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Conversion of phosphorus to phosphine by microbial
deoxidization under anaerobic conditions
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Abstract: [Objective] Conversion of phosphorus to phosphine, a gaseous form of phosphorus, has
the potential to remove phosphorus from wastewater. [Methods] Incubator was kept anaerobically
for 160 days, with paddy soil as inoculum that was treated either with phosphine without phosphine,
under the condition ORP=-300 mV, 35 °C and in dark. [Results] In incubator 1, total phosphorus

removal in the effluent reached 25%, with the highest rate of 26.8%, and the gas phosphine output
was abovel30 ng/L; and in incubator 2, total phosphorus removal in the effluent reached 23% with
gas phosphine output of 126 ng/L. [Conclusion] Microorganisms from paddy soil can form a stable
system to produce phosphine from phosphorus under anaerobic conditions to remove phosphorus
contamination in soils.
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Note: 1-27: The location of gel extraction. A1-D1: Fingerprint of
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for A, B, C, D sampling sites; BS: Marker DL2000; N: PCR
negative control sample.



39

0.63 070 075 080 085 090 1.00
D2
0.68 )

0.75 B2

0.79
0.63 A2

DI
2
—0.71 BI

4{0.76
Al

Elo EFB|IMHEORESINE

Figure 6 Cluster analysis of reactor sampling port

100 r®19
97 Macellibacteroides fermentans (HQ020488)
. 156 Barnesiella viscericola JCM 13660(T) (AB267809)
el
80 °17
100 Pontibacter korlensis X14-1(T) (DQ888330)

002

56 99 Lutaonella thermophila CC-MHSW-2(T) (EU287913)
100 —® 01

L Candidatus Cloacamonas acidaminovorans Anaerobic (CU466930)

75 el5
48 W‘i Treponema zuelzerae DSM 1903(T) (FR749929)

99 003
44 {seudoxamhomonas kaohsiungensis J36(T) (AY650027)
e 04

100 [Methylobacterium radiotolerans JCM 2831(T) (CP001001)

3072 100 [010
L Aguabacterium commune B8(T) (AF035054)

83 4[. 13
100 *Enterobacter ludwigii DSM 16688(T) (AJ853891)
esulfomicrobium escambiense DSM 10707(T) (AJ277886)

D
100 Smithella propionica (AF482441)

41)

012
100 Y Pseudonocardia xinjiangensis AS 4.1538(T) (AF325728)
99 el4
4|—Anaerolinea thermolimosa IMO-1(T) (AB109437)

Verrucomicrobiales M1Z37 (AB179528)
022

100
4§L_|jﬂtermanaerovibrio velox DSM 12556(T) (CM001377)
Acidaminococcus intestini DSM 21505(T) (AULA01000029)

76 _'7
009

100 |—|l 001820
—
0.05

7 IREIEFREE 16S rRNA EEFFIRFE X EH
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Note: The figures represent the gel extraction sequencing as marked in Figure 4; Numbers of branch point represent the credibility; Scale
represent the genetic distance.
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Note: The figures represent the gel extraction sequencing as marked in figure 4; Numbers of branch point represent the credibility; Scale
represent the genetic distance.

http://journals.im.ac.cn/wswxtbcn



41

16S tRNA
V4-V5

[27] V3-V5

16S rRNA

2 % X M

(1]

Zhang Z, Lin Y, Liang J. Water eutrophicat ion and controls[J].
Chonggqing Environmental Science, 2002, 24(3): 52-55 (in Chinese)
; s . [l
,2002, 24(3): 52-55
Ji JJ, Wang MD, Ge LY, et al. Developing trends of technologies
for nitrogen and phosphorus removal by biological processes[J].
Sichuan Environment, 2003, 22(4): 38-40 (in Chinese)
[9]. ,2003, 22(4): 38-40
Bao SD. Soil Agro-chemistrical AnalysisiM]. Beijing: China
Agriculture Press, 2005: 29-37 (in Chinese)
[M]. : , 2005:
29-37
Liu Z, Jia S, Wang B, et al. Preliminary investigation on the role
of microorganisms in the production of phosphine[J]. Journal of
Environmental Sciences, 2008, 20(7): 885-890
Rutishauser BV, Bachofen R. Phosphine formation from sewage
sludge cultures[J]. Anaerobe, 1999, 5(5): 525-531
Guo XL, Zheng P, Mei LL. Screening for the phosphate reducer
and study on their dephosphorization conditions conditions[J].
Acta Scientiae Circumstantiae, 2005, 25(2): 238-241 (in Chinese)
[J]. ,2005(2): 238-241
Zhou KQ, Liu H, Sun YF, et al. Screening the phosphate reducer
deoxidizing total phosphate into PH; and the identification of
the functional bacteria[J] Ecology and Environment, 2007(6):
1669-1673 (in Chinese)
[J]. ,2007(6): 1669-1673
Niu X, Wei A, Li Y, et al. Phosphine in paddy fields and the
effects of environmental factors[J]. Chemosphere, 2013, 93(9):
1942-1947
Han C, Geng J, Zhang R, et al. Matrix-bound phosphine and
phosphorus fractions in paddy soils[J]. Journal of Environmental
Monitoring, 2011, 13(4): 844-849
Niu X, Geng J, Wang X, et al. Temporal and spatial distributions
of phosphine in Taihu Lake, China[J]. Science of the Total

