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Phanerochaete chrysosporium and modified activated carbon for dealing with heavy uranium-enriched Loli-
um perenne residue

TIAN Jia"?, WANG Li"?, CHEN Xiao—ming"*", ZHANG Xiang—hui'?, QI Xin'?, XIAO Shi-qi'’, JING Lu-huai'?, YAN Ting—ting'?,
LUO Xue-gang"”

(1.School of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China; 2.State Defense Key
Laboratory of the Nuclear Waste and Enviromental Security, Southwest University of Science and Technology, Mianyang 621010, China;
3.Sichuan Key Laboratory of Soil Environmental Pollution Control and Remediation, Chengdu 610045, China)

Abstract: In order to determine the optimal processing conditions and solve the resources utilization for the biological pretreatment of urani-
um—enriched Lolium perenne, the residue obtained by Thiobacillus ferrooxidans treatment of Lolium perenne was used as the raw material in
this study. The degradation of Lolium perenne residue by inoculation with 10% Phanerochaete chrysosporium under different solid-liquid ra-
tios of Lolium perenne residues and LM, medium was investigated. The results showed that degradation for 50 days at the solid-liquid ratio
of 1: 11 was optimal. This treatment could further degrade 37.78% cellulose, 42.87% hemicellulose, and 54.05% lignin in the Lolium pe-
renne residue, and the total degradation rates of cellulose, hemicellulose, and lignin of Lolium perenne were 88.37%, 89.89%, and 66.01%
respectively. In addition, the total weightlessness rate and total uranium-leaching rate of Lolium perenne were 49.70% and 85.48%, respec-
tively. The effects of factors such as dosage, pH value, temperature, and time on the adsorption of uranium in liquid wastes were investigated
in nitric acid—modified activated carbon. The results showed that the adsorption rate and the adsorption capacity of modified activated car-

bon were 93.62% and 0.22 mg- ¢, respectively, under the optimal adsorption condition. After two steps of microbial pretreatment, it could
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decrease the lignin content in the uranium—enriched Lolium perenne, and the uranium was effectively leached from the solid into the liquid.

It could achieve the decrements and harmless of uranium—enriched Lolium perenne to a certain extent, which is of great significance for fur-

ther utilization of Lolium perenne. Furthermore, this research provides a theoretical basis for the study of microbial pretreatment of heavy

metal—enriched biomass.

Keywords: uranium—enriched Lolium perenne; Phanerochaete chrysosporium; lignim; modified activated carbon
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Figure 1 Phanerodontia chrysosporium on cellulose degradation
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Table 1 Weight loss of Lolium perenne residue after degradation of Phanerodontia chrysosporium (dry weight, %)

s8] Time/d CK1 CK2 CK3 1:7 1:9 1:11 1:13
10 6.25+0.49aA 6.65+0.36aA 6.54+0.28aA 7.12£0.66aA  10.81+0.78bA  11.59+0.92bcA  12.33+0.64cA  11.39+0.75bcA
20 8.54+0.61aB 8.81+0.22aB 9.23+0.76aB 9.63+0.42aB  18.14+0.91bB  17.87+1.12bB  20.33+0.84cB  19.52+0.56cB
30 11.18+0.31aC  11.24+0.69aC  11.70+1.03aC  11.93+0.58aC  21.93+1.42bC ~ 22.35+1.31bC  23.17+0.79bC  23.31+1.22bC
40 12.2940.73aD  12.02+0.58aCD 12.81+0.71aCD  12.29+1.01aC ~ 23.52+0.87bC  24.45+0.69bcD 25.57+1.14cD  24.65+1.05bcC
50 12.77+0.54aD  12.80+0.81aD  13.56+1.19aD  13.82+0.57aD  25.76+1.78bD 26.51+1.39bcE  28.41+0.78cE  27.36+1.81bcD

TE < [ — A7 AN IN G 7B 20 AN TR] Ak PR LA T B 1) 2K o 28 22 0] 22 57 {225 (P<0.05) o (] — 41 HpAN ] R 7 Bk 2 AN ] s 1] 14 [l — Ak P21

R A 25 5 18 3 (P<0.05) .

