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Abstract: With the exploration, selection and smelting of mine resources, heavy metal pollution in soil is getting serious and endangers food

safety and human health. A filed survey was conducted to investigate the present situation and health risk of heavy metal pollution in soils and

crops in Jijie Town, located at the suburb of Gejiu City, Yunnan Province. The results indicated that average concentrations of lead(Pb ), zinc

(Zn), copper(Cu) and cadmium(Cd) in soil at the studied site exceeded "Environment Quality Standard for Soils" (GB 15618—1995)

(Grade II ). A significantly positive correlation was observed between diethylenetriaminepentaacetic acid (DTPA) extractable and total

concentrations of soil Pb, Cu, Cd(P<0.01) and Zn(P<0.05), respectively. Concentrations of Pb in crops exceeded the maximum levels of con—
taminants in foods except Raphanus sativus, Brassica oleracea var. capitaia, Brassica oleracea var. boirytis and Saccharum officinarum, with

an exceeding rate of 80%. The highest concentration of Pb was examined in Mentha arvensis, with an average of 3.28 mg-kg™ (fresh weight ),

which was 9.93 times as high as that in corresponding standard for safe food. Concentrations of Cd in Capsicu annuum, Solanum tuberosum,

Oryza sativa and Zea mays also exceeded the maximum levels of contaminants in foods, with an exceeding rate of 20%. Among the examined

crops, rice had the highest concentration of Cd, with an average of 0.446 mg-kg™, which was 1.23 times as high as that in corresponding stan—
dard for safe food. However, concentrations of Cu and Zn in crops were lower than the standard for safe food. Bioconcentration factors(defined

as the ratio of metal concentration in plant to that in soil ) of Pb and Cu in Mentha arvensis, as well as Zn and Cd in Lactuca sativa, were high—

er than those in other crops. Generally, Pisum sativum, Vicia faba, B. oleracea var. capitata, B.oleracea var. botrytis, Allium fistulosum, C. an—
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nuum, S. officinarum, A llium schoenoprasum, Beta vulgaris var. cicla, Brassica rapa L. glabra Regel, R. sativus, Brassica oleracea var. italica,

S. tuberosum and Brassica juncea var. multisecta were suitable for planting at study site because of their low metal accumulation, but M. ar—

vensis, O. sativa and Brassica chinensis were not. According to the results of single—factor pollution index assessment, 50%, 10% and 20% of

the investigated crops were polluted by Pb slightly, moderately and severely, respectively, and the remaining 20% of the crops were slightly or

moderately polluted by Cd. Integrated pollution indexes of four metal elements in different crops were Pb>Cd>Zn>Cu. Daily intake of Pb, Zn,
Cu and Cd caused by consuming vegetables in residents were 0.204, 2.336, 0.376 mg-d™ and 0.028 mg-d™, accounting for 101.78%, 7.08%,
5.79% and 39.29% of the standard for provisional tolerated daily intake(PTDI), respectively. Therefore, a potential threat posed to the local

residents who consumed vegetables containing high concentrations of Pb.

Keywords: heavy metal; crop; food safety; health risk
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Table 1 Soil physico—chemical properties at study site(n=51)

WESEHD PR EpR R i)
HHLFE/% 6.24+2.34 3.94~14.48
2R/% 0.11+0.04 0.03~0.21
2% 0.33+0.08 0.20~0.59
H B /mg kg™ 76.81+18.59 46.89~134.96
pH 7.89+0.20 7.47~8.49
J\ Pb/mg-kg™ 1 185.48+490.72 379.63~2 472.53
DTPA-Pb/mg-kg™ 92.58+45.75 18.80~201.80
J& Zn/mg-kg™ 628.87+175.58 353.51~1 150.39
DTPA-Zn/mg-kg™ 32.42+11.35 16.40~71.75
B Cu/mg-kg™ 453.50£129.11 251.00~759.96
DTPA-Cu/mg-kg™ 29.78+11.79 9.70~50.98
J\ Cd/mg-kg™ 7.50+£5.40 2.01~21.59
DTPA-Cd/mg-kg™ 1.18+0.32 0.58~1.82
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Table 2 Correlation analysis between the concentrations of

bioavailable heavy metals and physico—chemical properties of soil
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Figure 1 Correlation analysis between the concentrations of bioavailable and total heavy metals in soil(n=51)



