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Effects of pig farm slurry application on heavy metals in the cabbage and soil

CHENG Juan', LIU Muheng', XIAO Nengwu’, YANG Liu’, DU Huiying"", DU Lianzhu'", ZHANG Kegiang'

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Shiyan Academy of
Agricultural Science, Shiyan 442000, China)

Abstract: It is important to study the accumulation of heavy metals in the process of farmland application of pig farm slurry because of
potential impacts such as effectiveness enhancement and morphological changes. This study conducted field experiments to explore the
effects of pig farm slurry application on the contents, available states, and forms of heavy metals in facility cabbage and soil. The results
showed that there was no significant difference between the application of slurry treatment and optimized fertilization (NOPT), with low Cu,
Zn, Cr, Pb, As, and Cd contents in the shoots of the cabbage. The Cu, Zn, Cr, Pb, As, and Cd contents did not exceed the safety limit value
of the Limits of Contaminants in Foods(GB 2762—2017). After four crops of facility cabbage were planted, compared with those of NOPT,
561 kg+hm™ of slurry application treatment significantly increased the soil Cu, Zn, and Cr contents, the Zn (except for in the 0~20 cm soil
layer), Pb, Cr, Cd, and As contents in the 281 kg+hm™ of slurry application treatment and NOPT were not significantly different, and the
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Cu, Zn Cr, Pb, As and Cd contents were lower than the safety limit value of the Soil Environmental Quality Risk Control Standard for Soil

Contamination of Agricultural Land(GB 15618—2018). The application of chemical fertilizers and manure water significantly increased the

soil effective Cu and Zn contents. The manure water treatment had little effect on the morphology of the Cr, Pb, As, and Cd in the soil, whereas

it significantly increased the content of Fe—=Mn-bound Zn. Correlation analysis showed that soil available Cu, Zn, Cr, Cd, and Pb had a

significant positive correlation with soil organic matter, olsen P, total nitrogen, and NO3s—N, and a significant negative correlation with pH.

Four consecutive applications of manure water will not pose a the risk of the soil heavy metals content exceeding the standard. Studies have

shown that four consecutive applications of manure water did not pose the content of heavy metals in the facility cabbage and soil to exceed the

standard, significantly enhance the effectiveness of Cu and Zn, and significantly increase the content of Fe~Mn—bound Zn.

Keywords: pig farm slurry; cabbage; soil; heavy metal form

BEE R B BRI R R, BB IEFTUIAS
B HE T SR (PR35 5 e [n) B0 H 7 2% i 5 R 4
TG YA BoR , B B IR A HE R N 59.6 7t
BEE12.0 0t EEIOKD A FE WAL, i
AL H 5 e 4R o e ML & e (e A A 1
PR, R LA T RVBORYE S & & 2R
WRFRE R AR Y, RGN LR EEBIK
TP IR AL R FH AR A H 5, 3 2 A A ol 1 V5 75
MERIT | A T4 60 5 J P 0 B B2

55 [ AR AR AR L, R DR A 2K 34 H [a]  Fh
SEA RO, B8 IR I KA H S XA A
HHEE SR, — FR R H REME A
NICHOLSON £ XTONG 25024 M 35 8 263 1 it 1
EL 28 M A% HH 4 39 B 4 i V5 e i J Sl R CA O 451
A SHI AEMA S & & 28 /K it FH & PR b 5 4 B Wk %
BT EE R QTAN 28R T T 4 22 4 4F A 4 26 it
FH H B] 350 5 B AL A SR B, Rk 10~50 a, Hr AR
A 8 Cd L Cu A1 Zin ) PR AR K 8 0 15 7K OF
AR T A 3T I 2 it o o) T TR AR 1 5 4
H, FRE 2 K it o AR 48 Cu F1 As 19 BB BT K
SENTHN Ry i 26K it IS A A0 4 1 AN
AL 3 A R A RN A 22 5. 38KiE
FE X VR 00 R - 498 T 4 T i R 114 7 IR, 1o A5 8 F AR

