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Fig. 1 Sketch of adsorptionmechanism of glucose-1-phosphate on surface of goethite. The orange balls, red balls, gray balls, and white balls

denote phosphorus atoms, oxygen atoms, carbon atoms, and hydrogen atoms, respectively. The dotted red linesdenote hydrogen bonding
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Fig. 2 Sketch of mechanism of the co-sorption of phytate and Zn (I1) on y-alumina

WA, TERRE AT, B . RS AA L
BEAT R AT TP i i [ 5 o BRI, A
MEERREr, U CIV) gthdbr L, IR RN EMT
KB A5 B ( Ningyoite ) YA JF 25 fh 5 85 /R Bl [U
(V) 1; H56cE® U (V) REFYIMLL, %0 Y
J S REARHT SR AL FTE TRV O A R K i K K AR
TR, FTREEHR TR T = i% e, M
FRsh[U (VD) JOCsE B ai[u ( VI) 1541,
32 AT YHEEERXMNT WREEN N

AL S 42 JE 9K R ) a) A5 5 2 A A B4R
FH, FFRZma K IOR A IE A A 2 E AR e M . 9K BRI
e RRsE e, SRS W AR rh B8 | B A Fne
o MR X SFERTsy, w4 SO Bt AR e 21 Ak
i, P HEROGS, FaPERE TR . 7
J'& X ST ISORS S5 F GRS AR, 7E pH 7.0 T,
IHP BEMSIEHE ZnO 94 K AWURE PR i i - DT VE 4% 1k
(<0.5h), WIRRTICHUBERR $6155 5 0 W i A% A AR
FH (>3.0h), ZnO YK SBUREL A1 itk -0 T i Ak % B
& pH (M FEACF THP ¥R B A8 i kg fin . 2804t
FARFKI , ZnO GOK PR THP B AHEAEF 22 ZnO
YRR PO L A R R 45 B, IR — Al
S5 SR S AR EE (Zn-IHP ), MeAh, 24 P, I IHP
HAERE, ZnO NPs 585 THP e v H5446 K Zn-THP
(1 3) BT, TiO, 5% CeO, 4K i 2 i S B f A A
BT R e AR LR T LAY , TR AR RR B 1 5 i L
FoEYE; pH. BRI TiO, 3¢ CeO, HYH
RS, H IHP 52 KT P, X5 DLVO #ig
FHE—E M 4 78 pH 3 &F T, R E AR &
H CeO, MR, BWREZMIERR R CeO, 7L, 1M

61]

BERR AR 8L CeO, WYREE s 76 pH 7 5545 T, HEFR AN
TR AR 24 P A 1A 1 FLER T 1) Zeta HAALITAEHE CeO,
AT HE RS R THP ATESE40K Tio, 7
AP R AR gbah, A HLEE A ICHL S 2
1 B SEH 5 AR A A AR, 38 e B R JE A [ )
Rmifees oder, WEMBMARST M ¢ a1
Na' VR, AR Bl im S Bk (CCC) bl
H P WRBERSEANTIE N s 7E pH 5.5 B, SRERET-HETR
RZM) CCC ]k, HUCHh GP. BERERAR . SR
FRAH EC , A BUBE AN A AT L33 e 388 fin 67 Fb g R 50 FL HE T
J3, T AT A I B 0 B AR KR 2 T ) 4 ]
HEFR ok B A U R e AR B B . SR, pH4.5 BHIK
WeHE Ca® WWh, THP FE1ERT IRERE 1 R AE 1 Y

N \ {‘ | \-//\\ ’
H(J‘.'_n_‘ . \M““‘\,/A,‘H“J‘\‘w““\m\ﬁ \

20 40 60 80 3 2 1 0123 20 40 60 80

20/° 3P chemical shift(ppm) 20/°

. ° . . . .

s @= e e = 2o
’v ] | 4 HHE .le‘vlll}’c:m e @ 1 8 (@)
4 Zno\gs‘ x A ‘. le-lHP]Jsl'lpllalu.

