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Evaluation of Soybean and Corn Growth and Environmental Risk in Different Patterns of Reclaimed Land
Filled with Fly Ash
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(1.School of Environmental Science and engineering, Beijing Forestry University, Beijing 100083, China; 2.School of Earth and Environment,
Anhui University of Science and Technology, Huainan 232001, China )

Abstract:In this study, fly ashes were used to reclaim the coal mining subsidence lands to investigate the growth situations of soybeans and
corns. The concentrations of heavy metals in soils and crops of the reclaimed lands were also observed. The reclamation included four patterns
with 20 cm, 30 e¢m, 50 cm and interlayers of soil covers respectively. Half soybeans and half corns were planted on each of the four reclaimed
lands, as well as on a control field with ordinary local soils. The results showed that the concentration of most heavy metals decreased in sur—
face soil layer, except for Hg and Se and the pollution index of Hg in subsoils of interlaid covering reclamation was 5.732 and significantly
higher than those in other treatments. The plant height of crops in 30 cm soil covered reclamation was greater than those of other treatments.
Furthermore, the concentrations of heavy metals in stem—leaves and grains of crops in reclaimed lands with 30 cm and 50 cm soil covers were
As a result, compared with other treatments, the treatment with 30 cm soil covers was more suitable for Huainan restoration of the subsidence
lands due to its more economic treatment and lower heavy metals contamination to crops.
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SRR A RO R IR ) 7= A B R W i, 2007 AFEARE R T
v EAE W AEHE R 1519 7 t, i3 2020 4E 7] 3%
3246 T t,

WK Z T LARBSSTELML 7 TH ) 2, B AE A
SRR R SEAR AR RL, o & N(0.02%~0.05% ) P
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YR o BrLA, B A T SR BAR AR VE
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IR R o &, IR I E LB 107K, W HERR
AT 3t ) Al PR PR B2 AR AR, X BE2A A
KRR fty 2 Al B — 2 LR T o

1 #RExR*E

1.1 iR IR

I H X8 TR, b $r 2 iE 2 XA S,
%, SRR 14.3~16.4 °C, - HfEK & 937.2
mm, Pk 8—9 AREKERZE, H&FEMN 25.7%, FF
W& kB8R 1493.7 mm, X4 H BB 2 279.2~
2323.1h, FLFEHMICEER 223 d, BAERER
W MEFE OREHK MREBMNEE S, AR T&
R A=K o 1R 30 H A T 20042005 4F H 4 R TRA
WA BIH XN, HARZ R 500 m?, WA AR A B R
WA —/INmT 306 A LI 1,

R H AR AR A IEE R, BE®
FREE, ISR, %F 1.13 grem®,pHT.5
i, &R 16.23 mg kg A 229.7 mg-kg™
HHUE 15160 mg-kg!, BEE BT ENE 1,

RIS B IR AR . By KA B A AR H
L REIRAA, B 2.0~23 t-m?, BT A E 550~650
kgem?, HFEEF 2700~3 500 cm? g, FLEZE 60%-~
75% , EE 453K Si0,,ALO; F Fe,05, HJ K
HEESE (mg-kg!):As 19.69.Cd 0.07.Cr 60.61,Cu
171.2.Hg 0.175.Mn 53.87.Pb 63.94.Se 26.08.Zn
116.0, A ML & EARAK.
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Figure 1 Map of testing field
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Figure 2 Profile map of the filing plots in testing field

1.3 HEmREFLE
1.3.1 BEAREE

TR/ NGRS B, 73R MRV E Y B 13
JE AR ARE D, AR PRI H A AR AR, R X A
BRI, 2 IR A TR B RR iR B BT
EREEMTE, EaRe s A KA, RES
REEHFEIE A2 SRS, AFINEA 3 KER
1.3.2 #EfhAb

