CHAPTER Il
PHOSPHORUS PARTITIONING IN SEDIMENT

2.1 Forms of phosphorus in sediment
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Phosphorus, derive ring and erosion processes and

anthropogenic activiti environment in a number of

different chemical s’ DIP; dissolved organic
phosphorus, DOP; pa s, Pﬁ and particulate organic
phosphorus, POP) and has ‘been described in general as being present in the aqueous

phase as a smﬁﬁnﬁ K%t%él ﬁ M wﬁqlﬂe‘ﬁbmon of the total.

Each portion is filade up of a Iarge number of dlfferent components Most of these
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dynamic qqunll rium by adsorptlon or desorption processes.
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This dynamic equilibrium is called “the phosphate buffering mechanism” (Froelich,

1988; Lebo, 1991 ; Spivakov et al.,1999).



The most significant form of DIP is orthophosphate (H,PO,, HPO42' and PO,”)
under the pH conditions normally encountered in natural waters. Seawater (pH = 8)
consists of 12 % PO,”, 87 % HPO,” and 1% H,PO, (cited in Stumm and Morgan, 1996).
Orthophosphate is readily available for assimilation by living organisms. It plays an
irreplaceable role as structure link in the genetic materials RNA and DNA. In adenosine

triphosphate (ATP), phosphate is involved as short-term energy carrier in biochemical

holipid membranes of cell walls. It can be
released together with DOP by or¢ T&ﬂe ion and bacterial decomposition
(remineralization) of dead or: orne arﬁn, 1994).

f detrital phosphorus and

reactions, and it is a component in the p

Particulate inor
adsorbed phosphorus 2 such as clays and other
minerals (Compton et al. . fluorapatite) is covalently
bounded in mineral lattice il _-*_ . i 4 not available for uptake by the
biosphere or by adsorptio 5, veathering. The amount of

detrital phosphorus can be re

AL ‘ .
phosphorus occurs on mineral p%ﬁ ' as clay minerals and Fe-Mn oxides or
Tk ) 4 % . .
organic matter coated on clay nﬁnd%té esh wate d releases from particles with
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biosphere through reversnble exchanges
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Phosphor@gs is removed from the diss
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flocculate with organic matter (DOM) in estuaries (Sholkovitz, 1976) while most

smotentially available to the

riverborne particulate organic matter (POM) and associated POP are removed into
estuarine sediment before reaching coastal zone or shelf (Wallast, 1983). It was found
that hydroxyapatite (Ca,(PO,);OH) occurs upon settling of CaCO, particles (cited in
Berner et al., 1993; Spivakov et al., 1999).



Many studies (e.g. Palmer, 1985; Fox 1989; Berner et al, 1993) have shown that
sorption to Fe oxides and oxyhydroxides (poorly crystalline) is the major process
responsible for binding phosphate at short time scales in oxidized marine surface
sediments. A substantial part of this Fe bound P is released again when the Fe(lll)-
phases are buried into the reduced sediment zone or upon changes in redox conditions
in the sediment or in the overlying water, e.g. as a result of an increased loading of

organic material. On the other hand, Fe

nd oxyhydroxides with a high affinity for

J /)f dissolved Fe(ll) diffusing upward
across the redox boundar_x‘l‘!kﬁd' i ésequence, an intense cycling of

\e‘m-water can occur at the Fe(ll)-

Fe(ll) redox interface, showii / a3 D peak dissolved phosphate and
s

phosphate may be formed fre
phosphate between sorpiive Fe(l
Fe(ll) at that depth in

which absorbed phosphorus, most ob YA F&‘ant roles in the cycling of

phosphorus in the environment.
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Figure 2.1 Schematic diagram of the processes involved in the burial of phosphorus in

marine sediment (Compton et al., 2000).



After burial, phosphorus can be mobilized during bacterial degradation of
organic matter and reduction of iron oxides. Most of this mobilized phosphate is
removed from the pore water as authigenic carbonate fluorapatite (CFA or francolite) -
Ca,,Na,Mg,,(PO,),,(CO3),.(F),, or is resorbed by iron oxide particles and does not
return to the water column. This simulates the sedimentary preservation of P (see

Ruttenberg and Berner, 1993; Compton et al., 2000). Diagenesis (post depositional

processes) also produces a large nu ‘W ell-defined chemical species, the most
often encountered ones being vivianite @20 and ludlamite (Fe, Mn, Mg),
(PO,),.4H,0, others such$‘ € 2++@i@/PO‘,],,. graftonite (Fe,Mn,Ca),

(PO4),, phosphoferrite (Fe, D; kiino: ite FePO,.2H,0, variscite AIPO,.

