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Abstract

Project Code : MRG5180090

Project Title : Plant nutrient accumulation and dynamic in constructed

wetland for wastewater treatment

Investigator : Sasidhorn Buddhawong
E-mail Address : sasidhorn.bud@kmutt.ac.th
Project Period : 15 May 2008 — 15 May 2011
Abstract:

Constructed wetlands (CW) as artificial natural wetlands are wildly used for wastewater
treatment. The study of various conditions, plant nutrient or nitrogen removal and cycle in
constructed wetlands is beneficial for wetlands’ competency for wastewater treatment. The
mains objectives of this study are to evaluate the plant nutrient accumulation and dynamic
in surface flow constructed wetland for wastewater treatment and to study the relation of
various factors effected to capacity of constructed wetlands for adsorption or treatment of
nutrient nitrogen in wastewater.

The first study examines an accumulation and transformation of plant nutrient in surface
flow constructed wetlands for treatment of juice industry wastewater. Real wastewater was
collected from anaerobic acid ponds which have pH in range of 4.49-4.59, contains mass
concentration of BOD as 1241-2310 mg/L, COD of 1967- 4158 mg/L, TKN of 24.5-29.5
mg/L, and ammonia nitrogen of 1.68-1.82 mg/L. Accumulation studies in Typha
angustifolia(Typha) and Canna sp.(Canna) planted in different bed medias; sand and
gravel, have been analyzed under hydraulic retention time (HRT) of 5 day, hydraulic
loading rate (HLR) of 0.009 mslday.

Outlet wastewater from CW planted with Typha which use sand and gravel as wetland’s

bed reveal that concentration of BOD, COD and nitrogen have been decreased, but with
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no significant difference. CW with Typha and sand has performed the removal capacity of
BOD, COD, total nitrogen and organic nitrogen in the range of 70.0-90.48%, 68.49-
77.82%, 70.28-84.79% and 75.0-89.85%, respectively. On the other hand, CW with Typha
and gravel has shown those removal capacities in the range of 75.48-88.25%, 67.18-
76.89%, 76.61-86.31% and 77.43-89.76%, respectively.

CW planted with Typha or Canna which contained different material bed could be
performed for wastewater treatment. Nitrogen contaminated in wastewater will be
transformed by biological process. Nitrification occurs in earlier stage of treatment process
when pH is in between 6-8, whereas dissolved oxygen and ORP decrease. On the other
hand, nitrogen can be transformed by denitrification process which be observed by
appearance of nitrite and ammonia in the CW, but wilt small amount. These nitrite and
ammonia occur under reducing ORP and further anaerobic conditions. Results of
experiments reveal that ammonia has been decreased but nitrate has been increased in
an outlet of CW. These may be the results of nitrification occurred during the day between
40th -90th of experiment. However, the total nitrogen in wastewater has been decreased
significantly.

Results of second study using artificial juice industrial wastewater indicate that organic
nitrogen in treated wastewater of planted CW has been decreased from 14-19.7 mg/L to
be 1.1 mg/L. Especially, the planted CW with gravel bed show 88% of organic nitrogen
removal efficiency, and 75% in the CW with sand bed. The 33 mg/L of total nitrogen has
been decreased to 2 mg/L in the planted CW, but has been found in higher amount of 9
mg/L in unplanted CW. These indicate removal efficiencies of total nitrogen using CW are
not less than 70-80 percent.

Plant growths in this study indicate that there are similar average heights of Typha
planted in CW with sand bed and gravel bed, which are 170.07£54.99 and 168.291+54.25
cm, respectively. Their average roots’ length are 25.6+£1.2 and 25.4+0.8 cm, respectively.
TKN accumulations in Typha of CW with sand and gravel bed are not significantly
different, between 25.6+£1.2 and 25.4£0.8 mgTKN/g plant. Highest amount of total nitrogen
has been found in sand bed of the CW planted with Canna as 2.38 um/g.

CWs which planted with Typha and contained sand as bed show better removal
efficiencies, in term of parameters for water quality, than CW without plant. Therefore,
even the CWs planted with Typha or Canna and contain sand as the bed will indicate the

better or similar removal efficiency with the CWs which have gravel as the bed material.
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However, all the planted CW systems have been indicated the similar competency for

nitrogen removal.

