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FEE Sl 2P 3 FORASAE Y SRR RSN B 7 AE BV R R TR T . S5 RRIT,150d )5 3 FAEES
AR AR A A I B ARTE AR 0 v A K A2 3 W A RER A IS 3R i R AR, 3 M AR R R B AE 2 Bl ibrh
WA 22 B EIH , FBABAE 3 MY AL SN 17.66 —55.36 mg/kg (4) 2. 67—196. 00 mg/kg( HY) .58.93—333.67
CBE AYRED 1D ) F149.20—199. 33 (BF HWHD) o 3 Y144 W) 5 46 R A BCF) AL RS R AL (TF) (H#/N T 1, 60d J&5 A2 AR
HHEAN BB SRR DS RS X AR L e AR A PS T B K F o TR . B4 B Pna f5 B in Mg, Fe
Cu FEDREMT (9 & i, 0 2 MBI Mn A9 & DS P ) FH B S 0 S B B0 I AR &2
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Growth and metal uptake of three woody species in lead/zinc and copper mine
tailing

SHI Xiang', CHEN Yitai"*, WANG Shufeng', ZHANG Xiaolei'"*, YUAN Yuan’

1 The Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang 311400, China

2 College of Forestry, Shandong Agricultural University, Taian 271018 , China
3 Shanghai Zealquest Scientific Limited Corporation, Shanghai 200333, China

Abstract: Mine tailings are known to have environmental perniciousness due to their high concentrations of heavy metals.
Phytoremediation can provide a cost-effective, long-lasting and aesthetic solution for the reclamation of mine tailings.
However, revegetation on mine tailing areas is a difficult practice because of toxicity of heavy metals and low nutrient
levels. As a result, most tailings disposal sites are devoid of vegetation. Hence, plant species with barren tolerance and
excess metal tolerance are required. To date, most of studies focused on the potential utilization of grasses in revegetation.
Few studies have evaluated the potential of fast growing woody species for revegetation and remediation of mine tailing areas.
The objectives of this study were to reveal the adaptation of the selected woody plants to mine tailings and the potential use
of woody species for the revegetation of mine tailings areas in China. A greenhouse pot experiment was conducted to evaluate
the potential of woody plants for revegetation in copper (Cu) and lead/zinc (Pb/Zn) mine tailings. Three woody plants
species (Amorpha fruticosa Linn, Alnus cremastogyne and Pistacia chinensis) were tested to assess their growth, chlorophyll
content, chlorophyll fluorescence parameters, root morphology, metal accumulation and translocation in plants. Pb/Zn
tailings and Cu tailings contained elevated concentrations of total Pb, Zn and Cu, which imposed stress to species planted.
All three species can grow in both Cu tailings and Pb/Zn tailings and show different tolerance to stress of tailings. The N
fixing shrub A. fruticosa is the most tolerant species to both tailing areas. P. chinensis was significantly stressed in term of

plant growth in Pb/Zn tailing. Heavy metals significantly decreased chlorophyll content of A. cremastogyne. The root

B&TA : FEZAMLH 948 11 H (2006-4-06 ) ; #i VL& FHET H A H (2006C12065 ) ; WiTLA H AR 4% B H (Y3080506)
Wo#s B #3:2010-03-13; 1&iT H#:2010-07-26
* MIVESH Corresponding author. E-mail ; ytc. yalin@ yahoo. com. cn
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morphology parameters of all plants grown in tailings showed no difference from that grown in soil. Despite the high
concentrations of heavy metals in the mine tailing, there was a slight transfer of these elements to the aboveground biomass.
The accumulated metal contents in the plants varied among species from 58.93 to 333.67 (for Zn which grown in Pb/Zn
tailing area) , 49.20 to 199.33 (for Zn which grown in Cu tailing area) , 2. 67 to 196.00 (Pb) and 17.66 to 55.36 mg/kg
(Cu). All plant species have low bioconcentration factor ( BCF) and translocation factor (TF) except TF value of Zn
(TF=0.84 in Cu tailing areas) of P. chinensis. At day 60, the chlorophyll fluorescence parameters of A. cremastogyne and
P. chinensis in two tailings showed no difference compared with control, but the quantum yield of PS II photochemist showed
the downward trend. The contents of iron (Fe), magnesium (Mg) and copper (Cu) in leaves increased while manganese
(Mn) decreased in A. cremastogyne and P. chinensis grown in tailings than that in control soil. The N-fixing species, A.
Sfruticosa which have the highest tolerance and biomass production, respectively, have great potential application in

revegetation in tailings of southern China.

