CHAPTER 1l
METHODOLOGY

3.1 Sampling site selection

The Chao Phraya, Bang Pako ,and Mae Klong Estuaries were targeted as

n
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Figure 3.1 The sediment sampling site
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Table 3.1 Sediment sampling position

Sediment sampling site Latitude Longitude

Chao Phraya estuary (C) 13° 30'49"N 100° 35' 30" E
Mae Klong estuary (M) 13°20°00" N 100° 1" 00"E
Bang Pakong estuary (B) 13° 26'46" N 100° 55 42" E

3.3 Physico-chemical properties of bottom water

Physical parameters of estua € water at sampling site were measured
in the field (Table 3.2). Some botton ﬁollected and preserved before

analyzing reactive phosphaie.concentratior in@by the procedure of Strickland

YSI meter model 30
YSI| meter model 55
YSI meter mode: 30
pH Accumet® pH meter BASIC AB15

¥ =

N,

3.4 Preparation of sec B

Wet sediments

— subsamplabﬂogi‘ﬁﬁugew %!w gr;ﬁnﬁ)%) N———

35 Seﬁ,:i%:ﬁiﬁ e\ﬂ nﬂt‘sjvaj;w aiiw&l%é&mon and dry

sieved through a 125 um stainless steel test sieve (Encotte®) before further analysis

ere freeze-dried, gently crushed iﬂn agate mortar, well-mixed

as outlined in Figure 3.2. At least three replicates of <125 um sediment samples
(Figure 3.3) were conducted in each method. In this chapter, only the determination of
total, inorganic and organic phosphorus and the employed sequential extraction

methods for phosphorus speciation are described. Determination of major elements
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and total phosphorus, oxidizable organic matter and carbonate contents in sediment

samples are presented in Appendices A, B, C and D.

Estuarine sediment
] Grab

Sediment sample

Freeze-dried, well-mixed and subsampled

by Coning and quartering (Walton, 1978)

-—
. \ eving with 125 um sieve
hydrometer.

% Sand | % Silt Lo dsedlment

Grain size ana

>63um | 2-63 25 pum

Fused cast bead Chromic method o "’; tion Ignition/ total digestion Sequential
method-XRF  (Loring aiig R ila étal., 1976; extraction
| jz’w 1997;
Major elements Oxidizable Agemian, 1997/
& total P orgary matter Wﬁm etal., 1984)

ﬂ‘LJEI’J‘ﬂEW]‘i

- Ruttenburg (1992)
- Vink et al. (1997)
- Agemian (1997)

Phosphorus pértitioning

Figure 3.2 Schematic sequences for analytical procedures employed.
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(C) and

plasticwares were so§<ed in 10‘% 6//v) HCI‘oveW three times with double
ried in ace . ;jan plastic bags until use

All jagents

contain less than 0.0005%gphosphorus. Double distilled deionized water was used

throughoutthls@pu EJ ’g V] EJ wfj W EJ f] ﬂ i
ARAS0IRNANENAY

3.7 Deteqmination of total, inorganic and organic phosp

distilled-deionized

(Koroleff, 1976). om an@nical grade chemicals that

3.7.1 Dry combustion and acid digestion method (Aspila et al., 1976)

For determination of the concentration of total phosphorus, dry sediment was

heated at 550 °C for 2 h.  After heating, the residue was digested for 16 h with

1 N HCI. The orthophosphate concentration in acid digestion is a measure of total
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phosphorus content in sediment. The inorganic phosphorus content in sediment
was determined by measuring the orthophosphate released when the unheated
sediment was digested by 1 N HCI. The concentration of organic phosphorus was

then calculated from the difference between total and inorganic phosphorus.

The determination of soluble phosphate in the dilute acid extract was

conducted by the method of Korol 76 ) as described in section 3.9.2.

Apparatus
- roomtem

- spectro iitoh Roy®Spectronic 401)

- crucible

muffle fugpace

- centrifuge(Ce

pH meter (A

Reagents
- 1 NHCI; dil to 1 L using deionized water
Vi ' "u'
Procedure

0.25 g of s%dlment (at least three rephcate@ is accurately weighed and

transfeﬁdtucﬁ atgrwrﬁlxﬂrﬁ Wﬁrﬁ ﬂa?es are placed into a

warm mtiffle furnace and heated at 550 for 2 h (constant temperature) Allow

ERAn Yl PP

(overnight) on a shaker bath (left the water temperature at ambient room
temperature). Transfer the extract solution into 10 ml centrifuge tubes and
centrifuge at 2000 rpm for approximately 5 min. Dilute ten times or more and
analyze for total phosphorus concentration by phosphomolybdate complex

method (Koroleff, 976). Standard calibration curves for phosphate are prepared
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by using 1 N HCI. Calculate concentration of total phosphorus in sediment
samples by using the equation from standard calibration curve in the unit of

‘ng/ g sediment.

