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Dominant Plants in a Lead-Zinc Mlnmg Area, Nanjlng

LI Jun- Kai' > ; ZHANG Dan'?, ZHOU Pei' 2 LIU Qun;lu'?*” -

(L S{hool of Agrlgulture and Blology, Shdnghdl Jld() Tong: Un;.verslty, Shanghai 200240, China;" 2. Key Laboratory of Urban
Agrl(’ulturef(S()uth) Ministry of Agriculture’’ Shanghal 200246 China; 3. Shanghai Urban Forest Research Station, State Forestry
Admmlst.ratlon, Shanghai 200240, China)

Abstract: To identify plants with potential application in phytoremediation, the concentration of cadmium ( Cd), chromium (Cr),
copper (Cu), manganese (Mn), lead (Pb), and zinc (Zn) in soil and 14 dominant plants sampled from a lead-zinc mining area in
Nanjing City was measured. Furthermore, the heavy metal contamination of soil, and bioaccumulation and translocation of the 6 heavy
metals by the 14 plants were evaluated. The results showed that the principal contaminants were Cd, Mn, Zn, and Pb, and their single
factor pollution index was 45.71, 11. 68, 10.40, and 4. 46, respectively. Furthermore, the Nemerow index of this area was 33.45,
which indicated that the mining area was severely polluted. All the 14 dominant plant species were metal-tolerant, although the
concentration of metal varied between different spices. Among them, Pieris multifida and Trachelospermum jasminoides significantly
accumulated the heavy metals. The concentration of Zn in all the dominant plants was beyond the normal range; however, the bio-
concentration factor (BCF) of only Digitaria sanguinalis for Zn was > 1, while the BCF of the remaining species for the 6 heavy metals
was < 1. Furthermore, the heavy metal bio-transfer factor ( BTF) of the 14 species was generally high. The BTF of Helianthus tuberosus
and Dendranthema indicum for the 6 heavy metals was > 1. According to the mechanism of heavy metal accumulation, the 14 plant
species were classified into 3 types: accumulators ( H. tuberosus, D. indicum, Phyiolacca americana, Justicia procumbens, D.
sanguinalis, Sonchus brachyotus, Solanum nigrum, and Setaria viridis) , root compartment ( P. multifida and T. jasminoides) , and
excluders (Solidago decurrens, Duchesnea indica, Carex breviculmis, and Cyrtomium fortunei) .

Key words: lead-zinc mining area; heavy metals; pollution assessment; dominant plants; accumulation ability
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AR E L RE I RS, P2 E N AR T
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B AR R A 9K E FE 1 8 FAEYXT Cu, Pb. Zn
M Cd B & £E e , N R ( Miscanthus sinensis) ] L)
FTFHRBET MIRE. RG0S 50 TR
SRS LR 18 R LAY E SR, Kk
Y2 &1 ¥ ( Bidens pilosa ) F1 4 3] 5% ( Chenopodium
ambrosioides) X} Cd . Pb . Zn A5 50 1Y & 45 FlFE iz fig
71, B WA 4 DEVEET T AR
AR 16 R OLHAAEYIY B 4 )R & AR AR SR T I 5T
KIPED 5 K (Sedum plumbizincicola ) F1 5 HE 7 75
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SEU I R A P DU AR L R e e SR
e, kfﬂi%i;i( Viola principis ) ¥ Cd Pb ¢ As___‘
FUAGH AR Te, Lin % FE T8I 48 b
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( Polygonum 'éwicitlére) Xt Cu AR %E’\J 'Eﬁ%“ﬁ 7.
B, 7 6 g o SRR VA AR i D

2
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Yrt T s g TR E A R X

KT E IR AR HMRIE, OF
FNBERZERLET KM E S8 T5 Qe a
BRI T2 R AR A R TR A R ST AR
b, JEHOOH ] 2 4 DX S S G SR N 4
JiE A T S A Y A TS S A iR Dy i
O 214 Ml A R 8 2% P ) < T AR A
ARSCLA R LA R0 BT A SRR 3 P A
ZLBEAEYVE AT G, A T iz IX £ %
Hm TG YLARDL, HRHLHHE Y G R = A e
F7 7T IRVE. WAL 0 e ) 22 Fhx) EE 4628 Cd-Mn-Pb-Zn
GRS e R A B R T B S RE T Bk, LA
Wz X A S G T Y AR B S EAR S
IO SR ILIE T

