ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE




W % B 3 §38 % A4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2017 4E 4 H 15 H

H &
PR S T IRICFRAIFGT  vvvvvvvmmemrereeeeeemremmmmnnieen W ek BOK BkE KE, BAR, A EE(1279)
22 FREL T PM, BRAL NSRS AAFAE SEAIHT  wovveveereermmssessnsei I, 40 FH BMEF,ZR(1289)
T R =7 KRR PR B P JCAILES TR B ORI AR I AGRAE oo evveemeeeeeeeen EHOATH,BRE, WY, TIRE(1298)
2015 AFJL IR X KA, PM“rﬁ NH; . NO; . SO?{ T AR TG LRI <+ e eereeen e
.................................................................. TOw, B, KR, ok, KR B RE e, ¥ R(1307)
JERCT R B Re ) TR R 75 YA AE S R FR I, «ooeveemeeeeeeees FWLER ER,E A, RE, L, FA(1317)
AR i DR AR ] B IR G B RIHEAFAE - oooeeeeeeeeeeeeeeee VAR, G2, BEE K7, EER(1327)
S SN S R O AT T IE AL A HE R AE AT - oeeeveeeeeeeeeens FRIE, R, KE,BRE HHEF (1340)
IR BART B R AR AT HEACBR IR BENE BRI oo voeveeemeeeeneeeeene ZHUE GhF I, TR, £ RN, # KA (1348)
FKAET PRI BOK BORBLIIHT  ooeeeeeeeeeeeeeenees APl B, DR RS, T, %, 28R, F4&, R4 (1357)
SR RN B AT AR A RS AR ++evevvvenneremmmmee ettt W R E, AT (1366)
LT i e/ > SRR B K STONE LR TSI < eveeemeenmeeenees Fk, KIKEERR, A&, &6, 7D F 8T (1376)
LA L G SRR SR MG woeeereeermemeenenieens A, RME,FF F, KA, X, FIET(1384)
T B WA S 5 TP AR ) T ) 0 JR AR B LR M IA 3R oo WG, e E R, KES R, X ER, ) (1393)
o 3 I 3 B AT S T ] LA T S O B T G AL oo EH, TP, KT, ME T, F BN, R (1403)
SRS P X R IR T R AU BSII]  «evvevvrmmmmeeee e e e oo WX Bk WA, AW (1414)
VUK PR R A AR RS AL I BIIAL,  <oeeeeerreemmmmmmmmmmnnerre e eeneieiiiiiiins ABF EEE EFW,2 8, Z4EE(1423)
1 R V2T P 7K R TR FP A LU 2 TR BEERAIE v vevveveeseeeneesseseesse ettt
........................................................................ TR, E R A B HE NG, T, KR A4 (1431)
I T T R SRR ) 4 B TS YA L R BT <+ evvvvmeeeremmmn e e ettt ettt
........................................................................................................................... ﬂﬁ_,ﬁﬁ,%g( 1442)
SN PH I IE R R A PR e RI,ER AP E,ZXE P, WEE, KEMK, RETE(1451)
SR B AR YT KR B 390 JIET5 ) (SR ) T P SR ot I BRF 2[5 v v eeemmmmmeeer e e
............................................................ #%iﬁﬁ%,im,%5%%‘&,?%?,%%)%,%%7)“,%‘E,f?”ﬁ’%,?i g( 1460)
UV/SPS BRI K T = GUEIARE B JJ2 «ooeveveeesensenenne FHM, FEH TR, BT, FEHRE T, 57 (1467)
HZS AN TR IR LR T PR PFOS SEMAI R ZE <o v eeeererrree e %%ﬁﬁ,i%ﬁ?,%i%( 1477)
g-C, N, BMFDEHEACE IR Cr( VD) BAEALBEHEAR IR - oeveeesenseiseneeineenns A, REH, LAk H 3, %0 (1483)
BT W B TR BURIF ST «eeevrenrerrmmmmmmeeemmmiin ettt et Y, T, REH, ZEE (1490)
3 R RIS R 7 B B ISHE S P BIBRACR R L ovveeeeeeveeneene Hw AR IR IR, AR, B, PR 2T (1497)
IR A T 5 K AL TE T 2 R BN TR -vvvvvrereeeeeeereemmm e AT, D, TuE B, R (1506)
SRT Xt i H):-SBR AN I G R TKFE B PRI BEI weevvrreerrnemen e B SUM BRAR AR, AR A, R 3 (1513)
ABRUSEL neocron black (NB) FAE IR - veeeeeemmmeee e B, T Rk M, 207 B, D A& (1520)
£ B R BRI L DR TR V5 K AL B TR IR <o eeeeeemmmmmm e W, B E AR, AR (1529)
FEYIERIRE RS AL RGO B AL CANON T2 AR coveeeeeeseminneeiene RN, AREE, HEZE, T2 (1536)
PR AL B8 UMERE B MRV SO REPEAMHIT +vvoveveveeoseeecc U, I, R, W, EE L (1544)
P PR 15 S PP U W 5 BB AR IAI oovoeeeeeseeen FEH, RUF A8 X, FE(1551)
TR Fe (1) B JFHES CH, TR ZBREFME oo F oo T B X% E (1558)
o AR R Z R EETF ST SR N A T 73 T IR T B V5 U TL I IRUAIT v vvrrenreerrmmmmmeermmnni e
............................................................................................. jﬂ\}%%’—?%g,ﬁﬂ%{{’%%% ,E@%a}]( 1566 )
& B SR A UL P A R P BRI RS IR SR A RS e B8, E R, B, REM(1576)
IR AR T SR IR 7 SR TG QR IE BRI -oeeeeeeeeeeees BR B N U E KB REE REME, DR (1587)
VLD U - R AT LB 2500 S P IE SO PR 2 oo Iaf, KUE, BEL, BNE, X, B, %% (1597)
FET AR A R B4 TH A B0 22 2 AR AE L A TR ZEARHT - eveevemmneeemmmmm ettt ettt
............................................................... gj’g;ﬁu’ﬁﬂg,iﬁg gﬂ,iélgﬂ’Ex%’éfgf’g%ﬁ,%é7k( 1606)
REFTA XA RUE - A LB R (O B e B, T RUK IR, T 08, WA, B Rk, 2 A K (1613)
He Rt AT A . IR A FH Ml 5 52 B 3R I A GRS IRG [ AN -+ v e e e e e e ettt
........................................................................ %FEIEE],éﬂ%f,ﬁﬁﬁ%,%@,FEEQ,ET’@E@,%%%,XU%]( 1622)
WEAK KRG L HE N, O BESIBLHLEL  woovveeemeemesmseeee TR YR, AR AL XE(1633)
ARG KA BT AR BRI %SRBI oo BEAE, HHI, X A, #4(1640)
B PE AR ] T RN - TR AR IR -+ oo BRI, BRE KA, R, A K E(1647)
K[ﬁ]%ykﬂijigw*(ﬁaxqiig pH. CEC Kz Cd JE AL +veverenenenenenetet e
------------ R R DL, REE, T TP RAW,BHF, KER, FER, B0, KA L, BEE, TIER, AIEME(1654)
RIFESIAT SNBSS | F508 1 2 52 BEEHUR - verevereeeseessesssnnsn s YF FU RET, TS, HB(1667)
TB S KRB A R I B ZRIRAE T -+ eeeeeeermmmmmmmmmmmn e e e e e e e e KA H, e, BRI, EAK, EA(1675)
R IR S S 25 ) AR - TR 25 ) 500 SR DPARY oo SWE, G, TR, TR, T TR, KFE X, TH(1683)
SR D A ORI 0 PR BTSRRI overeeesenseessesss s WL, FEE, KK, EAS, EEF(1689)
T i B T ) AR B AR I +- v YIS, 5, TR, RN, (1697)
168 (RNARGE R BT SO 8K P BRI BEE S5 M B R - 7 K E % e g, B 7, B, 30 6, 5 1 (1704)
BB BRI B WU IHORHIAPERE -+ oveoveeoeesseessnes s B H A, BRI AN, THETIT)
2 Y5 UL 3 M T T XU TR T A LA 2 - evereeemmmmmmmmmmme s e s e e e e e e ettt e AW (1726)

