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Content and risk assessment of heavy metals in winter shoots of

Phyllostachys edulis from Zhejiang, Sichuan, and Hunan Provinces

ZHANG Yanping, CHEN Zhenchao, TANG Fubin, REN Chuanyi, NI Zhanglin, QU Minghua

(Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China)

Abstract: To investigate pollution levels and evaluate potential risks of arsenic (As), lead (Pb), cadmium
(Cd), and chromium(Cr) in winter shoots of Phyllostachys edulis (Moso bamboo), concentrations and excesses
above the standard rate for heavy metals (As, Pb, Cd, and Cr) in winter shoots of Moso bamboo collected from
Zhejiang, Sichuan, and Hunan were measured and summarized. A single factor pollution index, comprehensive
pollution index, and target hazard quotient (THQ) were applied to assess pollution levels and food safety of
heavy metals in winter bamboo shoots. Also, proportions of each heavy metal in THQ were analyzed. Results
showed that the content of As, Pb, Cd, and Cr exceeded allowable limits. Percentages exceeding allowable lim-
its with winter Moso bamboo shoots in Zhejiang were As (0.6%), Pb (2.3%), Cd (1.1%), and Cr (0.6%); in
Sichuan were Pb (46.0% ) and Cd (45.3% ); and in Hunan were As (2.5% ), Pb (9.3%), and Cd (18.6% ).
The order for the comprehensive pollution index values was Sichuan > Hunan > Zhejiang. The order of heavy
metal Hazard Index values for adults was Sichuan > Hunan > Zhejiang and for children was Hunan >
Sichuan > Zhejiang. This study indicated that heavy metals caused no harm to adults even with the maximum
acceptable daily intake of winter Moso bamboo shoots, but when children had more than 134 g of Hunan winter
Moso bamboo shoots per day, a health risk could appear. [Ch, 1 fig. 4 tab. 22 ref. ]

Key words: forest ecology; Phyllostachys edulis; winter bamboo shoots; heavy metals; content analysis; risk as-
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Table 1 Heavy metal contents in winter bamboo shoots from provinces of Sichuan, Hunan and Zhejiang
REKH o /(mgkg?) fg o (mg-kee) Efj o [(mgek) fg o /(mg-kee) Sj
mE7K T 0.002 9~0.011 0(46.5) 0.0 0.000 7~0.190 0(46.5) 8.0 0.000 8~0.071 0(89.1) 8.0 0.063 0~0.560 0(48.4) 4.0
T 0.003 7~0.011 0(43.9) 0.0 0.027 0~0.056 0(30.6) 0.0 0.002 0~0.036 0(74.2) 0.0 0.310 0~0.500 0(17.0) 0.0
M1 0.002 4~0.018 0(38.0) 0.0 0.009 5~0.150 0(69.2) 3.3 0.001 7~0.050 0(51.0) 0.0 0.003 7~0.500 0(118.8) 0.0
W 44ET 0.009 2~0.088 0(131.6) 16.7 0.035 0~0.100 0(44.8) 0.0 0.034 0~0.043 0(9.2) 0.0 0.050 0~0.360 0(77.8) 0.0
YL &M 0.005 0~0.026 0(59.8) 0.0 0.021 0~0.110 0(63.8) 11.1 0.011 0~0.031 0(38.8) 0.0 0.010 0~0.160 0(73.5) 0.0
B G124l 0.003 9~0.046 0(75.1) 0.0 0.018 0~0.099 0(55.6) 0.0 0.007 9~0.048 0(39.7) 0.0 0.012 0~0.420 0(74.8) 0.0
T 0.004 9~0.015 0(110.0) 0.0 0.043 0~0.094 0(27.7) 0.0 0.004 5~0.032 0(62.8) 70.0 0.023 0~0.450 0(75.9) 0.0
B 0.004 3~0.037 0(81.5) 0.0 0.008 6~0.100 0(54.5) 0.0 0.000 8~0.039 0(88.2) 0.0 0.007 0~0.460 0(100.3) 0.0
WM 0.002 1~0.040 0(76.1) 0.0 0.008 3~0.100 0(55.6) 0.0 0.000 8~0.049 0(66.5) 0.0 0.002 8~0.032 0(116.5) 0.0

SEHIE 0.009 8(89.2) 0.6 0.052 0(58.4) 2.3 0.022 0(69.4) 1.1 0.170 0(98.9) 0.6

AR 0.005 0~0.015 0(53.6) 0.0 0.014 0~0.240 0(66.3) 20.0 0.001 0~0.013 0(89.4) 0.0 0.014 0~0.056 0(36.9) 0.0
MU ELEETE 0.001 6~0.049 0(95.6) 0.0 0.006 2~1.110 0(85.4) 65.0 0.011 0~0.250 0(56.7) 60.0 0.005 0~0.260 0(110.8) 0.0
JII T 0.001 0~0.007 0(44.9) 0.0 0.040 0~0.370 0(65.7) 30.0 0.030 0~0.240 0(63.1) 75.0 0.180 0~0.300 0(15.0) 0.0
AR 0.004 0~0.043 0(109.3) 0.0 0.003 0~0.180 0(87.3) 24.0 0.007 0~0.110 0(106.0) 20.0 0.021 0~0.280 0(95.2) 0.0
FH#{EH 0.005 8(91.0) 0.0 0.190 0(108.1) 46.0 0.059 0(86.5) 453 0.100 0(100.4) 0.0