%30 55 2 B &l RO

B

% 4 275

BPUEEZ A ZEF A B E(P>0.05),
22 RIEMERRKRR

PR RANEYI R FA KRS T2 4. RAE
WL 8 ABE, 43 A B AERL (2 #) B ARH2 F).
TFAERHT FO) AR 2 B R FD) JBERN(
) ZERH B RAR(3 Fh) o WL EFAMER, 17 F
RAEWHRE MR KR FIEEEE, A KR R IT,
MWESERKIAZ ERER,
23 RIEMESESE

Xof BT RAE ) ARAVEWI T 3R 4 JR & B AT
E, HE5ESERERE (BERPERE T AERE)
(GB 13106—1991) . (& /i H 4 FR & T AEbr v ) (GB
15199—1994) (&5 5 4 FR & )(GB 2762—2005)
FHEES, 15 B ARVEY & B BB LR 5 Fis .

MR 5 FTLIE ), IrRERIEYIBRE b VHE T
BB HE Pb & SR B XN B L 2R E AR,
HAEY YR, Bin ik 80% , Min s ™ E
HAT[(3.28£1.01)mg kg, 8 F]; BT A RAEY) Zn . Cu
B XN B A IR E AR ; Cd AR
1% 20 %, FARM L5 ROK  FE K Cd & & H X
MEMEZERERIE, BAREOLR™E K KK
[(0.446+0.081)mg-kg™], BiZEH Cd & Bz AT
[(0.171£0.024 )mg-kg™],
24 AEFERIEYNEEGENEERY

RAEYIN 4 FhE &R SR RECGX BE SO
Y ErESR S BESREMERTIETESR
SEMLE)INE 6 TR, W3R 6 \TLIEH , RIEWH
BERBKECH Cd(0.1579)>Zn(0.109 8)>Cu(0.0196)>

3 RERTBMESRE A RFTE(n=51)
Table 3 Heavy metal speciation of soil at study site(n=51)

SERE bt (FEFE ) /mg kg™

DE IR

Pb Zn Cu Cd
Al ATHTS 9.22+2.98¢(5.67~26.72) 2.81+2.36¢(0.88~13.77) 5.43+0.76¢(3.95~7.08 ) 1.75+0.52ab(0.54~2.93)
RIREREAS 5.58+2.15¢(1.83~11.92) 0.66+0.56¢(0.00~2.02) 2.65+0.71c(1.34~4.29) 0.17+0.12¢(0.00~0.35)
AR 347.51x174.46a(67.52~686.09) 197.92+54.77a(121.66~359.88)  37.73+23.54c(3.65~92.05) 2.55+0.65a(1.21~4.33)
BYIIEES  265.04£95.68b(91.94~515.61)  77.89+28.54b(42.86~204.59)  142.11+51.60b(51.62~261.58) 0.85+0.32bc(0.34~2.30)
RES 256.61+111.24b(67.92~552.61) 222.35+82.81a(30.45~597.84) 179.75£66.51a(59.00~350.35) 0.65+0.44bc(0.22~3.29)

I RPFE—FIAR R TR DS GRS & i 2 AT B 22 57 (P<0.05) , AR TR MR 22 5 AR B3 (P>0.05) o

R4 ARMRPTRERIEMMAETERRR
Table 4 Crop species and their growth status at study site

