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Effects of Sludge Combined with Peat Application on
Soil Nutrients in Wasteland in Mining Areas

JI Meitong, LLIU Baoyong, YU Hao, CHEN Xi

(College of Environmental Science and Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: In order to explore the effects of sludge combined with peat application on the soil of the wasteland in mining
areas, in this study, a total of 10 treatments were set up, including single sludge application(5% , 10% , and 15%), single peat
application(5%, 10%, and 15%), sludge and peat combined application(sludge 5% -+ peat 10%, sludge 10% + peat 10%,
and sludge 15% -+ peat 10%), and blank control. The effects of different sludge and peat application rates on soil organic
matter, total nitrogen, available phosphorus, available potassium, pH, moisture content, polyphenol oxidase and sucrase
activities in the wasteland soil were studied by planting ryegrass in pots. The results showed that compared with the control,
single application of sludge, single application of peat, and combined application of sludge and peat in the soil of the wasteland in
the mining area could increase the content of organic matter, total nitrogen, available phosphorus, and the activities of
polyphenol oxidase and sucrase. Sludge application by 15% and peat treatment alone could significantly increase the content of
available potassium in soil. Sludge application by 15% , peat application by peat alone, and sludge and peat combined treatment
could significantly increase soil moisture content. The results of TOPSIS analysis showed that the comprehensive improvement
effect of sludge application on the soil of mine wasteland was better than that of sludge and peat combined application. Among

them, compared with the control, soil organic matter, total nitrogen, available phosphorus, available potassium, water
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content, polyphenol oxidase activity and sucrase activity increased by 151.10%, 495.37%, 1130.83%, 39.71%, 115.04%,

78.98% , and 109.58 %, respectively, and the comprehensive effect of soil improvement on mine wasteland was better than that

of other treatments. In summary, 15% of sludge alone could be recommended as a soil improvement technology for wasteland in

mining areas.
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Tab.1 Physical and chemical properties of the tested soil
AW R e EA
- LS LT VA G Ry FEM
i H - 2R/ (g/kg) (mg/kg) (mg/kg) i/ (U/(g-
pH Moisture (g/kg) : X . ~ (mg/(g-d)) B
Item . . Total nitrogen  Available Available po 5 d))Polyphe
content Organic matter i . Sucrase :
phosphorus tassium nol oxidase
+4 Soil 6.90 4.53 13.75 0.59 10.2 12.9 12.1 12.3
75l Sludge 6.79 56.75 149.95 30.87 398.0 110.0 35.3 28.3
e Peat 6.77 91.77 275.15 24.99 152.0 150.0 26.1 23.1
GB/T 24600—2009 5.5~10.0 <65 =100
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Fig.1 Analysis of soil organic matter content

under different treatments
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Fig.2 Analysis of total nitrogen content in soil

under different treatments
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Fig.4 Analysis of available potassium content in

soil under different treatments
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different treatments
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soil under different treatments

<105+



TG 4V Bl 2 2025 4E45 53 #5511

28 AE/EXNTXEFH TIEEBEBEEN
A

M 8T LA Y, it v5 e 4 it Ve e 4l i
Ue 5 908 < e it 261 1 - S TR OB il 95 R 24 3 v TR
HEC, T L 347 228 e o ek 385 0 JREH 0 1S O )
oo o AT IR B e 1L LIV AR B
A g8 R I R 43 ) B B i 80.99%6 .103.14 %
109.58 % (P<<0.05) ; Bjifs e e V . VI VI Ak B ) £
S8 T B IS R 4 ) S35 1S N 36.68%6 . 55.69% .
72.45% (P<<0.05) ;¥5 ¥ 5 Je s B it I IX . X &b 3¢
1) - 1 R AR T T P 43 ) Sk RS i 54.50 %6 .60.93 %%
67.51% (P<<0.05) . LA &5 5 & 85 e A i ok 1)
Jiti FH B 6% I 25 398 fin - 18 v RO T 1

601

a

50+ %
a
b

IS
=

he ) bed

WEREREREME (mg/ (g - d) )
Sucrase activity
Ny w
= =4

._.
(=}

0

I(ckh) I m v vV v W W X X
LS

Treatment
8 A[EALIE T VEESE S
Fig.8 Analysis of sucrase activity in soil under

different treatments

2.9 MMSHMREERX(TOPSIS) & i

I T TOPSIS JEFE X HIEA ML 2 H A 5L
B AR K = pH (BB IS M 2 B A fk
it 3 R HEAT VR A o O R 6 B AR A A e A
Jiti . WERGE S TOPSIS ¥ 3 A R AR 455, T
AT 5 T A2 A R AL TOPSIS 2845 1 F i o

