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APPENDIX A

Particle size distribution analysis

Particle size distribution (PSD) of sediment samples in this study was carried out
by hydrometer technique. This classical method is based on the density of settling
paritcles suspension. The greater the density of suspension, the greater the bouyant

ading. As particles settle out of the
/ g is served. Since temperature
i ' smpera ﬂchecked and kept constant
throughout the determination: read -- Iso be corrected for the use
of dispersing agent. '

Apparatus

- hydrometer
- sedimentation

- Plunger =
— y T

LT3 T

- Electric blender
- 500 mi b e
S~ i

Reagents E ' . “!j
- 5% Calgon soh!tm dissolve 35.7 fsodlum hexametaphosphate and

¥ Qﬂ %M%%H %ﬁ w Bt’}ﬂa‘% then dilute to 1 L.

- Amy Icohol
Qmmmm WI']’JV]&I’]@ d
Pfocedure
1. Weigh 50 g freeze-dried sediment in a 600 ml beaker.
2. Add 50 ml of 5% Calgon and then add 150 ml of distilled water, mix well
and stand overnight.
3. Transfer the suspension into an electric blender and mix the

suspension for 1-2 min.
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4. Carefully pour the suspension into a sedimentation cylinder. Be sure to
wash all of the sample into cylinder.

5. Add distilled water to the cylinder until the level reaches 1000 ml.

6. Using a plunger, stir the suspension in the cylinder up and down
20 times.

7. Add 2-3 drops to 1 ml of Amyl alcohol to eliminate bubble after vertical

mixing.
8. Remove the pluliBERERE
9. Carefully lo Jeter 1 ' inder and read when
40 seco aveelansec , S
10. Remove the Aydr 4/ \ and wipe dry. This reading
gives the am ‘o v‘ b anche \\
11. Measurgand . or, te‘
12. After the jirst reac C - _ and undisturbed for
2 hours. : »
13. Place the hydro neterin he ¢ er and make the 2-hour reading.
This reading |nd| ates mount of cléy in the sample. Also measure

us) ' mperatur rature should be kept

14. Blank i@lso determined by the same me@d described above.
15. Calculate thespercentage of sand, silt and clay and then determine the

bbb %E o bededeitbndddoafioe AD
QWﬂﬁ\iﬂ‘iﬂJ URIINYA Y

%(sslt+clay) =[(Rs —Rb) + 0.36(Ts -Tb)] x100  ............ first 40 seconds

wt of sample
Rs = density of sample at first 40 seconds
Rb = density of blank at first 40 seconds
Ts = temperature of sample at first 40 seconds

Tb = temperature of blank at first 40 seconds
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% Clay = (Rs-Rb) + 0.36(Ts = Tb) x100 ~  ............. Next 2 hours.

wt of sample
Rs = density of sample at 2 hours
Rb = density of blank at 2 hours
Ts = temperature of sample at 2 hours

Tb = temperature of blank at 2 hours

% Silt = %(Silt + Clay)
% Sand = 100 -.%

AR IV EHNT

AT INEOEE. oo

according to Gorsline (1960)
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APPENDIX B

Elemental composition analysis

Elemental composition of sediment samples in this study was qualitatively and

quantitatively analyzed by X-ray Fluorescence technique. This non-destructive method is

based on the fact that emission of fluorescent X-ray after atom is irradiated by primary

spectrometer  (XRF)
compatible with SPE | 1_ tiliz ‘ . This spectrometer is

installed at the laborato 3 viin bany. Diagram of this X-ray

unit is shown in Figure . JSeti 1753 c - epared by fused cast bead
method (according to I1SO/ W ‘Befor - al A \ elemental composition by XRFS.
Thirty-two certified reference 18 were prepared y the same way as samples and

used in determining calibration graph : ons and for correction of matrix effect.

