CHAPTER V
DISCUSSION

This chapter mainly focuses on seven topics. The first topic is factors controlling
geochemical properties of sediments. The second emphasizes on quality control in

uracy of various total phosphorus methods.

phosphate analysis. The third deals

The fourth focuses on comparis ; rtitioning results by three selected
extraction schemes. The 3 é minant form of phosphorus in
— T ——
sediment. The sixth dis v 7 - 1e selected sequential extraction
schemes. Finally, the | Ll , tiohs ;\:n grain size and phosphorus

with its implication.

5.1 Factors controlling

Due to the fact t a eters control the geochemical

properties of sediments, each -ﬁéﬂk- efully chosen based on the similarity

in its environmental patameters. Therefore, the analytical results of sediment samples
Yo )

should be comparab ‘ a ‘ ouths, having the same

salinity (22-24 ppt). Samplings were conducted during the same tidal period (ebbing)

and under the g go ition (i G = Physieo-chemical properties
of bottom wateﬂwﬁlﬂe gnﬂ:ﬂﬁﬁﬂmﬂsj; and Bang Pakong
A RTASHi Inen
1IN E
3 , J 0K ¢ ,
Sediment preparation step is also important. To make sure that the analytical
results are comparable, after freeze-drying, well mixing and subsampling by Coning and

Quartering method (Walton, 1978), size of sediment to be analyzed was controlled in

their uniformity and grading by dry sieving through a 125 pm sieve.
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Table 5.1 Physico-chemical properties of bottom water and other environmental

conditions of sampling sites

Location Salinity T pH DO Dissolved Weather condition | Tide period
(ppt) | (°C) (mg/l) Phosphate
(Hat)
Mae Klong (M) 23.9 31.3 7.65 6.69 130.47 Sunny, calm wind Ebbing
Chao Phraya (C) 23 28 7.52 2.62 158.33 Sunny, calm wind Ebbing
Bang Pakong (B) 22 Sunny, calm wind Ebbing

5.2 Quality control in ph

systematic errors and pe

were undertaken:

To ensure that t

5.2.1 Labwares and

- U "vc:mlnalu:zlll:in-.isls".u:il:c';ii-ii-'u_.;i’;.:, res to reduce the
j N, ‘

positive eanta

blanks, standards and samples.

i
analysis were rinsed three times with absolute ethanol before use.

AUANANINEINI.....
SR M io b webikimisbd

spa F,‘ ory funnels for Fe-P

les before

eagent

- Using reagent grade chemicals that contain impurity of phosphate

less than 0.0005% in extraction and phosphate analysis.
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5.2.2 Spectrophotometer

- Spectrophotometer was warmed up at least 30 min before use.

- Checking the stability of spectrophotometer while measuring
absorbance of samples, standards and reagent blanks against

a reference cell. The reference cell is always the same one

‘ onstantly suspended in the
2d at the same level as

adjusted before adding to
sediment 7 i"‘[ was most effective in
extractitm the targeted P fraction. Beca& some reagents such as
ﬁCI . cittﬁtadithionite bicarMﬁeﬂDB), bicarbonate ditionite (BD),

' mlﬂlfm (‘i) ’;]ﬁalti maintain their pH at

the desired level, so théy had to be freshly prepared before use.

QRIANSUANINENRE

- pH of extractants were rechecked after mixing with the sediments to

ensure that the extraction processes were optimized during extraction.
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5.2.4 Phosphate analysis

- Phosphate analysis was done immediately after extraction to avoid

orthophosphate decomposition which affects the phosphorus results.

- Atleast three replicates of samples were analyzed. Each replicate

was measured three times. The absorbance values measured should

E reen plank st not exceed 0.001 except
MgCl,+NaQAe of analyzing authigenic fluorapatite (0.000-0.005)
and citre icabonate- ditionit 3). matrix which employed

orric bound P (0.000-0.009).

after adding mixed reagents was
to o '-‘:.«" eliminate interference of
silicaté nl al his  weuld let the absorbance of

phosphomolybdate complex to be constant once the optimum time is

with interference of

(yﬂ absoﬂm increase wuth time ?thls can cause error

Q W ﬁb mjefore dilution
Tﬁqm mmele revltgjgjz gent because

strong acid can inhibit the complex formation.

