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Chonthicha Maneechote 2014: The Development of Subsurface Flow Constructed
Wetland System by Using Lignite Fly Ash as Reactive Dyes Adsorbent for Textile
Factory Wastewater Treatment. Master of Science (Environmental Science), Major
Field: Environmental Science, Department of Environmental Science. Thesis Advisor:

Associate Professor Kanita Tungkananuruk, M.Sc. 110 pages.

Wastewater discharge of textile factory containing large amount of residual dyes from
the production process can cause aquatic environment problems. The development of using
lignite fly ash, a waste material from pulp and paper industry was investigated for removal of nine
reactive dyes from 20 ppm of each dyes in aqueous solution together with the subsurface flow in
constructed wetland treatment system. From batch experimental results, the average maximum
removal efficiency of nine dyes at 92.45 and 99.86 were achieved from 1 g lignite fly ash/ 50 mL
mixed dyes aqueous solution and contact time for 4 h and 5 days, respectively. The adsorption
model was conformed to Langmuir isotherm and Freundich isotherm. Moreover, the continuous
experiment was carried out by filled the column (6.5 cm i.d. x 40 cm L) with gravel, coarse sand,
sand and mixture of lignite fly ash and soil (1:60) from the bottom to the top. The results revealed
that in 3 different treatments (continuous flow, retention time 4 h and 5 days) gave a nearly 98%
removal efficiency at the 1" time and after that continue to decrease. However, removal efficiency
of continuous flow decreased more slowly. Furthermore, the continuous subsurface flow
constructed wetland was investigated in plastic tank which filled with mixture of lignite fly ash
and soil and growing Typha angustifolia L. and Vetiveria zizanioides. The results showed that the
treatment experiment units gave high removal efficiency of dyes at 96.81% for T. angustifolia L.
and 94.85% for V. zizanioides. While the treatment experiment unit which without lignite fly ash

gave removal efficiency lower at 80.87% and also efficiency was reduced rapidly.
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MIHWINT 1 AIMsganaunas vesdsazaeasuddendinan 9 viia Nanududy

10 - 50 Haaniu/ang

yUAT 10 (Wn/a) 20 (n/a) 30 (Nn/a) 40 (un.J/a) 50 (un./a.)
Yellow LS-R 0.872 1.674 2.532 3.33 4.038
Yellow LS-4G 0.901 1.729 2.638 3.503 4.289
Orange Hf-2R 0.750 1.415 2.202 3.081 3.883
Red LS-B 0.737 1.386 2.185 3.051 3.834
Blue LS-3R 0.741 1.413 2.207 3.083 3.885
Black R 0.665 1.456 2.218 3.132 3.914
Navy LS-G 0.683 1.465 2.241 3.135 3.922
Turquoise H-GN 0.568 1.134 1.952 2.714 3.569
Blue G 0.565 1.132 1.949 2712 3.567
mAeI I 0.720 1.422 2.236 3.082 3.878

Y a A a Jd = a
ﬂ1§1QN‘L!'Jﬂﬁ 2 f]‘l/]ﬁ“l/\lﬁ"ll@ﬁﬂa‘ih1mli%}1ﬁ6ﬂﬁﬂlllm@ﬂﬁTiﬁ$ﬁWEJMWﬁj;WHﬁEQJ}E]iJFTW 9 ¥UA

¥aw 0.5(N5Y)  1.0(M5N)  2.0(M5N) 3.0(A5N) 4.0 (N5N) 5.0 (NSW)
Yellow LS-R 95.90 97.22 96.93 94.88 93.26 92.53
Yellow LS-4G 93.04 94.64 95.36 93.04 91.45 90.72
Orange Hf-2R 94.59 96.80 91.89 90.66 87.96 85.74
Red LS-B 93.93 96.63 96.40 89.44 87.41 85.39
Blue LS-3R 93.10 96.03 95.19 90.38 88.70 87.65
Black R 88.83 91.69 92.73 87.79 84.68 82.60
Navy LS-G 96.76 98.06 96.89 94.95 94.57 93.40
Turquoise H-GN 94.64 94 .87 95.76 90.18 88.17 87.50
Blue G 93.48 95.17 94.93 91.06 87.68 87.44

