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Effects of green substrates composed of coal gangue on the growth of Trifolium
repens L. and its resistance to heavy metal pollution™

ZHANG Ruchong, WANG Dongmei , ZHANG Ying & DU Tao
Faculty of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China

Azt Coal gangue is one of the main solid wastes produced during coal production. Because of a low utilization rate and
large accumulation, coal gangue causes serious pollution to the environment. It is important to explore a high-quality greening
medium to improve resource utilization of coal gangue. A pot experiment and a leaching test were performed in this study.
Gangue was used as the main component of the matrix, and each matrix was added to 3 levels of soil, polyacrylamide, fly ash,
and corn straw. The L9 (3*) orthogonal tab was used to arrange the test, and Trifolium repens L. was planted for greenhouse
cultivation. The results showed that 7. repens grew best by adding 600 g of soil when compared to the other treatments (P <
0.01), but it increased the accumulation and leaching of Cr. The height and biomass of 7. repens significantly increased (P <
0.01), when compared to the other treatments, when 120 mg/kg of polyacrylamide was added, and Cr and As were absorbed.
The emergence and growth of 7. repens significantly increased (P < 0.05), when compared to the other treatments, when 75
g of fly ash was added, but when 150 g of fly ash was added there was a significant increase in the accumulation and leaching
of Cr and As. The production of 7. repens was significantly promoted (P < 0.05), when compared to the other treatments,
when 25 g of corn straw was added, but there was no effect on the accumulation and leaching of Cr and As. The results of the
leaching experiments showed that the leaching of Cr and As in the treatment mixtures was lower than the national standard. In
summary, the optimal components of the matrix for plant growth and resistance to heavy metal pollution was 600 g of soil, 120
mg/kg of polyacrylamide, 75 g of fly ash, and 25 g of corn straw, which can be used in production.

E@W‘b coal waste; Trifolium repens L.; heavy metal; accumulation; leaching
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Table 1 Contents of trace elements (w/mg kg™)

##} Material Pb  Cd Hg  As Cr Cu Zn Ni
BERF AT Gangue 3020 129  0.24 735 843 41.80 112.0 27.0
BHEIK Fly ash  27.25 531 10.20 75.8 5024 67.8 412
-+ Soil 1437 2.13 - - 619 18.68 539 204

1.2 &

Ve =R PR AT s, R ER AR A RO
Yy, HAE RS | BTSRRI T
DX 22 4 HH A B K O 114 P e .

it 5777
2.1 I igit

BIF 9% 2R FH 425 3% 32 36 AR S 3R 6. 08 B4 A 3K /Y 1E
2 EEKEE

Table 2 Factors and levels

% Factor

KT TR g

=3 ; FAH ) - o
Level \gfliillllterta;i:o(i)lf Pj?yﬁ@l%tm%e ﬁﬁiz}ﬁ CI();E ?t-lrifv
(A, mlg) (B, wmg kg™) (C, m/g) (D, m/g)
1 600:200 0 0 0
2 600:400 60 75 25
3 600:600 120 150 50
T HE R AT A7 R0 R T A SRR A B, 45 o e A A i R A
-FN600 g.

In order to eliminate the influence of the amount of gangue on heavy metal
contents, 600 g gangue is added per basin.
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AR, RALY (3%) IEAS %, 4 N R MR- 2 16 T
SR SEIG PR, HAR LR 2. IR I RS 506 I E I IR
JF, 15 64 A AL 604 B HLHES . HiHr 304515 B3 Tk i
R, TEREZL R 7 TCE /N 2 W B RV T, g v TR i —
W, I B g 4Rt 3§ 100 mLg A, L 4vk; S5 40304 15
BV LS, TERE R 14 cm x 16 cmP A6 Zh ARl = IR
TERE P 0 A — A PP H 10%H,0,32 30 10 mindfF 47 3 1M 14
B, SRJE HZE A B T4 B TR e 48 F, 355 T 2L %
B, HERE1-2 om. BAREFI100KL, IfPe /K B, fEAE
W AR, & B K . TR AR R I AN 2N
P, K& SRR, R T 8 3R R R RN 10 g/kgh
ZAE (N 2.36%, P,05 2.67%, K,0 1.86%) F110 g/kgif fi JE (N
1.49%, P,0, 1.51%, K,O 1.29%) , 3 5EBIR &5395). i ¥ 4
T20164F-8H , FE b m ARl Ao 1l P9 T % 047

2.2 MMFEHR

221 EHMEKRRIER DA SRR b Mk
Yyt PGB, O R AR A 128 AT I, MR AR
R AR K R B 8 J i AT I A, B 0 AR A B L 4
FRJE B R R ) AR ZE AT, SR LT E A e . 33
AFE bR AT D 39 B 4% 5 3 X6 = B A K A S e
222 #EMEMKAGRHPELSETESENE  ©®HCr,
AsPIRVELAT £ & R 2 0 T 4 R G R AT, M R
Jo R TSR - = AR (4:1) 14, Cr. Ayt & 2 FHICP-OES
BE.

