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WE . MidEs: 3 i IR EHE LR (ADSS ) H IR,
W T HEEARBIEAR A Y #8458, 7040 T L3
4B BUREHE , A E A RE AL 15 TR 1 X4 IE R
Vi S R AR, SRR AR EH SR 3
J& T T I Bt AN AL A BT O e Hoh T v
RSB (TDS) THT 67. 6%, BB HR(EO BKT
45, 3% Xt A SRR T A K A4 Eh A0 1V 1 R
RIS RAER. fERREN TS RS 3R P<<0. 05) 1
T HEPE YRR BRI E A
b 3SR AR MAFRE, T ERFIRE M T
77. 9% s RS EABE A BB IN T 11000 95. 4%. [RlA, i
RREH G R B Y E e SRR
A .2 (P<C0. 05) W32 FH-AE A » e v e 9 AR B il (MBO)
BWERMRE NI TR T 207 %4 5 bR B A0 98 M B AR B %
AT RIS IN T 1182640 102%. dit W , i R Al AL is R
A2 E R AR AT B RS, S5, B X g £
HEREESEN, B4 3 ERENIFREAG, & W
TP RS BEEA PG, A SRR T H RN R E
FARvE(GB 15618—1995) , B B ikt FH IR R I fLi5 R F 1y
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Effects
Sludge Addition on Improvement of a Degraded

of Anaerobically Digested Sewage

Nursery Garden Soil

YANG Changming, FAN Bobo, JING Yachao
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of Education, Tongji University, Shanghai 200092, China)

Abstract: A soil column experiment was conducted to
evaluate the effect of 3-year consecutive application of
anaerobically digested sewage sludge (ADSS) on a degraded

soil from a nursery garden in Hefei City, Anhui Province. Soil

RS B 2017-07-14

physiochemical and microbiological parameters were
determined, and accumulation characteristics of heavy metals
in the soil were also analyzed. The results showed that 3
after the ADSS

physicochemical environment were significantly (P <C0. 05)

years addition, soil texture and
improved, and the soil total dissolved salt (TDS) content and
electric conductivity (EC) were decreased by 67. 6% and
45.3% , which indicates that the ADSS

application showed a improved effects on the degraded soil

respectively,

with secondary salinization due to continuous nursery
The application of ADSS
significantly (P<C0.05) increased soil organic matter content

plantation for several years.

and nutrients supply. After 3-year ADSS application, soil
organic matter was increased by 77. 9% and the available
nitrogen and phosphorus were increased by 110% and
95.4% , respectively, as compared with the control (no ADSS
addition) .
significantly ( P < 0. 05) enhanced nursery soil microbial

At the same time, the ADSS application also

biomass and metabolic activities. As compared to the control,
soil microbial biomass carbon (MBC) was increased by 207% ,
and soil urease and alkaline phosphatase activity were
The above
results showed that the application of ADSS could improve the

increased by 118% and 102%, respectively.

degraded nursery soil quality. In addition, the nursery soil
with 3-vear application of ADSS showed an increase in the
contents of heavy metals, but the contents of the determined
heavy metals were far lower than the secondary level of soil
environmental quality standard of China (GB 15618—1995).
However the effects of long-term application of ADSS on
accumnulation of heavy metals in the nursery soil and its

ecological risk need further study.

Key words: anaerobically digested sewage sludge (ADSS);
nursery garden soil improvement; soil enzyme activities;

accumulation of heavy metals
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Ve =R BB AE 28 LT, T IR H B RMA 3K
FleEab AN E ™. SEBUTT OGS TR R AL R
FE AN BT PRAL 2 A7 Y i Y I R 1 32 B B AR
HFHEERE S AVEMEFRTR. A
HE 15 U8 T b ) R 2 ok ok & R 35, & i i B T
B e LA A R R AR R IT IR R A B E TS
RO 1) A0 FE R 2 R0 15 PR A A TR E AL
Aib P, L AR N 1 SRR O A A 2 XURS 2
REJH 1k (Anaerobic digestion) 28 7518
R —TREBER A, REW LB R E
A , IR B DASCELRE IR Bk HR, IREH LG
Y5 U S B 1) B 2 A i R A8 B 58 e, AT ™ E
HATHRREABAEARAMARE HTRGRETIR
AHAEREMLEEL)E NE S A B MEITTREM
BHLURSEE T, T B340 5 04, R & TH Ak
JE 15V B T A . 68 i 30 B FTR 45 4, IR
FRIR I 5% 2 FK A E RS B IR S LR E LR
15 VR b HEAT + H R A XA AT DA R IR 46
THAL TS U H 2 1) B, [R5 U6 (9 Ak B 1A 5 (] B 3 BT
DI — 2613 4+ S vl R, FE 4R i R A B
2, BT REHELEHER A HEN L IERE
K ES R BREHE B A, T B 2 DU
I SEE6 A 3 o 7 SRECAT A R ASCR A 3 i SR DA
A SC LA H R AT B - AR AR 42,
AATESE 3 AF 1 IR AT AL 15 U8 e A i A R UL 5
5, 4560 R R B AR LA R AE A AR
AREFHIE, B EVR TIREHE TG REL
ot PSR AL T [P - S A ek R AR [RIB , 3 X PR AETH