Three Japanese standards -14°JSd-1 and JSd-3) from

Geological survey of Japai n‘. to check the accuracy
and precision of the instrument anad 0gy. ossﬁ ignition (LOI) testing was
also conducted to measurg the accuracy of thanalyss

AUYINENINYING

Principle of X-ray‘“uorescence spectr%;neter

RARA QGF173  HA B Y o oo
Fluorescént X-ray. The Fluorescent X-ray is then controlled to become parallel beam (by
a slit of goniometer) straightforward onto the surface of a plane crystal. Then the
fluorescent X-ray diffract from the plane crystal according to Bragg's law (2dsin® = nl).
A detector that rotates at the same velocity of a goniometer measures the energy of the
X-ray quanta (intensity of X-ray) whereas goniometer measure the reflection angle (6 and

20) of X-ray. The energy is then converted into electrical impulses or counts and used
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in calculation of concentration of element from the equations of X-ray intensities and

concentration of elements by computer software (SPECTRA3000).

X-RAY
- TUBE
TRANSFORMER
X-RAY POWER RECORDER
CONTROLLER
RATEMETER
X-RAY COOLER m

I SCALER |

" COMPUTER ||

Figure B.1 Diagram off Xay

Preparation of sample

Sediment sample-othis-Stucy-were- -“T’-'---“’ﬁ-'-'-;*sf“ -ast bead method

F

according to ISO/DIS1 677 der MUsed with a suitable flux to

destroy its mineralogy and ‘particulate composition.

AUEINENINYINS
QRN Y

- Vacuum dessicator
- Balance
- Oven

- Hood
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Chemicals
- Lithium metaborate, Li,B,0,

- Lithium lodide, Lil

Procedure

Dry <125um fraction sediment sample overnight in an oven at 110 °C,

cool in a vacuum dessicator. e sediment sample is weighed into a

platinum-gold crucibl with 5 ium metaborate and then mix well.

Fuse at 1,000°C with the

. "\

fluxer machine. Afterfused ured on a platinum lid, let it cool for 5
Ser and store in a polyethylene
seal-bag a store u\ vacuum dessicator until

XRF analysis.

LOlI testing
Loss on ignition (LOI) is w«m sediment moisture, organic matter,
organic carbon, and ,-! D 0 be an essential parameter
c— — -

for the XRF analysis. 'f( le e " 2s a measure of the

accuracy of the analysi -" LOI has been traditionally done ﬂgravnmetnc method.

Appara&JUU’mEJﬂ’i?W\'lﬂ’i

- Platmum crucibles
awfafaa@mzu URIAINYIAY
Balance
- Vacuum dessicator
Procedure
Weigh 2 g of dried sample into a platinum crucible. Then place the
platinum crucible into a furnace. Heat at 1000°C for 4-10 h and cool it in a

vacuum dessicator. Finally, weigh and calculate % of loss on ignition.
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Determination of carbonate content in sediment
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The acid-base titration technique (Gross, 1971) is chosen because of its

simplicity and suitability.

The sediment sample is treated with excess amount of

standardized hydrochloric acid. Complete the reaction between acid and carbonate by

heating, then back titrate the e

phenolpthaline as an indicato

Apparatus

Reagents

250 ml Erlenm
25 ml Bure
pH meter
waterbath
magnetic stirer and

50 ml, 100m! , 250 mt 1000 m

0.5 M HClA. | A

0.25M Naom

Pheﬁpthahne‘sﬁtlon dissolve 100" ﬁ of solid 100 ml of 80 % ethanol

81173
Q W bR 3o W4 4 AR b o

UEINEN

Potassnum hydrogen pthalate (KHgH,0,) &,

ethanol and dilute to 100 ml

Procedure

1. Accurately weigh 1 g of sediment sample (in this study, particle size is
less than 125 um) and transfer to 250 ml Erlenmayber flask.

2. Add 10 ml of 0.5 M HCI and then heat at about 90 °C for 20 minute.
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3. Test pH of solution with pH meter, if pH is more than 2, add another 10
ml of HCI and repeat heating for 20 minute.

