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Abstract

In order to analyze the content characteristics of four heavy metals (Zn, Cr, Pb, Cu) in wounded
soil under artificial and natural restoration and their correlation with soil chemical indexes, the
soil of Erlangshan Highway in Ya’an City of Sichuan Province was taken as the research object in
April 2018, and the soil background values of Sichuan Province and national soil heavy metals
level II background values were used as evaluation criteria to analyze the soil heavy metal pol-
lution and potential ecological risk under two restoration modes. The results showed that the
average content of Zn was the largest and that of Cr was the lowest under any restoration mode.
The order of the average content of four heavy metals was different from low to high under the
two restoration modes. The order of the average content of four heavy metals was: Zn > Cu > Pb >
Cr under artificial restoration mode and Zn > Cu > Cr > Pb under natural restoration mode. The
variation coefficients of the four heavy metals were 22.80% - 60.95% under artificial restora-
tion and 28.37% - 69.67% under natural restoration, which indicated that the distribution of
heavy metals in soil under the two restoration methods was relatively uniform and there was
some similarity. Except that the maximum values of Pb and Cu are higher than the background
values of Sichuan Province, the contents of other heavy metals do not exceed the standard val-
ues of Grade II of China’s soil environmental quality standards. The contents of Cr, Pb, Zn and Cu
in soil under artificial restoration and natural restoration were significantly positively corre-
lated, and the three elements of Zn, Cr and Pb might come from the same source. Copper is nega-
tively correlated with IP (inorganic phosphorus), while the other three metal elements are posi-

tively correlated. There is no significant correlation between the four elements and NO;-N, TP
and IP. Comparing single factor index method and Nemerow comprehensive pollution index
method with Hakanson potential ecological hazard index method, the analysis results are basi-
E—AEH .
PBREY .

XESIH: Muk, HF, RET, REK, BAE, REWH, TAM, 20 ARRE 70T R0 A B OITH it 135
G R AT B S YA ). IR, 2019, 7(4): 275-285. DOI: 10.12677/hjss.2019.74034


http://www.hanspub.org/journal/hjss
https://doi.org/10.12677/hjss.2019.74034
https://doi.org/10.12677/hjss.2019.74034
http://www.hanspub.org

cally the same. The comprehensive pollution index under the two restoration methods is less
than 2, which is light pollution. The potential ecological hazard coefficient and potential ecolog-
ical hazard index under artificial restoration are higher than those under natural restoration, so
it can be inferred that the soil under artificial intervention is better than that under natural
restoration. The potential ecological hazards of heavy metals recovered are higher than those
under natural restoration.

Keywords

Highway Wound, Heavy Metals in Soil, Manual Reversion, Natural Recovery,
Pollution Assessment, Potential Ecological Risk

r WE%ﬁT BRLLARSIEMTIRESR
T HFE R E SRR

#MERT, £ FL RET, RER, B, REL, TR F 4T

R B TR R B B, IO RS
ep [E R KR, AL SRR AURT, bR R S AR A R A, O

Email: Haoyunging@cuit.edu.cn, *liwei@imde.ac.cn

ks H i 20194F9 H15H; FAHHB: 20194F10A4H; KA HH: 20194F10H 11H

R

F2018454 A DA )| B 2T BRI A B AITHE LIBIEAF RN R, ST ATIKRES BRKE T L84
FMELJE(Zn, Cr, Pb, Cu) & ERMER 5 LB B R 2 B, DI04 Y REMEE L
BELRE N FERENTNRE, NFEMIKES R TR LBRES RS RMEBEES R ET
ERER: TRAMKETX FIn P ERERK, R, EXHMIKE TR T4MELSRE T
¥&BBRIENHFE AR, ATRERF R T AN: Zn>Cu>Pb > Cr, HRKE X FHNZn>Cu>Cr>
Pb. ATHE SR T4 ELBHNR R REAE22.80%~60.95%2 7], HRWKE THE28.37%~69.67%2Z
B, RERMKE TR FLBFESBRSESMAEBYS, FE—2RHEME. BRPbEAXEMCui X
BERUEERERN, RMELRSESRETRE LERRREFHENIRGGHEE. ATKEAE
MIKEHFR T LFEHCr. Pb. Zn. CuFBEZ RIEHRKBEIEMR, Zn. Cr. Pb=FMnRATRERIEMF
CutR5IP (EHBH)RAMR, HEA=MERTENIEMR; WMEREILES NO,-N. TP, IPHIHHR
HAREZE. XHERETFREGEN WD 52675 $ia 8k SHakanson B FE A S B ERBUEB H K M E
RREEAR—F, HMIKETRTHSEHLRERHE2UT, MREE; ALKE THRBEESEER
B RBEEADBERIBRTERAKERES FHE, THUHBA T THP BRI FENESREBEE
DEEBRARKETHE.

