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Thesis Title Removal Efficiency of Organic Carbon, Nitrogen and Phosphorus in

Domestic Wastewater using Subsurface Vertical Flow Constructed Wetland

Researcher Dr. Suwannee Junyapoon
Programme Environmental Chemistry
Year 2007

ABSTRACT

This research studied removal efﬁciency of organic carbon, nitrogen, and phosphorus containing
in domestic wastewater using subsurface vertical flow constructed wetland. Two different plants, including,
Water Canna (Thalia geniculata L.) and Umbrella Sedage (Cyperus involcratus Rottb.) were used in the
system. Factors affecting system’ performance included types of plants, COD concentration of synthetic
wastewater, and depth of media. With COD of 150 mg/L, the removal efficiencies for organic carbon,
nitrogen, and phosphorus in both systems were similar to that without plantation, i.c. 87%, 87 - 91%, 82%,
respectively. As COD increased from 150 to 500 mg/L, efficiencies in removal of organic carbon, nitrogen,
and phosphorus, of the system with Water Canna were found to be higher than that with Umbrella Sedage. It
could be explained that longer roots and bigger thalli of Water Canna, than those of Umbrcila Sedage, could
enhance diffusion of oxygen through the media, thus promote biodegradability of aerobic microorganisms.
Besides, Water Canna is a flowering plant that is able to consume high amount of phosphorus during its
blooming period. The study of system’ performance at various depths exhibited that organic carbon,
nitrogen, and phosphorus were mainly removed at a depth of 30 cms, which was defined as unsaturation
zone (86%, 88% and 83%, respectively). Treatment of domestic wastewater from Suvarnabhumi Airport
using the wetland systems was investigated. Both system exhibited similar performance in removal of
organic carbon and nitrogen, i.e. 94% and 95% respectively. However the system with Water Canna showed

better performance in removal of phosphorus than (90%) that with Umbrella Sedge (40%).

Keywords: Umbrella Sedage, Water Canna, TKN, Domestic wastewater, Phosphorus, Vertical flow

constructed wetland, Organic carbon

II



Pafnssudszma

,ad 1

a a S 1 e Yy a A Yo o Yo ) A
jﬂﬂquwu‘ﬁlﬁuuﬁui%Qﬁjqqﬂ‘lﬂﬂjﬂﬂ lu'f]\'iﬂ’]ﬂfﬁd%ﬂ'ﬂ’]qﬂiﬂﬂ'}qu%')ﬂlﬂﬁﬂ%'lﬂ

1 4

YANARTWIZAUNAWNIN ASEl
o v aw A & Y a £y a 4
vovounsznulnsansRauniniselmiigeie Tasldsuseldausinemans

v

[ 4 t 4
aoiuma TuTadnszveundudigammsaianszsa Uszinndaaiuinide Nivemeyy

b

[

¥
avuaynlumsiteaiau
1 4 v

voveuwszamAsIIeMsthegunAvia memanumuiugssuginoeile

q

oy S a 9 o o’" dw
dugenlglunisiinisnaaseniail

A3. 4239 IITOINU

11



Y
nil
UPRAGONTHYINO ..o eeesssssssssssssssssasssssss s ssssssessesssese e I
PNAAGDNATH IO H oo eeeesssseesssssessssssesessssssssssssssessss e ssssssssssesessassesesnons 11
AARNTTUUTEMI. oo sesssee s sssss s ssss e sssss bt ceses 111
BTT TR oo eeeeeeeeesese e e R v
I TTTIYPITT Nleoerereeeeesosesesss e eeses s ess s csbnss s ans s VIII
AUTURYTU rovvrrreeee e ssssssssssssss e isssssssssssssssses s X1V
o [ o o I
AR AHBILAZRIID .ovvvvveeeessssssseesssssssessssssssssssessssessssssss s ssssssssssss s ssssssssssens XVI
4 .
DT T DIV sseeesessss s sesssssssss s s sER e eersasnas 1
L1 Al iinea A U0 QM e 1
1.2 IR0 AIRUBITIUTTY reoeeeeerrsnresrresecesissns s 2
1.3 UDUIUAUDBIITHUITY oo sssssseeessssersssss e sesessssesseseetsses s ssssssessssanns 2
P 1 [
1.4 YT IO AMIATIOE IATUe e sssssesess e ssssssssess e ssssnens 3
tz'l = o s :;d' v
VNN 2 NYYPUAZOIUITETUNIIUDL. ..o receeeeeeccrsmmmerrssimnenmssmsssssnsss s s ssnens 4
4
2.1 WY oo eecseess e seese s eeeees s ssssesssssssssssssassss s 4
¥ .
211 W WTOYUHU oo ssnmsessessssessessnnesess s ssssenss s e 4
. _
2.1.2 WUTOGATIINTI Y crrrresesemmsernerseesemssssssssessssssssssosssresssssssssssssssssssssssssos 7
= a -4
2.2 SEUUTIUTERHT oo ereeerereerss s eseeeessssseseessisssecseesssssssssasiesessassssnsssssssssssssss 7
o = a o
2.2.1 94PU5LABUUDITEUDTIUTZAUG coovvrvvvrrseeeremssssemsenreesesseassesressasasanes 8
b4
2.2.1.1 FUAINA N eeceeeerrereeermsessesseeesssssssessecesssessessssseessesssssessassssesssssans 8
a o
2.2.1.2 FAUNTO.croveeeensessssrneersessssisssssssssssseseesssecsssssssssssssssssssssssnss 10
= a da 1 @ g’ =)
222 UsznvesssuuialssRuinudemudnyuznis Iavesiude. ... 11
2 a o : a a
2.2.2.1 530UTeUse AR UUDII IHAUUHEIAU oo 11
¥
2222 szuuiauseAuFuuuin IalAR AU s 12
¥
o = o
223 30uums Inave i lussUUTUSEAYT oo 15

v



1519y (710)

3
Y
[~ ]
2.2.3. 1 DS IR oo sen s s 15
a ;v = [~ 3
2.2.3.2 MR UTSUDURIUDU oo 15
b
2.2.33 MIAYUSOUTINAUSIGIZU U rrreceeereneessnnressnnensesssnnne 15
224 RYTUTEUUTIUTERYT oo sessesnseneen 16
- a o
2.2.4.1 HENUBIRFIUTEVUTIUTEAYT.ooovveveeeeeeeeeenssnenseesasssssmsre 16
a Y] A =} a o
2242 FHANASANHULUDINS IUTEUUTIUTEAYT oo 18
Qs o a I'd
2243 JadulumsnnsandenialudeszuudssAng. s 20
2244 WA UM ISTAOH Yoo eeeee e seessesenens 21
- o w :’ ~ =1 a o
2.2.5 aalam s i udsue s s UU T TEAYT e 23
o <
2251 AITAITAUBIUTILUYTUABY oovereeeeeeeeeee e eeseseeseenressssenresennes 23
o @ o s d
2.2.5.2 MITA IR AT ITOUNTO oo eees s eeessssesesenssseseens — 23
v
2.2.53 MINITA U A TIDUNIVU R e reeese e eeseersesensesans 26
2254 NI IRANDEWDTH e seess s essesaesaensces 28
2.2.5.5 MTHITA LATIETIIT N oot eaesesessessssssees s snsens 29
¥
2.2.5.6 DT ITAUTD LTMrrreeeeeeeeeereeeeereeeeeeeseeseeseeseessess s saecsaneaseas 29

a I's Y] 4 {
23 MIANTILHMINTLE Lazmsindounvosas luszsuulaold Tracers 29

24 FTATOTNO IO s s 32
a adoc a a e

NI 3 T B T T I e oo te e ee e e aeeaetersesseeeseeresessssassesesssnsseaeseseseansennnsaes 35
a o -
3.1 ENSATMAZGUNTL e 35
3oL BIVTIAT oo sess s sessesseseseeeessenesteseseesees s s seesseesses e ees e erenes 35
3.1.2 1AT0I0UAZRUATA oooeeeeecrereennnns e 35

kY -
3.2 VUADUNITA NI UIIHUIDY oo eseeceeesseeesssenessesaensanes e 36

. ¥ )

32,1 T UEIN G TN T ANE Yoo eereessss s ensssnessenesss 36
3.2.2 RUT I I UN T FNH Yoo eeeeesee e ess s ss s 37



151 (710)