FF5 I TR S M /em i /em SREEERAL
1 BiE Pisum sativum L. Ly i, 53.1£7.4(43.9~63.5) 5.6£1.0(4.6~7.1) Raz
2 &Y. Vicia faba L. 61.5+7.7(51.3~66.6) 6.7£0.8(5.9~7.8) Raz
3 4E3% Allium schoenoprasum L. BER 28.4+3.4(23.9~33.0) 1.0£0.2(0.8~1.2) -
4 A Allium fistulosum L. 30.9+4.9(25.6~36.7) 3.8£0.3(3.5~4.2) -
5 FIESE Brassica oleracea(L.) var. italica Plench +=ER 29.0+6.5(22.5~36.7) 7.6+0.8(6.5~8.3) H
6 ¥ N Raphanus sativus L. 19.2+£3.8(15.0~25.0) 15.7£2.1(13.0~18.3) =
7 H % Brassica oleracea var. capitata L. 16.2+£3.0(12.8~18.2) 6.8+0.9(6.2~7.8) -
8 AEBRSE Brassica oleracea var. botrytis L. 27.9+4.0(22.3~31.0) 9.1+2.1(5.7~11.3) -
9 &3 Brassica juncea(L.) Czernajew var. multisecta L.H.Bailey 67.4+6.0(63.8~74.5) 7.3+1.0(6.3~8.6) H
10 3% Brassica rapa L. glabra Regel 56.1+7.4(48.7~63.5) 10.4+£1.2(9.3~11.6) H
11 3% Brassica chinensis L. 12.6£1.3(10.6~14.0) 3.4+0.4(2.9~3.5) -
12 FARML Capsicu annuum L. Rk 87.6+7.2(76.9~95.6) 7.5£1.5(5.6~8.9) Raz
13 + & Solanum tuberosum L. 17.1£1.6(15.2~18.5) 4.2+0.7(3.5~4.5) i
14 B Lactuca sativa L. Bk 31.8+3.4(28.6~36.2) 6.8+0.4(6.3~7.2) R
15 T Mentha arvensis L. BER 15.1+8.7(6.7~25.3) 31.0£6.9(23.6~39.7) i
16 JEFZ 3% Beta vulgaris(L.)var. cicla Koach #ipl 47.5+6.1(38.5~54.2) 6.7+0.6(5.9~7.3) H
17 H#E Saccharum officinarum L. KRAR 235.0+17.1(210.6~255.3) 6.7+0.6(5.9~7.2) =%
18 KAKKHE) Oryzasativa L. T ER AT Rz
19 FEK Zea mays L. TR AT Rz
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50% ; HRZEK ML B B B i (50% ), RI5 YL Ml 22 2 2%
433 &7 25% 5 i 3EIFTIR A B B b B 2 B
B 43055 90.91%F1 66.67%,

R T HARRIRBREY T EEENEGA TR
BAMZ RSB AE SR NI  NF
TEEH, S FAS ARZESR SRR R,
ANEER NS AT 48808 Pb>Cd>Zn>Cu, FHILA]
W, Pb SR E LB IS Y mE K, i Cd K975
Yt RTT 20, BE3ERE S Zn A Cu B975 5/
ERZEAHFREEHEBA Zn.Cu fil Cd R
7 E G H it 5235 A B (PTDD AR, 4331 &5 PTDI £

RS IRMRARIENATRBUESRSE

Table 5 Heavy metal concentrations in edible parts of crops collected at study site

BELR & R/mg-kg!

25| RAEY IR - - o cd
Bk KK — 0.94:£0.29 10.56+3.86 4.19+1.58 0.446+0.081
FHK — 0.630.14 24.78+8.43 1.960.46 0.1750.017
BTG YRR 0.2 50 10 0.2(Fk%)
0.1(EX)
LT += 76.49+0.84 0.76+0.39 5.82+2.13 1.420.16 0.148+0.044
B b 93.77+0.26 0.130.03 2.8120.29 0.22+0.03 0.042+0.011
B 96.77+0.27 0.4720.07 4.28+0.57 0.4620.10 0.086+0.007
HiE 86.98+0.38 0.1420.03 0.80+0.60 0.24:0.08 0.035+0.021
BTG YRR 0.3 20 10 0.1
SRR BiER 91.960.19 0.40+0.15 4.32+0.58 0.81x0.12 0.015+0.002
El=4 91.23+0.82 0.58+0.23 4.89+0.67 0.66:0.04 0.084+0.014
HFIE 89.51+1.18 0.38+0.18 6.39+1.08 0.80+0.13 0.047+0.007
# 88.14+1.88 0.530.21 3.66+0.73 0.6620.21 0.030+0.005
Hig 94.04+0.92 0.12+0.02 3.84+2.64 0.1620.05 0.009+0.001
pig ;53 91.92+2.90 0.18+0.09 4.83+0.90 0.29+0.02 0.016+0.005
R 89.26+1.14 3.28+1.01 12.28+3.50 2.1620.43 0.1710.024
B3 95.00+1.13 0.3120.12 4.1220.69 0.48+0.09 0.029+0.005
Sy 92.10+1.00 0.57+0.13 9.12+1.10 1.180.25 0.065+0.012
B3 95.38+0.49 0.30+0.14 3.56+1.09 0.5020.03 0.034+0.012
HX 94.88+2.13 0.42+0.09 4.52+0.83 0.380.04 0.074+0.014
AR R R 0.3 20 10 0.2
JRRHEHEIE EIRH 70.70+0.82 0.67+0.32 6.17+1.24 2.6120.26 0.104+0.019
BE 78.39+1.58 0.38+0.08 14.5443.60 1.890.33 0.0210.003
HEE 88.9621.70 0.530.18 4.02+0.46 0.66:0.08 0.015+0.002
BRI YR EE 0.2 20 10 0.05
SERRER /% 80 0 0 20
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Table 6 Bioconcentration factors of heavy metals in crops