XK ia
A, LRESR, ATKE, BRKE, BEIM, BEASKK
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1. 5|

TIEEAKIE . AL AR E G, B NS R A i, R AT B
F A vs B E R[] [2]. AHIE JLASRBE S & P R &, AR R T SR BB IR I T R . A8k &
5635, 78 i f8 o™ SR LIRS, W RKE A MG 55 2 — R YA SIS W @ [3]. Xt
it T JG 7 AR R e 3R AT T S I T 25 RE AR SR R I AR AR AE I BRI AR B, 9 G 1 o L 3 RS
Geo FEHIRFAT TN, — Mg (1) 5 4 8 32 BORUE Tl b BRE AVRE (1 R ¥ ) B KRR 6 1 BORE P [4] -
FENNPER T el E @A A3, DR 7R e 5 R 58 b 0k AT K R I I % e B8 75 o LR AT K
%7

T ES R RA R KA. AR R A SRS, —HESEIEA ERREAE
SRR, SUREA LIERRE, SREMARKE R ETE, JREE R B N K S R RE[5] [6]. fE4 L,
458 G R A G ) AR ARV P U T, T T R S v YA AT J LA A O [ R R A
S AR ) [ 7] [8] [9]e A B AE PR B9 A8 I8 5 Yo il I X 3, i H 3K 52 35 0k 1 A8 I TS )
() ELHERE MR, A% DX Sk I 398 B G s QoA AT A 5 R 3 A B S TR R AE A RARE [10] . DAAE BT 1 P9 4R
98 2 B AR IR T Bl R A et X () T a4 JE, s HORUE[11] [12] [13]. 2 AdRAiE[14] [15] [16]+
15 BTN B AB4[17] [18] [19] [20] il R 45 77 T EATHIF 72, 100 %6} 168 i i e R 1 bR P AS A& 2 07 Qe s
SR I J5 82 13 T 4 R i5 Y vl L H R IEEAT HR0E

Hh ] VG S X R 2 L, X R B i R R AR A AR, AR, AR, Xk
R E IR T AR 21], B FERRAERE. ST U B E, AN BRSO R U &
BITE AR, BAEGEEHEIEHER . I EAERE . L5 AR B Il L0 [22]. AW 5T
B FEWKE 7 T AT 1A 3 RIS 5 S A R ) - A S N A G R R TE f R AT o
Hr, BADG I B0 L sl A B A8 8 5 T B B TS = o, it - A 4 B 75 R L i S v
] A S AN E

2. FRXHEAR

WEFC X BRI F- 00 )1 B e i R B, Al s T B2 76 50 A JAb, ol 3437 K, B
RS 172 A, REARIL. KRE 73K, JyERIRR 7y 2. i TRTUIEIRER, RZER K,
B B L SURARFAE, ORI, 2 XA, TEROR A A AL 2 DAE Fvy 23 R Sy ik
AL S . ARIGAE BRI H £ 280 K, AEFERVERZ)S 1900 mm, Z4EHT 8~10 A, AHaEHSE, W
K HEIL 4~5 h. PEIAEFERTL 900~1000 mm, £ KU RIKSEFER. LIRS M2, AR BEEZEK
F . W, b, IR, mILIEE L, T AURAM R, AR EEE S, MM EE, EA
SEAGLTE, HoH YR AU Y 68 £l 380 J& 1500 AR A, & E 5K E s R4 M R AT kAR (Davidia involucrata) .
/K B (Tetracentron sinense). %7 # (Cercidiphyllum japonicum). #i#7k(Phoebe zhennan)%% 18 fh. 1LIHIZ
AT RS, i 75 B (Camellia japonica). “E 77 (Phyllostachys heterocycla cv. Pubescens). 1114 #f
(Glycosmis cochinchinensis). 474 (Trachycarpus fortunei); B #Eik ETF, AR A SRR g =
12 (Picea asperata) ¥4 1% (Abies fabri)iG &1 -k, MRk EET =, A LA R .
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3. ARA*
3.1 HmRE

