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Table 2 Pretreatment methods of §*0), for soil / sediment samples

—DAX-8 — — BioRadAG50X8
DAX-8

0 15%

20~25g 1 mol/L HCI —» Ag, PO, —+15% H,0, N 4
HZOZ
—Mg( OH — . -
Hedley s(OH) 2 pH<1
pH —CePO, —BioRadAG50X8
3.3¢g ( NaH- R  DAX-8 40
D, 0
€0, .NaOH-P . HCI-P) —AgPO, = 15% H,0, :15% H,0,
—
— ( BDH-551642S) —HNO,
— —DAX-8 —CePO, —BioRadAG50X8 DAX-8 43
AP0, 40 C
—DAX-8 — — — BioRad AG
30g 1 mol/L HCI 50X8 — — DAX-8 10
Ag; PO, —50 C
0.5g SEDEX [N Ag, PO, - 37
( NaHCO, P NaOH-P) —
—CePO, — BioRadAG50X8
- > Ag, PO, —15% H,0, .
- ( NaHCO,-P 0 15% H,0
3.3 é N y 1% 29
8 o ( HCIP) —Fe( OH) ;PO — BioRad- M
NaOH-P. HCI-P)
AG50X8 —CePOy — BioRad-
AG50X8 5 AgsPO, 0 15%
H,0,  — 50 °C
2.5% NaClO —1 mol /L. HCI1 —
— 1 mol/L HCI N + — BioRad- — 39
AG50X8 AgPO,
3 0" Neil “®
Ag,PO,
S]SOP “ ” (1200 C) Ag,PO,
« ”» C02 o
45 . (10~20 mg) -
Tudge 46 ( TC/EARMS) 5"
. 0 O~ Neil o
BPo. 0 p TC/EAIRMS
PO; ’ L
. . 2 m 370
BiPO,*H,0( 75 ~ 175 C o-BiPO,) BrF, ( g) " P
a-BiPO, 0,. °
(20~40 mg BiPO,) a-BiPO, o 4
Ag3 PO4 ~
. . 18
Wright Hoering ¥ 50,
Ag,PO, BiF,
o Ag,PO, o Longinelli ~ Nuti *
18
BrF BrF, 570,



330 2021
818Op 8180p )
12-13 16 50-52 ) . ' Op . Granger Taw
( ) 8°0, ) 2) (16. 4%0~19. 7%0) . ( 16. 5%0 ~
17. 8%o) (17.8%c ~ 18. 4%0) .
. "0, ? (13. 3%0~25. 9%o) . (12%0~15%0) .
8"0, ( 20. 5%0 ~ 21. 1%0) . ( 16.7%0 ~
o 17. 6%0) (17.1%0 ~ 18. 8 %o) -
8180p R
o Young "
SISOP
. 8"0,
A" ;
‘ 50 8
B p
2 A)
Fig.2  Application range of phosphate oxygen isotope in o Elsbury 10
environmental system o Erie 8180
P
18
4.1 ° Op
. '8
inorg 8
0, 30,
33 °
o Colman 18 s
18 °
: 50,
818()p 8|80
3%0 !
o SISOP 8180p
18 ’
870, 4.2
o 18 /
870, . /
18 52
5 . N alsop /
. C ) . /
818 OP / ~
315 Yo 12 . . /
3"0, (10. 3%0 ~ 17. 6%) .
o P /



3 331
( 2.2 )., “ o .
/ 8"0,
66
leop
59 . 1990
Larsen o Markel o7
0 0, Melby ol 18 Kinernet
0 .
180 i 8180p
80,
o Gross  Angert ”
8”0, .
( NaOH- n
P.HCIP) ¥ . .
R 68
o 69 . Yuan 12 8]8
. 0, o
80,
18 62
"0, (9. 76%0~ 14. 62%0)
o 8”0, (15. 28%0+0. 56%o) ( 18. 9% ~
23. 35%0) (18. 7%0~20. 8%o) -
. Kathryn %
:HCIP - 3"0, .
H,0P  NaHCO,® "0,
NaOH—P o o
18
80, . 5
8180 37 .
P
/ 8180p
° ~ / ~
8
§"0, - .
SISOW 64 180
5" 0
- Hacker 6 o
6180w SISOP
0 . 1 "0, o
° 3”0,
4.3 .
8180p . 3"%0



332 2021
3"°0,
R 71 8180 .
P
Ag,PO, 8"0, o . 5"
2) "0, 0, . N
18
. 3”0,
3"0 .
70 P

N O W

11

14

15

17

18

20
21

Karl D M. Aquatic ecology: Phosphorus the staff of life J . Nature 2000 406( 6791) : 31-33.
Yuan Z W Jiang SY Sheng H et al. Human perturbation of the global phosphorus cycle: Changes and consequences J . Environmental Sci—
ence & Technology 2018 52 (5): 2438-2450.
Harrison ] A Beusen A H Fink G et al. Modeling phosphorus in rivers at the global scale: Recent successes remaining challenges and near—
term opportunities J . Current Opinion in Environmental Sustainability 2019 36: 68-77.
Macintosh K A Mayer B K McDowell R W et al. Managing diffuse phosphorus at the source versus at the sink J . Environmental Science &
Technology 2018 52(21) : 11995-12009.

