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Heavy Metals Accumulation Characteristics of Vegetables in Hangzhou City, China

GU Yan—qing, GU You-li, BAT Qian, GONG Meng—dan, ZHU Wei—qin®

(College of Life and Environmental Sciences, Hangzhou Normal University, Hangzhou 310036, China)

Abstract: A field survey of heavy metal concentrations in soils and vegetables grown in 30 vegetable farmlands of Hangzhou City were car—
ried out. Through calculating the bioconcentration factor(BCF) and transfer factor( TF) for different heavy metals(Cu, Zn, Cd, Cr and Pb) in
27 kinds of different vegetables which belong to leafy vegetables, root vegetables or eggplant fruit vegetables, assessing their accumulation
characteristics of heavy metals according to the differences of the bio—concentration factor, the reasonable proposals were put forward to opti—
mize the planting structure of vegetables in mild and middle-level heavy metal contamination soils. The experimental results were as follows:
In soils with mild and middle-level heavy metal contamination, leafy vegetables, such as crown daisy, cabbage, celery and Chinese long cab—
bage, had relatively low enrichment ability of heavy metals, so as the root and fruit vegetables like white radish, carrot, tomatoes, hence these
vegetables could be planted preferentially. In contrast, some kinds of vegetables, including white amaranth, red amaranth, tatsoi, broccoli, gy—
nura, brassica juncea and lettuce of leafy vegetables, lactuca sativa, taro, red radish and cherry radish of rhizome vegetables and sweet pepper
of fruit vegetables, had relatively high accumulation ability of heavy metal, which should be avoided to be planted in soils with mild and mid-
dle-level heavy metal contamination.
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Figure 1 Location of the study area and distribution of sampling sites in Hangzhou City
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2.1 FAESMEREX Cu IS £

A T A] UL, S K A3 AT B AR &
Cu T S E AR KA 5k 4300 R 4.74~66.26
0.15~77.13 mg-kg™ 1 0.92~60.25 mg-kg'. MEER
B (BCF)& , A& 32 F s nl & v L3 Cu 19
RS fenm, HXF 4% Cu 19 BCFAE 5518 1.560
A1 1.333, HF & [ U0 .3 22 S5k s O 5l KA
3¢ PESE A 32, HX 1 HE Cu 1 BCF ¥4k 0.600 L)
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R TE-RERGEH Cu WERRB(BCF) RFFIERH(TF)

Table 1 Bioconcentration factor (BCF) and transfer factor (TF) of Cu in soil-vegetable system

CES RO R Gy REGER gt por TF
3k K3 9.33~50.32 7.80~77.09 5.92~14.05 0.831+0.008b 2.285+0.924a
e 10.10~66.26 2.17~77.13 2.17~22.19 0.443+0.035cde 1.567+0.52abcd
W 17.35~33.97 6.55~59.62 5.30~17.17 0.626+0.109bc 1.085+0.196cde
P 12.94~42.21 1.55~19.05 4.05~30.27 0.5010.060cd 0.836+0.030ef
pig 10.29~58.20 0.15~36.55 2.17~30.28 0.510+0.103bcd 0.897+0.046def
PNEE 6.24~28.95 1.55~14.04 3.43~20.93 0.3870.020cdef 0.628+0.075¢f
Hg 4.74~40.67 0.92~9.67 0.92~34.06 0.188+0.016ef 0.353+0.116f
M3 8.45~46.66 7.80~42.78 4.27~29.68 0.608+0.257hc 0.837+0.127¢f
AN 20.37~26.34 10.29~12.17 13.43~60.25 0.484+0.030cde 0.461+0.34ef
T 23.78~50.42 10.29~45.88 4.05~27.15 0.261+0.080def 0.676+0.038¢f
FIE 11.23~11.63 18.01~17.57 17.69~19.17 1.560+0.026a 0.970+0.017cdef
ks 26.55~27.79 9.43~9.91 16.32~16.78 0.356+0.013cdef 0.585+0.032¢f
[EE 15.07~15.29 20.19~20.41 11.96~12.40 1.333£0.005a 1.669+0.084abc
EEd 51.49~54.11 5.72~6.12 9.55~9.79 0.111x0.008f 0.619+0.054ef
SN 12.21~28.48 10.29~39.64 6.54~41.65 0.844+0.002b 1.182:0.359bede
ES PN 42.15~44.03 17.15~19.05 9.56~9.78 0.426+0.012cde 1.952+0.214ab
[y 20.07~20.95 4.55~4.79 7.83~9.01 0.230+0.017def 0.564:+0.072¢f
eSS B 13.73~52.80 4.67~37.13 4.68~32.15 0.688+0.014c¢ 0.689:£0.004bcd
B 11.46~52.00 7.80~64.65 0.12~24.68 0.9700.151a 1.722+0.615b
PpkEE b 26.95~27.37 2.09~2.25 26.77~26.95 0.706+0.063¢ 0.112+0.011d
KL b 12.35~17.72 1.55~7.80 3.42~27.60 0.916+0.057b 0.367+0.120cd
M b 22.01~23.03 3.91~4.51 3.33~3.51 0.152+0.006e 1.227+0.015hc
e 27.03~28.49 73.44~74.02 12.55~13.03 0.460+0.026d 5.776+0.004a
FiR Bkt 10.73~138.30 5.30~25.30 5.92~29.66 0.545+0.093b 1.593+0.153b
EHhh 15.81~16.39 10.25~11.59 5.85~5.99 0.680+0.017ab 1.844+0.005a
HiF 12.07~12.55 8.90~9.20 15.14~15.46 0.733+0.021a 0.591+0.006¢
AR 10.06~46.12 3.42~7.79 5.29~23.42 0.185+0.020c 0.311£0.071d