Keywords : Plant nutrient/ Typha/ Canna/ Constructed wetland/ Industrial wastewater
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v 1 IQ J v 1 { a 5
ezl FunszuinnIniieds lawn nsuanidsudean (lon Exchange) NIQATL
(Adsorption) NMIANAZNak (Precipitation) WAZNILNARIILTITAU (Complexation)
y . X4, T4, XY o de 9o -
Koottatep (1999) "l,@mmmaﬂmzuuwquumwa‘mmuuumﬂmmmuslmwmMu@
U A% NIIA NIY ENRLAZTINEIRIIEFLAS (Mearl) Hudun lasdinansvinnsinidn

Aa

A A6 oA a a A o NI a & o & 4d9 v a A6
mnmﬂiﬂwﬂmzuuwmuL@UI@LLawu@uagvl,@ aﬂmﬂaLﬂuﬂimuan'«gaummmz
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AT uazltdmiunsesmsuziuassdigle wananhostisliiianinizane
g/ d v 1 :‘ Qq, 1 v é g a v
PAIRFINTN T UULAZTIUTIUTININAINOUIZLILBON MDA BIATINUITUIALVA

PN A o v & A o Aa | & oA
e Mualans (2544) s9mstidadidadennddld vasszuunFuNaUsEAINATIN
ﬁ'un’mﬁua’]mﬂlﬂmzuuﬂwﬁ'@ﬁﬂL%y‘émzuu%ﬁaﬁws:mwawLﬁawnnﬁ”’mgﬁa"lﬁwsziw-
MIUNTENTA I T WU T NN T TEUUR I F U NI LT T o UNIIAVINRUNNNTAIEIUVINR DY
aanntlFy  lagnisdaasiindorn ldunawiawniiaifonan  wiasnumolaumes
a A 1 v a a U ‘gl Q o 1 1
ADNTLIW GmmzmUl%Lﬂ@ﬁ;auw‘%ﬁLmzmmauﬂsmmnmu am:m"l,ﬂgmmamamﬂ
a Aeda Y a 'Y £
miaummmagluml,asl"l@mnmu
q' % a a a A 6 . . > A A A 6
A59N 2.3 AanIeIMaANLasiARaIRnatunIg  (Mineral Soil) NUAKIUNTE

(Organic Soil) (Chamber and MacComb, 1992)

1238 %ua (Parameter) aunafiun3d AudunIg
USINUaNIBUNIE (%) #aenin 20-35 11NN 20-35
USanmasuaudunis (%) #aunin 12-20 NNt 12-20
AL wNIA-613 & N9

AUAU LU 84 éin
AUWIUVBIAU éin (Uazunmn 45-55%) | g9 (Uszuns 80 %)
ATt e g9 (eniuduinden) G B9 84
ANMUETDTEITIN éin 84
USanmansomsnildle 1o ﬂﬁ"avlﬂqd Tawmaluén
mmmmmlumﬂmmﬂﬁﬂuﬂs:ﬁ; éin 84

el

X4, T4, ¥ 4. oo I
suudunguihfiaituiusunafzduunssnuundidunais 9 siia Iuagiuansme
1330152000 UATMTOBNLLLALANGIINY LT% 1) ILUNMNANBILNT IAATBIn LR
g d 1 :J { v tg/ 13 :’ g a

wuudunguinfiaioiu (Reed, 1991) uuuutihlnawilohufia (Free surface flow
wetland, FSW) #3auuutinlnaldszauiuia (Subsurface flow wetland, SSW) 2) 13
FLWNANNAANIINIT ARV DI4N (Cooper et al., 1996; Kadlec and Knight, 1996) RYEIARALY
M AalulwITzUIL (Horizontal flow) LazMNT AR IWLWIGY (Vertical flow) “ananit ms

KX A, ¥4 o X Aa o o o A S a A )
panUUUTUUARAZINa UG arrazdaalimuninvesiulSinaniidoiazinaih

