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Abstract: Background, aim, and scope The exploitation of mineral resources has inevitably caused substantial
damage and serious pollution to the ecological environment. To manage the problems of ecological degradation

and environmental pollution, restoration mine ecology is considered to be highly necessary and effective.
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However, acid mine drainage (AMD) pollution is the major obstacle to the ecological natural restoration of metal
mines. Bioremediation based on phytoremediation has been considered appropriate, since it is a cost effective
and sustainable strategy. However, remediating pollution and curbing its increase are the keys to solving the
problems of mine reclamation. Among various factors, soil stock pollution is the decisive factor for the restoration
of vegetation, and incremental pollution is the decisive factor for the sustainability of vegetation restoration. To
biologically control potential pollution, this paper utilized the Yangtaowu Dump of Dexing Copper Mine in Jiangxi
Province, as the research object, conducted an ecological reclamation experiment and analyzed the remediation
and control effect of a soil in-situ comprehensive improvement method and the rapid reconstruction model of
vegetation to remove mine pollution from the perspective of ecological engineering. Materials and methods This
study adopted an in-situ comprehensive improvement method of lime, chicken feces, calcium magnesium
phosphate fertilizer, and microorganisms to repair pollution and reconstruct the environment of contaminated soil
in the waste dumps. Vegetation restoration technology of planting arbor and shrub seedlings and sowing seeds
for trees, shrubs and grasses to quickly restore diverse vegetation communities was utilized. The characteristics
of changes in the soil physical and chemical properties, acid production potential and heavy metal before
and after comprehensive improvement and the ecological reclamation of copper mine dump. Results After
comprehensive improvement, the soil pH increased from 2.84 to 7.83 and decreased to 6.72 one year after
ecological reclamation. The contents of soil cation exchange capacity (CEC), organic matter (OM), total
nitrogen (TN), total phosphorus (TP) and total potassium (TK) increased by 1.98-, 32.96-, 11.74-, 2.38- and
3.64-fold, respectively, after improvement. Except that the TK content decreased slightly, the CEC, OM, TN
and TP increased by 1.08-, 1.29-, 1.25- and 1.03-fold, respectively, after one year. The soil net acid generation
(NAG), acid neutralization capacity (ANC) and NAG-pH increased significantly from 17.33 kgt (calculated
by H,S0), —23.67 kgt ' (calculated by H,SO,) and 2.53 to 0 kg-t ', 38.33 kgt ' and 8.43 after comprehensive
improvement (P<<0.05). After one year, the NAG-pH and ANC decreased significantly to 5.9 and 0.13 kg -t
(P<<0.05), but the NAG did not change significantly. The total amount of Cu, Zn, Cd and Pb did not change
significantly after improvement and one year later, but the proportion of residual states increased. These were also
the main forms that occurred. Discussion From the temporal and spatial changes of soil environmental quality,
the in-situ comprehensive improvement measures significantly improved the soil ANC and NAG-pH reduced the
NAG, and improved the physical and chemical properties of soil. After one year of ecological reclamation, the soil
ANC decreased significantly and was accompanied by the restoration of net acid production potential. However,
the soil still maintained a neutral environment and did not appear to be acidified. The results show that in-situ
comprehensive improvement measures can quickly repair soil pollution and reconstruct the soil environment in
a short period of time. In view of the timeliness of some soil improvement materials, it is necessary to increase
the amount of materials. The biological strategy based on vegetation restoration also effectively controlled the
potential mine pollution and consolidated or even strengthened the effect of remediation of soil pollution. Even
if the soil has a net acid production potential, the vegetation rapid reconstruction model can quickly restore the
diversified vegetation in 2—3 months and effectively prevent soil acidification. Conclusions The bioremediation
strategy involves reconstructing a stable soil-microorganism-vegetation system in the mine waste dumps with
serious pollution and large amounts of sulfide. This approach is necessary and effective with the help of soil
comprehensive improvement technology and a vegetation rapid restoration model based on a strategy of manual
intervention. Recommendations and perspectives The high acid potential of mine sulfide rich soil results in a
short “window period” of vegetation restoration. Thus, efficient manual intervention measures are critical. This
study can provide a reference for studies of contaminated soil remediation technology or intervention technology
in mine waste dumps based on the strategy of biologically controlling potential pollution.
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Fig. 1 Satellite map of Dexing Copper Mine location and research area
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Tab. 1 Chemical properties of dried chicken feces

24 TR

Parameter Dried chicken feces
pH 7.40
FHHUR OM/% 32.04
PHE Fac#it  CEC/(cmol kg ) 7.35
2% TN/% 2.10
2f TP/% 0.23
24 TK/% 1.90
B Cugw/(mg-kg™) 25.47
BEE Znga/(mg-kg) 72.06
B Cdgw/(mg-kg™) 0.23
BHY Pbyw/(mg-kg™) 57.19
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3R A ML, B — KR, RERE R
0—20 cm, ZIBRFAMR . APERYE, HE5E
AT REIME 1 kg, BEEW HRERCA B &
RN, ERETEREN AR, . SRR
A5 H
1.2.3 HEaR & o3

SR FH H A 00 i 358 pHL, T IR B 1 g+
8 CEC (ffi+-H, 2000) , FE4JEeERANZ R
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Tab.2 Physical and chemical properties of the mine dump soil