1 #Rl5RHZ%E

1.1 BRI R | 1 |
ARBEREDT Rl ) (E118°57°2", N33°9/23") T T
VLR RIS T L T A LR
M0, WK it R 0 ST SR LA
B, KN I RAE S S i 738 1y B
VLSS e AEY C SR e e
AR AL 2L KRS B, TG L
. B kR, HOTRA K
TR, T AR IR 1 IR,

=1 Rt SRR R ’
A
Tablesl” Physical and-eliemical properties of soil in the plot

SiH . AL BN BP BK Biifie N HHP HA K
Y P /g-kg ™! /g-kg ™! /g-kg ™! /g kg ™! /mg-kg ! /mg-kg ! /mg-kg !
FEMb-HE  7.47£0.23  62.43 +8.84 0.49 +0. 14 0.84 +0. 37 9.68 +1.56 35.42 +8.65 4.45+1.12  124.20 £31.92
1.2 FEaeREE IR IR

T2016 4F 9 H, XFZ R0 3 N W AH 9 7 7%
T HRRBCIE T IR A FRAE , 0 5% XN T A R A
K. CREEANERNE, AR RIFHEEREZ WL
TR B FIARES, B HEAREIANEE.
SRAE—AHEYIRES, [FIRHFERLY) AR PR 4R 0 ~ 20
em VR 1Y 3R 5.
1.3 HEasbi

HE R 0] 1) S S BRI e B S AR AR % L A
Py, BETENALKRNT. KT E AR
g, 3 0. 15mm JE IR 5 R4 H. FRECEAE 0.2
g, KA (MDS-10, #i{/ sineo, i),
£ HNO,-H, 0,-HF Hf#1A & (HNO,: H,0,: HF =6:2
21, L) TR R AAE I, R e B

T M b AR AR AR 430 ] A Sk K b B 2 2 m
JRAY, SRFE BT K opse 3 WK, AR E
THEFH N 105°C 2275 30 min 5, BT 75CHEAH &
fEd. HAE NI S, PR 0.5 g, R
HNO,-H, 0, {Hf#AF (HNO;: H,0, =3: 1, /K1) i#
AT TR A 2 IV T TR AR, SIS0 R FH 28 R BRI
BOFATARETE BAR Iy, B P24 S50 2o A K
EISFERRE R, FEF Cd, Cr, Cu, Mn, Pb, Zn 6
Pl 43 TC R % 1 1 HL B 5 55 B AR R TR
(ICP-OES, Optima 8000, Perkin Elmer, USA)ill%E.
1.4 BRI 5

g G R 15 Y PP SR B T YR B R
DI 5 A Ts e g Bk ) MY R 4 R AL R
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DR A= W) & 4 22 %0 ( bio-concentration factor,
BCF) %ﬂﬁz%%*ﬁ%@( bio-transfer factor, BTF) (7]
PEATPEM. SR Excel 2013, SPSS 19. 0 A7 454 ik
BRI
1.4.1 FRRHTHREGE

AP TS QAR RO A SEIME S AR HE(LEA T X 1L
PERIRE T () —Fh i, Hat s A0

P, =C/S, (1)
K, PO HERESE RIS ARG C
NP ESE AR, BACAmg kg™ S, AR
fits ZE AR EE, Horh Cd, Cr, Cu, Pb, Zn /Y
PRAE(E S, R (- HE PR 85 Bt it A5 E ) (GB 15618-
1995) i) = bR, H Al 38 PR 855 o A5 i b ok

WF5E, A< SR 11200 mg-kg ™' ¥E 9 Mn (93E 4 45
EMH.
1.4.2 WP LGS YRE0E

WML 25515 Y e B0 R A - 48 4 i 15 Y
g Fiecoh ) 2 MER G4k, T L4 T f 4 &
G JE T IR AT, R R T AT R A 0
e E R i -2 N R 7 o /s vy
P ;r Py (2)
K, P AWNBE AT Y85, P, R TS
PARB R KAE, P, B 15 48 B 5 AR
BIfH.