PR K 2 2 g AL R 26 T AR AR, 23R [
R 5 K AR PR R A TR AR B X, A R it D 5 Ao e RS,
FhFEBEAT , - 398 Jo0 i 1 W, iR 7 R 0 2 /K A i
FHM RN SR 25 AR AR . 2400 09T 22 I 58 P2 X AL
JIE it ) 70 iR 2 X R8O O R A AR R T, PR IX
MR Foh 35 45 5 VR ) 0 - 3 4 T 1 R MR AT 5 AL
e . PR, AR SC ARt 1 25 HH ) 67 3056 ok 191, 152
BT AR AL B AR Ak it A Ak RN 35 26 K BRARAR AR 5
AL PR, TF R SE 3K B AR R 11 5 A 1
e 4 Jm s RIS, DU AR X 3R A 2 K B IR AL
FIFH K 2580 T 52 K SR AR IR A48

1% WHART]

1 MBR5EFE

1.1 et

I AL T TR K S AR, i 13
BEREHE , MR AT 0~20 em 2 - BEH LT & 6.58 ¢-
kg .pH 7.72 AE & 0.51 g-kg HS A S 40.60
mg - kg EEASE S 1.99 mg - kg AUHE A i 36.91
mg kg Cd %51 0.51 mg-keg' \As 5 1E 4.91 mg-kg',
Pb & i 12.75 mg- kg™ .Cr % 1t 29.58 mg- kg™ . Cu & it
2.05 mg-kg" Zn i 33.21 mg-kg ',

IR E S AL B X BN EE (CK) |, ANt FHAE Y 5
P Akt NE AL FE (NOPT) , JFE BB 20 B B4 it FH 22 40 301 Ay
216.96.216 kg-hm™, [ 335 JEJHIB NE 73 51 43 .19,
43 kg-hm™, G5 EKWE L 73514 22..10.22 kg-hm™; %
Y2 K A At B AU I A A 2R, 280K At 4 i o
281.374.561 kg-hm™, i ff BSN100.BSN75.BSN50,
BSN100, BSN75 . BSN50 Ab H i 7% /3 & 5 NOPT 4k Bt
— %, BSN100 . BSN75 &b P4 5% 73 15 5 NOPT 4b #—
o, FK AN R B 77 0 AR 2= IE R 5F . BSNSO
FEIK B IR0 1 S L I S0 A 296 kg - hm™, 3% )42 S it
A 59 kg« hm™, 25 BRIt A 30 kg-hm?, {58 LR
J9 85 3% AR (N=P,0s—K,0 Ky 18-8-18) . if B R 45
(P05 75 1t 12% ) AR R B (K20 % 1 51%) o

B K S 2k PR A A B (6 4> H B A A7
) IR FEK , 28K IR0 & W R ARE , pHT.51 BV
4 773.00 mg- L7 AR S 1 702.00 mg - L S
T 19.10 mg- L7 BB 5 746.00 mg- L', Cu & &
0.55 mg- L' Zn & & 1.42 mg- L™, Cr & & 50.00 pg-
L' Pb & 2111 wg L' . Cd & E 1.51 pg- L7, As & i
13.17 pg- L7

RIS T 2017 4F 10 7 FF 45,2019 4F 12 T 455, 1
SERRIE 35 em  ATIE 40 em, LA 4T A, B
SRR S 3R, /NX AR 6.72 m?, BEALIX 41HES1 , /NX
6] FH PVC M B@ T -
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B AEFIRBOR G , BRI R, DR S
105 CA 7 30 min, 70 °CF 4t Z 180 i & , 0 5 12 80
H i 5 PR AR R . (R RE i B3 HNOs T 2,
TR A 5 B R TR (ICP-MS) il %2 Cu . Zn, Cr,
Pb.As.Cd 7 &, K PR Y it (SRM-1570a) i
(iisccyile

A SRS 4 2E TSRO A R E A
[X 4 B8 “S” K143 0~20 cm 1 20~40 em W 2 K4, [ )2
WS SR TSI REAS A 1] S5 % 3 AR KT, it
Ja it 100 H i R AERFI . R F HNOs—HF JH f# , 1CP-
MS il % +- € H 43 J& Cu . Zn Cr.Pb As .Cd B &4,
K AR ) T (SRM-2586 ) JE 4 7 i i 76

K H Tessier 125 1% 252 4 Bk o + 38 v Cd
Cr.Pb.Cu.Zn As BB 519, 53 0% AT A8 40 285 (AR
AR PR AW G AP A S AERE S
VEAFHEE, 4 8 A 35 1 0.05 mol - L™ EDTA #2251,
ICP-MS 47T AWM . 138 pH A1 LB (SOM) |
22 (TN) B SR (NHI-N) A ASZ (NOs-N) (AL
(Olsen—P) &t Fi i+ H P08 el 52 o