Note: Different lowercase letters in the same line indicates significant difference of weight loss rate between the different treatment groups at the same

time (P<0.05). Different capital letters in the same column indicate significant difference of weight loss rate between the same treatment groups at different

times(P<0.05).
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R BEHAAEBERREERENMRHE(FRE, %)

Table 2 Leaching effect of uranium in Lolium perenne residue after degradation of Phanerodontia chrysosporium(dry weight, %)

B[] Time/d CK1 CK2 CK3 1:7 1:9 1:11 1:13
10 14.66+0.80aA  16.50+1.07abA  20.72+1.32deA  24.56+1.89fA  15.21+1.27abA 17.01+1.16bcA 18.89+0.63cdA  21.67+1.30eA
20 19.55+0.90bB  17.79+0.66bA  24.32+1.44dB  29.78+2.01eB  15.36£0.97aA 17.52+1.24abA 20.89+1.01cAB 24.61+1.42dAB
30 21.27+1.49bB  21.070.69bB  27.1321.38¢cC  32.18+2.75dBC  17.830.63aB  18.28+1.39aA  26.50+1.18¢cC  30.31+2.57dC
40 27.07+1.11¢cC  24.21+2.04bcC  31.24+2.08dD  34.95+1.55¢C  17.74+1.04aB  18.26+0.57aA  22.85+1.72bB  26.24+1.88cB
50 30.58+2.15¢D  31.53+1.79¢D  34.56+1.17dE  39.18+1.59eD  22.47+1.31aC  26.08+1.40bB  27.02+1.06bC  30.42+1.64cC

T« [ — A7 AN/ IN G 7 g 205 AN ] ik P2 AR ] B 18] 358 14 238 22 i) 22 S {25 (P<0.05) o [+] — 4 A [) I 5 BR8N [ B ][] — &k T 201 il

2R ) 22 5 8 3% (P<0.05) .

Note : Different lowercase letters in the same line indicate significant difference of uranium leaching effect between the different treatment groups at the

same time (P<0.05). Different capital letters in the same column indicate significant difference of leaching effect of uranium between the same treatment

group at different times (P<0.05).
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Figure 4 Dosage of modified activated carbon on
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Figure 5 Effect of pH value of solution on adsorption of U( V) by

modified activated carbon
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Figure 8 Pseudo—first-order and pseudo—second—order kinetic models for adsorption of uranium by activated carbon
K3 SEFHFFEUEGER
Table 3 Fitting results of quasi—dynamic model equation
Bl 124457 Dynamic model U4 77 FE Fitting equation 2 J124 5 U Kinetic constant 2 Z2 58 Correlation coefficient
WE—2 3 112 Pseudo—first—order kinetics y=—0.146x-0.779 03362 (K, ) 0.9697 ( Ry )
1k — 915} J12% Pseudo—second—order kinetics ¥=4.090x+5.796 2.886 1 (K, ) 0.9986 ( R» )

T+ Ky HE— 200 B3 K80, K o 20 B R

Note:The letter of K, represents a quasi—first—order adsorption rate constant. The letter of K represents the quasi—second-order adsorption rate constant.

W ST I iR P T 2 B 0 B i B I (1 9a) o &8
o OO I P R BRI, T R W e A 3 T R
P W e T VR 5 R S T A R €, A A
5t (EI9b) , DA AT DL H 0 1 2 2 X 7 Y 4
ARSI AR TR B A W R AR U (VD Y
P 1110 mg- L7, 2l ORI PR W B I,
DR 0.71 mg - L7 T 28 0o A Bl 306 o W R s,

R UCVDFRIA 7 04 2,47 mg- L, HEBUPER1E 57 b8, B Bvi s A

H 2.5 4% , Ud A8 P T S VR A R0 o8 O A e )

UCVD) AW B3t i (R 4) o Horp ik Jsipl & a WL b LIS

289.7 mg - LIk /D4 197.2 mg - L7, W B %3k 31.95%, O TE MR IR BH BT S B ISR

T A AP 58 M X S TR ) R B AR 19.94% . Figure 9 The picture of wastewater before and after adsorption by
M4 22 4 5 R ) 1 824.3 mg - LU/ K 499.6 myg - activated carbon

R4 BUMETEMEAR RS E RS (mg-17")

Table 4 Composition analysis of waste liquid after adsorption by modified activated carbon (mg+L™")

Tt H Ttem u(vl) B JFHE Reducing sugar B 4% Total contents of chlorophyll 4¢3 a Chlorophyll a 4% 2 b Chlorophyll b
Ui 11.100.63¢ 289.7+15.0¢ 824.3+23.7¢ 221.7%16.5¢ 602.6220.9¢
W B CR P& B¢ )  2.47+0.14b 231.9+12.4b 644.9+17.5h 163.7+12.3b 481.2+14.7h
W B (OPETG M) 0.71£0.04a 197.2+13.1a 499.6+14.4a 135.448.1a 364.2+11.7a

TE 7] — 3 AR NG S8 308 B R 7] — 143 S [ Ak BR2H 22 i) 22 57 1 2% (P<0.05) o
Note: Different lowercase letters in the same column indicate significant difference of the same component in waste liquid between different treatment

groups(P<0.05).
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