R3I ZFREAA=MHEHERIKRL

Table 3 Growth status of Trifolium repens L. of each treatment

2.3 HiRSHR
X 158 P A5 B BT AT B8 R T SPSS 19.0%k 14 147 e 1o
Hr, i HOriginiE 47 22 4.

8 T

31 AEEFRELR B =MHEERZM

HHE A R R AR A /AR B R W TR A
B4, AN b BEAL = RERG R R PR R A
AT 3. NS A BAT A 0 CKO IR B A H i, B & 4k
P RE AR FE B BAR R B =R AR 2D
R A B AR AT DT 22 0 (3R4) ATLR I, &I
FOM N E AR A B RIEA > C > D > B, HIRATAYS
FHEH > K > TR FEFF >PAM, BEGT AR 48 1 i He
AT JRE DX 1 = i) H o A B 38 A S (P < 0.01) , &
KFEFA BE PR (P<0.05), MPAMMB AR E. K&
PR 2R KPS o R A S e R JEE 25 0, A 3R W ASBLCD,;
X =R R ERCE R A > B >D > C, |
BEAT A1 5 e T >PAM> E KRS AT > k3 Bk, AT 43 F0 1
SR S5 LA PAMO Bk i A B 2 5 A R2 IR (P < 0.01) , Bt
IR EARFEFA B E N (P < 0.05) . 8 WA 2245
B, B IR B K2R K3(EAR 22 AR/, BERRY B AN 75 gl
150 X bk i 9 52 00 B AT S5 2801, TR I A% DR 3R KP- 3 1 =
I R T 10 i e I, L T 48 T 1E 4% O A B CLD, B

ST N R c b T bk o LA
Treatment Germination rate (P/%) Seedling height (h/cm) Aboveground biomass (m/g)
1 1 1 1 1 25+6.25¢ 10.8 + 1.35¢ 2.48 £0.25¢
2 1 2 2 2 42 +5.17b 14.0 + 1.31ab 2.84 £ 0.39¢
3 1 3 3 3 40 + 3.46b 13.5+0.95ab 3.21 +0.43bc
4 2 1 2 3 51 +4.01ab 12.7 +0.85b 3.06 + 0.35bc
5 2 2 3 1 58 £2.00a 14.4 + 1.04ab 3.55+0.42b
6 2 3 1 2 48 + 3.47ab 15.0 + 1.44ab 3.77 £ 0.28ab
7 3 1 3 2 68 +2.65a 154 +0.52a 420+0.27a
8 3 2 1 3 56 +£5.57a 13.3+£0.78b 3.32+0.28bc
9 3 3 2 1 53 +6.89b 15.9 + 1.25a 4.67+0.36a
CK 600:0 1 1 1 0 0 0

A BERT AL Be RN BENE (PAM) 5 C: B3I De FORFHAT. S5 150 b 85 1-953 31 2 7 AN [ B4 A JHLES il i Xof 7 94 52 562 2 5. 592-581] v |y 5
1-393- 5] & 7R AP AN [ AR S K. AN TR /NG B 3R AN ] b B2 ) £ 5% K- 1 2 5 3 (P < 0.05) .

A: Weight ratio of gangue to soil; B: Polyacrylamide; C: Fly ash; D: Corn straw. The number 1-9 in the first column indicates the experimental number of the

different treatment measures, respectively. The number 1-3 in the second to fifth column represents the level of the four admixtures, respectively. Different
lowercase letters indicate significant difference among different treatments (P < 0.05).