4. When pH is less than 2, dilute the solution with 100 ml of distilled water.

5. Back titrate with 0.25 M NaOH using phenolphthaline as an indicator.
The color will change sharply from colourless to pink at the end point.

The pH meter is applied to check the end point of reaction (pH = 7)

because sediment s | hide pink color of end point.

Standardization of
1. Dry potassium.h n at 110 °C for 2 hour and

coolinade 2

Weigh 1.0 gof p 250 ml Erlenmayer flask

Dissolve'in 100 ry

Add 3-4 dropsiof

o d 0N

Titrate with 0.2 r develops and persists for
30 seconds. B T T
6. Three replicates should be-d

hfv.

Standardization’c

10 °C for 2 houmnd cool in a dessicator.

AT SN TR

Add 3-4 drops of bromécresol green s,

o b 40 Glbiddrlta bl PV B o

from blue to green.

Dry Na2 ), inanovena

AW ON

6. Boil the solution for 2-3 minutes, cool at room temperature and complete
the tritation if the color is changed from green to blue.
7. Three replicates should be done.
Calculation
Percent CaCO, = [100x0.05x(ml HCI)(M,,)]- [(Mly,01) (M, 00)]
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APPENDIX D

Determination of readily oxidizable organic matter in sediment

The method for determination of readily oxidizable organic matter in three
estuarine sediments of this study is the Walkey-Black method (1947) which adopted by

Loring and Rantala (1977). The readily oxidizable organic matter in sediment is allowed

to oxidize with chromic acid and the ic acid is reduced by using ferrous
solution. This method will notin  hoh-s€psitive organic carbon like charcoal
and graphite, etc. Proteins @ince carbon only constitutes

about 58 % of the soft © i -_ 3iNs N .ﬁ__‘ e carbon content can be

converted to the organic mai liplying rmular

The oxidation of@arbyg g mic ¢ > sented as following:

2Cr,0,%

+3c+28HY = 3C*1+14H,0
and the reduction of CF,O, by SITO DN may be given as

Cr,0,% +6 Fe(NH,),"" +14H == + 6Fe(NH,)"" + 6 NH,” +7H,0
2 ¥2 -F!?E?"fw:" . 4 2

G

Reagents: et

i
1. 85 % phospﬁic acid (H,PO, {)

 EUEARS NN
hfﬁﬁﬁﬁmﬁmwﬁwmﬁ’ ]

7. Diphenylamine
8. Glucose (C¢H,,04)
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Preparation of solutions:
1. Concentrated sulfuric acid (H,SO,) with silver sulfate (Ag,SO,)
Dissolve 2.5 grams of silver sulfate in one litre of concentrated sulfuric
acid. Store the solution in a glass-stoppered bottle.
2. Standard potassium dichromate (K,Cr,0;) solution

Dissolve 49.04 grams of potassium dichromate in distilled water. Dilute

’ ) make one litre. Keep the solution in a

3. 0.5 N ferrous ammOnitim:s SO

the solution with disti l g

ulfate in 800 ml of distilled

entrated sulfuric acid. Store

amine in a mixture of 20 ml of

distilled watgh 0 ml of eoncentrated sulfuric acid. Keep the

Procedure: J
Approxim ' L Jifent is weighed out and
place into a 25&! flask. Them10"mIFor TN &Crza and 20 ml of concentrated

H,SO, with Ag,SOjf are added to the sediment. The solution is then swirled and

et tor ] ey, Thel AR L ibod § Fiutea o 200 mi wit

distilled \gter Then, 10 ml of 85 % H,PO,, 0,2 grams of NaF, and 15-20 drops of
) BB LI B o
wi h 0.5 N ferrous ammonium sulfate solution. During the process of titration, the
color of the solution gradually changes from a dull green to blue and then to a
brilliant green. This final color change indicates the end point.

