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BE AR BRAESRELS RS HEY BRI ARSHSHN L, REFET RF ARV EE THRET FGEENE
RRT BHEE i 7 , A 2mol/L KCl $2 UG AT TR A 43 & B i , A VLA S A 538 B 5097 R Al Bremner 5, 455K H
SR AR 40.9 —1366. Img/keg, KPR EHA &7 N 1.7 —8. 8mg/ke, HEAM 0.5% —4.3% ; IRIFA &4 20.8 —
361.4mg/kg, 5 MR 20.3% —51.9% ;IR KRR S 20. 1 — 1004, Tmg/ kg, 5 BA K 48. 1% —79.7% , ARIMYIBLET B
THENA FNASESSBREERKER. ELNAS, ZSA HESAMEHSASEN 1.7 —3.0 mg/kg KA H—
5. 8mg/kg #10.019 —0.038mg kg, FF (5 M A K 0.2% —4.2% 0 —1.8% F10.003%—0.057% , FEEESRGENEH—E
TAEY S B~ E YRR R R, KRRV P ATNA S EZWI M, R BT R < RBIEEWESE < EEEYEEE
SHEE MY S AR RE R ERSIN, ZRZ2EY P IR & AR LB RS R SRR AT EEN
BB FRAE R4S e A KA h S RN A RSEAN FZAAE X, MAEHEYEE TEV PHSANERANEER
A, GETHA B R 60.0% Ll b, FEEEYRE NG I Y 4 R I e E YRR R TR, U R EEHEY R K BN EK
ERK,REEVTRFEANRAMASEEZHMRRE, ERFEAS, RERA ASA EEBSAMRMNA S ZEAEE A
4.7 —95.7mg/kg.5.8 —37.3mg/kg.8.2 —38. 8mg/kg F12.1 —194. 6mg/kg, 5 BA LB SHH 7.2%—11.9% 2.8%—14.1% .
2.5%—20.1% #13.4%—19.7% . Bl ERsh , BRI AR E R E , RN FEE B R 7 H 7 B i A i S S AR YRR
HOTER , BRORAR AT & AL G BT 3R IR AT 5 L BIN 2  ia  , BRTEY A VR AEAA & 2140 TR AKF,
FOAWIE R R R A TR E, BV P AR RSB I ERINENR (LHERAER) WAR B LR

KR THE BVERES A SWRE MY RHE

Changes of nitrogen components in wastelands of copper mine tailings with the

formation of natural plant communities

AN Zongsheng, ZHAN Jing, SUN Qingye "
School of Life Science, Anhui University, Hefer 230039, China

Abstract; The changes of nitrogen components in wastelands of copper mine tailings were investigated with the samples
collected from the copper mine tailings under different plant communities after natural drying, grinding and sieving in
indoor. The inorganic nitrogen content of these samples was determined after extraction using 2mol/L KCl, whereas organic
nitrogen content was measured by Bremner approach. The results showed that the total nitrogen (TN) content was 40.9 —
1366. 1mg/kg in which total inorganic nitrogen content was 1.7 —8. 8mg/kg, accounting for TN of 0. 5% —4. 3% ; acidic
hydrolysable nitrogen content was 20. 8 — 361. 4mg/kg, accounting for TN of 20. 3% — 51. 9% ; acidic unhydrolysable
nitrogen content was 20. 1 —1004. 7mg/kg, accounting for TN of 48.1% —79.7% . A remarkable difference was observed
in the inorganic and organic nitrogen contents among the samples. In the inorganic nitrogen components, the content ranges

were 1.7 —3.0mg/kg for ammonium nitrogen, undetectable —5. 8mg/kg for nitrate nitrogen and 0. 019 —0.038mg/kg for

