cr>Cd>Pb>Hg>As,
Cu fll Mn I E 4 2 %08 0.88 1 0.82, 5H LR
) 72 7 3%, Fe IE 8 R4CH 053, MK Cu,
Mn 1 Fe [T HE F158; Nis Zn 1 E 4 R %08 0.21
H10.20, M ASFFEATIX 2 Fhoe s HAT — 2 IR I RE 775
Pb. Cr. Cd. As fl Hg &% Z2E/NT 0.02, JH%
FExFixX 5 F e 4@ o R AE IR 10 A). JHZE
FoX & JE T E R ECN Cu>Mn>Fe>2Zn>Ni>
Hg>Cr>Cd>Pb>As, Cu fil Mn &£ %4 0.79

077, SHRTRMEREE, WAETX Cu M
Mn IR RE JT58; Fe M E 4 RECN 0.26, AT
YA — 2 WIRRE T AT M SR TR E
AT 0.1, WESFENX 7 Rh4 B oo BRI RE
J1, Hh Pb. Cr. Cd. As i, Zn 1 Ni & Ni 1
Hg A0 2 A 2% (B 1: B). ASH & B R
BHAHCN Mn>Fe>Cu>2Zn>Ni>Cd>Hg>Pb>Cr>
As, Mn [IEERECN 2.26, SHATKRZRE
=, WETH A Mn A E SR Fe Ml Cu Y
B RBCN 0.65 F1 0.47, AT X 2 Bi4JE o
FIRUCRE J758; AT AT Pby Cry Cd. As. Hg.
Ni 1 Zn & J@ o= WU e /1K, e Pb. Cr. As [H,
Zn 1 Ni A Ni. Cd #1 Hg 8] ) 2= 5 A 23 (B 1: C).
MZEK. 5. X Cu. Fe 1 Mn 5 8 2503
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KT ATBHFEHREELEICE Pb. Cr. Cd. As fll Hg.
WZHFRT Cry Niv Cu. Zn s 5 2B KT Fe A
HE, Niv Zn MEE RS = T7mE g W
FME KT Hg MEERIEERTH, HRERE
TR E RN THAE K20 WERE RS

200 —
160 | 2 #
120} I l
0.80 | b

040 L

& L

5[
O
0.04
003+ d d
d
0.02 +
0 ;‘l |
Pb

w4 %0 Enrichment coefficient

Cr €d As Hg Ni Cu Zn Fe Mn
5.00
C a
4.00 +
= 300}
2
= 200t
2 b
S .00 F b
: « wdh el
E —
E de
£ 0041
003
s
& o002} ef
® ef
0.01 | ﬁ £
0 L
Pb Cr Cd As Hg Ni Cu Zn Fe Mn

JLE Element

Pb. Cd. As. Fe fil Mn [I'E % REUCK T ¥ FI5%,
HEH Mn, Cd MEERBEEm THME. M
RSN Cu & £ RBRINKF >FE>FH K, X
L5500 Sk B R R BIF 70 45 S (Pl A= > P R > B ) — 3K
(K 1: D).

1.60 F a
]-20 7 j l
0.80

040

&
cd [ —
0.04
0.03
ef R
002 ef
f
001 &l
0 -

Pb Cr Cd As Hg Ni Cu Zn Fe Mn

5.00

== #f Seed 4
400 | = 7 Shell
300 | = 7 Peel
200 | a b
a .
100 | b
a = bHA

0.08
a
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C
0.04 &
a b
a ab

002 + 1,4 b \

0 aaT
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Fig. 1 Enrichment coefficient of metal elements in Camellia oleifera fruits. A: Seed; B: Shell; C: Peel; D: Fruit. Different letters upon column indicate

significant differences at 0.05 level.
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