K3 AEIR S S AN AR IBOREL E] 14 S AL T 18T REIR 5
ZnO YK UKL H] (19 A0 B AT H 5 250 ZnO P R U IR 2% &
Y, IR LSS T R R AR e
Fig.3 Sketch of mechanism of the reaction between phytate and
nano ZnOs. Interaction between phytate and nano ZnO particles
induces rapid dissolution of nano ZnO particles and transformation

into zinc phytate complexes and eventually into poorly crystallized
precipitate of zinc phytate!*”

http: //pedologica. issas. ac. cn



1296 + b1

¥R %56 &

4 &

AYBER IR T PR E R, 25 T 4/MEY)
HoERE A AR o T AR A DL A A
LG5I [H NSRS B B, (BT 2 —
ARV HLBR A IO R BILTR DA% B2 2 58 2%
A BB AR B S R o BT R EA B TR, Rk
KT A WU A AR EL AR T 52 10 IR T LR JLAS
Jr T

1) A HUBELE R4 2 W A K2R 52 18 2 TR
AIRZm,  HHTEIOTSE 2 MR R pH &4, AL
WA )2 | AP BCAR R R TR B S D 3R . 5B
o, AR Z N ZR AR HLBELE G 3 10 1Y
FOREREE . R4S A BT IS B2 M o i AN R 2 5
gty (CWnE S0 Y. RS ) AL
ZIA RS o A R B AR SR AR R A AL
AT Bk S A 2 T ) IR R A B WL PRS2 R A0
IKAFIRAMEL T, #H A4 () AL,
BB A LB 5 1 S B R A B T R 4
WA LR LE Y R 2 id e o s, AR
TEWER, SUHEAIBRRIIES . Hled b ks
HEAEA, SR AT A 0 A 3R X A L I R -
W\ DLTE -8k L BOK SR AL B 2 ) BB ) 7 F S
Bl S B A IR A E W B IR A TR R, A
BB B AU W 2 T 0 2 B 5 A0 10, L0 5 5 A e
PR AL o

2) XA HUBE-B P A EAR I BL] A AU T i
FOIRTEAT A S o A HUBELE AT ) 2 1T I8 T - it A )
PO FHLHA it — L TRABTIE . B0 H AR R
DA H At UL 98 15 A 490 2 i P o7 1) Wi PR 2R AT %
I3k Z 501 W B EGIESE . DUR PR a5
P e Rt BT R AR, IR IR RE IR B . —
2 U SR D B - T ISR ZT SO | R T
BB BRI AR, TR TR S LB TR
AP R T2 BeAh, b s A HLE-
WA R b, T 2% 5 R 5 R I UTTE Y
FE XY

3) A HUBE-B P AN AR A PR 5 T, B
A BT EAR T AR AR I e 1 B b
1 R AR T RS E PER R0 o A HLBEE R T
AIILTE, S5 BIDT ISR B 2 1 G A HLBE-6 1)

HEAE XA P S T R . Boh, BTk
TEAA LB -7 10 AR EL A XA BILBE 04 2 A 2k K
T HER Yy AR S AL B R

B, A RGN LA DL S 57 ) B AH
HARH RGN, A BT X PR 5 A HL
(o . B4 ARSI I O, AT
ST T ERER AL . FALS A W BRI S A A

2 % X W

[ 1] TurnerBL, Paphazy M J, Haygarth P M, et al. Inositol
phosphates in the environment. Philosophical Transactions
of the Royal Society of London Series B: Biological
Sciences, 2002, 357: 449—469

[ 2] Turner BL,Newman S,Newman J] M. Organic phosphorus
sequestration in  subtropical treatment wetlands.
Environmental Science & Technology, 2006, 40:
727—733

[ 3] TurnerBL,Cheesman AW, Godage HY et al. Determination
of neo-and D-chiro-inositol hexakisphosphate in soils by
solution *'P NMR spectroscopy. Environmental Science
& Technology, 2012, 46: 4994—5002

[ 4] Doolette A L, Smernik R J, Dougherty W J. Spiking
improved solution phosphorus-31 nuclear magnetic
resonance identification of soil phosphorus compounds.
Soil Science Society of America Journal, 2009, 73:
919—927

[ 5] Vestergren J, Vincent A G, Jansson M, et al. High-
resolution characterization of organic phosphorus in soil
extracts using 2D 'H—*'P NMR correlation spectroscopy.
Environmental Science & Technology, 2012, 46:
3950—3956