WE RIS TR E SR R RET T 24
Bt Dl Al RS AL TS PR A 48 )5 % 138
R 0 B R, A 4 5 R SETH AL E
A5 e 1 b 22 4 0 P A0 B TR AL Ak PR AR B AR R 22
A,

1 #RETTE

1.1 gk

PR R B A BT A X KT R F T
Fodh, H R HHbIgR R 1. B T2 &S M.
FAEEMEIRER, BN B L EEN R E
HEBCRE, B SR (EC HIE 245 pS+ om™; +
% pH & 8. 28, i Bl e . 0T A
WARE, TIERE T E, B ERE. A R B+
AV S BEUM. U 15.2 g « kg ' RIERRL
FAL LA BE 1 55 , AR %0 ) 1 R Ak ) AR ™
H, AR K818, T BT B RIS R

RETEATSTER B8 I8+ B 15 KA B
B Rl K TS U8 IR AR T AL B o Bk i, HE AR YR iR
/AL 1 s, ;R 1 AT LUERH RIREHETE TR
B SRR 339 g« kg L IR ERWEE. Ji5h,
BT TG Bk 980 AR TG K, HIFGRES
BEERMEK, REEAEHERFILFIEEESE
TEYEEETORETS KB 5 RAE FE Ak
A IR B VAT HE (GB/T23486—2009). R I, A< 5L
IG5 R H IR A A 75 TR e B Bk ey, JEH 8 A ik
17 HF .

F1 SikpEE D EE NIRRT IR R R

Tab.1 Physiochemical parameters of the tested nursery soil and anaerobically digested sewage sludge

EC/ AWFEER/ BA/

Hakbret  pH

BB/

BERERSE/ (g kgD

(uSeem™) (g kg™ (g+kgH (g-kgH d As Cr Cu Ni Zn Pb

e 8. 28 245 15,2 1. 62 2.05 0.10 — 1.13 2.24 — 16.1 1. 35
H (1.10) (34.9 (2.13) (0.3D) (0. 26) (0.03) €0.25) (0.3 (2.18) (0.33)

WL 6.91 168 339 38.5 16. 8 0.24  0.05 45.1  50.1 6.6 209 18.6
(0. 85) (27.2) (26.7) (5.12) (2.45) (0.06) (0.01) (7.12) (7.13) (0.87) (36.9) (4.12)

T L RPBAR S 3 W T-3MH, 85 W EER AR iR 2 2. “— " Fom ARA i} , B AR T AS K2R K -,

AR AR A, 2K 60 cm, B
2R 20 em, AN T AFEIESE 16 ke (Y I8, IHEE
J5 KR KR 20 HIR R EHEAE RET
FKEREH0~20 em +ERMBE, KREHLG
VeHEIE N 300 g « £AET? « £ [FE EERM
TSR AR L. B e IR, IR AR
B HERE 70 % B H R FE K & A £ A SE 56 7 PG
38 KU BEEHE e 25T, B8 T BT LB R A1 36 BT iR

TEPRS N R LI A 2014 4F 1 H JF 4R, 2016
A 12 H 85, Jtsst 3 4T (A
1.2 tHEERRESWUE

KB RAF 12 AR, RE TP RE O~
20 cm) 3, REH LR — T A RNT, Mt
BERALTEAT T . — TR B OKAE VAL (4 °C) , AR
AT .