The procedure is repeated by using 0.01 grams of glucose as the
standard in order to determine the definie concentration of the 1 N K,Cr,O,

solution. The procedure was also repeated in determining a reagent blank.
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Calculations:
After completing the back titration, the following calculation is made in
order to determine the percentage (%) of organic matter and organic carbon in

each of the sediment samples.

For sample

\\\\\ ulfate sciution

F= / atio v‘\ \‘ 10/weight of the sample)

weight of carbon

atter from carbon

| ineq. per 100 grams = 10(1-1/S)x(100/weight of glucose)
Therefore, e r 'r{v ht of glucose)]/100

y - ]

then, nxmeq. pef gram(12/4000) =

ﬂumwmmnni
e AR AR TR HHATA Y AF S ons

t0 39.99 %. Therefore,
39.99 % K,Cr,0, will have a concentration of 1N
and y% K,Cr,O, will have a concentration of = (y%/39.99%) N
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APPENDIX E

Matrix effect of extractants on standard calibration curve for phosphorus

Table E.1 Matrix effect of extractants on standard calibration curve for phosphorus

- Strickland and Parsons (1972)’s procedure.

Matrix dilution slope deviation R ' J—
deionized water 1 00" | | / 90000 | 1.0000 | 0.000
1 ) 0.000
1M MgCl, p— 00008~ | o. 0.000
200 w-'o 0.000
/ \ 000 0.000
0 / 00"~ \ 0.000
0.5 M NaCl l ’j’@‘ “\ 0000 0.000
1M NaOAc '\ 09999 |  0.000
0.0988 |  0.000
09999 |  0.000
1M NaOAc+1 MMgCl, | 1 10000 |  0.000
0.9991 0.000
09999 0.000
0.5 M HCI V20 | o000 | "aldoo | 0.000
1M HCl {1loooo | 0.0
00| 00209 | 90002 | 09999 | 0.000
AUBANENE MRS o
U 100 | 0.0206 00006 | 09996 | 0.000
6MHCQW’]aq ﬁ .‘ w ‘rw ae]ﬁ" 0
3 : I] | m}l -:I:; ﬁge : Ho
10% SDS+ 6M HCI 30 0.0205 00002 | 09996 | 0.000
0.1 M NaOH 2 0.0209 00002 | 09999 | 0.000
5 0.0208 00002 | 09999 | 0.000
10 0.0209 00002 | 09999 | 0.000
1M NaOH 5 0.0209 00008 | 09999 | 0.001




Table E.2 Matrix effect of extractants on standard calibration curve for phosphorus

-Koroleff (1976) 's procedure.

Matrix dilution slope deviation R’ A —
deionized water i 0.0230 0.0000 1.0000 0.000
1 0.0230 0.0000 1.0000 0.000
1 0.0230 0.0000 1.0000 0.001
1M MgCl, 5 0.0 0.0002 1.0000 0.000
5 ' ’ 1.0000 | 0.000
5 0 ﬁ 1.0000 0.000
40 0.9995 0.000
.0000 0.000
0. .0000 0.000
NaOAc 0.9999 0.000
2 & 997 0.000
0.0253- 44 O. 9998 0.000
1M NaOAc+1 M MgCl, > 0.9888 | 0.000
1 | ’: 0.9989 0.000
A :J o | 10000 | 0000
1M HCI g 09997 | 0.000
00 0.000
m1 0000 0.000
20 0.0225 -0.0002 moooo 0.000
“ﬁ 0218 | | 0000
A WELIVTELVIS I TELS o
| 20 0.0229 0.0006» | 0.9999 | @.0.000
ob QRNHLEET etk jF ] g
9 25 0.0228 0.0006 0.9999 0.000
25 0.0229 0.0007 0.9998 0.000
25 0.0228 0.0003 1.0000 0.000
25 0.0227 0.0007 0.9999 0.000
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APPENDIX F

Total phosphorus in sediments from various total analytical methods

Table F.1 Total phosphorus (ug/g sediment) from Aspila method (Aspila et al., 1976)

Sample Replicate Total P Mean = SD RSD
(ng/g sediment) (ng/g sediment) (%)