WA B R 5 Y AR B N B 2751

DR ROk

X Mn fOH B, S/ NMEEDS ppEgy HEESEE RN 5 AER, k2 PR,
*2 THESESRSRRE
Table 2 Criteria for the classification of soil heavy metal pollution "
08kl 43 R 5 A A LA AR A R okl I
I P,;<0.7 P, <0.7 e F;{; u
I 0.7<P.<1.0 | #0.7<P,, <1.0 | Py ﬂj(ﬁm e
m 1.0<P,<2.0 1.0<P,, <2.0 ! e mgxﬁ.«#m
v 2.0<P, <30 ‘L o20<p, <3.0 |y s A
v r>3.9 | o/ Pa>3.0 ‘ iﬁfpmm* 7%;@*&"4?@
/, .J{" y & —~— g
1. 4 3 i%”ﬁ%éﬁz - & %&*%é@@ﬁﬁ Eﬁ%ﬂ%: Cd 7.32 ~98.43
H e R BCF);E*E%WWE’JE/\J%’ mg-kg ™' { Cr64. 96 ~167. 50 mg-kg ™', Cu 148. 10 ~
'?i&éﬁiﬂ#ﬁ}*iéé)% LI, filﬁﬂﬁﬁ%})kii;g& 377.50 mg-kg®, Mn 4346.00 ~ 28360.00
qﬂlﬁ'ﬂ&ﬁ/}zlﬁgﬁﬁaﬁ ,H\ﬂ‘%;/z}iﬁﬁ a4 J,-e- mg-kg™', Pb 825.41 ~ 3496.00 mg-kg™', Zn
“ 7 BCF = Chy/C oy “3)  1277.07~9490.73 mg-kg ™. & EJE A RIGEI
Ao Cﬁﬁéﬂﬁ@,ﬂﬂﬁjﬁj@iﬁﬂ@ﬁ/\@ G, IR EL T 45.71, 92,92, 216.46, 14015.31,
B Fymg kg Ty €y o LD E 4R o 2232 16715 201. 86 mg-kg ™', F 4@ & & H1 & FMIK
NN o @E{j\ﬁ\j Mn >Zn > Pb > Cu > Cr > Cd.
{37 Mmg - kg

1.4.4 YR

YV Z B (BTE) S Al b3 03 4 e &
SRR A 1 bR R A i A A i LU, e
Yyl o 45 e AR RS R 3 b bR sE . Hat
VN WP

BTF = Cy 5/ Cig (4)

K, CyuFnHYH LM ELS RS &, B0
Hmgekg ™ C RN PRI E 4R &, H
37 Hmg-kg ™'

2 HRE5HM

2.1 HIEHESEERN

FEH S G S RN R 3 R, LA

4 I8 JUE MY LR TS AR BN B YR
ﬁ\]Cd>Mn>Zn>Pb>Cu >Cr. 1 Cd, Mn. Zn
1 Ph 1 BN 75 e 48 B o i R 45.71, 11.68
10.40 F14. 46, KT 3, k@JT@“m L0 5
il Cu RICAARTGY. WD L AT ﬂ?&éﬁzﬂéﬁ,
WFFERE L PG 2 255 515 Y AR BUGR 3] 33. 45, T
FHEEBRGS, RZXIR T EE LB Y5
PRI
2.2 LHMEYE SR E SR
2.2.1 HYENESES

AR JHARE M Y S ALY 34 B, 4308 30 )&,
23 B, HA A 14 #, SHEYENES)E
TR 4 PR, ATLUE AR YR 4 JE R I e
TSR], A AR 4% T 4 I8 7 B Y BB 4 S o
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Cd 1.14 ~ 19.84 mg-kg™', Cr 1.28 ~ 25.07
mg-kg™', Cu 9.30 ~75.31 mg-kg™", Mn 25.98 ~
893.30 mg-kg™', Pb 2.42 ~ 488.27 mg-kg™', Zn
166.10 ~5514.33 mg-kg™'. ¥ R4 HE )R
RO Cd 0. 34 ~7.05 mg-kg™', Cr0.83
~10.90 mg-kg™', Cu 6.30 ~26.70 mg-kg™', Mn

39.84 ~ 259.53 mg-kg™', Pb 0.00 ~ 31.83
mg-kg ™', Zn 185.95 ~ 1644.67 mg-kg™'. HAKFK
F, 6 P4 7E M) AR R A e T S, A
PRI 6 i 4 @ 19 % 1 b i BUIRAR IR < Zn > Mn
>Pb > Cu>Cr>Cd, KuNZE"" Fis 202> [ i
SRR TR ZE S,