J. 2020 32(5): 1229-1243.

I 2015 38(11): 21-26.

Davies C L Surridge B W J Gooddy C D. Phosphate oxygen isotopes within aquatic ecosystems: Global data synthesis and future research priori—
ties J . Science of the Total Environment 2014 496: 563-575.
Liang Y Blake R E. Oxygen isotope fractionation between apatite and aqueous-phase phosphate: 20-45°C ] . Chemical Geology 2007 238( 1
-2): 121-133.
Zheng Y F. Oxygen isotope fractionations involving apatites: Application to paleotemperature determination J . Chemical Geology 1996 127( 1
-3): 177-187.
Zheng Y F. Oxygen isotope fractionation in phosphates: The role of dissolved complex anions in isotope exchange J . Isotopes in Environmental &
Health Studies 2015 52( 1-2) : 47-60.
Jaisi D P Blake R E  Kukkadapu R K. Fractionation of oxygen isotopes in phosphate during its interactions with iron oxides J . Geochimica et
Cosmochimica Acta 2010 74(4): 1309-1319.
Yuan H Li Q Kukkadapu R K et al. Identifying sources and cycling of phosphorus in the sediment of a shallow freshwater lake in China using
phosphate oxygen isotopes J . Science of the Total Environment 2019 676: 823-833.
Ishida T Uehara Y IwataT et al. Identification of phosphorus sources in a watershed using a phosphate oxygen isoscape approach J . Environ—
mental Science & Technology 2019 53: 4707-4716.
Granger S ] Heaton T H E Pfahler V et al. The oxygen isotopic composition of phosphate in river water and its potential sources in the Upper
River Taw catchment UK J . Science of the Total Environment 2017 574: 680-690.
Young M B Mclaughlin K Kendall C et al. Characterizing the oxygen isotopic composition of phosphate sources to aquatic ecosystems J . Envi—
ronmental Science & Technology 2009 43( 14) : 5190-5196.
Elsbury K E Paytan A Ostrom N E et al. Using oxygen isotopes of phosphate to trace phosphorus sources and cycling in Lake Erie J . Envi-
ronmental Science & Technology 2009 43(9): 3108-3114.
Blake R E. Biogeochemical cycling of phosphorus: Insights from oxygen isotope effects of phosphoenzyme-es J . American Journal of Science
2005 305( 6-8) : 596-620.
McLaughlin K Kendall C Silva S R et al. Phosphate oxygen isotope ratios as a tracer for sources and cycling of phosphate in North San Francis—
co Bay California J . Journal of Geophysical Research Biogeosciences 2006 111( G3): G03003.
Blake R E O’Neil ] R Garcia G A. Oxygen isotope systematics of biologically mediated reactions of phosphate: 1. Microbial degradation of organ—
ophosphorus compounds J . Geochimica et Cosmochimica Acta 1997 61( 20) : 4411-4422.
Longinelli A Nuti S. Revised phosphate-water isotopic temperature scale J . Earth & Planetary Science Letters 1973 19( 3) : 373-376.

Lis H Weiner T Pitt F D et al. Phosphate uptake by cyanobacteria is associated with kinetic fractionation of phosphate oxygen isotopes J . Acs



