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Abstract: Red mud was used as an additive to conduct aerobic composting experiments of chicken manure for evaluating effects of
red mud on temperature, pH, electrical conductivity (EC), and seed germination index (GI) during composting. The evolution
characteristics of humic acid (HA) components during composting were analyzed by combining three-dimensional fluorescence with
ultraviolet-visible light spectrum; and the pot experiments were also conducted to explore the barrier effect of compost products on
rice cadmium in the mining soil. The results showed that red mud increased the temperature of the compost during the high
temperature period. The EC of both groups decreased significantly after composting, however, the EC of red mud compost
(4.29mS/cm) was much higher than that of chicken manure compost (3.59mS/cm).The GI of chicken manure compost and red mud
compost increased with composting time by; 100.2% and 96.44%, respectively, at the end of composting, indicating that the products
of neither red mud compost nor chicken manure compost exhibited phytotoxicity. The protein-like substances in the HA of the two
kinds of composts were converted into relatively stable humus-like substances throughout the composting process. A significant
increase in SUVAjsy, SUVAyg0, and Asyg 400 of HA indicates the elevated humification degree of compost. In addition, red mud could
optimize the humification parameters, implying that the addition of red mud can accelerate the humification process of the heap. In
pot experiments, both chicken manure compost and red mud compost increased soil pH and reduced the concentration of DTPA-Cd
in soil and total Cd in brown rice. After applying 2g/kg red mud compost, the Cd content in brown rice decreased significantly (by
58.68%) from 0.42mg/kg to 0.17mg/kg after composting. Therefore, red mud can accelerate the composting efficiency to a certain
extent. The application of compost products can inhibit the bioavailability of Cd in both soil and rice plants, and an addition of red
mud can lead to a higher composting efficiency.
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Table 1 Basic physical and chemical properties of compost raw materials and soil

M pH fH TIKE(%) HHUT(%) F(%) 1 5 % (mS/cm) Cd(mg/kg)
X3 CM 6.96+0.04 74.19+0.01 65.05+0.50 1.73+0.05 1.85+0.38 1.014+0.12
KA RB 6.10+£0.10 10.27+0.46 79.81+0.40 0.74+0.03 0.77+0.06

F*Jé RM 10.01+0.03 35.19+2.77 0.35+0.01 4.17+0.02
A 115 5.370.09 1.30+0.03 2.17+0.071
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W pH A HUAS [R] I 557 65 M A i e 181 9 Lk
110w/ V)N Al K IR A 4R %2 3 30min, B H
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Fig.4 Variation trend of ultraviolet and visible characteristic parameters of HA in different compost
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JE.CM 5 RM [ SUVAss4« SUVAss0 M Az6-a00 PH P
S EA AR S5 (P<0.01), i W] HA W —38 540K
AN AT BELE 254nm 2 280nm 4b A H 58 R
WU 33E— 2D BGAUE T HE R Ik R A O A PR, 2R A
Th . AN, CM [F) SUVA 54+ SUVALg0 M Aazgs00 Y5
Cl 5 IEAH M B 2% (P<0.05).,RM ] SUVAjss-

SUVA g0 M Aag-400 385 C2 2 IEAH KM 2.3 (P<0.05),
HLAH SR 9 BE R B IMK KA Azz6-400>SU VAg0>
SUVA y54,4226-400 3. 78 S B KPR S AT AT B2 1% 2
KO HENEA WIAE 226~400nm 3K — I BRI 48 A

X IR B AL T SUVAgss S SUVAsgo AR 15
BCEARIX 3 DNSHOY e R E R HENE f
FFEAH Anne-ao0 HEIR Ay 4 THT b J5 IS JIEL J63 5 A0 et
(KR AMEEIE S50 AE CM Y Eys3/Engs 5 LA _E 3 MR 4E
ZHRE I IE AR SPER B 35 (P<0.01),215 C1 Ki&
B 2 M IKA-(P>0.05), T /E RM HY, Esss/Ens S5 LA L
3NSHUYAR BRI B K (P>0.05), 515 C2 1E
AH IR W 35 (P<0.05), K 1% Z 85 SUVAys, .

SUVAug0 M Azne-ao0 HHEC,ASBEREIF Hb S5 B HE R 1 65

2 AL HA BYRRNAM S HIEFHES BRI X T

Table 2 Correlation between the fluorescence composition of compost HA and the spectral characteristic parameters

poscil B0 SUVAys, SUVAzg Ens3/Exos A6-400 Cl1 C2 C3
SUVAos, 1
SUVAag 0.994™ 1
Eys3/Enos 0.877" 0.838" 1
cM An6-400 0.998™ 0.996" 0.874" 1
C1 0.762" 0.764" 0.610 0.782" 1
2 0.510 0.533 0.361 0.546 0.879™ 1
C3 -0.662 -0.674 -0.506 -0.690 -0.972" -0.967" 1
SUVAos, 1
SUVAag 0.993™ 1
Eys3/Enos 0.380 0.444 1
RM A 400 0.989™ 0.993" 0.497 1
C1 0.326 0.327 0.661 0.384 1
2 0.757" 0.815 0.767" 0.829 0.477 1
C3 -0.619 -0.652 -0.828" -0.694 -0.873" -0.846" 1