LRI WRJE ABER 1a)E
B Before improvement After improvement After one year of reclamation
Parameter HfH b2 A 5 A ByfH b2 ABRRE HfH PRz AERRE
AVG SD CV/% AVG SD CV/% AVG SD CV/%
pH 2.84 0.92 32.39 7.83 0.25 3.19 6.72 0.21 3.13
Cii%/(jjﬁif,l) 5.72 0.97 16.96 11.35 0.67 5.90 12.29 0.78 6.35

HHUE OM/(g-kg')  1.80 0.46 25.46 59.33 1.53 2.57 77.00 8.00 10.39
2% TN/(mg-kg')  81.03 8.72 10.76 951.33 60.62 6.37 1187.67 92.55 7.79
4§ TP/(mg-kg)  241.10 37.36 15.50 574.67 21.20 3.69 593.33 39.63 6.68
44 TK/(mg-kg') 354.35 16.52 4.67 1287.33 92.63 7.20 1225.33 202.52 16.53

Sy 2 AT R AT HEA PR E AR AR
B AR TE B E 4.67% —32.39%, o B J5 KIR 44

INEE 2.57%—T7.20%, EAER 1 agHZ SR

AR JE FIAR XS o B A/ MEY K2 3.13%—16.53%.
Hp, B2 R 1a)5, L+3E pH &R 2 507E L
e 3 e /N HL R IS GAA /N s DA 38 OM A8 S R AL
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Aok R ATHE 357 506 + 18 ANC. NAG-pH #4%¢
ik, HHANCH-23.67kg t"', NAG-pH{H #2.53.

Liao et al (2007) #F5E&H]: 2.5<NAG-pH<5
BAL T R B A, EHE 375G R R
R RALRE T S A, e RT3 NAG Lt

%135

W, BE 1733 kgt BPAEM R IR R 1R
SAALJE AT A 17.33 kg BIBRIR, BRALIE SR,
ZABERENMEE Ty, MIRFEZ R, 2
A R R, 18 ANC. NAG-pH ¥ I # 2
f (P<<0.05) , NAG W W E MR o; EEXE
B 1alJg, + 3 ANC. NAG-pH # It ik B J5 14
i FE AL (P<0.05) , H. ANCH 3R 51
38.33 kgt ' WERFES] 0.13kg -t ', NAG-pH i
R Ry 8.43 FEAKE] 5.90, MiAESER1aFM
NAG Il 0 kg-t' EFH8] 037 kg t', {HA MR
JE I RE

K3 RETRRE AR

Tab. 3 Change of soil acid production potential

28 R MR G ABER a5
Parameter Before improvement After improvement After one year of reclamation
NAG/(kg-t™") 17.33+2.03a 0.00=0.00b 0.37+0.22b
ANC/(kg-t™") —23.67+1.77a 38.33+£3.53b 0.13+1.24c
NAG-pH 2.53+0.09a 8.43+0.18b 5.90£0.70c

RMBAE N PIIME £ dRifi2E, /NG FEEFORAF AT P<0.05 K B2 B3, n=5. T,

The data in the table are the mean + standard deviation, different lower case letters in the same row indicate significant differences (P<<0.05, n=5).

The same below.

2.3
+ 4% Cu, Zn, Cd. Pb PUFPE 48 4
RrmzE R ansk 4 iR : MRG58, S8 WmRE
Cu. Zn, Cd. Pb & RBIFEIKT 2.5%. 1.9%.
1.5%. 2.8%, "EAEER 1a 5% T 8.6%.
47%. 6.9%. 6.5%., & LEE SR LERELE
MRAMASER 1 a G RIAFEBRERN TR, &
2 1 aJFH NEEAY OGS, B30T Bl ik
TR S (P>0.05)

K2 om: PORPER 4@ A LA 2SR B AT
MG AAESE R 1 a5 REHASFE /At
HARER R IRAS (Fres) - ATAMLS (Fox) &
IR, MRES (Fuap) « TIERE (Fegp)

RN S H, AWM RE Cu R
AT IR A 3 (O H 36% ) 748k DLk i 2
JE CHE43%) , EESER 1 algit—2Hn
3 46%; Zn EG AU RATLIRES A E, Hib
56%, BRJGHE—ZHma 61%, EEER1a
JEik ] 62%; Cd HHet RAETUARBEAS M E (Lt
40% ) LR RJEIERES AT (L 44%)
ERER Lalmit— L% 46%; Pb fELE G
M RET AR A S E, L 44%, 2R 5 Ik #
54%, AR R 1 a 5WEAE] 58%, MULAIL, A
BRGAUREEEESER 1a)5, WHESE
MBS G L RGBS, i AR
IRAFIEAS

#4 HEEGESELL
Tab. 4 Change of soil heavy metals content

s BB R EBHR Lo R
24
Before improvement After improvement After one year of reclamation
Parameter - = o
/(mg-kg ) /(mg-kg™) /(mg-kg™)

Cu 1298.31+67.67a 1266.21+60.93a 1186.09+27.03a

Zn 746.17+55.43a 732.05+96.04a 711.18+38.16a

Cd 2.62+0.27a 2.58+0.25a 2.44+0.15a

Pb 217.03+23.13a 211.10£25.11a 203.15+21.38a
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