(HATERAVER RN (1505)  (FRERFAMVIEITH S (1682)  {HE(1339, 1459, 1612)



o5 38 5 4 1 7 1% 3 2 Vol. 38,No. 4
2017 4F- 4 f1 ENVIRONMENTAL SCIENCE Apr. 2017

EEEEAINEDESREIEFNE PR RIBREE
REMENEESR

(R a A R 17 G SN -

(1. FEL RFFFE S M2, JLaT 100193 ;2. i dbg e MoplA Bl v IR BB 5T T, A %)L 050051)

FEE . @ A/ NXAE AT L 4 a Jl AR R ZE | 2SR DG AS R 3 4 @ 76 3w o B AR B AR A
WA REZE S OB AR I S R IR A E PR AR, S5 R AR EL 4 a IR B E I T AR L3O Cu,
Cd &t 50 IR HEIG IR 40 B2 43. 8% ~118. 6% F128.2% ~44.9% . TifHXSZE B IN#E 4% Cu, Zn, Cd, Cr, As, Pb
S R 29. 7% ~48. 5% ,239% ~456% ,19.9% ~80. 8% ,40.4% ~163% ,11.8% ~22.0% F180.3% ~95.0% . %
WAR Cu, Zn TERFZ HIEP R ERDBIHR 76. 4% ~119% F 14. 2% ~20. 4% ,ZSZEHFA Cu, Zn TEHF2 HIEH R R RS
R 72.1% ~88.7% F163.9% ~78.9% . HiffmiE3E, X2 Cu, Zn AR M HIRRIZEBIR, ELL 4 a i 60
t-hm 2AREZE Cu RN T 15 ~30 om HJ2. #ZE 4 a biH 60 t-hm 2X8%E, Zn iTH R T 30 ~60 ecm +J)2. [Hi#4E 4 a i A
[l g 22 Faedm P2 LT 229 Cd, Cr. As. Pb & B8y BN, 4L 4 a fE XS 38 I 2 MK/ N 22 Ak
Cu, Cd i, BERINT /ANEAPR Zn, Cr SHRAVNEREFT R Zn i 5L 4 2 iR ERAK T /N FERI Zn & &,
60 t-hm REFEW RN T/NE TR As & I PILA B3I TREFFh Cu, As &, 4 a /NEWER BT E BT A
A A HE SN T 6% . /NARPRIXT Cu Zn B R THE LR AT, X Cd, Cr, As, Pb 5 BT RSFE A HUIE ARG
INFEWCS AT WG A TE 48 i 405 Hh SRR, B e AR T 138 4 BB 25 et B 10 28 SRS [R) A LT v 3 4 J 7 33 ) i o R
BARFER ] N R .

KW EERME, BT LRI T NS

hESES, X53 ARG, A XEHS. 0250-3301(2017)04-1576-11 DOI; 10. 13227/j. hjkx. 201609227

Accumulation and Migration Characteristics in Soil Profiles and Bioavailability

of Heavy Metals from Livestock Manure
HE Meng-yuan' ,DONG Tong-xi', RU Shu-hua®, SU De-chun'”

(1. College of Resources and Environment Science, China Agricultural University, Beijing 100193, China;2. Institute of Agro-resource
and Environment, Hebei Academy of Agricultural and Forestry Sciences, Shijiazhuang 050051, China)

Abstract: The long term and high dosage application of livestock manure may result in heavy metal accumulation and migration in the
soil, which may endanger food security and affect the top soil heavy metal environmental capacity. Thus, one of the most important
tasks for prevention of soil heavy metal pollution is scientific determination of the safe use load of heavy metals in livestock manure. A
4-year field plot experiment was carried out to quantitatively study the accumulation and migration characteristics of heavy metals from
pig and chicken manure in soil profiles and the differences of bioavailability. The results showed that the contents of Cu and Cd
increased significantly by 43.8%-118.6% and 28.2%-44.9% in topsoil (0-15 cm) after 4-consecutive year application of pig
manure, and the contents of Cu, Zn, Cd, Cr, As, Pb also increased by 29. 7% -48.5% , 239% -456% , 19.9% -80.8% , 40.4% -
163% ,11. 8% -22.0% and 80.3% ~95.0% obviously after application of chicken manure. The accumulation rates of Cu and Zn in
topsoil were 76.4% -119% and 14. 2% -20. 4% with pig manure, 72. 1% -88. 7% and 63. 9% -78. 9% with chicken manure. Under a

high dosage of pig and chicken manure, Cu and Zn migrated to a deeper soil evidently. Applying 60 t-hm

of pig manure after 4-
consecutive year, Cu could migrate to 15-30 c¢m soil layer, Zn migrated to 30-60 cm soil layer with chicken manure. Except topsoil,
the contents of Cr, Cd, As, Pb did not significantly increase in other soil layers. 4-year continuous application of chicken manure
significantly decreased the contents of Cu and Cd, but increased the contents of Zn and Cr in wheat grain and the content of Zn in wheat

% the contents of

straw. Pig manure significantly decreased the content of Zn in wheat grain, but increased As content with 60 t-hm~
Cu and As in wheat straw also increased significantly. Besides, the cumulative rate of heavy metals in wheat was no more than 6% ,
wheat grain carried out more Cu, Zn than straw, but the Cd, Cr, As, Pb were opposite. The cumulative rate of heavy metals in wheat
decreased with the increasing application of manure. This research has an important significance in scientific determination of the heavy

metal loads of plow layer, ensuring the quality and safety of agricultural production, and providing a scientific basis for the source
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control of soil heavy metal pollution and the safety production of agricultural goods.

