o [ el K22 2025,30012):241-251
Journal of China Agricultural University http: /zgnydxxb. ijournals. cn

TE BES WM, KE, THRE. =T CEENE EHRE KRR FTEANYRKBECEMN I HESESENHMWI]. FERLXZ2R, 2025,30012)
241-251.

LUO Yue, ZHENG Yuting, CHEN Lin, ZHANG Sai, WANG Shumei, LI Ziqi, FAN Zuwei, CUI Jixiao, CHEN Yuanquan. Effects of long-term return of
different organic materials on soil heavy metal content[J]. Journal of China Agricultural University ,2025,30(12) : 241-251.

DOI: 10. 11841/j. issn. 1007-4333. 2025. 12. 20

AEEVYAKEITAN TEESESEN I

Z 2 aE#L Ko K OF OEHE FFHE' R
EEmR’ HRERY
(L. P E R R 2 A2 B, b st 100193
2. o EAO R B Al PR 5 AT gk & R FSE AT, JE 5 100083)

W E ARARRANDHKREZESLETLELETY %J&ié:éﬁ/‘,/%ﬁ%éﬁﬂl‘" AT L4F KRR
B, KRR R A R AR &, & E A (ST 8 EBR) B iEMR) B (WR) A% £ (PM) B it L AU E
W, A e AR A ST R (CE) M 8 &4 8 23 Cd . Hg As.Pb.Cr.CuZn7# T4 BLEWEF, LA M&Ws
HEABEABSRERLEEZSTFEARARANAIYHRP LT ELE T LB FTEREREEASRAEARTE, &
AW ST ) £33k Cd As4 % MR # £3E Hg 4% .PM & Hg.Cu.Zn# BR# Cd . Hg . As .Cr.Cu.Zn & ¥ 2 F %
FCF,ALST#BR# Pb4EF WRAPMAENY AL EFRHFMKRTCF, STHEE ARG, BEEXZ&5 T LAY
A BR# L Cd A Créd 25 7 4 0. 17742 68. 0 mg/kg, 2% & T ST MR .PM 4= CF; PM #) £ 3 Cudfe Zn 4
F 5 4 59.00 4= 154. 33 mg/kg, & $h H e A ALy b4 2 67. 0% ~160. 3% F= 73. 4% ~145. 0% (P<C0. 05) ,MR #=
WReLEELERREFHNLFIKTST.BRAPM., AEFHEE TN E LR IR T LB NG G G2 KA PM
(0.458)>BR(0.299)>ST(0. 282)>CF (0. 2700 >MR (0. 265) >WR(0. 264) ; % f£ £ 5 R 3 EF ML R G
# 3% BR(15.47)>PM(12. 20)>ST(11. 37)>WR(10. 200 >MR(10. 30)>CF (9. 87), # #u4h#+ ¥ 1 i& & 4%
F RIS LEFLEEET, STTF5H L3ECd AsS E3 M ,BRTH# £3E Cd.Cu.Zn 4 &3 i ,PM
Wt CuZnbENARWA R AAFREHALT,ST MR A= WREX 3544 IR 69 A ALy 4 Kk 5138 @ 42 BR fe
PM 2 4% 3 4 R &9 7 Uty #3338 m £3E F 4 5 05 F 69 RIb £ . 42 B W & (MR £ il & (WR) Bt 36 AU e 2 B 35
IR EFL BT EBAFGANMHIZET E,

EEE AvA; kBEw; 2EEEE; NhifE

hESES  X171.3;S154.1 MEHE  1007-4333(2025)12-0241-11 XERARERD A

Effects of long-term return of different organic materials on
soil heavy metal content
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Abstract To explore the effects of long-term field return of different organic materials on soil heavy metal content
and the risk of heavy metal contamination, based on a 14-year long-term field experiment, one-way completely