T 2018 4F 4 Hhfy, SR S RSARE 75 6] DU 1| B 1Ly 2R V6 358 TR 1 AT RE B AT A, 326 s ol B T 3
R W T BRI S N K S (RN 5 478 it 6 DX 3, PE 35T B A 7K e M A [ ZE A A% P o v T
FEH 85 (Elymus nutans) A1 2 22 B (Lolium perenne) M0 1), AT 10 LA L, 20 #EPL_EATH AP
210 LA By 20 LA BARE M, DL AR VE ST R S, L 10 AR ALK 2), FERR SR AE L
1o RN SR PR T A sy IR B 10 AMFE AT 1 m x 1 m [ e B AT L RER A, Hoh At
3 R £E 0~10 cm #1 10~20 cm L35 —14n, ftr 2 kg, il 60 MR, SRR RIS E S, T
mEEE MR RHCES, BAXT, EBRAT. WS, TR ERA N SEE L5, —0hqF
B — O T B S 4 05d 2 mm. 0.25 mm. 0.149 mm, R0 S i 3% A T R E SR i e
ST

Figure 1. Scene of artificial restoration measures
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Figure 2. Distribution of sampling sites

B 2 REERmiRE

DOI: 10.12677/hjss.2019.74034 278 R


https://doi.org/10.12677/hjss.2019.74034

MR 5%

Table 1. Basic survey of sample foundation

1 MEMEARER

| S T7 5 RS PR A | K
Jb4i 29.864444°

HAWE 24 £E(A) TR 102.313889° 40 2140 m
AL 16 f(8) ;tglz()gfa7z79087756° ® 1900 m
R (RAR) ANTHE 21 £E(A) zi_tg 12(?2..836136313131° 40 2100 m
ANTHRE 12 4(B) jr_tg 12092?37235830 35 1970 m
HARRE 24 H(A) jr_tg 12092?232220;28; . 80 1580 m
H AR 16 4(B) %ﬁ 12(?2'?;:415792; 35 2300 m
Fa (T E L) ANTWE 24 4E(A) jzgg igf;iéig: 45 2215 m
AT 15 4(B) ﬁgﬁgig 40 1590 m
imﬁgﬁﬁ AR ;tg 12092'?213794822;" % 2100m

32. MEMBSAZ

AW Bk R 3% ) Zn. Cu. Cr. Pb. Cd. Hg (Cd. Hg W38 H 4 J@ 78 SLib it A2 R A ) J 12K
HEJE, o AERERI 0.5 g TH AN T4 6 0T 6 NMEMEMH, 23l =A21, HREAFMA
1.00 mL & JRPrUETR GV, ARJE M KL 8 mL E/K(FHER . ThERIAFIEL 1:3) W K T AR % JF 48 51 J5 NI
P . WREREHTER. BRELAHMN, EREHRUEE/HFAHNEZE, AR LEEEE
50 mL e, H 0.2%MHIREBESR, b2 S 7 REHEE SO AR E SRS &,

3.3. WM FE
331 TEESRISTEITM
PR 515K F B R 5 G e Bk A a2 A5 B de B0 2]
BRI TS GeFR B i 5
p=2
= 1)
K PN IS RIS R85 COoN V5 s2il & &(malkg)s SN i 15 401 5208 (mg/kg) »

WP MR G5 Redadiis:
2 2 ¥2
C [
(@ ELIA °

KA (CilS)max N IRE SR ITER TG RAR TR A (CifSi)ave N9 LIRSS GAREHI T IIME

N T HERVEN I T A B QT AE AN FHE 2 07 R R E SR V5 4R, AT Sk I )11 45+ i
IR AR M VF AR

Hi T H AT R G M R SR 75 2 P b e, R ASHIE 05 T e [2] A rp A N R 3K
ANE A A8 T B AR AE[24] o M H B D] 5 G B0 AN 2 IG5 TS e fa BOL I 2> Gobr e, 3k 2 Pow.
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Table 2. Standard for classification of heavy metal pollution in soils
% 2. TIREGRSRFRITNRIRE

o LA IS AR B Dbt LRE TS QAR B b

15 QLR V5 YL S 15 LR TG YRS
14 Pi<1 T Pi<0.7 74
2% 1<Pi<2 B 07<Pi<1 £ 301
3% 2<P;<3 g g 1<Pi<2 LEAEPS
4% Pi>3 ERERS 2<P;i<3 EREES
5 % Pi>3 HGG

