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The Measurement of Oxygen Isotope Composition
of Dissolved Inorganic Phosphate in Seawater
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Abstract: The oxygen isotope fractionation between biogenic phosphate and water is primarily controlled by
temperature and biological activity, so the oxygen isotope composition of phosphate (5'°0p) has been used to
measure the paleotemperature and trace phosphorus biogeochemical cycles. Recently the study of ¢'°0p has
attracted much attention. In addition to traditional biogenic apatite paleotemperature_measurements, the studies are
mostly concentrated on the phosphorus cycle. 6'%0p of dissolved inorganic phosphate (DIP) is an effective proxy
for tracing sources and biogeochemical cycle of phosphorus. Seawater composition is very complex, so the
seawater sample must be separated and purified before the §'30, measurement. Professor Paytan of University of
California (Santa Cruz), and Professor Blake of Yale University have established their respective 6'°Op
measurement methods of seawater DIP, but the two method have their respective advantages and disadvantages.
The authors combined the advantages of the two methods and modified some procedures to establish an improved
5'0p measurement method of seawater DIP. In this method, DIP in water samples is concentrated through
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Mg(OH),-PO4 co-precipitation, which can exclude a portion of the dissolved organic material (DOM) and
interfering ions; then the resulting solution is converted to CePO, precipitate to further separate Pi from dissolved
salts, especially CI', and subsequently the solution is purified through a batch mode cation resin to remove Ce®*
from the solution and through anion resin column treatment to remove the dissolved organic material. Phosphate is
converted to silver phosphate ultimately, which is in turn pyrolitically decomposed to CO at 1350°C and 6'%0 is
analyzed with continuous-flow isotope ration mass spectrometry (IRMS). The results show that this procedure can
remove the interfering compounds effectively and preserve the initial oxygen isotope composition. The sample
amount needed is 0.3 mg (Ag;PO,4), with an average standard deviation between 0.2%o and 0.3%o.
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Table 1 Regent amount and corresponding phosphorus blank
NH4NO; CH3;COONa \Y \% n
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1 1000 1.0 20 10 10 12 1.40 0.053
2 1000 1.0 22 10 10 12 1.52 0.049
3 1000 1.0 33" 10 10 12 1.20 0.043
4 1000 1.0 33" 10 10 12 1.20 0.040
5 1000 1.0 33" 10 10 12 1.20 0.045
6 1000 1.0 33" 10 10 12 1.20 0.034
7 1000 1.0 20 10 10 12 1.12 0.043
: CH3;COONa+3H,0, CH3;COONa
0.034 0.053 pumol 2 3 , AgiPOy
(JCPDS, card no.: 6-505) ,
2 10 30 pmol,
2.3 PO,  AgsPO,
2.2 16 mg Ag;PO, s 2 mL 1 mol/L
AgiPO, X’pert PRO X HNO; , pH
(X-ray diffraction XRD) 8.0 , AgNO; , AgsPOy
20L 1 , 0" 0(Ag;PO,
Ag;PO, ( )( 2a) ) Ag;PO,
5L MAGIC ( 5"%0(Ag;PO, ) 3
) KH,PO, 1 , AgsPO, 6'%0
Ag;POy ( +KH,PO4)( 2b) 8.7%o, +0.2%0(n=15); AgsPOy
KH,PO, AgNO; AgNO; AgsPO, 60
AgiPOy ( +KH,PO,) ( 2¢) 8.8%o, =+0.2%0(n=7)
, PO, AgzPOy
I 10
—h La ’ AAAAAA 2an AAAAOOOOOOO
a A
sk
e
2
= 6L
[t :
. . . . . . T A REIHHAPO,
% 0 % 20 untreated Ag,PO,
ffEE 20 4r o WMAVLIIERAL,PO,
dissolved and reprecipitated Ag,PO,
B2 AgPO, #) XRD & } (; ; 1|o 1|5 2Io
Fig. 2 XRD patterns of AgsPO4 BE L

3 b-
c-Milli-Q KH,PO,
a-synthesized from Xiamen bay surface seawater; b-synthesized

from KH,PO, regent in phosphate blank seawater; c-synthesized
from KH,PO, regent in Milli-Q water

KH2PO4 5

3 KREZAER Ag:PO, SBHEHBMBINE
TR AgsPO, Z 8] 6°0 il 2 18 A EL 35
Fig. 3 Comparison in 6'0 between untreated AgsPO,
and dissolved and reprecipitated AgsPO,



965

2.4
5 mL 8000 pmol/L  KH,PO,
. pH 8.0 N AgNO3 Ag3PO4
, 5"* 0(KH,PO,
Ag;PO, ) 2.3 PO Ags;PO,
s KH,PO,
)
5 mL KH2PO4 .
1 Ag3PO4 s
0"* O(KH,PO, Ag;PO,
) 4
14 o
n-\r»\._'-. f_:»qf_&qo ”'-'-‘ha
12
= 1 F
%:‘ 10 -
9
& ﬁ;[_is,(r)),i.l:{ -;.-%‘:.'i;r:f:lgl’.-i:,(n){x H,PO, direetly
I o mitbiAERALPO,
Ag,PO, precipitated from KH.PO, through the entire procedure
7 1 1 1 ]
0 5 10 15 20
fT |‘1[|r I’.}'
4 KHPO, B K AgsPO, S HZ T &7 IE AL

