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APPENDICES



A P P E N D IX  A

1. pH ( soil : water 1 :1)

10 g of soil was weighed in a beaker and 10 ml of distilled water was added. 
The slurry was stirred for about and hour. Then the pH was measured using a pH 
meter.

2. Moisture content

5 g of soil was weighted in preweight flask (PF). Then the flask and its content 
was dried at 103-110 °c for 24 hour in an oven. At the end of the 24 hours, allowed
the flask to cool down in a desicator and weighed the flask and its content again (F). 
The moisture content is calculated based on tee equation below.

% moisture = ■ X  100PF

3. Cation exchange capacity (ammonium saturation method)

10 g of soil was weighed and added 250 ml of neutral 1 N ammonium acetate 
(NH4OAC). The flask was shaken thoroughly and allowed it to stand overnight. The 
soil was filtered with light suction suing buchner funnel. The soil was leached with

D e te rm in a t io n  o f  s o il a n d  w a s te w a te r  t r e a tm e n t  s lu d g e  c h a ra c te r is t ic s
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the neutral ammonium acetate reagent (NH4OAC) until no trace of calcium found in 
the effluent solution. The leachate was combined for the determination of 
exchangeable bases. Then the soil was leached four times with 1 N ammonium 
chloride ( NH4CI) and once with 0.25 N ammonium chloride ( NH4CI) and washed 
out the electrolyte with 150 to 200 ml of 99% isopropyl alcohol. Determined the 
adsorbed ammonium (NH4) by leacing the ammonium-saturated soil with 10% 
acidified sodium chloride (NaCl) until 225 ml have passed through the samples. The 
leachate was transferred quantitatively to kjeldahl flask, added 25 ml of 1 N sodium 
hydroxide (NaOH), and distilled 60 ml of the solution into 50 ml of 2% BORIC ACID 
(H3BO3) 10 drops of bromocresol green-methyl red mixed indicator was added, and 
titrated the boric acid solution with standard 0.1 N H2 SO4 . The color change is from 
bluish green through bluish purple to pink at the end point. Run blanks on the 
reagents. Corrected the titration figure for the blanks, and calculate the centimoles of 
cations per kilogram of dry soil (cmolc/kg).

4. Electroconductivity ( soil : water 1: 5)

2 g of soil was weighed in a beaker and 10 ml of distilled water was added. 
The slurry was stirred for about and hour. Then the electroconductivity was measured
using a EC meter.
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5. Organic carbon content (wet oxidation method)

2 g of soil was transferred into an erlenmeyer flask. Added 10 ml of 1 N 
potassium dichromate (K2O 2O7) and swirled the flask gently to disperse the soil in 
the solution. Then rapidly added 10 ml of concentrated H2SO4, directing the stream 
into the suspension. Immediately swirl the flask gently until soil and reagents were 
mixed, then swirled more vigorously for a total of 1 minutes. Allowed the flask to 
stand for 30 minutes. Then added 100 ml of water to the flask, added 3 to 4 drops of 
o-phenanthroline indicator, and titrated the solution with 0.5 N ferrous sulphate 
(FeSO.4). As the endpoint was approached, the solution takes on a greenish cast and 
then changed to dark green. At this point, added the ferrous sulfate drop by drop until 
the color changes from bleu to red. Made a bland determination in the same manner, 
but without soil, to standardize the Cr20 72\

6. Soil Texture (hydrometer)

100 g of soil was weighed and transferred into a blender cup. Filled the 
blender cup with distilled water to within 10 cm of the top and added 10 ml of sodium 
metaphosphate solution (NaP0 3)x.Na2 0 . Attached the cup to a blending machine and 
blend mechanically for 15 minutes. Transferred the soil suspension into an ASTM 
soil-testing cylinder. Made up the volume in the cylinder with a stirring rod. Record 
the exact time when stirring was stopped.
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Placed a hydrometer into the suspension, and exactly 40 seconds after the 
stirring was stopped, read tee nearest 0.5 scale division the top of the meniscus on the 
hydrometer. Stirred the suspension again and repeated the analysis of the 40 second 
reading. The average of the 2 reading was taken as the result, which equals the 
amount of silt + clay in grams. Determined and recorded the temperature of the 
suspension after removed the hydrometer. Stirred the suspension again thoroughly. 
Take a third hydrometer and temperature reading after 120 minutes of settling time. 
This reading will measure tee amount of clay in grams.