- Dilution of extracted solution has to be done prior to phosphate
analysis to make the intensity of phosphomolybdate complex suitable

for the standard calibration curve. In addition, dilution can help reducing
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interference of silicate, arsenate and fluoride in solution (Blomqvist et al.,
1993). Furthermore, dilution can also help reducing effect of the
extractant so that the optimum pH of phosphomolybdate blue complex
formation is easily controlled. However, too much dilution causes the
intensity of phosphomolybdate blue to be below the detection limit. Too
less dilution causes phosphomolybdate blue complex to be outside the

reliable range (linear) of s d calibration curve. Finally, dilution can

a
also affect on slope of s }///':Eration curves for phosphorus. In
4

varies with degree of dilution.

to reduce the matrix effect

or solutions that have pH
id inhibits the formation of
, it was found that using too
s using 0.5 M NaHCO, to
by Vink et al. (1997), can

ramed solution is neutralized.
NI IN
QRN AR ok i g

dilution as sediment extracts to make their solution matrix matching each
others. In every step of sequential extraction schemes including total
phosphorus analytical methods, calibration curve was specifically and

separately prepared for that step and/or determination.
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- Linear regression analysis was employed in calculating the
relationship between absorbance and concentration of standards.

Most of the relative coefficients (r2) of these linear relationships are not
less than 0.9995 but their slopes (as shown in Tables 5.2.1 and 5.2.2)
range from 0.0183 to 0.0209 for Strickland and Parsons (1972)’s method
and range from 0.0208 to 0.0280 for Koroleff (1976)'s method. The slope

deviations are due to th

r[ trix of extractants. More details of matrix

]
ﬂ/calibration curves are shown in
...4

dard calibration curve

/ 1
Table 5.2.1 Matrix eﬁech/ ed i

for phosphatg@nal ri 1972)'s method

Matrix Dilutiog e \ R’ . S———
Deionized water 0209 \| 4 o 1.0000 0.000
1M MgCl, f :;q }z- 0000 -0/0008, | 0.9986 -1.0000 0.000
| 10 0-03%;;; 1, ool 1.0000 0.000
0.5 M NaCl 10 | qoe00 o 1.0000 0.000
1M NaOAc 20 | 0.0207 02-0.0006 0.9999 0.000
1MNaOAc+1 MMgCl, | 1 3- 0 4 0.9991-1.0000 0.000
0.5 M HCI 0200 —: 1.0000 0.000
1 MHCI Q ' 1.0000 0.000
100 | 0.0200-0.0209 -o.ooo&o.ooo@ 0.9996-1.0000 0.000
6 MHCI ﬂ : |:aeﬁE . 0,9996-0.9999 0.000
10% sDs+ eMHcl || |Foah %%%ﬂ £0.9996 0.000
0.1 M NaOH 2 0.0209 -0,0002 0.9999 0.000
QRN TERU N TN Y18 | oo
9 10 00209 -0.0002 0.9999 0.000
1 M NaOH 5 0.0209 0.0008 0.9999 0.001
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Table 5.2.2 Matrix effect of extractants used in preparing standard calibration curve

for phosphate analysis — Koroleff (1976)'s method

Matrix Dilution Slope Deviation R L W

Deionized water 1 0.0230 0.0000 1.0000 0.000

1 M MgCl, 5 0.0230-0.0250 | -0.0008-0.0002 | 0.9995-1.0000 0.000

1 M NaOAc 20 0.0250-0.0253 | -0.0002-0.0005 | 0.9997-0.9999 0.000

1 M NaOAc+1 M MgCl, 1 0.0208-0.0280 | -0.0009-0.0008 | 0.9888-1.0000 | 0.000-0.005

1 MHCI 10 0.0215-0. 0.9997-1.0000 0.000
20 0.0218 0.9999-1.0000 0.000
25 29 0.9998-1.0000 0.000

average values from larger amount of sample per analys

shown in Table 5.3.1).

