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Soil physical and chemical properties of the wasteland in Xiangtan manganese mine

FANG Xi, TIAN Da-Lun, XIE Rong-Xiu ( Research Section of Ecology, Central South Forestry University, Changsha 410004, China). Acta
Ecologica Sinica ,2006,26(5) :1494 ~ 1501.

Abstract: The restoration of the wasteland educed by the mining has become an important and interest issue because the wasteland
not only occupied the vast tillable lands but also caused serious environment pollution. To provide necessary information for the
restoration and management of the wastelands due to mining of Manganese, diagnosis of soil physical and chemical properties was
conducted in a wasteland formed with the slag heaps in Xiangtan Manganese Mine, Hu'nan Province. A Chinese fir forestland
located in the neighborhood of the wastelands but without the mining impacts was selected as a control site. The results showed that
soil texture of the wasteland was mainly coarse sandy. Soil water content was significant lower in the wasteland (17.8% ) than in
the Chinese fir forestland (23.4% ). However no significant differences were found in soil volume weight and total capillary
between the wasteland (1.45g/cm® and 45.24% , respectively) and that control site (1.42g/cm® and 42.34% , respectively) .
The mean soil pH value in wasteland (7.49) was significantly higher than that in control site (5.45) . The average concentrations
of P and Ca in the wasteland were 1.01g/kg and 4.41g/kg respectively, which were statistically higher than those in the Chinese
fir forestland (0.43 g/kg and 0.66 g/kg respectively) . In contrast, average concentration of N was significant lower in wasteland
(1.37g/kg) than in control site (2.28g/kg). The differences in terms of the mean concentration of K and Mg, and soil organic
matter content between the two land categories did not significant. The total soil fertility index was lower in the wasteland than in

the Chinese fir forestland. It was found that the main factors limiting soil fertility in the wastelands were percentage of sandy grain
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(1 ~0.01mm), soil organic matter content, soil concentrations of N and P. The concentration of Mn (7990.21mg/kg), Cu
(66.38mg/kg) , Pb (401.15mg/kg) , Zn (640.32mg/kg), Cd (13.15mg/kg) and Ni (91.33mg/kg) in the wasteland were
18.59, 1.32, 4.10, 4.66, 4.44 and 3.16 times of those in the Chinese fir forestland, respectively. In comparison with the mean
values of soil heavy metal elements recorded in the control site, Hu'nan province and the national level, the syntheses pollution
indexes of the six 6 heavy metal elements (Mn, Cu, Pb, Zn, Cd and Ni) in the wasteland were 13.82, 75.72 and 98.05,
respectively, which all exceeded the heave pollution standard. On the individual element basis, the elements of Mn, Pb and Cd
ex?eeded the heave pollution standard. Our research indicated that mining of Manganese result in serious environment pollution
and tillable land degradation.

Key words: Xiangtan manganese mine; wasteland; soil diagnosis; environment pollution; heavy metal element; soil

characteristic; soil nutrient

TrRRAXABHERNT ILEFBEATREN TR URHEE] ROESER FEISREM
BERA—-TEHRX RENEFRABRMALEMSAETFNRARBE, HAEMHLLR, FEEREFEUAFX
EHEMAEE, EFERTTREFMAESKEBR" ", 20 e 80 FR LK, RET X 5K 7 89 £ 5K
ETFERETEENER. BRINELEFRAEANAEREAX , TXEFBNERARCZZA TERX
FECT, BASARLEE REFXASTENEAEEEIREEBIERNES, ELIT, Bii2ET XK
T Bk 40000k’ , T B H BT 1E 76 DL 4F 330km” BEEHKY , Bt , 9 REFHBHESIKED R VK E YT

FrEs i FafE S 2 — WRRELMAIRERRRBEMKEXENREZ ", MESREBRLBEN
EHRHTRAESEEHBRESERNERATR"  REF AV REF B ATHEEKENERZ TR

FHYEANERLMAFHAT SRR, B, 1 2R XERA BB EENEES WERXEHN
BRZ—. PERFHWET LEFHN - FEXE HE+EH TERHT B KK BT EEE™
B A EBEERBENEY ENERY RERSHESN REA TV BEFMMOXMEFREE, LBA G2 HYE
FBMEKEE, 2R TEEFE T ENEAERE ESRIEXSE LEFRIITMA L BES RIS RIT
MESFEXNHREGLY P EEFG L IEHTEH REBRH XV EEFMEERKENEIEZEER, SEmET SRS
EWALHBEE, ARG P XEFMIZYVEE 2BX VAT RERENHEYKERMTITH T B R
SEHEAR,
1 HAREBR

