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Application of bacterial biofilm in remediation of polluted
farmland soil: a review
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Abstract: Farmland soil pollution is becoming serious worldwide. As common soil pollutants, heavy
metals, pesticides, and microplastics have posed a threat to farmland ecosystem and food security.
Bacterial biofilm (BF), the multi-component aggregate on the surface of bacteria, has proved to have
high value in environmental protection in recent years. This paper introduces the composition and
functions of BF and summarizes the applications and mechanism of bacteria and BF in remediation of

heavy metal- and organic-polluted soil in recent years. Moreover, the potential of BF for remediation of
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polluted soil is summarized. This study is expected to gain a clearer insight into the key role of BF and

guide the exploration of potentials of BF in environmental protection.

Keywords: bacterial biofilm; soil pollution; bioremediation; bacterial community structure
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Table 1 Microorganisms and their biofilms that partially remediate soil pollutants
HE W R A W 21 ) e ESi| 15 YW G 225 30k
Microbial components of biofilm Types of contaminant Contaminant components References
Rhizobium alamii 4 J8 Heavy metals (HM) 4% Cd [7]
Serratia marcescens S14 HE4JE HM & cd [19]
Pseudomonas fluorescence & H4JE HM #5. % Pb, Zn [24]
Pseudomonas aeruginosa
Bacillus velezensis B9 & Bacillus HE4JE HM 5. 45 Cd, Pb [25]
velezensis B25
Burkholderia cepacia H4 R HM % Pb [33]
Escherichia coli & Staphylococcus HE4JE HM 5F Zn [34]
epidermidis
Pseudomonas sp. H13 E4JE HM f&. . 4 Cd, Pb, Cu [35]
Bacillus amyloliquefaciens P29AsinR ~ # 43 J& HM 5 Cd [36]
Bacillus sp. & Trichoderma harzianum T4 & HM Hy. #h. BEPb, Cd, Zn [37]
Cupriavidus necator JMP134 12y 2,4-"HIRA LR [28]
Agricultural chemicals (AC) 2,4-dihydroxyphenoxyacetic acid
Bacillus sp. ES & Sphingomonas sp. 224 24 AC FH 3837 Ak 8% Tolclofos-methyl [29]
Bacillus sp. DT1 Kzh AC R FEH ERNE Carbamate [30]
Hansschlegelia zhihuaiae S113 125 AC FEWERE [ Bensulfuron [31]
Sphingomonas sp.(mixed flora) K2 AC W BRI Carbamate [38]
Kosakonia oryzae VITPSCQ3 225 AC IR . MEHiME Profenofos, quinalphos [39]
Pseudomonas sp. & Delftia sp. & KZj AC HRE R [40]
Achromobacter sp. Isopropyl N-(3-chlorophenyl)carbamate
Rhodococcus ruber C208 ¥ 8 Microplastics (MP) R Z 4 Polyethylene (PE) [32]
Stenotrophomonas sp. & Comamonas ¥k} MP R PE [41]
sp. & Delftia sp.
Pseudomonas aeruginosa DSM 50071  fi{¥8 MP BRI . Hi Polystyrene (PS) [42]
Brevibacterium sp. EDX kL MP BRI L) PS [43]
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Figure 2 Schematic diagram of bacterial biofilm remediation of heavy metals-polluted soil.
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Schematic diagram of bacterial biofilm remediation of organic pollutants. Direct cause:

Biosorption of biofilm; Indirect cause: Gene transfer between bacteria in biofilm (red represent functional
genes, and their encoded products can endow bacteria with the ability to degrade organic matter or Interact

with biofilm to change biofilm properties).
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R ffe AT P E BRI B 4, AR AR g
Balu 2571 31 i iy &3k i (Candida tropicalis) .
& iR #2 B (Clostridium  butyri cum) A1 85 22 BT &
(Sphingobacterium multivorum)Zs 4 B 4 1% 1 £
P AEYEXT 16 B W Z 35 5 42 (polycyclic

aromatic hydrocarbons, PAH){5 Je#) i) 2 Bk K ik
# 97%—100%. Eriksson Z5:U751% B iy i AT i &
(Caulobacter) . % W # J& (Variovorax) . 4z B 5.
it 41 & (Sphingomonas) A% HLfifl 4 J& (Pol aromonas)
BT B TR A TR E DA 60 d XS 40 mg/L
ATEE FIFE B L BR 27 Bl K 2 50%F1 98%.

5 KEFAMRE

BT 2Z 5 A0 BR A AR A 20 BRI 1 34
S MR LR, ] DUA A LR S
J& ALY RS Y e LA AR IR BT e
M, AR R b —mcR2yr. &
1113 1% 450358 F R AT SR A — L8 [ Tt o e A«

(1) TEA T AR Y I Bl AL <5 U 1, BT S 2
B 21 o I A 1 2 A 122 A K 45 ) S BEAE T
R, TSN SRR R R Z, A RHA MK
AL PR A AL, EHRR T
A ERAE R B R AR S Z B, R
SRAEAE S RETT . ILAh, NS B D RERE A AY
Rtk oy TR SE WA, 12 F R X A= Py i
AN B RE SR T IR ST, BE— P WY
Xt <5 J 4 BEL B AL A

(2) 1AV E A LTS3 37 E, H AT
D3 SRAFAE T X S0 I R AR A S Rl 45
oSN G i B E RO K €1 R SR TP e S
KRR RNG JAE S, TE OB RS A
TSR EA S RBEZ MBS A
WEOR Z A SRR AR 52 L TR0
JIEME G, axiid L RO A Y Y 2
RES AL . EAL, A A B A 20 TR R X
TIERUER R R R R ER O, A
TSR, T ELRE R BCR A, AT
i A AR A R R AT AR R YA
TV O LR e e R

(3) TEREIHE AL Yy ok, H A D AR
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TEIR ARG BB TSR 2% . — 6 I 2%
QIR B RN 5 vk 3 R LA 7 il g 1 3R
Yy sema tE s S 1A RETY . R R R R 2
RS S RNA FTE A% JE PR R 1 B PR TR Ak
Y SR LAY Z R KRR S, s
TAREMAR AR ER R, HECR
FERL, AR RATYT B 7 LA

(4) HEARBLB B A K 40 B A ) A
5 H IR SHE, Hi2 HATA IR 23
2] T A B3 2 AT A A 1) A B Xof 5 G - g v
W28 5 Yy (Cn JeHL i 4 JE soA ML 45 e &
A O T AW X 55 15 G B S B B SR AT 8K
Mo T BRI TR R AR 2 R AR
HYY, I W SRS 2 D RE A TR AR ) 1Y)
B2 T AP S8 A R AL

(5) B % Hk K 41 )7 41 53 HT (metagenomic
sequence analysis) IR ¢ A W15 B 2#H AR B R
B JE, AR WS S W TE s i
REHEEMEN . N TR A
FEHE 7% Jie 30 o vk P45 5 Gy ) o 5 1Y) B A e T
TR AE 8 X A i T G A e Ak 3 e e DG SRR
Mo FIREREEA . FiE R HEHHHAR TR
B IHEE RN 5 Ay, JF45E BIND R
RGALY)F Ik, i BT S B T
B RHOE R AEE BRI R . 20 R A 75
Al g FR AR WA R, M TE R A G A O
HTHl &
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