randomized design was adopted. Straw (ST), biogas residue (BR), mushroom residue (MR), wine residue
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(WR) and pig manure (PM) combined with the equal amounts of nitrogen fertilizer treatments were set by taking
single application of chemical fertilizer as a control (CF). The differences in the contents of Cd, Hg, As, Pb,
Cr, Cu, Zn were determined. The Nemero index method and the Potential ecological risk index method were
used to assess the level of potential ecological risk and the degree of contamination after long-term return of
different organic materials to the field, so as to compare the heavy metal contents of the soils and the heavy metal
contamination of soil after the long-term return of different organic materials to the field. The results showed that:
Soil Cd and As content in ST treatment, soil Hg content in MR treatment, Hg, Cu and Zn in PM treatment and
Cd, Hg, As, Cr, Cu and Zn in BR treatment were significantly higher than those in CF treatment, while only Pb
content in ST and BR treatments and As content in WR and PM treatments were considerably lower than CF
treatment. ST treatment had the highest soil As content, significantly exceeding other organic material treatments.
The soil Cd and Cr contents of BR were 0. 177 mg/kg and 68. 0 mg/kg, which were significantly higher than those
of the treatments of ST, MR, PM and CF. The soil Cu and Zn content of PM were 59. 00 mg/kg and 154. 33 mg/kg,
which were 67.0% to 160.3% and 73.4% to 145. 0% higher than those in other organic material treatments
(P<<0.05). Soil heavy metal accumulation was significantly lower in the MR and WR treatments than in the ST,
BR and PM treatments. The Nemero index method evaluating the soil heavy metal risk of each treatment in
descending order was: PM (0. 458)>BR (0.299)>ST (0.282)>CF (0.270)>MR (0. 265)>WR (0. 264).
The evaluation results of potential ecological risk index method in descending order was: BR (15.47)>PM
(12.20)>ST (11.37)>WR (10. 200 >MR (10. 30) >CF (9. 87). In conclusion, long-term return of organic
materials to the field increases the content of many soil heavy metals compared with the application of chemical
fertilizer alone. ST can lead to an increase in soil Cd and As content. BR increases soil Cd, Cu and Zn content.
PM increases soil Cu and Zn content significantly. Organic materials of plant origin (ST, MR and WR) have less
risk of increasing soil heavy metal contamination in the long term than organic materials of animal origin (BR and
PM) under the condition of equal nitrogen application. In conclusion, mushroom residue or wine residue
combined with chemical fertilizer is an optimal organic material returning scheme to prevent and control soil heavy
metal pollution.

Keywords organic material; long-term field return; soil heavy metal; risk assessment
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Table 1 Fertilization schemes for different treatments in 2023
LT/ g BAL/g
AHLERHEA Base fertilizer Top application
4 [ A b 7 & /kg
Returning period Treatment Orgar.lic r'nalcrial RZ .@ﬁ @3:@ ﬁﬁ@i%ﬁ* R
application rate Urea Diammonium Potassium Urea
phosphate sulphate
ST 1.63 56. 60 22.61 99.2 65.31
BR 4.06 10. 56 22.61 99.2 19. 27
Tk MR 2.70 10. 56 22.61 99.2 19. 27
Maize season WR 1.41 10. 56 22.61 99.2 19. 27
PM 2.24 10. 56 22.61 99.2 19. 27
CF 68. 37 22.61 99.2 77.09
ST 1.69 56. 60 22.61 99.2 65.31
BR 2.81 10. 56 22.61 99.2 19. 27
INF T MR 2.65 10. 56 22.61 99.2 19. 27
Wheat season WR 1.84 10. 56 22.61 99.2 19. 27
PM 1.86 10. 56 22.61 99.2 19. 27
CF 68. 37 22.61 99.2 77.09

TE ST, R FFRCHE JCHLAL 5 BR, ¥ i ChE JC HLAL s MR, B i 150 JC HLAE s WR 15 i g i JE HLIE s PM, 7% € i i JE HLAC 5 CF , B0 JE LA .

T

Note: ST, straw with chemical fertilizer; BR, biogas residue with chemical fertilizer; MR, mushroom residue with chemical fertilizer; WR,

wine residue with chemical fertilizer; PM, pig manure with chemical fertilizer; CF, only chemical fertilizer. The same below.

DR A5 2 A o )7 A P M - 3995 e IR O 2o i (R
20 IZAH R R A XA T T A R AR AR K R
A ST A W R I B . R T PR TS
YU e Bk oy K hr i . P<<1.0,% ;1. 0<P<2.0,
BEGY ;2. 0<P<3.0,TEEY;P>3.0,E%
WY PR AHESNRY LRGP T

B 4 @ b R TS Y dR B e KA P o
HEJR IR 5 s 5 E . P<<0.7, 15 4
AES RV I 5 0. T<<P<<1. 0B, 75 4L 25 2% H 1 15
CER PR D) 5 1. 0<<P<<2. O}, 15 Y S5 g iR i 75 Yy
2.0<<P<3. OB, J5 QL5 g i V5 Y s P>>3. OB,
5 Y ARG Sy T TS