The

can make the accuracy of

chnique (fused cast

XRF better thapZother] t = ' — repar i
bead method) ﬂIst ﬁ(ﬁmmg :Jnre
in total sdigestion, il e‘ f aﬁl ri trgsﬁ ing into acid
digesticim:adgﬁjmsm;l ?]HP] gi

Table 5.3.1 Amount of sediment (g) used in various methods for total P analysis

ods. Boiling hot acid

XRF Ignition+1 M HCI Ignition+6M HCI Ignition+1 M HCI Total digestion
Fused cast bead | Aspila et al.(1976) | Vink et al.(1997) Agemian(1997) HF-HCIO,-HNO,
1.00 0.25 0.25 0.50 0.25
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Accordingly, total phosphorus calculated from XRF is chosen as reference for
comparing with total phosphorus from other analytical methods (as shown in Tables
5.3.2, 5.3.3 and 5.3.4) in order to find the best digestion method for total phosphorus
analysis in this study. It should be noted that both solubilization method and phosphate

analysis are evaluated separately.

Mae Klong sediment

it was found that accuraey.of total dé@ms (HF-HCIO,-HNO,) is either

higher or comparable to the ignitien-methods. ‘f’*‘f-m digestion method that employed

soluble phosphate analysis.e Sleff(1076)s is curate.

GO0 ed that the procedure of

Among three ignitio PG \
Vink et al. (1997) is relatively betie ¢ ": cedures of gem]an (1997) and ASpl|a

et al. (1976), respectively.

Table 5.3.2 Accuracy of total phos ae Klong sediment relative to
the XRF result
[Otal ; %Difference
Y ’

Digestion method Edimem) From XRF
HF-HCIO,-HNO, ,

' . ¢ g Koroleff (1976) g » 394.25 9.78
(Wlndom et al.,1 m' i' F # ‘ A f . -l i l . Iﬁ ﬂ q
Ignition-6 M HCI 16 i JuN a - 11 d

Strickland&Parsons (1972) 359.14 17.82

(Vink et al., 1997) [

s L ¢ | S
HF-HCIOPMHNO), oY ) 3SR s&!l(‘glz')]‘] ' v"]ﬂ 818-80

(Windom et al., 1984) N

Ignition-1 M HCI 16 h
Strickland&Parsons (1972) 309.46 29.19
(Agemian, 1997)

Ignition-1 M HCI 16 h
Koroleff (1976) 287.24 34.27
(Aspila et al., 1976)

Note: average total phosphorus by XRFS is 437.00 p1g/g sediment.
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Chao Phraya sediment

Here, it was observed that accuracy of total digestion methods (HF-HCIO,-HNO,)
is again higher or comparable to ignition methods. The total digestion method that
employed soluble phosphate analysis of Strickland and Parsons (1972) is relatively
better than the procedure of Koroleff (1976). Among three ignition methods, it was

discovered that the procedure of Vink et al, (1997) is relatively better than the procedure

A
of Agemian (1997) and Aspila et ’ /Iy.

o

Table 5.3.3 Accuracy of t rus results o Phraya sediment relative to
the XRF res
Method = %Difference
Digestion method n s ent) From XRF
HF-HCIO -HNO, [
Stgick! rsons;{ ' 0.08
(Windom et al., 1984) i e
Ignition-6 M HCI 16 h 73
Stricklafii&Patddiis (1 1.27 2.35
(Vink et al., 1997) Fy 4iaid
HF-HCIO ,-HNO
oo . Z 85 5.39
(Windom et al., 1984) )
Ignition-1 M HCI 16 h =
12.82
(Agemian, 1997)
Ignition-1 M HCI 16 h ¢
#Keroleff (1976) 398.2 17.04
(Aspila et al., 197¢ vJ ‘ 41 € QA |

ARIAATUAMINYAE
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Bang Pakong sediment

The same trend as in the Chao Phraya sediment is found in this sample.
However, among three ignition methods, it was found that the procedure of Agemian
(1997) is relatively better than the procedure of Vink et al. (1997) and Aspila et al.