EEWE : BXHHAD R EITRBE (2006 AA067359) 5 2848 B AP HE 1 H (070415208 )
o7 H #1:2009-10-13; 81T H#§:2010-02-05
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nitrite nitrogen, which respectively occupied 0.2% —4.2% , 0 —1.8% and 0.003% —0.057% of TN. The contents of
inorganic nitrogen components in the upper layer of copper mine tailings gradually increased as the eco-system development
from bare lands— cryptogamic crusts— vascular plant communities, and followed the order of bare lands < cryptogamic
crusts < vascular plant communities. But in terms of vascular plant communities, the percentage of total inorganic nitrogen
in TN in the upper layer of copper mine tailings decreased with the increase of plant community development time. Data
analysis showed that in the early successional bare lands and cryptogamic crusts, ammonium nitrogen mainly exists as a
main form of available nitrogen, whereas the nitrate nitrogen is the main form of available nitrogen in the tailings under
vascular plant communities, occupying above 60. 0% for total inorganic nitrogen. The acidic hydrolysable nitrogen and
acidic unhydrolysable nitrogen accumulated gradually with the succession of plant communities and the increase of vascular
plant community development time. In the acidic hydrolysable organic nitrogen components, the content ranges were 4.7 —
95.7 mg/kg for amino acid nitrogen, 5. 8 — 37. 3mg/kg for ammoniacal nitrogen, 8.2 — 38. 8mg/kg for aminosugar
nitrogen and 2. 1 —194. 6mg/kg for unknown nitrogen, which respectively occupied 7.2% — 11.9% , 2. 8% — 14. 1% ,
2.5%—20.1% and 3.4% —19.7% of TN. The percentage of acidic unhydrolysable nitrogen, as the main parts of organic
nitrogen in addition to the samples from Yangshanchong bare land, in TN increased simultaneously with the succession of
plant communities and the extension of the disposed time of copper mine tailing, but an contrary trend was displayed in the
percentage of acidic hydrolysable nitrogen in TN. At present, organic matter and TN content in the wastelands of copper
mine tailings are still at a low level and the formation and accumulation of nutrients in the wastelands of copper mine tailings
are still in its early stages. The accumulation process of organic nitrogen (in particular, acidic unhydrolysable nitrogen) is

the main accumulations of nitrogen in copper mine tailings.

Key Words: inorganic nitrogen; organic nitrogen; copper mine tailing; ecological restoration; plant communities
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1.1 BRI RSO0 S i RO RS

BT 2R R, KRIL T iR, S T L4 30°46'—31°08", AR 48 117°42'—118°11" Z [A], J& WAKHT

hitp : //www. ecologica. cn



5960 = R S 30 &

FRAUME, GERET 1346mm , [EF EBREHERZEPIRE 16.2°C,1 AH-FHIRE 3.2°C,7 A PR
JEE 28. 8°C s To R 237—258d, 24F = 10°C AR 4944. 4—5463. 9C o X BRI AR I DL HAFTR
F8 K TR, 0 K ECECT T . AW ST AR 5 B DX P AR A [R] B 18] 35 B 0 B R 4 (R B L
B EF I Lk B R T M) xR, R E I R R B R E 2 30a, B AREHIRE B G, TR H
FoL B AP ) 83 3 (Imperata cylindrica ) B 3%, ££ A= M ¥) A3 F5 2 ( Miscanthus sinensis ) . 2 i ( Indigofera
pseudotinctoria) % ,FHYI T & 15 60% —90% ;#ILvp B FEFEE 17a, FE N HRAETIKE , B AW HEE N
B AEAFHE (FHE 5%—90% )  h 52 5 ( Zoysia sinica) BETE (5 5% —80% ) F KW
( Hippochaete ramosisismum) F£7% ( 35 & 5% —20% ) , 7 5 ¥ B F L X I8 50 7 & B 16 ¥ 45 K2 ( cryptogamic
crusts ) SRR £ 1) 1345 K (biological soil crusts) FIARA LA 5 S AH YY) A K MR H (bare lands) o #7111 v 2
R FT b A B Ve O M AR ) 3 D/ 6 3% ((Conyza canadensis) \— 4F ¥ ( Erigeron annuus) | 1195 25
(Miscanthus floridulus) \#5H-( Xanthium sibiricum ) % , 3% B /347 T EE B H ARG SR B HE IR OR IR, o

2008 4 10 A 43 5IREH 1L vh B #Rih (R L) BRAER S R (AR BB (BHESE) (PR
ZEEIE (MBS RBREE (AR K E ILBEFRE (E) % 6 ARZRTHA, EEREN R
HEYRAEDGE , REMTEV REAEIRSERE BOAERENETHA (A BHEAR) , REREK A
BIEHETE . FRSSEEYRE T RE 3 MEA , Bt 6 MEIUE RIIREG TR BFIMREMEAT
ZEHNBARRXNT EHHE G35
L2 W