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Environment, 2004, 323(1/3): 169-178
Glindemann D, Edwards M, Liu J, et al. Phosphine in soils,
sludges, biogases and atmospheric implications—a review[J].
Ecological Engineering, 2005, 24(5): 457-463
Gassmann G, Glindemann D. Phosphane (PH;) in the
biosphere[J]. Angewandte Chemie International Edition in
English, 1993, 32(5): 761-763
Liu JA, Yahui CHZ, Kuschk P, et al. Phosphine in the urban air
of Beijing and its possible sources[J]. Water Air and Soil
Pollution, 1999, 116(3/4): 597-604
Niu X, Mi L, Li Y, et al. Physiological and biochemical
responses of rice seeds to phosphine exposure during
germination[J]. Chemosphere, 2013, 93(10): 2239-2244
Kjellerup BV, Veeh RH, Sumithraratne P, et al. Monitoring of
microbial souring in chemically treated, produced-water biofilm
systems using molecular techniques[J]. Journal of Industrial
Microbiology and Biotechnology, 2005, 32(4): 163-170
Muyzer G, Ramsing NB. Molecular methods to study the
organization of microbial communities[J]. Water Science and
Technology, 1995, 32(8): 1-9
van Orsouw NJ, Li D, Vijg J. Denaturing gradient gel
electrophoresis (DGGE) increases resolution and informativity
of Alu-directed inter-repeat PCR[J]. Molecular and Cellular
Probes, 1997, 11(2): 95-101
Niu X, Wei A, Li Y, et al. Phosphine in paddy fields and the
effects of environmental factors[J]. Chemosphere, 2013, 93(9):
1942-1947
Niu XJ, Geng JJ, Ma HR, et al. Discovery of a new
phosphide-phosphine in  eutrophic lakes[J]. China
Environmental Science, 2004, 24(1): 85-88 (in Chinese)

[J]. ,2004, 24(1): 85-88
Guo XL, Zheng P, Mei LL. Phosphate reducer and study on their
dephosphorization conditions[J]. Acta Scientiae Circumstantiae,
2005, 25(2): 238-241 (in Chinese)

s 5

[J]. ,2005, 25(2): 238-241
Geng J, Jin X, Wang Q, et al. Matrix bound phosphine formation
and depletion in eutrophic lake sediment

fermentation—simulation of different environmental factors[J].
Anaerobe, 2005, 11(5): 273-279

Glindemann D, Eismann F, Bergmann A, et al. Phosphine by
bio-corrosion of phosphide-rich iron[J]. Environmental Science
and Pollution Research, 1998, 5(2): 71-74

Sun L, Zhang CS, Zhang FK, et al. Effects of different phosphorus
sources on phosphine production from anaerobic sludge[J]. China
Water and Wastewater, 2012, 28(21): 89-91 (in Chinese)

> s

3. ,2012,28(21): 89-91

Liu YB, Liu SS, Simmons G, et al. Effects of phosphine
fumigation on survivorship of Epiphyas postvittana
(Lepidoptera: Tortricidae) eggs[J]. Journal of Economic
Entomology, 2013, 106(4): 1613-1618

Lam WW, Toia RF, Casida JE. Oxidatively initiated
phosphorylation reactions of phosphine[J]. Journal of
Agricultural and Food Chemistry, 1991, 39(12): 2274-2278
Jenkins RO, Morris TA, Craig PJ, et al. Phosphine generation by
mixed-and monoseptic-cultures of anaerobic bacteria[J]. Science
of the Total Environment, 2000, 250(1/3): 73-81

Sun DL, Jiang X, Wu QL, et al. Intragenomic heterogeneity of
16S rRNA genes causes overestimation of Prokaryotic
diversity[J]. Applied and Environmental Microbiology, 2013,
79(19): 5962-5969

http://journals.im.ac.cn/wswxtbcn