TR AR A T RT, T B 3R A
FUREEIRAE G, B 100 B, I TEERIE ; &
AR TP HTHI, B 7 BRI T AR AL, As Se I Hg 73

B E KT fE™, Hoth So R 43 # R A HNOs+HCIO +HF
=R

YR RFEERAETRTE , A EENLE B
AR, EFI, EEATESRE & 20 E M
o As.Se Fl Hg 2B A6 £ 7K ## (HCI:HNO,=1:3),
HAb TR 430 F EKTH
1.4 Sy¥AE

HBRR G B TR T RSO (ICP-AES, B 5
POEMS Il ), {XA&FZH0: & 1 150 W, B HI K & 15
Lemin™, 5BX 0.50 L+ min, 54X 0.45 Lemin™, &
# 100 remin™,

JRFRIEATEIL(AFS, BIE AF-640), Fi T As,
Se Fll Hg 44T , X #5250 PMT HLFE 290 V,HCL £
PR L3 A—0 mA \B-80 mA , HCL # B SR FL It A-0
mA .B-20 mA , S E 700 mL-min™, JF LA R E
200 °C, %At E 16.0 s, FERTETAE] 1.0s,

K F Microsoft Excel #4347 5dE 403 ; R O-
rigin 6.0 1E& .

2 HBREHZM

21 TEMBERPEESESE

¥ 3R A& R K T g g A
(GB 8173—1987) F1Z H 1y EEIREE WA 12 E]
B “HERRRSEE YRR, i d As.Cd,
Cr.Cu.Hg.Mn.Pb.Se.Zn 9 i 55 & 1 HJ 15 Y 2 41 A
T, TS Y

DB F -3 AR R I i S R R RV E Y S
RS TS ESRSREAER 1, RETEVESRE
BRSO X T 2 3, B TR
KMEBIER, RIZELIEFESLJRE As .Cd.Cr.Mn 1

®1 ARHTRAIBRERTESESE(ng-ke?)
Table 1 Concentration of heavy matals in testing field soils and fly ash(mg-kg™)

+% BHEIR

20 cm 30 cm 50 cm 24 25 20 cm 30 cm 50 cm 2E& "& ;égg £§ GB/8173—1987

B Bt Bi  #EE mEFT  EL Bt Bt  mEE RET
As 6591 7.709 6.336 8.152 3.611 0.508 1.346 1.331 0.523 0433 9.853 15.00 75.00
Cd  0.025 0.028 0.024 0.029 0.030 0.024 0.024 0.025 0.027 0.028  0.037 0.200 10.00
Cr 4292 65.717 40.24 5347 71.41 60.07 75.48 80.75 70.54 64.67 5591 90.00 500.0
Cu 2887 25.68 23.20 16.78 20.99 104.9 134.0 142.4 121.9 1103 21.13 35.00 500.0
Hg 0.056 0.025 0.022 0.031 0.235 0.028 0.044 0.036 0.021 0.030  0.031 0.150 —
Mn 5214 685.7 649.4 697.0 782.0 126.8 128.5 119.4 154.3 169.6 7725 — —
Pb 2563 17.52 23.55 23.73 21.32 9.209 2191 19.70 21.05 1598  23.85 35.00 500.0
Se  0.080 0.076 0.073 0.047 0.046 0.692 1.067 0.999 0.537 0572 0069 — 15.00
Zn  52.00 55.83 38.06 7747 62.18 46.01 143.7 142.4 96.02 6296  59.54 100.0 —

T TR E
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Figure 3 Height of stem of corns and soybeans in growing period
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Figure 4 Concentration of heavy metals in stem leaves of coms and soybeans
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X SREVREANKES —EXFR;HL 30cm
FIE T HE 20 em TR, KR SRR
TR E 50 em FEIE T4 L RE , KR
Cu.Hg F1 Zn, FKKLH Pb il Se & &5 , HAT R
WML, R, KEMERFELTEESESELSNE
MBI R Z P 72 R B 1R VR 1 AR 2R TR o
BRNELBEMFEY TP ESE, RS RES R
TAEE, #7830 cm BRESESHIFEE T R