Key Words: woody plants; mine tailing; tolerance; chlorophyll fluorescence parameters; root

G R DR LA v 1 T 4 T I A D e PR B A T R A S e R R Ak e X o e A
WO e EA R SR I TR PR KRR S XS S Y S R 80T T R TS g
[

FYMEE PN N s/ R IR e Ao Rl iy ik AR, AR R 1 HR R h B
ZEFICE ARG AR R M X ST R T v AN 4R R R R I . TR
T, B A A W) A0 Isocoma veneta ( Kunth) Greene, Teloxys graveolens ( Willd. )'*) | Bidens humilis'® | Atriplex
lentiformis (Torr. )" Lygeum spartum F Piptatherum miliaceum'"" S M REAE L0 FOAR 5 A [ BEAS IF % 4E
Ko ARURFI A S A AR YR TR G MR 30 5 R KPR E, AR AR R 2 AR K
FIVEAR N A LA 53 A AR IR R o A, RAHE i ok W 2R /0 4 J i AR W0 A s gt AR
HEWHE, R REE STk 0 25 N\ R fa

W5 2= KM (Amorpha fruticosa Linn) FEA (Alnus cremastogyne) FITE % A ( Pistacia chinensis) X} i 45
JEA —RE WV E T AR A RIS H A7 i3t S5 A A R AR BRER AR AR Ak, AR TR0 30 5 B 58 X6 3 Al A
TEW WP R R ARG SRR AR & i SRV MR RIL SR 2810 LK 4 i i, UHPEA L 1
3 YN BB 1 1 .

1 MBEF=*E
1.1 BB bR

IGHEAB B MAE AR (A, cremastogyne) (5 3% AR (P. chinensis ) F1EFEME (A, fruticosa ) , Fe AR FIHE 7% AR
1 AR HRAE B WL BH i AR B S BT AR5 B v ], SRR D 7R AR TV PH ., SR AIFE A2y
o R, e P SRR U S A AN M X PR i R R AR — R R ki
B 25 R A o —Fh T LA 2h Z2 R =l & e i) m R #h

BUHRH O T AR 0 40 0R A F WL AR 28 2% 11 (29°897'N, 120°621'E) 5 FHTT (30°126'N, 119°847'
E) . ZU3EAE Jy IR 33 R 45 [ B BHTT (30°057'N, 119°956'E) | B A ki 4 @ 5 g% ELKG i . & b A+ 3 ARE
YIRS A L IRRE(0—30 em) , HA AL AMER B3R 1 FT7s . A48 E SR GB 15618-19957 b i i)
) R W R TR
1.2 Ik

B TE T E AR B 2= S B TR ROl B Il & AT . RS8R 6 T8 BT, 4K 90 m , S HHF <,
18 AEF 0 16.2°C  AFEFRK I 1452 mm,

TS HPRE R0 KT AR ST, BN BUE 19 ¥R R ( HAR 15emx i 15em) % 3000g T30 10, {50
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PP KA — AR AR T A BB RS AR 2 MRAT I, SR T 2R IE AL B AN 355 B 3% b
BRI RIGEN TR PSR (1—1.5 em) . BHIE, HEE 6 BRI HEITIRE . 5 R FHREHL
XAEIT, %3 AEE, B EE SR 3 4,38 108 1. 4 2h ASIBUK, Y ER A K, BT
2009 4F 6—11 A (3 150d) #E47, g fE i, (AR 25—35°C 1 | 15—20°C , FiIR 5 60 K
M43 2 WS H (LT T F /N, SO ) RN 45 22 M 2 B IR RS I 5 4 B A e G 2
RIS A S ORI A Y, Kl A i R BEAS MY AL P ESR (8 FERE) .