3.7.2 Modified Aspila method (Vink et al., 1997)

Vink et al. (1997) modifi ncreasing concentration of

hydrochloric acid from n step and neutralized the acid

extracted solution wi g soluble phosphate by the

procedure of Stric bed in section 3.9.1.

Apparatus
The same as ' ; 8 - | \- 's method.
Reagents v :
- 6 N HCI; dilute 5 ‘: oncentiated HCl to 1 L using deionized water.
- 05 Hiak Ive 21 g of hb ionized water and
then nigke volume to 1L, X )

g
Y BNERTWEART « 5. 7 e

extract s‘uution is then neutralized with 0.5 MNaHCO befovnalyzing soluble

PRIR EAFHIAN B G o -

Bction 3. 9.1.

3.7.3 Dry combustion and acid digestion method (Agemian, 1997)

Description is almost the same as that of Aspila et al. (1976). Except the
sediment extract was analysed for soluble phosphate according to Strickland

and Parsons (1972) as shown in section 3.9.1 instead of Koroleff's.
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3.7.4 Total digestion method (total phosphorus analysis)

Three replicates of sediment were digested with a mixture of HF, HCIO, and
HNO, in a 100 ml teflon beaker at 180 — 200 °C according to Windom et al. (1994)’s
method. After digestion, sediment extract is neutralized, diluted and analyzed for
soluble phosphate either by Strickland and Parsons (1972)’s method or Koroleff

(1976)'s method as described in

Apparatus
- Hotplate

N

- Hotplate t
- 100 ml tefl
- balance

- Fume hood

Reagents
- HF 47%, HCIO, 65/0, ,

00 %eﬂon beaker. Under fume
hood, add 5 mli of'HE and 1 ml of HEI®,, place the beaker on a hot plate and

s R N . s

of HNO, nd put the beaker back on the mt plate. Heat tag, beaker until the

QW%Q@ PR JAF YD G B conine e

estlon If brown color is still persist, add 0.5 ml of HCIO, and then repeat

Transfer 0.25 g ©

digestion with 2 ml HNO, until the solution is clear. Remove the beaker from the
hot plate, allow it to cool, and then make up the volume to 25 ml with deionized
water. Digested extract is néutralized and diluted before analyzing soluble
phosphate according to Strickland and Parsons (1972)'s or Koroleff (1976)’s

methods as outlined in section 3.9.1 and 3.9.2, respectively.
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3.8 Analysis of Phosphorus speciation by the selected sequential extraction methods

3.8.1 Ruttenberg (1992)'s method

Three replicates of each sediment sample were sequentially extracted for their
phosphorus speciation according to SEDEX scheme in Figure 3.4. The solid to

extractant ratio is 0.25 g: 25 ml of extractant except in step II-A, where residue was

extracted with 22.5 ml of CDB. ., as maintained by agitation on

shaker and incubated at ‘extraction step, the mixture was
centrifuged at 3500 rp carefully removed by pasteur
pipette and then analyz entratlon by phosphomolybdic
blue method (Koroleff ‘ ‘ .2. Exceptinstep Il,
supernatants were an SPhoTus \ g he isobutanol procedure of
Watanabe and Oil i -J sactin \ V) FeCl, (Lucotte and
At o »\ reduction of the molybdate
complex. Separate s re made up for all steps in the
same dilution as extracted soll 4/«4 S0 { at’ solution matrix matched that of
samples. Turbidity blanks of &: trac ec soly onlwere also checked to correct

absorbance of unfiliere

Apparatus

A ANENS NN
Vbt Rtk (i le\ IEIREY]

- Separatory funnel 100 mi

- Volumetric flask 25 ml

- Crucible

- Muffle furnace(THERMOLYNE, SYBRON Corporation)

- pH meter (Accumet® BASIC AB15)

- 100-1000 pl (Eppendorf®), 1000-5000 pl (Gilson®) micropipettes
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Reagents
-1 M MgCl,: dissolve 203.33 g of MgCl, (f.w. = 203.30) in deionized water

and make volume to 1 L. Adjust pH to 8 before use.