Y
N
= ° ~ a o :‘ ga o a
323 psdaneimsieuvesssyuisseaniuumi valdmauuuiae - 37
1%
3.23.1 NITASIMOZAARAITEUU ooeoereeeeerssssseeeeeeeesssssssssssssaesssonsssssssssssess 37
3.2.32 MSANHIANUNTUYBIAIND N cevrrreeemrersesmmnrrerssmmnsrss s 39
3.2.3.3 NISANEINIINIEABANVOIAITNWIUTEDY cercceeeennnererrrrreren 39
3.2.3.4 MITUSUANTNUBITEU L e nmescrn s sssssssssesssees 40
=) a o o ~< a o
323.5 asanuilszantamlumsihauvesszunilseasg.... . 40
<2 a a o o a s d o
32.4 msanusedninmmsiiiamssunidnisveu Tulaseu uoz
b4
WoaresaantiudoguruiinneIMAEIUEIT IUD e 43
d' = QS =
NN 4 WA T IVEURLDAUTIH s rrreveresserermssssmsssssssnsessssssssssssssssesssssasses 44
= o 2 a < Ja ya o a
4.1 wamsanyinsTauvessuuiseauguunih naldiauunins... 44
4.1.1 ANUNGUVDIAINAI (Total POrosity, E).veeeevereeesesessssssmsmmssnssrssssssssssseenes 44
41.2 MINTZNOFBIANTANBTUTZUU oo 45
@ o Qloy A < a J
4.13 Samssavonazdasnsldiwesienelussuuializang... ... 45
= v da 3 a a o @ a s d o
42 wanmsanatehinanelszaninmmsiinadisounIenITusu
[ °y o g a d
Y Tasiou nazrleaeialuindedunnzidsssuuialseavg
3’ Ya a Q'
HUUH T TR TR R IRULU IR oo rsesesesseeseesmsssesssssssss s 47
o a
42.1 FAUDMRY ISV UTIUTERHT e sssssssnense 47
vy Ao o
422 ANUTUTUVDI UTOTURTIET o orooeerreeceerrimessssssmsnsssssssssss s 49
Y a
423 SEAUANUANUBITEUUTSUTEABT oo ceeeeeeneeerreesesseesssss 55
A a a o @ a ad o n s
43 wamsAnE1UseanEnIMMsMIamIBuNIoNITUBN (U 1asY
1Y
N A R GO A G Ve TR BN RGN AR VMY R Tt S — 60
:; a Qs v
uni 5 agilnamIdauasvsiauenus 62
9 a
DY YT OTID e eeeeseemessssesees e esesmmms s ss s 64

VI



5D (719)

NN

FTRHUIN Tl oeeeeeeeeeeeeesesessesseeseesseessseessesesssasessbases s s ees s b e st Rebas st reb s sneen 67

-1 TATIZHHIAIUAUBUUTIN (bulk density, £, Jovereeesmrrerseenene [ 68

-2 JNTITHMIANUNUMUUVBIOYNIA (particle density, O, )owwmmmmmmrenrrrssssss 69

FITRIBILIIN Qe oo v ee e esseesseessessasassese e essmaset s s s ess s eeee b et Rt E s nen 70

DITFIHU DN 1 ooooooessseeessseess s ssseeesesssesesssessseseeses s s sasesesase AR e st sa bRt R bR 78

TIAINHIN D ooeooeoesoeeseessesesssesessseeseesesseesesess s sasae e sA s AR R Rt s ceR R R 81

VRN IR D oo e s eseeessssesssmeseee s eeseessecess s ssens s ses s AR RS bR aRR bR R0 92
FITAIILIIN T oooeooesoeesseseeesseesseeeessseeeesessset e esssases s e saees RS st e bR bR 107
PTVPEILIIRY 5 oo oo s eoee s e e et e pe e e e s 110

VI



~ v
A1919% -
b4
2.1 BATINIAAU UTIRDAUAD T o oeoeeoeeeeeeeeeessss s ssssssssssssssssessesssssssssssnassssees 4
b4
22 USRI UTIDINDIATTUTEEATIANE T cereeeeereeeeeeeeees s saesesessenssssans 5
o/ oy a c:l
23 ANBUSHUTOEUBUTN I e 6
Yy & A s < a ¢
24 MUNURINY TNAM DU TUTZUUDIUTEAYT oo 19
1 o/ a 9/ o a :’ a
25 amInszaedd luunnnuesssuuRIE UM ST AUUTG .o 31
: y ¥ Yoa o ¢
31 dmtlsznouuasa NN TUL R NAOTUATIZ N i 37
< Y d‘d T a a o @
32 swagdmsdniledenfinadedsr EnEMWATTIUAVOITEUY e 42
o o a a 4 [ 3‘ q” i
33 winlimesuazdimsinaeaadayazvenhneudiszuuazeenNITUY 42
41 oumsAUNGUUBIRNANIUISULN 1, 2108 3o 44
a 2 a oa
42 803115 IMAVDITEVUTUTEAYTN 1, 2 AT 3 ceerercrmmmrmrsessssess s 45
b4 r 3
43 Sasmsszmonaysasimsiivesiaiaz seRuMhanaIneluszUY. e, 47
44 MINTUAUTAUBIRBT IFIUNMITNARD oo 50
3!
a o @ o a a w = Toa 1 a
45 Bnumzvesthidvdunszianududu 150 Tadniudlehdeans nouLAZNOINTT
o @ a o oy a a a
e lavlaszuuialseAngununi InalARIAUIU IR e 52
¥V
a o ) L4 a a o T a v Y
46 Bnumzvenindudunszrdanududu 300 Hadniudlehdodns nouLATNAINTS
o @ -3 p=:1 a o 3’1:] Yo a a
Tialaeldszuudelseauguuuih IMalARIAUIU IR s 53
b4
47 Snvazvenidedunsizvanududu soo iadniudleddedns AounaznaINTs
o a 4 oy o a a
tialasldszuuiialssa v InaldAaRUUUIRL. s 54
@ a 4 [y i v g Y
48 SATINITUTIYNMIBUNIE uazdasins Inavesssuufiszesnmininy 3 ... 60
4
Q o ] a ol ar o a 9/
4.9 aﬂymzmaauuﬁwxgwumﬂmmmﬁmuqaiﬁmguﬂauuawmmimmim%

A5

a o 3‘ a a a
s2unTalseRuFuunti IHA AR IR IR e 61

VIII



A13199 ni
[ Y P~} a o
g1 ATILHUIHUIN (o) V8RN N IUTZUDTIUTEAY T 71
1 o a o
Y-2  ANUAUILUUBYMIA (p,) DI INA1 IUTEUVTIUTEAB T orevrveeeeeeeeereenereeecreinnens 71
13 daduToein (€) Yoaiana1 IS EUUTAUTEAYT oo e 71
9 Y =] a 'd
V-4 sauaxﬂ’me;ummmﬂmﬂuszuumﬂszﬂyg ........................................................ 71
[V a 9 =1 a o :‘ Yo a a
w-5  Sasnsimadignnminaaswwesssvuialszavivuui lnalafauuuias - 72
T o s o o ’
W6 A9 RN NS AZAUGIVEIAT IUTZUDTITERBT e 73
LY [ < 3 a o
-7 AUAUATINTLIIUA2 (Dispersion number, d) 59a15 1T UV TEAYT e 74
] kY )
Y-8 B98N IASULTUAA BATINIITSING azsasins Moy lussuui 1
L 75
) d’ Yaor Y (Y 313 P} d‘
-9 FIUWIAIN 1AT ULAWAN DNTINITISINY naseas1n1s I veislusz LN 2
kY
(BTN oo eee e ssee e sss R R 75
] c; Yo s s SI:’ P} d'
4-10 F190E N 1ASUNAUIAA DATINTTILINY nazeasints diweans lussuuh 3
(PPIIU) oo seres s s R 76
Y d' 3’ a Y] P~} a o
W-11 52AUMIB U0 IS UDUBITIUTEABT s 77
a a o o ~ : s w 4 3 9 a a o A a
a-1  wadszaniamnandadlofueai ndedunsIznaNMYNTIU 150 Jadnsud1oq
t a =S a o : Ya a a Y &4 v a o
aofasvesszuudalszAufuuuii InalaRiAuIUIAIIEN AT HUAN ... 79
a a o w A =% °y Aa o 4 EUY a a o a a
A-2  WaUsTaNTAINNIIAINAT loBUp NI NFITUATIEHANUTNIU 150 Jadnsud o
1 a =S a o ew Yya a a Y A ] a o
aofasvosszuudelszAgiuuuth valaiAuL IR WA TAFUANY e 79
a a o w A =1 °y o 4 a a o
a-3 Naﬂlmﬂsmmmwmsmﬂﬂmmausumuuﬁummswwmmn’fﬁu 150 aansu
= sy a ] a :’ Ya o A v A 1 a  w
5 loaseansvosszuuialsznuumilnalafnuuninsensariani. .. 80
a a 0 @ 3 oy s [y o 3 9
a4 wadszaninmmsisademianinuaveuindeduAIIEHAINANTY 150
a a o A S oa A a o ow Ya a a 9 24 ]
fasnualoadeaas veaszuualszAuiuuui na lamauunInenTA1g
T O U oo oo s sees s e eeee s s A AR 80
a = s A s A < 3 3’ A v A y
1 wavoulSuiadled fle® Aindu Hommananuars NI TS ULNANIMVNIU
150, 300 LAZ 500 TAANTUFTORABAAT..ecvvverrsrsmmssscrrerssssssssmmmmssssssssss s 82
¥
a a 0o w o o 4
32 wa‘uaqﬂszﬁmmwmsmmmaﬁﬂlmmtﬁﬂmLﬂ'swﬂﬂmum’l’m’fu 150, 300