838 b ORE R 2H 5O SR A VA I € 5 388 pH
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e FHR(EC R BERENE, Ky 1.1, 158
AT MEER A (TDS) 58 R I B sk i 5 - 4 £
HRER S K — KB G DIRE .2 —%E
B4R 5 4 3 BT R R R BB W, A
JE¥ K TR WHEAT R R R AT R T g AT
ER 43I P RF IR, B TR R G R E. A PLIR
WEFRMEHRBSFE; LEPIRENE R
H, SO, IR I35 (K, SO, +CuSO, +Se) 14, 2
TR IR 7R Uk s Dol I SR R 0%
MBI SR A HCIO, - H, SO, 1H7 . S BT L35
Olsen-P(A 5485 M 2 R F NaHCO, #2H, 4861 e
B, U PR B R TR MERIESH X
kL8 1;

REH ISR B 13+ E & 4 )8 (Cd.Cu,
Zn.Cr.Ni fll Po) MIZKE 4R (As) 2B E - #EFHFR
O 0.5 gidat 100 HRUTAR Y £ 3 ek iz A5 T
RIRLEHEAE A 5 ml HNO,. K HEE
FHAM L 150°C A E WAL T, B A 5 ml
HNO; .5 ml HF.3 ml HCIO, , f#4% 150°C N4 .
HEFREBER. BRAZIETAEHEH 2% HNO,
VA ERE 25 ml BOJGR EIER, o 0. 45
pm (TR AR, F F B G S5 B AR R SR B (ICP-
AES) (Optima 2100 DV, % H Perkin Elmer 2 74
PO M Horp As, Cr, Cu, Mn, Ni, Pb, Zn %0 &
TH.

5 B A W A B B (MBC) A4 9 & &
(MBN) RS BBZE-K, SO, FMRHEEE e ; -1
KR BETE L 40 LR SRS YR S =R
DU (TTCO) B, TTC #k JF T , Be T i s o
HIZL e = 2R B % (TPP) ; R B 2R - I A R 4l
Bl (2 00 R + 3RS 1 % T A DAR RN EE 5, AR
PR B = ) 2 5 2R T IR SRR A A B €8 Y
W,Lh24 hj5 1 g TEd ™4 M NH;-N B i &
(mg) 7R PREE I IE 7 5 R AR 28 — 9Nt Ak £
MR RIS M, UL 24h )5 1g T EEPOR B
(PhenoD) i i (mg) F/n BERR B 16 M. LBk
3, 5-THEFEAK AR L A I R , LA REREAE A 5T, iR
WIS 3.5 I &K M RR IO A i B 4 7= M ok
W ALEE S M, BF DL 24h 5 + s A 0 A 4
#i (Glucose) B i (mg) R ARG 2. DA - 13
TR AR BAE SRR A AR 2P RS2 SR 9 .
1.3 BIESWSSRITHE

RIGFAE R Excel 2010 F1 SPSS 19, 0 4838k
TR ER , TR e B E it ANOVA A8 7 4By

BIPHAITER I 54T, RSB R K 5 ik (Duncan’ s
new multiple range test) %J A [W] &b B FA 7] s FH 4
FRF bR ST AN E S B R
fEZ ST 81T, 4 P<<0. 05 RIREZR /KA N
BE.

2 HBR5HH

21 REBELSREAMNTETEBRLIERD
A1)

PR EH AL T5 VR e J5 ot v 7]+ 338 = 2 T A o
BRI 2 fis. 2 2 T BE Y, 5RERE
THALTE VR AH AR i IR S L5 RS T B it m
T HERCRLEL B, MRS B TRk T B MR
I Z R RE. B IR EIE TSR 3 RS, 11
pH ESLISRIATCE IR A L5 R g B 8 (P<<
0. 05) FAIK, B TEVR IR A TH AL TS TR 19 8. 24 BRI E
7. 89, J@ IR X R ER IR IR B X F K 2 B
Rl Yy KR A AR, PRI Ak 75 Ve it i b i
EP<O0. 0T HIFEAWRSEGE 2, 55
TR A5 VB A Lo g, IR IH AL 75 U8 + Ui A 1
A M 2 SRR 3 AELUE , HIEA DL S B0 B
HET 11.8%.39. 1% 1 76. 9%, ML F Bt FH &
RAEMAL)E Bk S i5 Text A ML 3R 74 9
.7 H A R AR, LA N E S RS
BE LI, X it BTSSR —8, REN e
Hi5REAE AR A BT ZR. 5 RETKEH
A5 » e B R A LR R 43 R gt el 4 R 41
h M AR 04 J8 B R S I, X R R A R T AE
FHRER.