- 0.3 M Nay<citrate: dissolve 44.13 g of Na,C;H;0,.2H,0 (f.w.=294.10) in

deionized water, then make volume to 500 ml. Keep solution in

: &03 (f.w. = 84.01) in deionized
o —

0 ml-Keep this solution in Polyethylene

Polyethylene bottle.

ent): dissolve 1.125 g of

solutlon and adjust pH to

- 1 M Sodium acet Ac) buffer pH 4: dissolve 68.04 g of NaOAc

(f.w.=136.08) in d&ioni ed W 1ake volume to 500 ml and

;, Nl ":

. ¢

- 1 MHCI tpe same as descnbed in Aspila method in section 3.7.1.

ﬂ‘IJEl’JVIWI‘EWEﬂﬂ‘i

- 4% (viv) FeCl,; dlssolv‘c; FeCl, 7.44 g in 10 ml of delomzed water and

q RARIAMIBIANIINYIA Y

Procedure
Weigh 0.25 g of <125 um sediment and transfer into a 50 mi centrifuge

tube with a cap and then sequentially extract as following:



Step | Exchangeble or loosely sorbed P
1. Shake sediment in the centrifuge tube for 2 h with 25 ml of 1 M
MgCl, (pH 8) on a shaker bath.
2. After 2 h, centrifuge at 3500 rpm for 15 min. Carefully remove the
supernatant. Repeat the extraction with a second aliquot of 1 M
MgCl, for additional 2 h.

3. After 2 h, centrifu 00 rpm for15 min. Carefully remove the

idue with 25 ml deionized water

4. ye at| 3500 rpmHiei in. Carefully remove the
al NN ERS N, 25 i dsionized water

\\\,

S. 5 min. Carefully remove the
6. sré colorimetrically analysed for
ce .\ > of Koroleff (1976). The sum
quots is equal to loosely bound P.
Step Il Easi q*
1, ShaE the residue from s : wm 22.5 mi of CDB reagent

2. After Q:h centrifuge at 35%}rpm for 15 min. Carefully remove the

ﬂ %Qt U8hdks fid iesic i 2wt Bymi of 1 M MO,

3! After2h, centnfu%e at 3500 rpm for 15 min . Carefully remove the

A9 PSR NATINH ARy

water.

4. After 2 h, centrifuge at 3500 rpm for 15 min . Carefully remove the

supernatant.

31
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5. Each supernatant is made to the volume of 50 ml, then add 0.5 ml of
1 %(v/v) FeCl,. Determine the content of Fe-P by isobutanol method
(Watanabe and Oilsen, 1962; Lucotte and Anglejan, 1985) as

described in section 3.9.3.

Step 11l Authigenic apatite plus CaCO, bound P plus biogenic apatite

1. Shake the residue fro Il for 6 h with 25 ml of 1 M sodium
acetate buffi ' )

2. After6 h,

at 50 mln Carefully remove the

the re ' U 2 hwith 25 ml of 1 M MgCl,,.
3. ' ot . \\q\ o . Carefully remove the
A t l.% \\ 25 ml of 1 M MgClL,.
4. Atfter é ltz- @L 1fe \ min. Carefully remove the
‘ : \\ |th 25 ml of deionized
water.
5. ifuge z -_ om f 1 min. Carefully remove the
supernatant.
6. ble psphate concentration

— —

b W, Sl of soluble phosphate

in allquu - _: pam plus CaCO, bound P
plus blqgenlc apatite.

AUYINYNINYINT

Step IV Detrital apatite plus otheri morganlc P

ARIRTR A

After 16 h, centrifuge at 3500 min and carefully remove

the supernatant.
3. Supernatant from this step was analysed for soluble phosphate in
detrital apatite plus other inorganic P fraction by the procedure of

Koroleff (1976).
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Step V Organic P
1. Transfer the residue from step IV into a 30 ml crucible. Dry the
residue in an oven at 50 °C and then ash at 550 °C for 2 h.
2. After the residue is cooled in a dessicator, extract with 25 ml of
1 M HCI for 16 h.
3. After 16 h, extracted solution is carefully removed by a pasteur

pipette and transferred into a pyrex test tube. Centrifuge at 3500

rpm for 15 in.. , rnatant and analyzed for soluble

phosphaie Jani ing the method of Koroleff (1976).