T R M AR IS P i 25N ARZEIE T A AR R AR A AT RO RS dw FoR T, RIS HOR [RING EREFROR Rl — 8RS
A A 25 2% (P<0.05), T,
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P13 U - 48 Cu 95 SE R 1A XTS5, H ATl
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AR AT &AL 13 Cu 1Y BCF K/MERIR 2
A>T BRIV R, HAfi 79 Cu () BCF 258
PHLIAGY 4.0 4% 5 Bih SRk R m n] B0 Cu 1 TF
{ELR /NGy - FHAUS AR B 7> PG 20, HAH 58]
ik i 3 25 5K o BRLIE, i SR RSO 358 Cu
BN B St RS BB T AR s, 17 PO £ A X 4 3
Cu [ K T AL RE S MM RS o
22 AEMSMIRIEX Zn FEES

A 2 AL S ARZE RS R A K e
Zn BB IAA AR RAR S, 43 50k 53.45~208.80
69.55~179.94 64.97 ~193.34 mg -kg ', M & 4 R 5

Table 2 Bioconcentration factor (BCF) and transfer factor (TF) of Zn in soil-vegetable system

R2 TE-BRRRGH In WEERM(BCH) REZRB(TF)

BRI il L S SRR S R A 3z BCF TF

e K 72.54~87.84 41.33~71.49 29.18~84.98 0.54120.041efg 1.1400.118d
H 61.43~208.80 31.51~123.43 19.81~125.05 0.652+0.007hed 1.159+0.200d

i 84.85~191.17 64.92~155.48 43.86~135.68 0.7350.091hc 1.24720.083cd

i3 71.52~197.87 30.76~84.64 26.17~108.15 0.50420.003(gh 0.889+0.032d

iz 70.97~149.02 27.67~96.24 28.94~96.00 0.652+0.020bcd 1.069+0.079d

JNEER 53.45~129.30 24.68~202.98 33.66~183.44 0.654+0.013hc 0.965+0.057d

Hitk 62.45~180.04 15.57~96.44 5.32~91.17 0.445+0.011gh 1.293+0.038cd

M3 72.03~195.42 53.64~142.27 58.78~131.01 0.735+0.054hc 1.054+0.042d

FANE 89.99~181.61 66.24~140.48 24.90~127.20 0.755+0.027b 1.882+1.100abc

i 111.40~183.46 40.66~124.68 39.36~68.76 0.41220.055h 1.210£0.090cd

g 135.11~137.45 73.46~75.26 111.43~113.78 0.555+0.003def 0.664+0.005d

RS 133.15~135.85 127.98~129.43 54.86~56.78 0.956+0.004a 2.317+0.001ab

EYiE 162.85~163.46 113.95~115.42 91.45~93.78 0.705+0.004hc 1.242+0.021cd

b 132.78~134.87 97.65~99.67 93.36~95.51 0.734+0.005bc 1.037+0.118d

Foo 95.20~131.74 47.97~52.86 1.25~34.25 0.462+0.005(gh 1.32320.211cd

SH R 127.41~129.58 81.56~83.45 45.12~46.87 0.643+0.003cde 1.778+0.010bc

[ 86.45~88.59 82.45~83.98 31.26~33.56 0.946+0.003a 2.550+0.006a

IEESS IEZN 81.72~158.37 40.84~91.01 18.12~73.42 0.358+0.058c¢ 2.533+0.394a
By 69.55~179.94 9.15~100.85 2.62~57.12 0.64020.038bc 1.329+0.127b

