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Bl Y o 2 AR A A 5 i
T 37 R AN ) G R B ) 03 . AU i Y
THER B SN R A M HE AR
TEHL 4 > BA AR A 1Y HE ) (M 3748 TR 430 (8T R -
YG—EAF 4 0y 10 4 JR—HEFF4E 0y 3 4R,
HF—EAF4ER 5 4F JT—HEAF4E DY 1 4F) R
WL & AR AN 1 PR

HR A HE 7 M ZRAR UL L i T 7K S A I RE R 7K 1Y
SET], RAEHHED 50 ~ 500 m 5 F A 148, 4 IR 5
HE S B RERG 100 m 13 B — AN RAE S (B HEA I
B3 ~5 ADRAER) RIS AT S0 A TR AL
BERERCRAE 3 MIRGHE, MR A3 0 s AR
25 BRI 1) MR SR R L 5 BB e E T
B o T H A 25

ARG R AR T M 37 ) 0 LR 13
HAHER Ao 3 0L 2% 1, LA Mo & N
1027.71 ~17779. 31 mg/ kg, ¥HEH 6 425.17 mg/kg; &
Cd %M 0.79 ~3.06 mg/kg, PIHH 1. 65 mg/kg;
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1 HREEEG SR E

AR Mn &N 5.52 ~ 577.42 mg/kg, HIMH N
173. 65 mg/ kg ; F 5L Cd Frithy 72.95 ~397. 1 pe/kg, ¥
{4 207. 78 pe/ke; R4 pH {EN 7. 11 ~8.22,
AR R R ECRA LTS 0 1. 65 ~
52.67 mg/kg. 154.85 ~ 475.8 mg/kg. 102.67 ~
431.5 mg/kg 12. 57 ~56.47 mg/kg, + 3L J3 K
AT hE-F 5 B A K&,

F1 HEHEIFED T IERAMER
_ FER ¢ A/ TR R/ HHLE/ TMn/ TCd/ Hi M/ B Cd/
157 SRBE A pH
(mg-kg™')  (mg-kg™') (mg-kg™)  (g-kg™)  (mgkg™') (mgkg™')  (mgekg™')  (pgrkg™')
YG, 7.98 7.17 315.20 231.78 46.83 1383. 88 1.78 25.93 331.8
YG YG, 7.99 10. 17 295. 69 118. 125 29.90 9911.54 1.74 28.82 72.95
YG, 7.86 3.56 289.43 177. 63 22.70 16 886. 3 1.87 72.97 113.10
JR, 8.10 1.65 154. 85 102. 67 13.12 1 442.90 1.07 5.52 261. 90
IR IR, 7.91 11.19 429.15 116. 38 23.49 5512.8 1.41 27.31 150. 20
JR, 7.97 7.26 189. 39 114. 625 31.62 7545.6 1.35 77.22 105. 10
JR, 8.22 11.24 405.99 130. 38 34. 09 17 779. 31 1.52 420. 20 133.70
HF, 7.38 26.13 475. 80 231.00 12.57 1746. 34 1.13 63. 45 73.53
HF HF, 7.12 28.71 360. 41 390. 25 41.38 2172.2 0.79 204.75 228.90
HF, 7.26 40. 00 376. 67 378.00 33.65 4271.8 1.49 374.02 304. 20
JT, 7.51 5.32 364. 67 122.5 30. 56 1027.71 2.04 49. 65 271.70
JT T, 7.11 52.67 378.94 348. 00 24. 06 5903. 1 3.06 330.23 256. 90
T, 7.24 32.23 410.73 431.5 56.47 8443.7 2.14 577.42 397. 10
SN[ 8.22 52.67 475. 80 431.50 56. 47 17 779. 31 3.06 577.42 397.10
e/ME 7.11 1.65 154. 85 102. 67 12.57 1027.71 0.79 5.52 72.95
ALY 0.05 0. 88 0.27 0.55 0. 40 0.872 0. 350 1. 089 0.510

1.2 Rwigit

W5 H 09 AT AR - o e, AR
P IR S Mn R R S 5 i g
K, 5351 <2 000 mg/kg.2 000 ~ 5 000 mg/kg .