AR A (D) (2) (3) #4748 45 005 AL 19 AL T
YR LB RN R 3R L A AL AL
16.8% , #0752 B AL T N 20.9 %6, 1R 4 B 5 1
MR K 7.4% , f KRB K 13.6 % , Z Wi %A ik
fifg 3% ME AL R 6.9%, B R A B R AL E
24.2% AR S EMAE R 10.2% , Hd 8 br AL E
I KAE b 3208 & &, /DA SN £ B A 4L il
T

+106-

®3 ERNEMITESER
Tab.3 The weight of indicators calculated

fREME e (5 EBUOHEd

f8h5 . . W/ %
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Indicator o Weight
entropy utility
AP 0.852 0.148 16.779
Organic matter content
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Available phosphorus
R AlE T 0.935 0.065 7.368
Sucrase activity
RS 0.880 0.120 13.597
Moisture content activity
Z Wy A A 75 1 0.939 0.061 6.918
Polyphenol oxidase content
KR i 0.787 0.213 24.225
Available potassium content
BEG 0.910 0.090 10.244

Total nitrogen
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Tab.4 TOPSIS evaluation method calculation results
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I\ (]
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reat- . . . . e .
ideal solution ideal solution ite Score In- Sort
ment . .
distance distance dex
1 0.939 0.118 0.112 10
Il 0.753 0.286 0.275 9
0.675 0.522 0.4361 7
v 0.299 0.851 0.739 1
0.799 0.311 0.280 8
Vi 0.664 0.525 0.441 6
M 0.474 0.722 0.603 2
i 0.564 0.613 0.520 4
X 0.600 0.501 0.454 5
X 0.533 0.648 0.548 3
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Tab.5 TOPSIS ideal median value display

b E 34 70 AL
e Positive ideal solu- Negative ideal
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3 A~ EL
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“ofi 751 =R
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P =N
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Total nitrogen content
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Note: Because the median result reflected the difference in 6

decimal places, 8 decimal places were retained.

H1 TOPSIS P ffr vk 25 Bl 1 (% 4) , Bt 75
T 15% 27 543 40 $8 B hie = , 35 T TOPSIS # g 27
A AR5y CE B R (7R % W 58 % 4 0 55 0 55 il
378 ) T AF 5T R G R G i) JELER BT LA M Bt S
Je 15% nf FAE 6™ IX % 75 Hb + 58 0 B /9 5 AR e

i .
3 #ib5itib

ARBEFER], Bt 15 U ek 5 A R E X -
e P AL o R S VAT AN R R B RS2 o Y5 e
A A B HLE R ) 0 5 B E FR 0 R, A B
A X AR e A AR KR A A
LR . SV KB, 150 A YL &AW
HERR S5 W T, 3 28 ) B A (S0 A 9 A AT
VAR R, 38 T DA - 3 b O S P AR B T4
W], 5 P AU A B it 2 G T R XK

b S A A BILJS B RN X S AT B RS A
R—2o WA A HLE RESR M 1 R PROK A, 2K
S - B 3B TR NS5 Al PE b P A SR ST R
KA EH . KWARCIAK-KOZEOWSKA ZEUS/ g
FE B, A6 A 5 Ot I ek v 8 AT LAk s Y
P B AL R MR 6 T AR AR AL B AR S R
SRR SE B EEAEH] . © AR, ek
BRGNP FRER LR, LR RLHFEEE
ZEAE M. R R R AN R R XA
VEM B He ™ o 2, a2 3 S DX 0K 1A e
LSRR M R, i T2 E AR R A H R
fi% A [ 52 0, o 08 4 R0 T R B A B Y I S
SR BECR SEY AR AR A —E X
F , VF 22 W I 3R A R OB BR A1, R A A K
FIA A AT D g JE R 22—, BT 2 A 4k Fr 4
I Y IE R K R D R S B ZE K B A )
BT F PUFERE . & RO B 3R Tl AN o3 O RE 98
P R IE 7, it A 5 A AT M T
i L P R Y ARBERR AR R, B
B 5 e R e s | T e 5 U8 e T it X RE 4 i L e
F14 4 8T 8B, PRI 8 e AT LR i -
by Gallitns QR TS s LN TR AN/ S e 2R ) LI Ot
AR A AR S B b s e I
[IT Azb 38 0 9EE i IX Ak 2o A% 80 35 & e, JL X1 T g
Oh R R AR R B AT i ) IR WA R 2 MK 23 B RE
AR Sy SR B Ky A W SR A
L 8 A K TR B ) R R, 3 3L
HRCE T