7. Metals

The method to determine metals in soil is described in รพ-846 method 3051. 
This method utilizes microwave to promote acid digestion of soil for the metals such 
as Copper (Cu), Manganese (Mn), Nikel (Ni), Zinc (Zn) etc. It is design to supply an 
accelerated multi-element acid leach digestion prior to analysis. Digests produced by 
the method are appropriate for analysis by atomic absorption spectrophotometer 
(AA).

A representative soil and sludge sample of up to 0.5 g is digested in 10 
milliliters of concentrated nitric acid. The soil sample is put on hot plate to heat. The 
sample is digested until the solution is clear. After cooling, the vessel contents are 
fdtered or allowed to precipitate and then diluted to 100 milliliters in volumetric flask 
and then they will test the amount of metals by AA.
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A P P E N D IX  B

Calibration curve of endosulfan

Total Endosulfan C alib ration  Curve

Concentration (ppb)

Figure B1 Calibration curve of endosulfan



A P P E N D IX  c

T h e  e q u i l ib r iu m  t im e  in  s o il a n d  w a s te w a te r  t re a tm e n t s lu d g e

Tangerine Orchard Soil

Figure C l equilibrium time of Soil

Pig farm Wastewater Treatment Sludge

Figure C2 equilibrium time of wastewater treatment sludge from pig farm
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Municipal Wastewater Treatment Sludge

Figure C3 equilibrium time of municipal wastewater treatment sludge

Food industrial W astewater Treatment Sludge

Figure C2 equilibrium time of wastewater treatment sludge from food industrial-
sweet corn canning



A P P E N D IX  D

The result of sorption isotherm and desoprtion efficiency of endosulfan on soil
and wastewater treatment sludge

(I) Soil

Tangerine Orchard Soil6
4? 5 6)

0 --------------------- --------- ------
0 10 20 30 40 50 60 70

Endosulfan เท CaCI2 (ug/L)

Sorption isotherm

Concentration Mass Endosulfan in 
CaCl2

Endosulfan in 
media

(ppb) (g) (ug/L) (ug/kg)
50 0.5 24.06 725.78
100 0.5 29.75 1248.20

Sorption 150 0.5 30.82 3382.82
200 0.5 41.94 2820 60
250 0.5 52.01 3544.90
300 0.5 60.61 4118.13
50 0.5 18.90 623.10

Desorption 150 0.5 23.48 3281.79
300 0.5 40 57 4001.85

Desorption efficiency
Concentration Cone. In CaCl2 Desorption

(ppb) (ug/L) (ug/kg)50 18.90 189.04
150 23.48 234 82
300 40 57 405.72

Average 276 53
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(2 ) W a s te w a te r  t re a tm e n t s lu d g e  f r o m  p ig  fa rm

Pig Farm Wastewater Treatment Sludge

0 5 10 15 20 25 30
E ndosulfan  in CaCI2 (ug/L)

Sorption isotherm

Concentration Mass Cone. In CaCl2 Cone. In media
(ppb) M (น.๙L) (ug/kg)50 0 5 22.83 725.78

100 0.5 22.97 1248.20
Sorption 150 0.5 24.05 3382.82

200 0.5 23.50 2820.60
250 0.5 24.35 3544.90
300 0.5 25.47 4118.13
50 0.5 12.80 623.10

Desorption 150 0.5 1 1 . 1 2 3281.79
300 0.5 13.11 4001.85

Desorption rate

Concentration Cone. In CaCl2 Desorption
(ppb) (ug/L) (ug/kg)50 12.80 128.02
150 1 1 . 1 2 111.18
300 13.11 131.10

Average 123.43
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(3 ) M u n ic ip a l  w a s te w a te r  t r e a tm e n t  s lu d g e

6
๐) 5

4

3

2
1
0 L
0

Municipal Wastewater Treatment Sludge

5 10 15 20 25
E ndosu lfan  เก CaCI2 (ug /L )

30

Sorption isotherm

Concentration Mass Cone. In CaCl2 Cone. In media
(ppb) (๙ (ug/L) (ug/kg)

50 0.5 14.35 725.78
100 0.5 14.92 1248.20

Sorption 150 0.5 16.55 3382.82
200 0.5 18.50 2820.60
250 0.5 16.98 3544.90
300 0.5 20.95 4118.13
50 0.5 10.27 623.10

Desorption 150 0.5 10.10 3281.79
300 0.5 11.63 4001.85

Desorption rate

Concentration Cone. In CaCl2 Desorption
(ppb) (ug/L) (ug/kg)50 18.90 189.04
150 23.48 234.82
300 40.57 405.72

Average 276.53
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(4 ) W a s te w a te r  t r e a tm e n t  s lu d g e  f r o m  fo o d  in d u s tr ia l- s w e e t c o rn  c a n n in g

Food In d u s tr ia l W a s te w a te r  T re a tm e n t S ludge

1 4 
1  3

I  2

10 15 20
E ndosulfan  เท CaCI2 (ug /L )

Sorption isotherm

Concentration Mass Cone. In CaCb Cone. In media
(ppb) (g) (ug/L) (ug/kg)50 0.5 22.34 725.78
100 0.5 22.83 1248.20

Sorption 150 0.5 25.69 3382.82
200 0.5 25.66 2820.60
250 0.5 25.35 3544.90
300 0.5 28.68 4118.13
50 0.5 10.26 623.10

Desorption 150 0.5 13.70 3281.79
300 0.5 16.25 4001.85

Desorption rate

Concentration
(ppb)

Cone. In CaCb 
(ug/L)

Desorption
(ug/kg)50 10.26 102.64

150 13.70 137.00300 16.25 162.50
Average 134.05



A P P E N D IX  E

The result of soil column experiment

(1) Preliminary study
Unit : ppb

Depth 1 day 5 days
(cm) .without sludge with sludge without sludge พith sludge

Sludge - 26231 - 228020-1 cm 4618 65 7014 141-2 cm 62 157 336 12
2-3 cm 69 133 33 103-4 cm 82 120 20 124-5 cm 87 70 13 135-10 cm 91 99 37 34

10-15 cm 45 41 37 41

(2) Soil column experiment ะ 1 application and weekly application
Unit : ppb

0 day samples

single/weekly application
without sludge 1-cm sludge 2-cm sludge

Sludge - 15018 13549
0-2.5 cm 8996 2973 13
2.5-5 cm 18 28 17
5-7.5 cm n/a n/a n/a
7.5-10 cm 18 20 16
10-15 cm 18 18 16
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7 days samples

sinIgle application weekly applicationwithout
sludge 1-cm

sludge
2-cm

sludge without
sludge

1-cm
sludge 2-cm

sludge
Sludge - 13958 14675 - 33409 166300-2.5 cm 8737 3369 46 29567 3775 32722.5-5 cm 88 52 37 137 629 2705-7.5 cm 54 42 32 62 32 337.5-10 cm 57 39 32 43 35 3010-15 cm 41 44 35 35 30 33

14 days samDles -

single application weekly applicationwithout 1-cm 2-cm without 1-cm 2-cmsludge sludge sludge sludge sludge sludge
Sludge - 17304 14737 - 67902 556220-2.5 cm 10337 5551 3047 34080 4763 612.5-5 cm 94 178 33 1734 142 205-7.5 cm 63 31 25 53 34 237.5-10 cm 46 30 33 50 29 2210-15 cm n/a n/a n/a n/a n/a n/a

21 days samples

single application_____________ weekly applicationwithout
sludge 1 -cm 

sludge
2-cm

sludge without
sludge 1-cm

sludge
2-cm

sludgeSludge - 10661 8927 - 90786 403310-2.5 cm 5460 2404 296 14100 45 17212.5-5 cm 117 25 26 457 20 1365-7.5 cm 32 21 19 28 16 307.5-10 cm 25 22 16 16 16 1810-15 cm n/a n/a n/a n/a n/a n/a
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28 days samples

single application____________ weekly application
without
sludge

1-cm
sludge

2-cm
sludge

without
sludge

1-cm
sludge

2-cm
sludge

Sludge - 18851 13900 - 83075 84755
0-2.5 cm 7674 2716 60 20714 83 1531
2.5-5 cm 256 48 48 506 92 80
5-7.5 cm 107 64 81 54 38 26
7.5-10 cm n/a n/a n/a n/a n/a n/a
10-15 cm. n/a n/a n/a n/a n/a n/a

35 days samples

single application____________ weekly application
without
sludge

1-cm
sludge

2-cm
sludge

without
sludge

1 -cm 
sludge

2-cm
sludge

Sludge - 14747 8152 - 107775 68329
0-2.5 cm 3243 1003 28 16373 88 655
2.5-5 cm 133 152 23 384 40 27
5-7.5 cm 26 23 56 29 18 20
7.5-10 cm 25 20 21 21 19 18
10-15 cm n/a n/a n/a n/a n/a n/a
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