RN EELRARS GRS IEESR
S LB
1.3 #iES

IR 6 B R SPSS 26 #4117 BRI K T 25 4
M7, Duncan 2 & L UEAT 25 5 8 2 E R 50, Excel
2016 Origin 2021 f1EE

2 HRESW

2.1 FERMBERM EHESRERENZIN

A A B S b S AR 1 s Bl
it HE B, PSR b A % SN (As (P
BRoM), B FAM AR . (1384 138 Cu Zn &

iR — 3, Cu Zn % 5 NOPT 2b 34 RN 2 /K it
b3 (BSN100, BSN75 . BSN50) i 2 &5 T CK &b ¥ (P<
0.05) , BSN50 4b # & 2 =5 F BSN100 4b B A1 BSN75 4k
P, 1 SE ML B Cr % it BSNSO 4b P & ¥ T
BSN75. BSN100 2 NOPT 4k #E (P<0.05) , BSN75.
BSN100 F1 NOPT Zb ¥ Z [0] G ' & 25 5% . 12 |
#B Pb . As 75 i NOPT &b B = F 3% /K it AL B, H 8 2%
{5 T CK AT BSN100 A0 FE . [ b Cd 5 5 il 5 it
RE B8 0 R 3 i, 5 BSNS0>BSN75>BSN50 .,
NOPT>CK, [3¢# I3 As . Pb.Cr.Cd & ¥y R 1k
(B AL 2 FE R 20 hTs P BR ) (GB 2762—
2017) 2 PRAHEKR
22 BKEAMLIEESESENTIT

M & 1A %1, 0~20 em + )2 1 3% Cu . Zn, As . Pb,
Cr.Cd &85 F 20~40 em 1 2. & 4bFH 0~40 cm 1
JZ 13 Cu &4 9.925~18.915 mg - kg™, BSN50 4k F
i T Al Ab B, L 4 A4S Ak ) 2% ROR W3 (P>
0.05) . 0~20 em 1 J2 + 3 7Zn & & by 32.601~73.820
mg-kg™', 28K it 4 38 (BSN 100 . BSN75 . BSN50) i
75T CK K2 NOPT b P, L[ 2% 7K Jiti FH 2 114 184 Jont i
EHIN,20~40 em + )2 438 Zn F AL RLEE S 0~20
em 2 —%, 1E0~20 cm + 2, BSNS0 &b Hi {1 + 3
Cr it 3% 5 T NOPT AL B, 7 20~40 cm )2 H1 38K
Jits AL BE 5 NOPT Ab #3525 ¢ . 4540 B -4 Ph
As T HTE 0~40 em 12 T0 0 25 S HoR M 24
FrifE ; T3 Cd & 4 0.225~0.258 mg - kg™, 0~40 cm
+JZ A0 BRE] (B 0~20 em )2 CK 2R FRAN ) + 38 Cd 75
BELEEZS., 1 Cu.Zn.Cr.Phb. As . Cd T E R
AT (A S PR T A R ] b 49 e XU A
(GR17))(GB 15618—2018) 14 4R 14 .
23 HEKEAWNTIEESEEINSSENFM

KR HEELS B ARG RENR 2R,

F1 AXHLHESESE (mg-ke')
Table 1 Contents of heavy metals in the ground of cabbage (mg-kg™)

42 )& Heavy metal CK NOPT BSN100 BSN75 BSN50 224 BRI Safety limit
Cu 3.466+0.133¢ 5.179+0.062b 5.450+0.125h 5.618+0.058b 6.812+0.003a —
Zn 59.513+1.032¢ 76.875+1.030b 76.741+0.905b 78.608+0.646b 99.504+2.496a —
Cr 0.071+0.006¢ 0.102+0.005b 0.099+0.004b 0.111+0.006b 0.167+0.060a 0.500
Pb 0.011+<0.001be 0.023+0.005a 0.009+0.002¢ 0.014+0.002abe 0.019+0.003ab 0.300
As 0.035+<0.001¢ 0.105+0.005a 0.037+0.002¢ 0.044+0.012bc 0.092+0.032ab 0.500
Cd 0.028+<0.001d 0.033+0.004¢ 0.034+0.002¢ 0.041+0.003b 0.049+0.003a 0.200

VE : [F)7 T 5 A7) 7 B 0 AN ]t A b 3R] 22 5 .25 (P<0.05) . I

Note: Different letters in the same line indicate significant differences among different treatments (P<0.05). The same below.