2H,0, and anapatite Ca,F 7 o oted as well according to the
local redox condition |

(Ca,4(OH),(PO,,CO),) 4

te hydroxyapatite or dahllite
‘bonate skeletons that burial in

sediments can also be / _ 3 ( patite due to substitution of
o

released into the watef ¢ I.,-1986; Sundby et al., 1992).

Resuspension of sedi ts is predicted to result in desorption of PIP because the

phosphate Conﬁtﬁﬁnﬁrﬂwgwiﬁﬁﬁtﬁe in bottom waters.

PonEhos’ihate from detergent§ utilized in_hdiman activities can' be degraded to

orthoptBNpib. th YNNG, OAbcdgutioh of ook kabpbpleal n sccments

was found in polluted estuaries and coastal waters. Therefore, the amount of
polyphosphate in estuaries and coastal waters might be a useful index of pollution from

human activities (Martin, 1970).



From the context above, the phosphorus species in which the researchers have
been interested can be classified by its origin and biogeochemical processes (also

cited in Barbanti et al., 1994) as the followings:

- Exchangeble or loosely bound P or labile P, the fraction easily adsorbed

and released by exchange sites. Once released, it will become available for

- Fe bound P o / e fre ociated with Al, Fe and Mn
oxides and hyd Villiam et al., 1967; Hieltjes

and Lijklema, 1 uttenberg, 1992; Agemian,

1997);

- Carbonate boun ig frac on inéldes authigenic carbonate fluorapatite
plus biogenic carbona hy ..-,-.,..-,;...:L Ruttenberg, 1992);

- Detrital P onde : rapatite from igneous,

sedimentary apd'metamorp 390)
- Calcium boundsPythis fraction is generally referred to as apatite P (Williams

etal., ﬂ %r% ’}mgg %%%a m ‘ﬁj Jackson, 1957; De

Groot andqéolterman 1996; Agemian, 1997)
RN UNI1INY1A Y

% Residual P or refractory P, this fraction includes in very resistant minerals,
such as monazite and xenotime (William et al., 1980), and those in the crystal

lattices of some silicate minerals (Ruttenberg, 1992);
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- Organic P, the nature of organic pool is much more complex and less well

descriped.  Different compounds have been found: phytic acid, sugar
phosphates, humic and fulvic acids, phospholipid, nucleotides and nucleic
acids (cited in Barbanti et al., 1994 and Agemian, 1997). Because of the
difficulty in identification and quantification of the various components, the
organic fraction is usually either considered cumulatively (e.g. Aspila et al.,

1976; Golterman and Booman, or divided into operational groups (labile

organic components, h ’ ubstances, acid-soluble organic
components, resi i phosphate esters, and

phosphonates) (se

- Polyphospha i ion can be u dex of pollution from
human activities i artin, 1970; Psenner et al.,

1988, Agemian, 19

2.2 Study of phosphorus pa

Phosphorus pattiti ation on the origin of

phosphorus in sediments, | _ opogenic activities, the
bioavailablity of phosptm'us in sediments which is responmble for eutrophication, and

finally, the bio ’Etal and“chemical ﬁocessetﬂthat occur with i sphorus in aquatic

Ik ibipietTEiR)
ammnmwnﬂmaﬂ

T understand the origin of phosphorus, the degree of phosphorus pollution

environment (t ed by Martin et al.,

from human activities, the bioavailability of phosphorus and the biogeochemical
processes (especially, burial and diagenesis) involving phosphorus in estuarine and
marine sediments, it is necessary to identify, separate and quantify the various solid
phases of sedimentary P. This task is difficult because of its low concentration and the

fine-grained nature of estuarine and marine sediments. These two factors preclude the
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uses of most standard methods for direct identification of mineral phases, such as X-ray
diffraction (XRD). Independent chemical analysis on phosphatic phases, such as
isotopic or trace element signatures clearly cannot be applied when discrete phases are

not separable (Ruttenberg, 1992).