3.3.2. BEESMEEM
ot e i A X 4 G R AR AR G I B R % X SRR P, ASWF 93 H Hakanson 4
WA S A ER LR, IS ESRHIEE SR REENS M, RIFMITR X HIEES R
RPN & R I A A E R E) A RN:
E = Tri ><(Ci /Cm) (3)
X, Civ Con TV HIDNES | FlE 48 0 S2ill & B (mg/kg) . S HAE (mo/kg) BP 3875 SRtk R % 5
PERBARE RS Ja S 25 M E S R R F(T): Zn=1.Cr=2.Cu=Ni=Pb =5, As = 10, Cd = 30.
Hg = 40.
ZME S BIBEASEERBR)MITE A N:
RI =Y E, (4)
FRIE E; A R, Z BT (1-35) h B & B I A S e H /5 A B FH 1 BORTS Y F2 5 15 K& [25],
KA THRIEZ[26145 H 7 Pl E &8 IS EERE R R B E A S BT 0 BFRUEGE 3).

Table 3. Hakanson evaluation index of potential ecological hazard

5% 3. Hakanson JBEA B EVFN6HR

H: 25 &5 Ecological risk 4% Slight rF45 Medium i Strong 1R 5% Very strong 3% Greatly strong
Ei <40 40~80 80~160 160~320 >320
RI <150 150~300 300~600 >600 >720
3.4. WIELE
K H Excell #1 SPSS19.0 Gttt 3E 47 Hods A 3 K 5347
4. BRE5TH

41 FRBEAFATHIRECESE

ME 3 T EEAFRWKE T, WAESESER Zn 4, HA=MEEZENAR. Kb Zn W& E
feE, NLWE T T iAH] 128.26 mglkg, HAAWKIEDIRA NiEE] 72.97 ma/kg, Pt kE 77 N AHZE 55.29
mg/kg. Cu I &K, NTWE R TN 39.32 mg/kg, HARKEIRE NN 27.96 mg/kg. HIKHEE)E
o5 AHZIAS] 100.30 mg/kg, N TAKE 77 30 N ik F) 128.26 mg/kg, H A KRR T 1A H] 72.97 mg/kg,
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PRl J5 RN A2 55.29 mglkg, 9 AH 2L 5 % .

140 140 SCr OPb mZn @Cu

120 120 |
— 100 —~100 |
2 2
& 80 ® 80
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4n 60 & 60
% 40 % 40
] il

20 20

0 0
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KRS KR
a NLIKE b.HARKE

Figure 3. Heavy metal contents in wounded soils under different restoration methods

B3 FRREARTHELIREERSE

42. FEBREARATHIRESRESESH

TR B E SRR S E A AR Z 2 AR RN, R B, SR, RS, Rk
BFIR) S ARG SR N SRAE SR [27]. B4 4 BoR, BRI AikE 77 30F Zn PP & & ER R, N TIRE
R TLF)] 79.56 mg/kg, HARKE J7 R T A 64.08 mg/kg: N LVKE T Cr (1 F 2418 EHAKHN 29.38 mg/kg,
HAAKE T P8 25K 18.26 mg/kg. (EXFIFMKE 772U 4 P 4 8 7355 & KR & 1 HEF A
AR, NLWEITRTFHN: Zn>Cu>Pb>Cr, HAWEITA TR Zn>Cu>Cr>Pb, HATIKETTR
T 4 FhE SR AR AL 22.80%~60.95% 2 17, HIRVKE TAE 28.37%~69.67% [i], FKHIFEM AR
TN R E SRS B MBS, FAE AR, T ZES RN, BR CushP > 0.05), H
IKEH AT 3SHELENTHEENEZMTATKE S XP <0.01). HHARKEFRT, HiE
AN o 28 (1 B 4 B W P I RO 58 AN [ o

Table 4. Analysis of heavy metal contents in wounded soils under different restoration methods
4. FRMEFRNTHLIEESERE N H(Mmy/kg)

W25 T H Cr Pb Zn Cu
R/ME 16.94 10.73 49.42 2212

RRME 55.3 49,5 128.26 39.32

ANTHE “FEME 29.38 30.52 79.56 31.38
FREZ 17.91 18.13 34.04 7.15

A5 R (%) 60.95 59.41 4278 22.80

e/ ME 10.06 11.39 46.93 18.16

2PN 52.29 34.16 85.3 61.27

H AR FHE 27.75 18.26 64.08 37.09
NG 19.33 10.67 18.18 18.63

A% 5 2 H(%) 69.67 58.43 28.37 50.23
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Continued
eENER 0.002 0.003 0.000 0.054
VU125 s S 79 30.9 86.5 311
IR REAME < (11 2) 250 250 200 50

