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Abstract: Mangrove forest is an important ecosystem in the sea-land interface zone and a hot zone for
pollutant accumulation and transformation. Polycyclic aromatic hydrocarbons (PAHs) are persistent
organic pollutants widely distributed in mangrove wetlands, threatening ecosystem health. The
degradation and transformation of PAHs have attracted increasing attention of researchers in recent
years. This paper reviews the available studies about microbial degradation of PAHs in mangrove
wetlands from the perspectives of biodegradation rules, functional microorganisms, and influencing
factors of PAH degradation in mangrove habitats. We found that the PAHs in mangrove forests had
higher content than those in the beach outside the forests, and they accumulated in the sediments at a
depth of 10-20 cm. Sulfates were the main electron acceptors (EAs) for anaerobic degradation of PAHs,
as they had the highest concentration and infiltrated deeper into the sediments. EAs nitrate, bicarbonate,
Fe(IlI), and Mn(IV) were also distributed in mangrove sediments and played roles on PAH-degradation.
PAH-degrading bacteria had high diversity, among which Sphingomonas, Bacillus, Novosphingobium,
and Sphingobium were reported frequently. The aerobic-anaerobic alternation condition, radial oxygen
loss, root exudates, and exogenous biostimulators were the main factors affecting the biodegradation of
PAHs in mangrove habitats. We suggest that researchers can focus on the application technologies of
PAH-degrading microorganisms to meet the actual needs of wetland remediation.
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Wb 2t . R, R YR )
RETHBRLIM AR A 55 7R PAHSs 75 Y X5 Y37 i 1)

B IGFHA AR S RG] FRsE ke A
HEENE L, PFRERVFZANE . B A
K EA B i1k PAHs (RE SO AT
Wt S 45 PAHs JH A Ak N AH G HL T A2 1R
[0,. NO; . SO, CO,. Fe(Ill)A Mn(IV)]#=s
(] 43 A1 B 2T AR T e PAHSs B FR G
B, Z5R PAHs 7ELLMARUTEIY 1 A P e fit
W1, LML PAHSs R GUUAE P Rh o
PEURIZ E A PAHS 75 Yei& & AR 22K B

1 ZmAIEHE PAHS 4 M A M1

PAHs IR 5 fifk i B A ek ol 25 5 W
FEIFPRY b, JRER PSS A TR L Ok
WA A/ NSO NV B R AT L B
2 AR . WAL R A %2
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Lateral (A) and vertical (B) distribution of PAHs in mangrove wetlands. R presents the number of

Figure 1
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(B) Concentration of PAHs/(ng/g)
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PAH-rings; PAHs counted included naphthalene (2R), acenaphthylene, acenaphthene, fluorene, phenanthrene
and anthracene (3R), fluoranthene, pyrene, benzo[a]anthracene and chrysene (4R), benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene and dibenzo [a, h] anthracene (5R), indeno[1,2,3-cd]pyrene and
benzo[g, h, iJperylene (6R). The data of figure A was collected from references [10, 23-25], and figure B was

collected from references [30-33].
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Figure 2 Vertical distribution of electron acceptors
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99— Luteibacter sp. FP2-2 (JX910137.1)
Marinobacter hydrocarbonoclasticus strain SBU2 (KF052990.1)
78 l:

Idiomarina sediminum strain SBU3 (KF052991.1)
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95 Burkholderia sp. FP8 (JX910138.1)
Sphingomonas adhaesiva strain SKNG (GQ214019.1)
Sphingomonas adhaesiva strain SKET (GQ214008.1)
Sphingopyxis granuli strain SASS (GQ214011.1)
Sphingopyxis sp. KLHS (GQ214017.1)
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5

Sphingomonas sp. MWFG (GQ214022.1)
Novosphingobium pentaromativorans strain PY1 (KY511052.1)

69 ——— Novosphingobium aromaticivorans strain SPNY (GQ214024.1)
_|: Sphingobium yanoikuyae strain SCFL (GQ214009.1)

76 Sphingomonas sp. MPSS (GQ214027.1)

Pseudomonas abikonensis strain SKDOP (GQ214007.1)

Sphingomonas sp. SCSO (GQ214016.1)

Sphingobium yanoikuyae strain SAFY (GQ214010.1)

Sphingobium herbicidovorans strain MPFG (GQ214026.1)

— Ochrobactrum sp. strain PW1 (KY511051.1)

98 L— Ochrobactrum sp. FPY8 (JX910140.1)
— Paracoccus versutus strain SPNT (GQ214023.1)
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I: Sphingomonas sp. PheB4 (EF151129.1)
98 Novosphingobium sp. PCY (JQ965256.1)

100

l: Exiguobacterium sp. M1 5-3 (AY762056.1)
94 Bacillus mojavensis strain KSS-001 (JX861195.1)

Bacillus sp. M1 5-5 (AY762058.1)

Bacillus vietnamensis strain KSS-004 (JX861198.1)
50 92 Bacillus firmus strain KSS-002 (JX861196.1)
08 Bacillus flexus strain KSS-003 (JX861197.1)
52 Bacillus sp. strain FW1 (KY511053.1)
Bacillus amyloliquefaciens strain KSS-005 (JX861199.1)

B4 LIRSS B A PAHS PR ES

Figure 4 PAHs-degrading bacteria screened in mangrove wetlands!