W1 WFHT 0.031 0~0.048 0(18.2) 0.0 0.006 0~0.091 0(66.7) 0.0 0.021 0~0.041 0(30.3) 0.0 0.018 0~0.230 0(87.3) 0.0

B 2#EPHTE 0.001 0~0.110 0(140.5) 14.2 0.003 0~0.180 0(64.3) 9.7 0.001 0~0.170 0(12.3) 19.5 0.005 0~0.480 0(141.6) 0.0

& CFHME 0.020 0(133.3) 2.5 0.058 0(64.2) 9.3 0.039 0(71.9) 18.6 0.069 0(137.9) 0.0
LT AR AT B KR AR 1 A S SRR A SRR I A L RS TP BT SRR AR BN R S R A

22 ZFPEEFEMBEXMESN

R R TR A A R AR IX A S P i S 0 B, B B B R D W A > WA > AR s B R
PP As > A > WA s O HTTLA > A > WA . haR T AT SRR X SR AR A i 20 KL

e IF A B R G AR B R i, AR A DX A SR Y L SRR B AR A A R R 2K
Wl DUJIAE . IR A A R ARSI 0 B A AR AR B 35 A OG PR (P<<0.01), TAT# V1 48 U AH G PEAS (35
FBEHEI S B0 55 H 4 Ja8 o 0 A 22 S VR A DR 3K 5 P s S A PR A O, EL DI 4 M g 4 4 5 R Y
By WA RESAAER SIS,

R2 BEZBFHECERESBEXESHT

Table 2 Correlation analysis of As, Pbh, Cd and Cr contents of bamboo shoots from 3 provinces

e . LiEEF S
KAER By JLHE mﬂ p p e
WA fiit 1

1l 0.105 1

i 0.104 0.075 1

4% 0.063 0.162 -0.030 1
Iy fit 1

B -0.041 1

i -0.101 0.499%* 1

% -0.109 -0.094 0.457% 1
WA fi 1

B -0.215% 1

5 ~0.245% 0.302%* 1

% 0.179 -0.012 -0.260%* 1

YL . % FIRTE P<0.05 7KV LB AH5C, ** FondE P<0.01 /KT b B 3540 ¢
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23 ZFEHEERERT. GAEFIEELEN

AR (D M(2), 1555 RAE XA TR G R A 75 s B S 5 I Tis Qedi 8, hak 3
AP WTVLAR WA AR AN A PR TS QR RO R N T TS PR RO Rl 1, AT, e 2 4
ZFHRRYIX 4 FRE RS PR RN o DU 148 & S5 A RIS 14 B0 DR 5 S48 B80S, TR R AR T e 48 X0
i 1, ar) o 1.861 A1 1.180, Zi4 N Fi5 Q4R KU 1444, ml LAY | 552 Wi DU 1] 45 4% 5 il T ) S B 1
HE

x3 BELFHREERFTEEN

Table 3 Heavy metal pollution indexes of winter bamboo shoots from 3 provinces

BB _ ;ﬁﬁ%*ﬁﬁp' - " G AT IR P
LA 0.196 0.521 0.438 0.341 0.453
YK 0.116 1.861 1.180 0.200 1.444
WA 0.402 0.584 0.774 0.137 0.642
TR E 0.238 0.989 0.797 0.226 0.506

24 ZHEPECREEBRNREITRE

IR (3)~ (ST . LB A A IR H s X R BOGR fE R 8 di 4 al [ X
NIE, B3 &4 5 Hs KB RN, e RBACY 0.117(MM ), e R BRIt T 1; A f
W H R RS FEA DR FEA S, A 2 U KU o AT, JLE R — IR 1 H AR XU &
BOR R, RHIEWIR A, mik 0.743, HEERMmEIE 1.224; db—Dil R kB LR HA W R 455
Mt 134 g-d™ i, nPRES SRR, N IBLTE I & B AR . AP SEHIESE T E 4 E X LE
T P et RRE XU AR LB SR, R I« L DX 23 TR 58 H AR XU R AR A e ™

x4 BEEZFDECREBNRNERY

Table 4  Target harzard quotient of heavy metals in winter banboo shoots

o Qs Q.

RAE 1 o pa pe e Iy o s po o Iy
AR 0.057 0.026 0.038 1.975x10*  0.121 0.188 0.086 0.420 6.536x10*  0.694
IE 0.034 0.092 0.103 1.162x10*  0.229 0.111 0.306 0.340 3.845x10*  0.757
W 0.117 0.029 0.067 0.794x10* 0213 0.386 0.096 0.743 2.629x10* 1.224

25 B—EEEX BRKE R TTHE

N 75 B — T R TR AR H AR R R fE R B A e, 2@ M), AAMK
Wl , RO A & R P i L BT L SR R F AR XU STk A, Il L Al D)1 & A R A5 L
Ja % BN AL H AR XU SRR/, TR HE R O 8 > 85 > 50 > 8 o WiV F) i & 5 44
GRS BN H AR AU SRR3R R/ R TR, HEF O e > 40 > 3 > %5 X L2 A AU 5wk 9 /NIy

00 mm A [T m 0or mm B [ e

80 [ [ i b 80 [ it i
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Figure 1 Ratios of contributon to target hazard quotient (THQ) of As, Pb, Cd and Cr in winter bamboo shoots
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