Key words: livestock and poultry manure; heavy metal; soil profile; migration; wheat
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15 9% B K 2 i S AR

1 #MREFE

MR AL

P [ 6 b, 5 57 T T 648 RMOR 2 B R
SR I (38°07'32"N, 114°23'00"E ) , ik 46 Hb )& T
KBl 2= UM S, 4E 3R 13.3°C, 4F H IR B £
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Table 1  Basic characteristics and heavy metal contents of tested soil and manures
SH ﬁﬁLfﬂE %ﬁ,l éﬁ,l %‘Eﬁ{l iﬂé&ﬁﬁ?ﬁil 1%5&‘31{ 1 Cu | In | Ph | d | Cr | As |
/g-kg /g-kg /g-kg /g-kg /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg /mg-kg ™" /mg-kg
AWM+t 7.9 18. 1 1.1 0.8 17.9 19.7 96.3 22.9 68.0 30.0 0. 150 67.4 10.5
W 7.1 313 20.2 20.6 10.3 — — 107 4485 145 2.53 505 6.71
Wi 8.6 318 24 27.8 12.2 — — 236 522 25.1 3.48 61.6 16.3
1.2 it 53,327 AN AN 12 m* (3 m

TG 4 5 2 RN 2 AP ALAE , R RP A HLAE
WA A MEHE 21, 722,23 . ZA FI 01, D2, )3, J4 4%
MR GG ZER) 15, 30, 45, 60 t-hm it JH
i, 1 AN AL IS AR S o RE AL 3. R b 3 o

x4 m) ,25/NXFEHLHES , /N X R b 1] H 35 R
ARVG I FHIBRHR B TE. R ORIIEAS /N X/ NAZ 77 i AR
—H AR N, PHEAGIER) 70% ST, BB
Jite FH B 42 2 b 2T 15T 22 S N 300 kg-hm ~*, P, 04 150
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kg-hm >, K,0 90 kg-hm >, Jiti FH 7 HLAE 3% 50 A &
B HIRER | RBEIE . SRR . S T i
7R —3, i A AR RRTRE | 4 SR — b e
it A EE Ty U] 2 2T 4. A6 M 2011 ~ 2014
AEVESE 4 a, FFAEAHRZ L AR TR T 20 AR

1.3 FEACRESIE

(D FERCRE  BAR/NZ UK G R e
fin, HEERESCREE ST 2 sUR AL RFEIR I 3
M0 ~15,15~30, 30 ~60, 60 ~90 cm. +HEZE
HARK T JE RS e 1 mm SRR, 4 pH %2 ; 7
FHPYZMEBGE 2 AR 0. 149 mm J8 0, 4k + 45
BN, YRR AR/ ORIk
88 BT REE B/ NXEE 3 AN 1 m® WREDT,
FERETT P9 /N 22 AR RS, W Uk, LT MR 1
mm JE B, & H.

()M E  pH FHER BE T E (/K11
2.5:1) ;AN & EoR K RA ik, £ 4 P R
H =& (HNO,-HCIO,-HF ) J§ 7., S8 pr b a3k
B4 N R el U8 Ak e KR =R
THA, JHECEEE ; TIERE SN 8 mL L sl FK A
PIRESL N 8 mL {9 4l HNO, , 43 51 28 S ik v fie AY
(%[ CEM 73w, MARSS) 1 7, H ICP-AES il %8
Cu. Zn M4, JH ICP-MS ( 3 [H 4 #1482\ &) ICP-
MS7700) JU%E Cr, As. Cd, Pb Sd. ARtAE SN
A A A HE ECAE R bR R ( GSBZ50014- 88,
GSBZ51001-94 , GBW10046 ) 5 4 i.

1.4 BAESHT

B KK H Excel 2010 234, B FHFHEE R FR

JH SPSS 20. 0 43

2 HFRESW

2.1 EZi4alilE SRMEAEVIEFEPZ (0 ~15
em) 13 pH 284k

F2 E2011 ~2014 4FiES 4 a i H B B EEA
HLAE G #F)2 -4 pH 092846, T LR Y ELE 4 a it
FHME 28 05 A T #R)2 138 pHL, IF HL Bt AC i i) 348
TN BB A B FE 2845 A FRAH L% BE 4331 B
X7 0.13,0.22,0.28 F10.39 ;. #HZE4 a it
FHXSHE BR 15 t-hm 2AbBRAN LA B 2 K T BF
JZ 4458 pH, 430 L BRBEAIG T 0. 12, 0.21 1 0. 35
AN, FEFEAL PR 3 pH AR B2 R Ty 2K
A HUAEXS 58 pH 52 VE FH 23 Bl 2 it A B ] 4 384
P AN X R TR & 2 A HLIL A 14
Je  AERAEVERTE 2= A A ALRR e 1 3

FRZE | B2 6 f i 1a) A SE K pH EREARS"). R
B A DL & e F4E R B, Al
FRAEA 2251, %)+ 45 pH 7= A= 1 52 st 25 AN [F].
K2 EH4aEAEEEEGHIELE pH &MY
Table 2 Topsoil pH value after 4-year application

of pig and chicken manure

Jb 3 1% pH X526 pH
CK 7.93 £0.08a 7.93 £0. 08a
1 7.80 +£0.07b 7.97 0. 06a
2 7.71 £0.03cb 7.81 +£0.01b
3 7.65 0. 04¢ 7.72 0. 04b
4 7.54 +£0.07d 7.58 £0.09¢

1) [Al— 3 i JE 3R] -0 3R 22 57 18 8 5% W F /K (P<0.05)

2.2 #HZ4 a B EEREAYILE SR
Cu. Zn /310

Kl 1(a), Bl 1(b) 5l sk G ZE | X3 4
a &, TR Cu F AR LL. B 1(a) 7]
PIE S 2 4 a Jn B2 (0 ~15 em) -
B Cu i W T B Lt A 4 i 34
AN i A 1 22 A 22 S 0 2 HF )2 3D Cu B R
YRR ELIE N T 43.8% ~118.6%. 15 ~30 cm 12
o R (45 t-hm 2 H160 t-hm ™% ) 5% 2 hb B 4 8
R Co &t & X, Co &M T
24. 1% F122.0% . &M (15 t-hm >F130 t-hm ~*)
Ab 385G X 2 S IR B 3530 ~ 60 em -2 F1 60 ~
90 cm HJEH SIS XS LI Co ST REERA
W RUIAIRS S5 T35 AR Cu EEHZR
7 IEBHZE (0 ~ 15 em) , {H it & = it 2 1 7 2]
W22 (15 ~30 cm).

