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Degradation of polycyclic aromatic hydrocarbons in
sediments of main estuaries in China by bacteria and the
methods to enhance the degradation
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Abstract: Estuaries are the transition zones between land and sea, and the health of the ecosystem is
essential to the surrounding residents and the sustainable economic development. In recent years, amid
the rapid development of the cities nearby, a large number of the permanent polycyclic aromatic
hydrocarbons (PAHs) have accumulated in the sediments of estuaries, posing a threat to the health of
the aquatic ecosystems. As a result, the degradation and transformation of PAHs have attracted the
interest of scholars. According to previous studies, Pseudomonadota, Actinobacteria, and Bacillota
dominate the PAHs-degrading bacteria in sediments of main estuaries (Pearl River Estuary, Yangtze
River Estuary, Liaohe River Esturay, and Haihe River Estuary) in China, among which Klebsiella,
Bacillus, and Pseudomonas have been frequently reported. Bacteria degrade PAHs in estuarine
sediments mainly through the anaerobic pathway which is characterized by low efficiency. Low oxygen
and high salinity in estuarine sediments are unfavorable for the bacterial degradation of PAHs, and the
changeable temperature and pH result in uncertain efficiency of bioremediation. The addition of
surfactants, nutrients, and exogenous electron receptors and the co-metabolism can promote the
bacterial degradation of PAHs in sediments. At the moment, most studies have been carried out in
laboratory, but the environmental conditions of estuarine sediments are complex. Therefore, it is
suggested to screen PAHs-degrading strains according to the environmental characteristics of estuarine
sediments in the future, and flexibly formulate strategies to enhance the degradation according to the
actual situation. This review is expected to serve as a reference for further screening and utilization of

indigenous PAHs-degrading bacteria in the sediments of major estuaries in China.
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*1 EEERRERIPBUEIEH 16 7 PAHs 15 TEHRYIB L FSH

Table I Molecular structure and physicochemical properties of 16 prior controlled PAHs by United States
Environmental Protection Agency>"!
Name Structure M.W. M.P./°C B.P./°C Vjp/Pa H logKy logK,.
Naphthalene 128 80.3 218 1.1x10" 44.40 3.37 3.10
Acenaphthylene 152 90.0 280 8.9x107" 16.00 4.00 3.40
Acenaphthene 0.0 154 93.9 279 2.9x107" 29.20 3.92 3.66
Fluorene 166 115.0 295 8.0x107 10.00 4.18 3.86
Phenanthrene OOQ 178 99.2 339 2.5x1072 4.78 4.57 4.15
Anthracene 178 215.0 340 1.1x107° 5.18 4.54 4.15
Fluoranthene O 202 108.0 380 1.1x107° 1.74 5.22 4.58
pag
Pyrene ‘O 202 150.0 399 5.5x107* 2.13 5.18 4.58
Benzo(a)anthracene ‘ 228 225.0 448 1.5x107° 0.45 5.91 5.30
Chrysene 228 159.0 437 6.1x107" 0.42 5.86 5.30
Benzo(b)fluoranthene 252 166.0 446 2.1x107° 0.17 5.80 5.74
()
Sag
Benzo(k)fluoranthene O 252 217.0 480 1.3x1077 0.17 6.00 5.74
G@‘b
Benzo(a)pyrene O‘O 252 177.0 495 7.5x1077 0.20 6.04 6.74
e
Indeno(1,2,3-cd)pyrene 276 164.0 536 1.0x107'°  0.07 6.50 6.52
agy
Dibenz(a,h)anthracene COO‘ 278 268.0 524 43x107'°  0.04 6.75 6.20
®
Benzo(ghi)perylene O'O 276 277.0 500 1.4x10°% 0.09 6.50 6.20

&

M.W.: molecular weight; M.P.: melting point (°C); B.P.: boiling point (°C); Vp: vapour pressure (25 °C, Pa); H: Henry’s law
constant; K,,,: Octanol-water partition coefficient; K,.: normal distribution coefficient.
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#2 IO, FIORITTOARY TS EE PAHs FEREE
Table 2 PAHs-degrading bacteria screened in Yangtze River Estuary, Pearl River Estuary and Liao River

Estuary[23 2]

Sources Class Name of Bacteria NCBI number

Pearl River  Alphaproteobacteria Salipiger sp. strain PrR002 MK411255
Salipiger sp. strain PrR003 MK411256
Salipiger sp. strain PrR004 MK411257
Salipiger sp. strain PrR007 MK411260
Ruegeria sp. strain PrR005 MK411258
Ruegeria sp. strain PrR008 MK411261
Ruegeria sp. strain PrR010 MK411263
Aliiroseovarius sp. strain PrR006 MK411259

Liao River  Gammaproteobacteria Acinetobacter sp. hry-inpl KM624588
Pseudomonas putida strain PYR1 KP192770

Yangtze Klebsiella pneumoniae strain Apf-13 KT944734

River Klebsiella pneumoniae strain DQ-6 KY022736
Klebsiella pneumoniae strain FNK1 MK156319
Klebsiella pneumoniae strain IITRCV03 KU726960
Klebsiella pneumoniae strain KSB1_7F-sc-2280268 CP031814
Klebsiella pneumoniae strain LS359 CP025630
Klebsiella pneumoniae strain QLR2-3 MG859653
Klebsiella pneumoniae strain QS17-0161 NZ_CP024458
Klebsiella pneumoniae strain ZB20 MF767585
Klebsiella pneumoniae strain ZG19 MG859655
Klebsiella quasipneumoniae strain NCTC11357 LR134196
Klebsiella sp. LD2 KP091756
Klebsiella sp. ssnkbit KU647674
Klebsiella sp. strain VITAJ23 KX770742
Klebsiella sp. TG-1 HM585430
Klebsiella sp. WR-20 KC455408
Klebsiella variicola strain RCB1013 KT261225
Klebsiella variicola strain YD8 KY887765
Enterobacter cloacae strain VITPMSJ4 MH101512
Enterobacter sp. NII-14 FJ897480
Proteus sp. strain InS-001 KY964243
Pseudomonas sp. strain FA1-72' KY476183

Actinomycetia Microbacterium sp. JCM 28711 LC133742
Microbacterium sp. strain Actino-49 MH671545
Bacilli Alicyclobacillus sp. BS-7 K(C893643

Weizmannia ginsengihumi strain Gsoil 114 NR_041378

http://journals.im.ac.cn/actamicrocn
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Figure 1 Bacterial degradation of PAHs with dioxygenation mechanism (adapted from Lyu et al.®').
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Figure 2 Surfactant solubilization of PAHs (A) and mass transfer of PAHs in surfactant micelles to

microbial cells (B) (adapted from Xiao et al.'").
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PSRRI T . FTFEMR PAHs AR Z 1]
(TR A A AT i 5 3 R PAHs [ A i o194,
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