M3

a a o A s a d'
uag 500 Mﬂﬁﬂincﬁiﬂﬂﬂﬂﬂﬁi JTUUN 1 (ﬂ'l“ljﬂil) ..................................................... 83

IX



MTUYAIIT

Q13190 Wi
a o 0o @ A - :’ g @ o y g
-3 HaveslszansnmmImiad loAve i uauTUAT1IZHANVYNTY 150, 300
v ¥
LA 500 TaANTUT TOARDAAT TEUUM 2 (AT crerr e enerrrsssssssesssessesessens 83
a a o w A a g} a o o y 9
4 waveslseansnmnsfIad loAve BiNAsTUAIIEUANUTNYY 150, 300
=) =Y -7 =1 a0 = t:‘ 1]
A 500 HAANTUTIOAABANT TEULT 3 (NNTH).oerrrrrrercremmmrremissensssssseassesssssssssssss 84
a a 0o w A o ay a o 4 3 9
-5 WavedlszAnsammImiafinid U s uRuEUAT 1A IWATNYU 150, 300
waE 500 TaaNSUT ToAABANT TZUUN 1 (AIURU)cvmvveeesemssssssssssreesissmsississsssseaenes 84
a a o @ o : a oo
3-6 wammﬂizﬁmmwmim%ﬂﬁmmummmmﬂmma1xﬁm1mi’fm’fu 150, 300
a a o A alna d' 9 3}
ez 500 TaansuT 1oAR0aNT TTUUN 2 (AR cecrrrrisereriiseereemsnnssnsssssnessss 85
H a a o w o 3} o o o i
7 aavesdszaninmmshidafincuusaiutvaun T ATINEEAY 150, 300
=Y =Y Qr a = =Y l:l L}
Haz 500 SaanTUT ToAARDANT TTUUN 3 INNTH.ccrrrrmrrememrissessrreneisssssssssssssssssessens 85
a a o o 3 3’ a e a vy 9
8 WavelszansnmmsmianoaNanIMuAYe L ITYTUATIZHANUYLTH
150, 300 1182 500 FaANIUFToARDANT TEUUR 1 (AIURW.ccvrscnrmrsrsrssssssssvensone 86
by v
a a o o Qs o [ o
3-9 w'mmm'ﬁ:ammwmam%m\lamﬂﬂmwmmmuuﬁmum'lxwmmh’fwi’fu
a a wsd a1 a d‘ 9 :‘
150, 30082 500 TaANTUFT0AABANT TTUUN 2 (ADTUDccreeiirsrissssinennssessssss 86
a a 0 @ 3 3} a o a Yy 9
10 WavelszansnmnmisiitaviotaNaMuAYeIUUTETUNTITHANVAVUIY

150,300 uag 500 Nadniudlonnonns SEUUT 3 (DNTW-eeeererrreereressssenreasessasecanes 87

=h.

Y] :‘ a a o :’ a a a
3-11 wammaﬂymwmumﬁ’hﬁzw‘ﬁqﬂizﬂygLmuuﬂwaié\’mﬂuumm
3 9 a a o A Al a
AT 150, 300 14AZ 500 TAANTUT IBARADAAT .ovvvevvercrrerccrirrerssssssssssssssss 88
bl v ]
12 Wavessnumzvenhfdumathtafinududy 150, 300 uaz 500 UnanTw
a a0 o t:l
FTORAADRAT TEUUT 1 (AIURN errrerrreecessmmsomrmsmsssessssssissess s s sees 89
b v v
13 Wavessnumzvenhhmumatitaiaududu 150, 300 waz 500 uaaNTY
a At a a kY 3’
F10RADRAT TEULT 2 BB e ssssrseerissecsisssenssssssssersss s ssamsssssssssenes 90
¥ ] [
14 savpisnyazysahfdumsthiiananududu 150, 300 LAz 500 HaaNTY
a a0 a dl 1
STORADANT TEUUT 3 (NNTU)ermrrerrereereesssssssssssessereesssmmsssssssssssssssassssssssssmssssssscsesss 91
a a o w A A oy a e 4 Y 9 a a o A a
3-1  wadszAnSammamiad loAuoauaoduns1zuANNNIY 150 Tadnsu® lon
AoanIURITTUUN 1 (AIUAN) AsEEUAVEN 30, 45 HDE 60 LBUAAT cecevereerennee 93
a a 0o a A a1 :’ a o oa I'4 Y g a a o A a
22 watszaninmmatiad leausaindedans1znANINUU 150 Jaansu® lod

' b4 v
ADONTVDITELLUN 2 (ﬂfs{'l‘l:l'l) ‘Vli%ﬂ‘ﬂﬂ’)'lllﬁﬂ 30, 45 1% 60 IHUALNAT s 93



A13199

3-3

-4

-5

1-7

-8

-9

9-10

2-12

9-13

2-14

9-15

A19UYAI

v
a a o @ =1 ° =1 Qs o a a o o =1
nalszansnmmstisadleaveuindedunsiziardudu 150 Jaansudloa
ADRASVDIIZULT 3 (ANTI) NTZAUANVEN 30, 45 DT 60 IYURAINAT .ovvveeeererrns 94
Y
a a o @ = o ar o a a o o =)
naslseanEammaiiadleaveuitdedunsgianududu 300 Taansudloa
AORATUBITZUVR 1 (AIVAY) ATZAUANEN 30, 45 UAZ 60 ITURAAT oo 94
A o o w 4 =1 : = [ 4 9 9 o .:. v A =%
walszAnI NN MInd loAve s ndeduns1EHANUALYY 300 Tadnsudlod
, Vv N
ApEAsUBITTUUT 2 (AANH) NILFUANUEN 30, 45 UAT 60 IFUAMATccererrrecrere 95

a o o w 4 a 3’ = o Y a a o A =
waﬂszﬁwﬁmwmsm%ﬂnﬂammmmn UATITEANUUNVY 300 ilﬂﬂﬂiilf'liiﬂﬂ

I a 4 1 Y =1 a
FOARTVDITLUA 3 (ANTL) fazAuanudn 30, 45 140y 60 I URILAT

O
w

Naﬂszﬁwﬁmwmsﬁw%ﬂmaﬁsumﬁnﬁuﬁﬂmiwwmmﬁn%’u 500 Taans o9
ApANTUDITTUUA 1 GRIGID) FILEUANVAN 45 1AL 60 IFURLUAT covvvvevvseesemers 96
Naﬂiwfm'ﬁmwmsm%miammmmumm FziaNududU 500 Mﬂﬂﬂi‘u"ﬂﬂﬂ
AeRnsuneszDf 2 (ﬂmm) Fs2@UAMIAN 45 1AL 60 EHURLAT .oovvrrereesrerereneens 96
wailse ’cTWﬁﬂ’lWﬂ’\iﬂ’lﬂﬂ"ﬂ’ﬂﬂﬂlE)uu’ILfTUfT\‘ILﬂi’lwﬁﬂ’J’liJL‘UﬂJ‘UN 500 Haansud lod
AoRnTUeaTTUUR 3 (NN3N) ﬁixﬁummm 45 UAZ 60 IHUALUAT..evoveererrseeeereenenes 97
nalse f"w'ﬁmwmqmwmmammmmvmmswwmmwmu 150 iadniud lod
AeanIvesTZULR 1 (AILINY) FISRUATINER 30, 45 LDZ 60 IFURLUAT .ovvvvereeeneennas 97

a a o & < :’ o 'S Yy 9 a a o a
Nﬂﬂigﬂ‘ﬂ'ﬁﬂ'\Wﬂ'ﬁﬂ'ﬁ]ﬂﬂlﬂmuﬂlﬂﬂuuﬁﬂﬂﬂlﬂﬁ1$Wﬂ'311JL‘U§J‘Uu 150 Nﬂﬁﬂiuﬁi'@ﬂ

v
P

AoRnIUBITZULT 2 (ﬂmm) mmumman 30, 45 48T 60 LHUAAT oovveneerernnenn 98
a2
woilse aWﬁmwms”mﬂmmoummmmvmmw ¥anududu 150 Nadniudled
AOSASUBITLUUT 3 (AN3H) RIZHUANNEN 30, 45 LAY 60 IHUFMAT covrssevvrrenne 98
a o o @ =] :’ a o 4 Yy 9 a a w A =y
nalseAnSamMmMImMIatap LYo HTeFUATIEHANNIVUTY 300 Taansudlod
ABARTVOLTLUUR 1 (RIUAN) NIEAUANNEN 30, 45 UDZ 60 LYURMAT.cocrrsres 99
a a . o w A =3 :’ A @ I'd Y ¥ a a oo a s
wailszAniamnsmiafineuve i nasFuATIEHANUINTY 300 adnsuy lod
v kY ]
ADRASURITZULR 2 (AA111) NTLAUANUAN 30, 45 UAT 60 KBUANAT oo 99
a a o w A =3 3’ a o o gy a a o A =
nalszAnTamms Mannmduve i nfeduaTIEnANUYNYY 300 Haaniualod