MAYIIY 93.81 95.68 95.12 91.37 89.32 88.11
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$ a a a 4 [ 1 ?_,' [ 4 a aa
MINEUINA 3 ’E]‘I/]‘ﬁWﬁ“lJ@\?ﬂ?lﬂiuLfsﬁﬂﬂﬂﬂﬂhluﬁ 1 5N AoUNTIFUATIZH 50 Yanang

FAd Absorbent fovazmithiaddoudh
Yellow LS-R 0.551 70.19
Yellow LS-4G 0.562 71.10
Orange Hf-2R 0.485 67.47
Red LS-B 0.393 74.22
Blue LS-3R 0.395 74.40
Black R 0.431 73.84
Navy LS-G 0.462 72.03
Turquoise H-GN 0.508 57.81
Blue G 0.518 56.15
mAeII 0.478 68.58

Y a Aa o w A < o o
MIINUINN 4 aNTNavesszezanvanmneaudua Tug (1-3 52 1u9)

1 52704 2 2T 3 4219
a A 9 9 9
¥UAT 1YL 1YY 1Y
Absorbent L e Absorbent . o Absorbent v o
NITVIUA NITVIUA NI1TVIUAN
Yellow LS-R 0.463 74.90 0.201 89.09 0.282 84.70
Yellow LS-4G 0.475 75.58 0.203 89.54 0.293 8491
Orange Hf-2R 0.400 73.17 0.169 88.67 0.232 84.41
Red LS-B 0.308 79.78 0.136 91.05 0.162 89.35
Blue LS-3R 0.307 80.07 0.137 91.12 0.161 89.53
Black R 0.333 79.74 0.140 91.49 0.180 89.03
Navy LS-G 0.360 78.22 0.138 91.62 0.199 87.96
Turquoise H-GN 0.400 66.76 0.172 85.73 0.248 79.42
Blue G 0.404 65.78 0.174 85.28 0.250 78.89




q‘ a a o o A < o o
MINNNUINN 5 ’E]‘Vl‘ﬁwaellﬂﬂigEJH'JaﬁJﬁJ@W]L‘ﬂﬂJ'l%ﬁllﬂJu“lf']TlN (4-6 ‘]5')111\‘])
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4 51734 5 4T3 6 T34
a o 9 9 9
¥UAT jouaz jouaY jo8aY
Absorbent v e Absorbent v e Absorbent . o
1511179 1511179 151117
Yellow LS-R 0.140 92.39 0.184 90.01 0.154 91.66
Yellow LS-4G 0.143 92.65 0.190 90.26 0.156 91.95
Orange Hf-2R 0.114 92.32 0.151 89.87 0.122 91.78
Red LS-B 0.085 94.40 0.103 93.22 0.084 94.46
Blue LS-3R 0.085 94.49 0.103 93.32 0.084 94.56
Black R 0.092 94 .38 0.115 93.01 0.092 94 .41
Navy LS-G 0.093 94.37 0.124 92.47 0.096 94.16
Turquoise H-GN 0.135 88.76 0.164 86.35 0.135 88.76
Blue G 0.138 88.32 0.166 85.91 0.137 88.41
MSNUINT 6 dNTNavesszeznanhanming gy (1-3 1)
194 29U 39U
A A 9 9 9
¥UAT jouaY jouaz jo8a
Absorbent . e Absorbent r Absorbent . e
N151117@A 151117 n151110A
Yellow LS-R 0.203 88.11 0.055 96.79 0.016 99.06
Yellow LS-4G 0.207 88.55 0.128 92.93 0.017 99.06
Orange Hf-2R 0.175 87.31 0.046 96.63 0.012 99.13
Red LS-B 0.150 88.93 0.048 96.47 0.013 99.01
Blue LS-3R 0.153 88.90 0.049 96.44 0.013 99.02
Black R 0.182 88.23 0.054 96.51 0.014 99.06
Navy LS-G 0.186 87.91 0.046 97.01 0.011 99.28
Turquoise H-GN 0.199 81.41 0.061 94.31 0.016 98.51
Blue G 0.202 80.79 0.063 93.97 0.017 98.43