[ 6] Shinohara R, Imai A, Kawasaki N, et al. Biogenic
phosphorus compounds in sediment and suspended
particles in a shallow Eutrophic Lake: A *'P-Nuclear
magnetic resonance ( *'P NMR ) study. Environmental
Science & Technology,2012, 46 (19 ): 10572—10578

[ 7] Harrison A F. Soil organic phosphorus—A review of
world literature. Wallingford, Oxon, UK: CAB Int.,
1987

[ 8] Baldwin D S. Organic phosphorus in the aquatic
environment. Environmental Chemistry, 2013, 10:
439—454

[ 9] Tumer B L, Frossard E, Baldwin D S. Organic
phosphorus in the environment. Oxfordshire, MA : CABI,
2005

[ 10 ] Condron LM, Turner BL, Cade-menun B J. Chemistry
and dynamics of soil organic phosphorus//Sims J T,
Sharpley A N. Phosphorus :

Environment. Madison , WI: American Society of

Agriculture and the

Agronomy, Crop Science Society of America, Soil

http: //pedologica. issas. ac. cn



6 1

FEEMEAE . APLBES IR YA AR SISO I T 2

1297

[12 ]

[ 14 ]

[ 15 ]

[ 16 ]

[ 17 ]

[ 18]

[ 19 ]

[ 20 ]

[ 21 ]

[ 23]

[ 24 ]

Science Society of America, 2005. 87—121

Arai Y, Sparks D L. Phosphate reaction dynamics in soils
and soil components: A multiscale approach. Advances in
Agronomy, 2007, 94: 135—179

Dodd R J, Sharpley A N. Recognizing the role of soil
organic phosphorus in soil fertility and water quality.
Resources, Conservation and Recycling, 2015, 105( B ):
282—293

Benitez-Nelson C R, Buesseler K O. Variability of
inorganic and organic phosphorus turnover rates in the
coastal ocean. Nature, 1999, 398:. 502—505

Van Cappellen P, Ingall E D. Redox stabilization of the
atmosphere and oceans by phosphorus-limited marine
productivity. Science, 1996, 271: 493—496

Bjerrum C J, Canfield D E. Ocean productivity before
about 1.9 Gyr ago limited by phosphorus adsorption onto
iron oxides. Nature, 2002, 417: 159—162

Koepfler E K,
Phosphorus limitation of coastal ecosystem processes.
Science, 2003, 299: 563—565

FEEMS, T, XL, G BRIEHAERRA M B R
PO RIAT . B SR AR, 2012, 18 (3):
494—501

Yan Y P, Wan B, LiuF, et al. Distribution, species and

Sundareshwar P V , Fornwalt B.

interfacial reactions of phytic acid in environment ( In
Chinese ) . Chinese Journal of Applied &Environmental
Biology, 2012, 18 (3): 494—501

Wang X, Li W, Harrington R, et al. Effect of ferrihydrite
crystallite size on phosphate adsorption reactivity.
Environmental Science & Technology, 2013, 47 (18):
10322—10331

Antelo J, Fiol S, Pérez C, et al. Analysis of phosphate
adsorption onto ferrihydrite using the CD-MUSIC model.
Journal of Colloid and Interface Science, 2010, 347( 1 ):
112—119

Li W, FengJ, Kwon K D, et al. Surface speciation of
phosphate on boehmite ( y-AIOOH ) determined from
NMR spectroscopy. Langmuir, 2010, 26: 4753—4761
Li W, Feng X, Yan Y, et al. Solid state NMR
spectroscopic study of phosphate retention mechanisms
on aluminum ( hydr ) oxides. Environmental Science &
Technology, 2013, 47: 8308—8315

Kim J, Li W, Phillips B L, et al. Phosphate adsorption on
the iron oxyhydroxides goethite ( a-FeOOH ), akaganeite
( B-FeOOH ), and lepidocrocite ( y-FeOOH ): A *'P NMR
Study. Energy &Environmental Science, 2011, 4:
4298—4305

Olsson R, Giesler R, Loring J S, et al. Adsorption,
desorption, and surface-promoted hydrolysis of glucose-
1-phosphate in aqueous goethite( a-FeOOH )suspensions.
Langmuir, 2010, 26: 18760—18770

Wang L, Qin L, Putnis C V, et al. Visualizing

25 ]

26 ]

27 ]

28 ]

29 ]

30 |

32 ]

33 ]