WEANESY I XA TARSE 112045 ~ 112°55', 4L 4 27°53' ~ 28°03', FEHE MR M 14km, REE MR T
44km, RALFE K T 69km, B XA K BRHLHT , B W8 IR 165m, Bk 62m, B AR T HRFT ERNIIE, IER
W ESY, BRBEEER 42.2C, BK -8C, FFHIB 17.4C; FHRAERFEH 2081mm, KK H
997.7mm, £ F B FEK B K 1431 .4mm; FZE K BB KK 1580.9mm, £/ 992.2mm, F P HE K E K 1321.7mm,
KN RUNRKBE X HREEMENE . HEFE, MM CFRE AKA HoA AXDERAES
SR B

WERTVEERFWER T 20MHL 60 FRY AV ARFTD TV ENETENEY R EIK BT A
BAEFNREERY —MRERNBRUCESRE  MERAKRE, TEREAREY ML, 1130E ( Lavandulaefolia
DC.) T B ( Juncus effusus)  F T 1= ( Miscanthus floridulus ) .— % ( Erigeron annuns )% , 23338 40 ZEH AR
MEWALE R D EFEARFITA, i ( Vitex negundo) . H ( Spaium sebiferum ) AW ( Pterocarya sten ) % , &b
TREREFSNATMNE,
2 HRAE
2.1 HERERST B

BENEST VBEEF IR AZE, T2004 43 8 ~2005 F 2 ARG BEFRE LER
AR BT EEMBRAESR BAHAY, ARIERE L BESEE AR, 7 0.67hm” HHEB N EHA
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AHATHR, KRB O~ 20em HEREXE, BREXELTEER 24, 5HRAN, ZPEFTEEX
( Cunninghamia lanceolata ) PR3 FE s (F I FR N - %4 B3 ) FEHL R 4 4 0 ~ 20em W9 T 888E S 16 0 X R AE .
WEINREERMG + MESAEZART  BEANE I FE #a0m, 4500 e S HBRAR. A8
REKE BFE SILBE pHE FAVHEETE N.P.K.Ca.Mg.Cu.Zn Mo . Ni.Cd.Pb ETEWSE, LR
HER 4 RREW L RESBREE , SHTHE,
2.2 WERFTETEES
FHF5T 2 B S % OB R R bk S TEAE ) TR, B LR SR N T L P AR S & .
ENSZENEPEEMNARBENI1~4, MEET4TH 1~3(0FE 1),

®1 THEEBRHEREYSE
Table 1 The evaluation index table of soil resource fertility

HEERK 1 R BE Soil layer depth (cm) >30 30~ 15 <15 —
Environmental 18 % Index 3 2 1 —
factors Bk A & B Disposition (%) >25 50 ~ 25 > 50 —
18 ¥ Index 3 2 1 —
E YL E R E Organic matter layer depth (cm) > 30 20~ 10 <10 —
$8 ¥ Index 3 2 1 — .
K 4R Water condition 1 Moist B Wet F Dry —
5 8 Index 3 2 1 —
FAER A PL & B Organic matter content (g/kg) >70 70 ~ 40 50 ~ 30 40~ 20
Nutrient 18 3 Index 4 3 2 1
factors £ N & & Total N content(g/kg) 3.0~2.5 2.5~2.0 2.0~1.5 1.5~1.0
$E ¥ Index 4 3 2 1
£ P & B Total P content (g/kg) 2.5~2.0 2.0~1.5 1.5-1.0 1.0~0.5
38 ¥ Index 4 3 2 1
2.3 THERFMTRESRESREN
4 R P T R ROR FUR A IS RO . M T IR0
C
P, = E
KB, P, AL i BSRYHBEREBEGC i HRYHITIIRE (mg/kg); S, I LBH i SRYNVE R