3 i
3.1 BXHEERFRTH

ATRIE AN LML A B S
AR RSB, LUK SRR e

As.Cd.Cr.Cu.Hg Mn.Pb.Se Fl Zn 9 )i & 4 /& JiF
WHEF(FK 2), M AR R FI5YIRE P FEN T fm

W B LR A T5 Y8 8 P VEM i, B EE A5 YA
FATGREE (£ 3),

HRYE T & B I5 PSR b M P DL 1R
IR, > RIEY, <1 IREY, B 20em ARG
FHETE 3 He, URE G 50E B 3T Zn
WFE YRS, Hh E 4 RE T 2 13 Hg i3 44
¥k 5.732, BB T HA A X B T SR
Hg B BAHERR, R5HATEKRESESE
—ERFR, HATERE H 320 AH —m i, SBUE B
TOKALFHR , AT RE SR E H A TR ACRES . &
B+ 30 em FIETT A, LEP K FESREHITYH
FREER<1, LI TFRIGYRE

M P.3kFE, B+ 20.30.50cm MIESFTHEFEL
BEATRARE 0.7<P<1.0, T5EFNERL, 15
YRR 787 s MR A7 T2 13 P oR2.602,75

R2 RKEMERNIHFEERESE (ng-kg)

Table 2 Concentrations of heavy metals in grains of corns and soybeans(mg-kg™)

RYEY B+t As cd Cr Cu Hg Mn Pb Se Zn
PN A 20 cm bdl 0.002 0.021 3.181 0.002 43.63 0.054 0.076 30.51
30 cm bdl 0.002 0.021 7.840 0.008 42.69 0.050 0.057 34.40
50 cm 0.004 0.002 0.016 bdl 0.006 54.01 0.081 0.035 24.07
E bdl 0.002 0.083 8.819 0.006 40.67 0.033 0.086 4253
£+ bdl 0.002 0.023 bdl 0.002 40.84 0.057 0.070 24.73
VS A 20 cm 0.009 0.001 0.024 3.027 0.011 17.56 0.026 0.035 19.10
30 cm bdl 0.001 0.030 bdl 0.002 13.83 0.047 0.068 9.104
50 cm bdl 0.002 0.025 6.582 0.001 22.05 0.026 0.038 26.99
ban bdl 0.002 0.012 bdl 0.002 13.41 0.001 0.112 12.75
£+ bdl 0.001 0.030 bdl 0.001 bdl 0.027 0.042 13.50
GB 2715—2005 0.100 0.200 1.000 10.00 0.020 — 0.200 — 50.00
T “bdl" AR LA R ; “—" ToAH S HdE
R3 AEREYELROSHMERR TRESE
Table 3 Pollution indexes of soils after planting and the background values of soil
TR 20 cm 30 cm 50 cm BEAHEE BAEFHET T EE
As 0.659 0.771 0.634 0.815 0.361 10.00*
Cd 0.050 0.056 0.048 0.058 0.060 0.500*
Cr 0.469 0.719 0.440 0.584 0.780 91.53
Cu 0.941 0.837 0.756 0.547 0.684 30.69
Hg 1.366 0.610 0.537 0.756 5.732 0.041
Mn 0.632 0.831 0.787 0.844 0.947 825.6
Pb 1.090 0.745 1.001 1.009 0.906 23.52
Se 0.160 0.152 0.146 0.094 0.092 0.500*
Zn 0.891 0.957 0.652 1.328 1.066 58.35
AT YHEE P, 0.713 0.812 0.745 0.711 2.602

T O E RO R T R, HoA iR R HOTRE R E
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Gy IO R, TR ESR SR
BT SR,

4 i

IR R FE3E 7 2T i H A 3 AR AR
KB ESREGE, SIS EAR K R, B E
BT ELE As.Cd.Cr.Mn fl Zn & 2L, H
Cr.Mn fl Zn R A ARETERAERR, @iz Yds
BOEH, RARAFEN TR EL T EH YR
B RETER Hg 1 Se TR E , RHHHELE

BESE RIS R X T LA ETOR & BRI, N
SREUET XA B , B 1L 30 B B SR Ak Sk T B W i
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