R b 110.46~113.45 48.65~49.78 61.56~63.45 0.74520.044b 0.88020.049¢d
Kerd b 82.71~97.69 44.05~47.72 32.16~54.08 0.472+0.116¢ 1.126+0.345hcd

EEZEN 64.95~67.42 39.56~41.56 30.12~31.64 0.467+0.036¢ 1.32120.102be

EDi] 87.46~89.76 65.23~67.78 90.12~93.85 1.034+0.004a 0.724+0.002d

B B 64.97~193.34 16.38~35.57 20.22~68.78 0.265+0.038c¢ 0.7060.089h
A 79.46~81.46 33.46~35.76 20.46~22.85 0.423+0.002b 1.601£0.003a

it 64.92~67.13 32.45~34.12 87.12~89.45 0.51320.001a 0.38320.003¢

PaLL A 89.44~185.38 15.12~45.98 45.53~208.30 0.24820.027¢ 0.34820.041¢
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(BCF)F , SRR FNVY = A0 v 3 % 48 Zn 119
FHERRE I HR5% , FL BCF {H 437120 0.956 F1 0.946, H
HATC R 22 s T R Sl TSR A
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Z5 . WHHE ZE(TF)FE V5 2440 SRR A2 i 58
o Zn 1 TF {EARX Br , AR B RG22 ek
TF {H43 5k 2.550.2.317 A1 1.882; M &3¢ . T3¢ .
FOKHAZE AR KE SR B3R H R VX
O VTS T Zn 1 TF (A AEXT AR, HAHE
) JC I 3 25 5 PRI, SRR (P 22 A0 2D Sent 135
Zn [F] BT BAT om0 & AR e 1 RN is Re D 5 i T s
WSRO TSR SR AEXT L Zn (1 SR RE T FNEE
1B HE ST AN

F MR ZER B ST B R X 13 Zn ) BCF{H K
INWF R« 2E TG SRR D> B E SRS h>18 h>
A PRk N S E R, RLLE b A E b
IS 22 AT 22 5 SR Zn 19 TF
KANT . SHE P>ESE>STHE M>RLE Mk
B NSTEFS Hrp Ay K N SRk N 22 R0
255 AR E S AT RN L35 Zn (1) BCF K
SN A7 = 56> FH B BRAS P 20, Hoi - Zn 1
BCF 23 VR £IAGY 2.1 A% , {E BRI PY 214 22 8] JC &
FRES FRET Zn 1 TFHR/NBTF 9« Fi
B BRS 3HF-> VU £0AT , HAFE RN P8 £ 1A ) JC 2
FES ., I ARZER TP BT AR S b Mot R rh
BT L3 Zn HA SR EERETT, Ha T
AIEAALATERS  MAR R R A 18 AT b Ao R
R P 20 A U 3 Zn 1Y R AR B AR RS, HL
FIFURI Zn AHXS 52 TE8% 2 a2l .
23 AESMBEZE Cd WEEHSE

BRI, BN Cd BFUERRE T s, H il RE
5 Cd 7 -8 (s aE A2 BE ) R Cd [R5
W ichE A e, AR 3 AT SRR S AR K I
2t AR Cd 19 & R B R 0.10~3.11, 0.000~
0.855 mg-kg™ £l 0.000~2.684 mg- kg™, HoH, [ 053210
2R AR R R s 2R R R A Cde A BCF FiI
TF &, S RZER A Cd 1 BCF 1 TF 5350 K
1.902 1 16.212, ¥4 8 2 5 T HA 35 s H Oy =75 A0
AR TSR R0 CH i Cd B9 BCF F1 TF By
BT HAD 2 UL, SR rh A 559 K25 VS
AR SRNT 1238 Cd [l B BRI & 4L s ae Jg L i
PO (T R ERSE S80  H S5 X 38 Cd Wl
TR NI B e IR 2%