MEL1(b) AT LLE Y, Lt S ZE5 4 a )T,
s F (30, 45 F160 t-hm ~2) X838 b 48 i T #
JZ(0 ~15 em) Cu & 5, 38 I0E B2 3 500K 29. 7% |
37.0% F148. 5% ,AFENE & Z [ 22 7 W &, 15 ~
90 cm HJZ i A FEALBRAINT IR Cu A E %2
S OGFEHEA B Co EERRELENZ S
FEES A FRAH L, XSS A AR Cu R 3B Y IR
FE/IN.

1(c) . W 1(d) sl gt HAE S | X2 4
aJi, BIERIE T Zn FENZA. WE () WUE
LR 4 a 5, BRI 0 ~ 90 em 12
o Zn SEAAN IR (R30I 3 25 5. RS A B
AL B FEEh Zn SRR, ELLEHAGEE 4 a
J&, A R (30, 45 160 t-hm ~2) 2 5 14
THERO~15em)Zn S&[E 1(d) ], BhnigEE R
239% ~456% , A~ Al 0 & 2 18] 22 55 i 2. 15 ~ 30
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Fig. 1

cm F130 ~60 cm +)ZH1,60 t-hm > XY FE LB AY 1
W Zn R B3 T IR B iR EE 4 0 R
65. 1% F123.3% . XFRWAKE LM T HELE 4 a i
FHXG3E,60 t-hm > FHE B EWEINT 0 ~60 cm £ )2
i Zn F i ,30 t-hm 2145 t-hm 2 2 B E RN
T AHIEHZ (0 ~ 15 em) Zn & &, 15 t-hm 2 FEXF
Zn SRR E 60 t-hm > HEWIEH Zn &
TR E 30 ~60 cm [+ )Z,30 t-hm > 145 t-hm >
AR PRS2 R Zn FURLE HHEREZ.

PIBEZE (0 ~15 cm) H3Ef Cu, Zn FrtmaE &
4 a BiANE Cu., Zn THFARIE Cu, Zn LEHE
TR FLER, JEFEH AR Cu ZEHEZ 13 T i L
ERIKHN T 76.4% ~119% , 5B/ b PR B R KT
100% , UtHI#FZ -3 rh Cu & &R T3 AL 16
FEAE AR AR5 HAl SR U6, Hou %570 BF 98 2B
AR IR I = A I X A B 3 e Cu BTk
A 35% KA. NI AN Cu FEHEZ L i L

Distribution of Cu, Zn in soil profiles after 4-consecutive year application of pig and chicken manure

ERKFN T 72.1% ~88.7% , W25 A Cu TEHFZ
TP RERE T B ALN o EHE L
PR EER N 14.2% ~20.4% , X3 A Zn 1
HEZ B B ERGK B T 63.9% ~78.9% , 193¢
WA TR Zn TERFZ M B R B 5 T &
A5 B R, ARt b X A 3 rp i R 4
J& FERWE T & B, HUOE RTIRE.
2.3 #EZ4 a B EERMEAYILE TR
Cd, Cr, As, Pb w224k

3 EIES 4 a fEHIEZEAPUIE S T3S
Cd, Cr, As, Pb FHZBIEIELL. PRI UL %22 4 a
Jiti A 28 B 2 1 T BE)Z b Cd S iR, HLRE T
FHEBEINRE N, 4 H B AT, B2 Cd & Xt
WEBAHN T 28.2% ~44.9% ;15 ~30 em 12, Cd
et IR 2P 1 B T 8 RAR, 45 R A B
T, R IR AR T 18.9% ~32.3%. Jifi JH A% 2%k
30 ~90 em HJZHY Cd FE I E .
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Bt 2% 38 &

VESEA a i R HE LI G SR E
S H R E AR T 15 ~30 em 2 Cr S B
NIRRT 21. 5% ~41.2% , H A HUAE it FH &
A2 i T BTG, it 5 X 30 ~ 90 em £ JEH Cr
ErR A B E R,

it I AE XS 3 T P As . Ph 55 82 19 5 i B
H5 Cr (L BHE 4 As, Pb SRR EY
W (HFESE 4 a i FHIGER B E MR T 15 ~30 cm +
EH As, Pb i, H AT 20 B H BEREEG T
23.0% ~28.2% F23.3% ~44. 4% . Jifi FHHEZENT 30
~90 em /29 As, Pb & G 5.

A DL 25 ST 0, iE Sk 4 a it FH A% 36 B 0
T HHEREE Cd F i, EEEE RPN Cd AR
e SRR XS Wa & S — 8 E S
4 aliti 25 HEZ T A9 15 ~30 em £ )2
Cd. Cr, As, Pb i It 3 FEAIL, 3X 7T & 2 F R
JEA MU 3 5 i T s A LT . A LR 3R
BErEThESEEAMRE, B RENE S
F B B E AR, Kaschl 257 5% A+ 4 10 56 0F 5%
KB S e HERE S, R - Cu, Ni, Zn %5
Gy R TR N W)L o vt S o (S E I

£33 EH4aBABESIESNESD Cd, Cr, As, Pb EE" /mg-kg ™!

Table 3 Distribution of Cd, Cr, As, Pb in soil profiles after 4-consecutive year application of pig manure/mg-kg ™!