4 a a o w A < [ [
ﬂ1‘§1QNu3ﬂﬁ 7 E]V]‘ﬁwaellﬂﬂig8$L]ﬂ1ﬂ1ﬂﬂﬁ!‘ﬂu1$ﬁmlﬂu3u (4-5 )
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49U 59U
a Y Y
¥UAT I0YATLNIT IVYATLNII
Absorbent . e Absorbent v o

1A VYIUA
Yellow LS-R 0.004 99.77 0.001 99.94
Yellow LS-4G 0.005 99.72 0.002 99.92
Orange Hf-2R 0.002 99.82 0.001 99.96
Red LS-B 0.002 99.82 0.002 99.89
Blue LS-3R 0.003 99.75 0.002 99.89
Black R 0.003 99.77 0.002 99.90
Navy LS-G 0.003 99.77 0.002 99.90
Turquoise H-GN 0.005 99.49 0.003 99.67
Blue G 0.005 99.48 0.003 99.67

H a a [ 1 9o’ Ly a 1 A Y]
ﬂ1§1\‘iN‘H’Jﬂﬁ 8 ’t’)°VI‘ﬁWfﬂGIJ@Qi’]ﬂiTﬁ?ﬂTﬂﬂH?ﬁuﬂﬂlﬂﬁL{ﬁﬂﬂﬂﬁﬂlluﬁ@’f)ﬂi‘lﬂUVIiTﬂ (n3Y)

AU 1:10 D4 1:30

1:10 1:20 1:30
A A 9 9 9
YUAT FRLGH FRLGH PG
Absorbent - Absorbent . e Absorbent . e
NITUILA NITUILA N1TUIUA

Yellow LS-R 0.255 84.48 0.251 84.69 0.289 82.38
Yellow LS-4G 0.250 85.6 0.252 85.48 0.278 83.96
Orange Hf-2R 0.242 81.95 0.242 81.92 0.263 80.35
Red LS-B 0.2425 80.38 0.24 80.58 0.253 79.53
Blue LS-3R 0.238 80.88 0.231 81.45 0.272 78.15
Black R 0.237 81.94 0.2375 81.94 0.267 79.66
Navy LS-G 0.234 82.98 0.236 82.87 0.273 80.15
Turquoise H-GN 0.204 78.79 0.193 79.88 0.209 78.22
Blue G 0.199 79.18 0.194 79.75 0.208 78.29
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! a A [ 1 %’ v a 1 a [
MINEUINA 9 ’E]‘Vl‘ﬁ‘Wﬁ"’lJ@Q@G]i"lﬁiluiﬂflu"l‘ﬂuﬂ"UENLisﬁﬁﬂﬂaﬂlIUG]G]EIQUﬂuVIﬁfJ (n3Y)

AU 1:40 D4 1:60

1:40 1:50 1:60
A A 9 9 Y
YUAT FRLGH FRLGH PRI
Absorbent . e Absorbent N, Absorbent . o
N1TUIUA N1TUIUA NITUIUA

Yellow LS-R 0.261 84.08 0.239 85.42 0.263 83.96
Yellow LS-4G 0.242 86.06 0.242 86.03 0.245 85.89
Orange Hf-2R 0.232 82.7 0.209 84.38 0.168 87.43
Red LS-B 0.228 81.51 0.252 79.61 0.215 82.56
Blue LS-3R 0.229 81.61 0.247 80.12 0.214 82.77
Black R 0.218 83.38 0.222 83.12 0.213 83.76
Navy LS-G 0.219 84.11 0.221 83.96 0.213 84.54
Turquoise H-GN 0.202 78.95 0.208 78.38 0.197 79.52
Blue G 0.201 78.97 0.206 78.44 0.195 79.64

