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Abstract '

Removal of Organic Nutrients and Heavy Metal from Waste Water through Treatment with

Microalgae (Oscillatoria sp., Microcystis sp.)

The removal of nitrogen and phosphorus by the freshwater blue-green algae : Oscillatoria and
Microcystis was “studied in tlxree" types of wastewater :synthetic, industrial and fisheries farm

wastewater. The ~amount'of '.amrnonia nitrate and'phosphate in synthetic wastewatter that were

removed by Osczllatorza were 42 73 97.48 and 75.28%, by Mzcrocystzs were 63.74, 71.48 and

98, 95% The amounts of ammoma rutrate and phosphate in 1ndustr1al wastewater that were removed .
I by Osczllatorza were 97 36, 92. 41 and 60. 08" %, by Microcystis were 97 62, 98.53 and 54.68 %
respectlvely The amounts of ammonia, nitrate and phosphate in fisheries farm wastewater that were
removed by Osczllatorza were 77. 34 91.41 and 94.21%, by Microcystis were 59.87, 93.88 and '
- 90.96% respeet1vely. Oscillatoria showed the highest Pb and Cd removatl ability under pH 3.5 and 4.5 |
of solution, svherea_s Microcystis showed the highest removal ability under pH 4.5 and 6. The

adsorpti-on equilibrium of Oscillatoria was attained within 60 min and Microcystis was 120 min.
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AN

53821901 (3U)

(Mugedns) 0 1 2 3 5 8 11 14
0 7.64° 7.74* 7.82° 7.81° 7.23° 6.01° 6.05° 6.02°
1 764" 803" 814" 812"  805° 789" 742" 738"
2 7.64° 8.15° 826°  824°  8.14° 8.15° 7.98°  7.91%
3 764" 819"  832° 835 829°  g34° 833°  835°

a = - o év a a o 1 a :’ 2 o tfd' 9/ . . o u.
13199 5 UTnmeendinuazaie (adnsudedns) Tuindeduns iz ld oscillatoria 1

Tusgnneamsmaans
AN 522181 (34)
(rfusedns) 0 1 G ! 3 5 8 11 14
0 5.58° 6.41° 5.7)/ <SARRA 3.19° 6.01° 5.52° 3.20°
1 5.58° 560" 494" 356" 304 7.89° 742" 366
2 558" 530" 466"  347°  272°  815° 708°° 278"
3 558" 492° 451" 362" 428" 834"  833°  543°
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AN 52821901 (3U)
(nfunodans) 0 14
Tulasnt
0 0.1804" 0.5435"
1 0.1804° 0.3152°
2 0.1804" 0.8479°
| ) 3 01804 0.3299"
ﬁ_aﬁﬂa%’ﬂmu
o 0 3.7857° 8.0855"
1 3.7857° 9.1776"
2 3.7857° 10.0403°
3 3.7857" 9.7191°
TuTasiousu
| 0 15.1766" 60.1177°
1 15.1766° 55.2612°
2 15.1766" 47.9028°
| 3 15.1766° 32.0824°
AMUNTERIS
- 0 96°, 109
1 96 104*
2 96" 121°
3 96° 116"
anuiduag
0 84° 74°
1 84" 76°
2 84® 71°
3 84" 79°
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N1TNA[BY
MY | szuzm (W)

(nSurodns) 0 1 2 3 s 8 11
0 | 62.4819° 63.2099° 63.9763" 61.1697° 63.7205° 69.6071" 62.1630°
. 624819° 23.6650° 571959 58.3436° 55.2826° 69.4923° 85.7142"
1.5 624810" 237156° 63.7576° 60.2024° 57.3052°° 70.0666" 53.5353"

2 62.4819° 22.6537° 59.7112° 62.4741° 59.1351%" 68.4585° 52.9581°

a =y a a @ 1A :‘ s ow o’ 9/ . . o @ . 1
a15197 8 YSinaluimsn Gadnsusetas) luindedunsievnld Microcysts e luserng