As a result, it is necessary to turn to indirect means to determine the identity and

i p means are described as follows:

n between total P (from X-ray

size of sedimentary P reservoirs. These in

fluorescence technigues pition : 3 et al., 1976 or fusion method
of Shapiro, 1967 i ajor elements chemistry of bulk
sediment (from ; , \ deduce the identity of
sedimentary P p 5 hee T 0| ~\ pproach (Baturin, 1988; Froelich et

al., 1982; Moody ejal. 3 Ruttenbe his method can only predict

the likelihood of o ¢es ": Vg cesses involving P-bearing phases in

actions, usually grain size, and

tes ch has been separately

ifi cﬂlon of P-bearing phase(s)

‘* Al

dissolved is anﬁwer ne
(Froelich et al. 1983) This method can easnly lead to ambiguous interpretation

e G AA B P o o

sediment®ican rarely be achleved and surface coatlngs of various sorts,

QS‘WWI 'ﬂ‘ﬁﬂ'ﬁ’mcﬁ ﬁ@r wﬂmrﬂ sEIietected and

unidentified in such treatme Ruttenberg,

- Use of pore-water profiles to infer the nature of chemical reactions occurring
in a sediment also applied to study burial and diagenetic P. However, more than

one scenario can be constructed to explain pore-water data; therefore this
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approach rarely yields an unambiguous interpretation of solid-phase processes

(Ruttenberg, 1992).

On the other hand, there are some direct means to identify, separate and

quantify sedimentary P reservoirs. These direct means are described as follows:

thod to separate and quantify total P,

e\jﬁy/ firstly developed by Aspila et al.
(1976) and has beco el picity; and

TEEE—— W e—

- Sequential e{ & most promising methods for separating

and quantifying o] TVOoir in, s ' ' "5 is method is operationally

- Ignition method is the simpl

inorganic P and organic

or functionally de is_of vi articular phase in a given

the extractants Erea e witl nb@, 1992). All sequential

extraction methodwge developed oUe basis of the study in efficiency and

spemﬂmﬁuaﬁw(}%c&]aﬁrﬁaw ﬂ]qeﬁ@ardlzanon of analog

phospho phases and the rr&atnx effect study due to readsorptlon Factors
QPRATIIER T TN LT o
siZe of sediment, ratio of the amount of solid matter to the volume of extractant,
chemical reactivity and kinetic effect (e.g. type, strength and pH of reagents),
time of contact, temperature, constant suspension of solids in extractant via
shaking, extraction sequence (the sequence of reaction) and readsorption

(Martin et al., 1987; Ruttenberg, 1992).
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Sequential extraction methods have been widely used as an environmental tool
to quantify sedimentary P reservoirs in soils (Chang and Jackson, 1957), lake sediments
(Williams et al., 1976; Hieltjes and Lijklema, 1980; Golterman and Booman, 1988), river
particulate matters and sediments (e.g. Chase and Sayles, 1980; Lucotte and Anglejan,
1985; Psenner et al., 1988; Lebo, 1991; Chambers et al., 1995; Conley et al., 1995) and
marine sediments (Ruttenberg, 1992; Berner et al., 1993; Delaney and Anderson, 1997).

The history of sedimentary phosphorus e }Jn procedures is described in Table 2.1.

2.3 Related researches ‘.h%

_..——"""'

Sequential extra ‘ 10rus [ itioning was firstly developed

by Chang and Jackson or S i The procedure uses various

dilute solutions of NH,CI ) -di ite bicarbonate (CDB) and
hot 1 M NaOH (at 85°C I H orus, aluminium-, iron- and
calcium-bound phosphor le and refractory phosphorus
respectively. Modifications w Ibse: since it was revealed that the
NH,F step extracted iron- bouﬁ&fﬁfﬁr in addition to aluminium bound

phosphorus, for wh| Williams “et.al., 1967, 1980). In addition,

Therefore, Williams et of Chang and Jackson's

procedure by using CItratelz',dlthlomte blcarbonate (CDB) to extract nonapatite P; NaOH

to extract Fe arﬁmjﬂj Qﬂﬂllﬂ ﬂﬁwﬂﬂl ﬂﬁver CDB extraction

was later omitted|because the citrate component dlssolves substantial organlc matter,

carbon wTﬂaﬁ(ﬂq m ﬁO) This flaw
was overcpme by ielties and Lijklema (1980) whose proce re was widely adopted by

several authors (e.g. Van Eck, 1982; Bostrom et al., 1985 and Psenner et al., 1988). In
Hieltjes and Lijklema ‘s extraction scheme, CDB extraction was omitted, and NH,Cl was
applied for the initial extraction step to quantify labile P and prevent readsorption during
the following steps; NaOH to extract iron- and aluminum-bound phosphorus; and HCI to

extract calcium-bound P.
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Table 2.1 History of sequential extraction schemes for phosphorus speciation in soil and

sediment
Author Extractant Proposed fraction
Chang and Jackson(1957) 1M NH,CI Labile P
0.5 M NH,F pH 8.2 Al-bound P
0.1 M NaOH Fe-bound P
0.5MH,SO, Ca-bound P
CDB' Reductant-soluble P