H5EBAENRAE, H 130 A S 5
2 I 2 PR AR T Ak 75 U8 At R AR R 38% Jon g 34 » 3%
ULEATE B AU e & T v I8 3 IR B R i5
A FLER S SR M™ . NE1ETTUE
L, 5T IR A AT U8 A Lb &, i IR R0
A5 IR AT B B (P<<0. 05) 4R & HIEBE IR &
. SHA MR AN E A e, R E AL i5 8 £
B 3 45, 1M A Olsen P & &4) H] 14
Y 109% 1 95. 426, FILET LUE AT T35 0 A
BN E . REH I R HEA A T+ 5Eh g
AT LS. T INE & A FUB W PR TE LTS TR
KRUGE T L EEAIAEE, WA A F it
FTE M B30, 358 T X + 38 ML BB PR A 3K
FRAT R R
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Tab.2 Effects of anaerobically digestion sludge application on soil physiochemical properties
WHER A i e pH(:S5KFRE AIEER/ BE/ S/ W/ Olsen-P/
/% /% WH1:1 (g+ kg™ (g+ kg™ (g kg™ (mg-kg™)) (mg-kg D
e fL s 17. 4 18.3 8.13 18.9 1.72 2,12 56. 8 19.6
L MR 55y (2. 06) (1.12) 2.19) (0.3D (0. 56) (8.12) (4.12)
THEMEE 171 18.9 8. 24 17.1 1.58 2.01 53.1 18.5
HiEE G0 2014 0. 94 (2.08) €0.73) 0. 34 (7.15) (4.0D)
e fL s 18.9 17.3 8. 04 23.5 1.89 2.78 78.2 23.8
MR 5% (1,59 (0.79) (4.12) (0. 55) (0. 56) (5. 85) (3.15)
THIEE  16.8 19.1 8.23 16.7 1.41 1.94 50. 9 17.8
HiEE (.98 (2.33) (1. 04) (1. 78) €0.19) (0. 43) (7.12) 2.19
e fL s 22,6 17.5 7.89 29, 9 2.78 4,56 103. 8 33.8
WER Gy @ (1.12) (6.18) (0.23) (0. 68) (9.12) (.17
THMEE  16.9 19.2 8.25 16.3 1.27 1.92 49.8 17.3
HiEE  2.15) G615 (1.3 (2.18) (0. 36) 0. 41> (6. 23) (2.37)

L RPEIR N 3 K EIE, 155 R iR 2.

V1 At R DR AR T A T VR X T TP 4 T
HEE(TD)MEFERECOHFE . HE 1 TTLLE
., LELEEARARENELEREREHAAE
REAR , 5 TCTS IR SETH AL TS Je Al L3R, IR A Ak 15 T
T 14 i 2 AEFNEA 3 4ELLE . £ TDS
BRBIMREE GRS A TRET 15.8%.23. 7%
N 44. 5% , L 5 # (electric conductivity, EC) 435
W& 20. 4%0.41. 6%0.58. 4%. T3t R &I 1LI5 TR
34FJ5, 13 TDS {UK 0. 875 g « kg ', EC {H[%
ZHI9L5 pS e em™ L RKREMR T HTKIIAGH
it A R0 7 TR B T ERD 4 IR AR Er AL R

BXARHE— 2B UL A, i FH IR S TH A 35 TR X 8 3 F o s
18 AL B ] S AL R 5 B A A B RN i R A B
FERM A RS 08 ol BB 23 AR - S T
EF IR A R p AL A I 45 R R, IR
THATs Vet X B W R —E s R
VR 5 BE B AR — 7 Th 2 595 e i — e h RS 1
7R AN 78 vt AR AR IR H LS #
TGV BEA W] B AR, 351, i IR SR A5 T )5
S LB, A A T IR S TS R
BERG.