H a a a 4 [y (% o w
MI19WUINA 10 andnavesSuiaudiassdnlud (0.5 -5 nSu) nuSesazmstiniaddoud

oL 0.5 (N5) 1 (N5W) 2 (A5W)
uad g g I 2 2 Iz 7 3

11 12 Wwas 1l 12 WA 11l 12 e
Yellow LS-R 0.595 0.538 0.566 0.152 0.178 0.165 0.074 0.081 0.077
Yellow LS-4G 0.660 0.598 0.629 0.165 0.191 0.178 0.075 0.082 0.078
Orange Hf-2R 0.507 0.453 0480 0.120 0.144 0.132 0.068 0.073 0.070
Red LS-B 0.330 0.294 0312 0.101 0.115 0.108 0.071 0.076 0.073
Blue LS-3R 0.334 0.298 0316 0.104 0.115 0.109 0.070 0.074 0.072
Black R 0.414 0.366 0390 0.122 0.139 0.131 0.069 0.071 0.070
Navy LS-G 0.489 0.430 0460 0.119 0.139 0.129 0.055 0.065 0.060
Turquoise H-GN 0.493 0.447 0470 0.202 0.225 0.213 0.070 0.073 0.071
Blue G 0.501 0.454 0477 0.210 0.229 0.219 0.071 0.074 0.073
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v
W1

. 3 (NSW) 4 (N3Y) 5 (NSW)
ruad 2 z 3 z 2 3 z g 3

$11 $12 Was 1 912 Wmde 9l 412 mde

Yellow LS-R 0.048 0.053 0050 0.037 0038 0037 0029 0.025 0.027

Yellow LS-4G 0.049 0.053 0.051 0.038 0.038 0.038 0.024 0.024 0.024

Orange Hf-2R 0.046 0.050 0.048 0.035 0.033 0034 0019 0.022 0.020

Red LS-B 0.048 0.048 0.048 0.035 0.033 0034 0017 0.023 0.020

Blue LS-3R 0.044 0.052 0.048 0.036 0.035 0035 0015 0.021 0.018

Black R 0.043 0.048 0.045 0036 0034 0035 0015 0021 0018

Navy LS-G 0.036 0.041 0.038 0027 0025 0026 0014 0013 0.013

Turquoise H-GN  0.043 0.053 0.048 0.036 0.037 0.036 0.015 0.020 0.017

Blue G 0.044 0.054 0049 0.039 0038 0038 0016 0021 0018
as1eeand 12 1o Tamesuveudiaosanus

PSaudraes (aSN)  Co A% q 1/q 1/C logq logC

0.5 20 7277 005 1272 0786 0137 0.104  0.862

1 20 3492 005 0825 1212 028 -0.084 0.543

2 20 2465 005 0439 2278 0406 -0.0358 0.392

3 20 2152 005 0297 3367 0465 -0.527 0333

4 20 2001 005 0225 4444 0499 -0.648  0.301

5 20 1813 005 0.182 5495 0552 -0.740  0.258
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a a a  a o S o oA N
MINNNUINT 13 E]1/]ﬁWam@Qﬂ%N1@§u1lﬁﬂﬁ\1Lﬂ51$WﬂNﬂluﬂ@allumﬂijﬂjﬁ@ﬂaﬂ LHagau

Q U

9 a S Y ax o w oA
wedaoean lud are3snmstiauuy lvaneiies

A

%’ [ 4 4 o w
Wnasindedunsizyl Wa)  Absorbent  Usinaddoudnimas  Fesazmsihiia

100 0.020 1.811 98.80
200 0.023 1.847 98.63
300 0.024 1.857 98.58
400 0.027 1.897 98.40
500 0.030 1.940 98.22
600 0.033 1.980 98.04
700 0.036 2.016 97.88
800 0.038 2.034 97.80
900 0.039 2.055 97.69
1000 0.042 2.091 97.52
1100 0.046 2.137 97.32
1200 0.050 2.193 97.07
1300 0.057 2.276 97.66
1400 0.068 2.410 96.00
1500 0.076 2.513 95.48
1600 0.087 2.654 94.72
1700 0.111 2.956 93.15
1800 0.135 3.254 91.51
1900 0.186 3.896 88.08
2000 0.255 4.754 83.55
2100 0.290 5.198 81.25
2200 0.343 5.858 77.89
2300 0.373 6.242 75.88
2400 0.399 6.565 74.19
2500 0.418 6.799 73.05

2600 0.441 7.093 71.54
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MS1NUINT 13 (91D)