0.1M Refractory P

Williams et al. (1967) Non-apatite P
e Mostly Fe and Al bound P
Apatite P

Aspila et al. (1976) norganic P
otal P
Hieltjes and Lijklema(1980) Labile P

e and Al bound P
Ca-bound P
Psenner et al. (1988) Water soluble P
Reductant soluble P
Iron- P

Calcium bound P
actory P

Golterman and Booman(19

i e bound P
0 05 M Na-EDTA', pH 8 0 Ca bound P
ﬂ 1w E] (organic) P
Ruttenberg(1992) u H vz m E]2 w ’] ﬁ jgeble or loosely sorbed P
CDB',pH 7.6 Easily redygible or reactive Fe

AR1ANN I U191 897 ¢

Carbonate fluorapatite, biogenic
1 M Na-acetate in acetic acid, pH 4.0  hydroxyapatite, CaCO, bound P
1M HCI Detrital fluorapatite-bound P
1 M HCl after ignition at 550 °C Organic P

1 CDB = citrate dithionite bicarbonate

2 NTA = nitrilo triacetic acid

3 TRIS-buffer = tris (hydroximethyl)-aminomethane
4 EDTA = ethylene dinitrilo tetraacetic acid
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Table 2.1 History of sequential extraction schemes for phosphorus speciation in soil

and sediment (continued)

Author Extractant Proposed fraction

Vink et al. (1997) 1 M MgCl, pH 8.0 Exchangeble or loosely sorbed P
10% SDS, HCO, buffer, pH 8.57, 80 % Organic P

CDB', pH7.6 Easily reducible or reactive Fe bound P

Carbonate fluorapatite, biogenic

id, pH 4.0 hydroxyapatite, CaCO, bound P

Detrital fluorapatite-bound P
Residual P

Agemian (1997) Loosely bound P
Fe and Al bound P
" Polyphosphates
alcium bound P

Refractory P

od a five-step fractionation scheme: NH,CI to

extract water-soluble phosphofts;« citrate=¢ ite=bicarbonate (CDB) to extract

reductant soluble phosphorus 110 extra >tiron=phosphorus; HCI to extract calcium

e
Y |
a2 {1980)'s extraction schemes.

bound P; and NaOH(1- : fractory fiogphorus. This scheme is
3 —
based on Williams et al.{€

However, the concentration of all extractants was modiﬁed.'

‘o Q/

The eﬁe@ksﬂoﬂeﬂqﬂnﬂg ﬂtﬂit’r\]ﬂlction with NaOH for
the Fe and ind, P fractio whn i ractio Iﬁ e Ca-bound
fractiona ﬁtﬁaﬁ,ﬁi ijl\:ﬂﬁj ﬁ(ﬁﬁn{] ﬂ et al. (1988),
was questioned by Golterman (1984) and De Groot and Golterman (1990). They
suggested that readsorption and/or precipitation of phosphates with Ca compounds
occurred because of high pH resulting from the NaOH leaching, and that a significant

portion of organic P was hydrolyzed by the strongly alkaline or acidic solution used.

This would lead to underestimating Fe-bound P and Organic P, as well as
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overestimating Ca-bound P. Therefore, organic complexing agents, such as NTA and
EDTA, have been introduced to selectively separate iron- and calcium-bound
phosphorus (Golterman, 1984; Golterman and Booman, 1988; De Groot and Golterman,
1990). This type of extraction has the advantage of being less harsh with respect to
extremes in pH. Therefore, hydrolysis of organic phosphates or the degradation of clay
structures is prevented. Furthermore, since the phosphorus removed from iron

hydroxides is complexed with the e possibility of readsorption on CaCO, is

A/ dithionite(pH 8.0) was used to
as.then follGWed by Na-EDTA extraction (pH 8.0)

ce € sphorus compounds are not

avoided. In this approach, bu
extract iron-bound phosp
to isolate calcium-boun
appreciably hydrolyze initial cleanup prior to the
determination of the De Groot, 1990; De Groot
and Golterman, 1993). ested that this sequence is
not suitable for sedime detrital apatite due to the
incomplete dissolution of
wrongly attributed to org =1 : ervoir = nd oduced values of organic P

overestimated.