. 333

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39
40

41

42

43

44

45

46

Earth & Space Chemistry 2019 3(2): 233-239.
Goldhammer T Brunner B Bernasconi S M et al. Phosphate oxygen isotopes: Insights into sedimentary phosphorus cycling from the Benguela
upwelling system J . Geochimica et Cosmochimica Acta 2011 75( 13): 3741-3756.
Liang Y Blake R E. Oxygen isotope composition of phosphate in organic compounds: Isotope effects of extraction methods J . Organic Geochem—
istry 2006 10(37) : 1263-1277.
Von Sperber C Kries H Tamburini F et al. The effect of phosphomonoesterases on the oxygen isotope composition of phosphate J . Geochimica
et Cosmochimica Acta 2014 125(1): 519-527.
Tcaci M Barbecot ' Helie J et al. A New technique to determine the phosphate oxygen isotope composition of freshwater samples at low ambient
phosphate concentration J . Environmental Science & Technology 2019 53(17) : 10288-10294.
Goldhammer T Max T Brunner B E A et al. Marine sediment pore-water profiles of phosphate 3'®0 using are fined micro-extraction J . Lim—
nology & Oceanography Methods 2011 9(4): 110-120.
Gruau G Legeas M Riou C et al. The oxygen isotope composition of dissolved anthropogenic phosphates: A new tool for eutrophication re—
search? ] . Water Research 2005 39( 1) : 232-238.
Mclaughlin K Silva S Kendall C et al. A precise method for the analysis of 3'%0 of dissolved inorganic phosphate in seawater J . Limnology &
Oceanography Methods 2004 2(7): 202-212.
Liu Y WangJF ChenJ A et al. Pretreatment method for the analysis of phosphate oxygen isotope ( 8'80}) of different phosphorus fractions in
freshwater sediments J . Science of the Total Environment 2019 685: 229-238.
LiuY WangJF Chen J A et al. Method for phosphate oxygen isotopes analysis in water based on in situ enrichment elution and purification
J . Journal of Environmental Management 2020 279: 111618.
I 2021 33(1). DOI: 10. 18 307/2021. 0127.
D . : 2015.
Colman A’ S Blake R E Karl D M et al. Marine phosphate oxygen isotopes and organic matter reminerali—zation in the oceans J . Proceedings
of the National Academy of Sciences 2005 102( 37): 13023-13028.
Liang Y L. Oxygen isotope studies of biogeochemical cycling of phosphorus D . New Haven: Yale University 2005.
I 2012 33(6): 961-966.
Hedley M J Stewart ] W B Chauhan B S. Changes in inorganic and organic soil phosphorus fractions induced by cultivation practices and by la—
boratory incubations J . Soil Science Society of America Journal 1982 46(5): 970-976.
Jaisi D P Blake R E. Tracing sources and cycling of phosphorus in Peru Margin sediments using oxygen isotopes in authigenic and detrital phos—
phates J . Geochimica et Cosmochimica Acta 2010 74( 11): 3199-3212.
Ruttenberg K C. Development of a sequential extraction method for different forms of phosphorus in marine sediments J . Limnology and Oceanog—
raphy 1992 37(7): 1460-1482.
I 2017 29(2): 512-520.
Zohar I Shaviv A Klass T et al. Method for the analysis of oxygen isotopic composition of soil phosphate fractions J . Environmental Science &
Technology 2010 44( 19) : 7583-7588.
Lei X T Zhang H Chen M et al. The efficiency of sequential extraction of phosphorus in soil and sediment: insights from the oxygen isotope ra—
tio of phosphate J . Journal of Soil & Sediments 2020 20( 3) : 1332-1343.
Tamburini F Bernasconi S M Angert A et al. A method for the analysis of the §'0 of inorganic phosphate extracted from soils with HCI J .
European Journal of Soil Science 2010 61: 1025-1032.
Weiner T Mazeh S Tamburini F et al. A method for analyzing the §'30 of resin - extractable soil inorganic phosphate J . Rapid Communica—
tions in Mass Spectrometry 2011 25(5) : 624-628.
Cid-Andres Abigail P. A review on useful concepts for stable isotope of oxygen in phosphate ( §'® Op) extraction purification and analysis of
freshwater samples and other potential phosphate sources J . Microchemical Journal 2015 123: 105-110.
Winter E RS Carlton M Briscoe H V A. The interchange of heavy oxygen between water and inorganic oxy-anions J . Journal of the Chemical
Society 1940 10( 8) : 63-74.
Tudge A P. A method of analysis of oxygen isotopes in orthophosphate—TIts use in the measurement of paleotemperatures J . Geochimica et Cos—

mochimica Acta 1960 18( 1-2): 81-93.



334

2021

47

48

49
50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Wright E K Hoering T C. Separation and purification of phosphates for oxygen isotope analysis J . Annual Report of the Geophysical Laboratory
1989 2150: 137-141.
O’Neil ] R Roe L] Reinhard E et al. A rapid and precise method of oxygen isotope analysis of biogenic phosphate J . Israel Journal of Earth
Sciences 1994 43(3): 203-212.

J. 2010 25( 10) : 1040-1050.
Bi QF Zheng BX Lin XY et al. The microbial cycling of phosphorus on long-term fertilized soil: Insights from phosphate oxygen isotope ratios

J . Chemical Geology 2018 483: 56-64.
N D . : 2013.
D . : 2014.
J. 2016 35(7): 1947-1956.
— D . : 2017.