R1DENT BWIEL RN

Table 1 Physical and chemical characteristics of control soil and two mixed metals spoil types

ek 25l T i Ak A ek 25l A
JE{JU@? JE)IJUR JE).&*:EF - o it LR

A Available Available Available . .
Wi H Ttem hosoh it tassi Copper Zinc Lead Organic matter pH

phosphor nitrogen potassium

/(mg/kg) / (mg/kg) /(mg/kg) /%

Sg/kg)  S(mgkg) /(mg/k) &k ok gk
213 Red soil 16.0 86.6 80.85 24.6 90.8 28.5 0.54 5.52
L
i T./ . 1.0 15.9 40.9 117.0 2495.0 2380.0 5.89 7.84
Lead/Zinc tailing

; b

o 4.5 36.2 143.5 587.5 1270.0 227.5 3.68 8.45

Copper tailing

1.3 KT

FEYIBCGIR G, H Fooy g b A AR 3R 2 #643. MRARM A BTk, 3 5 mmol/L Ca(NO,), Bl 1
WIRE S22 105°C 247 30min, 75°CHET 3d JE AR HA Y

YR SR HET 585, FREL 0.2 g, ] 4 mL HNO, 1 1 mL HCIO, {R-& I f# , 48 (Pb . Cu il Zn) 14"
JROCR &8 i B A48 IR T K SE% ICP-OES %€ (IRIS Intrepid 11 XSP, Thermo) ,

IR R 0 S D AR S B IR R A LR pH, AL (K, Cr, 0, 4Nk |
SRR (B O ) | e AR b ke ™ PR 2 5 mL 65% HNO,F170% HCIO,
TRATR (4:1 RBUNME0) T, ICP-OES M E 4 )@ & &' . pH {E BB PHS MI5E (PHS-3C, 1 HKs %
BRAA A FR A T 51:2.5 H3EsEa 7P/ 7K ) .

- Fr 2 K A ] CCM200 B TR AGIE (CID Inc) , FARA Y BEHL L BURIKE L350 A 10 A, ol

Ho- S R, BOFHIME

-3 22 9SS A0N i 2R FAE 485 2Lk o il i R A (PAM-2500, Walz) , BERRIEE 4 Fr UM 4T
M7, 7OCSHum Tt PAM-WIN #4345 (Walz) o I8 FIFIE 36 I 30min, 0 B2 5 R - 56 BRSO (<0 1
wmol -m ™) | 52 W33 I S5 B9 A e /N9 )6 (minimal fluorescence, F, ) . fit K% ( maximal fluorescence,
F.) o FENCALEEE N 160 wmol -m ™ s™' R B KIHE F, " FISEHT 95 (actual fluorescence , Fs) 25485,
SERF IR B Az R — 8, DO AR 25, it DL R B OGE N T R NSO (Fy) L F =1/
(1/ Fy=1/ F +1/ F,");(2) PSRtz et (F /F,) ,F/F, =(F,-F,)/F, ;(3) AL 24K qP =
(F,'-F)/(F,"-F,"); (4) AWK, gN=1-(F,'-F,")/(F, -F,),(5) PSIT AROL & 1= i,
Do =Yield=(F '-F)/F ',

R 22 5 B ok VESE , FSOGIEE R . RRIESSEORK MR AR AR H2 L
BAFERIR R K E AR R B B A AR Hr 84 WinRHIZO Pro 2005b 4347 ( Regent Instruments
Inc) .

1.4 Bt

SEIEHE R FHGETHF SPSS V13, 0 #1707 22538 (ANOVA) Fllde/N 225 254k (1LSD) |, Xt 3 FEYI7E 4T

BEW WD R A A0 v ) SO B R T 25 v R

http ; //www. ecologica. cn



7 ] T A5 .3 FORAREYICEE A0 v 9 A 1 B H 4 s i i 1821

2 #R
2.1 HYEYR

FEAR AR CERERAE 3 A b AR R A R R I 1 B o FERAE 3 R B AR YA R R
FARRAE W) EAE 8.70—8. 94 g Z[6], 15X HRAH HL BT A AR D b o bR AR A 0.4 g BT AR AR
I 0. 3g M10.2 g, SIEARM A A RAERYERRT 32 2 ] ALY S REAR b 37 %, BE
ARTEAR AP b 15 FAR 2R 0425 9 AH L X B 17, 1% 119, 8% (36N, SERMLTE T3 Yo/ A 4 2k
KOFERVER B0 rP AR R (A i S0 B HEHE I 1 27. 4%