R2 EMESENALELEESS

Table 2 Soil background values for Hebei Province

[29

1B 15855 2 XUR 0 2 B

" and soil contamination risk screening values"*’

1

for various metals mg/kg
e
Cd Hg As Pb Cr Cu Zn
Item
T = ==
i%ﬁ/‘?\ﬁ 0.09 0.036 13.6 21.5 68.3 21.8 78.4
Soil background values
BT Y XL i 0k
ot S5 T SR I o 0.60 3.400 25.0 170.0 250.0 100.0 300.0

Soil contamination risk screening values

P b R SR A D T 2 )5 S RS Y KUK 9 L (K 1 GB15618—2018¢ - 4 BRI 5 it — 4 I M 39835 2 L 45

FEARAE) T,

Note: The soil background values of Hebei Province were obtained from The Background Values of Soil Elements in China'®; the soil

contamination risk screening values were obtained from GB15618-2018 Soil environmental quality: Soil pollution risk control standards

for agricultural land'?".
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%, Cd=30, Hg=40, As=10, Pb=5, Cr=2, Cu=
5.Zn=1, RUNEEAESKEEE . T REm
04 & R N A R AT 0 DEAN AR 9 7 A 0 A
SRS HYEA R ORI AW ST S AR
Tl 2, 08 00 W0 A A 25 XU 8 50007t B o, 1 36 )5 1
PEMN 2 AR E AR 3.

R3 AR E BRI KRS Hakanson™ 9 2 47 B9 EL 82

Table 3 Comparison of E; and RI grading criteria with Hakanson'

) grading criteria in this study

E; 5508

Individual potential ecological risk index and

RI575 5L 5
Potential ecological risk index and

A 3 XU 9 5] contamination level contamination level
Ecological risk level ) )
Hakanson Tifsztj;dy Hakanson Tiffjftjutdy
2 Slight <40 <35 <150 <105
1145 Medium =40~80 =35~170 =>150~300 >105~210
ik Strong =80~160 =70~140 =300~600 =210~420
fRi% Very strong >=160~320 >=140~280 =600 =420
¢ 5% Extreme strong =320 =280

1.6 HEFEHH

K JH Excel 2021 #1 SPSS 27. 0 #EA7 %040 4b 38 1
A3 BT, AN TR A B ) 22 5 R B B 3 ANOVA 43
Br, R LSD £ & &k ik 17 22 5 W & M i
(P<<0.05),
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2.1 AEENYHIHETIEESES=RR
H 2% 4 0 %0, f5 FF (ST) ¥ # (BR) | 14 i
(MR W 7 (WR) FlH% 3% (PMD 5 i A7 ML 47 B} B it
TEHLIE if H Ab B Y £ Fl 42 8 % 5 AL TC HLIE b 2
(CEOHARNRFREMI M. STH L Cd As &
= MR+ 3 Hg &% & .PM ) Hg.Cu.Zn fl BR /Y
Cd.Hg.As.Cr.CuZn &YW EHH T CF., {XST
A BR A Pb.MR ) Cd . WR #1 PM Y As & & %
T CF. Hrh ALY L B Cd CuFl Zn (%
A CF 9 8im 7T 87%~121.2%, 1.4%~
156.5% M1 7.3%~163.0% (P<<0.05) ; BR MR #I
PM &b # Y Hg & & 58 CF ¥ 7 20. 0% .16. 0% Al
25.0% (P<C0.05) ; BR iy + 3¢ Cr &% & I CF &
19. 3% (P<C0.05), S5FP A HLY kHAL 21 118 Pb &
BT CF0.7%~17.0%,MR ,WR .PM [ £ 3

Pb & W EME T ST M BRALHE ; WR i + 3 Cr &
LT CF; PM M+ 48 As & i B F (K F CF,
Bk Pb LAAL, Bl 5 RS FE T B 0 RN R 36 I it
THLIEH A+ 0 4 8 & 53 T it A e
HUAE A AL R 0 48 A R 2 138 Cd \Hg A,
Cr.Cu ZnfF1E—E R I R,