UV AN 1NaZ IARANNARINITNUANBFTIITLUY 8819 1INAN BINSATINT LAY
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T TZ UL NABANRINNINTAITUT I T UL A FAaNIT Inaa 1 uazyinle
UszAnTnwuasin1sintaaaas (Cohen, 2006)
dl =} dq, s Q U dl 1
Luadﬁnmaﬁ]waam@lmmiwmmn"luimmuu JanuaTucdan LLazmmmLﬂaﬂuLLﬂmagiu
{ ' a ' + -
suuuumaai (Transformation) uanedein 1w wanluilau(NH,) Tulasrino,) uaz
luan(No;) wisagluzvasufadiieg wu lulasiaun,) luaizeanlod(N,0) luaina
anbua(NO, Waz N,O,) uwazwanluily (NH,) anwamwweseuiddouudaslyle
(Vymazal, 2007) NN588NLULISZULNLANANINUE einarin iU ssintamwmsthuasinge
A & & ' o ' = ° 'Y o A a &L ' o '
PIORITUM U AU ULANGIINY  NENAa AV RENIZLIAF o NNLAATW W IZULAIIN LT
gnzfieandiaunsaanna  (Aerobic) WazanzliaMA  (Anaerobic) TITFING
dotiasiiyNuneendiaTu-3anTh  SINadan1IE19E3e LLazmiﬁNmmaaﬁ;auﬂ%ﬂu
a ' = a A P a o
U wazlinadamaudsuzinaeiivamaomsie Tulasiaw wazansdwdondusg 14
adlugundudszlomiviaidulnwlduandrnn i RunSdnldiAadjisunlues
Matunmpldanizuelide  uasdluaifetunoldanizuenuelsda  98unidniang
TalNe (Sulfate reducing bacteria) T9TIATTAINALAzANaznanlanzmeldzn e ly

a d e g
28NTLAK LANsWINIANLAUS TIFNITAANAZNOUNLTA WG (Webb et al., 1998) Lazgn
fnanaananiLEe le I@Uﬁﬂﬁﬂmuqmﬁu QRIVEEY AanuunIa-anes  USum

a A 6 a A 6 6 §j a a =
g5awnIsuazaiunIganTuan saumwmaaqaumzﬂm:uu (Cooper et al., 1996;
Vymazal, 2007)

A \ < v a A a a Y A i =
INNNENIVIWLIN I@umvl,ﬂl,l,mumtvmm@ﬂﬁmisulumimmman@ (Active zone) i
fa USmInAT (Root zone) %ia USialassauilndsnnie (Rhizosphere) Gaziilu
v afiiiafanssanImenw-all uazinw uazazinihliifad jauiuseninis 98
wrsd  au  wazanstwilen  wielanewnndneg  ldUSunaesdwdenluiiaans
(Stottmeister et al., 2003)

= qldq/ lﬁl [} :J lﬁl v J U )
miﬂm:nmﬂmwuwgumwaﬁwulmmuﬂizmmmmau W wilsendlng las
139N TITULRWAIM FILIAR DN LARNENLD 8L HAINIINNIZIITANS iJ.LW"IJ‘a"Iﬁ

. o v A, Y4 e X e e ¥ o - v o
(f %N nUs, 2543) ’mequwmwmwwmwamﬁmmmLaﬂqwﬁu anwmslTuiaiNg
win annaw  pumBussngRuiesgiianTasiuFy  TINNANMDIgaTUATITEZIRT

' 4 o % A A, ¥ A ' o o @ a A6 A LA
msﬂaaslmLLaﬂﬁmmwmluwuﬂqumwLmﬂmaﬂu fANTnthassdwnIsnIaaadn
lodluihiFsguoulad Auniguihndgndregumssansnidacddledldtssosa: 66-71
(Koottatep Waz Polprasert, 1997) Wrs1WINaas¥1uNTiha L TH 380 WNALUTIN 1410
AR TAUNI S IULARIINAIUaIUTTINARaRAIN TaDIRAINHANLAILATOER 45 D19 92
PR e X e A v - ¥ o,
mﬁlli:awﬁmwmimumuagﬂmmmﬁmmammﬁﬂ miaammuua:msmmsﬁ'uﬁ"gu
#1143 ¢ (Nahlik and Mitsch, 2006)
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o & A A I \ A A A, ¥ A o X =, A o v w L a A A
aanu Arnwzdudunienzuuiuiguihneieluideslanudaydiogunu Won
v ¥ II g/ { v é’ 1 [l v QI d qlolf
azgnifenlfgnludunguinfnaiidn sulngiduiniestuiinulanily (Local plant)
orduiraugnLEn N0 (Reed) JUaN# (Cattail) w11 (Rush) nejiuen (Vetiver) Wiais
A o Ada o & a A A | A & Ao a A )
Budunfinamnmigaulddn lasfiRoudazsfiefasliansaenseiydulawsznsgady