Jiti 9 8 % e e A R AR T - RS A
ZRHEZMAER . 1508 T8 - HE SR 4, B 4
ST PH RS T S i IO b A U L B
T AR RE Ty, b ORITR Tk - M LR R A . A
WFFT L SR W], B 75 98 nl A RS 0 58 s 8%
W R A HLB R & R, Herp, TGS U8 1506 Ak
PN b AT BLTT A A AT RO L K AR R b
A B T T O Y A MR i 1l A [R] A B
Xf - HE SR BA A W A BGE AR H JF R T E
HINBBORE o T 9 A5 o Ak K e B e T
19U Ja , v A 0 R B T it P A A i
BN o PhA B AR o A e ok B 3T T D it
R A AT 48 w07 5F R R IE Ty i A
SR ORI m ISRy R BRI .
SR A5 SE  I JE BE R — 2R 1 A BT B Ak

<107+



W PGP B 22 2025 4R 45 53 45 1 1)

B o8 WS A [ 2 L 4R T REE A AE . ZU0 S
W5 A B, 225 15 98 A8 % 20 B AY 8 v S0RT
U, E T R Y B P . X
SeB 5 A LS AR WIS e —EL

U6 7 DG B 1) B K 1k R Sk S BEAT R0k
e 5 R KR R eSS A [R] I b BE i B AN
T R B T AR LR SR . ek IE
AT Sy b AR A IR 23 O Al BE S v I I R R
fifp , DT 88 0 - S B ) i e b i 2 LA
e TR T A s ), O BRSS9 CEC (M
B A i) TR R U8 A BE B8 I B R OR R R 2 1Y
BT, AT R . SRR T
b S R BT LA S — A B Y R LR
A Y TR 2 R AT B 1, DT B ey
BRE i X RIS B, AR T R
HE SRJC R BRI, e HE A B A RORUR T e
e SR RO o R T RE T, X 5 AR BT A R
— 2

15 e 5 98 5 WY 1R &t T AAE — % e ¥ I 2%
fift £ A Y Ry BRAE .35 e T LA 4R A O R Y SR
gy, 0P8 5 A Bl T kst A A o PR AT R
b RO WO e e B PR TSR R
ROR o EIRIETS e 1526 + e 5 10260 L3 b 22 1 4
P T M 4R T 2 LR R B R T TS R Y
W R T b 2 W A R X T RE R T
P m s A E & ALY Rt T Z /ALY
ABE IR, T A2 BE 1T Sl AR W 10 A Rl
Vo TRV, U8 5 b B IR P 2% 1 T RE AT B T AR E T
AL T RE IS AR AL
15 98 5 Ve J IR b xof L S SR o0 4R TF AN 3, ]
AE DR O 95 8 R S A R BB SR OU R T R X SR
O B A RE AN E R TS e, P E A A AR
VR A58 SR 0 2 0 B 0 35 IR T At 95 02 L (HL 0
s DR AT B4 s DR K BE 0 s BE 22 AL B0 45 4
ik o 2 BE 0% B AR X T B3 75 8 R T 2 ) 52 ik
BH B 1, 42 v - AR E J7 AR 9 36 1 1 A it
HE RS O T W B O R A AR PRI i
HTRE B T TG R S R . AR PR ASSR R, T U R
il B 15 Y8 ¢ BE e 249 RE 4 v - S8 RREORE Ml A 2 AT
AEE i TI5 R T 5 T RUEY M A A LY,
AT 17— 98 vl ) R A 0

b S R RO AR R B
Xt S A Bl AR W v B AT SRR AR . TS TR AR

<108~

A W % MR R T S 0 e 0 R 8 L B BE Y A
L —ERE LEe T L EdE. sk
55000 B TR i b 3 4R v 1 M 2 W AR Ak S T TR A
SR A I e R A8 4 BH B - 1 W B VR S SO AR T
TRt , Bt 75 U8 1 R TR T T M 0 0