AN HLY RS H AL HE S, 3 Cd & /R
0.087~0.177 mg/kg.Hg 0.020~0. 032 mg/kg. As
7.52~8.80 mg/kg. Pb 12.03~13.97 mg/kg. Cr
51.7~68.0 mg/kg. Cu 22.67~59.00 mg/kg. Zn
63.00~154. 33 mg/kg. ST HEAs R EFHT
HAbAHLAEEE, 4351 JE MR . BR WR A PM 1. 05,
1.07.1.07 f1 1. 174% . BR 3 Cd Al Cr & 535 i
T AT LY R AL B, Forh, Cd & 4 B2 MR
WR.PM FIST 9 2.03.1.96.1.96.1. 651% ; i 4h ., BR
() + 45 Cufl Zn FHABS 5L ST MR OWR S 1. 43
1.55. 1. 51 f%5M11.41.1.39.1. 36 fiF. MFEHHE KK
Hom A 3gErh Cu M Zn i & &, PM 1Y 3 Cu il Zn 53
& ST .BR.MR . WR % 2.39.1.67.2. 60.2. 53 {5 il
2.44.1.73.2.42.2. 36 /% FRMR® T3 He &= 2
Ewm T STAFE MR A WR Y Ph & B35 T ST,
BR 4bFEAR , MR A1 WR AL # (1Y) -3 Cd \As .Cr.Cu.Zn
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Table 4 Heavy metal content status of the soil under different treatments mg/kg
b3
b Cd Hg As Pb Cr Cu Zn
Treatment
ST 0.107£0.025"  0.020£0.001" 8.804+0.12" 12.3740.50" 59.345.51" 24.67+3.06° 63.00£5.00°
BR 0.17740.011°  0.03040.002* 8.24+0.10™ 12.03£0.38" 68.0+1.73" 35.33%£3.53" 89.00+1.00"
MR 0.08740.005™ 0.02940.002" 8.32+0.17" 13.97+0.86" 51.7+1.53° 22.67+3.58 63.67+3.79°
WR 0.09040.010" 0.0214+0.002" 8.17+0.14° 13.77+0.61° 62.3+6.81" 23.33+3.15° 65.33+4.16°
PM 0.09040.010" 0.0324+0.003" 7.52+0.12' 13.63£0.25" 56.3+2.31™ 59.00=+3.65" 154.334+10.02°
CF 0.08040.001° 0.02540.005" 8.26+0.12" 14.07+0.15" 57.0+4.58™ 23.00+3.00° 58.6740.58

T A [A) /NG SR 2 A B 22 5 3 (P<<0. 05D, FIA].

Note: Different lowercases indicate significant differences at 0. 05 level. The same below.

RS ST .BR.PM AL FEA .
2.2 NETHEBEENITENER

M S ATA JEFORFE AN 1 E & s & i
BT MG A8 B, A A B ) A R
REBNER S TIEESE ST EWNEREAR
AL HE R As Cu. Zn B9 B0 [H 195 Y de i v
4 9 35 0.301~0.352, 0.227~0.590, 0.196~
0.515, FW As . CuflZni& 7/ L E 4R T5 1Y

rh s G AR R A 1S g W AR A SR b BT A AL B
TR HETE 4 )R A Ok B T GB15618—2018( +
PR I — A FH b 98T g XU A5 48 b v )
FI R 1) 8 T G AU 7 26 6, HL 6P 07 A B D] -
TR <<1, R LA TGRS . LA
B AT R B T 0. 264~0. 458, ¥7<C0. 700,
Tt N #g 2 255 4 HOK A3 bR HEAR Y AN TR BLA R
HESE 14 4F J5 45 A B G AT AL T3 RS

£5 ARMHLEBYLHSETSREUANETRAEY
Table 5 Single factor contaminant index and Nemero pollution index of soil under different material treatments
Trﬁtfent P, Py, P, Py, P, P, P, P,
ST 0.178" 0. 006" 0.352 0.073" 0.237" 0.247¢ 0.210° 0.282"
BR 0. 294 0. 009" 0. 329 0.071° 0.272 0.353 0.297 0.299"
MR 0. 144" 0. 009" 0. 333" 0. 082" 0.207° 0.227c 0.212° 0. 265
WR 0.150™ 0. 006" 0.327° 0.081" 0.249® 0.233° 0.218 0. 264
PM 0. 150" 0. 009" 0.301° 0. 080" 0.225" 0. 590 0.515" 0.458"
CF 0.133° 0. 006" 0.341 0. 083" 0.228" 0.230° 0.196° 0.270°

LE PO 2% 4 JR RS TR M AL A BE T A4 B PR 775 e g8 25, P, o AN [RI AL B R /Y A 2 22 5 4R 2.

Note: P, is the single factor contaminant index for each heavy metal under different fertilization treatments and P, is the Nemero pollution index

under different treatments.

