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Effects of Mixed Application of Three Environmental
Materials on Slope Soils in Alpine Mining Areas

Kong Lingjian'?, Zhang Lin®*, Liu Yifan?,
Zhang Ying®, Mei Chongqing’, He Qinhang?, Huang Zhanbin®
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and Environmental Engineering , China University of Mining and Technology (Beijing), Beijing 100083, China)

Abstract: [ Objective] The optimal combination of three environmental materials for soil aggregate structure
and physicochemical properties improvements were examined, in order to solve the problems of poor soil
structure and serious soil and water loss in the process of soil reclamation in the alpine region of Qinghai-
Xizang region. [ Methods] Using the Qinghai Delni Copper Mine as the research site and utilizing the local
serpentine residue soil and raw soil, the effect of mixing three kinds of materials, namely binder, long fiber,
and rice husk, on the soil improvement was investigated through the soil cultivation simulation orthogonal
test, and the ratio of the mixed materials with the best effect was screened out. [ Results] Orthogonal polar
results showed that the binder had a stronger effect on soil aggregates, total porosity, field water holding

capacity, and soil bulk density, whereas long fibers and rice husk had a stronger effect on pH value and total
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salt content. Binder incorporation increased soil bulk density but decreased soil pore space compared to the
control (CK). Long fibers and rice husk significantly decreased soil pH value, increased total porosity and
field water holding capacity, and suitably increased total salt content. The optimal combination for soil
aggregates and pH value was A,B,C, (binder 0.074 g/kg, long fiber 2.960 g/kg, rice husk 11.110 g/kg). Soil
bulk density, total porosity, and field water holding capacity regulation were optimized using the
combination A, B,C, (binder 0.037 g/kg, long fiber 2.960 g/kg, rice husk 7.410 g/kg), and the optimal
combination for total salt content was A;B, C, (binder 0.111 g/kg, long fiber 1.480 g/kg, rice husk 7.410 g/kg).
[Conclusion] The optimal formula for soil matrix restoration in the alpine mining area was obtained as
A;;B,C,, that is, binder 0.056 g/kg, long fiber 2.960 g/kg, and rice husk 7.410 g/kg as the optimal ratios,

which could improve the soil structure and enhances the capacity of soil and water conservation in the alpine

mining area of Qinghai-Xizang region.

Keywords: alpine mining areas; orthogonal design; soil aggregates; binder; extreme difference analysis
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Table 2 Addition dosage of three environmental materials

HEEREL AR/ (g kg™

FI K P

& tr e 2 i+ B+
HHLE/ (g kg D 16.54 16.36
R/ (g kg D) 0.09 0.83
B/ (mg + kg™ ') 22.06 143.99
HRHE/ (mg + kg™ ") 2.22 6.41
KR/ (mg * kg™ ) 23.35 54.87
e E R/ % 0.21 0.12
AL/ % 46.63 40.92
3 Rl dE K &=/ % 22.51 26.83
pH 1 8.81 7.65
+THERE/ (g em ) 1.34 1.38
TIHEEALBE/ % 28.05 35.14
&R/ (uS e em™ 1) 308.30 293.70
As/(mg -+ kg ") 14.9 33.4
Hg/(mg « kg™ ) 0.025 0.258
Cd/(mg -+ kg D) 0.108 0.275
Cr/(mg * kg™ ") 1 250 111
Pb/(mg -« kg ') 2.45 24.6