osphorus partitioning in
ped from C&ng and Jackson (1957)'s,
Lucotte and D' Anglejan {1985)’s, and Aspila.ét al. (1976)'s extraction methods. This

extraction schﬁeur&legamn&lzm ﬁiw.e&l;grlﬂfiuthigenic phosphate

phases, namely%rric oxyhydroxide-phosphorus and, authigenic carbonate fluorapatite

it 48§ A op G ) sl i) respcivey

In additio%, this scheme can also separate authigenic and detrital apatites by using

marine sediments. Thigscheme wa

acetate buffer and HCI extractions, respectively. Furthermore, the readsorption problem
was resolved by washing the sediment residue with MgCl, between extraction steps.

The SEDEX scheme and reaction mechanism is shown in Table 2.2.
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Table 2.2 SEDEX scheme and reaction mechanism (Ruttenberg, 1992).

Step  Extractant Phase extracted Reaction*
| 1 M MgCl, Exchangeable or Formation of MgPO, complex and
loosely sorbed P (or) mass action displacement by CI
Il 0.3 M Na,-citrate Easily reducible or Reduction of Fe®* by dithionite and
0.11 M NaHCO,(pH7.6)  reactive ferric Fe- subsequent chelation by citrate

0.563 g of Na-dithionite bound

in 22.5 mil of
citrate bicarbonate
solution

1l 1 M Na-acetate bufferee id dissolution at moderately low

to pH 4 with acetic d (or) chelation of Ca”* by

DL [T "
IV 1MHCI {ialg'
V. Ashat550 °C Qrganid P , idation at 550 °C
‘l - E’I—:- -
1M HCI T HCI extraction of ashed residue
* The reaction mechanism for MgCl, washes Eo diihg stepsira 25 described for step I; H,0 washes following
e =
steps I-lll displace residual solution vblum i rincipal extractant is added.
Aﬂer SEDEX!|I "::’jll:ull;-'.'r:s‘ml;m;dlu;"-:=-.aw;un' \Tfj popular since it was
—— A
thoroughly developed ﬁ quential extraction development.
The reagents used weré tested for efficiency and specificity by standardization with the

widest analog "n ition, o olved. However, it
provides the uﬂﬂigteimngmaﬂnﬁm Ianic P from Aspila
method % tial 1 ﬁ i ag’ ight be due to
organic@eﬁﬂiaﬁﬁjmtamﬁD mﬂﬂt srﬂessive steps
before organic P extraction.

Consequently, Vink et al. (1997) modified the SEDEX scheme by changing the
extraction sequence of organic P to be extracted before Fe-P in order to resolve the

organic P hydrolysis, and proposed sodium dodecyl sulfate (SDS) as an organic

phosphorus extractant. The other extractants are the same as those of SEDEX scheme.
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MgCl, is also used to wash the sediment residues between the extraction steps. The

analog standardization results showed that SDS can extract a small amount of inorganic

phosphorus together with organic phosphorus and SDS is not suitable for sediment that

contains high amount of refractory organic P. The modified SEDEX scheme and

reaction mechanism is shown in Table 2.3.

Table 2.3 Modified SEDEX scheme and : ion mechanism (Vink et al., 1997).

Step  Extractant Reaction*
| 1M MgCl, ﬁormation of MgPO, complex and
loosely sorbed Qnass action displacement by Cl

Il 10 % SDS, HCO, buffe "~ Reduce surface tention, freshly
pH 8.57, 80 °C, 2 h(x6 fganc matter can be extracted
0.2 M NaCl wash(x2),
H,O wash(x2)
Ash 600 °C, 4 h,
6MHCI 16 h |

Il 0.3 M Na,citrate Reduction of Fe™* by dithionite and
0.11 M NaHCO,(pH7.6 ‘ubsequent chelation by citrate
0.563 g of Na-githionite
N 25 Ml Of ]
citrate bicarboNelg >
solution m ‘m

v 1 M Na-acetate buffered, Carbonate fluorapatite- Acid dissolution at moderately low