R4 EMERRAFTESTR

Table 4 Variance analysis of plant growth status

E254 1 % Germination rate k=5 Seedling height Hb [ A=)k Aboveground biomass
Coefficient A B C D A B C D A B C D
K1 357 48.0 43.0 453 12.7 13.0 13.0 13.7 2.8 32 3.2 3.5
K2 52.3 52.0 48.7 52.7 14.0 13.9 14.2 14.8 3.5 32 3.5 3.6
K3 59.0 47.0 55.3 49.0 14.9 14.8 14.4 13.2 4.1 39 3.6 3.2
R 23.0 4.0 12.3 7.4 2.2 1.8 1.4 1.6 1.3 0.7 0.4 0.4

Hk *k * ok dk * * *k *k * *

I #VE Significance

Ax BT B RN (PAM) 5 C: By D R ORFEFE. AFI## 0351 e 75 2% (R ZRAE S% N1 %7K 1 2% e W 35

A: Weight ratio of gangue to soil; B: Polyacrylamide; C: Fly ash; D: Corn straw. * indicate significant difference at 5% level, and ** indicate significant

differences at 1% level.
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A > B> C =D, W5 L1 >PAM> K K = F K
FF, R PAME X HAT JE8 B 25 PR (P < 0.01) , # M5
KANFEFF S22 (P < 0.05) . iBid WM A 285 1 L P,
i BEBCER N TS @150 gXif A5 4tk 1) 5% i [ A LA 25 3
WL T7 S AT 5 0 ABC,D, 80 A, B;C,D,, 5 ¥k i Y J7 2573
BT AT 45 5 — 2.

LEAINTERR I M 45 SR, & B PAMIK e A 8 0 7K 1o
PEPEH120 mg/kg, %I FH T PAMIE B 5 00 13— -5 bk 5 Ko Mt
FAEYE (P <0.01), 470120 mg/kgif & 3 AR ik 4
TR F IR AT e 75 @il 150 g, 33X J2 P R 33X P A iz
TIAKSF B49 893 5 R X 1 = I o (1 ke B b A R B
At PR T AR s = R A K IR T L ALBSC, D,
% A,B;C;D,, BI600 g+ B 5IEAT ARG, 120 mg/kg
PAM, 75 g MK 5525 g £ AR FEFF, 5(600 g3 5T AR
4, JEE 120 mg/kg PAM, 150 gy IR 525 g K F5 T
32 AEEREIENE=HEEEELECr. AsHyzN

AR A 3 R A b A E — 2 FR B S T = R XF Cr, As
TEHE M. AL FAL A = 34 Crfll As & - dniA]
L. Xl 3843 Cr i s AT 5 22 431 (365) AT, 45 1A
X Crg s m ) ER KL REB > C > A >D, HIPAM>#;
PR > RTS8 B L > T K RS T, PAMI I R 34 %5F
= MBS ) Cr & A3 W il 2 Pk S (P < 0.01) , HHEF
WE MR (P <0.05), FRFFFZWAGEE. Hlk2Es
AFLLE H, Créy a bl & H3E M I N £ ; PAMIR 60 mg/
kg AR N 9 Cr & & TH 7, 120 mg/kght Cri¥ & B 3%
[ A SRR 150 ght, Crify) 5 4R £ 1 25 T .

X = B AsEr B AT 2500 (3R5) mIALL
HHRFEXFAsE BRI FR KR ZEB=C>D> A, lIPAM
=M IR > FORFE AT > BT A1 5 L e & b, PAMAT#; I
IR A = AR N As B AT B E W (P <0.05), &
BN FORFEAT S A TC R ), i 25 25 50T DL, PAMI
120 mg/kghf 45 i 2 B AR A = Y As's 48 4 BB IR TR
H5RmTs gt Astr s oAb, R IN150 it 2 i e dEAs
TEREDIR I B

25 b TR, PAMAEE I /D 13 = R X Cr, AsTn 3
W, Herb Y s i Sy 120 mg/kghf & 45 1945 B o W1 5 By

97 a
L m
b b ab
b L b || b
PNES 1
-~
=)
£
S 3+
0 T T T T T T T T T

1 2 3 4 5 6 7 8 9
fb ¥ 45 Treatment No.

24% sk 911

R5 AZHEM EESCr, AsS@EFEHIR
Table 5 Variance analysis of Cr and As contents in aboveground part of
Trifolium repens L.

X Cr As
Coefficient A B C D A B C D
K1 6.10 672 625 647 051 057 050 0.51
K2 6.60 691 627 679 054 0.57 050 0.57
K3 6.86 594 7.04 630 056 047 0.60 0.53
R 076 097 079 049 005 0.0 0.10 0.06
B * sk ok * *
Significance

A: B B BMBENE (PAM) 5 C: By K D: TKFEFF. <0
R0 ) TR A5 T B A S% 1%k | 2% B 3

A: Weight ratio of gangue to soil; B: Polyacrylamide; C: Fly ash; D: Corn
straw. * indicate significant difference at 5% level, and ** indicate significant
difference at 1% level.