N1TNEAAD
GRICERL seezn ()
(hTunDaNT) 0 1 2 3 5 8
0 3.7340° 5.8640° 5.8296° 5.6761° 5.6798° 5.6818°
1 37340° 12530% 1.2273° 1.0741° 1.09883° 1.0971°
1.5 37340° 1.2576° 12429° 1.0715° 1.0791° 1.0998"
2 3.7340°  12396° 1.2286° 1.0648° 1.0861° 1.0865" -

-~ a . A a w1 oA oy a o falq ¥ . .
#1319% 9 U119t soluble reactive phosphorus (HAGNINADTAT) luriudedunsizvnle Microcystis
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AL ERl  szeznm (Ju)

(ASuADDAY) 0 1 2 3 5 8 11
0 3.8602° 3.8602° 3.6785° 3.7064° 3.5395" 3.6271° 3.6965°
1 41249° 06249° 0.5045° 05151° 03575° 043511° 0.5452"
1.5 4.0643° 0.6249° 04138° 05171° 03622° 04871° 0.5579"

2 3.7058" 0.6249° 0.4985° 0.5131° 03915° 0.4704° 0.5965°
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(ASuADERS) ] 2 3 5 8 1
0 7.07° 6.90°  6.05° 6.05° 615" 639"  592°
1 707" 7.02° 655" 633"  6.08° 604"  592°
1.5 707" 7.10°  683° 6670 627"  611° 604"
2

707" 7.06°  687° 6677 622" 622" 603"

- = a ’ :lnnuvn "o”dvird’d's-l_ . o _ @
A919R 11 YSnmeenaauazaieni (Madnsunedns) Tuinfedunseils Microcysts thila

luszrI9MTNADeY
TIN5 sEEzIn ()
("SUADERT) 1 V)2 3 5ot N\ 8 11
0 SGELLLLALEF A YHIRIINIAL. 680 Efort 52° 5.29°
1 3465 4||149° | Atiea it | T3t ases | 5270
1.5 346° ~ 207°  148° 111> 293" 3.08° 497
2 346" 172° 179" 153°  223°  276%  4.69°

A a ~i a a w 1 a :’ d. dq o
A998 12 YSunauwen Tudle @adnSudedng) lushi@ennlssemeamnassuiily oscillatoria

URE Microcystistinlia lWIHINATINARDY

YANATNDY seza1 (3U)
0 1 2 3 5 11 14
YANILAY 13.4456° 14.3546" 15.9214° 12.7114° 13.2041° 12.5832° 12.0240°
Oscillatoria 13.4456" 21.2633° 14.1147° 10.8461° 5.4619° 03545° 1.9211°

Microcystis

13.4456" 14.9051" 12.6468" 11.3851° 4.0928° 0.3202° 2.2756°
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FANAD DY , F2821781 (W)
0 1 2 3 5 11 14
YANILAN . 3.3835" 4.2166° 4.8849° 3.1502° 3.1937° 3.8168° 3.1024°
Oscillatoria 3.3835% " 4.2263° 0.2570° 0.1865° 0.5969° 13347°° 0.1704"
Microcystis 33835° 38731° 0.0497° 02570° 04891° 55873" 1.1958°

] b .
A1319% 14 UT1194 soluble reactive phosphorus (fadnfuseaas) luiudeninlssnugammnssy
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=1

P14 Oscillatoria wag Microeystis Ytialusgndremnenss

YANADDY : : T8930 (IN)
4207 2 3 5 11 14
YANILIAY 0.3070° 0.2803" 0.3885" 0.3040" 0.4154" 04574 0.4139°
Oscillatoria 0.3070°  0.3056° 0.4212° 0.3476° 0.4650° 0.2722° 0.1225°
Microcystis 03070°  02856° 03735° 02930° 0.4094° 0.2359° 0.1391"
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m3neh 15 YTt Ted @afinfudenas) lutufenn lssnugaamnasunlys Oscillatoria Uag

