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Progress on the removal of oxidized contaminants from groundwater
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using gaseous alkane—based MBfR
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Abstract: With the development of society, there is an increasing demand for high—quality drinking
water. Groundwater, as an important drinking water source, is facing a serious issue of pollution from
oxidized contaminants. In recent years, the gaseous alkane—based membrane biofilm reactor ( MBfR)
has demonstrated exceptional efficacy and advantages in treating oxidized contaminants in groundwater.
This review elucidates the underlying principles and technical characteristics of the gaseous alkane -

based MBfR in the bioreduction of oxidized contaminants.Additionally, the feasibility and effectiveness
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of this approach in degrading various types of oxidized contaminants, including perchlorate and nitrate ,

are discussed. Furthermore, the related functional enzymes and core microorganisms, such as alkane—

oxidizing bacteria and contaminant—reducing bacteria, are elucidated in the gaseous alkane—driven oxi-

dized contaminants reduction process, and the microbiological mechanisms involved in this process are

illuminated. Finally, we propose the challenges encountered by this technique in practical application,

and shed light on corresponding solutions. This review not only provides novel insights for green and low—

carbon management of oxidized pollutants in groundwater, but also bears significant theoretical implica-

tions for the utilization of natural gas and development of new technologies for groundwater remediation.

Keywords: Gaseous alkanes; Membrane biofilm reactor; Oxidized pollutants; Microbiological

mechanism ; Composite pollution

0 35

HO TR ARAE Ry M BR b 5 K IR K A A 22—, A
1 3k T 5 A b T K FH K Y R U A T
5 TR A K Py i A € 6 NSRS
AP ARG E OGS, BRI, B N TG Tl ik
ISR 4 AR s A 22 | 35K — =2 5% ) 1 4R 9 U A T
I H 257 B 75 e lnl i, 6 4eit, 38 E 2 90%
T b K AR 7E B AN TR R BE (5 e, I R B i
S BT R R T B AR AT AR WY B R
AN A A HLIX T /05 K Ak B it R TS WA
bR KIS e AR IR, AR K, R K
AALS IS RN Z B4 B, — 5, Bl
FEARHEBE N, 12575 Y 3ok A A4 fit B AR A4 B AS 7]
ZARM R 5 5 — T, 4 2T K A HEOAS
TNE T 3 T KBRS TS e A TS e RE Y Bt
& AT AT A B &, R AR K % 42 ]
A IREE BRI AE S &, PR F R A L R
K H SRS TS Y A A B A B R A R AR R 7K 2
G Tl A A IR B Y B

H K R AR S TS G ) F2 AT LGy R
2, 4050 e 2 1 Al 4 R JC LB B P (AN IR
HhRBREL m R ) AN S H/ KRR T
(AnBRIREL R Eh IR ER IR ERSE) . RIS
TGP e AR K 815 2 Fh 28, G A 16 TS
K Tk % K B HE T A B A 38 v % B A 2540 AR 1Y
TRAE, BRAMIRER R 551 75 me/L /K F4h , 24
AALS TS Y TE L T K P YR AL T pg/L K
S, (H FE RS RR IR b X Ak T Y5 Y i R K
A RETR B mg/L (K- Bt vl Y )1 SR AR AL
ERREERT 37 R ST 1 3R K AP LR S 1 T EE 4 h
0.33 mg/L" ; Z R EZE T i KA
FRER M 53k 20 mg/L' AL TS5 Y A A Xt

[l

AR R AR U, B a0 ek FF 7K r i R 3 ot
10 mg/L 255 5| 2 %2 )L i 4k i 21 38 PR Al i
HEEA R 400 ng nTAES R P2 AL" T
FRIR HEEA R 1 mg/ (kg - d) 4 H
R = ORI K % 4, 98 F IR R
X X B YL IR RO K T B e v 5 A v R R
AT TRE T AR 6 AR R 7K A AR M ) IR X
ST QEBOE T BRE

H i T Ak 3R A ST Qe 00 5 1 F2 B4
BT A TP R R e 8 R 2 A S ) PR
WBRAL Ay P ARG T2 A T A | R BE
FE R AR AR B BN, B T S HR R A T
AALE T INA 7 30 5 75 AR ) H B T ik 1Y)
FEHL I, (R4 1 B HE A ; I g FoR 32 IR T
IS e [ T B8 2] 47 ) A 5 B 4 5 2 v B Y s AT
A, AN, B3R A R B 2 B AR A A S B
TSR R R A K IR 5B o A 3
AE BT RERE B TG G

FHY B Py AL =R L, A2 Wk D 2 AEAD)
EREREE LY/ i) ST L 1l = S )
A= W] LUK FH AR IR R 3K 3l S A 2505 e )
A3 D, TG H Ak S JERE R TTIE IR 25 . SR,
WA N A R DL T R B AR S T
HER AETE A B 5 AR B R IR, AR R, —Fh
DL St B8 A Oy Ak 5T i IR AR W I I N g
( Membrane Biofilm Reactor, MBfR) £ & %5 5% 18,
LA AT F v s 7 Y 5 ) B A5 78 R T R )
PR Zbe B T be S B AE
AEPRFRRIE , AT 3K 21y 1l 7K b 48 A 2S5 Qe 1Y
HEWDIR G, AR TR S8 (%) 1y 3L ) BRAR 2 R AR
AEFRTT AR HA AR R R B 1T
RO R SRR AL, BB AL R BR LS TS Yoyt
FEHT K75 Y3 B TR EAT T R 1 0 TR



- 38 - e O B R A

237 &5 5 W

ARSORF A G S BRIk ST A ) S I s )
TAEPLBE R 8 S A S 7 e Rl b, 2RI S
B IR LT K PR TE QWL R (g
Ge BATEYe) BT S R O ) RE R
FARHIPUR . e, Wiz AR AE B IAE T J7 1hi e
Tl AP A , FF BT AR o TI A DR

1 SEREERBEEYRRMFOTE
FR3E Frm ks

1.1 SERBER MBROTERERES

MBfR &P A= Wy L 5 T B S B AR
LS A IS E , TAERFRANE 1 iR, A H T
PR HE N Hp A 1 Y I DY B S DTG T R S Y
T Hpr 2% 2 24 JEE R i 28 I T, AT 4 Bf o
TEMESR T W E P AR S B, S IR, 4R
AT G I R AH I T T 9 IS ) F 2k 3 D
FIH . A LA RS B VE b v kA sk
DL ST G e i 32 AR AT A 3 B
BRI, IR A A A TS G i s 2B, DT
IRFN M KRR H 8,

P Beke A

Ak

e

COy+H,O

ST A

<i
/o mE
J/
2
P

WG4

I

o R4
B1 SEREERBEEYERNERTEREREE
Fig. 1 Sketch map of the working principle of gaseous

alkane—based membrane biofilm reactor
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Fig. 2 Gaseous alkanes oxidation and oxidized

contaminants reduction via microbial synergy
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Fig. 3 Gaseous alkanes oxidation coupled to oxidized

contaminants reduction by a single microorganism
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