(1976), respectively.

Table 5.3.4 Accuracy of total ph

W ng Pakong sediment relative to
_.4

the XRF result.
Methodologye— - %Difference
Digestion method S atialysis W4 ent) From XRF
HF-HCIO,-HNO, F AL AN . 3.85
ric is { ‘
(Windom et al., 1984) :
Ignition-1 M HCI 16 h , % (C8 A\
Strigkla rso - 85241 9.59
(Agemian, 1997) w-- W
HF-HCIO,-HNO, | W/ 41 10.38
Karoleff N '
(Windom et al., 1984) P e
Ignition-6 M HCI 16 h —
| Strickland 687.62 12.54
(Vink et al., 1997) () 4 "ol I &
Ignition-1 M HCI 16 h ||~ :
Ko - 12.95
(Aspila et al. 1976) m :

="
Note: average total phosphorus by XRFS is 611.00 pLg/g sediment.

AN e s
NS A TR

with Strickland and Parsons (1972)’s method is relatively more promising for total P
analysis than the other because it provide more accurate results in two (the Chao
Phraya and Bang Pakong sediments) out of three. At this stage, total digestion and
soluble phosphate analysis by Strickland and Parsons’s is recommended for analyzing
total P in sediment. However, further investigation should be able to confirm these

findings.



75

5.4 Comparison of phosphorus partitioning results by three extraction schemes

The similar fractions of phosphorus partitioning results in the same sediment
analyzed by SEDEX scheme (Ruttenberg, 1992) and Modified SEDEX scheme (Vink et
al., 1997) and Agemian scheme (Agemian, 1997), as shown in Figures 5.4.1, 5.4.2 and
5.4.3, are quantitatively incomparable because they are highly dependent on the

extraction scheme utilized.

[ Loosely sorbed P

0.00 200.00 u"":éifgih:a 3 1000.00

Phosphorus par

—

Fi 5.4.1 Ph -:r‘""""———w o) hao Ph (C) and
iqure 5.4. osphorus parttonting IV Y EoTow G laraTam e L ao raya an
9 ’r. ) ' g
Bang Pakong (B) ﬁu cheme (Ruttenberg, 1992)
W

AU INENTNEINS
RIAINTUUMINYINY
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[ Residual P T
[ Detrital apatite

O Authigenic apatite
Ore-p

Organic P

E Loosely sorbed P

;.'.r/?cfu \\\x‘u

Figure 5.4.2 Phosphefus @ ;e Klong (M), Chao Phraya (C) and
\

Bang Pakong (B ( ‘-.ﬁ_; al. (1997) ‘s scheme

Refractory P

Y ﬁ'ri Calcium bound P
c EE2055y NI
e

34.79 L) @ Polyphosphate
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[ Fe and Al bound P

s @3 VlEl'Vl‘iW g
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Figure 5.4.3 Phosphorus partitioning in the Mae Klong (M), Chao Phraya (C)

osely bound P

and Bang Pakong (B) estuarine sediments from Agemian(1997)’ s scheme
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5.5 Dominant form of phosphorus in sediments

Eventhough the phosphorus partitioning results by three selected extraction
schemes are quantitatively incomparable, all three schemes can qualitatively provide
trends of phosphorus partitioning in sediments and the dominant form of phosphorus

that plays an important role in controlling soluble phosphate in the Mae Klong, Chao

Mae Klong sediment
Ruttenberg’s Fe-P > Orgafic P s iapatite Detrita ite> Loosely sorbed P
Vink's Fe-P > Organi ' etri Loosely sorbed P>Residual P

Agemian’s  Fe and Al bound P> €a v undiP: actory P >Loosely sorbed P> Polyphosphate

Chao Phraya Sediment

Ruttenberg’s Fe-P > Organic P> sofbed P >4Detrital apatite> Authigenic apatite
J FF o F
Vink's Fe-P > Organic P > Lodseh - Detrital apatite> Authigenic apatite>Residual P