Step Extracted
I-A | 0.25g sediment l
I-B
I-D v 3 —ln L '. )
I-B Fe-bound P
I-C
A [ Residue r . feiee e ph 40)
e ol
-8 U Authigenic Apatite
CaCO; bound P

Biogenic Apatite

** ARIANE

-D
: 1M HCI Detrital Apatite

v Residue 16h, 25°C ™ plus other inorganic P
, Ash 550°C ,

\" Residue IM HCI, 16h, 25°C P> Organic P

Figure 3.4 SEDEX scheme for phosphorus partitioning in sediments (Ruttenberg, 1992)



3.8.2 Vink et al. (1997)'s method

Three replicates of each sediment sample were sequentially extracted for their
phosphorus speciation according to the extraction scheme in Figure 3.5. The solid
to extractant ratio is 0.25 g: 25 ml of extractant except in step Il where the residue
was extracted with 10 ml of 1 %(w/v) sodium dodecy! sulfate (SDS) six times. The

extractions were performed by agitai n a shaker at 25 °C. After centrifuging at

4000 rpm for 10 min, the supernat: removed by a pasteur pipette and
then analyzed for soluble pf N i nd Parsons(1972)'s method

as described in secti ; i 3 upernatant is analyzed for soluble

Watanabe and Oils irstfeacting it with 1%(v/v) FeCl, (Lucotte and

Membr@ filte nex@inline filter holder, the other

apparatus descnb@d in section 3.8. 1

LAUTININTNGINS
RV ISR U A e

described in section 3.8.1.

- 1%(w/v) SDS, HCO, buffer : dissolve10 g of sodium dodecyl! sulfate in
1000 ml of deionized water and buffer to pH 8.57 with 0.2 M NaHCO,.

- 6 N HCI: dilute 515 ml of conc. HCI with 300 ml deionized water in a

1000 ml volumetric flask. After cooling, make up to the volume.
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- 0.5 M NaHCO,: dissolve 21 g of Na HCO, and dilute to 500 ml with

deionized water.
Procedure

Weigh 0.25 g of <125 um sediment and transfer into a 50 ml centrifuge

tube with a cap and then sequentially extract as following:

Step | Exchangeble or ‘ /
1. imentin the centri @rzhwithzsmlomm
T—

2. After2 h,e Jeal arefully remove the

d aliquot of 1 M MgCl,

3. Carefully remove the
supernatant. Then st e residue with 25 ml deionized water for 2 h.
4. After 2 h, centrifige at 40 l_ : . 10 min. Carefully remove the
supernatant. Then - with 25 ml deionized water for 2 h.
5.

After2- cen 5 at 4000 rpml in. Carefully remove the

supe

All superﬁan

phosphate b¥-the procedure of SUkIand and Parsons (1972). The sum

i ﬁ’ﬂ‘*ﬂﬁ"ﬂ‘ﬁ%ﬁq iy bount P
&W"Tﬁﬂﬂiiﬂ 1911ANYA Y

The residue from step | is extracted six times with 10 ml of 1% (w/v) SDS,

S n'c analysed for soluble

pH 8.57 in a water bath at 80°C for 2 h and rinse twice with 10 ml of 0.2 M

NaCl and deionized water.

2. A 20 ml aliquot of the combined SDS + rinse solution is dried at 100 °C in

a crucible.
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3. The dry aliquot was then combusted at 600 °C for 4 h and extracted with
6 N HCI for 16-24 h.

4. The extracted solution is filtered, neutralized with 0.5 M NaHCO, and
analyzed for soluble phosphate in organic phosphorus fraction by the

procedure of Strickland and Parsons (1972).

e for 2.h with ml of 1 M MgCil,.
\\\ arefully remove the
for 2 h witl | of deionized water.

refully remove the

0 ml, then added 0.5 ml

P content by isobutanol

method (Watanabe and Oilsen, 1962; Lucotte and Anglejan, 1985)
_ e S o by .
as describe ’

———————————} .
& — A

Step IV Authigenmapatite plus CaCQO, bound P plusmiogenic apatite

1. Shake the ré{s’iﬂe from step Il féF'6 h with 25 ml of 1 M Sodium acetate
ATITHNINEANS

2. Aﬂyr 6 h, centrifuge at 4000 rpm for 10-min. Carefully remove the

o) Vb Shass b deschdlor 2w b inforh s,

q3. After 2 h, centrifuge at 4000 rpm for 10 min. Carefully remove the

supernatant. Shake the residue for 2 h with 25 ml of 1 M MgCl,.

4. After 2 h, centrifuge at 4000 rpm for 10 min. Carefully remove the
supernatant. Shake the residue for 2 h with 25 ml of deionized water.

5. After 2 h, centrifuge at 4000 rpm for 10 min. Carefully remove the

supernatant.



6. Each supernatant is analysed for soluble phosphate concentration by
the procedure of Strickland and Parsons(1972). The sum of soluble
phosphate in all aliquots is equal to authigenic apatite plus CaCO,

bound P plus biogenic apatite.