Mae Klong (M)

Q7 B
LY 1 D
\ -

9

\u"

2.33

Chao Phraya (C)

1.63

Bang Pakong (B) BY & 525.84 g 4
AUYINEARINEINT
i 6 531.00£9.83 g 1.84

RIRENFAEMNINAY

B6 539.44

Note: each replicate was analysed three times



Table F.2 Total phosphorus (ug/g sediment) from Modified Aspila method

(Vink et al., 1997)

Sample Replicate Total P Mean + SD RSD
(ng/g sediment) (ng/g sediment) (%)
Mae Klong (M) M1 359.54

M2 359.54 359.49+0.08 0.02

Chao Phraya (C)
7416.53 3.16

Bang Pakong (B)
5.24

-
'
LY

gemia JTJ 997) ‘s method

Mae Kiong (M) 4

oLl

Mean + SD

RSD
(%)

Efﬁsg

Chao Phraya (C) C1 418.42
Cc2 418.50 418.47+0.04 0.009
C3 418.50

Bang Pakong (B) B1 555.80
B2 555.68 552.41+9.03 1.63
B3 545.76

Note: each replicate was analysed three times
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Table F.4 Total phosphorus (ng/g sediment) from total digestion (HF-HCIO,-HNQ,) -

114

soluble phosphate analysis by the procedure of Strickland and Parsons (1972)

soluble phosphate ane

Sample Replicate Total P Mean = SD RSD
(ng/g sediment) (ng/g sediment) (%)
Mae Klong (M) M1 402.18

M2 397.42 394.25+8.58 2.18

M3

Chao Phraya (C) C1
- 480.40%6.29 1.31

Bang Pakong (B)

4.29

oroleff (1976)

igestion (HF-HCIO,-HNO,) -

Sample Replicate Mean + SD RSD
a/g sediment) (%)
Mae Klong (M) _::r'

354.:8318.81 2.48

T

]
SV EhokEled | on
674.41+21.27 3.16

Note: each replicate was analysed three times
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Sedimentary phosphorus partitioning results by selected sequential extraction methods

Note: 1. The phosphorus partitioning results expressed in mean values =+ SD in the unit

of ng/g sediment.

2. The number 1, 2, 3, and 4 represent number of extraction in each fraction.

3. Three replicates of sediments werg a

7

!

ed for phosphorus speciation.

ined for soluble phosphate.

arine sediment

by SEDEX schepfe (RufehBerg, 1002 ) |
d o f e w NN
P e FfLZTTAANNT | o [woo
speciatio 22 () AN \ ta (%)
Loosely bound P 137 " 020.6 . m‘&\\ 734033 | 39.8:354 8.89
3 r "
Fe-P 648.94+212074 | U - 640.83:212.86 | 3276
i i i Es 3 .;- ]

Auth.lgemc a'patlte 47.84+2.32 ‘ 22 J'-:,E,.ﬁﬁ; 0.13 9.5610.11 51.14+2.91 5.69
Detrital apatite+ -:

40.93+2.63 e - 40.93+2.63 6.43
other inorganic P i
Organic P 105.26+2.05 1.95
Sum of P speciation 851.14+223.99 54
Table G.2 Phosphorus parfitiening in the ChagyPhraya estuarine sediment

oy s el el 2111 11 3
P speciation o 1 %. 3 4 Total RSD (%)
ﬂ s LA 3 .‘n E

Looselyﬁnjq l%% 43310.06) dg’Bogo 057 $od.21 1.79
FeP g 671:40+91.1 "15%0. 5725719118 | 13.56
Authigenic apatite 32.88+1.48 0.23+0.00 ND ND 33.11+1.48 4.47
Detrital apatite+

46.32+2.42 - - - 46.32+2.42 5.22
other inorganic P
Organic P 104.66+5.82 - - - 104.66+5.82 0.06
Sum of P speciation 851.14+223.99 25