At 4 ¥ .-
Agemian's  Fe and Al bound P> Cdﬂuﬁ\fbéug}rd > Polyphosphate >Loosely bound P> Refractory P
gy E i = P

s Authigenic apatite
Vink's Fe-P > Organie P > Loosely sorbed P > Detrital apatite> Authigenic apatite>Residual P

Agemian’s  Fe and Al bound'| P=Polyphosphate > Refractory P>Calcium bound P >Loosely bound P

"" |'[ fﬁ‘

AR S RLBA TN B roce

having FaP or Fe and Al bound P as the most dominant fractions in all sediment

samples from the Mae Klong, Chao Phraya and Bang Pakong Estuaries. The results of
this study is similar to those from the Amazon and the Mississippi delta (cited in Berner
et al., 1993), the Cochin Estuary (Balchand and Nair, 1994), the Tamagawa Estuary

(Suzumura and Koike, 1995), the Potomac and Anacostia Estuaries (Huanxin et al.,
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1997). The finding of this study supports the concept that Fe—P plays an important role
in the cycling of phosphorus in estuarine environment (as mentioned in chapter 2).

Other fractions show different relative dominant in different samples, which may have
caused by the extraction method employed, the geological conditions and weathering

processes in watersheds and human activities.

5.6 Accuracy of the selected seque schemes

o@s for controlling quality of the

Since the certified r
selected sequential extr:
schemes cannot be di
be indirectly determin

best total P analysis dis

(mean+SD pg/g sedimen ) éted sequential extraction methods
Sediment ! P : ' - pzir‘us speciation
m XRF | | Ruttenber (1997) Agemian (1997)
Mae Klong 581641+68.19 402.7916.85
Chao Phraya 4801'%0 322@1—15.93 566.58+17.28
Bang Pakong 748.45124.44

z : i ol
. ) [
3 ifference ) pﬂ ru fgn Fland phosphorus

fractions from various extraction schemes

Sediment Sequential extraction schemes

Ruttenberg (1992) Vink et al. (1997) Agemian (1997)
Mae Klong +95 -18 -8
Chao Phraya +93 -33 +18
Bang Pakong +82 -29 +22
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5.6.1 Ruttenberg (1992)’s extraction scheme

Ruttenberg (1992)'s extraction scheme or SEDEX scheme provides relatively
less accurate results than other schemes because sum of phosphorus speciation in
three sediment samples are more than 80% overestimated when compared with total

phosphorus from XRF (Table 5.6.2). Overestimated results are mainly caused by the

poor precision Fe-P results [in term icient of variation (%)] from isobutanol
extraction method after extra \ ) nt (as shown in Table 5.6.3).
not be resolved during the
development of the SEDM ij$ink . ‘and Vink et al. (1997) who
followed and modifi pe
problems. Recently, R : aimed th liable Fe-P extraction with
CDB reagent following , m —— ifficult hieve due to the isobutanol
extraction method before e
method according to CbB T trcﬁ"ﬁyﬂ he pf u esearches is shown in Table
5.6.4. Excess Fe in FeCl, addi Aﬁﬂ r‘ 23 ate in CDB extract might affect

on phosphomolybdate complex.- G i i ilicate, arsenate and fluoride. In

St

addition, dilution of QQE extract in isob

Sediment | m
Ruttenberg (1992) ¢ Vink et al. (1997) Agemlan (1997)
=g T AN uwnmnaf_l
)q 4
Bang Pakong

Note: Step II-CDB (Ruttenberg, 1992), Step III-CDB (Vink et al., 1997) and Step II-BD (Agemian, 1997)

Table 5.6.4 Precision of the isobutanol method (%) according to CDB extraction

Ruttenberg (1992) Eijsink et al. (1997) Vink et al. (1997) Ruban et al. (1999)

10-20 up to 50 35 60 >150
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Furthermore, the precision of standard calibration curve for phosphorus
prepared from CDB in the same matrix of sediment is varied. The slope values shifted
daily from 0.006 to 0.008 even though relative coefficient (rz) of each standard
calibration curve was not less than 0.9995 and absorbance of reagent blank was 0.000.
Thus, the average slope and deviation were calculated and applied for calculating Fe-P

in sediments.