A

z [ 4 { o w
Wanindedunsizy Wa)  Absorbent  Sunaddoudnimas  Fesazmsihiia

2700 0.468 7.429 69.80
2800 0.497 7.788 68.10
2900 0.559 8.571 64.04
3000 0.615 9.272 60.43
3100 0.660 9.832 57.57
3200 0.730 10.706 53.11
3300 0.778 11.308 50.11
3400 0.819 11.830 47.41
3500 0.858 12.310 44.94
3600 0914 13.019 41.36
3700 0.958 13.573 38.53
3800 0.999 14.093 35.78
3900 1.060 14.843 31.85
4000 1.135 15.781 27.16
4100 1.171 16.243 24.72
4200 1.217 16.807 21.76
4300 1.257 17.311 19.10
4400 1.292 17.757 16.76
4500 1.330 18.236 14.42
4600 1.363 18.638 12.29
4700 1.383 18.898 10.94
4800 1.417 19.325 8.81
4900 1.448 19.713 6.93
5000 1.478 20.083 5.07
5100 1.510 20.481 3.09

5200 1.529 20.726 1.90
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MS1NUINT 13 (91D)

A

%’ [ 4 4 o w
Wnasindedunsizyl Wa)  Absorbent  Usinaddoudnimas  Fesazmsihiia

5300 1.541 20.876 1.14
5400 1.551 20.995 0.56
5500 1.556 21.058 0.24

d' a A  a o a1 o oA [ ]
ATNNUINN 14 ’01/]‘ﬁ‘Wﬁﬂ]@\iﬂAﬁJWﬁu'ﬂﬁﬂﬁ\uﬂﬂ%W%N'luﬂ@ﬁhu‘]/llliii]ilﬁﬁ]ﬂ@jﬂ I@ﬂ]’lll

Y a d Y any o 1 A
Wﬁnlﬂ’]aﬂﬂaﬂ‘lu@ Q’JEJ’J‘ﬁm‘J‘]JT]JﬂLL‘].I‘LI]l‘ViaGlE)mEN

inashidedunsis (Wa.) Absorbent Fosazmsthiia
100 0.008 99.48
200 0.032 98.05
300 0.295 81.50
400 0.489 68.65
500 0.514 67.96
600 0.520 67.69
700 0.909 42.66
800 1.044 33.92

900 1.407 10.27
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q‘ a a %’ ~ [ P @ P a
AT NHUINT 15 ’E]‘Vl‘ﬁWaﬂ]@ﬂﬂ%lﬂ@iu'ﬂﬁﬂﬁﬂmﬁ'ﬁ‘ﬂ‘ﬂNTHﬂ@ﬁﬂJu%ﬂiiﬂ]ﬁﬂﬂﬂﬂ Hazau

Q U

9 a J Y axy o w [y @
wﬁmmaaaaﬂllm A2835MINTALVVLEVI 4 B2 TN9

A

%’ [ 4 4 o w
Wnasindedunsizy Wa)  Absorbent  Usinaddoudimas  Fesazmsinia

100 0.024 1.860 98.27
200 0.031 1.956 97.73
300 0.048 2.168 96.57
400 0.064 2.366 95.43
500 0.077 2.524 94.46
600 0.092 2.717 93.26
700 0.124 3.113 90.74
800 0.163 3.610 87.31
900 0.215 4.257 83.13
1000 0.277 5.039 77.97
1100 0.328 5.679 73.92
1200 0.375 6.259 70.16
1300 0.394 6.504 68.79
1400 0.443 7.119 64.88
1500 0.545 8.392 56.46
1600 0.597 9.040 52.34
1700 0.656 9.781 47.49
1800 0.706 10.415 43.53
1900 0.740 10.835 40.93
2000 0.774 11.261 38.19
2100 0.800 11.589 36.05
2200 0.807 11.679 35.46

2300 0.813 11.756 35.00
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9 a J Y axy o w [y @
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Binasthidedaunsizy (wa)) Absorbent $agazmsriiia
100 0.016 98.95
200 0.073 95.34
300 0.351 77.85
400 0.548 64.92
500 0.615 61.17
600 0.860 44.84
700 1.292 17.25
800 1.439 7.71

d' a A go’ = [ e’d’l [ (d‘ [ a
AINANUINT 17 i’)‘VI‘ﬁWﬁﬂJ@\iﬂ%MW]iH%ﬁﬂﬁ\ﬂﬂﬁ%W‘VINTUﬂ@ﬂiJ‘LJ‘VI’UiﬁfQ’JﬁSE]‘]JQﬂ Hazau