RIIDNMT LAUANGIINY (Tanner, 1996; Collin et al., 2005; Matthews et al., 2004)

PMAGNANINNENIN AT izuuwum;wm‘ﬂaﬁwuuum‘l%m%amuawum 9w
VTN TS ULSI L REAMN S UU lduINNTY BANIEIRNN1TNSUTUTEAUAINN AN
4 A & o o A Y A & Aa

inluszuunIavzozanaaunniinluzuule e lvszuuiAausnzuuuniannie
A [ [ o 6 o £ A A dlq' a
%3 l¥ana Vlﬂmamm@qﬂizmﬂmaamimmﬁmmmiwm TavznIasnUwid ansiie
1 v o Eﬁ = =S dq’ t:llu :/ t:l' % 4:3/ dl'

6199 e aeann mIansfienaln LATANNANINNTABITTUUNBATNINNE 9T Ve b L
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A g 6 1 o o % :’ A tj’ d'. 3’ P (% 13’ a &
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4. AI5AUBWNIINARDI

= = A o v ¥ oA
ﬂqﬁﬁﬂiﬂ"]ﬂﬁﬂqiazawLLaZﬂ’]iLl]ﬂU%LLUGGE?JTBGVL%IWSLQ% luﬂszu’summ’m@ml,amnﬂ
a 2’ v A’l’ dln 3’ dl v J dl 9/:’ = d‘r a g;
aq@lﬁ']‘lﬁﬂ‘iillﬂﬂ@]%’]wﬂ‘lll luﬁzu‘].lw%ﬂ”qll%']‘ﬂﬁ?’]ﬂmutLUUﬂiﬂu’]vLﬂﬂLVS%QW%N?%% ¢

s

o = = A A, &d o X A v A,
nsAnminaln  uazanumanInveszuuARA U eI lwneltlunigaduniaiida
Tulasiauluiuge lasasnuuunmineasdiafinmenusunuwivesdiudniaiaiodnsg 1
1 a A ‘g' d' [} :’ d' U J d! [ ] d'd a o dy
WadaLlsrEnTnwpasszuuiunguihnaeli S1adneng g nAnmdead
faduf1 AevllaNsnfdne lasAnwianusnninvesgdans (Typha angustifolia) L&z
WNBINBI (Canna Spp.) lun1igadsiulasiauuazaaainuandsnluiige Jaduh 2 &nw
UseanTawaesduntianasnieniwnliidudainarslunsindainge uwazdadsn 3 Ae

ﬂ%uwmmi:mmﬂmsﬁuﬁﬁ USunasvaadiladlusinge

4.1 N1BBNUUUNITNAADY

411 sawiinanas

LATINRDIBAGILUAINARBIUTIIHANANT Y 6 mmmmzwéﬁmuﬁ:aLn@ﬁammzi’aq
uInduinaluladwizasuindsuy3 LazinT1ziNanIINaaasiasisiine lnlad

FILINRON ADASIWRIITIR Ln@ﬁammﬁa@; WAIINEIRE mﬂiuiaﬁws:aaumﬁﬁﬁuq%

4.1.2 Iaasvulainaaad
a 6 1 Aa A Aa A (% ] %
wasnesasdazfngannunuesfisia wun 10 Jadiuas 2wanie x 8712 x g9 Wiy 0.30 x
0.60 x 0.50 LUAT MWW 6 0 lagdaviatindnuaziinaanniseuiradnlainasas nnele
LLﬂmmigﬁaﬂmaﬁizq slﬁﬁmwgwao%’ué’aﬂmoﬁizé’u 0.3 AT LLaﬂﬁﬁizﬁumwgwaaﬁw
& A & oo A v & A A, 4 o X a o A