25 B4R n Pb Zn Cu cd

=L +5 5 0.005 60.005 7cd 0.048 3+0.021 9fgh  0.018 6£0.007 Odef  0.158 00.075 1cd
B b 5 0.003 2+0.001 8d 0.088 0£0.024 5efg  0.010 7+0.003 3efgh  0.167 5:0.069 4cd

Ey=4 5 0.017 320.002 9b 0.276 80.024 8a 0.034 30.011 9b 0.692 9+0.089 2a
HiE 5 0.000 9+0.000 3d 0.010 2+0.006 7h 0.004 3+0.001 1h 0.053 120.032 9cd

FHE 0.006 7+0.007 1 0.105 8+0.106 9 0.017 00.013 2 0.267 80.263 8
e Bk 5 0.005 80.002 3cd 0.088 9£0.018 6efg  0.028 5+0.006 5bed 0.010 80.00 12d
3 5 0.008 5£0.003 4cd  0.075 0£0.012 lefgh  0.030 80.005 4bc 0.065 80.027 2cd
HFIE 5 0.001 9+0.001 0d 0.083 00.014 6efg  0.015 8+0.003 4efg 0.191 420.183 7ed
# 5 0.002 7+0.001 3d 0.038 820.011 2gh  0.011 1x0.003 Sefgh  0.086 420.052 9cd

Hix 3 0.002 2+0.000 3d 0.136 8+0.082 7ede  0.006 5+0.002 1gh 0.028 8+0.005 3d

pig ;53 5 0.002 2+0.001 1d 0.118 0+0.041 Odef ~ 0.007 9£0.000 5fgh 0.033 00.006 8d

R 5 0.030 8:0.010 2a 0.214 4:0.071 3b 0.043 2+0.010 2a 0.229 3:0.026 7c
B3 5 0.003 80.002 2d 0.107 9£0.026 4efg  0.014 2+0.003 Oefgh  0.068 1:£0.018 2cd
Sk 5 0.004 9£0.001 3cd  0.171 6£0.020 6bed  0.021 6:0.001 7ede  0.126 3+0.017 9ed
B3 3 0.003 120.001 8d 0.091 4:0.040 6efg  0.014 7+0.000 8efgh  0.121 5+0.065 3cd

HX 5 0.010 620.002 7c 0.192 7+0.071 2bc ~ 0.022 6+0.004 Tcde 0.504 4+0.226 2b

SEE 0.007 320.008 9 0.120 3+0.065 6 0.020 4+0.011 5 0.137 80.163 2
JRARZE #"E 5 0.001 6+0.000 4d 0.096 4+0.034 efg 0.019 6+0.004 2de 0.005 4+0.000 5d
BN 5 0.002 40.001 4d 0.032 620.010 4gh  0.021 3£0.005 5cde  0.075 120.032 6cd

SEHE 0.002 020.001 0 0.064 5:0.041 4 0.020 420.004 7 0.040 30.042 7
MO 0.006 5+0.008 1 0.109 8+0.077 0 0.019 60.011 4 0.157 90.196 0

T EERASEY TR ESR S E(TE)/ L EESE & &, R RAE AR DN ES R S EIE. RS RR7ER
AR R ES B BRRPFEBEE R (P0.05), FRAHFRNF R 2R A B (P>0.05),

100

100r 7 pp [ cd
g0l 80}
§ 60- / R eof
K | = L
R
= 40t ¢ T
2001 E§]
NLE
EEY iR Ri5gE %L R
Ve
Okl HBaxk Nzt Bozk B RE%

B2 RIEMESRSERIENER

Figure 2 Evaluation of heavy metal in different crops species
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Table 7 Summed indexes of heavy metals in crops and daily intake for metals caused by consuming