TR/ em JisL] cd Cr As Pb
CK 0. 156 £0.019b * 28.41 +1.28a 9.24 +0.71a 15.86 +0. 73a
71 0.200 0. 014a 30.85 2. 84a 10.82 +1. 14a 17.21 +1.37a
0~15 72 0.202 0. 016a 32.20 £1.28a 10.8 £1.29a 16.47 +1.48a
73 0.215 £0.013a 30.18 £1.98a 9.88 +0.38a 15.51 0. 9a
74 0.226 +0.022a 31.61 +1.89a 9.89 +0.72a 15.2+1.21a
CK 0.164 +0.016a 41.28 +1.24a 12.05 0. 25a 20.19 0. 78a
71 0.133 +0.017b 31.99 +1.49b 9.28 +0.29b 15.48 +0.22b
15 ~30 72 0.122 +0.011b 33.21 £2.12b 9.05 +0. 46b 14. 64 +0. 68b
73 0. 130 0. 008b 29. 61 +4. 13be 8.89 0. 69b 14.33 £1.05b
74 0.111 0. 026b 24.26 £5. 16¢ 8.65 +0. 45h 11.23 +2. 19¢
CK 0.092 =0. 004a 32.18 £1.38a 9.2 0. 12a 14.27 +0. 46a
71 0.073 +0. 008a 24.61 £2.05b 8.66 0. 7a 12.47 +1. 15a
30 ~60 72 0.083 0. 023a 25.85 1. 61ab 9.11 0. 61a 14.55 £3.33a
73 0.079 +0.018a 26.41 £3.94ab 7.48 £1.47a 13.92 +2.0la
74 0.091 0. 024a 28.13 £2.73ab 9.99 +1.57a 13.91 +2. 82a
CK 0. 104 0. 036a 35.17 £5.65a 10.35 £1.93a 15.71 £3.71a
71 0.127 £0.012a 40.6 £3.77a 11.44 0. 87a 18.47 +2.0l1a
60 ~90 72 0.103 +0.016a 36.12 £3.26a 10.48 =1. 12a 15.74 2. 17a
73 0.102 0. 028a 32.55 8. 12a 9.89 +1.9a 15.38 +3. 18a
74 0.114 £0.016a 36.47 +3. 44a 11. 12 £0.99a 17.14 £1.48a

D) [al—3 | 6l — 4 )2 Je k] 5 B3R 22 573K 31 5% . /KHE(P<0.05) , T 1A

R4 JEES 4 a s HWGZEA MU 5 3850w
Cd, Cr, As, Pb WA & &L, ] D 08 28 i
FHEAEEL 15 t-hm 2 H, LS 4a jifi RS 2E W& 0
THHZ b Cd Ea, 25 H AN B Ho B B T
19.9% ~80.8% . Jifi XS g FREAR T 15 ~ 30
em HJEH Cd Fim, 00 L X BB REAR T 18.9% ~
23. 8% (HR[RIXG 3% FH 2 [A] 25 5 A 0 3. il FH WS 3%
X 30 ~90 cm +J2H Cd & 0 I E 5.

SRR, % SR FH XS 26 o R TR +
o Cr 1 i, LG FH A 389 i 36 , 43 5 Ee Xt
HEZABETIN T 40.4% ~163% , X T B2l Ty h
Cr SRR TR it PG FE A 25 B AR 15 ~ 30 em
L2 Cr i, X IRREAR T 20. 6% ~55.7% ,{H

AN At FH A B R 22 S AN (B 3. T S P XS 2 X
30 ~90 em FJZH Cr 5 JC W E M.

As FE HHERITH TP o A AR S Cd 251, X2
iR 15 t-hm 2B, JESE 4 a il XSS D 25 3
T #EZ 2 As i, 25 FH & AL B EL S BB T
11.8% ~22.0% . &L XS FE B AL 15 ~ 30
em T EH As &, LA R T 23.0% ~
28. 5% , 45 X9 ] AL B IR) OC W 35 25 . il MG 3%
%30 ~90 em +)ZH As SR IC B E .

Pb 7E IR P A A S Cd 284, 39 28
FE M 15 t-hm 0} ESE 4 a XS EEHHZ P
Pb £ & 0 W0, £ FH i A B L X BE AL BE n T
80.3% ~95.0%. 15 ~30 em 12 A4 b
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TR TZLE D Ph S8 IR T 17.5%  FWI, AR 4T, & & 2004 AN Cd, Cr, As

~25% Y FE AL B O E 2. MIHASEE R Pb EEMBRE THZE L PR xRS

XF30 ~90 em +JZ 1 Pb & i JC i E . FRS RG2S it A 2 I . %484 a ﬁﬁFHX%
FDL 2SR i, 4 4 a i HAS3E HE R 28,82 (15 ~30 ecm) 13 Cd, Cr, As fl Pb 7%

15 t-hm *Bf B2 80 Cd, Cr, As 1 Pb Syl et W AR, HnT RE IR A St R 2201

x4 EL4aEABEFTTEZESD Cd, Cr, As, Pb §8/mg-kg !

Table 4 Distribution of Cd, Cr, As, Pb in soil profiles after 4-consecutive year application of chicken manure/mg-kg !

TR/ em JisL] cd Cr As Pb
CK 0.156 £0.019b 28.41 £1.28d 9.24 +0.71c 15.86 +0.73b
J1 0.187 £0.007b 39.88 +3.78¢ 9.67 +0.73bc 19.47 +1.62b
0~15 2 0.247 £0.004a 59.77 £0.82b 10.96 +0. 54ab 28.6 £0.87a
13 0.282 +£0.033a 73.68 +7.59a 11.27 +0.51a 30.93 +3.09a
J4 0.274 +0.03a 74.72 £10. 1a 10.33 0. 70ab 30.92 +3.38a
CK 0.164 +0.016a 41.28 +1.24a 12.05 +0.25a 20.19 +0.78a
1 0. 128 £0.008b 28.30 £2.19b 8.9 +0.32b 15.14 +0.85b
15 ~30 2 0.128 +0. 006b 29.93 +2.74b 9.24 +0.48b 15.81 £0.71b
13 0.133 £0.013b 32.79 £2.95b 9.31 +0.53b 16.65 £1.41b
J4 0. 125 £0.022b 30.95 +4.35b 8.61 =1.06b 16.14 +2.83b
CK 0.092 0. 004a 32.18 =1.38a 9.2+0.12a 14.27 £0.46a
1 0.081 £0.001a 27.26 £0.7a 8.49 +0.07a 13.05 0. 82a
30 ~60 2 0.078 £0.011a 29.87 £5.66a 7.62 £1.41a 12.78 +2.05a
3 0.088 £0.009a 30.92 £2.22a 7.84 +0.23a 13.98 +1.02a
J4 0.078 +0.009a 29.07 =1.15a 7.88 0. 86a 12.71 £0.99a
CK 0.104 £0.036a 35.17 +5.65a 10.35 £1.93a 15.71 £3.71a
J1 0.120 £0.016a 36.20 +0.62a 11.4 +0.29a 17.45 +1.21a
60 ~90 2 0.118 £0.005a 34.19 +1.61a 10.66 +0.43a 16.29 +0. 62a
13 0.122 +0.014a 35.80 £2.54a 11.48 +0.85a 17.61 £1.98a
J4 0.129 £0.011a 36.24 +3.72a 11.57 £0.58a 18.35+1.31a