Tuszuuidu 010  LWaTATATUAINANS LwaiﬁLﬂmzuuwuﬂqwmwaﬂwumu@m%amua
NURD é’aLLamlugﬂﬁ 4.1 Laz gﬂﬁ 4.2
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Elh’l 41 ﬂ’]iaaﬂLLUUW%‘H?N%’]‘Haﬁ’]ﬂmuLLUUﬂl%u’]vLﬂaLV]%@W%N’J
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4.2 fiznazlzgnlunlasnaass
aaiRanisauniwuali 2 il da gUan# (Typha angustifolia) uaz WnS3NwA (Canna spp.)
a a A . P g
lasfinszuiumsiassuinsuaazsiaaide b
- gﬂmﬁ (Typha angustifolia)
1. wessumbaasdupln® uasaauawiniurian o udasvianlAdufan 1 du
a o Ao o A
LazlaTBNMNIWIUNGBINTT Ga31N 4.3
o A ) AdA v a o A a
2. AaRandupdnBndvmalndidusiulasinnugatzan 50 wudiwas
3. hlddgnluudasmanas lasldfianunwmuiusasinrinny 66 dwasa. Tu

m?ﬂ@aaaﬁmiﬂﬁnﬁmﬂuuma 12 6% /wUaInaasd
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311 4.3 dugia# (Typha angustifolia) fauinn1Iaaas

- WNB5INW (Canna spp.)
1. wssunivasdunnsinm lavdaudanindurions udazvaulildudan 1
% ~ o a9 [ A
i waziauaUiIwIUNGBINT G93LN 4.4
2. Aadandunfiawiawig nulasldfiludszanm 2-3 luudihandanluudas
1 a >3 U =
i anudugln
3. ilddanluudasnasas laslilanunmudusesinviinu 66 dwas.y lu

msmaaaﬁmsﬂgnﬁmﬂuuﬂm 12 % /MUaInaaad
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- MIayunaWINIReITianaud i INaRDd
1. ﬁwﬁmﬁmawﬁ@mﬁﬁmia%maaaauﬁauﬁ'a:mmu,ﬂaomaaaﬁﬁa et 1 1leaw

2. 1@‘5’1@!8’]1&’1‘3 LLazﬂﬂg{@‘i 15-15-15 adluutainansd Uasslinonssasriain

2 ]
o A
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4.3 MILAIYNIFAAINATY

fanasiltlunisnesasfia AuNTIEVNA 0.1-02 LTWALNAT UAzRWNIIAIA 0.5 — 1.0
LTUALNAT %oﬁmmmw;maaﬁaﬂmo (Apparent density; p) VBIABNIIBWINAL 2.197 WASVDI
ATILNAL 1.769 AlansudafaT MNIaINAINA19LARIINMITANINANNETE1AAINAIRY

ﬂi’J@]LLﬂza%‘ﬂiﬁUﬁa%lﬁa\‘lluuﬂﬂdﬂ@]aﬂﬂ FANANAUNIBURZAUNIIAUTAIA Ellﬁ 4.6
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sunnn e @) lasazldihidsrefieglutenuaznauuazminSameasiiaaiinie
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AA3NEM  1:10  WATITHINNINTIIFOUAIAI DI NRENALNN A ULV MTALTh I Ly

al a = = > = ?; a ' ' 2‘ a
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s dl 1 s 3; a né Aa I3 e A:ll Aa | e t:!l
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o v & AN A A = & Ao o
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mmmmumLaﬂluuamaamﬂuawﬂmwgaﬂszmm 0.10 LNAT INITAUNRRIAUNTIA TN
Lqums@‘i'}Lﬁumuﬁagﬂﬁ 4.8 I@m’jé’mwmﬂ%amﬁwmﬁ%ﬁaﬁLﬁﬁ;js:uu 8.1 ®/as Nu
(Average Wastewater Flow) Hyzpziianninuiniie 5 14 (Hydraulic Retention Time, HRT) Y