5000 ~ 7 000 mg/kg, 7 000 ~ 10 000 mg/kg.
>10 000 mg/kg, 53 ic 4 L1 12 13 |14 L5, ¥ &
Mn & BEAE [ — S R IR ARG IRA R+
R AL 2,



2024 4F 10 F45 5 #

RA R KR R LR RIS R —B & TEE - 69 -

*R2 REBLTEMELMER

V5 Y TMn/ TCd/ A% Mn/ FHE Cd/

K (mg-kg™') (mg-kg™") (mg-kg™") (pg-kg™)
Ll 1854.89 1.51 36. 14 234.73  7.74
12 3559.41 1.14 289.39  266.55  7.19
13 6287.61 2.27 178.77  203.55  7.51
14 8633.61 2.22 227.82 191.72  7.73
I5 17332.81  1.69 246.59  123.40  8.04

FHRETREE R 0.1 g BYRFAREL 1. 2 kg 1482 A
HAR 15 em 5 10 em WY& BP0 2 IRHE
82N AR B B USRIl X BR L, 4% Fil
FIPRF 3 70 40T, B3RV B A MRS, # S 24 ho
FERNCIRTICE — IR S TR e, 4%
KNG EARNCHRARSE . PR tpo KN — B
TR, T 2% AR SR WOE 7% 30 min, I A 2R
TKIPEOR G , PR ZE B /KIS 3 UK, SR FHIR K 400 T
KK G B2 150 £5 k0, ZARIGF+
oA AR SO A AR B R OK B, BORR
200 mL ZZI7K , BERR 15 RIEE — R IRV, — 3Lk
R 4 W IE SRR R R W B AR R B 4R /fé):
IR LA E 285
1.3 REHESHELE

T A BT AT Y S R R T R R
WY T, pH i BEUK £ 1L 25010 B, 2R 5 H
pH T E A 8508 B ft >R A Bk IR S 40 £ - 4H 86
Prib ek AU & /R N R R 5 - K Ia R+
W WSO AN S ; el e ZRR P A T . A PIL IR
SR A B - A E R RS
4R HNO, —HF —HCIO, & JE T i, + 3 4 )

140 g s 4660 7 PV
100 | EZ531~ 45%/%?“@

80 | BS5516~30 Rk
60 -ﬁﬁl IRPRYIs31

Mn 27 ) & /mg
S

& 8
S ST S S
L1 12 13 14 L5
A IRI5 g K7
(a) Mniz il &

AR KA DTPA B4, #H YK H HNO, - HCIO,
THA ARG MR RO EIEAGHETT Mn & 5, Cd
TR A ICP-MS W, WY pH B pH it
FLEEDE , Mn 3 2 O B IO RE G 5 , Cd
T ICP - MS FHE , 4R J5 R I SPSS 22. 0 #17

B 0 25 5 2 AT

R A Yrs B2 2R (BCF) PP AR X B 4 R 1) &
£EREJ],BCF = Y E 4R it/ P E AR 5,
2 RS0
2.1 EEEx LS Mn,Cd HiFTH RN

AN YA B 1 - 8 vh R 2 RN G R A AT
BRsZmaniE 2 firs, B 2 AT LUE TR RS
PARBE L1 ~ LS (9 38, X R LR S22 FE 4L Min
Cd 7 i SR 3 2 e g J5 B ka3 7
14 3 Mn Cd 3 H R, B LS H B kR
o Hor XFREZH Mn RIH4 35058 1. 83 mg,
8.03 mg.25.35 mg 129. 83 mg 14. 17 mg, A FL ]
Mn S HE 53510 0. 23 mg 2. 10 mg . 20. 64 mg |
77. 81 mg.0. 88 mg; ¥ MEAL Cd B3 &4 5N
0.32 ug.0.20 pg.0.59 pg.5.79 pg.0. 54 pg, B L
21 Cd B3 250 0.11 pg.0.10 pg.0.77 pe.
2.51 png.0.06 pg, LR 5 H 4 8 WY
A HE pH (H | HIEIE SRR | - R WA 4 A
REAKD T R e pH (A, R
T, + 48 pH (6 5 & )8 WA 87 L E B A
T EAEEDT ) e 2 A LS KO 3R A 3L