ARG F 15 U6 P A U6 e TR it T AT R ek R
WX P 75 b 4 4 B A0 M o, a4 A RO L AL
PR [E] GT AR  8E pHL L A K SR WA — EAE T,
Al 0 R G Y NE M . Hob 7R L IS R
1556 Ab 385 X - A HLBT A A A A LK R
T TR Tl B 0 R 5 B R Ak 1520 b B S
XF - HEHAC AR T iR . RIS RS R RIR
i, 15 U8 10 % + B % 15% b B % £ B 4 Ak 1 T
PERR T i . AL HLE Rk 3 T B R,
[F] B 2 i pH B AE & BRYE N o e Ak, AR 58 R
TOPSIS B3¢, DL 5E 7 F 4 35 48 ki o L 81, 20 #r
T 10 i Ak P A 1 T A AR AR O, B TR e,
KA TOPSIS W PN 5By 45 R v] Lhiz 1l Tk +
PREERRE PP, i FLAE oAb K - B R RS PE 1 7
A DU Re A iz ] o B TOPSIS A ik
TS AT, 2R G 0 F IS 40 R B/IMR IR R 75
P 15%=>e s 15% >15 e 15% + P 10%>175
T 5% + e 10% > 15 e 10 % + ¥ s 10 % > e i
10% > 95 10% > Y #ic 5% > 15 g 5% >CK, X
B TS U8 15060 20 R AR B ok 0 6 AT AR Dy — il
X IX R R AR

5% ik

(1] SRR B SC, 2098 I 15 P ] T Ay AR A IX T s 75
152 BRI AT 58 (1], %64 H3REE TR, 2012,19(4) :49-53,58.
WU ZQ,GU SY,LI HY. Experimental study on the use of
municipal sludge for the remediation of heavy metal pollution in
lead-zinc mining area[J]. Safety and Environmental Engineer-
ing, 2012,19(4):49-53,58.

(2] 2280 Wi T YR AERE R W0 v Ml - 398 2e R v % Iz T B XURS: 43
[D]. Kb ip Al K2, 2013.
LI X. Application and risk analysis of municipal sludge in soil
improvement in Horqin sandy land[D]. Changsha: Hunan Agri-
cultural University, 2013.

[3] ZEdtiat . e Lo RAEVEFI i R AR AR 4 18 = ROCRDF5E[D].
Kb g Aol B R 2%, 2018.
LI J B. Study on the effect of woody phytoremediation under
peat-soil improvement of lead-zinc slag[D]. Changsha: Central
South University of Forestry and Technology,2018.

(4] BSC, Al A, B IRTTTS S A T R A7 B 5 - S i R Y
AT HERT ST, % ook B2, 2013, 41(33) £ 12993-12994,
12998.



B AE 15 U P [R] Y& M %o 4 X 5 - S R S 64 5 )

[6

[

[7

[

—
o
[}

—
Nej
[}

[10]

[11]

[12]

WU S W, YANG Y D, HUANG C. Feasibility study on soil
amelioration of municipal sewage sludge in mining tailing[J].
Journal of Anhui Agricultural Sciences, 2013, 41(33) : 12993-
12994,12998.
SELDA O,USTUN S,ROULA K. Reclamation of saline so-
dic soils with the use of mixed fly ash and sewage sludge[J].
Arid Land Research and Management,2015,29(1) :41-54.
SUEH A IR S 5 A, A T e KSR AR L XK
FiH SRR RL[T]. AR AR R 22440, 2020,41(5) :65-72.
PENG W X, YANG Y T, FENG J Y, et al. Sludge and
strengthening measures for soil improvement in waste land in
rare earth mining area[J]. Journal of South China Agricultural
University, 2020,41(5) :65-72.
IR 3 e A= i S 00 P R G R A B R b e Y AR )
BE M REE [D]. 220« 22 HI K2, 2017.
WANG H C. Study on the change of heavy metals in the life
cycle of urban sludge and its impact on phytoremediation of soil
pollution[D]. Lanzhou: Lanzhou University, 2017.
[ G PRI DR A Ry . e M5 e A LS o — R A v
— R B IE : GB/T 17138—1997(S]. db 5t : o [ b of t RAE
1997.
State Environmental Protection Administration of the People’s
Republic of China. Determination of organic matter in soil mass-
potassium dichromate volumetric method-dilution heat method :
GB/T 17138-1997[S]. Beijing: Standards Press of China, 1997.
IR A SR . LT A N E — 2R o T [RGB/
T 17138—1997[S]. bt « o [ 4 o tH hi AL, 1997,
State Environmental Protection Administration of the People’s
Republic of China. Total nitrogen determination of soil mass-
semi-micro kelvin: GB/T17138-1997[S]. Beijing: Standards
Press of China, 1997.
P R IR OR AP SR . ST AT AL E —Olsen % : GB/T
17138—1997[S]. bt « v [ s ofi i hi At , 1997,
State Environmental Protection Administration of the People’s
Republic of China. Soil quality-determination of available phos-
phorus in Olsen method: GB/T 17138-1997[S]. Beijing: Stan-
dards Press of China, 1997.
[ G B 058 AR 4 R0 JR) o 9 ok B Y S — Ol R Bk
GB/T 17138—1997[S]. Jtat: [ by th it , 1997.
State Environmental Protection Administration of the People’s
Republic of China. Determination of available potassium in
soil quality by flame photometry: GB/T 17138-1997[S]. Bei-
jing : Standards Press of China, 1997.
E R 85 . B pH I & —pH U &t : GB/T
17138—1997[S]. dbut A AR i th Rk, 1997.
State Environmental Protection Administration of the People’s
Republic of China. Soil quality pH determination-pH meter
measurement: GB/T 17138-1997[S]. Beijing: Standards Press
of China, 1997.
R AR 87 . TR & KR E — Tk . GB/T
17138—1997[S]. db st [E bx e i it , 1997.
State Environmental Protection Administration of the People’s
Republic of China. Determination of soil quality moisture
content-drying method: GB/T 17138-1997[S]. Beijing: Stan-