ADSasUDITZUUT 3 (MNT1) NITAUANUAN 30, 45 UAZ 60 LHURMAT .ovvrrr v 100

X1



AIVEYM TN

~ Y
ATININ )

2-16

3-17

9-18

2-19

3-20

3-21

3-22

3-23

3-24

a a o w A o : s w '4 ) a a @o A
watlszAnSnmmstisafineuvesinfodunitzianududu soo Nadnsudlod
ADANIVBTTULR | (MIUAN) AszAUANEN 45 AT 60 UAIAT

a a o @ A 1 :’ a o 4 3 9 a a o oa a
nadseaninmnsiisafinsuvonindodunsizianududu 500 adniudlon

v b v
ADaASVDITZULN 1 (AENI) NITAUANIUEN 45 AT 60 IFUAIAT . oevveveereerernrrnrs 101

a a c @ A o< :’ a o L4 3 9 a a o A a
natszAniammsssafindureaindedunszianududu 500 Nadniualod
ADANSURITZTULN 3 (ANTN) NITAVANIVAN 45 UAL 60 LBUAIAT eovrrrerrrreeeereercenes 101

a oA o w 3 : A o o 3 3
Nalszans NIt o NANIHUAVDIU NTTUATISHANNANIY 150
Haaniud lofinoansuseszuuh | (AuRL) Nazdunnuan 30, 45 Uz
60 IHUAIAT

a a 0 w 3 2 a o ¢ y v
nadsednsnmnmstidaneamananuaveatingoduns1IEHaNUVLIY 150
a a w4 a1 e d' 9 g‘ d' w =
Jaansud leanoansvossUUN 2 (A1) NITAVANINEGN 30, 45 1AL
B0 BRI cevvoeeeeereeeveeeesesesesssesessossssesssessssssnsssssessss e ssssses st sasssesassessasenssessissenss 102

a a o w z : a o o 3 9
nadszaninmmsisaneaanaruaveatindedaas e HANUANTY 150
a a o A atl a d’ 1 d' s =
TadnsuT lofdoansueeTsuui 3 (ANSN) NTTALANNAN 30, 45 LAY
60 IHUAIANT

a o o o 3 : a2 @ 4 3 9
nalszaninmnshIao AN uaY I NTUaIUATIEUANYNIU 300
a a o Aa a1 oa d’ d' s =
fadnsud loAnoansvoIZ VLA 1 (AFUAN) NITAVATINGN 30, 45 Lag
60 IHUANAT

a a o @ 3 :’ a Y] J ¥ 9
WalszansnnmINtanogNaNIMNAVEIUUTVTUATIEVA VIV LYY 300
a a o A a1 a d' 9 :’ d' Qs &

Jadnsus loAnoansveassuun 2 (A1) NIZAUAINAN 30, 45 LAY
B0 BT LTI BT oo e s e e s s s s s s e aeeesease s e s s s e se et e aenaesaesan s e s st E et aes et 104

a a o o i 3 : a o 4 Yy 9
walseansnmmscsanemNaviamuav eIl UToaIATIEHANUILYY 300
a a @ A atl a d‘ T d‘ LY =
Jaansud TeanoansvoIIz LN 3 (ANTY) NTTAVANUAN 30, 45 1AL

0 LTI LITIT oo oo e e s ses s s e s es s et eeese st ereseene s e s s s bbbt er s 104

XII



GARTI[TRERK

A1519M

2-26

9-27

n-1

R-2

n-4

¥-1

-2

-3

¥ ¥

a o o w ar o ~ [V 4
nalszansnmnshianeaananuaus i nFedunIIZHANWTNTY 500
Naansud TeAnoansvaeszuuf 1 (VW) AszAuANUDN 45 1A
B0 BTIPEIR T v es s ee e eeeeeee e e ee e ee e seeeeee s e e e ee e s esee st et e s eeer e

a a o w :: :’ A oo 4 Yy g
nMalszansnInn1snIanomHaNIMuau I BATUATISHA NNV UUL 500

' ¥ ]

Taansud lofaoansvodszuuN 2 (AAN1) NIzAUAIINEN 45 uaz
60 IBUAIAT

o ¢ Y
YOUATICHAIVUNVU 500

o]}

¥ ¥
watlszansnmmsnaomianaviuauerin

a a a o S oA P J a v =
HannsuA loAasinsUoesT UL 2 (HNTL) NIZTALATINEN 45 uag
60 IBUALNT

9 s ] )

naszAnsnimmstiad lefvesinfuguruanmemauugIssugi

)

¥
a Q =

woszAmBnmNsA e ledue i ndsguruaINMIeIN AN ITTUYI. ...
waﬂumﬂa:’?‘m%ﬂwwmsf‘h%ﬂﬁzmﬁummﬁuﬁwmumfwhmﬂmmuqaasmgﬁ
maﬂﬁzﬁ'ﬂ%m‘wmsﬁ1%ﬂﬂamﬂmﬁywummﬁyuﬁwqmmmmmﬂmuqassmgﬁ
HAMI AR IZHANULANA1IYRsEANTAMNsHTamsBuns dmsveuves
3EUUT 1 (AUAY) s5ULT 2 (&) azszud 3 (insw) Aaamndudy

150 TAANTUB TORADANT 1evvrverreeerreesseseenssreeesssssssssseresssssseessseessessesssseeseesessssensnreee
namsInzauansve sz Aniammstiita lu Tasnuvesssuui 2
(&) wazszud 3 (ndw) Aaududu 150 TadnsudloRneRag. ...
HamsBnsgiaansaelszAngammsiiareamaanunues
STUVT 1 (A7) sUUT 2 (i) uazszuud 3 (nsw) Arududu

150 adnsus loanadas

X1

105

105

106
108
108
109

109



ieygi)
a13utyy
[ T ]
JU7 niin
3 Y & a o
2.1 FUAINANVOITEUUTUTERUT oo sssssssss e eeessseesssssesenssenes 10
& a J :‘ a a
2.2 32UU DU AN TUUUT IR AUUAIAU oveoveerereseerereee e ssscnemssesssessssnesssnesssecssssssns 12
P} a o ny Ya a
2.3 seuuiiedseAnguunti Inal@R R UUUAIUBU s 13
=2 a J : Ya a a
2.4 520U s A TIUDII I TAR IR UL IR s vessseeeeeeceeereessssesesssessmssmssssessmssssssaanns 14
4
Q a o
2.5 U3 Mave i TS s VUTTEAYG oo 16
2.6 MIFHTHEDNFOUIUTEUUTUTERHF e sessesns s ssessssesensssesenee 17
S .
2.7 ANHUSVDINBADEI eeeeeeeeeersereeesrrenssssssssssseneees . eveevsssa e seesesssessssssies 18
w I 1 =] :‘
2.8 ANHULUDINY THAMTIDU Yoo eeeeeeeeeeeeessassssss e sessessissmsessesessssssssssssssssssees 19
¥
2.9 BAHBZUDINE TN Tt sssssseesres s s 20
¥
210 GUABNIY oo seeeeeeeeesesssmssessessssssess s smss s sss st RR R 22
211 B UNTU e eeeeeessssesesssress s eessseseesssssssssss s s et 22

o ¥ a o 4 a '
2.12 nalnansidaii TeAvesssuuiialszaug (n) anizntion s (eenFinun

Aa a A 1A
YF501NIF) (1) TA1TNUDINIA (DDABAUIINTINNY) (A) an1az Lifiond........... 24
0o w =1 a o
2.13 na 1namsfiea i TasauUaITE UUTAUTEABT c...ooceeeeereeeeseseeese s cessesermssesssssesenes 27
1 1 =2 a :’ ga a a
3.1 mmuaaeaIulsenaunie maaizmmaﬂszﬂymmum"lﬂa“lﬂmﬂuumm
9 2 a J § :‘
™ TaseaFanolussuudelssAng (V) NONNDDNUBI Leceeerreecceremmcssssssesennns 38
d o v 1 0 .
32 msfualetuy luivaelassad1a (undisturbed RF:11111) () OO 39

4.1 wisuisunmsnszoieda nasmsazaudlvess luszuuiinainie () szuuh 1
" 14 .
AN (V) STV 2 AR () TEUU3 ANTUeerieercrmsmnmmnnersss s 46
a a o @ a s d o =1 3
42 msulSoufeulseansnmnmsiidadunidmiveu Ainou uazWamwannua
=) a o 3’ Ya a A g A a o
voaszUTadssauguuh ImalAmAUUUIAR IWRIANNBUAN U s 48
a 0o w aa d Y 3 : =
4.3 msuSeufounmnsmiadled Mmwu uasvoawasanauavesinge
Y] Lt S, a a o o 1 a i
Funsiziannududu 150, 300 uaz 500 Tadnsudlednednas (n) sUUN 1 AIUAY
] v
() TEULT 2 AR () TEUL3 NI eeermmnrnrrrromesmsmsssssmsssssssssssssssssssssmsssssssssssesssssssssssnnen 51
P=3 a = aa ar 2 a a s 9
4.4 MsSoufovdSunudToAnseauniuan 0, 30, 45 LA 60 IFUANAT NANUIVNUU
Sudn 150, 300 uaz 500 dadnudloAdoans (7) szUN 1 AIURN (V) szuvii 2