3001 w g IR o BN 401 w IR o BN
250 357
= =30
£ 2001 2asf
v 1501 ® 208
=4 7 % L5F
< 100t . Z I g
g I 2 10t .
= sop / \ ) 0.5¢ / %

0 ]
#1E 524 I oA W2 3
WHAERR Hi AR R
a EC b TDS

1 R&EWTREATE pH #0 EC ERI#0
Fig.1 Effects of anaerobically digested sludge application on soil pH and EC value

2.2 REBEUTSRERNY T EMEYFRHEN
=41
Ve -3 ) T B A AR A0, IR E e
e MEA SR REE EREA. P ALK R
I+ AL T 2 IR AR R, 14
R A R R I RE TR 1 — TR U R AR
BEEf AR WA M (soil microbial biomass, SMB) 2§
FIJPEBUNT Spm TR A D S E R TR
BT P BT B B ) AR AL B 4. RS E ik

YRS HEBH CONLP.S %57 T E IG5 1]
A&, BT B B I ik SR A+ R B R B AR
AT, 2 S BRI TS VR e S 8 T S,
T i 2 M 2R B B (MBC) 148 B0 248 B = &
(MBND) 2R AR IF . fH B 2 FT B & . 7 1) 1 1
IR EE AT I » 14 MBC il MBN #54 B
B (P<C0. 05) B3N , 5 To R4 A5 Ve it 3 AH
Lok, IR TIEALTS JRMEFT 1 45 B 2 4E R FE 3 48
PUE » 2 EEAE YA Y ik (MBND & &4 4R & T
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22.1%.85. 2% 80 147. 8%, T Xt 18t A W £ Wy
(MBO) & B 3S I b B B B, 4 B R T
28.4%.110. 5% F1 222. 6%. LA, RE M LT5
TRt FA O 8 A 4 S fd A o o A K R AR R A

1000 = SRANMALISIR o M
= 800F
2
- 600
=D
g
< 400t
2
S 200f
0
B2
MR AR R

a MBC

(. X ERR A TRAETG R, 5 T 5
AHLTUFI A IR o3 1 & Bt e T A SO
DL, MOE T IR YIRS 3 O AT s 4t
T RAFHYEET ST T SRR E M R TE .

00 = FRinMALIZIR o FAsI0
~ 50r
2 40t
2 30
2 20r
m
= 10t

0 1}

14 ®2E HIE
i AR R
b MBN

E2 REHWTRERXLEREDEMENRIT

Fig.2 Effects of anaerobically digested sludge application on soil microbial biomass

T RGP R ST e A A A B A MR AR Ak
R HERER, 2 R A E S8 %
B AR AR B BURPE P AR L 3l i X e R R Ak TS
Tefa i) IR T A R A GGR 3, IR b i B+
Rt FRR EH AL TSR )5 . 1T BA 4R ) - HEmE A 5 1,
S IRER M RAETE A5 VAR He s, B B IR
AR 3 4B )5, TR0 I SRS . PR Ao
B M BT 69. 0%, 35. 1%, 117. 6%
81. 4%. FILIERE , RN ALTS V8 1 Mt vl DA & 2
98 AT RE, T 02 2E T 4800 A= b it
R R

A EPFE R, SR EA A TRE -
SEREETG T 0 £ SRV N B  UR B AN REAR EE TS 4. (B

JE T U8 it FH o e i ] S, U230 ] 22 B SR AL B
FRHR R T P 155 A T 95 Y0 %o e 4P S G 4 2 1 TR A
R 5 PR A e v S 1 A B A R L (B
KEIMA s/ NS R PR SR N R, HE
RS BER s A5 Ve X 13 rp BB Tk A9
RTHE YR & T 5 WM AR, T H 2 0d % 4L 3
A5 > R A U AT PR e B R R,

Aok GR 3 AT R, AR SRR + SRR £ 1
PRABIHAL TS I8 1t F e ) B U PR 7 £ B 35 22 5
A LB = » TR 25 WS 4 o - S PR WX DA
TH AL 5 U el AR - e P i 6 i oz 38 8 S0, w4 2R
PRAATA A5 U8 T 30 PO B SRR PR 15 4.

x3 REHEWTEERX LEREEFEIRE

Tab.3 Effects of anaerobically digestion sludge application on soil enzyme activities

L/

Tt 4R IR AT

B/

B/ TR ER R/

(mg+ g 1 (mgeg e @24h)™ 1) (mgegle@ih)™D (mgegle@ih)™D
o HAkT5 IR 19. 3(1. 98) 5.12(1.12) 0. 22(0. 02) 0.55(0. 11)
T INRE AL T5 TR 18.1¢2.13) 4,410, 74) 0. 18¢0. 03) 0. 50€0. 07)
s HALTE TR 23.8(4,12) 5, 460, 89) 0. 31¢0. 08) 0. 62¢0. 09)
THRMREHL 5 16.23(1. 79 3. 68(0. 72) 0.160. 04) 0. 420, 03)
34 HAkT5 IR 27.9(3.05) 6. 55(1, 34) 0. 37(0. 06) 0. 7900, 14)
T INRE AL T5 TR 15.5¢2. 75) 3. 37€0. 29) 0.17¢0. 02> 0. 39¢0. 05)

HFRPER 3 WIE FI9E 165 WEER VIR EIR 2.