Table G.3 Phosphorus partitioning in the Bang Pakong estuarine sediment

by SEDEX scheme (Ruttenberg, 1992)

116

P speciation 1 2 3 4 Total RSD (%)
Loosely bound P 22.98+0.53 21.04+0.45 | 4.36+0.07 | 12.04+0.29 60.42+1.34 2.22
Fe-P 852.38+135.77 | 0.88+0.07 ND - 853.26+135.84 15.92
Authigenic apatite 27.63+1.63 3.85+0. 0.27+0 32.5+1.73 5.32
Detrital apatite+

34.73+0.87 34.73+0.87 2.51
other inorganic P

Organic P 133.84+1.44 1.08
Sum of P speciation 1114.75+141.22 26
Modified SEDEX scherne
Table G.4 Phosphorus pa ine sediment

by Modified SED

P speciation Total RSD (%)
Loosely bound P | 25:67+0.39 | 12.26+0.39 | 2.63+0.07 | 4.84- 45.39+1.04 2.29
Organic P ; 74.06+8.16 11.02
Fe-P 111.74446.78 128.9+49.07 35.74
Authigenic apatite 41. 78+2"25 7.75+0.5 1+0.32 | 0.91 +O 14 52.25+3.21 6.14
il 2 E R ‘W \’lﬂ‘i
— %» - ﬂ 37.72+4.71 12.49
Residual P 20.32+2.00 2@112._00 9.84

.19 78




Table G.5 Phosphorus partitioning in the Chao Phraya estuarine sediment

by Modified SEDEX scheme (Vink et al., 1997)

117

P speciation 1 2 3 4 Total RSD (%)
Loosely bound P 33.37+1.29 | 18.43+0.32 | 4.99+0.13 | 11.52+0.15 68.31+1.89 2.77
Organic P 77.39+5.23 - - - 77.39+5.23 6.76
Fe-P 81.50+0.00 | 23.60+1.34 D - 105.1+1.34 1.27
Authigenic apatite | 15.66+0.89 | 3.7 0.29+0.12 20.89+1.37 6.56
Detrital apatite+

31.68+1.92 - 31.68+1.92 6.05
other inorganic P \’
Residual P 16.86+4 2 - 16.86+4.18 24.79
Sum of P speciation 320.23+15.93 48

%L
Table G.6 Phosphorus pé i ‘the B: rine sediment
by Modified SEDEX sghe Wink
P speciation 1 AL 4 Total RSD (%)
Loosely bound P 26.78+0.40 +0.34° 3| 11.88+0.16 | 55.39+1.03 1.58
Organic P 74.72+0.04 -*E"’T{_j- ] : 74.72+0.04 0.03
Fe-P 20 = 56.01
225.97+126.56
Authigenic apatite 14.59+1.40 0 .00 18.68+1.55 8.30
Detrital apatite+
- 26.35+0.78 2.96
other inorganic P mf' f" i::
Residual P P 20324200 9.84
Sum of P speciation 433.13+131.94 79
'ﬂﬁ Imfl'ﬁﬁﬂilWI'J dlag




Table G.7 Phosphorus partitioning in sediments by Agemian’s extraction

scheme (Agemian, 1997)

P speciation Sediment of this study

Mae Klong Chao Phraya Bang Pakong
Loosely sorbed P 21.70+0.00 34.79+1.37 156.50+0.00
Fe-P 212.23+4.43 330.81+6.67 531.19+16.03
Polyphosphate 17.27+0.8 2, 52.05+0.89 133.80+0.00
Calcium bound P 1239 \‘W// 165.04+7.00 50.98+6.78
Residual P 9+1.35 52.98+1.63
Sum of P speciation 748.45+24 .44

Table G.8 RSD (%) of phg

extraction scheme

P speciation
Bang Pakong
Loosely sorbed P 0.00
Fe-P 3.02
Polyphosphate 0.00
Calcium bound P 13.30
Residual P . 5.87 0.04 3.08
il -3 o 19

Y
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