¥ N
AR (1) TEULTE 3 DT Wermnrn e eeeeeeeeee e eeeseeesssssesesssessssssssssssssssse s ses e saeesaesanes 37

X1V



= ~ a s & a a = a a 9 9
4.5 ﬂ'l’iL‘ll‘iU“UWIUUﬂiM']ﬂl‘mﬂL’é]u‘ﬂizﬂUﬂ’ﬂMaﬂ 0, 30, 45 18T 60 UAIUAINANUBUUY
a a a w4 a1 a ~ d'
1UAU 150, 300 Lo 500 Nﬁﬁﬂ’iﬂ‘lﬂ@ﬂﬂﬂﬁﬂ’i (n)szuun i AU () szuun 2
s :’ a '
ANTHT (R) TEULN 3 NNTH et eeie i et e nsenine e D8
¥ '
4.6 MmsufSoufvudSuinnemuaianuanszaunuan 0, 30, 45 1ag 60 LTURLIAS
‘={ sy 9 a 9 a a @ A a9y a P
NANUUYULITUAU 150, 300 Lae 500 Nﬁﬁﬂiu‘]ﬁ@ﬂﬂ@ﬁﬂi (n)sguunt AIURU
< v : o U
(0) FEUUN 2 AU (A) TEUUN 3 NNTUeee ittt essssa s e e s 59
. ~ a a o w a Ao o P o q’;’
4.7 m‘snJ?tmmU‘szz’cm'ﬁmwmsm%ﬂmsaumummau HnLlou Llazﬂﬂﬁkﬂﬂﬂ\‘iﬂuﬂ
9 F=] a J cy Ya o a :ﬂ s
ﬂ’JU'i$‘1J‘1J‘1J\11l'i$ﬂ‘ﬂj§LL‘U‘U‘LJ']‘I‘Hﬁiﬂﬂ’lﬂﬂlﬂ«l?ﬂ\ﬂuunﬁﬂ‘lzu‘ﬁu

VIO MU ITTHDU rrrrrrrereeesmmesssssseseseessssessssssssssssssssssssssssssssssassssssssssssssess 60

XV



%

o Y d
s18nIsA oAz ARy anHol
A1ee ANHUNINE

= a 5’ g Y a 4
COD USiaeendounaruanldlumseend lades

¥
sunmisluindslasldarsnil

= = a e 4 o’:
TOC 15U 1T OUNTIATUOUNIHUA
4
TKN HasINYBIRAAIY A U TnsIau
- vy
TP . Woaananua
’ : - = [] b
. DO sandunazarwiuih
=] a o :’ a o
FWS zuuislssaufuuuih Inauuiafy
- = ] =y 4 :’ [TEN c,l
HF FetlszAvfuvuiinaldir vy
w o :, ] [ 3 i
HRT sgaznaIMsnnnuihaenteNuf
.
=y 4 o o a
SF HarlszRuFuuurilnaldnodu
a 7 :’ = a
VF Fatlsgauguvuth lnalddrluuuids
un./a. ’ Jadnsunoans
=) =3 o a o o =R =)
un.& loa/a. JAaNSUA loanoans
B, BUAIAST
ml Jaaans
o BIf LR e
ANJAsY. - AlanTuAoMITIUAT
Y] o @ [ -Y) ] 4
AnAu.au. flansuds TudegnuIAnNuAS
a./7u ansnely

XVI



1.1 anuihanuaganudnnvestym

i‘]%wuummmmms‘l%mmamsaﬂinﬂ wazvs Inaludusou msnaanie
gAEINATTY uaumymnssmwnﬁu dwaldfaiidoduuniy mmmﬂmmu"ln"lﬂmu
nszUUMIt1iAd19Qn3s mimﬂﬂmﬂ?ﬂmmuama“mauﬂﬂ SasmsAaiudennada
mshmﬂi‘"ﬂﬂﬂumabmammﬂinﬂ wazys Ilan TngSasinsidaiudesziiase LY
$auaz 70 - 80 voulSutanild duiudefifasnfenssuaieg i nuaizuana iy
UBNVINIZ simsudlouvesasdunidman udadsding Judlewvesarsindinnii 80,000
A (m‘*’tt-&%’ﬂ’? 2539) Tﬂﬂdauimjﬁnﬁamnisaamqs«wmwmm T5aW0118 LaDIANT
vualng devrunse summsthamstudieusen ‘lﬁ'ﬁﬁmgﬂummymfwﬁqﬁﬁmuﬂ |
nauﬂaaammmaammnﬁsswm (ﬂﬂﬂ%ﬁﬂﬂm’l‘lﬂ Sranssudaiaden, 2538) usinde
PuPY Fufluiifennfiinend uawmmwmmanmm °luwmwu mmu“lﬂmmﬂ%m
| ms‘lwﬂuﬂmmﬂszmaumamuw ¥y mmamnﬂmﬁm msewi Aenssulundadou
M3Enin uawmmmﬁ“mmwmms%ﬂmswﬂ °luaﬂmmmmnmuﬁauuﬂaﬂnawm
Lﬁmmnﬁﬂ?mmﬁamﬁaﬂdaumdtmmﬁwﬁsmmmmamq uazgnuauamﬂiﬂwaumﬂ
: a v a o Y o o a 4
Tusssumnidann it limedgrwafumait ed1lsinu Jegiudwoudssanaminam
9019390157 v‘iﬂﬁ'ﬁvﬁwuﬁnuf:"himmsagnmﬁ'ﬂiﬂunszmumimﬁssumﬁ"lé’{ﬁunm
ﬁﬂﬁ’tﬁﬂﬂﬂgmﬁuﬁﬂ
aszuaumstiaiidegusy Taetalifionldianasneulaeldmsnil ldud
as1%asdy wienmstidanenszuauminiadanim laun Tn1351ANe1nIe (Activated
sludge) 3 »11 11580509 (Trickling filter) Wummu'ﬁuwmmw (Rotating blologxcal contactor)
7% ﬂmmﬂm“lcnmﬂmmmmﬂumﬂﬁnwmqm‘lumsmmumsm an3uefing, 2539) 5207
Fefiwationmi livaunes uensnil mmﬂmfmznaummgﬂumﬂﬂa"lﬂtﬂummumn
oty szuuﬁﬁ'm‘iuﬁﬂﬁ"hié’\'m“lci’fmsmi’maxwﬁwm‘lumiﬂ1ﬁﬂ$aﬁ]ummﬁaﬂﬁﬁmuh
iosnnihimnguauduingfimssunidiuesiisenon wagfianududulige dld

a

o gy a ad =1 cd] ato o oy a a @ Y] a
ansatiiia laeldyaunsd syputsdszandiuisiaindeiodenanmIn s Iusa

ad 4

T a o a Jd q 9
Junisbosamumssunidlaldyaunid demstiialasszuuislszdug daulng 4wy

3 = s 1 2' T Qs o =) o =R
mmnwmﬁﬂag‘lumma‘lumsﬂsuﬂ;mmmwuﬂuizuu Tagsiniailuddainizuos



a ada

a a o Y] a ] a o a
yaunsd uazitludmieangiaultunsndwas iy ludusi Idyduns dnldeondiouaunse
¥ [ '
wigA Talusuauianasly1d Aendonld Ao Aude (Phragmites  australis) Auglg1H
(Typha sp.) AunnnaN (Scirpus sp.)
awv dy{.] =< a a o = a o : Yo
IeiidumsfnedsedniammsiauvesszyudalssAviuuuii Inaldag
AULWIAY (Subsurface Vertical-Flow Constructed Wetland) Tnoiladoiifiny 1dun vilaveosiy
9 a et o :‘ = l [ s 4
anutuduvesasouns dluiude uazszavanudnvesdinarsluszuy iWefnyiau
" 3) 0 w a =4 4 w a o
Aul18umssidamsdunidansveu lulasiu uazdearesa Tavldszuuiielszang
:’ul Ja a a o Iy 9 o @ d'l:l 1q § p=} ul [ 3 3)
suwth valdfidunulae 1l 1dszuudvan luldasiall azanligudou uazls
[ a_ a ~ o st ' o a ° ' o w
wasnulumsdudumsfisadndos ifoa 14010 lunsduiunisd uaz ludsadidanin
° o o @ :‘ ny
aznou awsoi ldszgnd 19 lunistdaiineeinTswsy wieaaulsznounis Tae

gwseadvszuvihtedl luRufvesaiundeon
Y] d . a s
1.2 Ingilizasnvedlasamsidy

a a o w a a d 4

121  dAnvidszdniammlunisdidaarsdunidaisven lulasiou uas

@ °y o [ I'4 :’ a 1 a . 3) <

WeaesaluwinGedunsied uasludoguauninmeimasiugassugid Taslyszuuda
o o :’ Ya a a
UsgAvguuuih lnaldmauuuang

o Aa 1 o w a o o s

122 dAnwnileduhiinademasidaaisounisnsvou Tulasiou uazearasa

= o 4 :‘ YJa o a ) 1 ~ = ) 3 3
voeszvuidseanuuitlvaldfiduuuiae 1dun silaveeiy aaumduduves

a a :’ a @ &a
msaumu‘lummu UASITAVANUDNANG YBITSUY

13  YoUURYe9IId

1.3.1 ﬁ%’nszuuﬁaﬂ5:ﬁy§uum‘iy1"lﬁa‘lé’l'ﬁ';ﬁuumﬁa (pilot scale) H1lszneU
MINUANETAT NN IFNAENNTIS 0.3 AT 817 0.6 1WA 49 0.8 AT MeluUIIIATIATUIA
Wurugudnme 10 Sadwes fiianwge 0.1 wes mnfudededensisvuadusing
A1nA19 0.5 -1.0 Tadwas g9 0.6 w3 1Fnszmuddidasovds dotavsanmaeldfuiu
A5 o1 umsSnsent 4 sefuniudn fe 15, 30, 45 uaz 60 UAAST
adiny TaeRoR19lunsAnul o N3N (Cyperus  involcratus  Rottb,) 1402 adin

(Thalla geniculata L.)