VE:* PO.0S XA B35 0 P<0.0 T AR XL 5235
2.5 MEAEXSKFEREIRA Cd FIRLRACR
3 GIMERS IRIRHEAL IR L% R

Table 3 Physicochemical properties of chicken manure

compost and red mud compost

e HITHMEA T
HRER 2 M P
pH 8.14=0.03 8.27+0.04 5.0~8.5
L 5% (mS/em) 3.59+0.11 4.29+0.20
AR H(%)  100.21+1.11 96.44+4.21
%% Si (mg/kg)  395.74166.45 1724.15+120.30
Cd (mg/kg) 1.20+0.13 1.54+0.12 10
Pb (mg/kg) 3.78+0.20 22.92+0.15 150
Cr (mg/kg) 11.41+1.88 331.82+15.10 500
Hg (mg/kg) 0 0 5
As (mg/kg) 6.19+0.36 37.25+0.78 50

2% 3 AT %0, 200 HEAE AL PR S ,CM A RM AL B A
LM R B AREE AP EHE A RN GB/T

18877-2020) 1y i - bt

M 4 vTALBEAE 2 FhoE A7) = 16 n, 4+ 18
pH {ELIZ T 1 0.t in e 26 HE N 5 A e HE i d 5
K7 158 DTPA-Cd &, 14 Cd iE kb
Jita o 7] 8 PRI i ARG R 20 R 38R DTPA-Cd 11
TN 1.10mg/ke, i IS FEHENL 5 SR P HENL J5 145
' DTPA-Cd IFEAGIHREBE 44 11.92%~20.91% A1
14.09%~33.59%. Jiti fin 7% Yo HENE 5 52 & 14 n 1 4 1%
AT ST Fr R, LR it 7 R 5 i, 3
TR FE S 49.07%~75.21%. 11 it i 4 28 4 AT J5 %6 1
AR Si S mAN B3 0 2 FPHERE S, CK A
b, KRR K b Cd & B34 18 2 BRI, PR A I 5
17.97%~58.68%. K Cd 1% &AE 0.17~0.42mg/kg
Z A K ARERE K Cd 2 & oK 2/ 24 :CK>CMO.5>
CM1>CM2>RMO0.5>RM1>RM2, H:+p RM2 4 # R K]
Rk Cd TR TEE (BB Rk i $
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759 B ) R R 2 H (0.2mg/kg,GB 2762
2017)5.

F 4 RNEFNEHAGIEHER S TR T IEMER R XK
i Cd B ERIFIT
Table 4 Effects of different doses of chicken manure compost

and red mud compost on soil properties and Cd content in

brown rice

s ol { AR Si DTPA-Cd FEk Cd

(mg/kg) (mg/kg) (mg/kg)
CK  5.0240.01d 10.09+127d 1.10+0.09a  0.42+0.00a
CMO0.5 5.2440.03c 10.0940.83d 0.9740.01b  0.35:0.00b
CM1  5244001lc 12.01%+1.44d 0934+0.0lbc  0.30£0.01c
CM2  52840.01b 11.69+1.46d 0.8740.00d  0.26+0.00d
RMO0.5 52240.03c 19.82+0.73¢c  0.94+0.02bc  0.23+0.00e
RMI  52640.01bc 29.3940.73b 0.9040.02cd  0.21+0.01f
RM2  55440.02a 40.71+127a 0.73+0.0le  0.17£0.01g

B [N G F-RER IR AN R AL ) A AE 15 35 22 7(P<0.05, n=3).

TP E R Cd H5REK Cd SR INPEL, nT 6E
s T HERE A 08I T pH G A T E4)E
AAAAL E A WUTTE I AR O T AR e e A
W AR ),S1057 KB A O 3% i A 3R IR Y
Perm T pH (HAT 5 2 B VEH . oM FER #h
PR RAESRET S H R RS A CdT B
CdSiO; YLiEY), i H 4 I8 IR/ TR IR R R
E[M]‘

i) B, R M L ok Rt e T S K 5 9, 5 i
TP E SRR TR AEBS B A N R
HrRR I . TR Ik LR B i S5 i T 5 3 11 448 o,
R BE 5 L R B 3 o 2 T 4% T 1R B s i,
A B B I & b R SR SRS A ed™
g & ¥Rt Cd™ IS TTIE e F B . T L,
it T AT 358 Cd (% AR A et A a1 X K
FEAEAR P Cd A 21 255 1 LI 20 SR, Lt Jon 7% ) M e
RO A W

3 it

3.1 XSS SRS HEND R IS 4R RE 5d, ik E
T DA BER, Hs IRl o 38w T HEA4 m il 40
(I3 5.2 PR HERE ) EC 48 BE A 34t 3 AR HE R 58
B RM 1] EC 228 # T CM 1 EC, R BRI
IS RMAEAR ) EC RS IEMEE L ARV HENE ) GI
FEHERSE FRI 23 53k 5] 100.21%H1 96.44%, 5 W] 5
PR HERE = S 3B A B3 1, FLIA B8 3R

3.2 BHAHEAEMIBELT,2 AN AL B B R h IS R
1 0T A5 ) 3% 3 B A Ok B Ok R 1R K DS L ) o
JEFE IR (1) SUVAss4 1 SUVAsgo~ Ers3/Eagz~ Arze-400
10 HE R 25 o5 A0 35 43 214w, 10 BA R R 1) 0% A v
L5065 B ACRE B T, HL R VR 1S 0 2 0 3 HE 4R 1)
Ji5 FE AL B FE.

3.3 AN S RVeHENCEE & T IR pH (LB
FRR T 3% DTPA-Cd W55, 2g/kg 77
HEAL 5, -3 DTPA-Cd & 8K T 33.59%, H.
SN T LR A R Si RS RN 2 FRMEAR S,
Rk Cd 5 S PRARIEE A 17.97%~58.68%, Hjiti
2g/kg FRPEHENERT KFEREKFD Cd & BB S
0.17mg/kg, F15 21 v [ 1 £ H 22 e hnifk.
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