WWW.QEs.0r9.CN
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e
Heavy metals content/(mg-kg™)
o~
)

EeJE T
Heavy metals content/(mg-kg™)

L b abab a

Pb As Cd
0~20 cm

RARERZ2E - EEFESHNEET

F40EF 115

Pb As Cd
20~40 cm

48 Heavy metal

W CK [ NOPT [EBSNI100

M BSN75 [ BSN50

ANFEVING FREF R A PR ] 2% 5 2 (P<0.05)

Different lowercase letters indicate significant difference among treatments ( P<0.05)

B1 +EELE Cu.Zn.Cr.Pb . As CdEE
Figure 1 Contents of Cu,Zn,Cr,Pb, As and Cd in the soil

ZE7K it AL B 0~20 em + )2 HIEA RS Co TR B E
T CK Ab B, FL Rl 2% K R 2 3 i S B,
BSN100 4b B A1 NOPT 4b B UG i 3% 25 5% 5 20~40 em +
JEAME Cud i 5 0~20 em )2 MR —30 . 28K
AP 0~40 em 1 )2 FIERUES In R B E S T
NOPT b #FN CK Ab B, FL B 2 7K FH 2 39 i iy {8 3% 34
e 43 Cu Zn G fb# K 8.26% F19.65% , it = T+
1 As \Pb.Cd.CrigiG L%

0~20 em 1 )2 1384 20 Cr & i BSN50 4b 2 |
CK AbFHFI NOPT &b 34 i) 22 535 i 2 K- (P<0.05) , &2
BSN50>NOPT>CK , H Z£7K jifii FH b 3 [11] BSN50 Ab # it
2 =5 T BSN100 40 3 1 BSN75 AbFH 5 20~40 em 12 +
A SAS Cr 3 045 it B A B0 R) G B 3 25 5 0 0~40
em 2 FIEFA RS Ph As . Cd &1 5 AL FE 2 ] 1y
TR EER.
24 HKEAWNLIEEEEBRED BN

FEK it IR 0~20 em + )2 + 3R 4 R IE S0
WE 2R, 13 Co & & S AL BRI LIBRIE S Cu hy

1% WHART]

F, 3 7 62.69% , 5% i A Cu & & U7 5 i CK 4b
TSR it B b B 1.09~2.22 4% , 15 B i AE A 3 2 [ A1
RS Cutr i, H b BB B B &=
PE, BRI IS SSPE WA A SSA RS>
RIRER S A I L. HEBRE AR E S
Cu % 2 ZE 7K it FH b 381 {2 2% =5 T NOPT 4k ¥ A1 CK 4b
P AR T NOPT Ab B, 26Kt U5 A MLZS &5 745 VIR R
ERGE AT S S Cu B S WS A 1. 287K it
& HIEA LG A BRI G ZIn G RHIES T
CK 4b P A1 NOPT 4b 3 . CK . NOPT 4&b i DL 5% /5 745 Zn
g L BT R 62.26%~75.42% , B 35 8 T 26K i
FHARFR , 36K it FH A B AR AR E AL E5 5 A Zn
A5 M 29.89%~66.71% , H AR BAL 456 25
Zn (5 R T NOPT AR FEFN CK AL 3, 28K it F '
EIEIN T B E A B Zn G LL ) BEAR T BRI
B Zn LB,

K it FH AL PR 5 NOPT Ab PR -+ AR 25 As (Cr &5
i HE92% LA b, B T A A IRIRER A A
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R2 AELETEEEENALEEE(ng-kg)

Table 2 Available contents of heavy metals in different treatment soils (mg-kg™)