Step V Detrital apatite plus other inorganic P

1. Shake the residue fro ) IV with 25 ml of 1 M HCI for 16 h.

2. After 16 h, centrifuge & 0 min. Carefully remove the

supernatant. =«

3. Supernat: alysedfor soluble phosphate in detrital
apatite e procedure of Strickland

and Par

1. The residue tep Vs tre sferre tc 0 ml crucible. Dry the

residue in an oyen atb0 °C ar
ekl
2. After the residue wa:

1en ash at 550 °C for 2 h.
sSicator, residue was extracted with

25 ml of 1

-
-

3. After : ...‘-".‘ ed by pasteur

pipette ﬁ! trans o5 UDE After centrifuging at
3500 rpm for 15 min, supernatant is diluted and analyzed for soluble
rpm 1o P p i, yz

oSl il JREHon o efbidoh e stickiand and

Pafsons (1972).

ARIAATUAMINYAE

37
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Step Extractant Extracted
- MgCl: (pH 8)
I-A  |0.25g sediment oh, 25°C
I-B Residue e
Exchangeble or
I-C 2h, loosely sorbed P
I-D : Wad
2
II-A | Residue ~
1) 1% SDS, H .6y
2) 0.2M Na@G b
3) H:O wash (x %
4) Ash 600° = A
5)6M HCl, feh, 26'c/ £ [ \
o Organic P
l-A [ Residue —
JAA
' 8
-8 e o oty ) Fe-bound P
-c 5
IV-A | Residue
IV-B
m A CaCOs bound P
. MgCla (pH 8 carbonate fluorapatite
IV-C f esidue gCt: [oH 8) hydroxyapatite
|
IV-D '
q 2h, 25°C
¢ 1M Hel
Vv i — tﬁ fluorapatite
G
Vi Residue Residual P

6M HCI, 16h, 25°C

Figure 3.5 Sequential extraction scheme for phosphorus partitioning in sediments

(Vink et al., 1997)
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3.8.3 Agemian (1997)'s method

Three replicates of each sediment sample were analyzed for phosphate
species following the extraction scheme of Agemian (1997) as outlined in Figure 3.6.
Sediment to extractant ratio is 0.50 g : 25 ml. The extraction was maintained by
agitation on a shaker at 25 °C, except in step V the residue was extracted at 85 °c.
After centrifuging at 3500 rpm for 15 min, supernatants were carefully removed and

analyzed for soluble phosphorus by

ethod of Strickland and Parsons (1972) as
|

‘ // rnatants were analyzed by the
: ‘ escribed in section 3.9.3, but

nt blanks were done for all

described in section 3.9.1 e
isobutanol method (Wat
without addition of Fe
steps in the same di olution matrix matched
that of sediment extrg tion were also measured

to correct absorbance€

Apparatus

- 0.11 M Na,S, Ol‘ dissolve 10.56 g %f!NaZS O, and dilute to 500 ml with

@181 91871 TNE 11T

- 011 M NaHCO,: dissolve 4 621 g of NaHCO and dilute to 500 ml with

Qe S0 Nnnmo

- § Bicarbonate ditionite (BD reage

M Na,S,0, and §1|1 M NaHCO,
buffered to a pH of 7.0.

- 0.1 M NaOH: dissolve 2 g of NaOH and dilute to 500 ml with deionized
water.

- 0.5 M HCI: dilute 45 ml of conc. HCI with deionized water. After cooling

make volume to 1000 ml.
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-1 M NaOH: dissolve 20 g of NaOH and dilute to 500 ml with deionized water.
- 1MH,SO,: dilute 56 ml of conc. H,SO, (sp.gr.1.84) with deionized water.

After cooling, make volume to 1000 ml.

Pro I

Weigh 0.5 g of sediment sample into a 25 ml centrifuge tube with a cap

3. juot of 0.5 M NaCl,

\ pernatant with the previous
4. lumetric flask by adding 1 ml of
5, tracted solution by the

7‘:-:"“""'_ --------------- "{g

i

Step Il Iron and alummum -bound pho horus

fl b %ﬂ%’ﬁ"ﬂ%}@ﬂ"‘?‘* -

A extraction step by éhakmg with 25 ml of BD reagent for 1 h.
QR REA I N TIN TR~
a 100 ml volumetric flask.
3. Repeat with a second 25 ml of BD reagent. Centrifuge and add the
supernatant to previous extracted solution in the volumetric flask.
4. Shake the sediment in the centrifuge tube with 25 ml of 0.5 M NaCl,
centrifuge and add the supernatant to the previous extracted

solution in the volumetric flask.
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Acidified solution in the volumetric flask with 4 ml of 1 M H,SO, and
make up to volume.
Analyze soluble phosphate in the extracted solution by the

procedure of Strickland and Parsons (1972).