Cd & A%, AR Mn & EAHX 14 W fw i, I H LS
[ EB546~60 K MIER

| B3] ~45 KA
| %5 16~30 R MV TR I

Enid gt iy g
Swhmwo

-~ ISR

N
IS

CAZTHE ik /mg
o
ESY

N
IS

e
o
T

0
& & & & &
RN R
L1 L2 L3 14 L5
IS YLK
(b) Cdizs &
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K442 pH B, LA LS KOF 5809 Mn  Cd %
o R R R R

TE L1 ~ L5 AN [R5 75 e 7 BE i)+ Sk v v
Mn  Cd i EiE YR IUN X IR > M R4
ML Z LS, %R Mo (1 E31 B e B 2
F 1,60 mg, 5.93 mg, 4.71 mg, 52.02 mg,
13.29 mg, X R G A K S BFEILT Mn |7
KR, SRR Cd YR B S E TR
ERH BRT L3 K R RAE A od Rt
e RS 0. 18 pg, H7ESE 1 ~ 15 K, B4
FZH Cd R A IR 0. 27 pg, X AT RE Al
ISEE RGeS S R PE b ISy . G Al e o= 31 LB 2 1
REAE BRI PR T (AR A K, B T S
W, BAEZRH Cd BT g 50 R 2H Y 22 10 %
i/, M A AT R BB AR Cd Rit
AT X R, JU I 14 KPR Hexs
FEAIK 3. 27 pg, 3XHE— 20 U0 A il 2R 2 B g {1 ]
DI/ T 4 8 K AR RS |
2.2 EFEI Mn,Cd B EFREHE

A5 Yok 1 SR A AR 2R AN b0 ) 4R
A BEUESLANE 3 3 3 s, E 3 i LA
Bl 2 V5 Y B BN, RS BT Min (1) SR B A S 3
BTG IMRaH X R B E RS EA —ENE
EHET1, 14 LS K1 Mn BFUR R EBFEAL, 5
JEN 14 L5 154K 3 5 Mn FIIG 8L Mn 757
LI, T YRR B ™, SR R R 4w
38 AR AR, TS 0 T AR ) 0 4 i i, B
PISEC14 15 KFAY Mn SRR R g, W3
ALALLL ~ LS 15 4K 4 R R &R 1Y Mn

B R EU M 0,094 0. 053 0. 038 0. 080 0. 034,
7001

= 500t

a

600

400

W
=]

00}

Mn 2 &/ (mg - kg

2001

100F

0

L2 L3
s gk

(a) Mn

Hi 134y 1 4 R 5k 0.170,0. 085,0. 052
0.016.0.029, 7£ L1 ~ 13 {542k A+ 3 1 b
oy Mo 2 OBUE g3 Bl O 288.79 mg/kg.,
308. 90 mg/kg .295. 66 mg/kg, # & Mn ZFH 435
A 158. 94 mg/kg 193. 63 mg/kg 214. 02 mg/kg , 2R
M A FIAR R PR ) R RAIG, HE A RE
I A 3R > MR AR X ATREH N L1 ~ 13 15 4%
3 Mn AL, R FORZE ARG, N
T AR R 0 TE R A ORI A i 1) Ml S O3
B FE 14 LS o A R RS FIAR R (1
Mn &% B ETHE (P <0.05) A EFT NN
639. 85 mg/kg .540. 82 mg/kg, Hb I 34 5 4 B Jy A
31 491. 67 mg/kg 456. 70 mg/kg, HAR R B 4ERE S >
Mo AR E AR T, X R TG Rk g R
22 F3E AR FR AR O [ AR R 9 [ b I
YRR DT ARG X 3o A B X TR
B Wl A — R AL