42 )& Heavy metal 4 )2 Soil layer/cm CK NOPT BSN100 BSN75 BSN50
DTPA-Cu 0~20 0.125+0.005d 0.542+0.010¢ 0.5770.015¢ 1.104+0.028b 1.564+0.018a
20~40 0.118+0.002d 0.425+0.030c 0.445+0.049¢ 0.693+0.085b 0.999+0.018a
DTPA-Zn 0~20 0.1000.015d 0.358+0.275d 0.869+0.044¢ 2.706+0.162b 7.1230.196a
20~40 0.050+0.021d 0.275+0.106d 0.813+0.075¢ 2.581+0.078b 4.684+0.156a
DTPA-Cr 0~20 0.168+<0.001¢ 0.726+0.001b 0.740+<0.001b 0.763+0.001b 0.913+0.003a
20~40 0.120+0.004b 0.626+0.001a 0.6460.024a 0.7360.007a 0.847+0.001a
DTPA-Ph 0~20 0.108+0 .006a 0.124+0.022a 0.138+0.026a 0.152+0.041a 0.109+0.013a
20~40 0.071+0.002a 0.053+0.005a 0.060+0.008a 0.076+0.009a 0.074+0.009a
DTPA-As 0~20 0.011+0.002a 0.010+<0.001a 0.011£<0.001a 0.015+0.001a 0.008+0.001a
20~40 0.010£<0.001a 0.010+0.001a 0.009+0.001a 0.010£0.001a 0.008+<0.001a
DTPA-Cd 0~20 0.003£<0.001a 0.004£<0.001a 0.008+<0.001a 0.0070.001a 0.005+0.001a
20~40 0.003£<0.001a 0.002+0.001a 0.003+0.004a 0.00420.002a 0.004+0.001a

B AU EE LA EGEAs Cria, &
MH A E P CATES Y URES N E, L 5HH
71.76%~87.77% , ‘i 2 {7 T HoAth 4 FIR A, B4 A Ak
A BRG] B & TR A58 A
MLES G AR 52 e A5 Ee i) it 2SR FE IR 3 A
2x5 |2 4 As .Cr.Cd P IE SR 4L
25 EKERAEEERAUSEESEE THEEN
M RBIAE K7
MEEHESEAYNS RS E SR Ak
JEATHI AT AT A (R 3) , HIEARES Cu i 5 4
Cu.%Zn.SOM.TN Olsen—P FI NO:-N 75 & £ 4% B 3%
IEAESE, 5 pH B 2 UMD A Zn it 5 4
Cu .4 7Zn .SOM TN NO3-N A %7 Cu 5 2 25 sl i &
FIEAHG, 5 pH 2 B E AAC AP it 54
Cu SOM A R Zn 5 1 2 3 IEAH G ARG Cd &
54> Cu. % Pb . SOM TN Olsen—P A %4 Zn A%
APhEBESIWMEEEM L ARAESCHTRES S
Cu.%Zn.SOM . TN .Olsen—P . NO;-N 2] 2 4% 5§ 2 1F 4
K, 5 pH 2 8 2 TG, 58S Cu A RS Cd
B RFIEME, AR As &8 5HAFR A 1
NTE N

3 g

3.1 BAERAMEEAXESESENEMN
FOKHE T IR BRI SRR AR K (R 2K
G T RE S 51k - S ALY & 4 8 AR, 8Kt
FHF B0 11325 , A% CK A3, 267K it FH (BSN100
BSN75 .BSN50) &b #7153 7™ it 35 3k 3] g 7K F- (P<

0.05) , H% NOPT 4b Bf | 2 7K it FH AL PR ZH 4 74 1 22 3%
PR IA 13.73%~39.45% , F KA AR A B35 3G e
SR AHIF Y R 4 FEZEK I S e B 4
J& R AR L (A 2 A E R bR TS Y R
#)(GB 2762—2017) 1% 2 BREZK . BIAN 252
GE T FEIKH FH T KRR N R (SR SRR, 32 it
FZEK SNk o 48 1Y o o, B A R TR A
SIBERLRE ST, MBS L AR I 2R S 4R
R, CAO SE A SE thAs 3 5 kA E 4R
B EBUEAR . AN, RV R A AL X 3SR SR
4 R A B A R, A 5 3% K it S 1S
Hi B E 48 Cu Zn Cr Cd & B &5 T CK AL 3,
FEIK it FH 2 N T S 3 Cu Zn . Cr CA 9 &
L (H 47 K PR 1R P 3 I E 4R 1
b, KW FH 52 75 2 — 2T . BTSN
It TR 2R R T R R g S h B A B R R
IO 3R 34 4 K W & % Cu Zn EHE AR E & 3%
JEL o 2 SO R A 5 A S VA R FE X A% S R 4
Ja& 15 s i AN B I, AT e A ) A 5 RSB0 SR Y E 5
A it TR UG R S8 TRk P R4 R R it
AR, (H 5 R it AR AR FRA EE L Cd | Cr 5 2 AT 3
T X S A I A AR — 2 KWt T ok - S A
VEYI TR 42 )8 O e I R A 5 i — 245 5T
32 ¥mMTEEUSESENEE