M5 iEaFE, NTWE T, Cu kT4 8 (31.38 mo/kg)ms 10U 1145 (1) 3575 58 (31.1 mg/kg)
TR BEEFMEN 2K), 4 3 ELBO-TFHETEETI)E LESSEMEE LSS RE
GB15618-1995 (11 2£). HARMKE IR, Cr (10.06~52.29 mg/kg). Pb (11.39~34.16 mg/kg). Zn (46.93~85.3
mg/kg). Cu (18.16~61.27 mg/kg), k& Pb 5 K1#(34.16 mg/kg) A1 Cu #: KAE (61.27 mg/kg) Eb VY )11 45 15 S8 (Pb:
30.9 mg/kg Cu: 31.1 mg/kg) Eidh, 15 W) At 25 <55 g 75 & 25 A o 6 ] - 39 P 855 5 5 74 (G B 15618-1995) Hr
B FbrEAE . BB S AT TR A, (RSB o iy B 12 E B MR Cu & ARt iR El s it
YRR TR AR BE EAAEY) -

43. FRBEFATHRESREHNF M RIGHREIREX 24

(] —TF 7 X el 358 v B G JR U e B B ORIV 2 R S M SR s . e A A R R R
2 A TR PR G Mt P D0 0 HE B 4 ) 2 2 A S FR AR S T I /N R AR R, AR TE R B A G
PENSE B 2 R, 2 AN AR S 3 AR S M I 2 e 50/ [28], DRI SPSS 19.0 P Rl & 75 X i) 1438
HE R & EIATH I

Table 5. Coefficients between heavy metal elements and their correlation between the element and its chemical indexes un-
der different restoration methods

#5 TRREAFRTEERARERES R UFEFHEXRY

WA T7 = Cr Pb Zn Cu SOC TN NH;-N  NO,-N TP P TK
Cr 1 0.783* 0.713** 0.423* -0.767* -0.668* -0.459* 0192 0279 0234 0.5%
Pb 1 0.945%*  0.448* —0.655* -0.457* -0.398* 0.189  0.558*  0.398 0.518**

ANTHE
Zn 1 0.595* —0534* -0.289* -0.375 0.205* 0555  0.317* 0.394**
Cu 1 -0.391* -0.289* -0.189* 0.035* 0.025* -0.373  0.383*
Cr 1 0.373* 0.494** 0.271* -0.154* -0.445* -0.303* 0.073 0331 0403  0.587*
Pb 1 0.967** 0.668* —0.614* -0.154* -0.145* 0.275 0.354* 0.05  0.51**
Zn 1 0511* —0.253* -0.653* -0.231* 0.138  0.673* 057*  0.6**
Cu 1 -0.62* -0.626* -0.076* 0.334  051* -0261 0.056

*HE 0.05 7K (RN L2 ARG **7E 0.01 AT () B 251K

75 L, NTHEMARKE T H3Ed Cr. Pby Zn. Cu HEZ I EMEZIEMIE, Mk
ZE(R) 4 AIAE 0.423~0.945 1 0.271~0.967 2 [d]; Zn JGE 5 Cr Al Pb Biff e EAHSHELE 0.01 KV &3
FHOG(PTHEN H X = Fhoc R AT RESRIEAE [F]), HARIGERZIIFE 0.05 KPR, BifpkE 77 0T L1
VUFhEE 428 25 SOC (A HLRK) TN (EE) A NH] -N (B R)7E 0.05 KT N EFE MK, Cutk s
IP (CEHLES) NG, HAR=MEEIITENIEML: WFtESE NO;-N .« TP, IP [AHGMEARE .. Sk
SRAULA [F] A 22 AR bR 5 % b B 4 8 2 [B) IR AH 50 SR ASAH A, xof 5 B 46 8 25 8 (0 R i AN AR TR
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4.4. FEBEFATLHRESRISRITMN

M7 6 AT, CADY)IA 3ty e 4 [ 11 0 3 s i A EAE A 0T bm e, PRI 5
KN TIZRETIRAGECAAE 2 LU, VRIS Ys EMRERREREE AT, AR AN E s
HIZRETS GAR B (P) B i T KRR, RIIN IKE AT REX At H e R M B w5 gt R T
TSHARB(PIRA, DAY AE L3 SEDR PO AR R . A TARE TR Crifg Pi < 1, A FHERIRG,
Pb. Cu. Zn, 1<Pi<2, BTRIGHRIEE, {SHAREITNPHEF: Cr<Cu<Zn<Pb; AR
TER P ) PiERT 1 AM(ERT5HY), HABEERIuEREAAE 1IN, B TEEARG IS, UaE g+t
FOA G B ARHE NI AR RS N TR M ERWE 7T Cry Pby Zny Cu 19 Pi{HI/NT 1, 55
FREH RN 72590 09: Pb < Cr<Zn < Cu, JFHNTRE T T 195 8 7oz 10is Be 5l m T B AR/
&, W, SiHRESERE, N TRKEX GRS G .

