[CGRYEZ

Acta Microbiologica Sinica

2020, 60(12): 2844-2861
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20200276

Biodegradation of Persistent Organic Pollutants [BidEd &k x]ET

ZING R EEYFEV R R

NG, KA, ZhgaE, TE

EREEPNE SN EVREREE Sl PR WY ISE e e | 1)

100084

WE: ZII7IRPAHs) EINE T 1200 0 — 2R AR LTS YL, W AR S IR A AR LA A KA
Fo A VIR R IR T R BR 2 IR 05 R YA RGEAR , IRk PAHSs R4 A W R R 8 2 i UG A 4R
WA A AT T DG TE A i o ASSCAA PAHs RARA DRI AT st . MWOARTRIIR R I S AR & | IR
SAREFRE Y . PAHSs DREVE WG ARAR S5 5 TH R T PAHs PR WIBEAR A SE MRS, U948 T XF PAHSs
PR Wy AT AR Ve R S R 25, 18 T PAHs RAEREMROT S B RITAATE R IR B, X% 4508 R SR F
FE T FIR AR, &8 Z 05 R A A YIRS IR G R T 5 S ke it 52 |

K. ZII7ke, DRAREMR, FEMILE], AR

Z ¥ 75 ¥ (polycyclic aromatic hydrocarbons,
PAHs), Jj2—HA“=ZCIERMANLIE 1Y,
U E P | SRR /K AR o g A fef AR BR 5
VN T YA SR I Bk 4a SPAF7 N ¥ I /AT SN
RIS e, P RO ol T B R S R
IES R YA PEAL & 75, i PAHs W)J50) " iz it
IRAERREE R, PAHs 532 80N H B iR i A DR 1
HEARGE 2 —, BAR PAHs {544 nl DL i)
ML 7 I T LB, (R REWI SR AEY)
R f R BErh PAHs 15 Y BRI FZHLHIP 5
NAMIFSE 2738 XRS5 T PAHs ORI SEAL

NP, BB T 20k PAHs AR B RE A4
TR, AR P ZE P LR A5 8] T R B0 AR
K, WA AT R A YR 1 B AR, &
B PAHs JRE YR IR AE IR BT R T 2 A7 1
AU FE PAHSs 5 YL YT A . T AU
PSR . W ER)E, FEERYE PAHs 15 L
RERE T, ¥4 B4 PAHs MR GE T A GEY)
PeIE . VF 2 IS0 RS RN PAHS A4 15
oy B, EANTTRT AR R JEHL A F1 R d 2 v
T2, WAL PAHs, SR, H T E NSNS
PAHs JR 4 A: Py 19 fiff 5358 1) R 43 W 9 34 Ak 1 e

HEE&WB: EFAKRPAEIE4 (41573065, 41773082, 21337001); [EZ/KI5HBARHEE K£E T (20172X07202002)
“BIEVEE . Tel/Fax: +86-10-62772137; E-mail: wanghui@tsinghua.edu.cn
Ugis HER: 2020-04-29; 1€EIHER: 2020-07-16; MLZHARHHEI: 2020-08-17



I | UEREIR, 2020, 60(12)

2845

BB Wik, ASCEENZAT5 X 2397k
PAA YR T TR S SN 4, R
PRAARE A% PAHs Y B 1A 58 S AR ML, 78
5 PAHs AW PR AE R IR AR B GBI N R,

85 22 B8 07 K 1 e AR W e i 5 IR BB SR BR 1Y
TSR HEBIS S H

1 PAHs £ REFHEF AAFAY

PAHs J&H 2 PEL 2 DL EARIRERES T Ay
— KA EGY, WIERA T REIARN, PAHS
A AN 2 Fie K4 F & (low-molecular-weight,

i v .
PO
6 3

5 4

|
I
|
I
|
I
: Naphthalene
I LMW
1 PAHs
|
|
I
|
I
1 Anthracene
|
b e o oo oo e e e e e e e e e e e e e - - - -
e e Y e e e e e
10 1
Cx
3
)
a7 4
5
Pyrene

I
I
I
I
I
I
I
I
: HMW
I
I
I
I
I
I
I

Benzo(b)fluoranthene

E1. ZHF
Figure 1.