2.4 EZ4aiHEGRMEAIIESE/NER/FFF Cd, Cr, Pb HFEICRELW. EL4 a i GRS,
FAJE o5 15, 45 F160 t-hm G FEA IR I /N FEFF Zn 7
K5 MELL 4 a HBEREAING, /NE BREHEINT 120% | 190% F1350% , 5% BAHLE,
FEFFhE &R AR fE. PRl L ESE 4 a it HIE X%Z%&iﬁm%ﬂqﬂﬁfﬁﬁiﬁ%ﬁ%@%wﬂ@.
FEREAPD Co SR EM, XA T 2.5 %44 aiHESREAVIEG /N E R R
17.3% ~82. 1% ;A Md 15 t-hm B F5F T ELSESE
s Py BERE S P R ARG Nt R R, X A 8 Jin FoNEL 4 a MEHEFEFRMAVIG, NE
T32.9% ~44.2%. i A X /NEREFE B Zn, AR E 48 AR L. R RT3 R R

®5 EZ4aAFSERNNERFPESRESENHI /mg kg™

Table 5 Effect of pig and chicken manure on the heavy metals concentration of wheat straw/mg-kg =

e HEJE A E
Cu Zn Cd Cr As Pb
CK 3.07 £0. 12b 11.5 £6.33a 0.066 0 +0.001a 4.75 +£0.33a 0.249 +0.02b 2.33 £0. 17a
71 3.60 £0.20a 8.87 £2.20a 0.0560 £0.01a 3.83 £1.53a 0.282 +0. 03ab 1.80 £0. 32a
72 5.59 £2.42a 12.3 +4.89a 0.0669 +0.017a 4.10 1. 63a 0.331 0. 05a 2.19 £0.71a
73 5.06 0. 70a 11.4 £0.95a 0.060 9 +0.005a 6.71 £2.51a 0.340 +0. 05a 2.02 +0.31a
74 4.93 £0.42a 13.1£0.57a 0.0694 +0.012a 3.90 +2.37a 0.359 £0.05a 2.06 £0.39a
CK 3.07 £0. 12a 11.5 +6.33d 0.066 0 £0.001a 4.75 +0.33a 0.249 +0. 02ab 2.3320.17a
1) 3.27+1.17a 25.3 £3.26bc 0.051 0 +£0.013a 5.34 £0.48a 0.284 +0. 06a 2.47 £0. 59a
2 2.86 +0.57a 19.1 £1.82cd 0.0479 +0.011a 7.80 +£3.22a 0.200 +0. 04b 1.80 +£0. 46a
I3 3.79 £0.40a 33.3 £3.16b 0.047 6 £0. 009a 7.64 £2.13a 0.266 +0. 06ab 1.98 £0. 52a
J4 3.59 £0.72a 51.8 £5. 80a 0.0550 +£0.007a 8.82 +4.93a 0.285 +0. 02a 2.35 £0.30a




1582 2N 5%

Bt 2% 38 &

15 t-hm 0F /NEHPRL Zn & W AR, U IR 2
MEflk T 13.7% ~ 37.0%. 4% %% 1 & ik 2 60
t-hm HF, N RERL As i i E N, A R
R, il G SN/ N FPRLH Cu, Cd | Cr, Pb
B G R E .

HSE 4 a XSS /NZFFRIT Cu, Cd & i
8 ZEREAR, 20 ) L R R AIR T 32. 6% ~41. 9% Al
42.2% ~52.2% XTI RESEH T & & 2 E ALK
T P ENSASELSE S, BT SRS

L RAR AN A & AP b e, e ) R A R
REAIG, SR MO 22 PR Zn & i B RG 3%
il P e B R A, EL 245 I 45, 60 t-hm 2

BB T XA N APRL Cr St i 1, Hext
AR T 36.2% ~60. 1% , 3 BBt & i Z e ER

FRIfE(GB 2762-2012) ,iX 593&H Zn, Cr 5 RIR &
O, it XS 2 253800 T k)2 4 Zn | Cr F A,
HEMIEIN T /NZRFRNT Zn | Cr BYWRISC. it RS 25T
INFERFRIH As | Pb S & .

*6 EE4aAESEENWNERNPELESEHEI mg kg

Table 6 Effect of pig and chicken manure on the heavy metals concentration of wheat grain/mg-kg~

1

Ab

CIEEEg

Cu Zn Cd Cr As Pb
CK 5.73 0. 65a 48.9 +9. 84a 0. 026 8 +0. 006a 0. 807 +0. 13a 0.0237 +0.005b 0. 153 +0.0la
71 5.13 £0.92a 35.3 £9.78ab 0.016 1 £0. 005a 0.408 £0. 05a 0.057 0 +0.037ab 0.255 +0. 16a
72 4.73 £0.42a 33.7 +£5.80b 0.014 2 £0.002a 0.250 +0. 22a 0.0325 +0.003ab —b
73 4.80 £0. 6a 30. 8 +4.26b 0.0176 £0.001a 0.777 0. 45a 0.0412 +0.008ab 0.070 +0. 07a
74 5.47 0. 76a 42.2 +5.3ab 0.0284 +0.001a 0. 625 +0. 34a 0.068 0 +0. 020a 0.238 +0. 15a
CK 5.73 £0. 65a 48.9 +9. 84b 0.026 8 +0. 006a 0.807 +0. 13b 0.023 7 £0.005a 0. 153 £0.0la
I 3.86 +0.42h 60.9 £7.43b 0.013 9 £0. 005b 1.292 +0. 18a 0.024 9 +0.005a 1.044 £0.51a
2 3.59 0. 20b 59.1£6.87b 0.014 8 £0. 003b 1.263 0. 11a 0.023 0 £0. 005a 0. 886 +0.43a
3 3.33 +£0.23b 80.7 +3.50a 0.0155 +0.001b 1. 099 +0. 34ab 0.024 7 +0.005a 0.952 +0. 40a
J4 3.46 £0. 12b 79.2 £7.43a 0.012 8 +0. 004b 1.232 £0. 12a 0.031 6 £0.010a 0.595 £0. 58a