Step Il Polyphosphates

!

centrifuge tube from the previous

Extract sample left in t

extraction st aking wit ml of 0.1 M NaOH for 18 h.

2. transfer the supernatant to

& ~~-. wnth25mlof05MNaCI
centriigge . : e previous extracted
solutioain i

4. Acidify gol , --~\ n 3 mlof 1 MH,SO,and
make up e

5. Analyze so ';’: -‘; € Cted solution by the
procedure of i ons (1972).

Step IV Calc V_W—w——i\-
1. Ext JE rom the previous

extract‘pn step by shakmg with 25 ml of 0.5 M HCl for 1 h.

ﬂ wﬂqumqﬂf?he supemnatant to

9 a100 ml volumetnc flask.

ST e P ey 13

4.

the volumetric flask. Make up to the volume.
Analyze soluble phosphate in the extracted solution by the

procedure of Strickland and Parsons (1972).



Step

0.5g SEDIMENT

| 1) 25ml 0.5M NaCl (1h)
2) 25ml 0.5M NaCl wash

EXTRACT

Loosely bound P

RESIDUE

2 and Al bound P

Polyphosphates

v [~ Y
it

.. Cabound P

Figure 3.6 Sequential extraction scheme for phosphorus partitioning in sediments

(Agemian, 1997)

42
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Step V Residual or refractory phosphorus
1. Extract the sample left in centrifuge tube from the previous
extraction step by shaking with 25 ml of 1 M NaOH at 85°C for 1 h.
2. Cool and centrifuge for 15 min at 3500 rpm and transfer
the supernatant to a 100 ml volumetric flask.
3. Acidify with 3 ml of 1 M H,SO, and make up to the volume.

4. Analyze for solubls 5 e in the extract solution by

the proced

3.9 Soluble phosphate / |

Soluble phosp iment extracts; B- and BD- extracts, were

rsons (1972).

colorimetrically analyz fei the -' ..\. nolyb blue complex method of
4 \
%

Strickland and Parsons oroleff’ 976). These methods are based on the

same principle prepared Fphy-an ey (1962).  Ammonium molybdate and

antimony potassium tartrate fapi ' 1. acid medium with phosphate ions in

dilute solution to form an antin 0-molybdate complex. This complex is
e "-“i.;"‘:' -
reduced to an mtensy bluwow > ic acid. The developed color

CDB-and BD- ext@ were analyzed, for soluble phosphate by isobutanol

method accorﬂgu Bt%%ag %‘ﬁl w& ﬂﬂiod is based on the

separation of thﬁ,l| phosphomolybdatg complex frcm the color sol t n and possibly

"R RIRIATRANFNEN A

3.9.1 Strickland and Parsons (1972)’s method

Strickland and Parsons (1972) used the similar procedure as described
by Murphy and Riley (1962) for determination of reactive phosphorus in sea
water in their practical handbook of seawater analysis. The capability of this

method ranges from 0.03 to 5 uM.
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Apparatus

Spectronic 401 (Milton Roy®)

pH meter (Accumet® BASIC AB15)

Micropipette (100-1000 pl Eppendorf®, 1000-5000p! Gilson®)
Beakers and test tubes (Pyrex®)

2 quartz cuvettes

Ammonium mol ion: @ of (NH,)Mo,0,,.4H,0 in
500 ml of deioni ater. Stofe in @ plastic bottle. Keep the reagent out of
direct sunli W\

Sulphuric aci id140 ml of 6o rated sulphuric acid

(sp.gr. 1.82) to 800 de; d water. Al 3 olution to cool and store it in

iadoat s
Al A

Ascorbic acid solution:+ ascorbic acid in 500 ml of deionized

water. Store solution in'a plastic ozen in a freezer. Defrozen

before use andefreeze atonce:

Potassium antlinonyl tartrate solutlon dissolve 0.34 g of potassium

antﬁruaﬂtaa %6‘) EW ﬁ W if necessary.

Storéfin a glass or plastic bottle

AN IHYNIINLIGY ..o

acid, 10 ml ascorbic acid and 5 ml potassium antimonyl-tartrate solutions.

Prepare this reagent for immediate use. Do not store more than 6 h.
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- Standard phosphate stock solution: dissolve 0.816 g of anhydrous KH,PO,
in 1000 ml of deionized water. Store in a dark bottle with 1 ml of chloroform.

The solution is stable for many months. This standard contains 6 umol P/ml.