Y a d Y ax o w 1o o
wﬁmmaaﬂaﬂ"lm AIYITNITUIUALDULBUI 5 I

Winastidedunsied wa)  Absorbent  13maiddoudiimas  Zewazmsihiia
100 0.027 1.907 98.15
200 0.035 2.000 97.66
300 0.041 2.079 97.25
400 0.045 2.123 97.05
500 0.051 2.198 96.61
600 0.066 2.391 95.30
700 0.066 2.396 95.51
800 0.076 2.518 94.80
900 0.086 2.643 94.10
1000 0.098 2.796 93.12
1100 0.112 2.965 92.05
1200 0.133 3.234 90.41
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Winasiidedunsied wa)  Absorbent  Suaddeudifimae  Zewazmsihiia
1300 0.160 3.573 88.36
1400 0.199 4.056 85.44
1500 0.243 4.612 82.05
1600 0.291 5216 78.42
1700 0.343 5.858 74.42
1800 0.424 6.878 68.53
1900 0.509 7.947 62.08
2000 0.574 8.757 57.17
2100 0.609 9.190 54.67
2200 0.637 9.544 52.57
2300 0.676 10.038 49.51
2400 0.705 10.402 47.28
2500 0.724 10.632 45.87
2600 0.736 10.782 44.95
2700 0.744 10.887 4431

Y a A A o A o I [ 1
ﬂ1§13ﬂu3ﬂﬁ 18 ’E]‘I/]‘ﬁWﬁ"ll'éJQﬂ%u1ﬁiu1lﬁ8ﬁﬁlﬂi1$ﬁﬂW'luﬂ'i]auuﬂﬂiiﬂ?ﬁﬂﬂaﬂ Iﬂﬂhlll

a 4 axy o w [ [
werdaoean lud aae3smsahvanuuLsTe 5

q U

Pinesthidedaunsed wa) Absorbent $agazmsriiia
100 0.012 99.24
200 0.065 95.88
300 0.251 84.42
400 0.494 68.42
500 0.692 56.20
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Winastidedunsied wa) Absorbent $asaznmsitiia
600 0.830 47.13
700 1.092 30.34
800 1.306 16.36
900 1.509 3.24

d' a A o v A 2 a o £L A (% a
AN UINN 19 ‘1J'§8ﬁ"VIﬁﬂ”IWﬂﬁUTUﬂﬁiuunﬁﬂﬁﬁmiwﬁﬂluﬂi%‘uz‘ﬂﬂii@’)ﬁﬂﬂgﬂ agau

a Jd [
nerudiaesan lud saunumsdgnglgd

Winastidedunsied @as) Absorbent $asazmstiia
20 0.041 96.81
40 0.149 88.33
60 0.286 77.59
80 0.463 63.12
100 0.560 55.85
120 0.622 50.96

140 0.662 47.66
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a a a o o A a2 o o ~ a
AN UINN 20 1J5zﬁ‘i/lﬁﬂ1Wm‘sumﬂﬁiummﬂmmiwﬂuﬂizuzmmifgaaﬂﬂaﬂ azau

Q G

a g @
nerud1anean lud saunumsilgnvaudn

Binasthidedunsey @as) Absorbent $agazmsriiia
20 0.068 94.85
40 0.155 88.36
60 0.348 73.71
80 0.480 63.45
100 0.588 55.45
120 0.645 51.07
140 0.675 48.75

4
o o

d‘ a A v A a o o ~ o ]
MINNNUINN 21 ’1J53ﬁﬂﬁﬂ1Wﬂ'ﬁ‘]ﬂU@ﬁiuu'l&ﬁﬂﬁﬁlﬂi'lgﬂﬂluﬂﬁ$ﬂ$ﬂﬂiii}3ﬁﬂﬂ@jﬂ1@ﬂ]’lu

a J (S
nerdiaosan lud saunumsdgnugudn

Pinashidedansisy (@n9) Absorbent $osazmsiiiia
20 0.241 80.87
40 0.398 68.38
60 0.450 64.19
80 0.681 46.47
100 0.880 30.17
120 0.948 24 .45

140 1.020 18.27
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