- Microcystis Jrvaluszninemnaass

YANAADY 53281 (3W)
1 2 3 5 11 14
YARIUAN 18.63  11.53 2060 2660  28.60  22.07
Oscillatoria 1545 3855  2.85 1.35 25.80 6.50

Microcystis 58.45 58.40 40.00 29.45 10.65 1.50
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lusznaemInanes
YANADDY , s3E2a1 (T0)
0 1 2 3 5 11 14
ARIUAN . 742" 866" 877" 883" 892" 918"  934°
Oscillatoria 742 871" 876" 882"  9.03° 936 959"
* 866" 883" 905" 922° 927" 930°

Microcystis 7.42
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a13197 17 PSnaeendiouazmie (adniudeans) ludufenn lsesnugammnssuiily

Oscillatoria 0% Microcystis 111A IUSEHIWNMINARDS

YANANDY srazIal (U)
0 1 2 3 5 11 14
BANIUAY P E7EE s ) R N Bt P a4 | fas®
Oscillatoria 1.57° b1 | QEEERKREHRY 435" 6.08°  10.14°
Microcy..s'tis 157N/ RYU78 w4  ey. Sa [) 548"
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0 vl

ANINI - YANARDY 52821987 (TH)
| 0 14
ulasi FANTLAY 12142 3.9298°
| Oscillatoria 12142° - 03159°
_ Microcystis 12142° - 3.8276°
earWesasun AANILIAN 11.5590° 0.0926"
Oscillatoria 1.5590° 0.0726*
Microcystis 1.5500° 0.0906°
TuTaswousauy ¥ANIUAN 19.5833° 16.4313°
Oscillatoria 19.5833°  11.3163"
Microcystis 19.5833" 13.8512%
AMNIZAN YANIVAN 201° 247°
| Oscillatoria 201° 190°
Microcystis 201° 213°
anuniluae YANILINL 71.77° 60.00°
Oscillatoria 71.77° 55.00°
Microcystis 71.77° 57.67%
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A a o .-: a v ta :’ a ¢ o dg 3 . .
15199 19 YSinawen Tuille ([@adniudedns) lududennvhiudaiithly Oscillatoria unz

Microcystis‘ﬁWﬁﬂiuizﬁi’laﬂ’liﬂﬂam

sazIal (W)

YANADDY

0 1 2 3 11 14
YAAILAN 0.2564° 0.3846° 04316° 0.5722° 04152° 0.3035° 0.3809°
Oscillatoria  0.2564° 0.2376° 0.0565° 0.1240° 0.1239" 0.2350°  0.0581"
Microcystis ~ 0.2564° 0.1709° 0.2335® 02137° 0.1424° 0.1029" 0.1283"
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Microcystis 1A 11521 INITNARDY

YANANDY TR (514)
_ 0 1 2 3 5 11 14
yanIuny - 0.8118° 0.8537% 0.8849° 1.2336° 1.0613° 1.1579° 0.8744"

Oscillaoria  0.8118° 1.0845° 02570° 0.1243° 03274" 1.1755° 0.0698"
. Microcystis  0.8118" 03346" 0.0497° 0.6134% 1.7740° 3.4419° 0.7258°

. ’ i V a- ) - A a o 1 a :, % ¢ w do_d
- @1579 21 151794 soluble reactive phosphorus (Hadnsuseaas) luthienavhsudaivinld

Oscillatoria W% Microcystis 1UA 1U52MI194MINARD

YANANDY T30 ('3'14)
0 1 2 3 5 e 14
YANILAY 0.2106° 02140° 02159° 02148° 02182° 02158°  02139°

b

Oscillatoria 0.2106* 0.1106° 0.1738°> 0.0570° 0.0738"  0.0364°  0.0122°

c c

Microcystis 0.2106° ~ 0.1582°  0.1643°  0.0514"  0.0732°  0.0399° 0.0197°

b4
]

4 2 o s w 1a :l S w o {
a1319h 22 Ysuaii TefR @adnsusedns) lushu@esnwisudadshild oscillaroria uaz