[14

[15

[16

[17

[19

]

—

]

]

[

]

[t}

[

[}

dards Press of China, 1997.

FE S PR R A R . o S O RO Al 0 — A R K A TR
83 GB/T 17138—1997[S]. bt 5T : b [6 4 E H R4
1997.

State Environmental Protection Administration of the People’s
Republic of China. Soil quality sucrase assay-dinitrosalicylic
acid colorimetric method: GB/T 17138-1997[S]. Beijing:
Standards Press of China, 1997.

FE RO R . e e 2 B AL I 2 — 2o Tk
GB/T 17138—1997[S]. Jt5T . v [ bR o i i it , 1997.

State Environmental Protection Administration of the People’s
Republic of China. Soil quality polyphenol oxidase assay-
spectrophotometry: GB/T 17138-1997[S]. Beijing: Standards
Press of China, 1997.

BIRIR IR R L SF BT TOPSIS By & g L X
AR ZE MR AR £ 45 3 2 A (D). b DR AR 3582, 2018,
16(6):108-117.

LI'Y R,ZHANG X G,LI Z D, et al. Evaluation of soil and
water conservation benefits of different mixed forests in hilly
area of middle southern of Shandong province by TOPSIS[J].
Science of Soil and Water Conservation, 2018, 16 (6) :
108-117.

T, MRIE L, DR 5 2%, AF . SR T U8 X R A B i R 26 2 K
52 (7], FREETE 5 5 6 L 2014, 36(5) : 33-39.

YANG T,LIN F K,CHEN X R, et al. The impact of excess
sludge on the growth of Lolium perenne 1. and Festuca arun-
dinaceall]. Environmental Pollution &. Control, 2014, 36(5) :
33-39.

KWARCIAK-KOZEOWSKA A, FDALKOWSKI KL. Effi-
ciency assessment of municipal landfill leachate treatment dur-
ing advanced oxidation process(AOP) with biochar adsorption
(BC) [J]. Journal of Environmental Management, 2021, 287
112309.

F M A WA, A R DR R bk g 4 (7 (]
SRR IELT]. PHAEARR BEor A, 2014,29(2) 1 12-19.
WANG J Q,PENG J,LIU W Y, et al. Spatial heterogeneity
characteristic of soil total nitrogen in desert riparian forest of
arid arealJ]. Journal of Northwest Forestry University, 2014,
29(2):12-19.

BNk, 2 SO R, 55 58 0 L/ VRIS TR L ot ) 2 A
4 UK I 25 0y SRR (] BRI AL 2 24 4L, 2013, 33(10)
2807-2813.

YANG X L,L1Y L,ZHU B, et al. Spatial and temporal varia-
tions of soil nitrogen under different land uses in a small water-
shed in the purple soil area, China[J]. Acta Scientiae Circum-
stantiae,2013,33(10) : 2807-2813.

R, B, AR A, 5 . T 30 A7 5 /K O Sol 4 8 4 AR 25 AR
SRR N R [T]. s, 2018, 55(2) : 338-350.