~S a a o o a ad o
132 dAnw1dszdniainlunisdisaaissunionisuen lulasiou uae
[ o” o J a ¢ :’ a a a
woarleSalutiudodunsizd Tavldssuudialseavguuui naldrduuuifsnlgnive e
v oy 2 v ,
AUAGI HaTAUANTY
< I a a o o a ad J
133 dAawidszdniainlunmisdidadissunidarsveu lulasiou uas
oavesa Manududuvesdlofsdiag 1Aun 150, 300 uaz 500 HadnsudleAnodns

a

a P A Aas g as aa 4 o ' ' o
WswesirnuT Ao 3 1ed #1od fndu Weamananua anugu drmsih i gumgi
a a w o Y
ale Wor Tavszezna lumsininueeeszul (HRT) 5 3

a o o @ =y s d o
134 #nwidszdniainlunisdisaaisdunidariveu Tulasiou uas
Y a ¢ 3’ a a a 4 o : Y
Woanesd Taoldszvudarsefufuuuir Inaldffunulae Nszduanudnvsatudinaa.
#1 15, 30, 45 142 60 LYURALIAT
2 a a o a a d o
135 dAnvdszdnsamlumsiidaaisdunidnisueu Tulasiou uas

1 4
WoaresaluinFeguauninmeimeouglssugi

1.4 ﬂszimsﬁﬁmﬂ'imz‘lﬁ'%’u

a <

= a A ~ : Ya < n'
14.1  nvdalseantamvesszuudalszauguuui valddduuuadaly

1 4
o

o_ o a ad o o =
msthiaasdunidasveu lulasiou uazveawesaluindegquau
o o :’ a4 & a 9/ & b @ v
142 aunsathdaiudoiifanntuseou uasguyu wasaheiniisnwiv
Y ~ T g a y o o ‘e
anwmeay Taoldszuun hidudou aeain uozdoildielunmsduiumsé

¥
143 aamsiFaaailunisihiadude



2

=h.

un

LY Y

= av aa
NHHHUASITHIVENUNEIUD

2.1 vuae (Wastewater)

F P ¥ a ' - a4 a4 .
- hnduns 1raulunanssuaieq uazinsdutleusinarsduiou (contaminants)
=Y PN ] 4 : g &
M3easNafy (pollutants) TuySwsuinau luauisaldse Toxiandninld ensduilou
a o =} ~ ada U - 1 P 1 b4
o1uduasdunid uasnsemseiluni dneglugdarsazate nieluazate Feawsoudiela

1 4 t 4
muunasn iAo uTuaAgl

b 4 N ]
] =)

5 - . d a4 a £y &
2.1.1  UNABYNYU (Domestic Wastewater) Wudugennar AT ey an1u
[ (Y 4 o w o] @ :’ = a
szaouns U Saaas gudmsin Tsausy didnan fudy dnyazvesindeguanasl
Ed 5
arenilunats TeasBunid uazarsedunddiiiuveadaviuase uazvewdazaty
o” = 4 o [y 4 ' 1 -~
i Taefimsdunidilussddszneunan ennfife lsadzilueg (nsulssnugaamnssy,
P JNUR AR - a2
2545) FaFuanindeivdesianatuSeu erms Jussumdevas 80 veetlSuranirld
a a ny o a & 4 4 o a Y
wiosndszdiuldnindwaudszansnionuneims ieswindwiulsznnsiuua iy
a J l’ Y A :’ = a :3 o Y a e” =g 1 v o
windiy dawaldfidSuanhudomuiv Taons llwuaaddugilsasimafaindeasaudeu
- d d' a ay = tg (Y a [ Y . d‘
daerasluasiei 2.1 TasdSuanindeiivegivlszinnvefanssuduanlumsi 2.2

(http://www.pcd.go.th)

] ¥
@13147 2.1 dasimsiiainfonenuaodu (hip:/www.ped.go.th)

3
BnsIManA Ry @as/au/u)

aa
W.A.2535 | W.71.2540 W.A.2545 | W.A.2550 | W.A.2555 | W.7.2560

nae | 160-214 | 165-242 | 170-288 | 176-342 | 183-406 | 189 -482

wile 183 200 225 252 282 316

Az UBen
. | 200-253 | 216-263 | 239-277 | 264-291 | 291-306 | 318-322
Reuviiie .

18 171 195 204 226 249 275




v 14
m31an 2.2 YSnaniudenneinsiseinnaie (https/Awvww.ped.go.th)

szianeims U ansneTuRenHIE

1A15YA/TIUND giin 500
Tsau5% f09 1,000

Nofin Y09 80
A0MVIMI Woq 400
vythusaass au 180
Tsaneua 1Ae9 800
AAAIAT AT NIUAT 25
Aa1A A NIUAT 70
AT INAUM A1 NAT 5.0
Fninau MINUAT 3.0

p 5 o Y
penilszneutindsguyulszneuAlY
a a 3 o o v A a X

Dassunsd  1dun mslulaase Tusau luduiifasinmsdszneveinis
) v 9 a ada g/ a ° 9 1Y) a :
ansoagnissame1d Tasgdunionldesndiau mldszduesnginuazais (DO) anns
1 :’ a ' o a a o : o [ t o
danaldiufiaaniwniuniiuld Sumvesarsdunsdlui dewdaluzuariiled (BoD)
A4 1 a a : 1 A a o 1 )
il Tod lurhga uaaanlimsdunidlzdusgunn

a ad Ny ] 1 ~ 1o Y a : 1 o 1 ﬂ [y

2) ensetunse 1aun ussigais q fien lddldinasiwimiu wioailusuasiy
| A aaa 1 I 4
Aedaiiain 14un nao'lsd Fames ifludu

'Y a t a ad A a oS ¢
3)lavguvinuazasiy 9190y lujdusimsdunid vieeliunsduazaansoasay
1 ¥ L] : = Y 1 l=l Ao ] A a \ oy a
agluraeldoms ifaduaseasdalidia wu Usen Tasdlen newns UnAszeglutiude
dci 9 o a o & P 3 : n”
vnlssugaannssy uazdismiinlslunsiidadagnrnduidenluinennms
b4 b4
o o a =]

uasnssudmivivwaguaieniimsluileuvesasuaivinngaamMns sUYUIABNU

Y 9 3K :‘ = [~ 3}
Uszion wu SugpTang greuse wazidudeainlsaweuna dudu

o" as t o 1 [ d A A
4) WUULAZATHYIUADIAN 9 L‘]Juqﬂﬁiiﬂﬂi’)ﬂﬁﬂx‘]!ﬂﬂz‘ﬁLL’LN‘U’ENW‘II’LTL‘UU’JGIH

¥
o

t4 E4
vy ua:ﬂﬂmwmsa:mwmaaﬂmmumﬂmﬂ1ﬁmqﬁ1 uaﬂ%']ﬂuﬂﬂﬂﬂﬁllﬂﬂﬁﬂ'lW‘h"JUN’éN

b4 14
°o_ o o { ¥ o o

o A o 19y Y a g = ~ 3) ' :‘
5) YBILUY  HIBIUAIFNUATUN ‘Vl'lcl‘ﬁlﬂﬂﬁﬂ'l‘wlli@@ﬂ‘ﬁl%uﬂﬂ@ﬂu “mclmmmm