=] Pb Zn Cu cd

RNRZEERAEYE a5 A 432 0.43 0.37 2.11

TS 2.00 0.24 0.11 1.19

MR 7.87 048 0.16 0.63

JCES 19.73 0.59 022 1.61

RIEYES B & B IHE/mg kg™ 0.59 6.77 1.09 0.082

15 0 AMEA L (DI)/mg-d 0.204 2336 0.376 0.028

#5245 0 it 2 AL (PTDI)/mg-d* 02 33 65 0.072

DI /5 PTDI 43 H/% 101.78 7.08 5.79 39.29
LCASE 0 5 10 15 20 25 B2 Pb.Zn F1 Cd & EFE@Br , 753k 991.59.596.78
BELR 5 mg kg™ Fl 22.06 mg - kg™, FIEH Pb FEEIX 3.78
&g 164 mg-kg ' (ABEEE T ), Li SR E SRR, B AEH
e 10 B 14 km B9-E5E Cd 1 As ST ELERR 8 FEEETH
?jw lgj H Cd.Pb.Cu.Zn F1 As & EHMHE 473k 0.79.11.14,
e 4 25.48.65.79 mg-kg™ A1 1.01 mg-kg™', Al W EH" X +
e ol ] W RIS UIE AR, IR MBI R R R4,

2% ‘ 1; - AT N B = A e 3
HK 71 RS FHESBABE S ERTEM LIEE
e 4R VS Y AR S B T R AP B O
gg 1; ARG RN, RE 5% Pb F1 Cd #BFZ LI
|

H# 15—
B 3 initaRIEMBESTE

Figure 3 Cluster analysis diagram of crops growing at study site
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ARG RFH, 7 XA HLZEH Pb.Zn Cu 1
Cd & EWMHES MR (118548 £490.72)mg kg .
(628.87+175.58)mg +kg ' (453.50+129.11 )mg +kg ™ F
(7.50+5.40 )mg kg™, 43 5|8 th - AR R EARHE)
(GB 15618—1995 ) —H AR 239%.109% 354%Fl
1150%, + 32 3 Ei5 Yy, %5 E RN RIEY
%] Pb 1 Cd A5 4%, Hor Pb BYTTRREE K, Yu 4509
TEZEREY, B TREH 500 m A XK H 1

AT (3R 3) , (H AT A2 He A5 43 5l i ik 9.22
mg-kg? F1 1.75 mg kg, AR RN, ELEELE
HIEZIEAT, IKIERFT] A G erE ok, B
BIRKAIEBHED, B, A5 13 Cd BB E
A AC SR R, G [ R AL MR, TIEA R
SELBEMZESHBERTELZEER, 13 pH &k
AP SRS, SR EIHR RN, AR
Cd.Zn.Pb Fll Cu 7E75 YL X 53 (8] 43 A5 55 + 3 A 7
M RHY), A8 Cd.Zn . Pb.Cu 5pH FHEF
TR KRR R AR B AR, HE IR & RN 2
W B E IEARE . ARBISESE SRR, DTPA 423U Pb &
BEHHEAIRSEENBE IR, 5 HELHE
BEWBEFIEMX;Zn.Cd 5ENREEERBEE
A% ;Cu 5 pH 2R B EIEMR, HEAVRERES
Yy o3 R FE R (FE R A S IR A E BHLRR )P, B
REPE B D ZF I L Cd R, 1R
R 3 Cd AR, TSABRR 2 B 2 (R Y T3
o Cd 9% ™ Ah, TR HLEE 4 KA s Al
T DI RECHE ( 43 1) , 3K 28 43 W) PT LA -3 iy
B HLATCHLE S o3 R, %o R Fn R — e
S0, T U052 M B 42 R ITE 25
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32 FREEVASREBRERR

KBRS RN IS S R A Rt
Z L Pb Al Cd, BFRAS 511k 80%H1 20%, %15 Pb.
Cd i Hg -9k 53 4 B 15 00R £ 240 3 Fiis e
TR P BB, AIRERD, MRS
3% Pb AR R H R 22.2%F0 9.29%™), H AT 5T
FERAEYT Ph ABAT2(80% ) EL B AR . 34h, Fok .
Tk E T B BT e I AL
s G203 B3 R MM BT Pb & R
b, B ERT Pb & B ES h (3.28+1.0 g -k,
B 9.93 ., WIFHL L5 ok Fok Cd A B, 3
ok Cd A BB N (0.44620.081)mg ke, HBHF
1.23 435 AARIEMI A B0 2B R A S AR
SRR R, R R R, BT R
SRR