781 The sequence number of the

corresponding strain in NCBI database is in brackets; the number on the branch point indicates the reliability
of the branch; the branch length indicates the evolutionary distance.
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95.3%., FH1F o EG PR RS I SR 0 BR7 4 ol 17 R
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X EE I R A R LU BN TR 3 A% 0 Guo S5O0
IR o s £ TR R0 B A5 2 B 20 BORT T FH A 2
BER TR G B R, RILURG BRIk R B
TE 4 d W5E A FEARAE, TR TR W5 22 7 d A RESE
AREAE; Li ST e ] s £ A A T
HEREME PAHs ROSCIIERT, AHICIREAEBRGG, 42
FiEr A4 PAHS [ fif 1 F] (22 4 4 A PAHSs 1
e, Hh 2 MEAERI RIS 14%-15%,
DAL MR R T 21%34%

SR, WA DB R B, ek TR X
U6 PAHs )RR AR BSOS QB TR o {91 7
B £ 4% AR U0 AW by B 15 B R o B A
A1-PYR FIH{ 2 M S8 PheB4 #EATIR G Hig¢
Ja, KBARLE 3 d WAYRERERIEF] 100%, ¢4
FEETE 7 d IR R 50000 71.2%H1 50%, 15
& H A5 IR FEARAH LL , B8 1O R & 1
FEFN D B B SRR A T, W RE IR A
W e AR Mg, O L s 1 R
MY ERIREIR . R —R e, fEEOT5E T
Sy [ E AR S B AT AT, RS IR SR EE
fift T 53 ) T s AR B PR R,
TR HIRON, PRIIE T B RCRE,

i LR, IRG ZFh PAHs A A4 2 1Y
TR 2B P B gt DR R 1T AR A 4 PAHs FAfg™,
FH B TR Ak PAHs A BCRIIEH . H21TFZ
WAL 20 T IR G 5 FR B ik PAHs & iU
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%1 PAHs BBRAREESERAR
Table 1 The mixed culture system of PAHs degradation bacteria

. ) . Name ,Of Concentration Degradation Degradation Literature
Main strains composition bacterial Name of PAHs .
) of PAHs/(mg/L) time/d rate/% sources
consortia

Variovorax sp., Ensifer sp. Q15 Phenanthrene 20 14 95.30 [82]
Sphingopyxis sp., Alicycliphilus sp. Q12 Pyrene 20 14 94.00
Rhodococcus sp., Acinetobacter sp., - Fluorene 10 28 100.00 [83]
Pseudomonas sp. Phenanthrene 10 28 100.00

Pyrene 10 28 100.00
Marinobacter sp., Enterobacter sp., - Acenaphthene 30 56 100.00 [75]
Dethiosulfatibacter sp. Phenanthrene 30 56 100.00
Novosphingobium pentaromativorans, - Phenanthrene 50 20 100.00 [84]
Limnobacter sp., Thalassospira sp.,
Shewanella sp.
Mpycobacterium sp., Novosphingobium SH-PPHE Phenanthrene 200 15 100.00 [85]
sp., Pseudomonas sp., Sphingopyxis sp., Pyrene 100 30 100.00
Lactococcus sp., Algoriphagus sp., Benzo (a) pyrene 40 30 76.00
Flavobacterium sp. Benzo (a) 40 30 68.00

fluoranthene
Novosphingobium sp., Sunxiuqginia sp., ~ BL-PPHE Phenanthrene 200 15 91.00
Pseudomonas sp., Flavobacterium sp., Pyrene 100 30 100.00
Breoghania sp., Oceanicola sp., Benzo (a) pyrene 40 30 65.00
Modicisalibacter sp. Benzo (a) 40 30 56.00

fluoranthene
Gordona bronchialis, Rhodococcus Ml Benzo (a) pyrene 20 63 32.84 [8]

rubber, Rhodococcus sp., Arthrobacter

protophormiae, Bacillus aquimaris

Ochrobactrum anthropi, - Benzo (a) pyrene 50 8 41.00 [53]
Stenotrophomonas acidaminiphila,

Aeromonas salmonicida ss salmonicida

Marinobacter hydrocarbonoclasticus, - Fluorene 500 7 64.00 [76]
Roseovarius pacificus, Pseudidiomarina Phenanthrene 500 7 58.00

sediminum

Mycobacterium spp., Novosphingobium — — Pyrene 100 9 100.00 [79]

pentaromativorans, Ochrobactrum sp.,

Bacillus sp.

Sphingomonas yanoikuyae, - Phenanthrene 50 4 94.30 [86]
Mycobacterium parafortuitum Fluoranthene 50 28 60.00
Pyrene 50 28 60.00
Microbacterium sp., Rhodococcus sp., EB Fluorene 10 100 87.20 [55]
Sphingomonas sp. Phenanthrene 10 100 87.00
Fluoranthene 10 100 63.70
Pyrene 10 100 64.60
Mycobacterium sp., Sphingomonas sp. - Phenanthrene, 10 3 100.00 [87]
Fluoranthene 10 7 71.20
Pyrene 10 7 50.00
—: none.
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