AN R b 310 G 2 25 TS G AR B e B R
PM (0.458) >BR (0.299) >ST (0.282) >CF
(0.270) >MR (0. 265) >WR (0. 264) , H: # MR FI
WR % , i #F{% T PM.BR fl ST (P<<0.05), 5
CFERFEZR. PMIYNBE ZERERK,

=T CF M H A A Bl Rk Ab B (P<<0. 05) ,BR 75
YL Eth B 3% KT ST . WR FI MR,

2.3 BEESKEIEHENITNER

HH 3 6 AT, A WL RNA T 14 4F 5 H 880 Cd |
Hg.As.Pb.Cr,Cu.Zn [ 5 I00 3 75 A 245 XURS $5 %k
I3 W A 4.00~8.83. 0.230~0.357., 3.01~3.52,
0.353~0.413.0.413~0.547 . 1.13~2.95.0. 197~
0.517, ¥4 F R O Bl (<35, i/ & &
4 I 1) BRIV A A A XURS: 48 B CEr) R 25 & 72 A=
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B $5 B, AN R AL B 7 Fb R G R, Cd Y
IR AR 2R A KUR 5 Kk B 4.00~8. 83, BAR AT
Ak T A ORI PRI EL A 9 T A A e AR AL

o R, S B 36. 9% ~57. 1% s CAd I E &R 5
Yy R fe i, As Fil Cuik 2, 1 Hg JPb (Cr . Zn [ 4=
A RS 7K S 31 o

®6 ARALEBLESSRNEMEBEESRBERMEEESRBEIER(RI)

Table 6 Individual potential ecological risk index and potential ecological risk index of soil heavy metals under different

material treatments

b BT A A 25 KU 48 2L Individual potential ecological risk index “l

Treatment Eq Ep E,. E, E., E,

ST 5.33" 0.233" 3.52° 0.363" 0.473" 1.23° 0.210° 11. 37"
BR 8. 83" 0. 357" 3.29° 0.353" 0.547" 1.77° 0.297" 15.47¢
MR 4.33" 0. 340° 3.33" 0.413° 0.413° 1.13¢ 0.213° 10. 20
WR 4.50" 0.243" 3.27° 0.407° 0. 500" 1. 17° 0.217° 10. 30%
PM 4.50" 0. 370 3.01¢ 0. 400 0. 450" 2.95° 0.517 12. 20
CF 4.00° 0.230 3.41° 0.413" 0. 457" 1.15° 0.197¢ 9. 87

TE 0 2% T 4 R 76 S TR A NE AL 31T A8 BB 7 A 25 AU 6 50, RT R S TR AR 3T 17 o 7 A 25 XU 5 B

Note: E, is the individual potential ecological risk index of each heavy metal under different fertilization treatments, RI is the potential

ecological risk index under different treatments.

MRS KBS P8 80 2 F |, i F Heg #1 Cd 1 8
PRI W 2 B8 L T Cr.Zn .Cu Pb As By, fdi 15
AN TR Ak R £ 4 T A A 25 G E A Bk 2R oA BR
(15.47) >PM (12.20) >ST (11.37) >WR
(10.20) >MR (10.30) >CF (9.87) , {H ¥ <105
(D, UL E A FHEERES . CFIEHE S
J& 15 gL K R A, B B KT ST .BR Al PM (P<<
0.05) . BRMHELE A RS $8 £ i i, PM 1 7
BB fE Bk 2, O IR T BR(P<<0.05) ,{H
AT Ak~ A X6 558 v 8 XIS 7K ST T G v R A ) T
S5 5 M 5 A R BOE AL AR SR R B B Y
4 R 5 Y KU K-

3% it

3.1 BNYHNKEIEANTIESSESENFIT

AR Y e — R AR B 2
it B 2 A+ A R W ROk IR Y e
AP R & TCAILAE | A 7= R0 T o #8 v AR AN W]
WRSHAR SR, YA LR E SRS
HERCTAE Y W E AR T A e a as fil
THEE SR S REH KRGS - LR
S FREA R ESE SRR T —&
A T R AT M o 7 A R Ml 3 ) X K I K
AEREH Hg As.Cd . Pb,Cr A BR &8 Z R #il 2 T NY
1110—2010 7K i BEBE SR A 4 BT 55 119 B 22

SR AN AT AR v, GB 38400—2019¢ AE Ak v A5
A F YT B R )L E TSR A R A
Py T A B B SR A0 T vk R 0 R D) A 4% AR
W A% HLUE T AR AR R & K A R T R IR
S, 1E H O %R R X b SR 0 B4 35 g KU T
5 A HLIE K IR A B 2% B R T A LR Y AR
7 R A DL A T S, (AR A HLIE A R i
A B ARG 5L