R3 HMITEESEAERTLREN

Table 3 Concentration of heavy metals and pollution index of soils

YE| Cd Cr Cu Mn Pb Zn

R/ mg kg ™! 98.43 167. 50 377.50 28 360. 00 3496. 00 9490.73
/M mg kg ™! 7.32 64. 96 148.10 4346.00 825. 41 1277.07
-3/ mg kg ! 45.71 92.92 216. 46 14015. 31 2232.16 5201.86
PP BRI/ mg-kg ! 1. 00 300. 00 400. 00 1200. 00 500. 00 500. 00
TR R 44.71 NE? NE 10. 68 3.46 9.40
LA REE 5 45.71 0.31 0.54 11. 68 4.46 10,40
PIHED L5 T e A 33.45 , ~

i

1) SRR = CFIME - W BRIE(E) /PP AR (R ; 29NE R ARl bR

14 B0 R0 T B R A K 2
S, SR TR R E A R ATH, 6 AV 4R

Fri R R R 1 T OE A Zn A

WA I O 2 R SR A 14
PPN Zn SRR R I B G A
PRV RIE 2=, ABTCT A S &

Rt B A s e )
FE BRI RS 10 R IR I Cd B Bt B

S, Cd B TR Ph B W AP
HAE IR LA RS | I BS e —A A | 4
T R RE AR B R Ph &
SHTE R BB, (R R AR, T R
HCu AT Cr 75 e T AR, DA b A 3 3 e 0 1Ak 1Ay
Cu Ml Cr (& W 1 TE 3 G B . JdE R, OE
BES BRI AT IR DY 6 Fh R 40 10 S B9 AR g, %
W AR T 75 U B 1 A R R i
TR . FE S 2k Cd. Cu K Mn &k,
MR Cu, Mn &, DFERN Zn, Cr & &
e, B JLR R O 5 T 4 S A e
SERES). (AR 5 MY IR T 4R A i
(A H , REH PR BT A AL VR 70 5 4 T8 o Bk 34 K i
)8 7 HE AL 1 I LA
2.2.2 N 4R B0 B AR SR AT

H T AR RBORAE T 4 3 A B R P i
FORNE SRR | J2 ST MR T 4 8 I S ) 1 i

g g s m, d i

B4 B W 2 AU AR BN Zns € $Cu

> Pb > Cr/>Mn _FL AR Bk ) 57 5 RO T 1
Aoy TR 7 R IHIRIR 10 5 4 gL T
H 3RS Zn/ (A V) e AR A 1, G50 040

R O 2 AT R B A RE S, R A =

A ZHCR 0,845, FFRSIEL, 460 | LB I TR

Cd M EY R R B, (AR 1. Ta Y

X} Cr, Cu, Mn, Pb (Y49 & R REAE/NT 1.

H W R BB AR 4 B AER N (5638
fiefr. mFESLIFER, 14 FRYX 6 FhE 48
RN — BN 25, BIEEIN Mn > Zn >
Cr>Cd>Cu>Pb. Hrhag=E W45 FJppihli, B
IR, SR B BRI R ) 2 Fh 4 e
YRS REGE N 1, BABGRNE S B IZ6ED].
BRI EFIET A X 6 Fh 4 B 1A MR BB
YRt 1, HrhaG3E%S Cu F1 Ph B4 Wy R 2 BT
A A Y b e, o35 2,573 F12.697. L
JEXF Cr, Mn ., Zn WYAEYFRS R B8 1, Horpxt
Cr A% 25 TG WA Y h i &, 183
2.832; MJFRIFERT Cd. Cu, Mn, Zn BULEWEERE R
Bt 1, At Cd, Mn ., Zn (AW 5% REUE
FrA AR Y s, ik B 2.904 | 4,128 F
3.135; BIJRXT Cd. Cr, Mn, Zn W94 %68 250
et 1.
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*x4 HYEHNELZELE/mg-kg!

Table 4  Concentration of heavy metals in plants/mg-kg ™"