R

hydro?apatlte-CaCO acetate

V w'm\aﬂm..umwmma

Vi

Ash at 550 °C,6 MHCI  Residual P Dry oxidation at 550 C
6M HCI extraction of ashed residue

* MgCl, and H,0 washes are the same as described in SEDEX scheme except step II.
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Agemian (1997) proposed a sequential extraction scheme that was modified
from Van Eck (1982)'s, Psenner et al. (1988)'s, and Jensen and Thamdrup (1993)'s
extraction schemes. In Agemian’ s scheme (as described in Table 2.4), NaCl is used in
extracting loosely bound P instead of NH,CI because it does not dissolve Fe and Al
bound P, and NaCl is used in preventing readsorption of phosphorus on sediment
particle between the extraction steps (Van Eck, 1982; Jensen and Thamdrup, 1993).
lied to extract Fe and Al instead of CDB

| Jensen and Thamdrup, 1993), and
phat nd Thamdrup, 1993). Calcium

Va ‘ckmer et al., 1988; Jensen and
7 is utiliz "5\ ct refractory P (Psenner et
9\ \\

In addition, Bicarbonate ditionite (BD) i

because BD does not resolubilize «
0.1 M NaOH is used to ext
bound P is extracted with
Thamdrup, 1993). Finall
al., 1988).

Table 2.4 Sequential extraciio X anism (Agemian, 1997)

Step  Extractant lf-a‘ W\v action™
| 0.5M NaCl,1h sely b ation of Na,PO,complex and (or)

3ss action displacement by CI’

1] Bicarbonate ditionite (x2) W Reduction of Fe** by dithionite

Il 0.1MNaOH, 18} dis€olution

e~

IV 05MHCI LT s€ojution

V. 1MNaOH, 85°@ h Acid ﬁoluﬁon

*One time of NaCl wash between s‘tfp -1V

ﬂuﬂ’mﬂﬂ?WMﬂ‘i
ammmmwwwma d
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2.4 Selection of sequential extraction methods

In this study, SEDEX scheme of Ruttenberg (1992), Modified SEDEX scheme of
Vink et al. (1997) and extraction scheme of Agemian (1997) were selected as tools in
investigating the phosphorus partitioning in estuarine sediments for comparison study.

The reasons for choosing these sequential extraction methods are described below:

%; pe of extractant (combination of

e sequential extraction scheme

- These extraction sc!

d'— L I J ; ¥ . . . .
scheme utilized for studyﬁ'@'géd entary-P res in estuarine and marine
1}

sediments. -

- Modified SEng scheme ( Vink et al., 1997) waél developed to reduce the
organic r ‘ii i u1ﬂﬁ@( s before organic P
extractitﬂ ﬂ}j;q ;moaﬂ:i to \I(:Ij;acted before Fe-P,
thigeni nd ita i‘ i tion~Bysusing SDS as
%mﬁcﬁrﬁ himjlﬁ:l t ZI?EIZI ﬂreme.

- Sequential extraction scheme of Agemian (1997), having different origin from
the other twos, was modified from Van Eck (1982)’s, Psenner et al. (1988)’s and
Jensen and Thamdrup (1993)'s scheme. All reagents, extract conditions and
names of phosphorus speciation differ from SEDEX and Modified SEDEX

schemes.
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Table 2.5 Classification of P species based on the selected sequential extraction

methods of this study
Step Sequential extraction method
SEDEX method Modified SEDEX method Agemian (1997)
(Ruttenberg,1992) (Vink et al., 1997)
| Loosely sorbed P Loosely sorbed P Loosely bound P
I Reducible or reactive ~ Organic P Fe and Al bound P
Fe bound P

] Carbonate authi eactive Polyphosphates

Apatite+bi

\Y) Calcium bound P
\ Refractory P
Vi - -

2.5 Accuracy of the h‘;’f--_-""'?""mwﬁj

if
e

The accuracy of thﬁ selected sequentlal extraction methods cannot be directly

determined becﬁsueﬁl ?wﬁmwﬁgrﬁl ﬂﬁore the accuracy of

these extraction $¢hemes can be |nd|rectly confirme companson between the sum

1 AT 1PN (S

such as XRF, total digestion, and ignition methods. Therefore, the outcome of this study

is that the best method for total P analysis can be determined.
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