HEDCER 150 gieh Xf A Y & 4R Cr. AsTe R 74 T W] i i 412
HEVEHT, BRINT5 g ik Fh g S5 20N R i 2, PR BEBET5 g
SR B IR N 5 B % A i kA 9 1A N Coot R A /D R
YER, XFAsTCE JCRE M, {H & 35t A = i 2 K i
FPEEVER (P <0.01), X4 HHEA N 41200 gt [ =I5
1) 45 T A BRAE BR 2458 G2 (IR TR 600 g3, L LR &
B RN NS 600 g5 £ K FE AT XS AE ) 1A A Crfll As
B AR T S . PR 25 2 BT 1 35 1 e P 1 T
A AB,C,D,, H1600 g1 3 5HERT AR &, TR MI120 mg/kg
PAM. 75 gi M JK 5525 g T RS FT.
3.3 ARERELE X MBRBPCr, AsSTERENF M
AN TR) 3 BT B L X6 Cr, AsTe 2R B4 IR I35 55007 52 il AR ) (5%
6). X IA W T Cr, AsEr AT T 224007 (F7) T
A, A EX WP Cr B EIR R EB =C > A
> D, BIPAM=#} M K > BEAT 4355 38 I i L > T K RS AT,
PAMFIRY B IR I %65 Crot i i 4 ) i 352w (P < 0.01)
THEA B EER I (P < 0.05), T RFEFF AL E; &K
EMME R PAsT BRI EREREB=C>D=A,
PAM=#; IR > T K FEFF =P 4 5 £ th, PAMAI
Wy BRI X AsTT 2 bR A7 g R (P < 0.01) , HHER
FORFEFFIARTC R . AR 225 BT LA, RHEXCrot
R DV SRR, X ASTC R TSR0 ; PAMIR i 120

a
a [
0.6 ab b ab & ab
~ C
e DF - B
on
£
B
203
0.0

17273 475 6 7 8 9
Qb ¥4 5 Treatment No.

Bl B=ME# FES Cr. As& 8. AFR/NEFREFRIRRF AL B2 (0] 7E5%K P | 22 7 ik 3 (P <0.05) , #i2 Rombrififii 2 (N=3).

Fig. 1 Contents of Cr and As in aboveground part of Trifolium repens L. Different lowercase letters indicate significant difference among different

treatments (P < 0.05). Bars indicate standard deviation (N = 3).
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mg/kgXt Cr, AsibR i i A0 20K 55 b5 W JE KA N 75 ghisf A
ZYEINCr, AsPRIE L, HOZER TIN50 g2 B b ) DG ok 75 4
NEs FEKRFEFEXTCr, Asikis B TCs2ma . 3 A e i 45 53 5 Cr,
ASTCRAE [ = MR Y & AR S A — 2

BRI ] IS R e 35 1 = s A K H AR 43 I8 Cr, As
15 YL S AR AE B B [ ASBLC,D,, B1600 g -3 ST
R4, I IN120 mg/kg PAM., 75 gy K 5525 g K FEFF.

SRS T Cr, AsTCE I3 1, R I B KRS XTI #h
BAJEIT R MIE T B, B ks g Lok gy
T A 3 Jo B L i A 2R AR B9 (AByC,D,) . Hi g 6n] J4b
PO Crj Asitk i 1 43771 2 0.036 mg/L #10.031 mg/kg, Xt Lt
GB3838-2002 ( Hh 3% 7K PR 45 [t f: s o FiE A< 300 H FR i FRE ) v
[-VZKRFEAR (28) , ZIALFROMY MR IF W h Cr, AsEr &
PURT VIR BT E b, 783 B & 4R sl H R B
YER T RS R EE P= 4 g i5 Y. i b nl $ Wi Jor 45 Jee £t
B FE[RIRE AR 2572 4 Cr, AsTC Z I ki 15 .

RO BB Cr, AsEE
Tab. 6 Contents of Cr and As in leaching solution
Trfft%ent B C D (w/rr?gr L (w/rr?gs L
1 1 1 1 1 0.042+0.007bc 0.047 + 0.006bc
2 1 2 2 2 0.035+0.008bc 0.038 +0.007bc
3 1 3 3 3 0.041 £0.009bc 0.050 + 0.009ab
4 2 1 2 3 0.053+0.005ab 0.056 + 0.008ab
5 2 2 3 1 0.067+0.012a 0.063 +0.007a
6 2 3 1 2 0.030+0.006c  0.023 +0.008¢c
7 3 1 3 2 0.072+0.011a  0.073 +£0.011a
8 3 2 1 3 0.047+0.007b  0.045 + 0.009bc
9 3 3 2 1 0.036+0.006bc 0.031 +0.007c
CK 600:0 1 1 1 0.040+0.007bc 0.041 = 0.008bc

A: BERA A B BNMGBLIE (PAM) 5 C: B K D: FORFEFE. 451
G 1-943 5 3 7R AN TR AL SR T BT Xk B S G . £ 2-551 v B
T30 5 R R ARP SN A [R] B B R SF. AS Tl /NG “p bk 3 7R AN [ 4k B
ZIAAES% RV b 2% 53 3% (P < 0.05) .