HE LR
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HRZERE L] B Cd 19 BCF K/NITY A -
BESIRARE P >IIE h>RLTE > P30 H
W B R Cd 1 BCF 29 E 7511 4.0 £, 5 HAthgg
SN 22 5338 KT IRl A, BS ERIEH 8 b 22 8] &
PERREY N 8 N R DA TF IR % 2
S, MEESS R Cd /g TFAH Ny 0.175, 8 % T HAl AR
R M RRHE T B Cd 1) BCF KNG
A < BRSO PG £ A > 05 7> 300, Forb, FHHLS 75 204
2 [ LA B S R 0] B 25 S 2 o Gk B 2 K
RS2 Cd B BCF 29 38U 2.3 455 L TF
TN 2y = VG £TA > TS BB At 7, ELET AR 7
LI 2 A 22 AR AR IR KO . R, MR 22K R Y &
B AERREE R R AR ARG 3 Cd R R e
JIFnHh b ERIEFERE s AR ZE AR TS B A
e Ry - Cd BAT B B B 4R RE RS B
e,

2.4 AERMEHIEIT Cr WEESH

MF 4 ATLAE M SR E S AR K i L e Cr
TEVLEY 21.42~111.13 mg-kg™ , K 3% fE3 1
PREE R R P S AR P R P R Cr,
HAI3E Cr ErEEE R 0.00~10.82 mg-kg™, &3¢
AP Cr & @ JEH A 0.00~28.63 mg-ke™, Hir, AR
SR A IRARAGH Cro I BCF & 21 0238 n] & %t
+ 3 Cr 19 BCF{H 2} 0.156, 1M FoAth -2 %} 43 Cr 1)
BCFAHILEH 0.011~0.079, 0] WL, 2155 %) 13 Cr (1)
FRBES W& m T HMM R, N TFE 538 728 K
P13 VH L0003 A8 R0 R RZE T Cr 1Y TF
AR AR, HAH B 35 25 5l UL, 450 S8xd +3 Cr
B E SR RE A AR, 2T 4 Cr fOE 5 M
TEALRE I AT , A ) Cr B9 28 AE3E 35
PRSE FIDE3E V35 38 PG 24 A 55 B AR RE I AR

MR B A K L Cr Sl 22,12~
110.02 mg-kg™', BEBRE b KL NRIET 25
FIE DRI TS AR R Hp X R A Cr, FLARZERER
Xt 3 Cr 19 BCF (HIAHXHRAL , BCF KN K
0.052~0.077, M A AR ek 32 ] BHALIE Cr & i, B
HRZE 28 A0 SR B S X 3 Cr B9 A R A8 1 IR AH X 4%
559 AT 2EEE ST 4 Cr 1 s SR AR T A XTI
BRI, PTRES IEH GO TR Cr IR IORN Iz i
Z it FFRAYRETTER LA
2.5 AEMMERIEX Ph HEES

MF 5 AT0L, 3% Ph (15 EYE R 0.00~92.05
mg-kg, REBB AT A A H Ph, AR &R Ph
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R3 TE-BRRGET Cd WEERB(BCF) RETRE(TF)

Table 3 Bioconcentration factor (BCF) and transfer factor (TF) of Cd in soil-vegetable system

BRI i LRI R G R AT AR BCF 1"
32k KA 0.18~1.46 0.000~0.252 0.041~0.651 0.428+0.057de 0.746+0.087cde
I 0.17~1.46 0.000~0.653 0.043~1.063 0.736+0.015¢ 0.993+0.044b
Wi 0.37~0.75 0.000~0.855 0.000~2.011 0.683+0.093¢ 0.721+0.208de
T3 0.19~2.78 0.000~0.851 0.043~2.275 0.583+0.031cd 0.620+0.021e
iz 0.18~1.33 0.000~0.252 0.000~0.452 0.380+0.075ef 0.824+0.163bcd
K 0.18~3.11 0.000~0.453 0.000~0.651 0.326+0.021efg 0.936+0.021bc
H s 0.18~0.73 0.000~0.453 0.000~0.654 0.181+0.014gh 0.198+0.020fg
Hsg 0.19~0.73 0.000~1.061 0.252~1.091 1.293+0.066b 0.637+0.012de
FANE S 0.31~0.55 0.041~0.246 0.042~0.253 0.297+0.217efg 1.017+0.025b
T v 0.55~1.07 0.000~0.001 0.251~2.684 0.000~0.000h 0.000~0.000g
it 0.34~0.38 0.201~0.241 0.832~0.873 0.618+0.005¢d 0.262+0.002f
HasE 0.89~0.93 0.032~0.054 0.413~0.491 0.047+0.001h 0.095+0.001fg
3% 0.10~1.28 ND ND NC NC
ExR 0.17~0.21 0.232~0.272 0.242~0.263 1.316+0.018b 1.003+0.014b
BN 0.36~0.73 0.000~0.145 0.042~0.451 0.131+0.001gh 0.201+0.005fg
LRI 0.34~0.38 0.651~0.732 0.035~0.054 1.902+0.042a 16.212+0.015a
YA 0.17~0.19 0.029~0.061 0.032~0.065 0.231+0.002fg 1.001+0.009b
HRZEK B 0.18~1.29 0.124~1.373 0.251~1.872 1.206+0.228b 1.240+0.078a
B 0.12~3.06 0.000~1.062 0.043~1.993 1.808+0.148a 1.572+0.100a
Rk N 0.18~0.91 0.041~0.473 0.042~0.653 1.211+0.019b 0.589+0.025b
peA RN 0.37~1.11 0.231~0.272 0.252~1.060 0.809+0.201¢ 0.616+0.542b
8~ 0.53~0.55 0.114~0.155 0.212~0.291 0.452+0.004d 0.505+0.004b
ESL 0.52~0.56 0.033~0.054 0.243~0.261 0.451+0.001d 0.175+0.001¢
it =S B 0.49~1.46 0.045~0.453 0.252~0.451 0.285+0.209b 0.548+0.047b
T 0.36~0.39 0.042~0.453 0.064~0.457 0.650+0.022a 0.967+0.109a
W 0.37~4.76 0.042~0.252 0.042~2.075 0.288+0.049h 0.330+0.047¢
PHLT Al 0.91~0.94 0.431~0.474 0.446~0.462 0.483+0.006ab 0.975+0.022a

T :ND 7R ARAGH s NC R RETHE \ om ofidls . Tl

ZHCATRL Y {H Ph F i 7R I, X T BE AT Pb 7
IR R SR A K, o R REAERK L
B R Ph, [HHAR R AT A Ph R,
HS R A RETE T, A2 KAE Ph i L2 P i3, nl L
F AR AR I RS A R BY PHRY, 3285 3 T A7
Hk P i AT D03 2003 P 22 AL AL AN
SR H BCF K/NT A - 0GRS 1005 > 70 2
AESAESE T TF R/MIT Ay  AESESLL S [ i3>
SR XML 2 S Ph AT AR TS Pb
I E 5 YRz —

MRZEHRE S - R R Phb, (HARZEE S 2E
e G Ph O BS RN TS A AR R SR T
LR ZR )T P 1 BCF R/NIT R 2E 55 >Rk 38 b >
B N>RLrE >, HAAE MRRLrE b2
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R4 TE-BERGEH Cr NEERB(BCF) REFIZRE(TF)
Table 4 Bioconcentration factor( BCF) and transfer factor( TF) of Cr in soil-vegetable system
PSP Hi bl LR R G R R AT e BCF TF
322 KBEZE 22.49~51.98 ND 0.00~6.85 NC NC
Hx 22.38~110.15 0.00~9.56 0.00~15.70 0.056+0.002bc 0.672+0.057a
W 22.91~109.84 0.75~3.42 0.00~22.41 0.027+0.001cd 0.232+0.003bed
i 22.40~109.48 0.00~10.82 0.00~28.63 0.071+0.013b 0.740+0.041a
iz 50.71~107.80 ND 0.00~18.22 NC NC
PNEE S 22.34~107.86 0.00~9.57 0.00~13.26 0.036+0.006¢d 0.620+0.042a
g 22.35~107.42 0.00~5.71 0.00~10.84 0.027+0.005¢d 0.626+0.167a
B3 22.47~111.13 0.00~3.43 0.00~22.44 0.016+0.002d 0.154+0.021d
FAN/IE 22.39~51.85 2.85~9.57 5.71~20.22 0.156+0.04a 0.486+0.019ahc
TR 51.30~108.04 0.00~3.43 5.00~13.26 0.011+0.001d 0.159+0.021cd
3 50.19~51.06 0.65~0.87 1.35~1.56 0.015+0.001d 0.519+0.010ab
HIRRsE 50.51~50.62 ND ND NC NC
[EPE 21.42~23.58 ND 1.32~1.56 NC NC
EEa 50.36~52.98 ND 9.08~9.36 NC NC
BN 22.43~78.88 1.38~1.56 2.63~2.86 0.064+0.090bc 0.520+0.736ab
K RIE 58.34~62.54 4.56~4.88 9.12~9.35 0.079+0.002b 0.519+0.001ab
Y2 49.23~52.56 ND 2.65~2.89 NC NC
MR2EJ % b 50.37~80.92 0.00~3.42 0.00~14.26 0.052:0.001b 0.718+0.212a
e 22.37~110.02 0.00~10.83 0.00~15.70 0.028+0.006¢ 0.506+0.006h
PPk 68.34~73.02 ND 5.14~6.26 0.077+0.002a NC
Kers b 51.05~51.32 ND 2.74~5.00 0.076+0.031a NC
[ER:AN 22.12~22.56 4.62~4.87 ND NC NC
Sy 50.12~50.35 ND ND NC NC
I S B 22.49~146.70 ND 2.74~15.70 NC NC
TR 48.76~53.06 ND 9.01~9.45 NC NC
i 48.89~52.96 ND 2.55~2.98 NC NC
PHLTFili 50.77~92.79 ND 0.00~5.71 NC NC

EON T SRR BE T R, PSR R Ao, T
] X S A BE T i E H oA IR o AR ST IR A
FIZMSER (R 1~3 5) LT R E G R T5 Y=
SRR B LA, S A R X B R AR AE
JTEGR B RGSAR  ERER EaJm BAA B R A fE
IR SEBEATRIARL, T U SR M AL R
J& , PRIERT SR 28 4 By B 2R S AR A DT TEAE R 12
HEREE Cu TS LSt , 7T DURESR e 56 i] 3R AL X Cu
PR R B S A Bl QTSR PR Y 8 MRS R 119 B4
ELREZLE MREBEE b, i RSRHE R A RIHARG 53
FAP T CH Y2 AE AR T
FE D AERIER PR LIAG Al LA o8 lEME . 7E Pz
J&E Zn {5 et R RS I R R R RS |
PO 22 A8 S 21003, AR == T AR BE 2 | it 2R 2
B2 PR SR B i R A T L H S
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RS TE-REREH P WEERM(BCH) RESRB(TF)

Table 5 Bioconcentration factor(BCF) and translocation factor( TF) of Ph in soil-vegetable system

SRk i LS R I R R AT el BCF TF
S K3z 541~17.13 ND 0.00~1.13 NC NC
3 2.22~62.03 ND 0.00~12.72 NC NC
i 1.16~35.63 ND 0.00~5.00 NC NC
i 1.17~48.05 ND 0.00~6.93 NC NC
piza 10.85~33.84 0.00~3.07 0.00~6.93 0.035+0.004c 0.420+0.122a
YNSE S 4.33~46.57 ND 0.00~6.93 NC NC
i 3.27~30.24 ND 1.13~5.00 NC NC
A3 2.21~48.69 ND 1.13~8.85 NC NC
ANE 1.16~22.93 0.00~2.44 1.13~3.07 0.10120.143b 0.397+0.562a
T 30.22~47.00 ND 0.00~6.93 NC NC
S 2.87~3.67 ND 5.67~7.35 NC NC
ISR 29.69~31.24 ND 4.76~5.37 NC NC
EPES 1.88~2.86 0.00~2.45 5.87~7.25 0.513+0.001a 0.163+0.003b
b 20.87~22.11 ND 2.95-3.25 NC NC
il 2.23~17.15 ND 0.00~4.99 NC NC
BERE ND 0.55~0.57 6.82~7.04 NC 0.082+0.001¢
(=2 18.28~20.34 1.01~1.26 ND 0.060+0.003¢ NC
FRZEZ N 4.35~32.18 ND 1.13~14.26 0.227+0.048c¢ NC
s 3.92~47.73 1.13~2.50 1.13~6.93 0.030+0.002d 0.388+0.034a
Bk 2.85~3.07 ND 5.17~6.68 1.897+0.034b NC
KET# b 6.53~19.47 ND 0.00~5.00 0.128+0.181cd NC
EEzAN ND ND 6.82~7.03 NC NC
£ 2.01~2.44 0.54~0.59 6.89~6.96 3.130£0.001a 0.082+0.002b
GiL &S B 4.34~31.69 0.00~3.06 1.13~6.93 0.057+0.002b 0.443+0.137c
[igz0 \ 2.97~3.14 1.03~1.25 NC 2.696+0.001a
HiF 29.66~31.02 4.85~5.14 4.56~5.76 0.163+0.004a 1.0040.007h
AR 17.45~92.05 0.94~2.24 3.06~6.93 0.035+0.004c 0.444+0.065¢

WA BT A B, TRl — A X AN R 4 TR On = 1Y
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AR RBE TR, HLLOI RS R AE S Mk Ht, 7
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Zn W75 YRERE e R Cu Cd Zn B AERE IR M)
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