A RS 4 A R 6 AT AR sh A ) S A A i
FIAM 4R IEA . pHE SOM 55258 ) - e rh &
SR MARCET, pH RFEINE & )8 A Sk EE
PR 713500 H BT ] o 4 398 s A< K o 2 4 S 5 7 1)
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Figure 2 The comparison of soil heavy metals forms
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Table 3 Pearson correlation coefficients of heavy metals contents and physical and chemical properties

$8hRIndex AT Cu DTPA-Cu AU Zn DTPA-Zn 4744 As DTPA-As %A Ph DTPA-Ph 44175 Cd DTPA-Cd A 444 Cr DTPA-Cr

4> Cu 0.679%* 0.936%* -0.141 0.588* 0.715% 0.569%%*
4 7n 0.638** 0.636%* -0.386 0.452 0.482 0.599%*
4 As 0.075 0.297 0.228 0.392 0.357 0.129
4 Pb 0.048 0.275 -0.468 0.431 0.532% 0.088
4 Cd 0.041 0.252 -0.537 0.142 0.136 0.279
4 Cr 0.035 0.089 0.559 -0.022 0.154 0.142
pH -0.736%* -0.551* 0.445 -0.229 -0.466 -0.518%*
SOM 0.727+* 0.837+#* -0.285 0.566* 0.760%** 0.662%*
TN 0.738%#* 0.781%* -0.205 0.432 0.645%* 0.563%**
Olsen—P 0.430%* 0.459 -0.118 0.414 0.621* 0.624+*
NO;-N 0.896%** 0.671%* -0.247 0.325 0.255 0.729%%*
NHi-N 0.090 0.241 0.946 0.273 0.371 0.062
DTPA-Cu 1 0.528%* -0.058 0.167 0.477 0.701*
DTPA-Zn 1 -0.143 0.573%* 0.748% 0.465
DTPA-As 1 -0.281 -0.300 -0.349
DTPA-Pb 1 0.671% -0.429
DTPA-Cd 1 0.627*
DTPA-Cr 1

TE % 7E0.05 /K- ORI b 22547 OG5 72 0.01 K1 (RUI) - AR

Note: * significant correlation at 0.05 level (bilateral ) ;* * significant correlation at 0.01 level(bilateral ).

RAAEPF S, BAEEESE H, — GRS LJZBRAN) (Pb.Cr.Cd ., As 25 % 5 26 /it Fi AL B -5
i) - 398 () pH 25 BRSO 1T R R TR 4 R TR A, B e Ak i BE A BR8] 6 i 2 22 5% 0 0~20 em )2 Cu Zn,
—J5 W Z WA B Z L S E LS MAPUFEIT  As.Cr.Cd.Pb & T 20~40 cm 12, 1IEF 48 S
RAFER DM EIES . AR T ZIOKGHAKN  RHREZ 0T EREEE.

S, IR A Cu Zn & B EFRAT, 135 Cu Zn (3) it FHAL AR 26K B & 3 1 R A 303 Cu,
DA RS aB T, 5 BRI ER 3G Zn &8 BT RE S Cu Zn & IE5R T 13 Cu,
K I ki B AL 45 5 25 CuZn 5 HE R 32.66%~  Zn YRR, 280K B E BN T e A AL A A s
66.71% , "] BEJ& T A ZOK it AT AR Cu M Zn % Zn &8 it FHALAE A2 K AR 251 £ Cr As .Cd
el TSR A A A7, NS R 3 Cu Zn 5 PIE SRS ML . A 3A CuZn Cr.Cd . Ph
AALIEE GG e e . KT A 2k B R 5 145 SOM , Olsen—P TN \NO;-N f£-1E i % 1E A

AR BN 135 Cu Zn (VB TEfE 3 KXR, GpHEBERLLR,
4 it 5% 3Tk

(1) 358 4 FE FISERRS , FOKM FTAD BE (1380 [0 S S0, BT 6, BUAEE., 2% . TRIEI 76 5 J005 e i BLIR ) 4

» >N
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