F R BRI P A —E LB & BB , BoRE 5 b S A LR & BR AP (550 £5) Clle™ | g
B R S B AR 2 R FH 0. Lmol/L R AALANAR - AR RAT LT E ™, MAUR AIBLIRE A ™ R A
KA A A & A 0. Imol/L & A 4k 448 B9 K & Rk ™, pH A E I E (BFy: Ky =
1g:2.5mL) !,

FE LA LA 2mol/L KCL4RE(BH v ¥y = 1g:5mL) , Jx % 30min I8, I H B SA H S A M
TR AR A B2 B 2R B - AR AR ™) AN BRI N-1 25-Z T RE thfa kil >

A HRL 5l Bremner Bl | BIRE S H A 6mol/L HCI, 76 120°C T &4 /K 12h JEBUH A 1 3
U, I BZRK S YRR KR P R AL R E A min s A A Rk mE (R +
FHNE) B pHIL. 2 [ RREE-TIREE SR Mz IR 2RI E ™ A MR A A Bl = B A TR R - R R 28 W
FIRFIBED . MAMA EEBR AR ARG,
1.3 BdEatr

BE 4B SPSS 16. 0 #:47, One-Way ANOVA (Duncan #:56) FH L E A (P <0.05) ; WA B4
K Pearson FH3C R H
2 ZR5H5H
2.1 EAEMER

RNBHARERAER ., AR 1 ATLED, AFEEYRE RS BA REE B SR LG
A SHMMRARNA €L, BARIN MAF > HEF BARWIHELE > Hs Rl , &
B & AR T ABR 3t  BRAEAE ) 45 B ) e A RE TR R R, A R B M RETE R B IR IE K, RZ B
HAEPLRRK B RS BBEE I, FR 8 CAYLR) B 7.3 mg/g BME] 59. 3me/g, FEFE R H 0. 1 mg/g 34 fin
3.1 mg/g, SAIGMIEREEEE K, i 40.9 mg/g HEANE 1366. 1 mg/g, JEFH B A MEAMR A WA A RIFEEE 5N,
2.2 THLAASE RS AL

29 H THEET R EMIES TN AT AN & &, BRVAEEN1.7—38. 8 mg/kg, A[FEHE
HRART T ETHNASEEFBE (P <0.05), BLHA LGSR LHIHR0.5%—4.3% , F¥H2.3% ., ¥
WP EF R T R S TCHLA & & (8. 8mg/ke) BB 5 TR (1. Tmeg/kg) FIBRAEFE Y45 B (1.7 mg/kg) ,
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KUBEEHY HERE, RERT D RIA S BZE BN 0550 KR P B TR & B A
(4.3% ) mim THIE LA FHE (0.5% ) , RUABEE YRR LR, RERT P IHLE S SR 6] 23 8iE 5
(%3).

*1 EvVHEFUFER
Table 1 Chemical properties of the copper mine tailings

ok Bkt A i CE R LU

Samples Loss on ignition Humus Humic acid Total nitrogen Humus nitrogen Humic acid nitrogen pH
/(mg/g) /(mg/g) /(mg/g) /(mg/kg) /(mg/kg) /(mg/kg)

Wi 7.3 +0.2a 0.1 +0.0a 0.2 £0.1a 40.9 +4.0a 35.1+11.1a 0.1 +0.0a 8.1+0.3a

st ® 8.1+2.9a 0.2 £0.0a 0.2 +0.0ab 97.9 £26.7a 49.9 +4.4ab 0.4 £0.2a 8.2 £0.1a

fprigke® 9.8 £0.9a 0.9 £0.0b 0.5%0.2¢ 202.3 £44.2ab  76.4 £0.7bc 1.1 +0.1b 8.3+£0.1a

A K® 13.3 +7.8a 0.9 +0.4b 0.3 +0.2abc 282.5+77.2b 91.2 +15.5¢ 1.2 £0.6b 8.4 £0.0a

I ASE 12.5 +7.7a 0.9+0.2b 0.4 0. 1bc 493.1 £123.9¢ 89.1+9.8¢ 1.3 +£0.4b 8.4 £0.1a

ISEAC 59.3 £3.7b 3.1£0.3¢ 0.8 £0.0c 1366.1 £184.4d  100.3 £39.2¢ 2.1%0.1c 8.0+£0.1a