Moreover, organic p
overestimation in sum of Accordlng to table 4.8 of the
previous chapter, it was foune t samples from SEDEX method
is nearly twice higher thagn Aspila et al. (1976). This is
opposite to what Ruttenberg S id Be ere ) found. The different nature

of sediment in this stud

Vink et al. (19&_)‘3 extraction scheme | : sly more accurate results
than SEDEX scheme eV ough Fe- el ed the same CDB-reagent

and isobutanol metho - his might be caused by the higher CDB blank

values (0.009) a {I Ej‘i sgeﬂgﬂﬁ g ﬁ‘ é of CDB than SEDEX
scheme). The ul ila h as that of SEDEX
scheme. However the precision of standard calibration curve prepared by CDB in the

sare @:Wﬂa@& Fee ahd, b i o #le nal o sescrvea i

Ruttenberg s scheme.

In addition, the extraction steps of Fe-P of SEDEX (Ruttenberg, 1992) and Vink’s
extraction schemes are different (Step Il-Ruttenberg (1992) and Step llI-Vink et al.
(1997)). It is possibly that SDS (step Il of Vink's extraction scheme) may have either

removed the iron oxides phase or altered the nature of the phase so that it was no
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longer soluble in CDB reagent. Therefore, sequence of extraction step is important in

Fe-P analysis.

Moreover, organic P in sediment extracted by SDS possibly causes the
underestimated sum of P speciation because organic P in sediment in this study is

possibly more refractory or less soluble in SDS extraction. The presence of refractory

organic P in sediment was found from ¢ ‘ ')the quantity of organic P obtained from

the difference between total P.an \i d by the stronger extractant (6M

HCI) is relatively higher than.SDS (& " cording @). Therefore, it indicates that

SDS is not suitable for eW

s study.

BD reagent can provi@ ely er pr on. Thﬂuse of FeCl, to eliminate
interference of citrate might-cause problems, felated to phosphomolybdate complex

formation in soﬂ u &r@ w&}%r@ w %V] ﬂ%gent comparing with

CDB-reagent for%easunng Fe-P is still debated be ause there haween no certified
e LA i ’W‘Wﬂ@ﬂ?ﬁ' UF (aper
Sanchez, personal communication). Therefore, the further study for improving the
isobutanol extraction method and checking the accuracy of Fe-P analysis, by CDB or

BD reagent, with certified reference material should be conducted.
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From the discussion above, it can be concluded that Agemian scheme
(Agemian, 1997) provides the most promising results with higher accuracy and
precision than SEDEX scheme (Ruttenberg 1992) and modified SEDEX scheme (Vink
et al., 1997).

At the beginning of this study (in 1999), there was no certified reference material

for phosphorus partitioning analysis 2 /It has just been commercially available at
the beginning of the year 2001 a \ : mmission, within the Standards,
Measurements and Testing 7 ] T = nmlunity Bureau of Reference,
produce certified reference
materials (CRMs) in 19 W ing several interlaboratory

tests among 20 expe bdified Williams scheme was

i
agreed to be used in th / . 1at ly a CRM of lake sediment
is now available (Pardo ' L v of the selected extraction
schemes in this study can he o by utilizing the CRM of lake
sediment accompanied with F tion scheme. This could be the
best answer to the question that wha@! guential extraction method is the best

5.7 Relationship between % glay size fraction and phosphorus with its implications

AULINYUNINYING

Grain S|z%| or particle size of‘.sedlment WhICh results from sedlmentologlcal
oo R ) GPPPY B1) . LAMATY |17 4 oo o
contamindnts (Eyre and Macconchie, 1994). The influence of grain size on the
concentration of contaminants was firstly pointed out by Férstner and Wittmann (1981)
that concentration of contaminant increases with the decrease size of sediment particles
(higher surface areas of adsorption). In addition, Stone and English (1993) also found

that the size fraction of sediment less than 8 um is the most significant for the potential
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release of bioavailable P in the water column. Therefore, % clay size (< 2 pm) fraction
would be used to compare with total phosphorus and phosphorus partitioning in

sediments of this study.