Acenaphthalene

3
4 2
2 1
o0 g, o
7 10
8 9

Phenanthrene

Chrysene

Benzo(k)fluoranthene

RBH L FEMUARE.

Chemical structures of the polycyclic aromatic hydrocarbons along with the ring numbering.
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Figure 2.

Anaerobic PAHs biodegradation under various reducing conditions and the standard Gibbs free

energy changes (AG") for the redox couples!'®. NA: not available.
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# 1. PAHs EARRIERFZFH T HIREMEYERESH
Table 1. Studies of anaerobic PAH biodegradation under different reducing conditions
Initial PAH
Substrate PAHs concentration/ Condition Inoculum Degradation rate/[umol/(L-d)] References
(umol/L)
Napthrene 54.60 Nitrate-reducing ~ Soil-water 1.2 [17]
['“C]Napthrene 10.8 nCi Sulfate-reducing  Enrichment culture 66% mineralized to radioactivity
o, (18]
Napthrene 28.90 Nitrate-reducing  Mixed culture bacterial 0.78 [19]
Napthrene 7.5+£3.0 Iron-reducing Enrichment culture N49 ?roduced (404+92) pumol ferrous [20]
iron
Anthracene 5.6 pmol/kg  Sulfate-reducing  Contaminated river sediment 0.08 umol/(kg-d) 21]
enrichment
Anthracene 5.6 umol’kg  Methanogenic Contaminated river sediment 0.7 21]
enrichment
Phenanthrene 5.6 pmol/kg  Nitrate-reducing  Contaminated river sediment 0.2 pmol/(kg-d) 21]
enrichment
Phenanthrene 200 Methanogenic Harbor sediment enrichment culture 0.95 [15]
Phenanthrene  23.10+1.15 Sulfate-reducing  Sediment-free enrichment culture ~ 0.100+0.005 [12]
Phenanthrene 10 mg/kg Iron-reducing Mangrove sediment 11.5 [22]
Phenanthrene ~ NA Sulfate-reducing  Enrichment culture TRIP1 2.14 [23]
Fluorene 30 Sulfate-reducing  Bacterial culture 1.28 [24]
Fluorene 5 uglg Methanogenic Enriched bacteria 0.08 [25]
Fluoranthene 10 mg/kg Iron-reducing Mangrove sediment 1.1 [22]
Fluoranthene 10 pg/g methanogenic Enriched bacteria 0.06 [25]
Pyrene 4.9 pmol/kg  Nitrate-reducing  Contaminated river sediment 0.02 pmol/(kg-d) [26]
enrichment
Pyrene 49.44 Nitrate-reducing  Paracoccus denitrificans 1.22 (0-104d), 1.63 (11-25 d) [27]
Pyrene 100 mg/kg Sulfate-reducing  Sediment enrichment 1.33 mg/(kg-d) [28]
Pyrene 5 ug/g Methanogenic Enriched bacteria 0.05 [25]
2-MNap 56.30 Methanogenic Enrichment culture 3.83 umol CHy/d [29]

NA: not available.
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Progresses in anaerobic microbial degradation of polycyclic
aromatic hydrocarbons
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Abstract: Polycyclic aromatic hydrocarbons (PAHs) are harmful persistent organic pollutants and extremely
detrimental to the ecological environment and human health. Biodegradation represents the major route to remove
PAHs and other organic chemicals from contaminated environments. Many aerobic bacteria capable of PAHs
degradation have been isolated and characterized. However, little is known about their fate in the absence of
oxygen. There is an increasing number of investigations of anaerobic degradation of PAHs under various reducing
conditions. This paper reviews recent studies of the anaerobic PAHs-biodegradation and identifies limitations that
block our understanding of this process. Strategies that can be used to promote the biodegradation efficiency are
also discussed.
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