1Y) AL Cd Cr Mn Pb 7n
W RS 3.65+0.75 15.12+3.12  21.50 +4.65 165.07 +44.07 54.53 £14.81 466.97 +81.00
Hb b 3.85 £0.27 1.69 0.17 8.46 +4.09 68.62 £4.73 2.69 £0. 18 514.63 £91.40
o RS 5.83 +0.86 3.85+0.22  21.66+3.96 53.47 £5.32 30.10 £2.57 939.45 +270.89
Hb L 2.16 £0.07 10.90 =1.57 9.99 +0.34 133.77 +14.81 20.45 £3.42 1 644.67 +245.08
T RS 1.58 £0.19 5.55+1.87  23.83+3.47 84.44 £25.66 46.18 +10.96 421.60 £95.65
a Hb b 0.34 £0.04 93+0.15  18.43 £0.41 74.15 £2.28 8.03 +0.25 185.95 +5.87
Pt R 1.36 0. 04 1.57+0.19  14.4 +0.97 42.09 £3.53 5.28 £0.47 277.80 £2.75
Hb b 3.95 +0.24 1.40£0.10  23.95+1.56 173.77 +14. 08 0.00 +0.00 870.93 £28.92
B RS 3.55+0.46 1.74£0.72  16.03 +4.39 101.08 +26. 68 17.97 £6.99 567.74 +315.54
‘ Hb L 5.20£1.70 2.73£0.21  13.65+0.68 117.33 £27.55 0.00 +0.00 802.52 £127.71
A RS 4.90 +0.40 6.31£0.74  45.85+3.66 310.00 £52.51 22.03 £9. 18 908.70 +76.15
Hb L 2.19 0. 14 4.74+£0.83  22.73 +0.94 226.77 £34.37 5.41 +7.34 540.47 £69.61
o 3B 3.21 £0.53 2.39£0.49  16.7120.15 127.25 +4.03 31.71£1.79 433.05 £41.93
Hb L 4.10 £0.24 2.52£0.31  26.70 +1.32 259.53 £14.45 31.83 £3.50 920.87 £20.82
5 R 1.14 £0.06 1.28 £0.25 9.30 +0. 81 25.98 £3.56 2.42 +1.09 166. 10 #5744
i .64 £0. .66 £0. .93 +0. .23 £3. = .6.52 0. i .34
Ho L 1.64 £0.01 1.66£0.09  23.93 +0.63 85.23 +£3.05 6.52 +0.62 199.07,#5. 34
i RS 18.25 £1.58 4.57+1.77. 75.31 +1.05 456.95 +66. 54 123165 +55. 80 2171.“?)9-"193-.34
) Hi k3B 2.14£1.14 2.45£0.72) #417.25 £5.31 215.18 22,10 9.80 +10. 81 801,07 +425; 43
& r g | 1 i
Jp o iRk 1.74 £0.25 1.70£0.41  10.111.42 78.11 11716 17414 £2.30 314.78°237.65 |
) i 2.84 +0.21 0.83 +0.164  6.30 +0.53 47.806.02 " 4136%0.39 307.33 £107 147
s wa S 17.94£0.29 13085 +0.44 r,.“z'is.Q4:¢2. 90 450.93 #3753 105.93 £2.50 1383.67 £36, 67
7 Ho b, | 5.88£0.09 1.02 ;Q:}/- 4640 £0.67 88. 670k 1. 197 }3.9‘.0--'1 0.46 744.13 £28.44 _~
R HE= | 7 6.59£0.36  / 386£0.737 /23,80 +2.06 160.87442.50 | 87.08+18.98  1550.00 +78. 5455
L 60 £0.04 ™ 6.9340.40 .54 £0.25 96. 82 14{51 22.29+1.01 1 143767, +36. 90"
- i =
e B 1.23+0.14 1,83 £0.76 J 116.12/+1,73 94.18 +16.03 21.70 £4.96 901.47 +56.71
UAY = i r ! | -
g ||t 0.70£0.08 | 1.56+0,26 © 10.09'+0.39 39.84'+3.01 4.42.£0.60 366.70 +14.83
i ¥ | - A o - o
Jﬂ%ﬂiﬁ M 19.84 +2.83 25,07 10742 ~53.89%8.09 893.30 £189.57  488.27 £80.23  5514.33 +876.43
TR .. 7.05+0.17 7.19+1.13  8.31£0.70 114.86 +35.86 25.87 £6.72 867.00 +73.03
T IE o ) 0.20 ~3.00 0.20~8.40  0.40 ~45.80 20. 00 ~400. 00 0.10 ~41.70 1.00 ~160.00
A A I L 2 100. 00 1000.00 1 000. 00 10 000. 00 1 000. 00 10 000. 00