I 2 S T R, RS R
LFEERAE FHEA Pb o BT Im S T [ 0 £ 4
K 705 AT L S b PIHE A RIRES . Cd
HBEA BB T MATDA SR . PUHEFIIAAIRE
(BAG T 1%  FARHLIX  ABIFE Pb i HHEA R
0.204 mg-d", 8 #8545 H i 5245 A B (PTDD) 47
1.78% , UM 24407 AR , Ho B R 2
33 RIEMMBESRRKEE S TFEL R

KBFSEERED, RAEWN Zn B HEREO0
SRR TR, % Cu BITEICRE ) A 12K ~
TRERRS IR A AR RO S, e
RIEE Cu B Zn & R0 5 B TR A RS IO AR
H09, RARYIR Ph BT B BN EE S HZE K R
A, W Cd B R B RZE RS % R,
UK e P T 4 TR 5 - 0 E R EDR A3 AR
KGR TR R S M R A AU R
7 TR R 4 TR VR, XIERAE) Ny, T 4 R 5
TR EN IR b, SR B K
VI, — MR B 20 2 K I LB, 52
RSB K S A B LR T 4R B S )
R, I, XS BT R 5 Y R R T
LAREHETE R AT, Athur SPRLRIE VIR B R
AR R A 3 3 IR B (IR
R BAEY (R AR B AR SRR R)
HR IR B (5 1R BERAAH R . ABF
RERW, HFFE(TFER)XT Cd FEERECH 0.5004,
(87 T (MG AERY (L0 0.005 4, [, 54 B 31
B ASIREER T Athur 2950643

ARG RFZH, SR RIEYNE £ R BT
KA KECH Cd>Zn>Cu>Pb, X5 Zheng 4
RUXTRHFY 5 20 R E S B SR R RS R
(Cd>Zn>Cu>Pb>Hg)HH—F, I WL, RAEYIXT Cd %
WA S SR AR AR , X FT BB B Cd AR 2= 1 i
FRPE R o Cd X2 i B A AL &4 i S
AHERRE T, XEARPHAMAN SR RE T,
TERIEYIAN Cd ¥ S5 EQRMBLSGERAE LR
e, HIEE AR B 8GR,

3.4 EERFEXREYTENSERS

HERTGRIEMIGI AR EER, BRR
R—AH R, BEAT RS ERESRE . (BRH]
Bk RN B 4 A R ORT B AR B B B A ) B
AN 2E R ORI X B 4B T YRR AE N A
B B HEF B (excluder) F1 & £E A (accumulator ) B
R RIS, LR B 4R 15 e X R A B R BoR
PRI AR B EEE B R THYIEE #1718
525 a5 e AT e R SO P RS A B B 4
JEHERF TAEYp RS, AT (8 8 72 3 b, DA A
MBI . NERZENMAELR R, 2%
W B YRR, RS B A AT H AR
YEMI AT &858 o DRI, AR A A el A8 o o F B
X i5 G X B AR ML A 7 B OCE2E  Yang SERHE 5T 6 F
BRSRIBF ST 45 R , ARIF R A BESEAA [ 13557
T AE W BT Cd & BA 257 Yusuf FFP% 2 H
FI B ERPLAR T 5 R FBESE Cd. Cu #1 Ni 5 &
T2, 85 R R BT Bk EE (Corchorus olitorus ) W I
Cu 71 Ni B8 7 b HAMBESER , (H M Cd 9B 55
ARG RIIH I A B E R E XS Pb.Zn Cu
1 Cd MR e A, 75 4L IX N R R N 22 4 TR HE R g
FIR IR Fh R HA TR

ARFALAA FFSEARA Y AT T ik, T
— MY R R IR REXT BT 48 7 AR [R] B R
HEFREST o 40 Muhammad 48575 ELEEHTIH 4 SAE/DN
7 i Fh (Anmol \TJ-83 . Abadgar #{l Mehran-89) [ #ff 58
SERRY], TEFMERRZSMT , TI-83 il Mehran-89
P ERFXT Pb.Zn Cu Cd.Cr FI Ni W BE R TH
PTG BRI, AR RKAE A B Fistfs b
H2E5, XFEH Cd BB TEIR R 2Z 5759, BRI, if
AT DL it e i e ) £ B R i — 2R AR ST

4 #ig
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