Due to that fact that this study investigated only three estuarine sediments from

the Mae Klong, Chao Phraya and Bang Pakong estuaries, the results of the following

5.7.1 Relations lay-size fra Jorha 4 tota phosphorus

From Fig Ay it w ) '1 _ 1at the concentration of total P is
strongly related to the v (o] Jlay size fra ioﬁ in sediment because its
relative coefficient (r°) most 1. ore, this can provide the answer to the
question that why the Ban akong estuarine sediment contains the highest total

phosphorus ameng

]

) i
fj%wmmﬁs
R0 NN IVEA

0 T T ]

N
r

J

o €
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) e B,

oh |

2
tota&:g/g se
Se—

0 20 40 60
% clay

Figure 5.7.1 Relationship between % clay and total P (ug/g sediment) of
the Mae Klong (M), Chao Phraya (C) and Bang Pakong (B)

estuarine sediments
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5.7.2 Relationship between clay-size fraction and phosphorus partitioning

The relationship between clay-size fraction and phosphorus partitioning
is another indirect approach that can be utilized in confirming phosphorus
partitioning results in the sediments obtained through the sequential extraction

scheme. This relationship may help explaining how phosphorus partitioned in

the sediments.

by observing t _ * ay size - ion and Fe-P. It was found
that Fe-P res 7 5.7.2.1) strongly correlate
with the amou ments because the relative
coefficient (r2) is associates in the fine-grained

fraction in the estu T
LT

ﬂl b F
Since Agemian scheme {, ‘ N, 1997) provides the most promising
e ,,fn.a.-‘
results with higher y n ihose by SEDEX scheme
il -
(Ruttenberg, 1982) and modified Sl & (Vink et al., 1997), the

relationships of @er fractions ed b usin@Agemian scheme’s results

only (Figure 5.7.2.297nPonphosphates¢9nd refractory P strongly correlate with

e andoh 1B DHIIA T WA e cacm bouna ¢

correlatesq’nversely However ‘trend of loosel bound P is noUear Therefore,
R Maﬂ@ﬁd"%ﬁ&%ﬂ BJSHE sty v te
fine-grained fraction of sediments whereas calcium bound P associates with the
coarse-grained fraction. However, the better and clearer relationship will need

the more study of sediment samples.
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Fe-P (ug/g sediment)

Relationship between % clay and Fe-P (Agemian) Relationship between % clay and Fe-P(Ruttenberg)

600.00
m/ B
400.00
00.00° y =6.0213x + 513.46
200.00
2
0.00 T ’ R = 0]9616
0 20 20 40 60

% clay % clay

Fe-P(ug/g sediment)

AU INENINYING

Figure 5.7.2.1 Reﬂtlonshops between % clay and Fe- or Fe and Al bou d P

q Rt atledtin W@%ﬁ]@ﬂ

Bang Pakong (B) estuarine sediments from three selected

sequential extraction methods



Relationship between % clay and loosely sorbed P Relationship between % clay and polyphosphate

40.00 150.00 y = 3.2949x - 48.165
eC
® = 30.00 -
2 £ 100.00 -
8 § 20.00 - -
° M
§ 2 10.00 - .00
0.00 ]
T T 1
0 20 20 40 60
% Clay
(a) (b)

calcium bound P

Relationship between % clay and ca! ip between % clay and refractory P

150.00 - B
g
£ 100.00 - C
2 y = -2.15563%.4+17 y =0.7384x + 12.024
2 50.00 -
g 2
R =0.9981
0.00 T T 1
5
0 P g 20 40 60
g‘ 1 % Clz [ & ‘ % Clay

oy [

(c)Y

¢ o

N5 <
ARIANNIUNNRIIN 1A E

Figure 5.792.2 Relationships between % clay and (a) loosely sorbed P;

(b) polyphosphates; (c) calcium bound P; and (d) refractory P
(ng/g sediment) in the Mae Klong (M), Chao Phraya (C) and

Bang Pakong (B) estuarine sediments analyzed by Agemian scheme
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