9

F 4
a a

] a 1 o a o doy
Adiu Sanugugs Tnansznudenisdissdinvesdain
6) msnalinaeymsdnen 1dun wednweon a1 dessziatumsazaleves

a L] 3’ o] Y 1 A aaa :;
aanm%u“lummﬁqm uazmmﬂuaumwﬂamwm‘lum



(o))

b d
a o P

4 v [V 4
7) a8un3o luiufeonlsaannifa Isaindad nSelsenuemisnsziles azdl
9

9
a s d & 1 o a a d ldyal a o aa ‘4 o
vauniddudlonagiflusiuaunin ydunidmdriildeendisulunsdrsedia a1
a °y 1 Y a : = 1 [ dy a ad a o]

sondauaza1nianas dawaldifaindoanimiiuniiu uenand gaunsduriaeiuiy
Af a [ ] g 1 a ~ d :‘ Ay
wolsaifludunswaeuyud wu gdun3dlmimaanlsweua

8) 5oy ldud Tulasiou uasvearesa ieflSuageaziilfifanis

a a a a 1 o ] & 9 [
msiymuimmzmuﬂsmmamasamswmmmw (Algae boom) %Qlﬂﬂﬁ'llﬂﬂﬁ']ﬂmﬂ'ﬂﬁl

g

@ A :’ [ A A z o o Yo A :‘ a a
seaueondauluthanasuinlaomwizlugrenarefiu danadeinld Sewesluii wSadula

o

4@ ﬁﬂﬁlﬁﬂﬂi\gﬂﬁﬂﬂl’ﬂﬂﬂﬁﬁ"é’lﬁi‘l’nﬂ%

9y nau MannmsanvaesTussiszney 18un Malalasnuda’lid Wann
nstosamuvosmnssuniduun Foendion wenuIniidaiinausy 9 fiRaernnszuauns
waa iy Ty Tsseindad ifudu (http:/www.ped.go.th)

SnvazvoninFoguruuisesnidlu 3 sedn fle anysnuin Yrunane uaziies

¥y

= (% 3 ¥ 1 ) s a & V] : =}
FusgiuaNnududuvesarsdudouarsg daasluaisian 2.3 Feludszma lnotinae

Y

4 v [ 1 @ :‘ a da £ =]
guyudlngezdaogluszanindentinnuandsnifesnahunas

c; o :’ L= @
e 2.3 dnvasindeguruna b (psuTssnugaamnssy, 2545)

L]

. . QPR PUREILY
wisdinos i —

Yiog thupa 1N
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Cudenanldde ileawuhlugilineiudeanududuvewenTuiionlosounans
3 g 4 - ar & i a
D09390157 1110991NN159NYATY (Vymazal, 1998) FanouTudienlossungngadusugn

~ pond ladiiiulwmsndel Asgilfi 2.13 (U.S EPA, 1988)

NH,
g
Atmosphere g
2 Z
NH -
Im . ak Nilrification
Water - ‘NH;N") NO_;N-—) NOjN
! i
Aerobic Sedi t % ¢ Nitrilicaton ¢ ' .'3
erobic Sedimant & b &
{oxidized zone) g Crg- N# NH; NM_% s
............ v‘¢ T e oL

Anaerobic Sediment Org- N# NH- N/m,‘;,',m, ?‘;“;ke

(reduced 2o0ne) N O N Denunncsuon > N

Microbial =
assimilation N ,O

Sorption

Leachiny
Now.

Caton exchange Y.
complex (a): D

Jo or A fication
(b): Microbial uptake

10 2.13 nalamsddaluTnswuvesssuyiialszAug (U.S. EPA, 1988)
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ﬂﬂﬁﬂ'ﬁ)%’ﬂ‘ﬁﬂﬂﬂgﬂuﬁuﬁﬂﬁ'ﬂﬂgﬂugﬂBﬂgiﬁﬂﬂfﬂﬂﬂ nodWemva way
Homwlalugila158un3d (Cooper e al., 1996) WoaWeSafitnaud +5 sxdnisdeus
ndultinseniegleiuniduazdunid (Richardson, 1985) nalandnlumsiianeavlesd

a

a 4 1 1 a [
Tuszuuilelszaug 18un mavesanislauydaunid (Biological oxidation) N13AFY
(Adsorption)  n15gAFuTAGTAY (Plant  absorption)  msifimdumssznewmFedou
(Compleiation) HAZMIANASNDUNAN (Precipitation) (Watson et al., 1989)

a a o a : a a d o an 1 ay
yaunsdursriamunsaddvugleiiunidveavedaf luazaivin
[~} o 4 : s a =) ' L] aa ]
Fiueed Isvloamaiazareshla luvnzigaunidenngu 1w uuniise (W Bacillus subtilis,
-. Arthrobacter sp.) “onY lUNUT (19U Streptomyces  sp.) waziale (¥u Aspergillus sp.,
. - a ad [ o P :’
Penicillium sp.) ansadoumslseneusunidweavieialiiduees IsWemwanazaieii

¢ y & ¢ o
18 (Bitton et al, 1994) 803 IsWemmaiivzgnilunasiaeuisuazdaildillusigoins

U

__aoly mmuﬂaaﬂma“lusﬂwlua~a1um uawawauaulum“ﬂauﬂumnmnu‘uwwan
| _Qaumueﬂnawuuﬂaauiﬁ glugls uniEomafiazaronii mwwummmm
Wl 1414
na'lnmsgady uazsssznamsinifuleavlesaludalsedug gpaauqulng
Redox Potential #10% YSuausiqmdn agiliflon unaidow uazsssumdvesnsnoudy
(Faulkner and Richardsen, 1989 U@ Richardson and Vaithiyanathan, 1995) 1uﬁuﬁlﬂuﬂiﬂ
- Woaosaazgngadu Tavmsilsznoveen ladveundnuazogiition udanaznounanily
manvomivia (Fe-P) uazegiiivuvoaina (AL-P) uafiesgen 7 wifanznounanYes
unaiFouleaia (Ca-P) WINN1 (Qualls and Richardson, 1995) AWM INIIBIUAITQATY
Weaneavosnznounnainisadszuia ldndSuineglitionlunznouati(Richardson,
1 1985) 7 Redox potential 1031250 Tanlaad vzaild rewdowiu & udanldey
WorWo3aeonu (Faulkner and Richardson, 1989) wanauvhliegiiflouunzmaneglugl
wﬁﬂﬁ'I:J'azmmfmaz@,ﬂﬁﬂﬂaaﬂaé“a"lﬁﬁe?iyu (Patrick and Khalid, 1974; Cooper et al.,1996)
ﬂﬁvlﬂﬁ1ﬁmﬁﬁ’i) ﬂﬁﬁ?mmi Lﬂ?;auﬁuﬂu (Ligan exchange reaction) (Faulkner and Richardson,
1989) Tmﬂamﬂﬂ%zm"lﬂ;muwumau“lumiﬂi ¢novoon ladvounin uazegiitioy
(Cooper et al., 1996) uageliflufuidain na'lnnisanaznoundn niemsndeudunuiy
nalonanlumsidaneanaia
ﬁmzﬂﬂc‘?uﬂeaﬂﬁamuwmmuz’hﬁnﬁm'11J°lcf5'ﬁ§'m§m‘3mia"lﬂ LA REY
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v ) 3 v
Psunadndefoutunsgady lulasauimua FunanndSumdearesaiazanly
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-; d‘ A :; ) n’: N [ 1 ?
iiogeftdini lulnsinunanua (Brix, 1994 g Vymazal, 1998) Weaveiagnilassgssuy

A A v o 4 A A
IUDNYRIUD AJUUAITINUNYNHNIUDDNIINTSUL

22.5.5 mimidalanzmin

Tangminwulugimsazmouazesdlsznevvesveuda nalandnlunisda
A9 NMsgngatulasaIngi nsanaznetiniiluglvoauniodainfaswfunisdda
WoaresauaznmsaaduvoslNs (Watson, 1999) nalnmariine 18a sy Tangminfianse
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nses uazmsgninaelaeseddansilaleinn 3manil ldud Ugnsneendindu msgady
Tavdunieing uazansiviiuaiialdevesnin daudindanmilszneuda maae
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AIMBIINTIA (Natural Die-off) MINUNUIDY (Predation) Hazm1sUfFusidaliFinduilaey
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. OnN
[ d o A d' 9 -
23 MTINTNzHnIEnei uazmandeuivesmsluszuulasly Tracers

3% Tracer Test awsaUssdugtlunums naluszuufielszdvg Tavesuroms
Inanvuiduluamgausd uazuuyliiulawgauad na1ine nsinasufiveadsly
szuuuuumgaNAd ueenifiuszuuiifinswauduereauysel (Completely mixed flow
reactor, CMFR) Smsunaumuluszuy 1asnsz01uf1uea Tracer nuywaufuiiesniini
flundu seuvwiia Inaidiugag (Plug flow reactor, PER) A didnnmuznts nandiems Inalu

o fimsiluniutos niouny lufinsiluniu milRnnn1sd I Tracer Munsnseiily
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b 4
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szvvuriiamaidiugae (Plug flow reactor, PFR) vzifinns naluifluangauad Tasnau
14 ] ]
HunLnveInszudii1 esnngamginuana 1y
d
2) sduuumsnyuiouvesau
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szuun Iny
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5) msnseresaunuluszuuyiie Ialugas (Plug flow reactor, PFR)
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N5291067 (Dispersion Number) 7 ldvendensnszaedluuuunuvesszuuldlums
¥ '- a H w
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AAVNITNIZUA (Dispersion number, d)

NINTSVILA7

0 13i%in13n3291007 (ideal plug flow)
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) > CAt
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J3.1.1  msai

l.