AR Cd W& RS RIAM R > Hi -
oy, FELL ~ L5 i5 QK i iR AR R
43 9 A 0.93 mg/kg. 0.58 mg/kg. 1.12 mg/kg.
1. 18 mg/kg 0. 47 mg/kg, Hb b3 50 i RALE 4351 4
0. 44 mg/kg.0.21 mg/kg 0.41 mg/kg 0.36 mg/kg,
0.16 mg/kg, M F 1Y R FBUE L i B 5843 43 ) &
0.49 mg/kg.0. 37 mg/kg 0. 71 mg/kg. 0. 82 mg/kg.
0.30 mg/kg, MEFMR RN Cd &8 R B0 N
0.788.0.739 0. 547 .0. 691 ,0. 316 , Hb - #4r0H
R B 0.373.0.268,0.198 ,0.211,0. 112
(% 3), MR RK Cd &ERESRFHb 5, &
BATREAN Cd HARRMEERR S, (AN L1 5]
L5, A B ) Cd BBVEL AR B &N

121

CAR &/ (mg - kg™)
=
=)}

THEE YK
(b) Cd

B3 ARSFKERBZERZMG EBIVESCEHRRER
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AR KR R LR RER W I A —R &
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L1 ~15 4 Cd &5 3o B R A Z B3
T R TR PR A AR AR B SR IR,

A RXT Cd | Cu Pb 55T 4w AP HAT B A9 RALAE
03 JUHAR Z T 4R (Y B AR RE 1R

R3 AEATBERAKFEFHNTEGEZLREZMM EEH3F Mn,Cd IEERH

15 YLK BER 1w BHEA M nx BHRERM 1w WA s
L1 0. 170 £0. 021 5b 0.094 £0.033 6¢ 0.373 £0.027 4a 0.788 £0. 062 0b
12 0.085 £0.018 7b 0.053 £0. 004 Oc 0.268 £0.372¢ 0.739 £0.078 7¢
L3 0.052 £0.002 4b 0.038 £0. 008 8c 0.198 £0. 002 2a 0.547 £0. 005 3a
14 0.016 £0.002 7a 0.080 £0.004 7a 0.211 £0.254b 0.691 £0. 686a
LS 0.029 £0.001 5a 0. 034 £0. 000 02b 0. 112 £0.000 7d 0.316 £0. 005 2d

2.3 BFETEDH Mo, Cd FERFMN
TR BN )5 YRR I rp A R S s
Mg 4 s, B 4 ATLIE H, L1 ~ 14 - 85EFpE
ARSI AR Mn & 5 RN AR L R
4, 4> B K T 15.58 mg/kg. 23.30 mg/kg.
81.28 mg/kg 31. 15 mg/kg, Hp 3 & hEE, &
L5 +4rh A R AL Mn & 3R 0 T R,
T X IREA X 5 I A B AR Mn &8 A O, X
JEHN LS KO+ R Mn i, BERAERKZ
B AFARBEEL 22, A= Wy 1K, HE AR R TG AL AE
IR . AR RS, HEEh AR Cd & it SR
BRI R R R > X B, 3G g EE R 0.013 ~
150

| Bz
B % HE a .

TS YK
(a) AXIMnE &

EET

16 500 -
Xt ARZH

T3S R
(¢) Mng &

0.043 mg/kg, AWFFREM YA K, PR+ 15
FRALRRIE A W R AR AR 4 & AR AR Ak, I TRT S i T
TR E SR AR XU B R K]
D e b el R A B S . e 1B R S
SR T AR RS FNAE A Y WO L
FEVRN, I/ 4 J ) SN A A
MEEE2ERE, BEF TP LA Mo 8 Cd
B RO REZL B 1 A ) R B AR, VR B i B AIR
R B 4 206. 55 ~897. 41 me/kg, Horh L5 /K -5k it
5 Cd FBARIREE 2 0. 02 ~0. 40 mg/kg, Horb 14 7K
SEf A L SR PR Oh PR A KK ) 1 4 R [
SEFMARP (15 e 4 S PR, Xt

040 a o
0.35 a Xof HRZH
%03
Zoz2
g
&g 020
zo.
T,
(&)
0.0
0 B
Ll 12 13 14 L5
F IS G KT
(b) ARCAE 7
25
B ek
Xt FEA
2.0
E:
215
=8}
E
ﬂﬂ 1.0}
=] f
(&)
0.5
0
I KT
(d) Cde&