3 g

ARWFGEH ) 14 FREFEFEDI T 6 Fh 48 £
WA ) LR T, KRR A Y —Fh
ZRES R SRS THRYIEE &5, (HE¥ERKAT
A IG AR, 14 PR A K R 3T
Ul T 48 Cd-Mn -Pb-Zn &4 %075 e ™ & 1Y 4F 55
TR BRI , TR R i X 4 s G
TYMEEIRL, BRE SN, HAR 13 P h FA
MY, B ALY R T 42 R TS YL B A i+
A B AE N RE . AR MRE R
WIS ANy T SE A 4 A b, AR I A
N 4 JE R, EARWEE T, PR Cd,
Cr, Cu F1 Pb & 5 +4rf Cd, Cr, Cu F1 Pb & it

FRAEFEAR —FL, LA Pb > Cu > Cr > Cd, MY
INAY Zn, Mn &5 8P Zn |, Mn & B4FIEAS
[, £3Eh Mn S 8&T Zn S8, MHEDIEN Zn
HGEAPEET Mo FE, RUHEYDNESRENE
MU Z B T 48 S A, Y 4
B E RN SHEZH RN, WD R, 1
PfEPET . RHER R A R (R | AR K
GRT SEUT R ER  BRR I 2E R AT
FEH, e g X Cd WO R AU 2.84
mg-kg ™", RDURE S A I B Y 4 R
EEMR N MAE R EHIEEEN Cd TEN 1.84
mg-kg ™', GAHFIELE FARML, AR (A
FERMIEZEXS Cd (1) & 5 & =ik 536.70 mg-kg ™',
HARMFRZR R, W 14 MY AR E 4R
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Table 5 Bio-transfer factor (BTF) and bio-concentration factor ( BCF) of plants for heavy metals
- cd C C M Pb 7
it A7 r u n n
BTF BCF BTF BCF BTF BCF BTF BCF BTF BCF BTF BCF
e R 0.288 0.169 0.117 0. 036 0. 045 0.295
b 135 1.055  0.303 0.112  0.019 0.393 0.046 0.416 0.015 0.049 0.002 1.102  0.325
o R 0. 460 0..043 0.118 0.012 0.025 0.594
Hb 135 0.371 0.170 2.832 0.122 0.461 0.055 2.502 0.029 0.679 0.017 1.751  1.040
R HRS 0.124 0. 062 0. 130 0.018 0.038 0.267
a b 135 0.214 0.027 0.348 0.022 0.773 0.101 0.878 0.016 0.174 0.007 0.441  0.118
]
BT HRHS 0.025 0.017 0. 060 0. 003 0. 002 0. 043
Hh -3 2,904 0.072 0.889 0.015 1.663 0.099 4.128 0.010 0.000 0.000 3.135  0.133
Bk HRHS 0. 065 0.018 0. 067 0. 006 0. 007 0. 087
i35 1.462  0.095 1.569 0.029 0.851 0.057 1.161 0.007 0.000 0.000 1.414  0.123
HRHS 0. 089 0. 066 0. 190 0.018 0. 008 0.139
Lo
Hh -3 0.448 0.040 0.751 0.050 0.496 0.094 0.732 0.013 0.245 0.002 0.595  0.083
¥4 ML 0. 086 0.033 0. 066 0. 009 0.013 0. 089
i35 1.279  0.110 1.054 0.035 1.598 0.105 2.040 0.017 1.004 0.012 2.126  0.189
5 MR 0.021 0.013 0.039 0. 002 0.001 . -~ ,0.025
i35 1.444 0.030 1.300 0.017 2.573 0.099 3.280- 0.005' 2.697 0.002 1. 19&* Yol 030
st 1 0.490 0. 063 0.296 07031 0. 049 " 0.445
i35 0.118 0.058 0.536 07634 0.229 0.068 0.471 . 0.014, 0.079 0.004 0 3'69 #°0. o4
T 8 | 5
S HRFS 0.032 /0. 018 0.042 0. 005+ 0. 006 < 0 04§."
) Hi F3 1631 0.052/ 0.486 | 04009,~-0.623  0.026 04612 07003, 0,255  0.002 0.976 0 047
g R 0. 144 ' 0. oul = 0. 200 VL ee027 ¥0.039 0.212
H 2K r v i ' - -
R 4 0.741 0.107 o. 265 /6 ori 0.133  0.027 0.197 0.005 #0.037 0.001 0.538__0 114 4
Jo i 0.120 0. 041 0.099 '~ 0,010 ol 0.032 3 037
M B3~ 0.546  0.065 1.-'798 0, ,"073 0317 0.031 10.602 | 0.006 0.256 0.008 0.738 *0.475
ﬁa-;}\\ RE 0.022 ' 40019 0. 067 ‘ 0. 006 0. 008 0. 138
2, | 1 '
. iy -8 04568  0.013 0852 } 016 +0.626° 0.042 0.423 0.002 0.204 0.002 0.407  0.056
| 2 (- "