2.3 REHEATRERETRESRERRUE
WK islE L R e W E S R Is R R
RO — B R AT R0 i TR AR, -t 2 DR AR T AR 75 e
158 LA R RO AR SO R EIE AL 15 JE M
55 EEES RN £ A BT R R
3R 4. 3R 3 W A W xR SRR A
A5 YN F IS B0 1338 As oRAs i, FH DR SEIH AL T5 08

Ja t3#% Cd.Cr.Cu.Ni .Zn.Pb EE¥A NFBERE
4 m, B %) BR 4 8 3% 5% & A A (GB 15618—
1995) P g YL T HIER IR E 1 KbrdE. Xt
W R ARG RS IREEN. B, i FAKIR
IR HFEE 3 4F M SEI B, it FH R AT AL T U
Jaxt H PR ESESE BRI SRR A TS
Sk — 25 R SR WA , e ) DR AETE 46 75 VR K 16
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Tab.4 Effects of anaerobically digested sludge application on concentrations of soil heavy metals

BEBEE/(mg+ kgD

b
MR L Cd As Cr Cu Ni n Pb
®1E WAk 0. 110, 04) - 2.34(0,57) 4. 78(0. 56) 0. 340, 06) 16, 7(3.78) 1. 89(0. 19)
popi 0. 09¢0. 02) — 1. 12€0. 22> 2.12¢0. 34 — 14. 2(2. 65) 1. 34€0. 18
s ik 0.12(0.03) — 4. 70€0.78) 6. 45€0. 81) 0. 56¢0. 03) 19. 4(4. 07) 2. 78€0. 51)
papii 0. 08(0., 01) - 1. 08(0. 34) 1. 91€0. 37) — 14.1(2. 38) 1. 33(0. 22)
3 WAk 0. 13(0. 03) - 5. 89(0, 45) 8.67(1.12) 0. 890, 07) 26.8(2.19) 3.56(0. 29)
popi 0.07¢0.01) — 1. 08€0. 21D 1. 89¢€0. 20> — 13. 1¢1. 55) 1. 33€0. 18
EEEY N TN 4
LTS TR R (1 5 0. 20 15 90 35 40 100 35

(GB 15618—1995)L20]

T L RPBAR S 3 W T-3MH, 85 W EER AR iR 2 2. “— " Fom ARA i} , B AR T AS K2R K -,

S 1 X 4 F K 0 5 0 5 AT e T
PR,

3 &Fit

(D3 MRS B E AR LA s R B L i AR
ST AT YR o T RIS 1 TERD 4 8 O b, R oy SR AR
HABIFMECR, 13 pH BT, HFRE IR A
HALTE IR G BT b SRR A =
HE T B B R 1 e G, UL IR S Ak 15 IR e
FAX AR T AR B A ok A b B T B £ AT
BAF I BRUR.

(2) RARIH L5 R Il bk 1 it F S A B4R T
B AP MA B E R TR S R R
BT R A RS SE B EE, WA
Bl 14 v ) R B T L B S SR AR R A
BET RIFR R W, 40 3% 4 8 ok ¥
C/N3E A, AT A FIF 3 PR W I A K .

OHREE IS Vet T B L5 BT
AR W A RN g R OGS I TR, T LR
e AR B0 i, + etk Wy A e A TS P AR
B EFF, B B 2 S R v S B e
WIS T RS, R RS T B3 A A
TR LA K AE Wy bR AL =R A DI RE , A A F 4 A
TR AR .

W REHEAERER G HEEL B RN
SIMTEEIRFER, SRR EE S R, REH
i eREH 3 4E )5 . A B M 138 Cr.Cu.As.Ni
Zn.Pb S EIHARFEEER N, B2 HESREKT
B R T RS R AR 1 AR BB IRE
THALTE TR T I L Y 4R R A A IR SRR
I T ] 1 — A5 TR A 5T AR

S 30k
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