B 55 3% BB AE A5 HEE (me/ke) o
HEERMEESR TR IR ARER  REEREELBCEMAKEREVER, RARNESD
(N.L.Neiow) ZZ B 15 e e Bk , KRB WM T .

o (IS (S]]

2
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EAXMNTBELRBRISRENERA IR LEEMIAE, TEEHFRE B RE H35%,B8X39 X
EFERM T RESRERIMNMRLS MEANES R TRACHE L WIFE R E 454D (GB15618-1995) R fE#L
ELCNTHRERNRBEYT BER M L RELREERE,  AHREASEFETEEAKMLBESBTE
SHBE WHEEA T RES R TR RENSE L RES R TR FHHEENERIRH,

Hil , BERENIEEREN EEFH I RESL BT RITRIENNE—FEARE, FRRSBERHE™
MPEARLME L RAEFRERE , RERRTERERESBRITEMEBTES S REEEIRIRE,
k2 Fimo
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%2 THMEERSREZYIHRE
Table 2 The criterion of poilution grade of soil beavy metals
BEFISRERIRGE SEBRBRIRHE
25 Crade liollution index criterion of individlxal factor ( P;) _ Comprehensive pollution index iriterion (P)
BRIEK TRER SHER SRER
Pollution index Pollution grade Pollution index Pollution grade
14 1 grade P <1 %% Clean P<0.7 4 Safe
2 %% 2 grade 1P <2 ¥ 754 Light pollution 0.7<Pgl % Warning
3% 3 grade 2g P; <3 #1544 Medium pollution 1<P<2 %154 Light pollution
4 %% 4 grade P =3 H {54¢ Heavy pollution 2< P<3 % {544 Medium pollution
54 5 grade P>3 H 5% Heavy pollution
2.4 BURAHEITE
LW IR A EXCEL.SPSS10.0 e itk #-4b 3,
3 KR5S
3.1 F#EEFH Ry EM R

THAPESEFERETIEEANEEZER, CWNEFN, ERRREBEREE DRAK B S AERE, 3
MEMEYNEKET., MR SHRET HREKENNRS, #MRET TRk EENFRE,
FZRAEPERTEAENEREF. AR3IWUEL . P EEFHTEATHFOG ~1 mm) WEER (1 ~
0.01mm) .4 B2 % K Bi ( < 0.01mm) A BRI E 43 L 43 51 4 : 26.89% . 63.88% F1 9.24 % , T X B 1 9 43 51 4
7.70% .43.96% 1 48.34% , BRI E HEFH > HKARME" T B EF o+ BB 12, 3T Bk
AR, ZREBEHSNEH . THEEFH I BEABRNYEHDRSBRBER T EHM(p <0.01), M H
Rk B EM T EH(p<0.01), AT EEFH R BESKB KRR, BRKREENRE, LRE
EEGFAE. 62 BRAESHTLERKEREYET XUERRHIVEEFHEAGKENTIEREZ

o

£3 TEREFEINNRE

Table 3 Soil texture of the slag wasteland
+ 38R [F 642 89 43 . Percentage of soil different grain size (mm)

-5V} = %)

Type Number >3 3~1 1~0.050.05~0.01 0.01~0.005 0.005~0.001 <0.001 Texture
BEF 1 14.00 10.41  41.49 26.78 3.41 1.46 2.45 P + Coarse sandy soil
Slag wasteland 2 18.98 2.34 33,24 29.34 12.16 2.65 1.29 4% + Fine sandy soil

3 20.88 9.8 41.25 21.75 1.97 2.65 1.65 H B+ Coarse sandy soil
4 22.63 8.45 37.16 24.51 2.54 3.34 1.37 H B+ Coarse sandy soil
F 14 Mean  19.12 7.76  38.29 24.60 5.02 2.53 1.69 P + Coarse sandy soil
pog:ich ) 1 4.32 5.17  18.52 16.59 12.36 25.95 17.09 H IR + Heavy soil
Control 2 3.21 7.23  23.28 21.32 14.36 19.36 11.24 F i + Medium soil
3 1.95 2.38  26.13 24.2 12.85 20.13 12.36 F i+ Medium soil
4 2.43 412  20.46 25.32 15.32 18.14 14.21 F1 3 + Medium soil
-3 Mean 2.98 4.73 22.10 21.86 13.72 20.90 13.73 Fi + Medium soil

THEEAHVEKNA R, AENTEARSKE FENLBREREYERATFHXBER, N&k4 7
UES, THEFS RS KE FRFENILBENTFHESFH:17.79% .1.45g/cm’ T 45.249% , X B 31
K 23.35%,1.42g/cm’ M1 42.34%, EHHEFBEHMN IR, TEEFH IR T KESHBHBHE
RBE(p<0.05), MTEAEMHIELBMESH BHNERYABE(p>0.05), TEREAAETVHEEFHE
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i 40 BEMARKE , VIFNEFEYER, tRAE LRESD THE ARV EEFB HEATMIALR
BRSPS MEE R R T 0 B, UL 00 5 R 3 o - 8 SOB K PR BB AT , (ROK BE D IR 2 . T A B 38 55 R T R
Pk, @ SRR K KRR Lok, R E — AR ANENERMYER, RPN EAEEYAE
FHER. XTREFEREFHMEIZENARAKER . HMRALTNEFHYERHN EERE,

4 THERHINHEER
Table 4 Soil physical properties of the slag wasteland

W B Items & 7K & Water content( % ) A& Volume weight (g/cm’) B FLEBE Total porosity( % )
B K8 Maximum 21.82 1.64 56.79
B /ME minimum 13.47 1.15 36.91
¥ #J{H Mean 17.79 1.45 45.24
25 5 F# ¥ Variation coefficient( % ) 24.42 13.73 13.43
¥ 2= 3 Number of specimen 48 48 48
Xt B # Control 23.35 1.42 42.34

3.2 PEREFHEAEER

MRSTLUEL, T ERFH LR pH EAEE N 6.30~8.08, F157.49, T MEPH , FETFEH
HYRERK. M BMEKN 545, LEERYE, tBRENERTERIN B 5B, FERE L EOYE
R R LR EY R EES ., TEEFH AR S BN 18.683g/kg, B 55 T X F #1 (17.546g/
kg) MR THHEE THANRTHTROQL4gke)"™ . FHEFHLEONBSEN 1.37g/kg, WRE T
MIX (2.28g/kg) T PARIFHIS 0 KT LA P & B 1.01g/kg, B 5 T X B H#1 (0.43g/kg) , & ¥ FR L
B 2.35 1%, FHE,TEEFBLEA Ca FRN 4.41g/keg, R T X B H#1(0.66g/kg) , & ¥ BHLE 6.5 15, B &
I EH K Mg B HIR 14.97g/kg 3. 79/ kg, 53T B (16.82g/kg 3. Rg/kg) ERA K, FHHEE
FREERSFTRANRS) FEEFHLEpHE.PH Ca WER S B AEFEAEREEER(p<0.01),
NERSNEMHERBE (p<0.05), AHESE KA M HNERERRAEE(p>0.05), Z2EE, 4B
WRAXRBIIATEADT EREF B HEN pHE, URRIBEL B TERNES, AH THEKE, B2 KX
AKX . BY R BHERENTEEFRLHTEZLE, XTHESSET BEF# +3% pHE A ILE.
P.Ca SR EHHNESREE.

%5 THREFRBIRLEFEER
Table 5 Soil chemical properties of the slag wasteland

fHEs R 743 & & Nutrient content (g/kg)
B Items pH .

Organic matter content (g/kg) N P K Ca Mg
H K Maximum 8.08 45.79 2.21 1.34 20.01 8.07 7.95
#/MH minimum 6.30 4.12 0.62 0.56 7.15 1.08 2.38
F-3{8 Mean 7.49 18.68 1.37 1.01 14,97 4.41 3.79
AF 5 A ¥ Variation coefficient (% ) 9.80 71.37 47.46 ©28.38 35.12 59.33 45.47
¥ 2= # Number of specimen 48 48 48 48 48 47 48
%1 BE #i Control 5.45 17.55 2.28 0.43 16.82 0.66 3.42