AgsPO, Z i8] 6'°0 il £ 1E #Y bL i
Fig. 4 Comparison in 60 between AgsPO, precipitated
from KH;PO, directly and AgsPO, precipitated from
KH;,PO, through the entire procedure

KH2PO4 AgNO3
Ags;PO, 0"%0 13.3%o,
+0.3%0(n=8); KH,PO, Ag;PO,

0"%0 13.3%o, +0.2%0(n=10)
PO,>
3 4
XRD
Ag3PO4 KH2PO4
Ag;PO, 0.3 mg,

£0.2%0  +0.3%o

e = PE ¥
. 2010.

,25(10): 1040-1050.
. 2006. 070 ¢"0

5 s

1 CO,- [I1. , 26(S1): 48-50.
s s . 2010.
, [1.
( ), 49(2): 238-241.
, . 2001. [J1.
,20(4): 448-450.
2008. ——Ag,S0,
[J1. ,29(6): 673-676.
References:

BENITEZ-NELSON C R, BUESSELER K O. 1999. Variability of
inorganic and organic phosphorus turnover rates in the coastal
ocean[J]. Nature, 398(6727): 502-505.

BENITEZ-NELSON C R. 2000. The biogeochemical cycling of
phosphorus in marine systems[J]. Earth-Science Reviews,
51(1-4): 109-135.

CHEN Zhi-gang, HUANG Yi-pu, LIU Guang-shan, CAI Yi-hua, LU
Yang-yang, LIU Run. 2010. Advances in the measurement
methods and fractionation mechanism of the oxygen isotope
composition of phosphate[J]. Advances in Earth Science,
25(10): 1040-1050(in Chinese with English abstract).

COLMAN A S, BLAKE R E, KARL D M, FOGEL M L,
TUREKIAN K K. 2005. Marine phosphate oxygen isotopes
and organic matter remineralization in the oceans[J].
Proceedings of the National Academy of Sciences of the
United States of America, 102(37): 13023-13028.

COLMAN A S. 2002. The oxygen isotope composition of dissolved
inorganic phosphate and the marine phosphorus cycle[D].
Connecticut: Yale University.

ELSBURY K E, PAYTAN A, OSTROM N E, KENDALL C,
YOUNG M B, MCLAUGHLIN K, ROLLOG M E, WATSON
S. 2009. Using oxygen isotopes of phosphate to trace
phosphorus  sources and cycling in Lake Erie[J].
Environmental Science & Technology, 43(9): 3108-3114.

FOLLMI K. 1996. The phosphorus cycle, phosphogenesis and
marine phosphate-rich deposits[J]. Earth-Science Reviews,
40(1-2): 55-124.

GAN Yi-qun, ZHOU Ai-guo, LIU Cun-fu. 2006. The CO,-Laser
Fluorination Method: A New Technique for Simultaneous
Determination of 670 and 6'0 in Sulfates[J]. Acta
Geoscientica Sinica, 26(S1): 48-50(in Chinese with English
abstract).

GOLDHAMMER T, BRUNNER B, BERNASCONI S M,


http://dlib.edu.cnki.net/KNS50/Navi/Bridge.aspx?LinkType=BaseLink&DBCode=cjfd&TableName=cjfdbaseinfo&Field=BaseID&Value=DXJZ&NaviLink=%e5%9c%b0%e7%90%83%e7%a7%91%e5%ad%a6%e8%bf%9b%e5%b1%95

966

FERDELMAN T G, ZABEL M. 2011. Phosphate oxygen

isotopes: Insights into sedimentary phosphorus cycling from

the Benguela upwelling system[J]. Geochimica et
Cosmochimica Acta, 75(13): 3741-3756.

JAISI D P, BLAKE R E. 2010. Tracing sources and cycling of
phosphorus in Peru Margin sediments using oxygen isotopes in
authigenic and detrital phosphates[J]. Geochimica et
Cosmochimica Acta, 74(11): 3199-3212.

KARL D M, BIDIGARE R R, LIDIGARE R M. 2001. Long-term
changes in plankton community structure and productivity in
the North Pacific Subtropical Gyre: the domain shift
hypothesis[J]. Deep Sea Research Part II: Topical Studies in
Oceanography, 48(8-9): 1449-1470.

KARL D M, TIEN G. 1992. MAGIC: A sensitive and precise
method for measuring dissolved phosphorus in aquatic
environments[J]. Limnology and Oceanography, 37(1):
105-116.

KARL D M, TIEN G. 1997. Temporal variability in dissolved
phosphorus concentrations in the subtropical North Pacific
Ocean[J]. Marine Chemistry, 56(1-2): 77-96.

LECUYER C, GRANDJEAN P, SHEPPARD S M F. 1999. Oxygen
isotope exchange between dissolved phosphate and water at
temperatures<135°C: inorganic versus biological
fractionations[J]. Geochimica et Cosmochimica Acta, 63(6):
855-862.