FHAFICAD K448 (B) a7 (O
1 0.037 1.48 3.70
2 0.074 2.96 7.41
3 0.111 4.44 11.11
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Table 3 Material dosage of orthogonal test

combinations for each treatment
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Table 4 Extreme difference analysis on physicochemical properties of modified sludge

i b LR/ (g em ) MALBEE Y Bl 45Kk B/ % X F T pH f LR/ %
A B C A B C A B C A B C A B C A B C
K1 3.60  3.99 4.05 170.8 55,3 1542 75.65 70.31 70.82  207.1 204.5 209.1 23.25 23.54 23.38  0.344 0.322 0.344
K2 3.96 375 371 156.3  65.2  165.8  68.36 72,07 7227  210.2 210.0 197.1 23.16  23.14 23.33  0.372 0.350 0.328
K3 411 393 3.91 151.1  57.7 1582  68.04 69.68 68.97 197.9 200.6 209.0 23.49 23.21 23.18 0.311 0.356 0.356
k1 1.20  1.33 1.35 56.9  51.8 51.4  25.22  23.44 23.61 69.0  68.2  69.7 7.75 7.85 7.79  0.115 0.107 0.115
k2 .32 1.25 1.2 52.1 551 55.3  22.79 24.02  24.09 70.1 70,0  65.7 7.72 171 7.78 0,124 0.117 0.109
k3 1.37  1.31 1.30 50.4  52.6 52,7 22.68 23.23 22.99 66.0  66.9  69.7 7.83 .74 7,73 0.104 0.119 0.119
W % 0.17 0,08 0.11 6.6 3.3 3.9 2.54 0.80 1.10 4.1 3.1 4,0 0.11 0.14 0.07 0,020 0,011 0.009
TR A>C>B A>C>B A>C>B A>C>B B>A>C A>B>C
K A B, C, Ay B, C, Ay B, C, A, B, Cs A, B, Cs A, B, C,
a5 A B, C, A B,C, A, B,C, A,B,C, A,B,Cy AB G,
W ALBLC MBI R B A K T R
2.2.3 IBEAMAAT pHAL A XS FHRAFEA KW 68, nTREIE HAT W B 4% 57 sl 8 15 1 398 93 4k 2% B i
FX I pH AR WIKT B :B>A>C 0 FRAME Thik. X e S m e L P& s B4k,

HpH A SR ABC, ARIBI T . MEHE A
FHE ARG, pH (A 2B HLAEARfE L A, ) pH
HEAL. o 7.72, BEEFE B HEMAS M. pH HEAH
SR A Z,B, ) pH &K, N 7.71, BEE
HZE C HEMm, pH H2 W FEAMEE.C W
pH (IR AR, Jy 7,73, & 5 0K 25 2 55 19 9 n vl B
ACAR - HE v R A W T R R T R R A A A
E 5 5 30— S0 G A A 7™ Wy B3 1 R T, 3 AR
e RE 2 sg i 58 pH (H.

S Z O A w5 W T O A B> CL R TR
A BEMMmA SN ABC L KB T . EHZE A
FAEE RS, A B S B AR R A, 2R
AR, 0.104% . BEAENZE B A i HE N, 44 it
EHHE N EE.B Maedh R, 0.107%.,
B R C A, 32 %m 20 W AR
f.,C, B4 th HE K, 0.109% , ¥k 2 H Ar 5Kk,
FhA R E o B R A R o I R HLA M

HE

Wl R ST R AR R A A S SR Y
XFER A BT A2 . A8 2 RT DA S 2R W 00 3 Bl L BE T
2R - 58 A R s D R o B SATE S e, e, R SEAR
F—Fh RIRMBL, A Z L5, L B
R B 08 VE o i 58 109 3 ol 02 BT 6 77 FT 6B 52 M) - g
H i ER Ay o A
23 AEEEMEX TEEAEREMEZESH

R Bh MV X AR B Y L PR AR AT
52 X - HE 45 57 43 46 bR DA B - 38 B Ak 2 1 T AR
PEATE LW AR AT R 2 A R B LA B A
#10.056 g/kg, K24k 2.960 g/kg, F§ 7 7.410 g/kg
B BE 5 FEATIR I . YEIR 2023 4E 8 W 7 W e TR
3.6 A H BYFE G AT 5 ROR 73 B, X A R LA S
B .

iz AT D T 120 R 3 3 s T80 R R AT 25
WA, BMRE 6 N, RIEAE R TFEE S Bk
RJ5 3 HBHEAL 9.1% . 16 B 4 398 A8 159 55 Jn g 4
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XA R S KA 4EFRE 7S TS A D& 35 m T -3 iy £L
BRSO ol il AR . R AR LR L AL B R A
FHEH B FEKERUMRE 3 A H B 41.39%,
25.35%0F1 54.82%, X R U R 5 09 454 5
A R F 7K 53 B PR RF R 4 1 O I AR K X R B T
K LT Y TR e B 5 T - 58 1 25 4 A ok R DR UK B

Zh A 03 a4 A A HEURL 2 (8] 1) 23 B O 7E SR R
BURS PR H5 Bhfee LIRSS M . = FhAh kTR A 1
A B T4 R R E PR PR Bl RE ), R IE
A fEk /D 1 e 2% L B 0 4 HE A FL BB R K M.t
5 pH (H ST By i 3, 3 2k 25 ok B RHA 250
WU HERR O AR HE T R E i AR K B R
M, AR AR EI W] R K 2 4R A e ek R
FIEEER T, TR, LA R 43 RS R A )
AR, SRS BE A 1B B ) 0 1 0 2L 2
PO MR 6 AN R A R A OKRER A
MU R B 3 N A B FH i 419.41%,143.11%
46.91% ,38.79 % F1 252.06 %, K £F 4 FIfg 7 78 £ 3 vh
BN Y W AE T AN S - A5 4, HL Y
FERE 2218 A7 B TR K Fg Bt A e 8 Hh . R 5E 2%
1o i R T RSO A AL, A W o R S
AL A SRS BEA RN SER T EURL Y 2 45
J1 e —E R B B IR AR A B T AR AR I 2
BER LR ER . BL A, IR B AR 2 A 42 1 2R 3 1
I A LT A, BECE 2 595 45 . BE G B0 R B[] SE
K ARART T HHEAC T 0 RS AR A (i bR Ak TR
it T K 36 O ) (CJT 82—2012)

x5 TEAMETXELIHREANRE

Table 5 Improvemtn effect of modified studge at different times
Ei= D URE3ANAR ®RER64MARF
+THERE/ (g em ) 1.32 1.20
TIEEE G/ % 32.11 45.40
SALBREE/ % 39.77 49.85
+ W B KA % 24.37 37.73
pH {4 8.10 7.32
SR/ (S cm ) 107.75 46.00
TR/ % 0.035 0.26
HEHE/ (mg » kg ') 5.10 26.49
2% /(mg « kg™") 392.00 953.00
KIFEHER/ (mg » kg D) 60.60 89.03
HHLE/ (g kg D 18.20 25.26
B/ (mg + kg D) 49.00 172.51

24 MEMPNTEBAERERESENSHT
2.4.1 Pearson #8 X Mo 4 ZFIEM RS M
JRA TR 2, B PAM 5 H3E R E 2 EH

K5 BFLBREE | R AR 4 K i pH (A
AR o a B A OC, U] PAM A B T FE AR+ 15
pH (E A aEh & &, K4S BfLB I | £ 5 i fn) +F
KE AR R IEMC, 5 HIEA TR M pH (A5 7
FHIE (p<C0.05) , ] U HL il FH 6T - 48 1 Bk 2 R 4 19 2%
TR RO . R /e L RO 5 K 2F 4 2%
o, B 5T K BR, - J9 % TR - 39 () K B AR L R
B OO (p<<0.05), 8 M FL B B A 3 W
EIRF KR B FIEM S, 2 FEMtE pHHEE D
MG . KT dE i o P R e 1 AR S5 4 L kD +
BER AR K . AE 3 PO% R 25 A, o R
LB Rl e TR A IR B E ., Faelint
s B, o R M A A HERN RS BRAE L A2 AT ML AN
FEOW B 5] o A, B TR R . T R A Ak 25 A fil
FH L 28 A 03 3 00 W BN Ak 2 5 BRI G
B H T R SRR A KR, ALK
21 2 AR 50 A6 ) 4 o v] DU 31 5 AME L F — 4 4R
e B ) 25 A8 AR gL 2 R 43 6 A R AE 9 1 fE
T JE IR O FG A ON Ha 2 O Y
N £ 4k H &= .