DAIZ J,ZHAO X,LID C,et al. Spatio-temporal variation of
soil total nitrogen in Huangshui river basin and its affecting fac-
tors in the past 30 years[J]. Acta Pedologica Sinica, 2018, 55
(2):338-350.

b . HE N U8 X AR - 4 KA 4 e S (D). Rt R
HOMOL R, 2011,

+109-



W PGP B 22 2025 4R 45 53 45 1 1)

[23]

[24]

WANG X. Study on the effects of compost sludge on wood-
land soil and plants|[D]. Nanjing: Nanjing Forestry University,
2011.

AT R TR KL, AT U I X AR R SR R A AR K 1
Wi B it 1 o 2 (9] /K b PR 8 A, 2011, 31(4) 2 215-
217,222.

SHANG H, TAN G D,ZHANG C, et al. Effects of sewage
sludge compost on growth of Jasminum nudiflorum and Amor-
pha fruticosa and determination of application rate[J]. Bulletin
of Soil and Water Conservation,2011,31(4):215-217,222.
Pl ey = |V G B A R R R R S N U2
M (1] BAR ¥4, 2010,24(2) : 349-354.

LATF Y,WANG G F,XUN Y M, et al. Effects of municipal
sewage sludge on mine soil properties[J]. Acta Agriculturae
Nucleatae Sinica 2010,24(2) :349-354.

INTRHT, SR, FNEE T, S5 L i TG R AR AT XK S A R
B B AT AT PERF 21T, BRI Rl 5 4R, 2008, 31(6) : 22-25.
SUN Y M,GUO H H,SUN H M, et al. Feasibility study on
municipal sewage sludge in the mining area of land reclamation
[J]. Environmental Science &. Technology, 2008, 31 (6) :
22-25.

[29]

[30]

[31]

[32]

ZHANG L Z,CHEN W, SHI J, et al. Effects of sodium hu-
mate on growth and biomass of alfalfa[J]. Pratacultural Sci-
ence,2016,33(1):101-109.

ZUO W G, GU C H, ZHANG W J, et al. Sewage sludge
amendment improved soil properties and sweet sorghum yield
and quality in a newly reclaimed mudflat land[J]. Science of
Total Environment, 2019, 654 :541-549.

XTI, B2 AR T A DN E e P A LT G 7 R
Jrik 2 W] MR Rl2A, 2023, 21(3) :465-469.

LIUZ G,MA X H,LI X Y, et al. Comparison of two meth-
ods for determination of organic matter content in peat[J].
Wetland Science,2023,21(3) :465-469.

AHMAD A, CHOWDHARY P, KHAN N, et.al. Effect of
sewage sludge biochar on the soil nut rient, microbial abun-
dance, and plant biomass: a sustainable approach towards miti-
gation of solid waste[J]. Chemosphere, 2022,287:132112.
WANG Q,HU X H, MA Y H, et al. Enhancing sugar beet
yield and quality in Northeast China: investigating the syner-
gistic impact of sugar mill filter mud and biochar on black soil
[J]. Scientia Horticulturae , 2024, 326: 112680.

BIRIR IR R L SF BT TOPSIS By & g 1t X

[26] W&, K BEF AL A, 45 S ¥4 Py B0 R 0 - X+ AR ZE MR L AR5 2025 PR [T]. v DR AR 3582, 2018,
Hes = Mg [T]. B TR, 2019,37(11) : 189-193,183. 16(6):108-117.
PAN Z Q,ZHANG S Q,REN D J, et al. Effects of direct ap- LIY R,ZHANG X G, LI Z D, et al. Evaluation of soil and
plication of sewage sludge on soil remediation in abandoned water conservation benefits of different mixed forests in hilly
mining area[J]. Environmental Engineering, 2019, 37 (11) : area of middle southern of Shandong province by TOPSIS
189-193,183. [J]. Science of Soil and Water Conservation, 2018, 16 (6) :
[(27] sRuNEs , Wifls, s i, 45 0 A AR S0 56 A6 1 1 2R K B it 108-117.

B2 [J]. Bl Rk, 2016,33(1) : 101-109.

EENERS]H

AL AT o LR A D7 S E g AT S B RS R AR T 430 AR TSR AR 2 AL
R AU B, B A B A R AR RS S R R R Z AT ML R B R A Al i 3
AE AR i B, A FLRE £ 75 3 0l I Ak B

CLlPg g Ll k27 ) 4 4 79

+110-



