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scheme for reclaimed abandoned mine land
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Table 1  Statistical characteristic value of
pre-existing quality factors

fiabr ROME O RKME HE P22 A5 R

Index Minimum Maximum Mean Standard deviation  CV/%
As(mgkg!) 43 276 1543 5.53 35.85
Cd/(mg'kg") 025 3.54 0.95 0.62 65.23
Cr(mgkg!) 111 465 182.46 73 40.01
Cu/(mgkg ™) 31 161 83.27 30.09 36.14
Hg/(mg~kg’l) 0.06 0.47 0.24 0.09 37.39
TN/(mg~kg’1) 767 2492 1513.57 387.86 25.63
Ni/(mg-kg’l) 39 142 73.46 20.34 27.68
Pb/(mgkg!) 141 551 33.11 9.02 27.25
Se/(mg'kg!) 022 1.45 0.68 0.19 28.33
Zn/(mgkg") 642 211 12727 25.36 19.92
SOM/% 0.81 6.2 2.7 1.09 40.35
TK/(mg~kg’1) 0.31 2.49 1.14 0.46 40.82
TP/mgkg 319 1517 810.94 255.09 31.46
pH value 4.41 8.52 6.68 1.1 16.5

E: TN N2, SOM NHIEANR, TK hat, TP Na®f; TH.
Note: TN is total nitrogen, SOM is soil organic matter, TK is total potassium, TP
is total phosphorus. The same below.
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R, {E B T A R ST — e e, L
pH I BB B BRI A UL, ¥
pH {1 IS HH (L 5T B B BRI 1,
TN NS ID S 0 S ALY
i IeEeS

*2 CHERERESZEMSN
Table 2 Analysis of obstacles and volatility
of pre-existing indices
FRefig i CES S

Obstacles Volatility B

L T L 2 3
Index— Mean ey gmm my ggg  Monioring

Pollution Exceeding Richness *Rangeability/ °T not

index  rate/% /Acidity %
Asl(mgkg’) 1543 0.51 0 - -24.33 i
Cdlmg'kg?) 095 3.17 9225 - 93.88 &
Cr(mgkg™’) 18246 091 3876 - 54.48 &
Cu/(mgkg') 8327 083 3647 - 5.38 &
Hg/(mg'kg!) 024 048 7.75 - 20 %5
Ni(mgkg') 7346 147  93.02 - ~12.76 7
Pb/(mgkg')  33.11 0.11 0 - 0 %5
Zn/(mg'kg?) 12727 051 0 - 3.94 &
TN/(mgkg™") 151357 - - BEE - i
SOM/% 27 - - BEw - P
TK/(mgkg!) 114 - - = - &
TP(mg'kg') 81094 — - E¥- 1 - &
Se/(mg-kg™) 068 — - S - 72
pH value 6.68 - - (ol 8.79 &

TE: *BL2013 45 3RAMEE, HaR T 2015 4.
Note: * taken 2013 as reference year and data was collected in 2015.

R AR bR 5 B B AR AL OZ IR AR R L IR Fr
RETH FEREL AR bR MRS (R 3). HTHK,
MR AKANAA A A TUAH L PR AR o

R3 KM@Y REEFHEENRRREVASSFHR
Table 3 Tracking, monitoring content and means of reclaimed
project on one abandoned sulfur mine land

W 84714 R Monitoring index system W5 F-B Monitoring means

TR S AR IR £
VHE TR L it S R A
HeAk Bt SN R IR A
U 31 SN R IR A
EREIRE et s Sl
BRA = T SCRR[A2]E 320 5
A 7 5 P FEOCHR[43 158 7 7 58
B TR FZSCHR[441R 58 7775 58
cd FZCHR[33 1058 77V 58
Cr T CHR[33 1 77 vk e
28 £ izt an Ni T CHR[33 1 77 vk e
Se T SCHR[33E i 5
pH & T SCHR[45 15 777k e
T SOM %%%@[46]%%%7:?%‘@%
AK FZSCHR[4T R E J7 i sE

W AK R TR

Note: AK is available potassium. The same below.

3.5 ERERHEMFG REEMIIETEMN
3.5.1 M B I e

TR T T e AR M U 7 SR A SR 2016 4 M £ 4
HIHT, FTE MR FR I 20 57 RN 85.24%; W%
ZAERMRZE m BURAKPRAE 20%. fRAEAX (4) 5,
UOAIE X 2945 8 51 AW s . S Wiy S 1 O i e
) 53 MR .
3.5.2 NSO B R AR A By 64 A ZE RN

KH GS+10, Hifrb% % (residual sum of squares,
RSS) He/ly, PUA 5 M MFR bR B ) e A2 S R 2, 3R
B F bR e (AR FEAE B4, Cd. Cr. As. Ni. Se.
pH {H. SOM. AK 12253 7] & 521.78. 484.36. 169431,
646.96. 651.39. 519.75. 1335.29 1 546.29 m, Z%iekr
IASFELE 500 m LA b o JE I AR B R e, 1%
W5 AN ARG AL L, A B TR (R PR AN
500 m, P34 456 m. AT ()R MIFE AR Range 5K T1%
8, RO FEbR AR 3 A s [ AR DG Pk Y
0 5 24014 S 0 B ) e, A R AR SR 1 A
SE PR SEIE DX 0 A5 R BE T SR R A R T

FIFH A (5) ~ (6), fEBIT GeoDA 1 ArcGIS10.0,
TS [F W B AR ) 42 R P Moran’s TRIARHESE 5 Z(1)
GeoDA 7% [i] [ A1 IS M7 ATk — 25 2 2 41 5 SCHR P>,

% 4 F1E 5 /T LAE H, Cr. Cd. Se. As. pH. SOM.
AK. Ni fJZ 223535 (Moran’s 1D 735125 0.09. 0.16+ 0.13.
0.18. 0.01. 0.03. 0.21, HAHIEME, KU L2 A2
A RIEA DG, HEA—@ ML, Xt —P8iE
TSGR . WA RRIER, 78 0.05 KF T,
Cr. Cd. Se. As. pH. SOM. AK MtrEftbgiit& Z2()
205159 1.05. 1.64. 1.33. 1.73. 0.28. 0.05, NFEHLZ
fis Ni ¥ Z(DfEHN 2.04 2R, {HPHHN0.06 A%,
W REGHENLZ 8. Z5 ErTkn, S UEMetr A 23 A A
Fetk, (HEEMARHE (0.05 KF), WFEERE a4 A6
FHIEAL TREAHLER S TSR SBEAL 0], W I s5Am R B
PR,

4 FREEMNEREZIEH
Table 4 Different monitoring indice’s Moran’s /

fa#5 Index  Cr cd Se pH SOM AK Ni
1 0.09 0.16 0.13 0.18 0.01 0.03 0.21
Z(D 1.05 1.64 1.33 1.73 0.28 0.05 2.04
P 029 0.11 0.18 0.08 0.78 0.96 0.06
W DNEEIREG 2GR PO REEMKE PE.
Note: 7 was the Moran index, Z(I) was the standardized statistic of 7, and P is P
value of significance level.

CRE BRI S RN A R, IR A SRR
W7 e Tk, 2 B B o R A s AR
53 A, FFEEEEIR IR R IA) R I R I A A A DG
AAFEYE R, BRI A (A2 [A] 43 A6 4b T Random BAY T
Clustered 55 Random Z [APRZS, A1 Ml s 7576 25 (Al 4
JREER o WIS IV VPAT, SR A SCHR ) R ER IR I T %
il 8 7 VA e 2 RO H BRER NS S AT B £l 4T, H
BA—EWRHE,
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B B
Significant Significant
<« f—

v

Dispersed Clustered

|
P 0.010.050.10
Z(I) -2.58 -1.96 —1.65

BS KR AR K 2 I E AT B

Fig.5 Moran’s [ analysis of different monitoring indices
4 ¥ ®

ARSI T 38 MG itaE, 45 TR TR RS
fib, PR 7R I AT SR bR N B R
BE I T BOR Oy R g TR, SR
IKFNARAEDD ) LA 53 4 53 BRI R B M 0 7 2 1) 7
o SSUERMTAERN, BN AR RS, 5 2015
138 MFERUMILE, I B R RE T 61.59%; HEIAE
FRg/D T 50%, XTECE 2 RO 4 a %, M Ao AR B N
Y5y, WA EE AR, FTARMERA. ZaHEE
IR I S TR AR R A, SR AR SCH H A M
77 G 58 T VA (R SR DX PR ER I 7 S S B, A
SCHR R I SR RE TR AT AT R

{ELAR SCA LAV T 4t [X 25 7 Sl 88 B RS A R 32 I 57 3
HRIAENSAERY], Jos:f et — b g & H A %=
BEATBOAEPRAN,  DAE B2 M I 07 58 /1) 3 77 V2 ) i v
H T 0 G I TR AR, T S A I R
Je SRR AR I M T S SR AT — R MO, R
SCAR HY B R ER I T S E T AT AL e . B TE F)
SRR TEN LA, SRR S YR,
S RFIFR LA B AR AR B BOR I8 A2 R R IR,
JIT RAAS T3 S 52 7 ik vh AR 2 8 S T ) A . BE
EE BRI, %8 AR RER A, ARTESE
s L — DI