34 ]

35 ]

36 |

organophosphate precipitation at the calcite—water

interface by in situ atomic-force microscopy.
Environmental Science & Technology, 2016, 50 (1):
259—268

Wang L, Putnis C V, King H E, et al. Imaging
organophosphate and pyrophosphate sequestration on
brucite by in situ atomic force microscopy.
Environmental Science & Technology, 2017, 51 (1):
328—336

YanY, Li W, YangJ, etal. Mechanism of myo-inositol
hexakisphosphate sorption on amorphous aluminum
hydroxide : Spectroscopic evidence for rapid surface
precipitation. Environmental Science & Technology,
2014, 48 (12): 6735—6742

Feng X, YanY, Wan B, et al. Enhanced dissolution and
transformation of ZnO nanoparticles: The role of inositol
hexakisphosphate. Environmental Science & Technology,
2016, 50 (11): 5651—5660

Ruttenberg K C, Sulak D J. Sorption and desorption of
dissolved organic phosphorus onto iron ( oxyhydr ) oxides
in seawater. Geochimica et Cosmochimica Acta, 2011,
75: 4095—4112

Yan Y, Liu F, Li W, et al. Sorption and desorption
characteristics of organic phosphates of different
structures on aluminium ( oxyhydr ) oxides. European
Journal of Soil Science, 2014, 65 (2): 308—317

Li C, Yan D, HeJ, etal. Environmental geochemistry
significance of organic phosphorus: An insight from its
adsorption on iron oxides. Applied Geochemistry, 2017,
84: 52—60

Li H, Wan B, Yan Y, et al. Adsorption of glycerophosphate
on goethite ( a-FeOOH ): A macroscopic and infrared
spectroscopic study. Journal of Plant Nutrition and Soil
Science, 2018, 181: 557—565

Yan Y, Wan B, Liu F, et al. Adsorption-desorption of
myo-inositol hematite. Soil
Science, 2014, 179 (10/11): 476—485

Wang X, Liu F, Tan W, et al. Characteristics of phosphate

hexakisphosphate on

sorption-desorption onto ferrihydrite: Comparison with
well-crystalline Fe ( hydr) oxides. Soil Science, 2013,
178: 1—11

Johnson B B, Quill E, Angove M J. An investigation of
the mode of sorption of inositol hexaphosphate to
goethite. Journal of Colloid and Interface Science, 2012,
367: 436—442

XuC, LiJ, XuR, etal. Sorption of organic phosphates
and its effects on aggregation of hematite nanoparticles in
monovalent and bivalent solutions. Environmental
Science and Pollution Research, 2017, 24 ( 8 ):
7197—7207

Barrow N J, Feng X, Yan Y. Describing specific

adsorption of organic and inorganic phosphates by

http: //pedologica. issas. ac. cn



1298 S - 556 &
variable charge oxides. European Journal of Soil adsorption and precipitation on ferrihydrite surfaces.
Science, 2015, 66: 859—866 Environmental Science: Nano, 2017, 4. 2193—2204

[ 37 ] YanY, Koopal LK, Li W, et al. Size-dependent sorption [ 50 ] Ruyter-Hooley M, Larsson A, Johnson B B, et al. Surface
of myo-inositol hexakisphosphate and orthophosphate on complexation modeling of inositol hexaphosphate
nano-y-Al,O;. Journal of Colloid and Interface Science, sorption onto gibbsite. Journal of Colloid and Interface
2015, 451: 85—92 Science, 2015, 440: 282—291

[ 38 ] Fuentes B, Mora M, Bol R, et al. Sorption of inositol [ 51 ] Hu Z, Jaisi D P, Yan Y, et al. Adsorption and
hexaphosphate on desert soils. Geoderma, 2014, precipitation of myo-inositol hexakisphosphate onto
232/234: 573—580 kaolinite. European Journal of Soil Science, 2019,

[ 39 ] Ruyter-Hooley M, Morton D W, Johnson B B, et al. The doi:10.1111/ejss.12849
effect of humic acid on the sorption and desorption of [ 52 ] Wan B, Yan Y, Liu F, et al. Surface adsorption and
myo-inositol hexaphosphate to gibbsite and kaolinite. precipitation of inositol hexakisphosphate on calcite: In
European Journal of Soil Science, 2016, 67: 285—293 comparison with orthophosphate. Chemical Geology,