Jppegy e (0 TR 0.361 0.264~" 0.224 0.053 0. 180 0.845
B MR 0.355 0.128 0.287 0.076 0.155 0.035 0.129 0.007 0.053 0.010 0.157  0.133
Pt S S B LA N7
(A ) e AR RECR A W5 % 28, BEXT Zn B4R =AY BRI I+ rh TSRO e A A
DEARBAVED ARG 1, SR8, TP DO T TR 15 50 1605

Zn BB E SRR, X X AU (i g 45 SR
MF. FFREREXT Cd, Cu, Mn, Zn WY RE R
B 1, UHEHXT M B9 YRR R R R
4.128, CHEE N Mn (R & ERD . AR
AT 14 MPAEY), WEEMERE ERA E 4R E
B MY — SRR, HA T A A Ak S A
A AL ST BEAT Y0 IE.

4 R 75 Y™ H Y R P AR K A 8 R
SR EA —E BT, (H AN [R] AR ) % H 4 s 1Y i
W, %*ﬁ*ﬂ*ﬂ%ﬂ%ﬂ%%ﬂj—ﬂzﬁﬁﬁﬁ. 2% Punz
SR TR MR X B 4 A A R 2
53, TR 14 R EAEY) S w AR AY | AR A BN
WBERL X 3 A TR

ARHFFE 14 PRI, A 8 FIAEYIIA P E 48 &
wiE, HEAMRRWERGE T, BA & EBEY
RRME. 2GR B Ry —Fh B () R ) 5 52
PP ARBESE R A AT AT 6 Bl 4R A
IR ZEE KT 1, AR R I IR RE A PR
HF45%}F Cd, Cu, Pb AW RZECRT 1. TP
FiliXf Cd, Cu, Mn, Zn WAYFERE REEL 1, B
JRXF Cd, Cr, Mn, Zn WAEWHB REIHES 1, 5
JEX) Cr, Mn, Zn (AR 2B 1, 1155 E
XFCd, Zn AV R B 1, JHZEX Cd 1
YIRS R B 1, RN Cr AR R AR
Mt 1. XSRS BTG Y E A R AR K
RirH HABGRMESIREHRR ), £1BE L1EE
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SLLCAH Yy RENS AT A B % G Jm 0 HE R L]
BHL LR G AR [ 3t b8 iz, AEMIRE R R BUNT
1P AR, R RO AR 6 Rl 4R
a%ﬁ@m,@ﬁié@%i%%@%ﬁﬁ¢?h
G TR AR EARER. X R WA W R0 48 1 %
R & IR &Il T W L PN el L 2 e
HRER, LA A S, e AR AR AR ).

TN LAY RENS IE W AR K AR & Jm & AR
[0S o= L SN BV O s e EH L T S I o e =
SEAE AR A RELE LT RE AL 00 T < 1) 7 T R AR
P R HE RN R R | e
HARE RN E S JE S 5L, B HEGE
Mz RE N Be2E , (ARE T & Jm & AR i A
HIEF AR, B T AR Y

4 s
(1) B M4 8 A BTG , I T4 46

AT 8 Cd, Mn, Pb, Zn J5 4™ &, NS 45
GBI YAE BN 33. 45, IR ETS Yed ).
(wLﬁﬁmﬂﬁﬁm%KH%uEAEa
HOE | RIS Zn B ﬂﬁ%?ﬁ%
P ﬁ@;ﬂ¢##‘$w%aw6ﬁ§ﬁﬁ
A e o AR L e Mﬁﬁ%%i%m%%ﬁ
ﬁﬁﬁ W T T RN Zn B2 B SR O
,A%ﬁ%mi%a%%ﬁﬁm?l{ﬁﬁmﬁ
m%ﬂﬁéﬁm%*%ﬁ&ﬁ,ﬂ¢%$Mﬁ%ﬁ*
6 R4 B 1 W B RO B 1, BB A
AT 4R 15 Y VS TE A
(3) HRARAE I T 4 TR O OCHL) | 5 14 Rl
WAy R ARG WA R B, TR
WSS | JE S R IR T SR Y RSk
R4 77 8 FAR R BB R oy, — A E A I 7
SREFLRBIANE TR AR 4.
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