- Standard phosphate working solution: dilute standard phosphate stock
solution 100 times with deionized water and then prepare working

phosphate standards by adding 0.25 ml, 0.50 ml, 0.75ml, and 1.0 ml of

diluted phosphate stanc 25 ml volumetric flasks and make
up to the voiume.w ‘ the same dilution as sediment

extract. These : are-freshly ixed daily.

Procedure
1 ml of of diluted extract solution and

measure the absorbance of

ele ngth of 885 nm. Cell to cell

blanks are measured jﬂ. 5 ty \ ectrophotometer. Reagent and
turbidity blanks are ono’ cted for cof g the absorbance of dilute extracted
solution. y 3
Y )
Corrected absﬁa . as i lowing:
i

ﬂﬁﬂ%%ﬂ%ﬁ%&ﬂﬂ‘i
%%Wﬂﬁﬂim lﬁﬂ']’]ﬂﬂ']ﬁil

corrected absorbance of sample

As..,mple = absorbance of sample
Ac = absorbance of reagent blank
A = absorbance of turbidity blank

Note: A,pe Ars @nd Ay Were subtracted by the absorbance of cell to cell

blank before calculation.
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Calibration

A series of working standards prepared by extractant in the same
dilution as sediment extract and reagent blank of extractant were measured
their absorbances at a wavelength of 885 nm. After correcting values by using
equation above, these absorbances were used to construct a standard
calibration curve for phosphorus in the same matrix of extractant.  Linear

calculate the standard calibration curve

regression analysis was applie
equation and the rel ' of the relationship between
concentration and nce tandards. Relative coefficient of
accepted standard 0.9995.
alculation of phesphortsic
Concentration : '_ Gs d 2 ed solution was calculated from
the linear equation f st : : \ usmg corrected absorbance

(Aomectes) Of xtracted s %QE' A i_ ha A\ the calculated concentration was
multiplied by degrees dllLMa A

3.9.2 Koroleff (1976}-s-method——— v ]

This mewod is a modification of the Murphﬂnd Riley procedure as

g 1° 1P TSV
TSR A

and from 0.1% to 0.045%, respectively. This lower final acidity is also used
in Strickland and Parsons (1972). By using two solutions, the reagent is
more stable and the compensation for turbidity is easier. Capability range
of this method is 0.01-28 pM. To obtain a rapid color development and

to depress the interference of silicate, it is fundamental importance that the

final reaction pH is less than 1.
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Apparatus

The apparatus used in this method are similar to those described by

Strickland and Parsons (1972) section 3.9.1

Reagents
- 4.5 M sulphuric acid: carefully add 250 ml of concentrated acid (sp.gr.

=1.84) to 750 ml deioni ater. Allow to cool and dilute to 1000 ml.

Store in a polyet

- Acidified ascorbi orbic acid in 50 ml of

‘5\ ‘1.’;.1

deionized o an/ado nl\q\\\‘\\"m ohuric acid. Store in

an ambe I na gerator, whereby the reagent is stable
_r,[‘a y

AN

canbe used as |0 9.2s it remain colorless.

for at lea

- Mixed reagept: dissolve 12.5 (NH,);M0,0,,.4H,0, in 125 ml of
deionized wate ) dissolv 0. g pota sium antimony tartrate,

,0), in 20 ml of deionized water.

= L
Add the molybdaie Solution to of 4.5 M sulphuric acid,
stir T{(F""m"f_"r:*‘_“b"-':‘ ix well. Store ina lab
if \,
glass bﬂe. - everal months.

AT

dooled in a dessicator.‘Exactly 136.1 mg is dissolved in deionized water
./

N
q w fjvﬁqurj m maldjmg.ﬂany dilute to
B 100 ml. Store cold in a glass le the solution is stable for months.

This stock standard contains 10.0 pmol P/ml.

- Standard phosphate working solution: dilute standard phosphate stock
solution 100 times with deionized water and then prepare working

phosphate standards by adding 0.25 ml, 0.50 ml, 0.75ml,1.0 ml of
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diluted phosphate standard to a series of 25 ml volumetric flasks and
make up to the volume with the extractant that has the same dilution as

sediment extract. These working standards are freshly prepared.

Procedure
1 ml of mixed reagent is added to 50 ml of diluted extract solution and

mixed at once. After 15- 30

orbance is measured at a wavelength
of 880 nm by using a 1 % Il to cell blanks are measured to
check the stability ’ otor eét and turbidity blanks are
measured to co ' of dilute e ted solution. Calculation

of corrected a j r \\\\\.\ section 3.9.1.