AT H, TTHLAE 4L # (CF) £ 3 v, B Pb 4b
(i FoAth 6 Fh R 42 Jm 35 WE AR T A ALY R AL B X R
i F A AF 9 7F S5 R BE B JE U R, CF Ab 2 i A
+ HE 1Y JE AL AIE B A LA R A R, AR X
TA PR 3R (A HL Y kLRI D S T L AR
G P i . VR L CF M R 4 JE 1Y
WA I A T g KU R (T, H BB T Cu b
Gh AR R IR R GE D
ANEAIY R FF & AP Culdl WAL 4 1
HETS SE M LA N (R RE B 3G, R R
FEAL PR Zn S E 13,500 A1 96. 9%, B AF
FIVA W ab PR 148 Cd % 1 2 L8 St E I 1. 2/
2.0f5 M4 LY BHE S8 B 14 4 5 + b &
& B B A IR T R R E Y TS Y KU T
(E17, F B H ATIZ & AR T A RAED
Az A B A A S IR BE O KU IS, 45 A B Y - TS
J& T IR
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3.2 BEMBESIVYEENYRKEZER L

BESERETERKHNRM

AN TR AT HL YRR S X A+ 5 4 R A 5 e S
A HLY R B 53 LA B AS TR HIL R X+ 48 B Ak Pk
Jo A 5% ) 2 S S AT O — ORI, RZ B TR
A ALAE i 4w S i, EAE AR AR 6% i ol AR
AR G A YL A L pH S £
7T e ) B Ak M TR S e 4 R 1) A ) Hb
BRAE G R T X+ B 4 JE Y BB R A
Wi o AHIF ST, 2 B 4 JE V5 Y KUBS PR A vk 1 2
JW R SR 14 4F J5 R 6] A HL A Rk 2 i + 4
7 40b I R IG BR A 5 VA 9 RN R 3k A ) 4
e 15 G DRI H5e g, G AT U 22, T RIS o ) I X
5 R G R R P S I I ST 4 R AR — 3
PRl — 7 T A T8 2 RN T Ok R R AR o A
RBAMESBEEZ MHE TR HBEMNGAEE
B A R AR O — T VH R 2
fib 9 k38 AT S 2 A LT Y A T —
RO T AL S S E AR A RS YR U
SEH D A HE A ML R e, A [ A A ML X 4
Ja& 1 W B B R A, TR R AR B RO I TR M T
PULTE BT HIEh A ES BN &R, A
WFgeh, L pH 78 8. 71~8. 85, FE &4 M T + 4 vh
A AL X 4 JE 1 B E AR RRAIR T R 2R i
AR M AR R e R RE I L B
QS R el e i o A AN T /A O | A N
A HLYEE H S X SR R 2R E 4R R
MM . IWASHIESE B FF 8 1 2 T30+ 4 As
AR TR Al 4 Cd  Cu . Zn YR 2 8 & 1
AT HETE 4 Cu Zn R 2 17 7 R B i 8 H
Ji Xt 45 P R 4 R A B B AR B, X A 25
F TG & PR R IR e L A R 2 R R
5 4 AR IR R R T R SRR AT O A
SRl B B R WS IR A L R I S 3K
WHEESESREEF KESEAELE-EYER
IR EEAT 38 5 B — L F O 4 R Y AR Y
B LIEY KWF S0 R Gl B, X Bk O B 45 R Y
4 JB S PR R S S AT e

4 &

FEAT TRV A S A S S AL B LR
e it I AL IS 3% 5 3 T 14 4F I 58 Bt JC AL AL 24 A m]

B - 4 Jm 0 R E RS A AL B R T
+HECd As IR R VAR EEH N T 11 Cd Hg.
Cr.CuZn R Rl FZH M T+ Hg . Pb i
TR i E2Hm T P Criy R R e £ %
BT 44 Hg Pb . Cu. Zn B 2 5 28 R TA I 401
B E B ER N T 2 Cu M Zn LA,
AN TR AT ALY Ak 3R - 558 N M B 25 i BORN IS 7E
Az S KU 48 B Ak T 5% SO Y5 1R 2 Fb - S G
J& RURS: T A0 45 S 22 B it A 45 0B B9 I 00 T B AT
PR P 3 AR W R B A HLAD R I I A 3R
T RV 25 2 Tl 3 0 0% A B RRE X g o - 8 o 4
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