A: Weight ratio of gangue to soil; B: Polyacrylamide; C: Fly ash; D: Corn
straw. The number 1-9 in the first column indicates the experimental
number of the different treatment measures, respectively. The number 1-3
in the second to fifth column represents the level of the four admixtures,
respectively. Different lowercase letters indicate significant difference among
different treatments (P < 0.05).

KT Cr ASTERBEAENTR

Tab. 7 Variance analysis of leaching amount of Cr and As

EX 4 Cr As
Coefficient A B C D A B C D
K1 0.039 0.056 0.040 0.048 0.045 0.059 0.038 0.047
K2 0.050 0.050 0.041 0.046 0.047 0.049 0.042 0.045
K3 0.052 0.036 0.060 0.047 0.050 0.035 0.062 0.050
R 0.013 0.020 0.020 0.002 0.005 0.024 0.024 0.005
Significance

A: B B BNMGBEE (PAM) 5 C: By MK D: FOKFEFF. A0
Y5 Fe R A R TE S% A%k - 25 T b 3

A: Weight ratio of gangue to soil; B: Polyacrylamide; C: Fly ash; D: Corn
straw. * indicate significant difference at 5% level, and ** indicate significant
difference at 1% level.

N SHE A Y244t  Chin J Appl Environ Biol
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K8 HRAKFEREBREEATEIRARE (w/mgL™")
Tab. 8 Standard limits for basic projects in the surface water
environmental quality standard (w/mg L)

% 2 E mx  NE VE
Element I class I class IM class IV class V class
Cr 0.01 0.05 0.05 0.05 0.1
As 0.05 0.05 0.05 0.10 0.1

4 RS

AW R LHE L PAM, B E K B R TS AT 450 44 8} #0
XA = R AR A AR VR . R T P T LB X
F =R R bR AR e A B R (P <
0.01) , Mk Ee 250k &, RHEMTS XT38 MR,
AR RS ROk, SRS, A=K
AR BUER LT 5 PAMXT [ = f 8 0 Sk 35 52 I, 78 254K 0004
BAEAE, X b o B A = A A R 2 R R (P < 0.01) . 3X
Al BB B T PAMIRUIG T Hh 3%, 8K )55 LR AN 1455 T8
IRRRE () B SRR ZE 1, B OR HF2 s T B AL IR, 2 i T K
B, W EHEOK 7 K SRR 568 & PG %5 PAM
it P3G, S A R B R R, X5 T
T 45 R Y — 2, PAMBERS [R5 IR U7, {2 b A
1o W BE O L = B 55 S AR 3 A 2 AR AL
(P <0.05), By THA AN | 1S A EEE, nT LU
INKETRALBREE, B AR K A3 A8 S AT 18 K 5K 2, At )
B AR A R 3R IAEE . LYk K it 4 A 75 gl 150
g, X = g A K ] e A B G AR HEVE . EORFS
FFAEE =R ) 25 A K AR 3 AR 21 R 4R R (P < 0.05)
AT BB RS AT A 8 5 it F — 7 T BB A% 2ot 1 ) PR 45
5, B A R AR & =, O S ol e
FROr MUK I3 72200 55—y 2 T R RS AR AR RS
i, WS BIN T R AT RS AT i R, R R
AR T B SR A, B T AR R,

RGP e | PAMATRY K X5 1 = M- w b 35843 i 4
B Cr, AsT AR H Y Cr. Asr =L T AR I
B SR, 17 B R RS AR Cr, AsHy & 4 Silkis AR L. +
Berus NS [ =R R IR Y Cr I RE H, X As
o, X AT RE R T LA G 5 Con R,
FEARREAsTCR, =B 7E A 8 ol o AR R Crot
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T P 7 B2, L 11 2 A 4 e D A AT T 1 A A R
HIER. 5 IE & B PAMAE 7R 160 mg/kght2s B4 i = nf
RN CrL E M E %, XTAsTC Z WA I W RHER, B
PAMIS N 25t 558 /0 B Xof 2 4 Jai 1o WO R 20 SR AN A, DT i B 4
JBET A ENITRE, MY Cr, AsEERZ; B iKW
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