[ 40 ] QiuF, WangJ, Zhao D, et al. Adsorption of myo-inositol 2016, 421: 103—111
hexakisphosphate in water using recycled water treatment [ 53 ] Phillips B L, Zhang Z, Kubista L, et al. NMR
residual. Environmental Science and Pollution Research, spectroscopic  study of organic phosphate esters
2018, 25 (29): 29593—29604 coprecipitated with calcite. Geochimica et Cosmochimica

[ 41 ] Shang C, Zelazny L W, Berry D F, et al. Orthophosphate Acta, 2016, 183: 46—62
and phytate extraction from soil components by common [ 54 ] Rietra R P J J, Hiemstra T, van Riemsdijk W H.
soil phosphorus tests. Geoderma, 2013, 209/210: 22—30 Interaction between calcium and phosphate adsorption on

[ 42 ] Goebel M, Adams F, Boy J, et al. Mobilization of goethite. Environmental Science & Technology, 2001,
glucose-6-phosphate  from ferrihydrite by ligand- 35 (16): 3369—3374
promoted dissolution is higher than of orthophosphate. [ 55 ] Hinkle M A G, Wang Z, Giammar D E, et al. Interaction
Journal of Plant Nutrition and Soil Science, 2017, 180 of Fe (II) with phosphate and sulfate on iron oxide
(3): 279—282 surfaces. Geochimica et Cosmochimica Acta, 2015, 158

[ 43 ] YanY, Koopal L K, Liu F, et al. Desorption of myo- 130—146
Inositol hexakisphosphate and phosphate from goethite [ 56 ] Ren X, Tan X, Hayat T, et al. Co-sequestration of Zn
by different reagents. Journal of Plant Nutrition and Soil (1) and phosphate by y-Al,O3;: From macroscopic to
Science, 2015, 178 (6): 878—887 microscopic  investigation. Journal of Hazardous

[ 44 ] Wan B, Yan Y, Liu F, et al. Surface speciation of Materials, 2015, 297: 134—145
myo-inositol hexakisphosphate adsorbed on TiO, [ 57 ] LiuJ,ZhuR, Liang X, et al. Synergistic adsorption of Cd
nanoparticles and its impact on their colloidal stability in (II) with sulfate/phosphate on ferrihydrite: An in situ
aqueous. Science of the Total Environment, 2016, 544: ATR-FTIR/2D-COS study. Chemical Geology, 2018,
134—142 477: 12—21

[ 45 ] Olsson R, Giesler R, Loring J S, et al. Enzymatic [ 58 ] Elzinga E J, Kretzschmar R. In situ ATR-FTIR
hydrolysis of organic phosphates adsorbed on mineral spectroscopic  analysis of the co-adsorption of
surfaces. Environmental Science & Technology, 2012, orthophosphate and Cd( I )onto hematite. Geochimica et
46: 285—291 Cosmochimica Acta, 2013, 117: 53—64

[ 46 ] Persson P, Andersson T, Nelson H, et al. Surface [ 59 ] Tiberg C, Sjostedt C, PerssonI, et al. Phosphate effects
complexes of monomethyl phosphate stabilized by on copper ( II ) and lead ( Il ) sorption to ferrihydrite.
hydrogen bonding on goethite ( a-FeOOH ) nanoparticles. Geochimica et Cosmochimica Acta, 2013, 120: 140—157
Journal of Colloid and Interface Science, 2012, 386: [ 60 ] Wan B, Yan Y, Zhu M, et al. Quantitative and
350—358 spectroscopic investigations of the co-sorption of

[ 47 ] Wan B, Yan Y, Liu F, et al. Impacts of myo-inositol myo-inositol hexakisphosphate and cadmium ( Il ) on to
hexakisphosphate and phosphate adsorption on aggregation haematite. European Journal of Soil Science, 2017, 68
of CeO, nanoparticles: Effects of pH and surface coverage. (3): 374—383
Environmental Chemistry, 2016, 13: 34—42 [ 61 ] YanY, WanB, Jaisi D P, et al. Effects of myo-inositol