33 THEFHMIEESRUESE

T HEEBR TR ARV XEFMERBFEERN"ENAEREZ -, IRNESBE TR SENHEY
MEKABEAHBNHAREEEH EREERNFXEFBEEREREN ETERE, NEERXP(RE
6) , WEET T HEFHLIEP Mn.Cu.Pb.Zn.Cd . Ni KI5 85 E 2 A (mg/kg) : 1269.6 ~ 30178.36.32.30 ~
128.12.223.67 ~ 622.11,210.91 ~ 1801.00.2.10 ~ 38.25,23.66 ~ 210.88, ¥ 1 & & 4 % & (mg/kg) : 7990.21.
66.38.401.15.640.32.,13.15 191,33, K/NEF A :Mn>Zn>Pb>Ni> Cu> Cdo S B HE , 5 BEFH +
#h Mn.Cu.Cd.Ni\Zn.Pb P T E AP HE 18.59.1.32.4.10,4.66.4.44 M 3.16 {5, A R, BRI+
O E%%P Mn.Cu.Pb.Zn.Cd.Ni TEARBENBLE, FHEEREEHINTRA, TFEREF LES
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B Mo PHEBEWNBMEEREEER(p<0.01),Pb.Zn . CA.Ni I EHEREMBMFEREER (p<
0.05),Cu ERABE(p>0.05), SHELH I RELETENRE. 2EIHELRTEFHE HELE,
WEEZTF P EEFBTEESL/BILE Mn.Cu.Pb.Zn A .Ni IS EHPERE 5 R Cd 25 HH 104.24 £5
M 135.40 15,

MNECEAUBER, TEKFH T HEPH Mo.Qu.Pb.Zn. A.Ni FEBEERFRBRK. BEREESFH N
132.88% .50.39% .92.64% .93.41% .94.42% 31.16% . REFHETTHETFEEF L L HRERAR BR R
MR, MEBKE ESK BYVR IFE BHTEESRFEFYERMEN, EXEEFOPRIER,
BB AESEOUAR, VHER TV BEEFL T RBALS B TR TS,

%6 THEAHIMESERTRNIR

Table 6 Heavy mental contents in the slag wasteland soil
BE4E B ITR S & Heavy mental element contents ( mg/kg)

Wi B Items

Mn Cu Pb Zn cd Ni

B K8 Maximum 30178.36 128.12 - 622.11 1801.00 38.25 210.88
B /ME Minimum 1269.6 32.30 223.67 210.91 2.10 23.66
3514 Mean 7990.21 66.38 401.15 640.32 13.15 91.33
7% 5 % ¥ Variation coefficient (% ) 132.88 50.39 92.64 93.41 94.42 31.16
2 ¥ Number of specimen 48 48 48 45 46 48

X§ B8 #b Control 429 .84 50.20 127.02 144 .24 3.20 19.51
®I 854 % 2 15 Back ground in Hu'nan Province 459 27.3 29.7 94.9 0.126 31.9
4 [EF {8 Mean all over the country 583 2.6 26.0 74.2 0.097 26.9

3.4 B EEF IR E M

3.4.1 PEEFHIEEEIENH MNEFITVLUER, 7 BEFHBMXT R HE S S8 5108 8 f1 12,4
By EEFLRE R TF B, Xhy SR AR S BRIET 20g/ke, 185N 0, GHE S
B AVNRREE KHARE.ANSE.SPERSWHEEM N |, AABAEH SR ANESR KSR
RANSENLPARRYRHTERF M LRI EEE T, FHI7E#THEBIKEN, B EHT LR
HERME, 3E IR B AL R, RSB AR (T RS IERRFIE), IR E R E S RIEEY
ERFENERTE. '

*7 TEEFSLLTMEHENE
Table 7 Composite index table of soil fertility in the slag wasteland

1R B 5B Soil and index 7 R FF 4 Slag wasteland Xt B #5 Control
1 BB Soil layer depth (em) > 30 3 > 30 3
BR G & 8 disposition( % ) > 50 1 <25 3
HHLAZJE B Organic matter layer depth (em) <10 1 <10 1
7K 4+ R . Water condition F Dry 1 1% Wet 2
HHLE & B Organic matter content (g/kg) <20 0 <20 0
4 N Total N (g/kg) 1.5~1.0 1 2.5~2.0 3
4 P Total P (g/kg) 1.0~0.5 1 <0.5 0
BB 77 848 3L Fentility total index 8 12