80NNNITUTIVNNITAAFAT (Hydraulic loading rate) 0.009 AUAL/ATA-IU UAZEATIANTE
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urInnasdunitdlugiaasiiled (BOD loading rate) 1.9386 nIN-BOD/@3.4-3% (Buddhawong,
a o £ a ¢ ° & A, ¥ A o X
2005 waz \3EeANA aanfulyai, 2542) GusasuuuiiasinisnaasdszuuRwATU NasAu

FRai IaLrita Nwi) ﬁagﬂﬁ 4.8 LLaxgﬂﬁ 4.9
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PnFenltlunmmaasy fa  WUFIFILAIIZHA INNIANEINIZUIWM TN AU LR LL LA NA%
139 (Activated Sludge) lasmiluiwualdlidansunmunzauvasilofuszomsiaiufigaun
38@a4n13Aa BOD: N: P: Fe ¥inAu 100:5:1:0.5 (AAULAININ 133330, 2539) TIUAEIVDS
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5.1.3 Glaf@ (Chemical Oxygen Demand, COD)
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5.2.2 iilaf (Biochemical Oxygen Demand, BOD)
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A19197 5.2 dayaiaivuazanuidudiuvaudaznnfinaslwiidovesszuundainarmsa () Mlan
suUm# (T) wnsinm(C) uazszuuf lifinmuanite (U) Mszauawdni 10 (D10) uaz 25 (D25) Lrudlans
nneauihluszuuigaiiuiiiadiadnag 1(-1 ¥udh), 2(2 luie) uaz 3(-3 ¥aen)

~ Qo L} ~
Ts1 sl CS3 WNSINK uss laidgniiz
-
a 4 e =
wdaas G § TS1-1 | TS1-2 | TS1-3 | CS3-1 | CS3-2 | CS3-3 | US5-1 | US5-2 | US5-3
D10 D10 D25 D10 D10 D25 D10 D10 D25
5.28 Eff. 686 | 6.85 | 675 | 695 | 695 | 675 | 696 | 699 | 7.04
H 0.12 sD 025 | 024 | 019 | 023 | 020 | 013 | 019 | 0.21 0.20
o]
29.81 Eff. | 2963 | 2968 | 30.27 | 2892 | 29.05 | 30.03 | 29.04 | 29.07 | 30.09
o 1.05 sD 0.51 048 | 042 | 065 | 068 | 060 | 059 | 065 | 050
Temp (C)
1.36 Eff. 059 | 062 | 038 | 053 | 055 | 036 | 096 | 091 0.64
0.37 sD 075 | 076 | 035 | 066 | 0.71 0.39 1.47 140 | 0.90
DO (mgl/L)
-106.7 | Eff. | 2248 | -227.9 | -191.0 | 2563 | -254.0 | -211.9 | -253.4 | -2455 | -203.3
355 SD | 1101 | 1126 | 129.9 | 1267 | 1259 | 1206 | 1548 | 1535 | 158.8
ORP (mV)
21544 | Eff. | 91.06 | 88.04 | 41.37 | 9242 | 9142 | 5364 | 96.00 | 94.90 | 71.71
8510 | SD | 4040 | 3865 | 39.38 | 46.74 | 4559 | 46.87 | 4261 | 4462 | 37.69
BOD (mg/L)
%Re. | 58.54 | 59.68 | 82.97 | 5861 | 58.84 | 77.83 | 56.74 | 57.51 | 68.37
sD 429 | 305 | 839 | 495 | 427 | 881 883 | 886 | 9.20
407.43 | Eff. | 17010 | 166.46 | 108.23 | 174.80 | 172.83 | 120.55 | 177.64 | 180.37 | 150.19
17045 | SD | 7303 | 69.71 | 6471 | 8378 | 8223 | 7928 | 77.41 | 80.79 | 69.54
COD (mg/L)
%Re. | 58.86 | 59.53 | 7517 | 58.38 | 58.72 | 7275 | 57.35 | 56.86 | 64.25
sD 606 | 474 | 755 | 613 | 5.71 768 | 10.00 | 1046 | 11.67
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A19197 5.2 dayaiaivuazanuidudiuvaudaznnfinaslwiidovesszuundainarmsa () Mlan
suUm# (T) wnsinm(C) uazszuuf lifinmuanite (U) Mszauawdni 10 (D10) uaz 25 (D25) Lrudlans

nnazauthluszuofigainuiudodainem 1(-1 ), 2(-2 ihluie) uaz 3(-3 ean) (da)