PAM 0.3710.37 (1 0.26 | -0.31(-0.20|-0.10(-0.18|-0.18 *H*

RE
Koo 0.37 |-0.32{ 0.29 |0.051] 0.28 [-0.66| 0.34 1.0
0.8
a5 -0.37| 0.34 |0.055| 0.21[-0.56] 0.18 06
TEAE -0.99 0.13 | -0.86| 0.61 | -0.28 0.4
BALBRE \ -0.075 0.83|-0.61] 0.31 0.2
- 0.0
3% A 5 Ak -0.221-0.076 0.14 02
4 1 A 5K N4 0471011 | 04
S\ W\ Y 4\ o) 0
LR N 08
-1.0

QTR G T N 0 SIS, S S 5
RIS SRR - S g N e L MUY
% &@L %ﬂs\ %ﬂﬁ @’s’és B;é»
&»ﬁ&
X
W * Fm p<<=0.05, x x iR p<<=0.01,
E2 AEALEBEESTEMNENIBRERMETL

Fig.2 Changes in correlation of physicochemical indexes of

composite soils with different treatments

2.4.2  ZFWeA Gl R R4 A
A, B, Cy FHALFE AL M BT e 240 & AB.C. w38 i
LER TS B e 25 L, B A 9 e A & 0,056
g/ kg, K 25 4 #9 t FH i 2,960 g/kg, A5 7% 090 FH 2
7.410 g/kg. HoH, B A 1,30 X 10" J6/t, 4 4k
1.50 X 10° 78 /t, A8 3% 1.50 X 10° 5T /t, = Fh At B} 0
Hr 4.86 G0/ m* , (HE K A 108 JC/m” (1 4.6 24, 8%
R NA, BARFR AR R R AT LB R
HR] LA AR s ERORE 4 b SRR R . A
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544

o JICAS 1) 286 7 5 AR SR 4 2T 4 RAS o T e
1, Bk T LA PR IE L 8 52 B0 R0CR L ol DA i B A 22
TRINA .

3 &

(D) AR s d &, S£d6madh
BAFAERO0.1%~0.3%) K LA 1 pH E5F
B ER(5.6~8.5), & & H R RF K i, BRI R
PR EN A AN ABC, 425 1
AR S BN AS N ABCy A AB,C, 1l 13
HEIR SRR 701 % L CKIEE T 2.9%, HIbdA &
AyB.Cy 5 0.7% » th T4 00 M5 90 1% % % 0 I
HEHN ABCo, Bl A FE5 57 0.037 g/kg. B K& 4k
2.960 g/kg.C FF5¢ 7.410 g/kg.

(2) FEHWRFETMMAEH., FHRREXN 2
(I YR T —B0Ch « A B> CL %t 438 A B4 L 458 34
FL BB | () 55 7K R - HE A R T — B .
A>C>B. X+ 4 pH HEWKF H:B>A>C, Al
DL B A 700 2 24 2 48 ) - 3 T SR Ik L+ 1L
Bl B2 L R)RE K A R HE A L BRI AR A
KA Y 24 R B pH MR & 5.
76 B R B v M A R L B )RR
KRN+ e

(3) FH R (ELE A 8. A B,C, FIALH A,B,C,
MIALBRSE e . A AV AL BC, &AL,
Bi:A E54 7 0.056 g/kg, B K44k 2.960 g/kg,C &
7¢ 7.410 g/kg NEALHL L .
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