Microcystis 111ia 11sE 119715 NARDY

YANADDY JEHzIa (W)
1 2 3 5 11 14
YANILAY 8.70 3123 3327 3000  29.73 21.97

Oscillatoria 6.90 24.90 1835  34.60 24.15 7.40
Microcystis 9.80 22.75 16.80 35.05 22.05 5.55
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{ a 3’ ¢ o do o i o a
o519 23 Usumferlusideninvfudainild Oscillatoria e Microcystis 1hiialu

FEUINMINAADY
YANANDY - ' ez (W)
0 1 2 3 5 1 14
qamugy 742" 791" 792°  823' 844’ 8517 859

Oscillatoria  7.42° _8.44" 385 897°  909° 819"  829°

a

Microcystis ~ 742° © 746°  7.56°  7.62°  781° 823" 837
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e a a . g,aaw 1 a ':, J‘w(od' n S
M1319N 24 ‘].Iﬁil'lﬂl‘ﬂf]ﬂ“]ﬂ%uﬁ&’ﬂ'lﬂu'] UARNINADAANT) 1uu1tﬁa%1ﬂﬂﬁuﬂmumw Oscillatoria

uaz Microcystis 1A HIEMINMINAADS

YFANADDY sEezIa (3U)
0 1 2 3 5 11 14
YANILAY 157° 490" 614" 665" 6357 644"  754°

Oscillatoria 1.57 548°  7.46° 697"  6.88° 461" 598°

Microcystis ~ 1.57° 3165 430" 419"  581° 598" 648"
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total phosphorus total nitrogen A1MITUAN AUATEA Tiniudeninrisy

1% Oscillatoria uag Microcystis Ytinluseniten1snaaes

(1A%
4 as
AMUAINUN FANANDY FLOLIN (W)
0 14
Tu'lased FAAILAY 0.1579°  0.0599°
 Oscillatoria 0.1579°  0.0557°
. Microcystis 0.1579°  0.0585°
Woaesmsan - qmmaumy o 04974 0.0399"
';; Oscillatoria 04974 0.4976"
“Microcystis 04974 0.0097°
'"luimﬁmny - YARIUAY 8.6778°  12.7920°
| ' O_séz’llatoria 8.6778°  22.9947°
Microcystis 8.6778"  14.5030°
AINATZAIS ALY 100° 107*
Oscillatoria 100" 143"
Microcystis 100° 96"
anuiluang YAN LAY 80.13° 90.90°
Oscillatoria 80.13* 86.30"
Microcystis 80.13° 90.17°
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- uwonlully Oscillatoria 743450 25166 11 . amn
IR | Microcystis  62.4819 22,6537 1 63.74
e Oscillatoria ~ 21.7434 05477 8 - 97.48
Microcystis - 37340 10648 3 7148
* vdomla Oscillatoria - 05016 01240 5 75.28
| _ Microcystis 341249 03575 5 98.95
ﬁyu?m'l?iwué}ﬁfnﬁnsm '
wouTufly Oscillatoria 134456 0.3544 11 97.36
Microcystis  13.4456 0.3201 11 97.62
luasn Oscillatoria ~ 3.3835 0.2569 2 92.41
Microcystis 33835 0,0497 2 98.53
Womiva Oscillatoria 0.3069 —  0.1225 14 | 60.08
, Microcystis 03069 0,1391 14 5468
S A \ |
weyTudly Oscillatoria  0.2564 0,0581 14 7734
Microcystis ~0.2564 - 0.1029 11 59.87? -
Tuiasn Oscillatoria  0.8117  0.0697 14 9141 .
Microcystis 08117 0,0497 2 93.88
Womwn Oscilatoria 02106 0,012 4 a2

Microcystis. _0.21064' 00196 - 14 90.69
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16.8 UAANINADAAT AININTUTVLIUMITUATISHUAIUDY Scennedesmus obliquus aeldDa 50
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Oscillatoria (8¢ Microcystis mminaﬂﬂsmmuaﬂmuﬂ Tuasn uaz soluble reactive
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