LIANG Y H, BLAKE R E. 2007. Oxygen isotope fractionation
between apatite and aqueous-phase phosphate: 20—45°C[J].
Chemical Geology, 238(1-2): 121-133.

LIN Ji-jun, CHEN Zhi-gang, LIU Guang-shan. 2010. The
Preconcentration, Separation and Purification of Phosphate for
the Seawater Dissolved Phosphate Oxygen Isotope

Composition Analysis[J].

(Natural Science), 49(2): 238-241(in Chinese with English

Journal of Xiamen University

abstract).

MCLAUGHLIN K, CADE-MENUN B J, PAYTAN A. 2006a. The
oxygen isotopic composition of phosphate in Elkhorn Slough,
California: A tracer for phosphate sources[J]. Estuarine,
Coastal and Shelf Science, 70(3): 499-506.

MCLAUGHLIN K, CHAVEZ F, PENNINGTON J T, PAYTAN A.
2006b. A time series investigation of the oxygen isotopic
composition of dissolved inorganic phosphate in Monterey Bay,
California[J]. Limnology and oceanography, 51(5): 2370-2379.

MCLAUGHLIN K, KENDALL C, SILVA S R, YOUNG M,
PAYTAN A. 2006c. Phosphate oxygen isotope ratios as a

tracer for sources and cycling of phosphate in North San

Francisco Bay, California[J]. Journal of Geophysical Research,
111: G03003, doi: 10.1029/2005JG000079.

MCLAUGHLIN K, SILVA S, KENDALL C, STUART-WILLIAMS
H, PAYTAN A. 2004. A precise method for the analysis of
8180 of dissolved inorganic phosphate in seawater[J]. Limnol
Oceanogr: Methods, 2: 202-212.

O'NEIL J R, VENNEMANN T W, MCKENZIE W F. 2003. Effects
of speciation on equilibrium fractionations and rates of oxygen
isotope exchange between (PO4),, and H,O[J]. Geochimica et
Cosmochimica Acta, 67(17): 3135-3144.

PAYTAN A, MCLAUGHLIN K. 2007. The oceanic phosphorus
cycle[J]. Chemical Reviews, 107(2): 563-576.

RUTTENBERG K C. 1992. Development of a sequential extraction
method for different forms of phosphorus in marine
sediments[J]. Limnology and Oceanography, 37(7):
1460-1482.

RUTTENBERG K C. 2003. The Global Phosphorus Cycle[M]//
HEINRICH D H, KARL K T, eds. Treatise on
geochemistry[M]. Oxford: Pergamon.

THOMSON-BULLDIS A, KARL D. 1998. Application of a novel
method for phosphorus determinations in the oligotrophic
North Pacific Ocean[J]. Limnology and Oceanography, 43(7):
1565-1577.

TOGGWEILER J R. 1999. An ultimate limiting nutrient[J]. Nature,
400(6744): 511-512.

TYRRELL T. 1999. The relative influences of nitrogen and
phosphorus on

400(6744): 525-531.
WAN De-fang, DING Ti-ping. 2001. Determination of Oxygen

oceanic primary production[J]. Nature,

Isotopes in the Phosphate[J]. Bulletin of Mineralogy,
Petrology and Geochemistry, 20(4): 448-450(in Chinese with
English abstract).

WU J F, SUNDA W, BOYLE E A, KARL D M. 2000. Phosphate
depletion in the western North Atlantic Ocean[J]. Science,
289(5480): 759-762.

YOUNG M B, MCLAUGHLIN K, KENDALL C,
STRINGFELLOW W, ROLLOG M, ELSBURY K, DONALD
E, PAYTAN A. 2009. Characterizing the oxygen isotopic
composition of phosphate sources to aquatic ecosystems[J].
Environmental Science & Technology, 43(14): 5190-5196.

ZHOU Ai-guo, LIU Cun-fu, CAI He-sheng, GAN Yi-qun, LI
Xiao-qian, YU Ting-ting, LIU Yun-de. 2008. A New Sample
Preparation Technology for Determining Tri-oxygen Isotopes

in Sulfate by Ag,SO4 Pyrolysis[J]. Acta Geoscientica Sinica,
29(6): 673-676(in Chinese with English abstract).



	海水溶解磷酸盐氧同位素组成的测定
	卢阳阳1), 郑珍珍1), 尹希杰2), 陈志刚1)*, 蔡毅华1), 刘广山1), 黄奕普1)
	The Measurement of Oxygen Isotope Composition                           of Dissolved Inorganic Phosphate in Seawater
	1  实验方法
	1.1  试剂与仪器
	1.2  方法与步骤
	1.2.1  海水中PO43-的富集和纯化
	1.2.2  测量

	2  结果与讨论
	2.1  试剂空白
	2.2  纯化效果
	2.3  判断由PO43-形成Ag3PO4时氧同位素是否分馏
	2.4  判断全流程氧同位素是否分馏

	3  结论
	参考文献: 
	References:




