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# # 4689056620 : MAJOR OF ENVIRONMENTAL SCIENCE
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KITIYA NOIMUANG : NITRITE AND NITRATE ADSORPTION FROM
SYNTHETIC WASTEWATER BY CALCINED DIATOMITE. THESIS ADVISOR:
ASSOC. PROF. SOMCHAI PENGPRECHA, Ph.D., THESIS CO-ADVISOR:
PARAMEE PENGPRECHA, Ph.D., 124 pp.

The efficiency of nitrite and nitrate adsorption from synthetic wastewater by calcined
diatomite was studied in a batch experiment. The results indicated that the most effective calcined
diatomite was a diatomite calcined at 800 °C. The appropriate condition for nitrite and nitrate
adsorption from synthetic wastewater was determined by varying concentration of nitrite and
nitrate , pH, contact time and amount of calcined diatomite at room temperature. The results
indicated that the efficiency of nitrite adsorption from synthetic wastewater was 96% at 30 mg/I
of nitrite concentration using 3 grams of calcined diatomite at pH 2 with shaking rate 200 rpm for
8 hours and the efficiency of nitrate adsorption was 93 % at 40 mg/1 of nitrate concentration using
3 grams of calcined diatomite at pH 2 with shaking rate 200 rpm for 24 hours. The adsorption
isotherm of nitrite and nitrate can be described by the Freundlich isotherm. The study also
indicated that the leaching of nitrite and nitrate from calcined diatomite was lower than the level

which can harm human beings.
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NUAUNU 20 mg NO, - N/L

$osazvosiiuIuLe
MIAATIZHIN nnsnleRiimsinney
,A danda UYL fvulSanas fnufFna

Faraafifly | Taasniduz0 | luasn @ 4s

Wl mg NO, -N/L | mgNO, -N/L
14 nsedl 49.64 1.09 1.09
YUNWT 59.66 1.00 0.17
A4 50.05 1.16 0.39
UATATBIINI Y 65.23 0.38 0.13
UIFN 58.26 3.37 0.96
laail 64.93 0.86 0.29
ISNE) 50.98 0.77 0.00
inga 56.44 0.38 0.19
iia 53.38 1.41 0.00
gran 58.54 3.24 1.08
TEUDN 48.10 0.00 0.00
aduan 68.24 0.93 0.27
ana 43.12 0.52 0.00
CERUTAER ALY 49.95 0.74 0.00
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Jouaz v HIUYD
MIAATIZHIN nnsuleiiimsdmney
mA 3NN NIV fnufSna finuf3ne

Fanuafily | Taasniduz0 | laasn @ 45

‘V&Guﬁ mg NO, - N/L mg NO, - N/L
NTAUNWUKIUAT 88.24 0.74 0.74
FouUn 4882 8.45 5.28
UATUIYN 59.28 0.51 0.00
uasiyu 80.08 0.25 0.00
UMY 76.32 0.00 0.00
naN Unusil 63.13 2.40 0.00
WISUAIAI0YTE 57.89 0.45 0.23
anys 69.48 27.09 15.44
aynslsms 91.67 0.00 0.00
ayYnIaIng 40.85 0.00 0.00
5213 69.87 7.20 1.44
RMATR 72.89 0.00 0.00
ANIIAUY3 71.43 3.93 1.37
D1NDY 74.69 0.00 0.00
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SosazvoIdININLD
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ma 3NN UYL fvuBana fnufsina
Fouafiiy | Twasmidu20 | Tuasn du4s
‘V&Guﬁ mg NO, - N/L mg NO, - N/L
VOULNY 66.74 13.34 8.81
aziueen | Yo 67.70 18.02 13.50
Meaunide | uasWUY 72.68 12.17 9.47
UATTIFAU 76.19 3.96 1.32
135ud 63.03 13.88 8.85
UNIE1InIN 63.80 9.51 6.47
YNANI3 65.57 24.30 19.62
o155 57.55 5.22 2.32
$ou1dn 77.77 8.55 5.10
1ag 77.38 11.10 7.37
ANy 72.22 2.63 1.31
anaung 72.99 4.97 3.47
q5uns 75.90 7.79 3.83
NUBIMY 65.28 7.50 3.92
NUBIA1Y) 68.41 3.26 1.33
81113 Y 70.01 6.28 4.12
QAT 58.96 4.42 2.30
RILEREG AN 66.30 6.69 3.87
9UAI Y51 68.52 4.00 1.51
Mile MUNaNYs 73.76 0.51 0.34
TRERT 81.95 0.95 0.19
q vy 70.41 1.19 0.85
weelvi 81.50 1.44 0.48
UATAITTA 55.42 12.25 5.67
Ul 58.09 2.67 0.38
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Ne1E 80.43 1.85 0.51
W5y 5al 66.87 10.46 471
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Wyay Tan 76.19 1.83 1.22
WS 76.32 2.86 0.95
1N FDITOU 65.00 0.00 0.00
GRVIRK 67.43 4.99 1.97
A 29.45 3.64 2.23
9ATAND 65.63 3.04 2.03
Az IU0N
TUNYYI 32.28 1.72 0.57
NSLFAUNT 5227 2.52 1.68
AT 60.57 3.64 0.78
A519 43.98 0.00 0.00
Usauys 64.06 3.23 0.44
52004 45.18 2.08 0.52
aszunn 56.23 432 1.98
Az IUAN
YsLuAs TS 72.36 3.65 1.00
W33 69.83 7.65 4.44
3113 72.01 5.25 2.80
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Wuﬂﬂ?ﬁ?ujﬁﬂluﬂlﬂﬂﬂulﬂnﬂuwg silanol group Tl]lﬁﬁ']ﬂflﬁﬂﬂﬂ“ﬁ‘ﬂiﬂlﬁﬂﬁﬂﬂ"ﬂ ulﬂ (5%

VITTMUIUUN, 2527)
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GﬂiNﬁ 2.4 L!ﬁ'ﬂ\‘lwﬁﬂ'ﬁ]mi13‘14‘1/11\1&?]1?%6\1@1!!&1 VINUNAULTAN

—_

Hollywood, California
2. Dragowistiza near Sofia, Bulgaria
3. The Gurmen deposit, Blagoevgrad, Bulgaria

4. duneuNNg J9rIaa1ha

Composition in % 1 2 3 4
SiO, 73.71 83.5 68.8 68.14
AlLO, 7.25 10.56 13.7 13.75
Fe,O, 2.63 2.04 53 5.00
MgO 1.47 0.67 0.9 0.87
Ca0O 1.72 1.18 1.1 0.42
Na,O 1.19 2.05 1.8 1.00
K,0 1.00 2.05 1.8 -

‘ﬁll”l: 1. Pettijohn (1957)

2. Atanasov (1972)
3. Atanasov (1974)

4
4. ¥NTA (2545)
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] Y v
ilosninanuruuiulsIngos nazaus wueueAuRgNUAINEI UNIE 2.1-2.2
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4 ¢ 1 [ a g’ 1
!ﬁ@‘1Jii:ﬁ/l‘ﬁI,Lﬁ$Llﬁlﬁﬁﬂ’NNQ’N%HWWZﬂﬂﬂQﬁﬂﬂﬂ’N 1 aduUu uiﬂumwzaaﬂuﬂﬁ'wmmz
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NUMINNAEad U519 2.5

A5 19N 2.5 LAAIENHAUZNINNIININYDIAUIL

Parameters AuNvans Aundun
pH 9-7 8-9
True density, g/cm3 2.26 2.20
Free fall density, g/cm3 0.41 0.21
Packed density, g/cm3 0.47 0.24
Void space 0.8 0.9
Surface area, mz/g 4.00 1.00

131 : Ottenstein (1963)
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11) Sodium chloride ( Mallinckrodt, AR grade)

12) Hydrochloric acid (Merck, AR grade)
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Initial concentration, NO, Final concentration, NO, | Nitrite adsorption

(mg/) (mg/l) (%)
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10 6.18 38.24
15 9.20 38.66
20 12.19 39.05
30 18.23 39.24
40 24.10 39.76
50 24.94 40.13

AU gUN YN 600°C

q

10 5.45 45.55
15 8.13 45.82
20 10.81 45.97
30 14.94 50.21
40 19.87 50.33

50 24.88 50.25




Initial concentration, NO, | Final concentration, NO, Nitrite adsorption
(mg/1) (mg/1) (%)
Aunnwniigumngd 800°C
10 3.98 60.13
15 5.84 61.09
20 7.62 61.92
30 11.34 62.21
40 15.16 62.09
50 19.02 61.95
Aunniigumgil 1,000°C
10 437 56.27
15 6.54 56.39
20 8.71 56.43
30 17.03 56.78
40 17.36 56.61
50 21.73 56.55
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Initial concentration, NO , Final concentration , NO, Nitrite adsorption
(mg/) (mg/1) (%)
10 3.98 +0.01 60.13 +0.05
15 5.84 +£0.01 61.09 +0.05
20 7.62 +0.02 61.92 +0.06
30 11.34 £0.01 62.21 +0.05
40 15.16 £0.01 62.09 +0.04
50 19.02 £0.03 61.95+0.06
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pH | Initial concentration, NO, | Final concentration, NO , Nitrite adsorption
(mg/1) (mg/1) (%)
Aunnniigumgil 400°C
2 50 28.42 43.16
3 50 28.34 43.32
4 50 28.48 43.05
5 50 28.50 43.00
6 50 28.88 42.25
7 50 29.94 40.13
8 50 39.94 20.12
9 50 41.12 17.76
10 50 42.19 15.63
Aurnfigagll 600°C
2 40 19.08 52.29
3 40 19.20 52.00
4 40 19.43 51.42
5 40 19.56 51.11
6 40 19.78 50.56
7 40 19.87 50.33
8 40 24.06 39.84
9 40 30.69 23.28
10 40 31.98 20.06




pH | Initial concentration, NO, | Final concentration, NO , Nitrite adsorption
(mg/1) (mg/1) (%)
Aunnniigumgil 800°C
2 30 2.74 90.88
3 30 2.82 90.61
4 30 2.95 90.17
5 30 2.95 90.17
6 30 5.91 80.29
7 30 11.34 62.21
8 30 11.97 60.09
9 30 14.85 50.50
10 30 16.73 44.23
Aurniigaigi 1,000°C

2 30 12.53 58.22
3 30 12.65 57.83
4 30 12.71 57.62
5 30 12.88 57.08
6 30 12.91 56.97
7 30 12.97 56.78
8 30 14.04 5321
9 30 14.78 50.75
10 30 17.96 40.14
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U

800 °C 151121 1 n5u nalumsauda 192 Tu9

pH | Initial concentration, NO, | Final concentration, NO, Nitrite adsorption
(mg/1) (mg/1) (%)

2 30 2.74£0.01 90.88 + 0.05
3 30 2.82 £ 0.01 90.61 +0.05
4 30 2.95+ 0.02 90.17 £ 0.07
5 30 2,0 oS 90.17 £ 0.06
6 30 5.91£0.01 80.29 £ 0.05
7 30 11.34 + 0.01 62.21 £0.05
8 30 11.97 £ 0.02 60.09 = 0.06
9 30 14.85 +£0.02 50.50 = 0.06
10 30 16.73 £0.08 4423 +0.20
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a

U

Time | Initial concentration, NO, | Final concentration, NO , Nitrite adsorption
(hour) (mg/1) (mg/1) (%)
Aunnmniiguivigi 400°C
2 50 28.25 43.50
4 50 27.87 44.26
6 50 27.50 45.00
8 50 27.34 45.32
10 50 27.07 45.87
12 50 27.04 45.92
Aunnwniigamngd 600°C
2 40 18.94 52.66
4 40 18.91 52.74
6 40 18.83 52.93
8 40 18.73 53.19
10 40 18.79 53.03
12 40 18.76 53.09
Aunmniiguvgil 800°C
2 30 2.71 90.97
4 30 2.37 92.11
6 30 2.06 93.12
8 30 1.62 94.59
10 30 1.65 94.51
12 30 1.68 94.40




Time Initial concentration, NO, | Final concentration, NO Nitrite adsorption
(hour) (mg/1) (mg/1) (%)
Aunnniigumgi 1,000°C

2 30 12.44 58.54

4 30 12.38 58.73

6 30 12.31 58.98

8 30 12.25 59.17

10 30 12.27 59.10

12 30 12.29 59.05

Nitrite adsorption(%)

Time (hour)

10 12
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Nguunh 800 °C (@uuwalFum 105y anududu 30 Tadniy
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Aoans pH Ny 2)

Time Final concentration , NO_2 Nitrite adsorption
(hour) (mg/1) (%)
2 2.71 £ 0.01 90.97 £ 0.05
4 2.37+0.01 92.11 £0.05
6 2.06+0.02 93.12 £0.07
8 1.62 £0.02 94.59 £ 0.07
10 1.65+£0.01 94.51 £0.05
12 1.68 +0.01 94.40 £ 0.06
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a

U

Amount | Initial concentration, NO_2 Final concentration, NO_2 Nitrite adsorption
(2 (mg/1) (mg/1) (%)
Aunnwniigumad 400°C
0.5 50 27.49 45.03
1.0 50 27.04 45.92
1.5 50 26.87 46.27
2.0 50 26.71 46.58
2.5 50 26.55 46.91
3.0 50 26.52 46.96
Autirniigung 600°C
0.5 40 18.94 52.64
1.0 40 18.72 53.19
1.5 40 18.30 54.26
2.0 40 17.72 55.71
2.5 40 17.58 56.06
3.0 40 17.22 56.95
AL MBI 800 °C
0.5 30 2.01 93.30
1.0 30 1.62 94.61
1.5 30 1.43 95.24
2.0 30 1.13 96.22
2.5 30 1.07 96.42
3.0 30 1.06 96.47




Amount Initial concentration, NO, | Final concentration, NO, | Nitrite adsorption
(2) (mg/1) (mg/1) (%)
ﬁumumﬁqmﬁgﬁ 1,000°C
0.5 30 12.29 59.02
1.0 30 12.25 59.17
1.5 30 11.53 61.58
2.0 30 10.97 63.42
2.5 30 10.53 64.89
3.0 30 9.84 67.21
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800 °Cc Hdszantamlumsqadululasidnga deaaslunini 4.7 uaznuiudoy
a a A A o d Q' 4 4 a a

Ysmaauuuen dszansamlumsgadululasiduua Tdunniv Aode 195 mm@umn

1#10.5, 1.0, 1.5, 2.0, 2.5 uaz3.0 niu Hszansamlumseadulu'lasi 93.30, 94.61, 95.24,
96.22, 96.42 118 96.47% ANAIAY ALaA 1UA15197 4.8
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{ a a ! o ' o 14
A9 4.8 Wﬁﬂl@ﬂﬂilﬂmﬂumuﬁﬂﬁ@mﬁﬂﬂ 800 C G]f]ﬂﬁﬂﬂ“]flllluulﬁli‘ﬂ

u

AN 30 FaanFuABAAT pH 1911HY 2 nandude 8 421 1u9)

Amount of calcined Final concentration, NO, | Nitrite adsorption
diatomite (g) (mg/1) (%)
0.5 2.01 £0.03 93.30 £0.07
1.0 1.62 +0.10 94.61 £0.15
1.5 1.43 £0.01 95.24 £ 0.05
2.0 1.13 £0.01 96.22 +0.05
2.5 1.07 £0.03 96.42 +£0.08
3.0 1.06 £ 0.01 96.47 £ 0.06
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~ a o J o a
ngungi 800°C (loTmmosumsgadunuuiuady)

Amount of calcined | [NO,] Lﬁ@i‘fhd auaa

diatomite (g) (Ce) q log Ce log q
0.5 2.01 2,799.00 0.303 3.45
1.0 1.62 1,419.00 0.210 3.15
1.5 1.43 952.30 0.155 2.98
2.0 1.13 721.70 0.053 2.86
2.5 1.07 578.60 0.029 2.76
3.0 1.06 482.30 0.025 2.68
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v Y
200 soUs0uN 1garlumsdudea 1 %2 Tu veammizaiuvesaisazatslassnul 101U
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ninmsnaaeanuN Yszaniamlumsqadulumsn (Nitrate adsorption, %) Yo9aU

a o 1

gl 400°C Jilszansamlumsgadu Av 36.62% Aanududu 30 Hadniuae

a a A 9 9

ans, Auuuriguvaidl 600 °C Hisza@ninimlunisgady Ao 42.28% i Anududu 30

q Ll

Hadansuaeans, AumNgurnl 800 °C Hiszaninmlunisgadu fio 80.75% i

QU

Wt 40 Haansuaeans uaz AULUKNgMUYN 1,000 °C Hszaniamlumsqady Ao

ee

9 v 1A

54.23% NANUITUTU 40 HaanTunoans aauaaaluaiinen 4.10

= Yy 9 Aa a a )
M13°9% 4.10 waveaNuEINTuves lwasnilaelsza@ninmlumsgadulag
AUIANNGU N 400, 600, 800 1A 1,000 'C

@uWUENTNa 1 ATy WeY N1HU 7 NATURE 1 %2 139)

Initial concentration, NO; Final concentration, NO3_ Nitrate adsorption

(mg/l) (mg/l) (%)

=

AU NN YKL 400°C

U

10 6.47 35.33
15 9.59 36.10
20 12.71 36.47
30 19.04 36.62
40 25.46 36.35
50 32.00 36.00

AU QUNYI 600°C

10 5.84 41.58
15 8.75 41.65
20 11.60 41.98
30 17.30 42.28
40 23.22 41.95

50 29.10 41.81




Initial concentration, NO; | Final concentration, NO, | Nitrate adsorption
(mg/1) (mg/1) (%)
Aunnwniigumngd 800°C
10 235 76.50
15 3.22 78.53
20 4.15 79.25
30 5.95 80.17
40 7.70 80.75
50 9.78 80.44
Aunniigumgil 1,000°C
10 R 53.27
15 W 53.61
20 X8 53.96
30 RN 54.13
40 N 54.23
50 2234 54.04
§ 100 +—
g 5 B B B E
5wl 1 B 1 1 E1
© RR% — o] — = =
Al N ENE i
g

10

15

N
o

30

40

concentration of nitrate

50

AN 400 BIFNIF AT

AN 600 BIFNITALF O

B Guwen 800 sernsariea L @wuumn 1,000 easussaidea

N 4.10 wavosnnudnduveslumsnilisedszansnmlunmsqadu

(AU N UYL 400, 600, 800 118 1,000 °C )
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a

MINMInaasInEIuL WU msgagu luasn Taeauwumigangi 800 °C

U

=\ a A [ A [ ~ 1 Yy 9
iJ‘]JﬁZﬁﬂﬁﬂWWiuﬂﬁﬂﬂ%UlluLWTHWVIE:(ﬂ aaugaalun1ng 4.10  TagwuANUINIUVO

Twasnit 10, 15, 20, 30, 40 uaz 50 Hadnsuaeans Huszaninmlumsqaduluasn

A0 76.50, 78.53, 79.25, 80.17, 80.75 uaz 80.44 % Aua1al aauaadluaisien 4.11 3nea

nsnaaedaznuNdszaniamlumsgadulumsnlasauiunnifiguyigi 800 °C

= Y A d? = Yy 9 a Aa o 1A [ QaJJ Aa A
mmﬂumwmuﬂuummwmumaﬂumm 40 HAANTUADANT HAINUUYTZANTNIN

o = 9 A Yy 9 A tg v ~
11!ﬂ']'iﬂﬂ“]f‘]J]liLlLﬁﬁVlilLLU’JIHNﬁﬂaQ LaJ’e)mm!fllllsuuﬁumllmmmwumu ﬂQLLﬁﬂQiuﬂ’]‘W‘VI 4.11

4 Sy 48 A a a )
ATNN 4.11 NaﬂjmmmmmJumaﬂmmmmmaﬂimmmwiumi@,%‘u
9

TagAunuwIngaiigi 800 °C (ANudndu luasn 40 Hadnsu

a0aas avwuWlsna 1 a5y nanlumsduia 1 $21u9

pH W10U 7)

Initial concentration, NO | Final concentration , NO Nitrate adsorption
(mg/1) (mg/l) (%)
10.00 2.35+£0.01 76.50 £ 0.05
15.00 3.22 +£0.01 78.53 £0.05
20.00 4.15+0.01 79.25 +0.05
30.00 5.95+0.01 80.17 £0.05
40.00 7.70 £ 0.01 80.75 £ 0.05
50.00 9.78 £ 0.01 80.44 £ 0.05

100

©
o
I

Nitrate adsorption (%0)
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20 30

Concentration of nitrate (mg/l)

40 50

a

i 4.11 Uszaniamlumsgednluasn Tasfuumniigavgi 800 °C

~ Y Y 1
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Y <] 1 A { a o
Han1snaaetl uaaldiiug AuuusmNgurgil 800 °C A1W1T09ANY

ydd‘ A~ Yy 9 A a a o 1A A = a A
Vlum‘iﬂﬂﬂﬂ‘ﬂq@] LiJ@iJﬂ'NﬂJLGUﬂJ"UU"U’ENMlUL@]TVIW 40 Haansunoans Ao NUszansninlums

[

[ 4 o a Jd Aaa { 4 o‘/ 1 1
Aal 80.75% uamﬁammmﬂﬁwwmqﬁﬂ@]ﬁimummﬁauu 95% WU?TVJﬂﬂTﬂ?WNL‘Iﬁl}N%}u

vo4 luwasnliwalszaninwlunsgaduuanariuesniitiedingyneada (uaaslu
MANUIN A-5)
Y qgj = A o Yy 9
agtiu nmsAnanzimnzaylumsgad luasn Tasmanududu
A A a A aa o a A a o k4 A
yod lwasnilsz@nsnmdngalunisgadnlasauiumigungi 800 °C lanane

Yy 9 Y SRy 1 N
muummmmm"lummwnﬂu 40 HaanNINADANT

= d‘d ] a A U a d‘ a
4.2.2 Wﬁ"ll?3Q‘V‘I!i’)‘lf"ﬂNVl'0°IJ5%'GTTIﬁﬂ1‘W‘l‘uﬂ15@'ﬂ"IﬁJnl‘l!lﬂi‘ﬂiﬂﬂﬂum“ﬂTﬂ@m‘ﬁﬂN

400, 600, 800 111,000 °C

=2 o o ' dy < =2 ~ ' o
ﬂ”li?fﬂ’]‘:lﬂua”lﬂﬂﬁl@blﬂu L‘]J‘Llﬂ"li?fﬂ“kﬂNﬁslli’N‘WL@%@]ﬂﬂﬁﬂﬂ‘?}m”htllﬁiﬂiﬂﬂ

a ~ a o o Y 9 A a =
ﬂumuwmqmwgu 400, 600, 800 Loz 1,000 C Iﬂﬂﬂﬁﬂﬂ’)'llllellﬂmuﬂlﬂﬂleLﬁiﬂ A9 AULIUUNIN

wngh 400°C NANwddY 30 Haansudeans, AUNWINgUMN 600°C NAMNTY 30

£

'
o a a a ~ Y

aaNsuARANS, AUIUUANNQUNUAI 800 °C NANMILYU 40 HadnTuAOANT LATAUILUMIN

U

Z) O

a a o 1

a 4 a @ 1 I
gaunfil 1,000°C Nanududu 40 Jaansuseans wazulsiumiieyvesasazaenilu 2, 3,
1 a a [ o [] d' < 1 =1
4,5,6,7, 8,9 uaz10 soulaauuralsuia 1 sy uaziih lalaginanuisa 200 seuasui
v Y
I$arlumsduda 1 ¥ Tue nseuamizarulavesaisazars  niudIaihuIvlsua

A A "y as .
llumamflmaaagmﬂn brucine

nnmsnaaesnuIizansamlunisgady Tumsn (Nitrate adsorption, %)
YoIAUIL NN 400°C Hisza@nEnmlumsgady fio 38.57% NOBMINY 2, AL

A a o) = a A o = A A T oo a A
WINGUNHYY 600 C Mﬂi$ﬁﬂ‘ﬁﬂ'lw1uﬂ1§ﬁ]ﬂc]5ﬂ A9 49.34% NWDBININD 2, AUIUUNIN

)]

gt 800°C Hilsza@niamlumsgad Ao 89.53% NiltowMINy 2 tazAwLIMNgUTIR

q Q QU

1,000°C flsz@nSamlumsgadu Av 55.84% Niainy 2 awdasluaissi 4.12

a

A ~ A a A @ a A
MINN 4.12 Nﬁ%@ﬁWlﬂ%ﬂN@lﬂﬂigﬁﬂﬁﬂWWiuﬂﬁ@jﬂ“])’ﬂhlulﬂiﬂjﬂElﬂul‘]JWLNTVIQﬂ‘!WﬂiJ
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400, 600, 800 118£1,000 °C (MWL WTUIa 1 AT adure 1952 1u9)

pH | Initial concentration, NO_3 Final concentration, NO_3 Nitrate adsorption
(mg/1) (mg/1) (%)
AU UNUHAN 400°C
2 30 18.43 38.57
3 30 18.59 38.02
4 30 18.62 37.95
5 30 18.67 37.76
6 30 18.83 37.22
7 30 19.01 36.62
8 30 19.41 35.31
9 30 20.36 32.14
10 30 20.98 30.0
AU NN 600°C
2 30 15.20 49.34
3 30 15.21 49.29
4 30 15.27 49.09
5 30 15.41 48.65
6 30 16.07 46.43
7 30 17.32 42.28
8 30 17.97 40.11
9 30 18.56 38.15
10 30 19.23 35.59
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pH | Initial concentration, NO, | Final concentration, NO, | Nitrate adsorption
(mg/1) (mg/1) (%)
AU NN 800°C
2 40 4.19 89.53
3 40 4.24 89.40
4 40 4.27 89.33
5 40 4.58 88.55
6 40 5.47 86.33
7 40 7.70 80.75
8 40 14.42 63.95
9 40 19.77 50.58
10 40 23.16 42.10
AU UNNN 1,000°C

2 40 17.66 55.84
3 40 17.78 55.51
4 40 17.95 55.13
5 40 18.03 54.92
6 40 18:17 54.57
7 40 18.31 54.23
8 40 19.96 50.11
9 40 21.72 45.69
10 40 23.91 40.23
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100
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AULLUEN 400 DIFNLBALTHe & AULLUEN 600 DIFNLBALTE &

B duiuuw 800 asmusarded - [ @uiunim 1,000 o9 usarde e

[
IS Y=

2l 4.12 wavosfiernlaeszansnmlumsgedulumsnTasaum e

Mg il 400, 600, 800 1A 1,000 °C

=2 = A a A o a
%']ﬂﬂWiﬁﬂBWWﬁGUENWLEJ%“VI?JWF)‘]J?81ﬁ“l/]ﬁﬂ1W1Uﬂ1§ﬂﬂ“B‘Ullum31/lTﬂfJﬂLl!,‘]_l"l

a

1 WU A uRgavgll 800 °C Hilszansamlumsgadu lumsnaiga dwaaslunim
4.3 Taolfiox 2,3,4,5,6, 7.8, 9uazlo Uszaninmlumsgadulumsn - (Nitrate
adsorption, %) D 89.53, 89.40, 89.33, 88.55, 86.33, 80.75, 63.95, 50.58 1A 42.10% FaUH 1
Y A A Y] a 9y A 1A A dgl [ A
lainlszansammsgady lumsniinur Tivasaudomieanudy awaaslunisei 4.13

AN 4.13

100

Nitrate adsorption (%)
a1
o

A 4.13 dszansammsagad lumsn Tasauuumngumngil 800 °C

A a '
NNLBDYA N
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a

nuy

U

800 °C (anuudu luasn 40 Jaansudeans awwumlsuia 1 a5y

nalumsauAa 1 952Tu49)

pH Final concentration, NO | Nitrate adsorption (%)
(mg/1)

2 4.19 £0.01 89.53 £0.05
3 4.24 £0.01 89.40 = 0.05
4 4.27 +£0.02 89.33 +£0.06
5 4.58 £0.02 88.55+0.07
6 5.47 £0.03 86.33 +£0.08
7 7.70 £0.02 80.75 +0.07
8 14.42 +0.02 63.95+£0.07
9 19.77 £ 0.02 50.58 £0.07
10 23.16 £ 0.08 42.10+£0.12

k4 H
'Hf]ﬂ%?ﬂﬁ}uET\?‘W‘U’NW@ﬂWﬁ‘V]ﬂﬁfNT]vléfflﬂ’ﬂﬂﬁ@ﬂﬂéjﬂiﬁ‘]Jﬂ13‘ﬂﬂ'ﬁfN"UfN

& o a g’ [ L4
Ozturk 118¥Bektas (2004) FaAnuImsaady lumsnaleau Sepiolite Tutiudeduniiziing

= 1 = = [ a da’ Sldd'
NITANEINUN ﬂigﬁﬂ‘ﬁﬂWWiuﬂWi@,ﬂcﬂﬂqulﬂﬁﬂlﬂﬂﬂluqﬂﬂﬂ

AafoNHioy M1y 2

) o 1A A~ v o do a A o Qle [
ﬂ’TWiUﬂ"IWL’é)%’VHJﬂ’J"IiJﬁNW‘L!‘Eﬂ‘]JTJi%ﬁ“VI‘ﬁﬂWWGluﬂﬁ@l@“h"Ullumi“lfluu!,ﬂu

A v 1 a a o d? LY 1A 1A = 1
ﬂﬁEJ‘L!EJ‘L!’JT]_]iZﬁVI‘ﬁﬂ"IWﬂﬁﬂﬂ%‘U‘Uuﬂgﬂ‘UﬂWWL’ﬂﬂﬂlfNﬁﬁa%aWﬂIﬂﬂﬂWWLﬂ%ﬂguNﬁ@]ﬂ‘ﬂigﬁ)‘

a a Y a J A A 1 A s a
VINIUAIVUIVBIAULU U ﬂaTJﬂﬂLﬂJ@ﬁTﬁﬂﬁZﬂﬂU@@ﬂqcﬁﬂ@]Nﬂ nussnlsznovvosdu

¥ v W g’ & @ o + 09} A
L‘]_lTLW”IﬁjJWﬁﬂ‘Uu']“]f\iﬂJu@?ﬂ1?]3@’”811!6’13?13@318 ”laTmmu"la@au(H ) mﬂimaqaﬁumum

9 [ o A 9 1 a = ] 3 a
aﬂ‘lli’)Qi@Uﬁ1iﬂi$ﬂﬂﬂ@@ﬂ1“ﬁﬂﬂ$maﬂuEJ”IfJiJT@;fJ’EJﬂGBH]‘L!VI‘]J'iSﬂ@ﬂﬂgﬁiﬂ%uﬂﬁﬂ]ﬂﬂ

msdsznoveenled ildinam) leasendanamisosuuaz I s Tasnu looou ladeauns

(Leckie, 1986 ; Dzombak andMorel, 1990)

SOH

SOH+H'



80

a J a (% v W
Tag SOH ﬁfl N?Wﬂﬁ"ll@\‘]ﬁ?ﬁﬂﬁgﬂ’ﬂﬂ@ﬂﬂklclfﬂsluﬂuL‘UHWWWaQQWﬂﬁilWﬁ

Y 9
(% o [ o

=\ =] 1 [ A [ a dy I
ﬂﬂu’]ﬂﬁuuWL@%ﬂJﬂﬂﬁ’lﬁﬁ%ﬁWﬂNNaﬁﬂﬂ’liﬂﬂ“ﬂ‘ﬂql‘uﬁﬁﬂ IﬂﬂﬂﬂTﬁﬂﬂ“ﬁ‘U’ﬂ$Lﬂﬂ‘Uul‘l@ﬂ
4 a 4 A o = 1
LUONIDBUDIFITASAYAAAN Luﬂﬂﬁ]’]ﬂiuﬁ”ﬁ'(33'@']EJVINWL@5])'@]1’1]31]131@5!,%11”1@?)@1‘!@8‘!
< o A A ] o 3 a o a 9
WWudrwauuin vazlelasnulessunfogiduduruniniuaz ligadadurand

yoamsilsznovenn lud dah lniimsaadu luminldun

'
[ A

NITAVANUFDNU 95% WU NNBY 2,

aa

uamﬁa‘v‘imwﬁmiwﬁmma@

]
1 I3

3 wazaldwavolszansnmlumsgadn lunanaraiu daunidies 5-10 Tawanaeiuedig

ISTCY % a

UlsdAYNIaDa (HaadlunIaNLIn A-6 )

4
[ v

auiunavediiosnmzaulunisgagu luasnTasAuuumi

a ) A = ¥ 4 dl A A dyd 1 a Aa v h’l
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TasauaANaa
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423 waveanmdndaniaedszansmwlumsgadulumsnlagfuuum
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Naaurigil 400, 600, 800 181,000 'C

dyd =2 ¥ o AA 1

Tunsnaasstinlumseinemavesaduianiisonsgasy Tumsn
a A a ya a 7

TasAuwngavgil 400, 600, 800 1az1,000 °C Tasldaumumlsue 1 nsu aAnmdudu
Yosesazae luasn Ardiey awmsanianziminzauaensaady lumsnaindon
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A 19y as .
109918 brucine

nnminaaes wud Uszansamlumsgadulumsn  (Nitrate

adsorption, %) Y0IAUIUIIAGUHAH 400°C Tlszaniamlumsgadu fe 47.82% Tdan

[

duia 24 %2 T, Auumnigavgil 600 °C Hilszansamlumsgadu Ae 56.08% 19a1
duia 24 %2 T, Auumnigavgil 800 °C Hilszansamlumsgadu Ae 91.24% da

dude 24 92109 nazAwuungamgil 1,000°C Hilszaninmlunisgadu Ao 63.65% 149

DANFUNE 36 B 139 aauand lua151an 4.14
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Ngangil 400, 600, 800 1Az 1,000 °C
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Time | Initial concentration, NO_3 Final concentration, NO_3 Nitrate adsorption
(hour) (mg/1) (mg/1) (%)
AU UMY 400°C
2 50 17.17 42.77
4 50 16.74 4421
6 50 16.21 45.98
8 50 16.04 46.53
10 50 15.65 47.82
12 50 15.66 47.79
AU NN 600°C
2 40 13.81 53.97
4 40 13.76 54.12
6 40 13.63 54.56
8 40 13.50 55.00
10 40 13.18 56.08
12 40 13.20 56.00
AU UNIGAUNAN 800 °C
2 30 4.09 89.78
4 30 3.94 90.14
6 30 3.61 90.98
8 30 3.57 91.08
10 30 3.50 91.24
12 30 3.50 91.24




Time | Initial concentration, NO, | Final concentration, NO, | Nitrate adsorption
(hour) (mg/1) (mg/1) (%)
AU UNYN 1,000°C
2 30 15.90 60.25
4 30 15.29 61.78
6 30 15.19 62.02
8 30 14.58 63.55
10 30 14.56 63.61
12 30 14.54 63.65
g = - - —
c — = = = —
o H = = H =
g = = = =
o — = = i _—
[2] — — —] =1 —
kS = = = = = ||
) — — = i
I — — — —
.2 — —] — —
3 6 9 12 24 36

time (hour)

AUIVNT 400 DARITATY AUIVIINT 600 DRI ITY

B dwuum 800 ssrusarmea Ll @uuumi 1,000 aaeisatised

AT 4.14 Havoanaduianlaelszansamlumsgadn luasnTasAumum

v
a

NgaIngil 400, 600, 800 LA 1,000 'C
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a

MINMInaasInEIuL WU msgasu luasn Tasauuumigangil 800 °C

Hlszaninmlunisgadulumsnanga dwaaslunni 4.14 Tasmsgaduinniuedia

< A v v.A 9 A ) o o Y o 1%

s ulonaduRmUAUN 3,6 1az9 ¥ luemuday dunaldainanuduvoansng

Y v v

paalunIn 4.15 nasnniuanuduaoud1ensi tazwuaveslumsnianaunao
9 z:; A d' [ Y- a'J = 9 d‘ zﬂ' [ Y% d? 1Y

veeiga A Mardue 24 47 Tug uazluwd InuasnenardudTunuy awaasluaisg

N4.15

M3 4.15 wavewadudaniiaelszansamlumsgadulumsn Tasaumemn
Nyl 800 °C (AT IAIN 30 HadnSuaoans AU

U5 1 n5H pH 1IN 2)

Time Final concentration , NO_3 Nitrate adsorption , %
(hour) (mg/1)

3 4.09 +£0.01 89.78 £ 0.05

6 3.94 +£0.02 90.14 £0.06

9 3.61 £0.01 90.98 £0.05

12 3.57+£0.02 91.08 £0.06

24 3.50£0.01 91.24 £0.05

36 3.50£0.01 91.24 £0.05

100

N GO T TR N O m

Nitrate adsorption (%)

80

3 6 9 12 24 36

Time (hour)

i 4.15 Usza@niamlumsgadulumsnTasauwumnitigugi 800 °C
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4 o a 4 aad o ' {1 v W
HeMININUATIEUNNADANTZAVANNFDIY 95% NUNNFIIATUFE
3-12 %2 1e Tnaveslszansnnlumsgadunananuedniiiediyneana daunaves

¥391081 24 1az36 ¥ 1ua A1 liuana1any (ansluninrun a-7)
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Fodu vnmsdnmaangimuzanlumsgaduluasm wiud
NAFNAT HT00NTNAVINNITIVY ﬁwasiams@,ﬂcﬁ’u"lul,mwfi’ua&jﬁ'wﬁaqwa1ﬁ’uﬁﬁ
frmnzauiilfluasmannsadlU8ams luusne active surface sites I4ie3u dmiu
Tumsanil wuh AnzAefUBINIRAFY (Equilibrium adsorption) 01134 91-92% Tas

Y v o A A M)
%"Iﬂﬂﬁﬂ"lﬁﬂﬂﬁﬂﬁﬁﬁqﬂhlﬂ'l'] LANFUNTNIUIS TN 1D 24 Glf'leN

424  waveadSmnaduuumnndidelszansmulumsgagulansnlaglauwmn

a

BN NQUTI 400, 600, 800 421,000 'C

U

dyd =® Aa a AA a a
lumsneaasaidiunisaneinavredlsuiaauuunniaedscansnin
Tumsqadu TaemuusiSunmauuuni 0.5, 1.0, 1.5, 2.0, 2.5 1a23.0 n5u awdwu laeld

ALK AN 400, 600, 800 LA 1,000 'C ANuTuTuveIasazars luasn Aoy nan

U

1 1 k4
Tumsduda awmsAnvangimunzaulumsgad luasnandefdiuu vniiuis

s lugsniimaesgaieas brucine

vinmsnaaeanu Yizaninmlunsgadu lumsn (Nitrate adsorption, %)

a a A

VoAU Ngugl 400°C Hilszaninmlumsgadu Ao 53.34% TSuaaumum 3

U

a

[ a d' ) = a A % = 9 1a a
N34, AUUUNINGUYHU 600 C Mﬂi%ﬁﬂ‘ﬁﬂ'lwﬁluﬂ']‘iﬂﬂ%ﬂ 8 60.82% S 31 EF TR LT TISTRITAN

U

a

3 3w, A gyl 800°C Hilszansamlumsgady Ae 93.50% 9sum@umumn

Ll
a

3 nSuLazAvU M AgYinld 1,000 °C Tilsg@nsnmlumsqadu Av 70.05% 19USuamau
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a

U

Amount of calcined | Initial concentration, NO, | Final concentration, NO, | Nitrate adsorption
diatomite (g) (mg/1) (mg/1) (%)
Auurnfiganiail 400°C
0.5 50 16.32 45.59
1.0 50 15.65 47.82
1.5 50 15.20 49.32
2.0 50 14.98 50.06
2.5 50 14.19 52.71
3.0 50 14.00 53.34
AunENgungl 600°C
0.5 40 13.47 55.11
1.0 40 13.18 56.08
1.5 40 12.61 57.98
2.0 40 12.26 59.14
2.5 40 11.96 60.13
3.0 40 11.75 60.82
Aunrniigamgd 800°C
0.5 30 4.04 89.90
1.0 30 3.11 92.23
1.5 30 2.75 93.13
2.0 30 2.65 93.38
2.5 30 2.63 93.43
3.0 30 2.61 93.50
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Amount of calcined | Initial concentration, NO_3 Final concentration, NO_3 Nitrate adsorption
diatomite (g) (mg/1) (mg/1) (%)
AUDUNINGAINI1,000°C
0.5 30 15.12 62.19
1.0 30 14.56 63.61
1.5 30 13.93 65.19
2.0 30 13.22 66.94
2.5 30 12.66 68.34
3.0 30 11.98 70.05
~ 100
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§ 807 E =B
= 60 - = =
(@] — —
2 = =
T 40 1 ENE =
= — =
© 20 = =
0.5 1 iL.15) 2 2.5 3
Amount of calcined diatomite (g)
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B Quiunmn 800 earnissardse o L1 @ 1,000 eepnissardse o

MW 4.16 wavoulSinmauunwniaodszansomlumsgadu lasn
(AU N UYL 400, 600, 800 118 1,000 °C )
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o = a Aa o aa @ ~ A A a
800 °'C HiszAnSnmlumagad lumsnanga dwaaslunini 4.16 wusulomuilsum
a a A [ a = 9 A d? A A IJa
auue Uszansnmlumsgad luasn TasAuwueniinug Tdumua dedeldaummn

YSua 0.5, 1.0, 1.5, 2.0, 2.5 1az3.0 N5y Nilsz@nsnmlumsqady 89.90, 92.23, 93.13,
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93.38,  93.43 A% 93.50% ANA 1Y Aauaaalua13199 4.17 vaznuHamInaaodn la
1ANNAEANABINUNINAABIVBY Ozturk 1Az Bektas (2004) FaAnyINsgadu luasnaleau
. . oy = [ Jd 1 Q' d? a LY o [ 9 Aa a
Sepiolitelutiudsduns gy wunMamvIuvelTudgadudinalnlseansnimluns
v 4
faa T sminyuu Taeld1/5una Sepiolite 20 NFuAdANITVRIAITATANY

i
a IS Y=

M3 4.17 wavodTuaduu Nl 800°C NidalssanFaIn

QU

A Aa o 1A

Tumsgadu (@nundudulumsn 40 adnsudodns pH 1Ay 2

DANFUNE 24 %57 1319)

Amount of calcined | Final concentration , NO_3 Nitrate adsorption

diatomite (g) (mg/1) (%)
0.5 4.04 £0.03 89.90 +0.07
1.0 3.11+0.23 92.23+0.27
1.5 2.75 £0.02 93.13 £0.06
2.0 2.65 £0.01 93.38 £0.05
2.5 2.63 £0.04 93.43 £0.08
3.0 2.61 £0.01 93.50 £0.05
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Nitrate adsorption (%)
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895 T T T T T
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Amount of calcined diatomite (g)
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A 0 3 v o Jdo 4 o a a &
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3| 1A = < ) i, £ A 3 Y I =K
Wumuaaafinnuedans umagaaaid 10 3.6697 &A1 1/n Ngeiuuaaliimiuga
o A A <3| A = o
anuawsalunisgagung naziin K, Taafluaiinaasdeanuamisalumsqaduy
luasnvesavw Taumay 1.3803 gaudasdeanuaunsalunmsgadulunsnveduy

W Aanaadlun g 4.13 1azans19 4.9

R’ =0.9094
log q = 3.6697 log C, + 1.3803
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A a o J o a
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M319h 4.18 anuamsogegalumsgady luasnTasaumw s

A a o J o a
Ngungi 800°C (loTwmosumsgadunnuuads )

Amount of calcined | [NO,] Lﬁ@l‘fhd auaa

diatomite (g) (Ce) q log Ce log q
0.5 4.04 3,596.00 0.606 3.56
1.0 3.11 1,844.5 0.493 3.27
1.5 A 1,241.67 0.439 3.09
2.0 2.65 933.75 0.423 2.97
2.5 2.63 747.40 0.420 2.87
3.0 2.61 623.17 0.417 2.79

= wa a a a a 0
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= A 1 Aa A I Y
AviapeouveIaL sl uaduLag (ﬂTﬂJ"ﬂu%, 2535)
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a A A a o ISP o =) A
AULINATUMTININGUH QN 800 C Haulseneunanmanil lasdseunw Ao
Si0, 79.04%, ALO, 7.96%, Fe,0, 6.26%, Mg0 0.62% 11aCa0 0.67% Auaad1un13199 4.20
a Jd o a 4 =] ' a
’Mﬂﬂ"li'JLﬂinﬁaﬂBmZVleﬁ‘U’f)\iﬂ“lfllﬁﬂm']ﬁjjﬂlﬂ?ﬂﬂ X-ray fluorescence &MU S IEEVRLY
aa = & a A 1A A n Yo =KX o Y A
FANIDI 79.04% “]N“W‘Uﬂlu‘llﬁll1ﬂ!‘|/liJ'lﬂﬂ'J']ﬂu!‘UTVlthllﬂNTL!ﬂTiLW'I v ldmuanuanse
1Y 1 dy a Y R o Y1 = Y A Aa 1aa 3
Glumi@ﬂcnmzmnwum"lﬂ %\‘l‘flﬂllﬂ’ﬂlﬂu silicate clay Felysenaunuussanuiu

J [ v A
o3ndseneunan (UND91, 2541)

{ a 4 a a | a
A1519% 4.20 HANTIS AT IZHNIUANVDIA UL (CD1) uamumumﬁqmw{]u

800 ‘C (CD 2)
Composition CDh1 CDh2
Si0, 68.14 % 79.04 %
ALO, 13.75 % 7.96 %
Fe,0, 5.00 % 6.26 %
CaO 0.42 % 0.67 %
MgO 0.87 % 0.62 %
Na,O 1.00 % 1.16 %

A a J Y A
N AATIEHAYATOI XRF

a

a { aa
MIANEIAUILUAINGAMYI 800 ‘C AI0NADIYANTIAMIDIANATO UV ALAU
1w 1 A o <
(Scanning electron microscope : SEM) WuNanvazaulvgiianyuziiiug 1anunguga
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a 3 a 0 (Y] [ d
43 msfAnduEdss MWV IR INIQUKgH 800°C Hasnrumsgadululasi
Y Ay
uazluasnudlaeiEnageumsrzazare

a

HAMIANYUADYTNINYOIAUD UHINQUNYN 800 °C ﬁvhumﬁ@,ﬂﬁffullullmﬁuaz
ad . d! [ ad

lunsnTaeAT Leaching test 915017991038 v09152MANTZNTINQARMNTTN (2540) Tag
o A A o 9 I~ a [ P 9
WAMUUNARUMIgAFULAY VAl umtaziasazatesdunszvgelseneuaie
v v
PN UNANAITL18UDINTAFANITNIUTIUN AN AN WNINY 5 U VORI 1aIUVD
a oy I 1 A Aaa oy v o a as.t‘ ) 1
a5y 20 M1 (20 Yaaans) VoIUINUD (NTH) VBIAUILUNT DINT U INUVET 60 501

] aa a gy I @ A
mummqquuwa«ﬂunm 18 GH'JI?N Nﬁﬂﬁﬂﬂa@\‘mﬁﬂﬁiu@niﬁﬂ 4.14

M131ei 421 msfnpuades mmvesdumumgngil 800°C Anumsgady lulasiuas

luasnud’
FUAYDININAZNDY A N Uszanimumsgady | Ysuanrzazargesnin
(AATUAIGAULLUAT) (mg/l) (%) (mg/l) %)
Tu'lasi 1.06 96.47 0.37 3491
Tumsn 2.61 93.50 0.52 19.92

'
a =S 1 %

a { J
HANIANY UADITNINUBIAUL NN 800 C Nrumsgadu Tulasiud,
UANMINY 1.06 NaANTUADAAT LAZIADITAINVOIAUVUHINGAUHYL 800 °C NHIUMIQATY
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E4
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TuesnudrUauniny 2.6 Jadnsuasans 0031MNAZNBUNNATULA NN UTUUD
p a Ay VA o YA 9 9 o

Tulasvvaz lwasnlulsunanidsennaneousvlane anududuveodlulasnuas luwsn

- & A I Y Y aAx 1 [ 09/’ a A o Y

10mg NO,N/L #u3uiuanuuiuninano quain aaiuau W InmIuNsgaguLad

g llsdaldlagisnmsienauawndangunnuala
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a d an Yy Y r-’d'd
.1 wamﬁami1z‘mn1mammmmmwumu‘lu‘lmwnu

U

AONIIPAY
Oneway
ANOVA

%Adsorption nitrite

Sum of

Squares df Mean Square F Sig.
Between Groups 9.748 5 1.950 252.821 .000
Within Groups .093 12 .008
Total 9.840 17

Multiple Comparisons

Dependent Variable: %Adsorption_nitrite

Scheffe
Mean
Difference 95% Confidence Interval
(I) conc.  (J) conc. (1-J) Std. Error Sig. Lower Bound | Upper Bound
10.00 15.00 -.95667* .07170 .000 -1.2392 -.6741
20.00 -1.78333* .07170 .000 -2.0659 -1.5008
30.00 -2.08000* .07170 .000 -2.3625 -1.7975
40.00 -1.96000* .07170 .000 -2.2425 -1.6775
50.00 -1.82000* .07170 .000 -2.1025 -1.5375
15.00 10.00 .95667* .07170 .000 6741 1.2392
20.00 -.82667* .07170 .000 -1.1092 -.5441
30.00 -1.12333* .07170 .000 -1.4059 -.8408
40.00 -1.00333* .07170 .000 -1.2859 -.7208
50.00 -.86333* .07170 .000 -1.1459 -.5808
20.00 10.00 1.78333* .07170 .000 1.5008 2.0659
15.00 .82667* .07170 .000 .5441 1.1092
30.00 -.29667* .07170 .037 -.5792 -.0141
40.00 -.17667 .07170 .360 -.4592 .1059
50.00 -.03667 07170 .998 -.3192 .2459
30.00 10.00 2.08000* .07170 .000 1.7975 2.3625
15.00 1.12333* .07170 .000 .8408 1.4059
20.00 .29667* .07170 .037 .0141 5792
40.00 .12000 .07170 729 -.1625 4025
50.00 .26000 .07170 .079 -.0225 .5425
40.00 10.00 1.96000* .07170 .000 1.6775 2.2425
15.00 1.00333* .07170 .000 .7208 1.2859
20.00 .17667 .07170 .360 -.1059 4592
30.00 -.12000 .07170 729 -.4025 .1625
50.00 .14000 .07170 .594 -.1425 4225
50.00 10.00 1.82000* .07170 .000 1.5375 2.1025
15.00 .86333* .07170 .000 .5808 1.1459
20.00 .03667 .07170 .998 -.2459 .3192
30.00 -.26000 .07170 .079 -.5425 .0225
40.00 -.14000 .07170 .594 -.4225 1425

*. The mean difference is significant at the .05 level.




a 4 aa 1A aa [ d
.2 Namsamswwn1mnmlmmwawnumamsgmmu‘lu‘lﬂsn

Oneway
ANOVA
%Adsorption_nitrite
Sum of

5 Squares df Mean Square F Sig.
Between Groups 8666.410 8 1083.301 | 335425.83 .000
Within Groups .058 18 .003
Total 8666.468 26

Dependent Variable: %Adsorption_nitrite

Multiple Comparisons

Scheffe
Dif'}ﬁzﬂce 95% Confidence Interval
pH  (J)pH (I-J) Std. Error Sig. Lower Bound | Upper Bound
2.00 3.00 .26333* .04640 .007 .0554 4713
4.00 .71000* .04640 .000 .5021 9179
5.00 .71000* .04640 .000 .5021 9179
6.00 10.59000* .04640 .000 10.3821 10.7979
7.00 28.67000* .04640 .000 28.4621 28.8779
8.00 30.79000* .04640 .000 30.5821 30.9979
9.00 40.37667* .04640 .000 40.1687 40.5846
10.00 46.64333* .04640 .000 46.4354 46.8513
3.00 2.00 -.26333* .04640 .007 -4713 -.0554
4.00 .44667* .04640 .000 .2387 .6546
5.00 .44667* .04640 .000 .2387 .6546
6.00 10.32667* .04640 .000 10.1187 10.5346
7.00 28.40667* .04640 .000 28.1987 28.6146
8.00 30.52667* .04640 .000 30.3187 30.7346
9.00 40.11333"* .04640 .000 39.9054 40.3213
10.00 46.38000* .04640 .000 46.1721 46.5879
4.00 2.00 -.71000* .04640 .000 -.9179 -.5021
3.00 -.44667* .04640 .000 -.6546 -.2387
5.00 .00000 .04640 1.000 -.2079 .2079
6.00 9.88000* .04640 .000 9.6721 10.0879
7.00 27.96000* .04640 .000 27.7521 28.1679
8.00 30.08000* .04640 .000 29.8721 30.2879
9.00 39.66667* .04640 .000 39.4587 39.8746
10.00 45.93333* .04640 .000 45.7254 46.1413




Multiple Comparisons

Dependent Variable: %Adsorption_nitrite

Scheffe
Difl}/cle?:gce 95% Confidence Interval
()pH  (J)pH (I-J) Std. Error Sig. Lower Bound | Upper Bound
5.00 2.00 -.71000* .04640 .000 -.9179 -.5021
3.00 -.44667* .04640 .000 -.6546 -.2387
4.00 .00000 .04640 1.000 -.2079 .2079
6.00 9.88000* .04640 .000 9.6721 10.0879
7.00 27.96000* .04640 .000 27.7521 28.1679
8.00 30.08000* .04640 .000 29.8721 30.2879
9.00 39.66667* .04640 .000 39.4587 39.8746
10.00 45.93333* .04640 .000 45.7254 46.1413
6.00 2.00 -10.59000* .04640 .000 -10.7979 -10.3821
3.00 -10.32667* .04640 .000 -10.5346 -10.1187
4.00 -9.88000* .04640 .000 -10.0879 -9.6721
5.00 -9.88000* .04640 .000 -10.0879 -9.6721
7.00 18.08000* .04640 .000 17.8721 18.2879
8.00 20.20000* .04640 .000 19.9921 20.4079
9.00 29.78667* .04640 .000 290.5787 29.9946
10.00 36.05333* .04640 .000 35.8454 36.2613
7.00 2.00 -28.67000* .04640 .000 -28.8779 -28.4621
3.00 -28.40667* .04640 .000 -28.6146 -28.1987
4.00 -27.96000* .04640 .000 -28.1679 -27.7521
5.00 -27.96000* .04640 .000 -28.1679 -27.7521
6.00 -18.08000* .04640 .000 -18.2879 -17.8721
8.00 2.12000* .04640 .000 1.9121 2.3279
9.00 11.70667* .04640 .000 11.4987 11.9146
10.00 17.97333* .04640 .000 17.7654 18.1813
8.00 2.00 -30.79000* .04640 .000 -30.9979 -30.5821
3.00 -30.52667* .04640 .000 -30.7346 -30.3187
4.00 -30.08000* .04640 .000 -30.2879 -29.8721
5.00 -30.08000* .04640 .000 -30.2879 -29.8721
6.00 -20.20000* .04640 .000 -20.4079 -19.9921
7.00 -2.12000* .04640 .000 -2.3279 -1.9121
9.00 9.58667* .04640 .000 9.3787 9.7946
10.00 15.85333* .04640 .000 15.6454 16.0613
9.00 2.00 -40.37667* .04640 .000 -40.5846 -40.1687
3.00 -40.11333* .04640 .00C -40.3213 -39.9054
4.00 -39.66667* .04640 .000 -39.8746 -39.4587
5.00 -39.66667* .04640 .000 -39.8746 -39.4587
6.00 -29.78667* .04640 .000 -29.9946 -29.5787
7.00 -11.70667* .04640 .000 -11.9146 -11.4987
8.00 -9.58667* .04640 .000 -9.7946 -9.3787
10.00 6.26667* .04640 .000 6.0587 6.4746
10.00 2.00 -46.64333* .04640 .000 -46.8513 -46.4354
3.00 -46.38000* .04640 .000 -46.5879 -46.1721
4.00 -45.93333* .04640 .000 -46.1413 -45.7254
5.00 -45.93333* .04640 .000 -46.1413 -45.7254
6.00 -36.05333* .04640 .000 -36.2613 -35.8454
7.00 -17.97333* .04640 .000 -18.1813 -17.7654
8.00 -15.85333* 204640 .000 -16.0613 -15.6454
9.00 -6.26667* .04640 .000 -6.4746 -6.0587

*. The mean difference is significant at the .05 level.
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Oneway
ANOVA

%Adsorption_nitrite

Sum of

Squares df Mean Square F Sig.
Between Groups 33.688 5 6.738 | 9549.381 .000
Within Groups .008 12 .001
Total 33.697 (7

Multiple Comparisons

Dependent Variable: %Adsorption_nitrite

Scheffe
Mean
Difference 95% Confidence Interval
() Time(hour)  (J) Time(hour) (I-3) Std. Error Sig. Lower Bound | Upper Bound
2.00 4.00 -1.14333* .02169 .000 -1.2288 -1.0579
6.00 -2.15333* .02169 .000 -2.2388 -2.0679
8.00 -3.62333* .02169 .000 -3.7088 -3.5379
10.00 -3.54333* .02169 .000 -3.6288 -3.4579
12.00 -3.43333* .02169 .000 -3.5188 -3.3479
4.00 2.00 1.14333* .02169 .000 1.0579 1.2288
6.00 -1.01000* .02169 .000 -1.0955 -.9245
8.00 -2.48000* .02169 .000 -2.5655 -2.3945
10.00 -2.40000* .02169 .000 -2.4855 -2.3145
12.00 -2.29000* .02169 .000 -2.3755 -2.2045
6.00 2.00 2.15333* .02169 .000 2.0679 2.2388
4.00 1.01000* .02169 .000 .9245 1.0955
8.00 -1.47000* .02169 .000 -1.5555 -1.3845
10.00 -1.39000* .02169 .000 -1.4755 -1.3045
12.00 -1.,28000* .02169 .000 -1.3655 -1.1945
8.00 2.00 3.62333* .02169 .000 3.5379 3.7088
4.00 2.48000* .02169 .000 2.3945 2.5655
6.00 1.47000* .02169 .000 1.3845 1.5555
10.00 .08000 .02169 .072 -.0055 .1655
12.00 .19000* .02169 .000 .1045 .2755
10.00 2.00 3.54333* .02169 .000 3.4579 3.6288
4.00 2.40000* .02169 .000 2.3145 2.4855
6.00 1.39000* .02169 .000 1.3045 1.4755
8.00 -.08000 .02169 .072 -.1655 .0055
12.00 .11000* .02169 .009 .0245 .1955
12.00 2.00 3.43333* .02169 .000 3.3479 3.5188
4.00 2.29000* .02169 .000 2.2045 2.3755
6.00 1.28000* .02169 .000 1.1945 1.3655
8.00 -.19000* .02169 .000 -.2755 -.1045
10.00 -.11000* .02169 .009 -.1955 -.0245

*. The mean difference is significant at the .05 level.
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Oneway
ANOVA
%Adsorption_nitrite
Sum of
Squares df Mean Square F Sig.
Between Groups 23.719 5 4.744 | 2345.879 .000
Within Groups .024 12 .002
Total 23.744 17

Multiple Comparisons

Dependent Variable: %Adsorption_nitrite

Scheffe
Mean
Difference 95% Confidence Interval
() Amount(g)  (J) Amount(g) (1-J) Std. Error Sig. Lower Bound | Upper Bound
.50 1.00 -1.31333* .03672 .000 -1.4580 -1.1686
1.50 -1.94333* .03672 .000 -2.0880 -1.7986
2.00 -2.92333* .03672 .000 -3.0680 -2.7786
2.50 -3.12000* .03672 .000 -3.2647 -2.9753
3.00 -3.16667* .03672 .000 -3.3114 -3.0220
1.00 .50 1.31333* .03672 .000 1.1686 1.4580
1.50 -.63000* .03672 .000 -7747 -.4853
2.00 -1.61000* .03672 .000 -1.7547 -1.4653
2.50 -1.80667* .03672 .000 -1.9514 -1.6620
3.00 -1.85333* .03672 .000 -1.9980 -1.7086
1.50 .50 1.94333* .03672 .000 1.7986 2.0880
1.00 .63000* .03672 .000 .4853 7747
2.00 -.98000* .03672 .000 -1.1247 -.8353
2.50 -1.17667* .03672 .000 -1.3214 -1.0320
3.00 -1.22333* .03672 .000 -1.3680 -1.0786
2.00 .50 2.92333* .03672 .000 2.7786 3.0680
1.00 1.61000* .03672 .000 1.4653 1.7547
1.50 .98000* .03672 .000 .8353 1.1247
2.50 -.19667* .03672 .006 -.3414 -.0520
3.00 -.24333* .03672 .001 -.3880 -.0986
2.50 .50 3.12000* .03672 .000 2.9753 3.2647
1.00 1.80667* .03672 .000 1.6620 1.9514
1.50 1.17667* .03672 .000 1.0320 1.3214
2.00 .19667* .03672 .006 .0520 .3414
3.00 -.04667 .03672 .890 -.1914 .0980
3.00 .50 3.16667* .03672 .000 3.0220 3.3114
1.00 1.85333* .03672 .000 1.7086 1.9980
1.50 1.22333* .03672 .000 1.0786 1.3680
2.00 .24333* .03672 .001 .0986 .3880
2.50 .04667 .03672 .890 -.0980 1914

*. The mean difference is significant at the .05 level.
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Oneway

ANOVA
%Adsorption _nitrate
Sum of
Squares df Mean Square F Sig.
Between Groups 121.102 5 24.220 | 435968.5 .000
Within Groups .001 12 .000
Total 121.103 17

Multiple Comparisons

Dependent Variable: %Adsorption_nitrate

Scheffe
Mean
Difference 95% Confidence Interval
() conc.  (J) conc. (1-J) Std. Error Sig. Lower Bound | Upper Bound
10.00 15.00 -.87333* .00609 .000 -.8973 -.8494
20.00 -1.80333* .00609 .000 -1.8273 -1.7794
30.00 -3.60667* .00609 .000 -3.6306 -3.5827
40.00 -5.35667* .00609 .000 -5.3806 -5.3327
50.00 -7.43667* .00609 .000 -7.4606 -7.4127
15.00 10.00 .87333* .00609 .000 .8494 .8973
20.00 -.93000* .00609 .000 -.9540 -.9060
30.00 -2.73333* .00609 .000 -2.7573 -2.7094
40.00 -4.48333* .00609 .000 -4.5073 -4.4594
50.00 -6.56333* .00609 .000 -6.5873 -6.5394
20.00 10.00 1.80333* .00609 .000 1.7794 1.8273
15.00 .93000* .00609 .000 .9060 .9540
30.00 -1.80333* .00609 .000 -1.8273 -1.7794
40.00 -3.55333* .00609 .000 -3.5773 -3.5294
50.00 -5.63333* .00609 .000 -5.6573 -5.6094
30.00 10.00 3.60667* .00609 .000 3.5827 3.6306
15.00 2.73333* .00609 .000 2.7094 2.7573
20.00 1.80333* .00609 .000 1.7794 1.8273
40.00 -1.75000* .00609 .000 -1.7740 -1.7260
50.00 -3.83000%* .00609 .000 -3.8540 -3.8060
40.00 10.00 5.35667* .00609 .000 5.3327 5.3806
15.00 4.48333* .00609 .000 4.4594 4.5073
20.00 3.55333* .00609 .000 3.5294 3.5773
30.00 1.75000* .00609 .000 1.7260 1.7740
50.00 -2.08000* .00609 .000 -2.1040 -2.0560
50.00 10.00 7.43667* .00609 .000 7.4127 7.4606
15.00 6.56333* .00609 .000 6.5394 6.5873
20.00 5.63333* .00609 .000 5.6094 5.6573
30.00 3.83000* .00609 .000 3.8060 3.8540
40.00 2.08000* .00609 .000 2.0560 2.1040

*. The mean difference is significant at the .05 level.
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Oneway
ANOVA
%Adsorption_nitrate

Sum of

Squares df Mean Square F Sig._
Between Groups 1327.790 8 165.974 | 151394.97 .000
Within Groups .020 18 .001
Total 1327.810 26

Dependent Variable:

Multiple Comparisons

%Adsorption_nitrate

Scheffe
Dif’\f/éer::ce 95% Confidence Interval
(Hh)pH  (J)pH (1-J) Std. Error Sig. Lower Bound | Upper Bound
2.00 3.00 -.04667 .02703 .922 -.1678 .0745
4.00 -.08667 .02703 311 -.2078 .0345
5.00 -.39333* .02703 .000 -.5145 -.2722
6.00 -1.28667* .02703 .000 -1.4078 -1.1655
7.00 -3.51000* .02703 .000 -3.6311 -3.3889
8.00 -10.23000* .02703 .000 -10.3511 -10.1089
9.00 -15.58667* .02703 .000 -15.7078 -15.4655
10.00 -18.97000* .02703 .000 -19.0911 -18.8489
3.00 2.00 .04667 .02703 922 -.0745 .1678
4.00 -.04000 .02703 .967 -.1611 .0811
5.00 -.34667* .02703 .000 -.4678 -.2255
6.00 -1.24000* .02703 .000 -1.3611 -1.1189
7.00 -3.46333* .02703 .000 -3.5845 -3.3422
8.00 -10.18333* .02703 .000 -10.3045 -10.0622
9.00 -15.54000* .02703 .000 -15.6611 -15.4189
10.00 -18.92333* .02703 .000 -19.0445 -18.8022
4.00 2.00 .08667 02703 311 -.0345 .2078
3.00 .04000 .02703 .967 -.0811 .1611
5.00 -.30667* .02703 .000 -4278 -.1855
6.00 -1.20000* .02703 .000 -1.3211 -1.0789
7.00 -3.42333* .02703 .000 -3.5445 -3.3022
8.00 -10.14333* .02703 ~.000 -10.2645 -10.0222
9.00 -15.50000* .02703 .000 -15.6211 -15.3789
10.00 -18.88333* .02703 .000 -19.0045 -18.7622
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Multiple Comparisons

Dependent Variable: %Adsorption_nitrate

Scheffe
Mean
Difference 95% Confidence Interval
(H)pH  (J)pH (I-J) Std. Error Sig. Lower Bound | Upper Bound
5.00 2.00 .39333* .02703 .000 2722 5145
3.00 .34667* .02703 .000 .2255 4678
4.00 .30667* .02703 .000 .1855 4278
6.00 -.89333* .02703 .000 -1.0145 -7722
7.00 -3.11667* .02703 .000 -3.2378 -2.9955
8.00 -9.83667* .02703 .000 -9.9578 -9.7155
9.00 -15.19333* .02703 .000 -15.3145 -15.0722
10.00 -18.57667* .02703 .000 -18.6978 -18.4555
6.00 2.00 1.28667* .02703 .000 1.1655 1.4078
3.00 1.24000* .02703 .000 1.1189 1.3611
4.00 1.20000* .02703 .000 1.0789 1.3211
5.00 .89333* .02703 .000 7722 1.0145
7.00 -2.22333* .02703 .000 -2.3445 -2.1022
8.00 -8.94333* .02703 .000 -9.0645 -8.8222
9.00 -14.30000* .02703 .000 -14.4211 -14.1789
10.00 -17.68333* .02703 .000 -17.8045 -17.5622
7.00 2.00 3.51000* .02703 .000 3.3889 3.6311
3.00 3.46333* .02703 .000 3.3422 3.5845
4.00 3.42333* .02703 .000 3.3022 3.5445
5.00 3.11667* .02703 .000 2.9955 3.2378
6.00 2.22333* .02703 .000 2.1022 2.3445
8.00 -6.72000* .02703 .000 -6.8411 -6.5989
9.00 -12.07667* .02703 .000 -12.1978 -11.9555
10.00 -15.46000* .02703 .000 -15.5811 -15.3389
8.00 2.00 10.23000* .02703 .000 10.1089 10.3511
3.00 10.18333* .02703 .000 10.0622 10.3045
4.00 10.14333* .02703 .000 10.0222 10.2645
5.00 9.83667* .02703 .000 9.7155 9.9578
6.00 8.94333* .02703 .000 8.8222 9.0645
7.00 6.72000* .02703 .000 6.5989 6.8411
9.00 -5.35667* .02703 .000 -5.4778 -5.2355
10.00 -8.74000* .02703 .000 -8.8611 -8.6189
9.00 2.00 15.58667* .02703 .000 15.4655 15.7078
3.00 15.54000* .02703 .000 15.4189 15.6611
4.00 15.50000* .02703 .000 15.3789 15.6211
5.00 15.19333* .02703 .000 15.0722 15.3145
6.00 14.30000* .02703 .000 14.1789 14.4211
7.00 12.07667* .02703 .000 11.9555 12.1978
8.00 5.35667* .02703 .000 5.2355 5.4778
10.00 -3.38333* .02703 .000 -3.5045 -3.2622
10.00 2.00 18.97000* .02703 .000 18.8489 19.0911
3.00 18.92333* .02703 .000 18.8022 19.0445
4.00 18.88333* .02703 .000 18.7622 19.0045
5.00 18.57667* .02703 .000 18.4555 18.6978
6.00 17.68333* .02703 .000 17.5622 17.8045
7.00 15.46000* .02703 .000 15.3389 15.5811
8.00 8.74000* .02703 .000 8.6189 8.8611
9.00 3.38333* .02703 .000 3.2622 3.5045

*. The mean difference is significant at the .05 level.
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Oneway
ANOVA
%Adsorption_nitrate
Sum of
Squares df Mean Square F Sig.
Between Groups .946 5 189 | 1418.442 .000
Within Groups .002 12 .000
Total .947 174
Multiple Comparisons
Dependent Variable: %Adsorption_nitrate
Scheffe
Mean
Difference 95% Confidence Interval
(I) Time(hour)  (J) Time(hour) (1-J) Std. Error Sig. Lower Bound | Upper Bound
3.00 6.00 .14333* .00943 .000 .1062 .1805
9.00 .48000* .00943 .000 4428 5172
12.00 .52000* .00943 .000 .4828 .5572
24.00 .58667* .00943 .000 .5495 .6238
36.00 .58667* .00943 .000 .5495 .6238
6.00 3.00 -.14333* .00943 .000 -.1805 -.1062
9.00 .33667* .00943 .000 .2995 .3738
12.00 .37667* .00943 .000 .3395 4138
24.00 .44333* .00943 .000 .4062 .4805
36.00 .44333* .00943 .000 .4062 .4805
9.00 3.00 -.48000* .00943 .000 -5172 -.4428
6.00 -.33667* .00943 .000 -.3738 -.2995
12.00 .04000* .00943 .032 .0028 .0772
24.00 .10667* .00943 .000 .0695 .1438
36.00 .10667* .00943 .000 .0695 .1438
12.00 3.00 -.52000* .00943 .000 -.5572 -.4828
6.00 -.37667* .00943 .000 -.4138 -.3395
9.00 -.04000* .00943 .032 -.0772 -.0028
24.00 .06667* .00943 .001 .0295 .1038
36.00 .06667* .00943 .001 .0295 .1038
24.00 3.00 -.58667* 00943 .000 -.6238 -.5495
6.00 -.44333* .00943 .000 -.4805 -.4062
9.00 -.10667* .00943 .000 -.1438 -.0695
12.00 -.06667* .00943 .001 -.1038 -.0295
36.00 .00000 .00943 1.000 -.0372 .0372
36.00 3.00 -.58667* .00943 .000 -.6238 -.5495
6.00 -.44333* .00943 .000 -.4805 -.4062
9.00 -.10667* .00943 .000 -.1438 -.0695
12.00 -.06667* .00943 .001 -.1038 -.0295
24.00 .00000 .00943 1.000 -.0372 .0372

*. The mean difference is significant at the .05 level.
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Oneway
ANOVA

%Adsorption_nitrate

Sum of

Squares df Mean Square F Sig.
Between Groups 5.000 5 1.000 109.096 .000
Within Groups .110 12 .009
Total 5.110 17

Multiple Comparisons

Dependent Variable: %Adsorption_nitrate

Scheffe
Mean
Difference 95% Confidence Interval
() Amount(g)  (J) Amount(g) (1-) Std. Error Sig. Lower Bound | Upper Bound
.50 1.00 .67333* .07817 .000 .3653 .9814
1.50 1.29000* .07817 .000 .9819 1.5981
2.00 1.38333* .07817 .000 1.0753 1.6914
2.50 1.38900* .07817 .000 1.0809 1.6971
3.00 1.42667* .07817 .000 1.1186 1.7347
1.00 .50 -.67333* .07817 .000 -.9814 -.3653
1.50 .61667* .07817 .000 .3086 .9247
2.00 .71000* .07817 .000 4019 1.0181
2.50 .71567* .07817 .000 4076 1.0237
3.00 TS ERIEE .07817 .000 4453 1.0614
1.50 .50 -1.29000* .07817 .000 -1.5981 -.9819
1.00 -.61667* .07817 .000 -.9247 -.3086
2.00 .09333 .07817 912 -.2147 4014
2.50 .09900 .07817 .891 -.2091 4071
3.00 13667 .07817 .694 -.1714 4447
2.00 .50 -1.38333* .07817 .000 -1.6914 -1.0753
1.00 -.71000* .07817 .000 -1.0181 -.4019
1.50 -.09333 .07817 912 -.4014 .2147
2.50 .00567 .07817 1.000 -.3024 .3137
3.00 .04333 .07817 .997 -.2647 .3514
2.50 .50 -1.38900* .07817 .000 -1.6971 -1.0809
1.00 -.71567* .07817 .000 -1.0237 -.4076
1.50 -.09900 .07817 .891 -.4071 .2091
2.00 -.00567 .07817 1.000 -.3137 .3024
3.00 .03767 .07817 .998 -.2704 .3457
3.00 .50 -1.42667* .07817 .000 -1.7347 -1.1186
1.00 -.75333* .07817 .000 -1.0614 -.4453
1.50 -.13667 .07817 .694 -.4447 1714
2.00 -.04333 .07817 .997 -.3514 .2647
2.50 -.03767 .07817 .998 -.3457 .2704

*. The mean difference is significant at the .05 level.
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