5 & ip

BT 3S ARG, BAERM. . FEM
B 2 2R, ACRH TEHTREABREE
[0 17 52388 B TR R 7 B R T R O M )
1, I DAV R b X 7 538t B R ARG IR S A BRI
H AT T SEUERFF 5T

1) BT ACHR A E BERE I 7 R e ik, M
TP b X R s s R T R R R S R R H
2016 EE BISN TR, %8 BUUH T A% 53 MR A
PARG 1 25, 4 22k 2 Rl IR,

2) SRR S 2 BURIAE X i 22 B0 IE VP 00 s 0
TR EDR, WA AR A A, RIS E N ST
A, 5 53 AR, AR ER; RAAR

010 005 0.01 P
1.651.96 2.58 Z(I)

BB, Moran’s 1 2830 UEPEON IS I A A0 BE . RAE T2
(A7 B G ER A, HORE R) PR AE 2B A O AR AR TG L 2 Y
H 7 8] 43 A FFAE AL T-BEALEN TR S FENLZ 15 .

3) R TV b X 7 S I R B R R St
BIH MG E R E. A8, HIEIE 155 3 1 15 M8
b BN RS
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Making method of tracking monitoring scheme for abandoned
industrial and mining land reclamation and its empirical research

Zhou Yan!, Luo Ming'™, Zhou Xu!, Huang Yuanfang?, Zhang Shiwen’

(1. Land Consolidation and Rehabilitation Center, Ministry of Land and Resource, Beijing 100035, China;
2. College of Resources and Environment, China Agricultural University, Beijing 100193, China,
3. College of Earth and Environment, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: Abandoned land is a special kind of land space which is damaged by industrial and mining activities. Due to being
abandoned for a long time, complicated formation and uncertain factors, the improvement of soil fertility and quality during
abandoned land reclamation requires a long process. So tracking monitoring and evaluation work is really important. A making
method of tracking monitoring scheme for abandoned land reclamation includes the layout of monitoring points, the
establishment of the minimum data set of monitoring indicators, as one of the means of monitoring soil, surface water,
groundwater and crop. A case study on a reclamation project of an abandoned sulfur mine land was carried out in the southwest
area of China. With the help of 3S (remote sensing, RS; geographical information system, GIS; global positioning system, GPS) and
geostatistics, we proposed monitoring point layout scheme, and monitoring indicators, and established the minimum data set as
one of the means for soil, groundwater, surface water and plant. Considering the reclamation measures and monitoring index of
spatial heterogeneity and the reclaimed land quality evaluation results, multi-layer spatial overlap was adopted to form
monitoring units and monitoring points; considering the existing land reclamation quality factors and variability, through the
analysis of the existing index average value, the single pollution index, exceeding rate, rhichness and rangeabilty to obtain the
minimum data set of monitoring indicators. The monitoring sites of reclaimed soil, crop, ground water, and surface water were
53,5, 5 and 1, and 2 kinds of monitoring types were collected. A minimum data set of 15 indicators was constructed, covering
the quality of construction, environment, soil fertility, and so on. The reliability of the monitoring points was validated and
evaluated from the monitoring point number and spatial layout using the coefficient of variation, relative deviation, variable
range of variation function and Moran’s Index according to the monitoring scheme proposed in the paper. The evaluation
results showed that the number of monitoring points obtained according to monitoring scheme was close to the number in
verification calculation, which met the requirements. Compared with the 138 samples in 2015, the number of monitoring points
decreased by 61.59%, the monitoring index was reduced by more than 50%, the distribution of monitoring points was more
uniform, the monitoring content was more comprehensive, and the monitoring cost was saved; the actual sampling distance
(average 456 m) did not exceed the monitoring index range of variation function, and there was no need to refine the
monitoring unit or monitoring point; the spatial distribution characteristics of monitoring points were random or between
clustered and random, which was not significant (P>0.05), and the monitoring points layout was ideal. This shows that the
making method of tracking monitoring scheme is scientific and feasible. The tracking monitoring scheme can guide the quality
improvement project for the reclamation of abandoned mine land and also provide a technical support and empirical basis for
developing the tracking monitoring standards of abandoned land reclamation.

Keywords: land reclamation; land use; mines; abandoned land; multi-source data; geostatistics; monitoring scheme