Gross A Angert A. What processes control the oxygen isotopes of soil bio-available phosphat€? ] . Geochimica et Cosmochimica Acta 2015
159: 100-111.
Tamburini F Pfahler V. Biinemann E K et al. Oxygen isotopes unravel the role of microorganisms in phosphate cycling in soils J . Environmen—
tal Science & Technology 2012 46( 11) : 5956-5962.
Angert A Weiner T Mazeh S et al. Soil phosphate stable oxygen isotopes across rainfall and bedrock gradients J . Environmental Science &
Technology 2012 46(4): 2156-2162.
Angert A Weiner T Mazeh S et al. Seasonal variability of soil phosphate stable oxygen isotopes in rainfall manipulation experiments J .
Geochimica et Cosmochimica Acta 2011 75( 15): 4216-4227.
Zohar I Shaviv A Young M et al. Phosphorus dynamics in soils irrigated with reclaimed waste water or fresh water — A study using oxygen iso—
topic composition of phosphate J . Geoderma 2010 159( 1-2): 109-121.
Larsen S Middelboe V  Johansen H S. The fate of 0 labelled phosphate in soil /plant systems J . Plant & Soil 1989 117: 143-145.
Melby E S Soldat D J Barak P. Biological decay of ¥ Odabeled phosphate in soils J . Soil Biology & Biochemistry 2013 63:124-128.
Jiang Z H Zhang H Jaisi D P et al. The effect of sample treatments on the oxygen isotopic composition of phosphate pools in soils J . Chemical
Geology 2017 474: 9-16.
Kathryn R Delphine D Benjamin L T et al. Oxygen isotopes of phosphate and soil phosphorus cycling across a 6500 years chronosequence un—
der lowland temperate rainforest J . Geoderma 2015 257-258: 14-21.
Pfahler V. DiirrAuster T Tamburini F et al. 'O enrichment in phosphorus pools extracted from soybean leaves J . New Phytologist 2013
197(1) : 186-193.
Hacker N Wilcke W Oelmann Y. The oxygen isotope composition of bioavailable phosphate in soil reflects the oxygen isotope composition in soil
water driven by plant diversity effects on evaporation J . Geochimica et Cosmochimica Acta 2019 248: 387-399.
Cavalcante H Aradjo F Noyma N P et al. Phosphorus fractionation in sediments of tropical semiarid reservoirs J . Science of the Total Envi—
ronment 2018 619-620: 1022-1029.
Markel D Kolodny Y Luz B et al. Phosphorus cycling and phosphorus sources in Lake Kinneret: Tracing by oxygen isotopes in phosphate ] .
Israel Journal of Earth Sciences 1994 43(3): 165-178.
Jaisi D P Kukkadapu R K Stout L M et al. Biotic and abiotic pathways of phosphorus cycling in minerals and sediments: Insights from oxygen
isotope ratios in phosphate J . Environmental Science & Technology 2011 45( 15) @ 6254-6261.
Joshi S R Kukkadapu R K Burdige D J et al. Organic matter remineralization predominates phosphorus cycling in the mid-bay sediments in the
Chesapeake Bay J . Environmental Science & Technology 2015 49( 10) : 5887-5896.
Ren L Wang P Wang C et al. Algal growth and utilization of phosphorus studied by combined mono-culture and co-culture experiments J .
Environmental Pollution 2017 220: 274-285.
Bjorkman K M Duhamel S Church M J et al. Spatial and temporal dynamics of inorganic phosphate and adenosine—5 -riphosphate in the North

Pacific Ocean J . Frontiers in Marine Science 2018 5: 235.



3 : : N 335

Tracing the Source and Transformation of Phosphorus in the Environment

Using Phosphate Oxygen Isotope: Principle Method and Application

YANG Xiaohong' > ZHANG Ruixue' WANG Jingfu’® HE Kangkang' >

CHEN Jingan®® LIU Yong®’
(1. College of Resource and Environmental Engineering Guizhou University Guiyang 550025 China; 2.State Key Laboratory
of Environmental Geochemistry Institute of Geochemistry Chinese Academy of Sciences Guiyang 550081 China;

3.University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: Phosphorus is an important life element in the earth surface environment. Due to the limitation of research methods the un-
derstanding of phosphorus biogeochemical cycle process and mechanism is still lacking. Phosphate oxygen isotope ( SISOP) as a new
tracer has become a potential effective tool for studying the phosphorus biogeochemical cycle. In this study the basic principle of §'
0, tracing the source and circulation of phosphorus in the environment the separation and purification of different media and the re-
search progress of testing methods are summarized. Its application in the biogeochemical cycle of phosphorus in environmental science is
reviewed. This paper focuses on the application of 8180}) technology in soil / sediment and aquatic ecosystem ( rivers lakes oceans) in
recent years. On this basis the prospect of BISOP in the future work is put forward: the further improvement and expansion of 8" 0,
technology ( such as low phosphorus high dissolved organic matter samples) ; the exploration of fractionation effect in algae and micro—
bial system.

Key words: phosphate oxygen isotope ( 6'80p) ; source tracing; biogeochemical cycle; soil and sediment; aquatic ecosystem