[ 48 ] Chen A, Arai Y. Functional group specific phytic acid hexakisphosphate on Zn ( Il ) sorption on y-alumina: A
adsorption at ferrihydrite-water interface. Environmental Mechanistic Study. ACS Earth and Space Chemistry,
Science & Technology, 2019, DOI: 10.1021/acs.est. 2018, 2 (8): 787—796
9b01511 [ 62 ] Yan Y, Wan B, Zhang Y, et alIn situ ATR-FTIR

[ 49 ] Wang X, HuY, Tang Y, et al. Phosphate and phytate spectroscopic study of the co-adsorption of myo-inositol

http: //pedologica. issas. ac. cn



6 4 FEEMSAS . A YIS L YA AR R LIRS RN W 5T 1299

hexakisphosphate and Zn ( I ) onto goethite. Soil (IV ) phosphate. Environmental Science & Technology,
Research, 2018, 56: 526—534 2015, 49 (18): 11070—11078
[ 63 ] Ruyter-Hooley M, Larsson A, Johnson B B, et al. The [ 66 ] Salome K K, Beazley M J, Webb S M, et al.
effect of inositol hexaphosphate on cadmium sorption to Biomineralization of U ( VI ) phosphate promoted by
gibbsite. Journal of Colloid and Interface Science, 2016, microbially-mediated phytate hydrolysis in contaminated
474: 159—170 soils. Geochimica et Cosmochimica Acta, 2017, 197:
[ 64 ] Ruyter-Hooley M, Johnson B B, Morton D W, et al. The 27—42
adsorption of myo-inositol hexaphosphate onto kaolinite [ 67 ] TangyY, Wang X, YanY, et al. Effects of myo-inositol
and its effect on cadmium retention. Applied Clay hexakisphosphate, ferrihydrite coating, ionic strength and
Science, 2017, 135: 405—413 pH on the transport of TiO, nanoparticles in quartz sand.
[ 65 ] Newsome L, Morris K, Trivedi D, et al. Biostimulation Environmental Pollution, 2019, doi:10.1016/j.envpol.
by glycerol phosphate to precipitate recalcitrant uranium 2019.06.008

Progress in Researches on Interactions between Organic Phosphates and Soil
Minerals and Their Environmental Impacts

YAN Yupeng WANG Xiaoming LIU Fan FENG Xionghan'

(Key Laboratory of Arable Land Conservation (Middle and Lower Reaches of Yangtze River), Ministry of Agriculture and Rural Affairs of
the People’s Republic of China, College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract Soil organic phosphate (OP) is an important fraction of phosphorus in the soil environment. Its
reactions in interfaces of the environment affects transport, transformation, bioavailability and environmental
behaviors of phosphorus. This paper is a review that summarizes (1) reaction characteristics of adsorption-desorption
and dissolution-precipitation of typical OPs on the surface of soil minerals and their microscopic mechanisms, and (2)
environmental impacts, i.e., effects of the interaction between OPs and soil minerals on the speciation of OPs,
interfacial reactions of metal ions, and colloidal chemical stability and dissolution-transfomation of the minerals. Soil
OPs generally contain multiple phosphate groups and have large relative molecular mass and high charge density.
OPs could interact strongly with environmental minerals through interfacial reactions, which affects the charge
properties of minerals, adsorption characteristics of co-existing metal ions, and colloidal chemical stability of
minerals. Interfacial reactons of OPs and their mechanisms are affected by a number of factors, such as type and
crystallinity of the mineral, relative molecular mass of OP, pH, temperature, and coexisting ions. Sorption density of
OP on the surface of minerals generally decreases with increasing pH of the system, crystallinity of minerals, and
relative molecular mass of OP. OPs may generally form inner-sphere complexes (hydrogen bonding interactions also
plays a role in some cases) on the surfaces of minerals, and surface complexes can even transform to surface
precipitates. The adsorption of OP and metal ions on mineral surface generally has certain synergistic effects,
especially under low pH conditions, i.e., metal ions promote the adsorption of OP and vice versa; adsorption
mechanisms vary with reaction system, including mainly formation of ternary surface complexes and surface
precipitates, and in most cases simultaneously involve multiple ones. In the end of the paper, discussion is conducted
on main research hotspots and directions for future researches related to interaction between OP and minerals in the
environment.

Key words Organic phosphate; Adsorption-desorption; Iron and aluminum oxides; Clay mineral; Metal ion;

Inner-sphere complexes
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