- AR O BRI B W
i e

. &

Ak
Biomass/g

BN

FEAR HHEAR SEBER FaA HHEAR EviY
W Ff Spexies

1 3MARFET I HEYNAKRTEENE

Fig. 1 Seedling biomass after growing in three types of medium

2.2 WHEENI R s -
3 IS AR 2 BT AR A a ) ey

20

Wb B A RS TR R I R S T e R
5XTRA A B 2, A B B e B4
(DRI TEMZ B S ) . FEARRE AR HF 1
Mg RS ESHBHELAREES, 2N TFRET
22.7% (FSEE0RD) RN 25.2% (406D, 44 Ak
ML,

15

10

E2S I v
Mass fraction of chlorophyll/(mg/kg)

2.3 MRS ° RA A SRp
TEEVEE WP R 1D R FE AR F B0 BRAG 36, i Species

Wt ARG FWe, ¥%EAF, R F ZEBRATS YA iR ) B2 3 RAET 3 MENNH AT EERES S
B%ﬁ%o *‘é*ﬁﬁ ﬁq{% %{I\ Bi— LJF H‘]E‘%jﬁ%%ﬁ%ﬁ%ﬁﬁ 9;'3/]? Fig. 2 The chlorophyll content of three species in three types
PEAT RN, AEACTI 35 14 A O e KO AL B s Of mediom
(F,/F,) TEWiRpTs e b R A%, P RER By F L/ F M
PIM0.787 TFEFN0.75(K 3) , F/F (I RAEYIT G2 3 E SR E, r22o0rnl A, Bik 4 4
BHUE 3 P B B LR,
2.4 WARESE

YR RERFAT DR OES LT A BELR(E4), SEWRNENIA B FARRERET
IG5 P 5 K A 22 1) 25 O | FL PO I A — 2 s i AR 8 TR R H B 7 AR A
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Fig. 3 The chlorophyll fluorescence parameters of three species in three types of medium

S RN IRIFEEE ()T (R HARTEAYVEED R0 TR BRAN) o ZES T b MR35 AR 5 X BE AR Lo 0 35 T %
M 2.14 mm FRERI1.60 mm, BHEARNR R LT ZE SR H A A, 50 A FUAR K AR 2 mi A
BT 32.3% F119.8% ., FEHI b B AR Rk B RAF , R AR 1A AT 2 AR MR AR R i —
SERRRE RGN, Jr 2=l 0 RFEMAR RIE S SEE 3 RN R B AR, BRIRKAN AR R A AR
AR FIARAR A S R ot BA AT — R R ek /L

3 FEDIAE 3 P IR P AR AR MR A KRR 2 R, MEKE FEELPAE(0—0.5 f10.5—1)
PR, 1—2 F1>2 R OR R BT o EEBIAR /N REGIE>2 290 (£ 2) . FEAR 0—0.5 B il i
FART A 2 TR R BDE RV X, AIAR LR 60% , KT X IR 67. 9% BP9 71. 2% . FEAK
0. 5—1 Fl 1—2 3X 2 DARGLAY L5 0] deb 3 v T AR o, 2EREARAHAR (0—0. 5) By LBl &, Heh FE A B0 10
R B0 1 He ] =5 3k 88% X HR LUl 82. 2% , B A W 0 55 S REMRAR S5, 4IAR L 41 (0—0. 5) J& X iR
1=, M 87.3% A IS h Ak, 81.9%

R2 IMARFET I MEDARAERREKE/cm

Table 2 The length of roots in different diameter classes of three woody species in three types of medium

Bl Species A JF Media 0—0.5 0.5—1 1—2 >2
FEA Alnus cremastogyne 41+ 909. 02+385 288.24+103 b 106. 68+45 b 34,7318
BB b 1013. 56+248 448.03+115 a 185.36+56 a 42.08+7
Wy 1096. 61396 317.91+118 b 96.47+47 b 28.17+6
WA Pistacia chinensis 4T+ 1279.26+241a 118.04+18 44.1116 22.81x13
iR 2Ny 836.86+290 b 90. 5141 37.07+9 26.15+8
b 1028. 50344 ab 148. 1138 46.56+14 32.18+7
LEFERE Amorpha fruticosa 41+ 490. 45+205 62.09+25 26.04+9 18.03+6
BYREW D 516.74+226 43.26+20 15.49=5 6.95+2
i 600. 08+326.29 49.89+13 16.416 10.73+3

T A —FUA R PR R R AR [ — Wi RIS M2 5+ B3 (P<0.05)

http ; //www. ecologica. cn
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Fig. 4 The parameters of root of three species in three types of medium

R R B RERT D S e A e B a0 T 2R, BEE AR R B0 1 2R RS A AR B @, b RE
B ELBITE 50% LA E (RBRBRAN ) o 48 GBS T b7 Fu B/ (RBBRAN) . 7 22500 Wom |, 45 38 bR AE 3 Rl A
A 2, SRR RO 5 R AHRRL, Frh s A LLIFE 50% DL (RERERSE) o REARIR R EIE
FEREW ORI P DRy 3, AR hnxd BEAR 2R 3 0 00 L )2 i T e i
2.5 MY 4R TR I

AR O AL Ay B i R 3 R, AR R RAERIY IARES, M A A
A BRI 17. 66—55. 36 mg/kg, HiA b, SEFEAR FIAE A b B4R 11 7 5t h 25. 26me/kg,
24.66 mg/kg, & T HEAR R, REAMR R0 55 53. 88my/ kg, 8 T M B A LRI . 5% AR L, A
PRV & B O B IR . ARTEAE AU i & AR 2. 67—196. 00 mg/kg, FEAKR R P
TR E R THA 2 ARFN, A 196.00 me/kg, SRR RS EERAL, 4 80. 00 mg/kg, {HH M b &
B, 0 13.67 me/kg, MPARAER BT Hb T AR Y I 4 B AR R & S TR T AR, REARIR R
R & 333, 67mg/ kg (S EEW D) F1199. 33 mg/ kg (FA 1) , N o LML (EYEE 1D ) TN EE % K

®3 150d 53 HEVERBNRPEALATESESEB(TH)

Table 3 Heavy metal concentrations in three woody species shoot and root tissues following different types of substrate after 150 days

i F Kb Bt Zine/ (mg/kg) Ht Lead/ (mg/kg) #i Copper/ ( mg/kg)
Species Treatment i F#F Shoot HEZ Root Hi_E#F Shoot HZ Root Hi_F#E Shoot MR FA Root
FEA Ea: 78.90£6.12 ab  186.67+22.01 b 5.00+1.00 ¢ 15.33+3.78 ¢ 18.26+0.64 b 47.56+1.62 ab

Alnus cremastogyne  SYEEUHS  80.03%2.35 ab  333.67+138.27 a  9.33+0.57 b 196.00+3.60 a nd nd
BB RS 77.66+22.80 ab  199.33+58.62 b nd nd 24.66+6.40 a  53.88+16.29 a
AR fag: ] 47.97+4.07 d 68.93+2.70 ¢ 4.67+0.58 ¢ 31.67+2.08 ¢ 17.66+1.16 b 55.36+1.77 a
Pistacia chinensis AYEERP 58.93+2.58 ed  185.67+3.78 b 15.00+1.00 a 143.67+5.51 a nd nd
BB RS 49.20+5.92 d 60.13£9.52 ¢ nd nd 19.60+0.34 ab  41.46+3.21 b
SR 2135 70.70£1.75 be  96.26+3.34 be  3.00+0 ¢ 10.67£0.57 ¢ 21.33%0.51 ab  53.4%4.59 a
Amorpha fruticosa  HYREW RS 92.53+4.33 a 135.00+3.46 be  13.67+2.51 a 80.00+3.60 b nd nd
HIBRY  61.20£7.97 ¢d  90.03%3.21bc nd nd 25.26+4.01 a  47.26+2.15 ab

PR —FUAN ) B FOR R R AL B A8 A 2 21 0N o4 J 2 22 7 .3 (P<0. 05) 5nd IR ARAG
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CHRR D) A 2R I S B A%, 409154 135,00 160, 13 mg/kg. SAR RAAML, KEAHD b 8% 00 & v, T
WHEALL RS ERAL, SR LA SR, M 92. 53 mg/kg,

FEAR B AR RN AL TR0 00 R - 0 A T P i A= 0 5 4 R 8 BCF B 2% 4 BT, 419 BCF fE7E
0.03—0. 04 ], FWIEW TR Z2A R, #58 BCF {H7E 0. 003—0. 006 = [a], Hi B Frif A 4 L A R
REY . BN BCF (E7ES W A b s TAE R 10 b, 7 2550 Hr 3R W1, BCF (HAERI BN BT ey b 25 5

4 FORS WA B RV DA BT AR R AR T (SRR EE 4 IR R AL e ) = T AR
Bl TF AE5 500 0. 17 (B 60 8Y) (0. 68 (HYREW 15, BF) 0. 53 (4T R, 4) 1 0. 689 (4B 8D, 4% ) . A
TEHE R A B B TF A, 0 0. 84, FEAXT H 4 &8 FERS AE S1 5055 ,

x4 IMEYEART RHNIRREERE(BCF) MEHLRB(TF)
Table 4 Bioconcentration factor (BCF) and Translocation factor (TF) of Pb, Cu and Zn in three woody species
BCF TF

:Xijfies HYEED ) Lead/Zinc tailing #HW 1> Copper tailing HYREW R Lead/Zinc tailing #HW1> Copper tailing
Y Lead B Zine #i] Copper B Zince Y Lead B Zine #i] Copper B Zince

FEAR Alnus cremastogyne — 0.0040. 0002 0.03+0 0.04+0.01 0.06+0.018  0.06+0.02¢  0.28+0.15b  0.46+0.02 0.41+0. 14b
%A Pistacia chinensis  0.006+0. 0004 0.02+0.001 0.03+0 0.04+0.004  0.10+0.003b 0.32+0.01b 0.47+0.04 0.84+0.25a
SRR 0.006+0.0011 0.04+0.002 0.04+0.006 0.05+0.006 0.17+0.03a  0.68+0.02a 0.53+0.06 0.68+0.07ab

Amorpha fruticosa

PR —FIA R B 2R [A]—Ab B R %A% Ff BCF #0 TF {H25 5% 2.4 (P<0.05)

3 1ig

TR H 45 T () T PSR A )18 52 H 4 T Vs e TSR HR . 3 MR ATE 2 R wb bl RE AR K (B2 F R
AN]SR e B A [ A A 0t 4 S i P R B AN ], T B2 R - b rhad i 4 R o R . BRI R IE W
KRBT CE  H b A8 BE R S IR A . Kabata-Pendias I Pendias' ™ 7 18
+ 3 100—400 mg/kg Hf . 70—400 mg/kg £ 60—125 mg/ kg Hil 2 X AH 4 7= A B FAE L, i AR g8 A
DR IR A e TR Levy 25U HGE A P AR E R EE R YR 0. 5—10 mg/kg
(Pb) #11 30—300 mg/kg (Pb) .3—30 mg/kg ( Cu) Fl 20—100 mg/kg ( Cu) LA K 10—150 mg/kg (Zn) Fl >100
mg/kg(Zn) . AW PAHPH L 4w & 2w T LA B SR T RE R R BUE WA [ 10 th A AS R i 42 i)
BRI, B 1 FREEREARREIE F AR AR XA BE RN A B M SR TR X E Y AR KA EEAE
M PSR R B T e 1 AR R BE IR AR KA A — R R Y AR AR N A S [ E A
T3 R LK, DR [ R 2 R R B 2 A st R b, DA e 485 SR AT 6 ] R0 ) 25 TR A 0 b
TARIFMAER RRIE AT XWEYERE . RAEHYEREFSBETAIEEEZNEM, TR RAMEYR
RV DI EA ZRR KM EE , HRR RS E 0 IR, o] 582 o il i U A4S 5 19 25 5 1
W, LSS BB A AR R DAk ok 3 IS A S5 SR SR IH L 3 R AE Y T AR LU A, VT R R A Jm
YR F RS TIRIER ., T IR ROR AT RE i TR RN AT .

IR AT B A A A R RE R . A IR E ) Ca Mg Fe ,Cu Fl Mn 55 5 Fp BT & b (58
KRG A BT AEY B Ca Mg Fe ,Cu 193 1 19 5 X5 BRAH FE AT 3G 00 ( Ca ZERRRER™ WD k2D ) | e il
Mg B9 3R 2 s Mn (& TR . BT Mo SHYRGE PPN 2% 2R3 A B A S B 2
SRR YIRI G, i Mn ISR A PS TR A ARG A 0K 32 204 1> DR300 AR S 56 M 95 Bl
FEAAREALIE () EE RN Z — |, X S4B A B e P — 2

PS I iy K 7= s E Rl A PS I & S S2 (5 i da 4R > | I e T A I M i SO A B . Y
Yz Eant  F /F, 2R3 TR, RS REN 60d J5EEAFMEAN F /F ABTE 3 Fif B A 25,
AW F/F, AHA—E R TR, UL E S EMHE T FEARM 5 &4 Tt e pS Il B 51k 4i% .
BEARTE 60d B F /F,, {50 A L TCAR Ak, 36 W 3% R 32 ) 8 43 i i Jo A — s i e (76 R0 f5 0,
HEARTERYVEE TR —E W2 F AR ez FHING i — D9, Fo/F, TRV RER Fo L F, F
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W, AErPREAR FoA BT RO s R I RE R AL L RE (L 1A% 3 ) I LB R, F, AR
RS, T RER M2 R T TS, IR F EEA AL, B/ i A R AR, al BEZ 8 PS
11 R PFEHIE M S, el K (qP) Rk PS IUEHIHE 524K Q1B AR IR BURAY oP , Rk
PS I H R A 52 1z o LE Bl T2 5 CO, B i i F il IR R FE 3R, B 4 T Wb ae S B0 oP T
R 123250 ARG REACRIE MR (VR 10) 1 qP 3 TR i3 RO 38 (B R 45 ) e @, A fbiR
AR, AR UM EE SR PRE TR E S DL O R SR B, Q 42 TR , Bl
QW IE SRR FE LA IR B 2 TR B ARLER B0 h i1 oP 45 T RS RS AR L A DG RE
AIRCR T B, PS I A i T 2id A 2 BH A 3 . A=A K (gNV) e T PS IS 07 0 6 R 2k (8 R Wi i
JGREJR I RFERLRE T, R RE S MOL & RGEMH LR > SR (010 19 gV A B a3, RIDE
PRAPHLRE 2 T — 2 AR, X5 A W i i 45 R A — 2

Seo 2 M RIEAEI A E FRAL LT, SRR  ZE R0t (9 T 4 R & =400 h 358. 6 mg/kg (Zn) 67.3
mg/kg (Zn) F1644.3 mg/kg (Zn);47.5 mg/kg (Pb) 51.2 mg/kg (Ph) F1323.0 mg/kg (Pb);18.2 mg/kg
(Cu) 5.1 mg/kg (Cu) F1215.7 mg/kg (Cu) , MIAIRKEEFR P B R AR XL/ | Al RE 2 150 i) 1]
UL (Seo HIRER W0 18 DA, e AMAIR B Y 8 T4 B ), 0 4 Jm A9 P E i PR B AR, £33 pH 2
e 5 4 e A A O — AN R R T 2 R R A 23 BRI E P A A R T
P> pH 735008 7. 84 (HYEER 1) A1 8. 45 (HHAD) | iX ] fEJE A 4 AN REA 2 6 9 — S IR AL
4 R 3 BRI HR RE BT 50 WS HSCEE T B I RV A% ) AT, ] B R Dl A R ) 7P S B8 T R A E
R R EERS 2 L

I AR BCF (AT TF (BTSN 1, WO 6 WS 5 A RE 1855 , DR IR SCAR (AL U AR A 2
2B A E 428 . Mendez 55 YN RIYIRY BCF (BRI TF (E#8/N T 1, AI{E AR B2 S % ke,
IR 20 B G WO — o BE e 45 R B iR R SUE R R E LW E R, RV H &R kA w5 Y
J& , HET R RE A R B 0 AR A W R AR R 1 G SR T DL S L A B AL
WAL E
4 Hig

ABEFER H RPN A ARAAE Y7 A B 5 T 0 il i i 515 LU 454

(1) SEREME AT B AR RETE AT R W0 AR 7 A0 vh A 4 SRR 3 Al B b A A R 35 28 3 s 1
ARAETG RS P I BB AR, BB AR B AR W e T TP R )

(2) Hg)m EEAEERP IR, IR0 i a8 w2 B Pra i
BCF {EH1 TF {#/N T 1,

(3) & R SRR By Bt A RO A e R B SR IR AT R0 DX A ¥ 1A ol
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