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Microbial immobilization in environmental pollution treatment:
a review
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Abstract: The microbial immobilization technology is widely used in food processing, light chemical
engineering and environmental protection for its high microbial density, excellent bioactivity, strong
environmental adaptability and reusability. In this paper, the microbial immobilization technology is
reviewed. Then, the application progress is emphatically explained by analyzing practical cases in the
treatment of polluted water, soil and atmosphere. The studies found that the carrier can improve system
loading and efficiency of water treatment by providing the microenvironment and suitable niche to
different microorganisms in the water environment. In the soil environment, it is important to improve the
bioavailability of pollutants for improving the efficiency of treatment. In the air environment, the
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mechanical strength and mass transfer capacity of the carrier are required. Finally, the characteristics and
advantages of the microbial immobilization technology are compared and summarized to guideline its
future application in the treatments of polluted environment.

Keywords: Microbial immobilization, Immobilized carrier, Environmental pollution treatment
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Table 1 The cases of microbial immobilization applied in the environment

Immobilization Strain or flora Sources of strain Carrier The function of Type of reactor Literature
methods or flora immobilized
microorganism
(medium)
Adsorption Bacteria Sphingomonas sp. Y2 Activated sludge Functionalized Degradation of ND [5]
method Fe;04 nonylphenol
nanoparticle polyethoxylates
(Water)
Mpycobacteria gilvum Contaminated  Biochar prepared Degradation of ND [6]
soil from rice straw, PAHs (Soil)
sludge and pig
manure
Flora Microbial community Activated sludge Inert Removal of Moving bed  [7]
in activated sludge  from anoxic tank polyurethane nitrogen (Water) biofilm reactor
(PU) foam and (MBBR)
biodegradable
polymer
polycaprolactone
(PCL)
Pseudomonas putida, Soil Activated Treatment of ND [8]
Pseudomonas stutzeri contaminated by charcoal, saw coke-oven
coke oven dust and fly ash effluent
wastewater (Complex
pollutant
containing
phenol and
cyanide) (Water)
Pseudomonas sp. Surface of Corncob, peanut Degradation of ND [9]
SDR4, freezing thawed shell, vermiculite polycyclic
Mortierellaalpina sp. soil contaminated and peat soil aromatic
JDR7 by PAHs hydrocarbons at
low temperature
(Soil)
Candidatus kuenenia, ND Hydrophobic Removal of Continuous [10]
Candidatus brocadia, polypropylene  nitrogen (Water) stirred tank
Nitrosomonas etc. (PP) reactor (CSTR)
Petroleum-degrading Soil Corncob biochar Degradation of ND [11]
consortium contaminated by and straw biochar Petroleum (Soil)
petroleum
Thiobacillus thioparus Activated sludge Wood chips and Removal of H,S Biofilter system [12]
from sewage granular activatedand NH3 (Air)
treatment plant  carbon (GAC)
Fungus  Phanerochaetc ND Sunflower plate Decolorization of ND [13]
chrysosporium and sunflower  wastewater
straw contaminated by
acid black ATT
(Water)
Entrapment Bacteria Pseudomonas sp. a3 Activated sludge PVA and SA Degradation of ND [14]
method in wastewater nitrobenzene,
treatment system phenol, aniline
and other

Ralstonia
metallidurans CH34

Deposits in zinc  SA
factory

aromatics (Water)
Degradation of ND
phenols in heavy
metal

environment

(Water)

[15]
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Bacillus sp. M3 Soil Polyurethane Degradation of Packed bed [16]
Contaminated by foam, PVA and benzene (Water) bioreactor
petroleum SA (PBBR)
Flora Pseudomonas, Activated sludge PVA and SA Treatment of Specially [17]
Bacillus, Escherichia from a local petroleum designed
coli etc. municipal wastewater spouted bed
wastewater (Water) bioreactor
treatment plant (SBBR)
VOCs-degrading Activated sludge SA Degradation of  Biotrickling [18]
microflora from painting toluene and ethyl filter tower
wastewater acetate (Air)
treatment
facilities
Fungus  Penicillium ND Fe;04 magnetic  Treatment of ND [19]
simplicissimum particles and SA Cd”*" and phenol
Simultaneously
(Water)

Symbiotic Activated sludge, Activated sludge SA Removal of Fluidized bed [20]

bacteria  Chlorella vulgaris in sewage ammonia reactor

and algae treatment plant nitrogen and TP

(Water)
Chlorella pyrenoidosa ND SA Removal of ND [21]
Chick, Photosynthetic ammonia
bacteria nitrogen,
phosphate,
nitrite, etc.
(Water)
Algae Chlorella sp. MM3  ND SA Degradation of ND [22]
pyrene (Soil)
Chlamydomonas ND SA Removal of Cd*" ND [23]
reinhardtii, (Water)
Anabaena variabilis
Freezing and thawing  Bacteria Achromobacter sp. ~ ND PVA and SA Degradation of ND [24]
method quinoline (Water)

Flora Anammox flora Activated sludge PVA Removal of Fixed bed [25]
from an aerated nitrogen (Water) bioreactor
bioreactor in a (FBBR)
domestic
wastewater
treatment plant

Autotrophic sulfur ~ Municipal PVA and SA Removal of Biofilter [26]
oxidizers wastewater hydrogen sulfide
treatment plant (Air)
Self-immobilization Flora Acinetobacter Activated sludge Without carrier Degradation of ND [27]
method calcoaceticus JH-9, in chemical aniline at low
Aspergillus niger Y3 wastewater temperature
treatment plant (Water)

Symbiotic Pseudomonas putida, Municipal Without carrier Removal of ND [28]

bacteria  Chlorella vulgaris wastewater ammonia

and algae treatment plant nitrogen,

phosphate
(Water)
Multi-technology for ~ Fungus  Candida sp. Activated sludge SA and nanoscale Degradation of ND [29]
microbial from a SiO, phenol in high
immobilization method pharmaceutical salt condition
plant (Water)
Bacteria Pseudomonas Activated sludge SA and Fe;0,  Degradation of Sequencing [30]
citronellolis DK-3 from pesticide  nanoparticles acifluorfen batch reactor
factory (Water) (SBR)
(#54%)
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High efficient nitrogenActivated sludge SA and chitosan Treatment of ND [31]
removing bacterium  from aquaculture biogas slurry
wastewater (Water)
treatment plant
Flora Sulfate reducing Sludge from PVA, activated Removal of ND [32]
bacteria flora sulfate reduction carbon and sulfate (Water)
bioreactor calcium
carbonate
Pseudomonas stutzeri Activated sludge SA, PVA, Treatment of ND [33]
ADHI1, Enterobacter or environmental diatomite, agar  polluted river
sp. AOZL, Bacillus  sewage and bamboo water with low
subtilis BSK9 charcoal powder C/N ratio (Water)
Bacillus sp. W1, Sediment or soil SA and biochar Treatment of ND [34]
Bacillus sp. W2, contaminated by wastewater with
Microbacterium sp.  Cr®" pyrene and Cr®
Y2 (Water)

VE: ND: RIEW
Note: ND: Unspecified.
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Figure 1 Application characteristics of microbial immobilization technology in different environmental media
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