Calibration

Standard gélibfation curve fe 10rus was conducted the same as

It
Calculation of pho ,.ﬂiii‘;ﬁu;:{'

J_-‘

3.9.3. Watanabe and giﬁn (196§)’s metl&gd

oo b HEINENINEINT

extract was analyzed for soluble phosphate in Fe-P fraction by

N, WG NPT W IS

with stannous chloride. Capability range of this method is from 2 pg P to 22 pg P.

Special apparatus
- 100 ml separatory funnels (acid cleaned and ethanol rinsed)

- Ateflon vessel for SnCl,

- 100-1000 pl (Eppendorf®), 1000-5000 pi (Gilson®) micropipettes
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Reagents

0.5 M H,SO,: dilute 28 ml of conc.H,SO, (sp.gr. 1.84)with deionized
water in a 1000 ml volumetric flask. After cooling, make up to the

volume. Store in a plastic bottle.

5M H,SO,: dilute 140 ml of conc.H,SO, (sp.gr. 1.84) with deionized

water in a 500 ml volumetrig flask. After cooling, make up to the volume.

Store in a plasti

nonium molybdate in 500 ml of

| of 5M H,80, . Dilute to 1 | and store in

e 10 g of anhydrous SnCl, in

25 ml concghtrated HCI, .S a small teflon vessel (refrigerator).

ml of SnCl, stock solution to

Isob y ot

Absolute epanol

AUYINYNINYNT

Standard phosphate stock solution: the same as described in section

QRN TR e

Standard phosphate working solution: dilute standard phosphate stock
100 times with CDB or BD in the same matrix as sediment extract.

This working standards is freshly mixed every time of analysis.
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Procedure

e

Pipette 0.3-15 ml of an aliquot (BD extract or CDB extract treated with
FeCl,) into a 100 ml separatory funnel.

Add 5 ml of molybdate-sulphuric acid reagent and make up to the
volume with 20 ml of deionized water.

Add 10 ml of Isobutanol and shake for 2 min.

layer.
Add diluted si : ide 15'mi,.shake for 1 min. Stand for 15 min,
then dis €ods fayar. :

\ ml volumetric flask. Rinse the
N R

After 15 min, discard th eous layer and wash by shaking once with

10 mlof0.5MH in and then discard the aqueous

solute ethanol.

table for at least 4 hours.
'\ against a blank containing
ometer at a wavelength of 660 or
be calculated by subtracting

absorbance of féagel k orbance of sample. Cell to

cell blapkis-aiso-cone --'-'1'7‘"‘"'""“"”‘5» ity of the

Fi

specroﬂ\o :
AT BRTHE AT -

q W'\ AINIRUNATNLNA Y

whereas: . T— = corrected absorbance of sample
[ W~ = absorbance of sample
Ars = absorbance of reagent blank

Note: A, Ags @nd A were subtracted by the absorbance of cell to cell blank

before calculation.



Calibration

Standard calibration curve was prepared by pipetting known
concentration of phosphate in the range of 0 — 22ug (0-7 pM) from standard
working solution into a series of 100 ml separatory funnels and the blue color
was developed as outlined in the procedure. Linear regression analysis was
applied to calculate the standard calibration curve equation and the relative

coefficient (rz) of the relationship between concentration and absorbance of

phosphate standards. Relati € COE ccepted standard calibration

alculation of Fe-Ri€0
Concentration of Fe-R'in CDB or BD extract (C,) was calculated from

the equation of stan@ard ¢ \ corrected absorbance

iy,
(Acomectea) Of EXtraCtedSoldtion. = T

T T,,-
3.10 Calculation of phosphorus. ~r.‘: > 7
v - ﬂ!

Total phosphorus a 2-P were calculated as

following: H

AU INENINYINT
RENASEEELAN NN,

C.. = Phosphorus concentration from standard calibration curve
and multiplied by dilution (pm)
V = Volume of extractant (ml)

W = Sediment weight (g)
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Fe-P from CDB extraction was calculated as following:

extract

x 20 x W

Crep = mmole of Fe-P x 50.5 X V. X 31

\Y

analyze

whereas:  C.., = Concentration of Fe-P in sediment (ug/g sediment)

umole of Fe-P = umole of Fe-P calculated from standard

(AT

Fe-P from BD extract (Age s calculated using

’ T
analyze I

whereas: C ¢ . = Concentratign of Fe-P in sediment(ng/g sediment)

A 2o e P il g smers

calibration curve.by using correcﬁ absorbance

QAN T AR Fabi o

= C,, X 25 pmole
1000
" - = Volume of CDB extractant (ml)
Vo = Volume of analyzed aliquot (ml) = 1-2 ml

W = Sediment weight ()
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