% 46 5% 5 M AR E I IR FROP E L Vol. 46 No. 5
2024 410 A Journal of Civil and Environmental Engineering Oct. 2024

DOI: 10. 11835/]. issn. 2096-6717. 2023. 114 EZ¥:

T A5 (F B IR 4 ) AR 47 8 OSID: 3t

MICP & 5 d & Ja {5 e i W S AL i e ik 500 58

WAL, FRE? FHdm? FRAT
(1 & p A K F 2% £ 50T TABF A, RiLA30074; 2. KK % £ AR TSR, KX 430072)

W EXFTEEAERAEBBERARMETERE ATER R IEREGRERNE, T425
SERZWERLE IR R G ALY R A KK ER T HE AEGFRY S AN T LR L LG E
Cd.Pb Zn# Cr(l )5 €4 BRAFAL, EFXRALA A IR T RSB R KF £, A, BRHAEY
FTEBTEPI B R, LFR, MAEDNFFRRSTEERKMICP) B E4 &G N
ZRA, A TCRFRAARAMRLED R hBEEALEZTHMEL X E, 2R XHFR T G5 L5
RERANGFFRBERAEBFTFEIE AEERBERAZRT ER LT ER AR E RS> FF
P REARR, ETHR, FTRCRFAHFAS L EL BT EERMFTEILER LXE, KT TK
FRHAADG L EL BN THE S ENEELNET LER LT T2 5B ST AZS LM
W, BRI, ERFRAFBFER P CAd.Pb.Zn A Cr( [l ) & % 7T 2 %1 & 5] 95% .84 % 5% #=
98% , A A AL EF TR #ECI. PofeZnte B E T 5 A8 8] 740 .84% 2 6200, T X # &
CrllVE AR LSBT A ZAENB AL TRHERLFP TARESFBRELLSESEETLESS
Bk, AN B A RESELBAETR R, LR L P 4 Fedfe Al &5 vA & MICP
ARFAEORRBGAR LRI LB G EBEN SN,

EEE T IER L FELEAMG A LT B AE

hESHESX53 MEKARAERD A X EHE:2096-6717(2024)05-0117-10

Experimental investigation on bioremediation of heavy metal
contaminated solutions and aged refuse by MICP

XU Yaodong', ZHANG Rongjun’, HUANG Xiaosong’, ZHENG Junjie'

(1. Institute of Geotechnical and Underground Engineering, Huazhong University of Science and Technology, Wuhan

430074, P. R. China; 2. School of Civil Engineering, Wuhan University, Wuhan 430072, P. R. China)

Abstract: China has a large number of informal landfills that are operating under excessive pressure, which has
led to a number of environmental issues that need to be resolved immediately. High heavy metal content landfill
leachate can easily contaminate the water near the landfill, and the aged waste produced by landfill mining
expansion also contains excessive amounts of heavy metals such as Cd, Pb, Zn, and Cr (Ill ), which can easily

result in secondary pollution during resource use. Therefore, the issue of heavy metal pollution in landfills
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requires urgent attention. The efficacy of Microbial Induced Carbonate Precipitation (MICP) technology to
immobilize heavy metals has recently been thoroughly investigated. Sporosarcina pasteurii has drawn interest
due to its high expression of urease and excellent environmental adaptability. However, in related
investigations, the principal remediation materials are contaminated solutions and regular soil, which are visibly
distinct from aged refuse in terms of the causes of contamination and chemical make-up. As a result, this study
conducted experiments on the bioremediation of heavy metal contaminated solutions and aged refuse,
investigated the viability of heavy metal bioremediation by S. pasteurii, and examined the changes in the heavy
metal fraction before and after bioremediation as well as the remediation mechanism. The findings indicate that
Cd, Pb, Zn, and Cr (lll) remediation rates from the solutions by S. pasteurii could be as high as 95%, 84%,
5% and 98%, respectively. Additionally, exchangeable Cd, Pb, and Zn remediation rates from aged refuse
could reach 74%, 84%, and 62%, respectively, while the exchangeable Cr( [[[) concentration before
remediation is virtually 0. After the bioremediation, the amount of residue-bound and iron-manganese oxide-
bound heavy metals in the aged refuse increased whereas the amount of exchangeable and carbonate-bound

heavy metals dropped. Meanwhile, the MICP process’ s calcium carbonate precipitation and the Fe and Al

content of the aged refuse both support the conversion of heavy metals into a more stable fraction.
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Fig. 1 Curve of particle size distribution of aged refuse
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Table 1 Basic chemical characteristic parameters of aged

refuse
pHE 7n/(mg/kg) Cd/(mg/kg) Cr/(mg/kg)
8.4 1240 0. 64 260
Pb/(mg/kg) AP/ (g/kg) PHE F24e i /(Cmol(+)/kg)
4.12 128 16.2
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Table 2 Working conditions of Test 1

5 R % /(mol/L) A5 /(mol/L) Cd/(mg/L) Pb/(mg/L) Zn/(mg/L) Cr(Il)/(mg/L)
Al 2.5 22.5 25 12.5
A2 0.5 0.5 25 225 250 125
A3 250 2 250 2 500 1250
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Table 3 Working conditions of Test 2

%7 JRZ /(mol/L) FAALES /(mol /L) Cd/(mg/L) Pb/(mg/L) Zn/(mg/L) Cr(lll)/(mg/L)
Bl 50 450 500 250
B2 0.5 0.5 500 4 500 5000 2 500
B3 5000 45000 50 000 25 000
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Fig. 2 Bioremediation rates and quality increase in the test of bioremediation of contaminated solution
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Fig. 3 Bioremediation rates and quality increase of the
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Fig. 5 FSEM-EDS results of aged refuse before and after bioremediation
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