1) =R AR ARG

2.6 /NEWORMANF & A HLUIEH A H 4R
() Bt i M i R

PL/INZZ FERn FNAS A e 42 7 it 55 B0 8 I
R AT RN AN SR
L4 a BT 4 o Rt MR T ATHL NE
FERIXT Cd, Cr, As Al Pb 19 2318 B EART/NERE
FFFFRIN Cu, Zn 1Y RTHHE & TREFF. N2
WARXT Cu, Zn, Cr B BITHEH S8 AT
K BTt & 53 5o 0.259, 1,282 F1 0. 204
kg-hm ™ 39 3% 4b B R 4 0.218, 4.173 F1 0. 168
kg-hm 2, H Zn 9 B 0H45 5 S 28t FH 4t 1 38 in
M0, X AT RE SRS ) Zn T EAR G A K. /INE
WX Cd, As, Pb i 2T AR, S 2 3T
B B R ) ) 80,003 4, 0.014 3 F1 0. 085
kg+hm ™ XS 2 40 B F 20.003 1, 0.012 5 F1 0. 084
kg+hm .

PINEWGK 4 o 2T E S EE G & S5 A VUL 4
a BITEEEEA RN A RS ESZEMEA VAL
wAH 4R B Bt R, e XSIEAE IR 15
t-hm 7 FHRT A9 B4 R R, H B & 3
IS, G ZERE BN WX Cu, Zn, Cd, Cr,
As. Pb B R 508 0.46% ~1.7% . 1.02%

~3.94% . 0.41% ~ 1.62% . 1.38% ~ 4.96% .
0.34% ~1.37% . 1. 12% ~5.61% ,/NFZWFKXF As
5 R, X AT RE R RN TE S 25 il o LA T
W IE AL, A =M i R B 25 RE 10, 78
SRS, AR YA R AR . XSS A BN IR
Xf Cu, Zn, Cd, Cr, As, Pb ZIF#EH R 405K
0.85% ~ 3.38% . 0.39% ~ 1.02% ., 0.42% ~
1.58% . 0.11% ~ 0.58% . 0.77% ~ 2.60% .
0.23% ~0.81% . A S5 T /INZE Wk il 45
L8 4 a ZIHEH RN 6% , HBE Cu 4b,Jiti ]
X238 /N AR HAt F 4 Ja 5 1 SR B/ N Tt A% 36
bR

3 itig

3.1 L A E A AL R i R
MRS TH

ALY & B AN PRSI SR
R 2 e M A R EE 2 N R Bl i A T
TR E B R AR ISk B BE LR SR
e PREEACT™ il R AR 25 BRI 22 A 9 B 28 T B AR AT
FRY, & BIEAPUIL A LT Cu. Zn 7EHF
JEZ R RAR G EH AN Cu 7EHF)Z LR
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Table 7 Removal amount of heavy metals by wheat and the cumulative removal rate of heavy metals after

4-consecutive year application of pig and chicken manure

TTH b3 71 72 73 74 n 12 13 J4

RAG 0. 156 0. 145 0. 140 0. 156 0. 127 0. 124 0. 120 0.121

Cu RAS 0. 084 0. 106 0. 104 0.103 0.09 0. 083 0. 084 0. 097
CRRW 1.70 0.89 0.57 0.46 3.38 1.61 1. 06 0.85

RAG 0.872 0.788 0.739 0. 905 1.31 1. 464 1.717 1. 847

Zn RAS 0.362 0.38 0.383 0.377 1. 003 1.249 1.952 2.326
CRRW 3.94 1. 86 1.19 1.02 0. 86 0.51 0. 46 0.39

RAG 0. 001 0. 001 0. 001 0. 002 0. 001 0. 001 0. 001 0. 001

Cd RAS 0. 002 0. 002 0. 002 0. 002 0. 002 0. 002 0. 002 0. 002
CRRW 1.62 0.67 0.51 0.41 1.58 1.01 0.51 0.42

RAG 0.018 0. 021 0.021 0.021 0.016 0. 009 0.014 0.019

Cr RAS 0. 166 0.177 0. 166 0.183 0. 146 0.16 0.152 0.112
CRRW 4.96 2.68 1. 69 1.38 0.53 0.28 0.18 0.11

RAG 0. 002 0. 002 0. 002 0. 002 0. 001 0. 001 0. 001 0. 001

As RAS 0.012 0.012 0.012 0.011 0. 009 0.011 0. 009 0.011
CRRW 1.37 0.73 0.46 0.34 2.60 1.41 0. 86 0.77

RAG 0. 009 0. 006 0. 005 0. 006 0.017 0.014 0.018 0.011

Pb RAS 0.075 0.073 0.07 0. 062 0. 054 0. 066 0. 066 0. 068
CRRW 5.61 2.62 1.68 1.12 0.81 0. 46 0.32 0.23

1) RAG :removal amount of heavy metals by grain, ¥F 0735 Hi 8, 8047 ; kg-hm =2 ; RAS; removal amount of heavy metals by straw , f #7485 H i, 2047
kg-hm =2 ; CRRW ; cumulative removal rate of heavy metals by wheat, 211 H R A . %

PR RHRES T 76.4% ~119% , W F&4F A Cu,
Zn TERHZ TP R BRI h 72. 1% ~ 88.7%
63.9% ~78.9% ,BAA — & LLHIHY Cu, Zn iF
BEITHZ T mm 2. AV &, [T
TR IERTR. 60 t-hm *JEFEALHE Cu BB EI T 15 ~
30 em +£J2;60 t-hm >33 4L HE Zn 55 2 30 ~ 60
em L2 AR AT HFFEMEAGHIH AN
Cd, Cr, As, Pb &AM EEHEBZUTLZE,H
FEIE A UL A S R T R R Z £ Cd,
Cr, As, Pb Wik, ABF5ERY, 13EH Cu, Zn,
Cd fAtE—ERENEE TGN, cd ik
it 19 ,Pb . Zn, Cr. Cu Fl As BVEAEIT RS BE MK
TS . AR E b G, Ph, As DAL Cd S99
A A P RS BT A A 2
R BT SANEHAVAL P XS E LS E TR &R
A 2 iR ] BB AHIE G50 FH o e+ A 0T
REWHIFPESIRWEE S L HTAE G, -5
FoRiEE 2 | 0 54 T A0 R B A AR, BELAR 4 FH
A G, SRR A T AR B A e T

it F 2] 38 b A5 26 | RS 2O £ 7 A R
AVEPEA HLT (DOM) FIAG HLER | 3k 26 43 fif 7= )
2 RS H 4 J PR A A 25 RN - R R0k X T 4 A I
BAF20) v 4 S )V R RN RS B 1 il LT B 1)