Table 6. Assessment indexes of heavy metal pollution in wounded soils under different restoration methods
6. FRIREHFR T HEES B SRTNIER

BRI et H(Pi)
WA T5 5 PR AR LEET5 YR EL(P)
Cr Pb Zn Cu
P4 s Sl 0.7 1.60 1.48 1.26 1.44
ANTHE
LIRS R EARAE < (11 %) 0.22 0.20 0.64 0.79 0.64
VU128 -3 S8 0.66 1.11 0.84 0.90 0.998
HARRE
TIEIAB R EARUE < (11 2%) 0.21 0.14 0.36 0.56 0.45

4.5. FEBREF AT HRE BB AEES KRS

MIBE A A KU PP 45 SR (2 7) R S JEiR A2 B 148 1337 S feid 2 4= [ 10 4 3R 05 o S oA (.
YENZAE, N TR AN B SRR DU D 438 5 4 s oo 3 (T AE A 5 8 T R (i) < 40, WEES A H IR
H(RI) < 90 YJB THMAESEF A £F—FSWEFET, MEmMKETT, NTRE TREE
ABSaH RSB AE S FREIIRT BRKEIRE N HE, AN N TP LRk S AF R
SRIEEESEERARKE T, W HOGE B R IR ik 7T X 358 5 G @ A7 78 BT AR AR S XU K
Ny RVGER H AR MR A

Table 7. Ecological coefficient and index of potential hazard of heavy metals in wounded soils under different restoration
methods

x7. ARAREAFRNTRESRNBERETETHRERIEY

TETEA A faH R A(E)
5T Z I E TBIEA R FIRERD)
Cr Pb Zn Cu
VU148 48 el 1.4 8 1.48 6.3 17.18
ANTHE
LIRS ARAE < (11 &) 0.44 1 064  3.95 6.03
PO )I4s s Sl 132 555 084 45 12.21
HAWE
TR R EARAE < (11 &) 0.42 0.7 0.36 28 4.28
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5. &

TWAFRE TN Zn B & R ERK, Cr A%, EXWFKE AT 4 MELSBNTIE
B E HETF A AE, AT E 5 T ~:Zn> Cu>Pb > Cr, B E 77 F A Zn > Cu> Cr > Ph.
ANTIRETRT 4 PSR 5 R BAE 22.80%~60.95%2 7], HIRIKE FTE 28.37%~69.67% 2 [F, #*
BATE PRI S 77 30 L3 rp 5 G O BN AR LS &), ARAE— 8 AR L

Bk Pb g KME AT Cu fe KB LLVU )18 Se i m gl o 55 48 & & A i 3 (5] L 385 o A v 11
I ARt o« 3R BAZA 5T X AT F Mol F b, AR ZEE AR Pl B 1203 RN Cu B SR S B B 1 i
T AR B FEARKEY) -

NTWREFI R E 77 T 3% Cr. Pb. Zn. Cu S EZIAIRHEEIEM*E, Zn tES Cr M Pb
PRI EARSCELE 0.01 /K F LEFEMSS, RN HIX =Moo K RERIEHIFE . Cu iR E IP (EHLEE)N
FAE, HAR=ZREBICENIEMK; WMITES NO;-N . TP, IP IR B2 . SARRIEA R 1tk
S Fabn 5 S P E A TR A O ME RS AR, X Fh 4 8 B B 1 s AN A ]

Xif B B R TR A A 2 45 A5 YR B0 S5 Hakanson T8 7 2L 245 G FEHE B8 i o b &6 R 2 3
AR—H LAV LI SUE M A E 1 g LIRS R SR AV bRitE, PIFIKE 7 U N LR ES
PeARBARTE 2 LR, ARG MR FI5 R80PIy R, LADU )1 L3871 S NP bR dERS, N TR
70T Cr b FidIRAS, Pby Cus Zn b THi5 R B, HARKSE 7730 FER Ph NEeis s, HAhE &)E
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