@ ##iHh: Samples under bare lands of Yangshanchong wasteland of copper mine tailings; @ #; %5 Fz: Samples under cryptogamic crusts on
Yangshanchong wasteland of copper mine tailings; @ #4528 % . Samples within Zoysia sinica community on Yangshanchong wasteland of copper mine
tailings; @ A% K W: Samples within Hippochaete ramosisismum community on Yangshanchong wasteland of copper mine tailings; &% [ 3: Samples
within Imperata cylindrica community on Yangshanchong wasteland of copper mine tailings; @ £ 43 : Samples within Imperata cylindrica community on
old Tongguanshan wasteland of copper mine tailings; [[)31 A [F) SRR R 2ZE7K0.05 BEKFE

R2 EWMEHBETETINRES
Table 2 Inorganic nitrogen components to copper mine tailings below different plants/( mg/kg)

Bk Bt R WA I
Samples Ammonium nitrogen Nitrate nitrogen Nitrite nitrogen Total inorganic nitrogen
i 1.7 £0.5a - 0.023 +0.004ab 1.7 +0.5a
T A 1.7 £0.8a - 0.026 +0.007ab 1.7 £0.8a
tpshke® 2.0 £0.5ab 3.2£1.7a 0.019 £0.005a 5.2£2.2b
BARK® 2.2 +0.3ab 4.1x1.7a 0.032 £0.019ab 6.3 £2.0bc
wmEE® 3.0£0.5b 5.8 +2.4a 0.027 £0.006ab 8.8 +2.3¢
LI=E e 2.2 £0.8ab 4.1%0.1a 0.038 £0.005b 6.3 £0.8bc

@ ###h: Samples under bare lands of Yangshanchong wasteland of copper mine tailings; @ #% 45 F¢: Samples under cryptogamic crusts on
Yangshanchong wasteland of copper mine tailings; @ #4528 % . Samples within Zoysia sinica community on Yangshanchong wasteland of copper mine
tailings; @A : Samples within Hippochaete ramosisismum community on Yangshanchong wasteland of copper mine tailings ;&1 3 : Samples within
Imperata cylindrica community on Yangshanchong wasteland of copper mine tailings; @i [ % : Samples within Imperata cylindrica community on old

Tongguanshan wasteland of copper mine tailings

F3 EWMENEED TS BAKILEH
Table 3 Percentage of inorganic nitrogen components to total nitrogen/ %

Bk B R WA AL
Samples Ammonium nitrogen Nitrate nitrogen Nitrite nitrogen Total inorganic nitrogen
kit 4.221.6 - 0.057 £0.015 4.3:1.6
HE R 2.0+1.4 - 0.029 +0.017 2.1+1.4
e 1.1+0.5 1.8 +1.3 0.010 +0. 005 2.8+1.8
N 0.8+0.3 1.5+0.4 0.011 +0.004 2.3+0.6
VA=E D 0.7£0.3 1.2 0.5 0.006 +0.002 1.9+0.7
LIEED 0.2+0.0 0.3+0.0 0.003 +0.001 0.5+0.0

HER2 MR ATUEFD, BV EFMPESEANSEN 1. 73, Omg/ke, AR B & B MR & 3
5. 8mg/kg, WHAHA A K &8N 0.019—0. 038mg/ke, £ S A 5 M A L HI R 0.2% —4.2% ,SEH 2 1. 5% ; 5
SRS BAWHFEYN 0. 8% ; WS A S B A LFPFECY 0.019% , S4EEHEYRTE T B AL, AR
FRACH Y AL R S A& BB, EESA S5 SRR R, RPERT EFREMAETSRE LR

hitp : //www. ecologica. cn
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TV R SR AERE S B A KA B S AN B AN F B, M4 EHE YR %
TR PHEENAERANFEES, S HMA SR 60.0% L L,
2.3 AHA4ASEES ek
2.3.1 AHIRASSENEL

HIAET ST RAEAN S EFEMEERAMARKZER (P <0.05) , & &M 20. 8—361. 4mg/kg, F
¥1118.0mg/kg(K 4) ., BEMRA S ELIEE N 4.7—95. Tmg/kg, V-4 33. 8mg/kg; AB A S ETES. 8—
37.3mg/kg Z[A], V35 16. Smg/kg; EEFEN A S &N 8.2—38. 8mg/kg, T3 16. Smg/kg; RAA SR 2. 1—
194.6mg/kg, -3 51. Img/kg; REFE R P REALASTEREFBE(P<0.05), BV HRABATEN
20. 1—1004. 7mg/kg, V44 295. 9mg/kg (£ 4) , A F BTV BAMASEZ R BE (P <0.05),

F4 BEMERHETETENRES
Table 4 Organic nitrogen components to copper mine tailings below different plants

W& f# A acidic hydrolysable nitrogen B AR

FEA BIERA AER BHBER RIR A Acidic
Samples Amino acid Ammoniacal Aminosugar Unknown :I: al unhydrolysable

nitrogen nitrogen nitrogen nitrogen © nitrogen
7k 31 4.7 £2.0a 5.8 +2.0a 8.2+2.0a 2.1+3.5a 20.8 +4.0a 20.1+7.3a
wEs 8.2x2.0a 8.2 £2.0ab 8.9+1.8a 4.9+7.3a 30.1+6.1a 67.8 £31.6a
M EE 2 16.3 £4.0a 14.0 +3.5bc 11.0 +2.8ab 34.3 £26.7a 75.6 £27.3ab 126.7 +70. 1la
AR, 31.5 +£6.1ab 15.2 +5.4bc 16.3 +2.0bc 56.9 £42.1a 119.9 +£40. 6bc 162.6 +41.2a
L 71=ER 46.7 £39.8ab 19.1 +4.8¢ 20.5 0. 8¢ 13.8 £65. 1a 100.1 £48. 1¢c 393.0+112.2b
LoISES 95.7 £17.6¢ 37.3 £5.4d 33.8+£7.3d 194.6 £33.4b 361.4 £25.3d 1004.7 £171.7¢

R4 ATUE L, ARBYV AT ENASHST S ERZAAE SR 1 JIH AR EEREA B FEM

R E LA SRR BT A AS A SRR S, BERARFEF > HEF HARBAE %R
> W% KR, % W B AR R U8 A sth BB AE P 45 B2 m e BRI R B, U B H R &
BREMER, RZEV PRARNBRAMASEZTRE. BEZ MEESRENLE BV PAZRWH
BB EERIANENACUHERRMR) MR,
2.3.2 AHRAS B

5 HI T EMAVRA G BEM ], BRAER S B A LB R 20. 3% —51.9% , P40k 35.9% .
HpZERAT S BRANGINT7.2%—11.9% , FH K 9. 3% ; SR S BAW BN 2. 8% —14. 1% ,F-1
7.1% ;BEEER G BAMA N 2.5%—20.1% , P33 8. 1% , 4 RIFEA M BEMES A G B A HLBI7E
10% LA s RFA G BANE N 3.4%—19.7% , F3¥511.3% , BRARBR G DA E 77N 48. 1% —
79.7% , -4 62.3% .

RS BUWENIED S SRALLG

Table 5 Percentage of organic nitrogen components to total nitrogen

FRf#A, Acidic hydrolysable nitrogen B AR
A AERA HAEA FHRER RAR A Acidic
Samples Amino acid Ammoniacl Aminosugr Unknown :I:(;t al unhy.drolysahle
nitrogen nitrogen nitrogen nitrogen nitrogen
L7591 11.9 6.5 14.1£3.8 20.1 4.5 5.8+9.4 51.9 £13.7 48.1£13.7
WEs 8.7+2.5 8.5+1.8 9.9 +4.5 6.4+8.3 33.5+15.0 66.5+15.0
W ke 8.1+1.3 7.4£3.5 5.6 1.9 19.7 £19.5 40.8 £24.8 59.2£24.8
AR 11.5£2.5 6.1x4.0 6.2£2.5 18.3 £10.3 42.1x4.5 57.9 £4.5
I 7ISES 8.6+5.7 4.0+0.9 4.4+1.3 3.4+12.1 20.3 £8.5 79.7 8.5
LolSES 7.2+2.3 2.8+0.8 2.5+0.5 14.2 1.0 26.7 +3.1 73.3+3.1

M 5 AT ), B L rh R R P BRAR RS BROR AR A0 31 o R L BIAH 2400 B WL R A LUK A

hitp : //www. ecologica. cn
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RN ERER ST, BEE B IR T b5 B B A] (R SAR Y RETE IR BRAR AR AT i A LB B3, BRAR A
JIT i B 0] 2 3 I
3 itig

R ERETWEATE AW E RE T R E, B RREYE , b 3Rk mEk
YER, TE B DA B 7E T4, XA LA S L s A H IR W R VE L, 35 i 7= gl hl
YIRS R, B AR RS T U R R B LI AR B . AR 4N R TE (5
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