81 g CS3 WNSINW uss laidgniiz
-
Wniiaes :E g TS1-1 | TS1-2 | Ts1-3 | CS3-1 | CS3-2 | CS3-3 | US5-1 | US5-2 | US5-3
D10 D10 D25 D10 D10 D25 D10 D10 D25
479 Eff. 185 | 172 | 094 194 | 197 | 098 | 201 1.96 1.20
IN (maiL) 1.19 sD 028 | 035 | 036 | 047 | 056 | 044 | 052 0.52 0.35
%Re. | 60.27 | 6307 | 80.57 | 5857 | 5806 | 80.19 | 57.02 | 57.80 | 74.26
sD 665 | 839 | 447 | 1081 | 1203 | 519 | 1189 | 1260 | 7.38
3.89 Eff. 138 | 127 | 069 147 | 153 | 078 1.42 1.37 0.87
1.17 sD 030 | 031 038 | 053 | 063 | 045 | 047 045 | 036

Org-N (mg/L)

%Re. 63.53 66.09 82.79 61.46 60.07 80.92 62.17 62.71 7712

SD 7.12 8.79 5.61 13.62 15.29 6.89 13.84 14.00 8.37

4.726 Eff. 1.77 1.62 0.83 1.87 1.89 0.90 1.92 1.86 1.11
1.191 SD 0.31 0.35 0.41 0.49 0.59 0.47 0.49 0.49 0.34
TKN (mglL)
%Re. 61.62 64.61 82.91 59.50 59.19 81.73 58.50 59.38 75.91
SD 6.71 7.95 5.68 11.40 12.77 6.02 10.81 11.51 6.61
0.837 Eff. 0.392 0.357 0.139 0.402 0.357 0.121 0.502 0.487 0.248
. 0.134 SD 0.106 0.094 0.120 0.086 0.082 0.109 0.094 0.110 0.060
NH,” (mg/L)
%Re. 52.62 56.63 81.02 51.19 56.25 84.05 39.15 40.79 69.23
SD 12.02 11.20 18.41 12.12 13.10 16.12 12.54 14.56 10.56
0.0681 Eff. 0.0836 | 0.0899 | 0.1113 | 0.0694 | 0.0783 | 0.0789 | 0.0923 0.0969 | 0.0883
R 0.010 SD 0.0739 | 0.0772 | 0.0971 0.0336 | 0.0371 0.0446 | 0.0589 0.0575 | 0.0555
NO, (mg/L)
%Re. -29.01 -38.79 -73.36 -5.99 -19.77 -22.10 -43.50 -50.62 -36.65
SD 117.20 | 122.30 | 156.46 57.06 63.04 75.04 99.15 97.36 92.62
0.0011 Eff. 0.0005 | 0.0004 | 0.0009 | 0.0005 | 0.0003 | 0.0009 | 0.0003 0.0008 | 0.0005
R 0.0001 SD 0.0005 | 0.0004 | 0.0004 | 0.0005 | 0.0005 | 0.0005 | 0.0004 0.0004 0.0005
NO, (mg/L)

%Re. 53.45 64.93 12.87 53.74 67.91 17.60 67.88 30.69 49.86

SD 42.73 40.48 38.97 43.49 44.34 47.02 40.44 40.20 50.84
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"13719N 5.3 ma;&a'ﬂﬁ)ﬁ]mm:mmmwumaumazwwmmaﬂumLawadi:wﬂﬁm'smﬂumﬂma ﬁﬂgﬂ@mﬁﬂqw (T) auWnsINE(C) LLazi:UUﬂ"luaJmiﬂgnwm (U) (G)