B4 EZEENMARGEEETRVIESESIENTM
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Y, PR AR RS AR RS S RN (H R
RO R I R AR A, AR T s
G Mn G Cd B e ] R A 0 R G i 7 e
BB T —ERBEEEN,

3 HHE

TERTA) 515 Ye RE BE T, 4 M4 A TR 22 B 41 1
Mn  Cd 7 H B B R 1 35 52 80 M e 3 5 A% 1k
P14 KR Mo Cd E T RRK, E4ET
B 514 pH K 4 8 AT Y 25 A7 76 10 38 A0 G
REHME 53 UE B £ 38 pH BAI%, B 4 8 i % 1
57 AL R AT R AR - pH (E fE B
PETHEE 4R S IR T PRI | L, R Ak B B 4
HEEITR MR R E YA Sk 4T, XI5
SRS IE KA B R 8 pH B AR
2B SR R I K & S S S TR A A
P FRIES SRS A S AL, A Y iE R R
T BRI BE T A R R R B R R, Xl oo N 1
IR A TP IS B Y s R R A
o EE 4 I 1 AR 0 SO KA A 4 Y B R VR
FIREA , DT B B AT A7 R Fe  Mn I8 GF
FE XS /K IR T B A 5, X LB GY AR R W], 1 S e
SIBIT RS 1 pH S WA,

FEY) LK BB I8/ T 4R n) KRS, FEARSC
i R RUE KSR T Mn Cd IS R, YR
ICTE 4 8 3B A% (O LR 30 AR PRl 48 e s vh e
PUER AR AT 0 & i, LA s W 3 758
e E AL SR S AR G T X A B T R 2,
PN EAA IS5 DU ARBRSON, N T A
BILTR RS LR 15 Ak 1) 350 40 4 8 A T L, A
s> T 46 i b Mn Cd 250 Z [m kIR
AR AR AR LA S, MR KR G
s AL Ak R W R DL R T
TEH, B m e b S E L R,
BERRGRE F F RE SEAR 5 5 M FE 4 ,  RA
PR R BB AT SO R 4 AT R 5 SRR AR B
S R IR R R BRI T AR AR
i, NP REN S R BN A R ST IXOR
[FIABLDYE 25 1 T T £ 3 3 Hh e 42 i E AT RAE 20 AT
S5 A A RE B AR S R B s R R el A P
A HEY) Fe Mn BIMIETH .

BN QTIENERE ST VI Y D0 R e oz A R
JBEA —ENEEER, LRk ERIIIRAR >

BRIy, TR Ll ~ 13 i LHE AR e AR RE R B
ot BERGY > AR AR, AR AR BE 05 N AR ST, Mn
YRR A K B A 75 TO R, X i R I S (AR JBE L 6 4
LR RARDC B VR EER RV E T, TR, 1A
ey N L TR 7R E N B e e Y o D
HERPAEIE R R KR S, 1R 14 15 V5 R 00 4
EARRR IR MNRER > B, MLl ~ 15 3
FRER X Cd BRI RAARAR > M 13
g1 SRR S ROKE T YN T IR E SR
AR A TR 70 s [ E TR, 7E AR s
AfasE AR G2 | X R R X
JE W0 g — R PERLE R SRS R, R
RO 4y JE A BRI REAE Sy, AR i
FERWIBAFIXS Cd Zn WHA —E M2, IF H
WA R SR T i LA SR B e R,
B FR Cd 1 RO B, BE A AR %
Cd F 5 5 X T 0 262 A I A 75 e e 1 A
AR GUR BRI R FARESXS Fe Mn  Cu . Zn
Ph Cd AU RAE N ER TR T 1y, X2
oy B A REHATAR W S ik B MR AR ) 36 5 AR R 20
Yot A e A G e M T R A 2
PR ZR W O [, AT D20 X 25 i Y 7
H MR RSB AL T 4 R pLRE 3 R
AP IR TRAL 25 AR DT 3 0F e 2
B RN A R E 3w AR PR
Y MG P, 0 0K R H T AR AR PR 4 4 pH
{E, DI A P 0o 2 4 (il >