© P N o

10.
11.
12,
13.
14.
15.
16.
17.
18.
19.

ﬁywmacg'lﬂsﬁ (C,,H,,0,)

ngaia (C;H,NO,)

Tmmedonlalasmn (K,Cr,0,) niadinizd U58n MERCK
wodsauey Tuilondaina (Fe(NH,)(S0,),.6H,0) insadinsizd  uitn
MERCK

wonTuflonTuduan  (NHD6Mo,0,,4H,0)  1nsadmsizd usin
MERCK

uonluiflewmuuan (NH,VO,) insadns1zd u3Em MERCK
TrumeFoulumsn (KNO,) 1nsadins1ed 158 MERCK
Twiounnaolsd (Nacl) nsadinsizy uSEM MERCK
Favianned msadinngd USTN MERCK

TnunaBeudama (K,50,) in3adins1gd U5Hn LT, Baker Co., Ltd.
mesaieenlad (Hgo,) nsAdATIz¥ UTEWM JT. Baker Co., Ltd.
Tfoulansonled (NaOH) 1nsadnTigd uSEN 1T, Baker Co., Ltd.
TwidonnTodama (Na,S,0,5H,0) n5a3ias1zd U3EM MERCK
TMAuAnTEUBLIA (Na2B40;) in3AAATIEH 1SYN MERCK
nsauesn (H,BO,) INTAIATIEH 1SN MERCK
nsaluasndudu ENO) nseTmsizd wSHEM MERCK
nsalelasanesnidudu (HC) nsadmszd uS¥m MERCK
nsadaysnidudu (1,80, NsAdATIZH USEN MERCK

asazauesausanesed (CH,CH,0H) 1nsa3nsed U587 MERCK
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312 nsedleuazainaed
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2. MeRI% vumduuguInan 2.45 UAAT (4 YU)

3. nSeandu (Distillation Unit) U35 BUSHI 1 B223 1szime
AIniresiuaus

4. Lﬂ?’é)d"i’ﬂmﬁlﬁ)‘ﬂ (pH meter) 1JSH% Denver Instrument §:u 215 szna
2INnY

5. yAgesay (Distillation Unit) U35 BUSHI Ju 426 1szind
admesiaua

6. Lﬂém’?}'ﬂﬁ NINNIT "Jﬂﬂ'ﬁ1 (Conductivity) UTHY Wissenschaftlich-
Technische Werkstatten GMBH 3zimeiiwasaiu

7. nseedinsrzHlSnma1sounsd3au (Total organic carbon, TOC)
U TOC-V, Y37 Shimadzu Usemetdilu

8. n3esalnins 1 Indines UV-Vis Ju Hehios o (double beam) UTEM
Thermo electron corporation

9. in3oqloooulasinInns (on Chromatograph) USH¥M Metrohm
{1 DX 600 szmaniawesuaus

10, wiesiaSinaieendinuazawth (DO meter) USHY Jenway 319200
UsznaoIngy

11. 1n3peTeaziBon 4 A1 (Single pan balance) U3¥M Denver

Instrument Company 14 TC-254 UssmAa3arsasiaus

3.2 YUABUMSAUUUNSIVY
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Wuden1dlumsdnet utseonidhy 2 Uszian laun -
:‘ g W 4 a -3 vé’ o ‘ﬂ 1
1) dufedunsizigressuiu Tagldhanaglase uaznsangaiintuuvnag
¢ Yy 1 a acd Favd a o A & o Y 4 o
asvouliunydunsd msanulldiufedansgddauaumniufsnnguruinn
a a w 1" a a & [y A
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lalasinureaa uaz Inunadon lalelasnuemmaTaonrugual COD:NP  1iidy
A aq ¥ a  a o Pl a
125 : 10 :2 (www.ped.go.th) Feansesnidlumsmdeuinfodunseiuaadluaisied
:‘ s W e o Y 4 o 1
3.1 (Rusch LAZARE, 2005) Maassuiideduasizmimanssunniu ivedlesiumsgndes
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14 14
2 dndegury nnszuuiidadufodiunais iemseiugassugd

3 g‘ @ 1 i :‘ . 1 )
v.eamslims Taeduidaedieiesauswiuie (Equalization Tank) Aowdhgszuuazneu

159 321970 2 -13 WYL 2550

ﬂ]iN‘ﬂ 3.1 muﬂi“ﬂauuawmmwuwmmmmummﬂm (Rusch et al., 2005)

v Ysunaiild (n¥wisodns)
mwuniumqa
asdsznou . 150 300 500
(n5u/1ua) e a e n e
wnglod/a. | wuniled/a. un.3lod/a.

Sucrose (C,,H,,0,,) 3420 2,97 5.94 9.90
Glutamic acid (C;HNO,) 147.0 3.83 7.56 12.76
Ammonium chloride (NH, C1) 53.5 2.29 4.59 7.64
Disodium hydrogen phosphate 142.0 0.20 0.25 0.31
(Na,HPO,)
Potassium dihydrogen phosphate 136.0 0.04 0.23 0.49
(KH,PO,)

322 Twmdlumsinm
mmwuﬁl‘muﬂmm (Thalia geniculata L.) Uag AunAI U (Cyperus involucratus

Rottb) luszuuiieszavg LﬁmmmﬂuﬂmfimﬁwwuﬂﬂmﬂUaﬂmu‘v!msﬂm

é i ) =y 1 1 -\ =y =
(www Bloggang com) Fadufisfifion 1 luszuubalszAng drusunnsuiszdninmiuns

b 4
yY_ o

b4
1ol Tasiou uazloanealas (lamchaturapatr, 2006) HBANINT Auadi1 UnzduANTY

Fetiouldlumsdaaau ennue sy

3.23 ﬂ]iﬂﬂ‘ﬂ]ﬂ]i'ﬂ]ﬂ‘lﬁlﬂ»ﬁ uumﬂswﬂugumum‘lﬂﬁlnmmmmm

32.3.1 Mg uazfanissu
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MINT U7 FAUNMINTZIBRA (Dispersion number, d) voaes uszuuilnlsedvg
spuuit 1 (AW szuud 2 (AR szuufl 3 (hnsw)
Time Br
(hr) ~ (mglL) tc tic tc tic tc tic
(mg.Hr/L) (mg.Hr/L) (mg.Hr/L) (mg.Hr/L) (mg.Hr/L) (mg.Hr/L)
0 0 0 0 0 0 0.00 0.00
12 0 0 0 0 0 0.00 0.00
24 0 0 0 0 0 0.00 0.00
36 0 0 0 0 0 0.00 0.00
48 6.809 0 0 326.832 15687.936 0.00 0.00
60 11.068 1117.2 67032 664.08 39844.8 44514610.56 74888150.40
72 30.94 1543.032 111098.304 2227.68 160392.96 247491469.85 | 171428238.22
84 21.093 2006.088 168511.392 1771.812 148832.208 | 298570506.48 | 338048681.35
96 4.644 508.128 48780.268 445.824 42799.104 21747423.12 24786630.18
108 10.498 1196.964 129272.112 1133.784 122448.672 | 146566652.23 | 154734064.27
120 1.676 528.96 63475.2 201.12 241344 12766132.22 33575841.79
132 1.824 366.96 48438.72 240.768 31781.376 11662493.74 17775072.69
144 1.101 236.016 33986.204 7 158.544 22830.336 5388324.58 8021311.52
156 0.168 0 0 26.208 4088.448 0.00 0.06
168 0 0 0 0 0 0.00 0.00
Total 670594.32 7603.348 7196.652 612840.24 788707612.8 823257990.4
Dispersion number, d 0.01 0.01 0.01

WInewe : tc = szeznaundeimsazanlunsy Tracer (mg.Hr/L)

fc= szoznanndsiasazanlunsin Tracer A0 (mg.Hr¥/L)
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Between-
Sid. Std. 95% Confidence Interval for
‘Component
Deviation Error Mean
Variance
Lower Bound | Upper Bound
~ Model Fixed Effects .95402 24633 87.1746 88.2480
Random Effects 40919 85.9507 89.4719 32028
ANOVA
Sum of Squares df Mean Square F Sig.
Between Groups 5.023 2 2.512 2.759 .103
Within Groups 10.922 12 910
Total 15.945 14
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suuft 1 (AIAW) szuud 2 (AAND) wezszuui 3 (hnswn) Annududu
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Descriptives
95% Confidence Interval for Between-
Std.
Std. Error Mean Component
Deviation )
Lower Bound | Upper Bound | Variance
Fixed Effects .70466 .18194 82.0276 82.8204
Model
Random Effects .30503 gl.1116 83.7364 .17982
ANOVA
Sum of Squares df Mean Square F - Sig.
Between Groups 2.791 2 1.396 2.811 .100
Within Groups 5.959 12 497
Total 8.750 14