THER RIS, AR i G S XA SR
FEAR T HEE LAY pH. Schwab 25U BF5E 6
B, 3 i A LR 25 3 o BRI 3 pH R 3% 9
SRR S A, HE PREE R 2 W A
o B, 2548 L B R 0 AR L B 1) 7K 431
paTRiERAy) | iR ﬁﬂTiﬂ%“‘”. Sterckeman 257\
N EmESREETBEENNESL . REE
S, B pH | LI R AN BLR
HIZE SRS pH R, Hoa R BT R I B
e L NI AR 7Y R VAN SRR e s s R b
FEME Bt B OE A G, ARG R B, B35 W3 A
T Cu, Zn ERRE A 25 5, 3K 02 i TS0 it
MRS Zn Bt & THE 238, i FG 28 5 8= 1
By Zn R RS TR, K2 LR SR SR
SESRE LT A K" FIL, ABF5E
FE AR Zn 72 LEEFIE e FiE R 2 30 ~ 60 cm
+ )2, MR AR Zn WA &AW WL R A
G AR TR Cu AR TS SR D
o BB, ARPRKES Co RS ELEMN
30. 47% X F1 Cu W &y i 7K Bk kA LR 12 7%,
EDTA $2IUZ Cu 4y 35.96% , BEHIEZE Y Cu 538
FEAH H HLA O = 0 A 0 R TR TR R RS sh
WA, HI, JEFEH ) Cu iEE 2 15 ~30 ecm 13,
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B 38 %

MG Cu R LA BRI B,

FE HACHIFIY 3 8 2 A MU o 4 R e R
I AR R AERS Wi Ak IR R A m TS
Yefrfar B wEME. AR R EHEREIE, X
FELAHE Cu, Zn [MIRE RS WIBHZ 30
Cu, Zn REEZ AN, I, e & H i 4
& f g it 1 2 EE i FH AN [ B 6 S A LR rh
& JE AE 3R P BRI A R
3.2 #EE4 a i & S AMAA P X/ Tl E
4 I8 1) 5 )

A7 i T 2 A A B Ok B 1 e, N
A7 T ELR 2 IR IR G 78 i B e & S 3R
SRV SER. AR R Bon, & S 2
WEERINT /AN RFRL As i XS W E RN T
Zn, Cr &, H Cr FrE i & %2 EEbrifE(GB
2762-2012). AT VLAt e i S A A ALIE 2
B A = ST SR AR S, s R AR
A B AS T, Lipoth 25 il 1t 5 ~ 7a fEFA1
TG & BTt A% 2%, Cd B9 A= s s, /N
MR ZRN Cd By, ok, A 58 =
FEEIER MR T L5 Cd, Cu, Zn BHRYE,
IKEEZ Cd FraFUNEFPRL Cd & A 35 2 A
XA BN TR E XN, ES 4 a it
WM/ RT R Zn & B SRR T 37% , it
XEFEE/NFZRFRP Cu., Cd 758 I i FAIG 41. 9% A1
52.2% . XFTRESEHI T YA HUIE X 2L 4x 8 & i
AR, it A MLAE IS , 3 HIUT & = R,
X BB ML T Y R I o) 3 2 /0 i (14 T 4 S 14 W B
T, SEE R AR HRE NS A, N
R ER 4 I 1 AR WA R (H 2 AG HLAE rpax 2
AR SRR E I TR S R A R s . A
REW, EHE S REAIIEE , G EEHS R
B RN KA S AR SS S SRR, R 3L
B B E AR X0T G S AR it
& R R ERAVNERRESE S EN R
. 524 a G2 XA P, /N EFEFF
Cd, Cr, As, Pb & dt i TFARL, 1T Cu, Zn FHJZ, Ui
BB Cu., Zn Ab, /N RS FE R —Fi e 4 1Y i 42 A
TRTF/NERRL, HHAB TR R —8 . BT
Cd, As, Pb FE 4R H AERGF & £, IS FF
FERYCR] FH S 7 1 %

EANFI IS, ISP Zn, Cu FHEE
w LT TREE AR RITESIEN, Zn .,
Cu, Cd FFHEE B MR IC R 12 0 n 2 3 Py 1k

w8 T B X A e T 3R R T SRAR, RS 4y B A
BHAHEL RSN, S EE & & A HLILE AR IR
MBI 2 i B SR AR FE A A 7 Hp RS
G — IR SRt FH s K it H 7 & 2 AT B
fE. Besh, T & & A A PLIE A A s 2ok
7S s e  RERAY | | I R B R i R o
SR EOCTERY AR

4 i

(1) AR B2 FESE 4 a i HIE ISR S J
FEW AR Cu, Zn TEHFZ IR R AR 555
76.4% ~119% 1 14.2% ~20.4% , 334 A Cu,
Zn TERFZE L R 0 53k 2 72.1% ~
88.7% 1 63.9% ~78.9% . &Lt [l ¥ it A9 3% Zn
ERE] T 30 ~60 em +J37 , ELEH I A% 2 Cu iE
BE15~30 em )2,
(2)BELE 4 a NI RFER I T HIEHZE D
Cu, Cd 1Y% &, 1% 2 JH X 28 1 35 0 hn + ek 2
Cu,Zn.,Cd,Cr, As, Pb & MHZUT HZEHH
Cd, Cr, As 1 Pb @A BE L. & &I
AW Cd, Cr, As, Pb TEFRLE T HEHZ.
(3) HELE 4 a Jili B IS, W8 FRAR /N 22 PR
Zn FE L REWIN T /NEREF R Cu, As Fi. ELE
4 a NS FE 0 3 FEAR/NASFFRL Cu, Cd &8, 12
FHN Zn | Cr &, WER I T/NEREA T Zn
. 4 a /NIRRT PLIL A 4 JE 1Y 745
BINT 6% . /INEAFRX Cu, Zn B BRI AT
FAF, T Cd ., Cr, As, Ph AHE. A HLALHE I8
INAEWOAR S AT HILRE 5 A <6 T B0 4% 1 I, 7
e R R A .
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