4 45ie

1) B RARK G B T EEE M KRR
R FEAN RV A TS e F B 0 4 v IR W Min
Cd 1Y ST B AR 3Rk X A > PRz Rl

2) MO RO A R B AR R R RE 1, X
ELJRNE ERE I RN Cd > Mn, X} Mn,Cd
EEMME L RA WA > H L BE A
KA TR L B 0 Mo Cd A8 &, R 5 i
FEP N, -3 Mn | Cd 4 IS W) 2 B A1
FEO PRI FOXT 4 Jm W TE D T A )
SINABEITEH

3) M L TR R AR AR R EE
AE 1 m , L HIEXT Cd, A TRAF ) & 450, IR
ke i 3 7 SR 11 5 Y I B ) S B
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Effect of Lolium perenne Growth on Mn and Cd Migration in Soils

Around Electrolytic Manganese Residue Storage Yard and

Its Remediation

AO Hui', WANG Yubao®

(1. Guizhou Province Resources Conseration and Comprehensive Utilization Association , Guiyang 550025 , China

2. Guizhou Chutian Environmental Inspection Consulting Co. , Ltd. ,Guiyang 550025 , China)

Abstract: The effects of ryegrass growth on the leaching and migration of Mn and Cd in the soil around
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the manganese slag yard and its remediation were discussed by collecting the soil with different pollution
levels around the manganese slag yard and using ryegrass as the test plant for pot — leaching test. The re-
sults showed that the migration of Mn and Cd to water was significantly reduced after planting ryegrass,
and the dissolution of Mn and Cd in soil with different pollution levels was generally expressed as the
aboveground part of ryegrass group. From the enrichment ability of ryegrass to heavy metals, the enrich-
ment coefficients of Cd in roots were 0. 788 ,0. 739 ,0. 547,0. 691 and 0. 316, respectively, which were
higher than those of Mn in roots, indicating that ryegrass had better remediation effect on Cd. After plant-
ing ryegrass, the content of available Mn and available Cd in soil increased significantly compared with
the control group, but the total Mn content and total Cd content were lower than the control group. The
total Mn content decreased by 206. 55 —897. 41 mg/kg, and the total Cd content decreased by 0.02 -
0. 40 mg/kg. The growth of ryegrass can promote the activation of heavy metals and increase their effec-
tiveness, and then fix heavy metals in the body through plant absorption, thereby reducing the content of
heavy metals in the external environment. The growth of ryegrass can reduce the migration of heavy met-
als to the external environment, reduce the impact of heavy metals on the surrounding environment, and
play a certain role in repairing the contaminated soil around the manganese slag yard.

Key words: ryegrass; manganese slag yard; leaching; migration; heavy metals; repairing effect

(E#5% 66 )

mechanism of the butterfly-degradation trend of the plastic zone of the surrounding rock ahead of the
working face under the effect of large-diameter unloading boreholes was explained. The results show that
when the advancing length is greater than two square, the stress around the goaf tends to be stable, and
the minimum principal stress P, along the goaf is affected by stress unloading, and there is an inflection
point at the boundary of the goaf. The maximum principal stress P, increases sharply within 30 m in the
vertical goal, and the significant influence distance can reach 90 m. The confining pressure ratio changes
obviously within 10 m in the goaf, the axial lateral pressure coefficient changes more stably, and the ver-
tical lateral coefficient fluctuates greatly near the goaf. The surrounding rock of the hole shows RPP ex-
pansion characteristics in the non-isostatic stress field, that is, when the confining pressure ratio contin-
ues to increase, the plastic zone of the surrounding rock of the hole will appear the evolution law of circu-
lar-elliptical-butterfly shape, and its sensitivity is more and more intense and finally shows plastic deterio-
ration , surrounding rock instability, energy release, which explains the pressure relief mechanism of large
diameter borehole in front of the working face. Based on the above research, the layout parameters of
large-diameter boreholes ahead of the working face in a certain mine were designed with a borehole diam-
eter of 600 mm and a spacing of 7. 5 m. After on-site application, monitoring points were respectively set
up in the working face and roadway for electromagnetic monitoring. The monitoring results showed a wea-
ker pressure ahead of the working face and a significant effect of the unloading boreholes.

Key words: stress distribution; butterfly plastic zone; RPP extension; large diameter drilling; relieve

pressure and relieve danger