3.4.2 TREFHBIEELBERREFN HESTLUEFH,UXNEMIRELSBRTESE VEH LE
BLBAEYRENLELIRESBR R FHE" N IM IR, TEEFB LB OHELBTIENEGS
SYAE B B8 13.82.75.72 #198.05 , Him B TEERER, NBERFHEEREHR(PIXRE, X Hith +
BMELBTESENTEMIFHS B CulM P <2, HRBEREFRII . HESHELRBITEN P, >3, J8IT
BEERER, KPR RHENE Mn, 5REFED] 18.59, K2 Ni, 15 15 K/MEF A Mn > Ni > Zn> Cd
>Pb> Cu; UBIEE LIMEL B TR G RE N EMIRAER ,BR Ni Fl Cu BB RERIP HE4MTREL T
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HIERSR,HP CdERBAE, FREBN 104.24, KR E Mo, FREBEAX/DHEFHR Cd>Mn > Pb>Zn
>Ni>Cu; U2E+RESRITR FHENIEMRER B Co A h B REFRI . HESHEL R TR SMAT
TEBRER FAFAE CABRBATE, FREHED 135.53, HIKE Pb, BRIEBA K/DHEFEHN Cd> Pb
>Mn>Zn>Ni>Cu, AR, LBEHREMSEFYEERFORER,CAdHEREEER. RETELY
#CdMBFREARRECERHER(R6) , WA G H T5 # R 7 1 A B G 3B K8 I 4 3% A 7= B
B EFAEAVEFOER EREFHL LIRS CdEBAR,

28 FREFHIARSMSRITENESR
Table 8 The pollution index of heavy metals in the slag wasteland by using different evaluation standards

— BETERER BAHRER
Pollution index of individual factor ( P;) Comprehensive pollution
Evaluation standard .
Mn Cu Pb Zn Cd Ni index (P)
%§ B3 Control 18.59 1.32 3.16 4.44 4.10 4.66 13.82
184 & & ( Background in Hu'nan province 17.41 2.43 13.51 6.75 104.24 2.85 75.72
2 B ¥ {8 Mean all over the country 13.71 2.94 15.43 8.63 135.40 3.38 98.05

4

VERFSTEFEMFRENATHED LR AR RER LR, TEEFH IR AT YEEDRE
ASEBRBERTX B, WHEEBNIEE R T B, HUVBEED L HESE KM ERF, BEKE
BEENZ . ERES  RESH T HHEBUKEREYA T XEEF BEXFHHEBERKEEEIERNTFZ—, ¥
BEFABITEEASTKESHREBMNZREE MARAENLBRILBRES BN ERHABE,

TEEFMLEY pHEFH N 7.49, L MEPH  EETEHHEYNERK, B EFL ¥ pHE.P
MCHWPHEREZFRTHEAM NSREER T B, L BEVNE KM M SRERAEE, TEEHR
# AP E Mn.Cu.Cd.Ni.Zn.Pb PSR4 H R BHA) 18.59.1.32.4.10,4.66.4.44 F 3.16 f%, S5HE
I RELRAREREAEIEESR IR FHEMHLE MEEY P BEFD HEELSBRITE Mn.Cu,
Pb.Zn.Cd.Ni K& B HBWE 55 & Cd 455 104.24 £5H0 135.40 1%,

TEEFMOENGEEEN S, MR A 2, APHRAESSR BIRS R KORA . ENSE,
EPEEBATHRH T BESNMFEEF, Bl #THBEKE TEN  SAE#TLEERKE , XETE
KB, FAREMERY R, RIEEPERFTIFNEFR TR,

PEET EHEAMRMBH I BELSR IR SR VEA L EESRARERENSELRESRT
RVPBEERNTFNHE TEEFL M LRES B TRMNE ST RIBH ST FIHA 13.82.75.72 1 98.05, Hix
ZHEITESRFR AP M A ELRERIBE RVEEFHHEYKEAEN ETERNFZ—. A
I, THERE TR, A5 ERBHER, REMEMNER. WRARL . BAKER ABHRIERE
FIESERERNEERIEFYHT L EERUR  BRE T EFIVSR EERIELR LR . EHRHEE
P EE N EREN T RESR RS RATABHEMEERINEY, FHENELBITE Mn.Cd Mtk
P EERE GIESRRIEEHITEMER LR L EFEIEZE,
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