U

(2
o

luuaamanenafl 2, 4 uaz 6 :zAUAMNANT 10 (D10) uaz 25 (D25) iudiuas Mnzauihluszuufiyaiuiifadoined 1(-1 ¥ud), 2(-2 vhluda) uas
3(-3 Waan)

TG2 gugd CG4 WN55NH uGs laigniiz
¢ & o
MNLaas WILYIITUY TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
D10 D25 D10 D25 D25 D10 D25 D10 D10 D25 D10 D25 D10 D25 D25
528 | Eff. | 6.90 - 6.92 - 6.81 6.82 - 6.81 - 669 | 6.90 - 6.91 - 6.92
012 | SD | 0.11 - 0.14 - 019 | o048 - 0.19 - 023 | 025 - 0.26 - 0.30
pH
2081 | Eff. | 2050 | - | 2047 | - 3055 | 2006 | - | 2024 | - 3020 | 2003 | - | 2013 | - 30.26
° 1.05 SD 0.52 - 0.52 - 0.71 0.57 - 0.48 - 0.46 0.60 - 0.59 - 0.61
Temp (C))
136 | Ef. | o064 | 042 | 066 | 048 | 043 | 070 | 049 | 068 | 047 | o054 | 089 | 076 | 088 | 063 | o078
0.37 SD 0.79 0.44 0.79 0.54 0.43 0.93 0.62 0.91 0.59 0.64 1.26 1.22 1.27 1.07 1.25
DO (mg/L)
-106.7 Eff. -226.6 -238.0 -216.9 -244.0 -203.3 -234.9 -222.7 -234.2 -219.3 -197.3 -248.3 -241.3 -248.2 -243.3 -200.8
35.5 SD 113.3 152.3 109.5 151.6 172.9 130.1 130.0 130.1 129.5 128.1 154.2 153.8 158.8 151.2 171.5
ORP (mV)
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(T) AUNNTINE(C) LLazizuuﬁvl&iﬁmiﬂQnﬁm (U) (G)

luuaamanenadfl 2, 4 uaz 6 :xAUAWAENT 10 (D10) uaz 25 (D25) iudiuas Mnzauihluszuuiraiuiidadoned 1(-1 ), 2(-2 shluda) uas

3(-3 ihaan) (Aa)

TG2 CG4 UGé6
a ¢ & o

NIIHLABTY WIYIITUD TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
D10 D25 D10 D25 D25 D10 D25 D10 D10 D25 D10 D25 D10 D25 D25

215.44 Eff. 88.79 - 86.60 - 44.49 84.91 - 85.54 - 50.59 100.05 - 100.06 - 76.90

85.10 SD 39.97 - 39.13 - 38.21 37.99 - 40.39 - 36.62 45.27 - 46.15 - 41.70

BOD (mg/L)

%Re. 59.74 - 60.91 - 81.66 61.03 - 60.89 - 78.56 54.97 - 55.02 - 65.95

SD 6.62 - 6.33 - 7.34 5.39 - 6.43 - 6.84 8.66 - 8.39 - 8.23

407.43 Eff. 161.04 - 158.77 - 109.92 162.15 - 161.18 - 117.35 186.05 - 186.68 - 151.38

170.45 SD 72.47 - 71.49 - 65.36 70.16 - 74.08 - 64.13 81.30 - 82.91 - 74.64

COD (mg/L)

%Re. 61.26 - 61.95 - 74.94 60.56 - 60.97 - 72.86 55.34 - 55.25 - 64.20

SD 7.54 - 7.70 - 8.10 7.29 - 7.60 - 8.03 9.95 - 9.63 - 8.91

4.79 Eff. 1.93 - 1.87 - 1.08 1.94 - 1.76 - 0.90 2.18 - 2.10 - 1.17

1.19 SD 0.43 - 0.49 - 0.48 0.30 - 0.22 - 0.23 0.34 - 0.57 - 0.31

TN (mg/L)

%Re. 58.94 - 60.79 - 78.04 57.98 - 61.58 - 80.50 52.78 - 55.00 - 74.27

SD 7.65 - 5.83 - 7.65 9.25 - 8.58 - 5.51 9.60 - 13.28 - 8.95

3.89 Eff. 1.46 - 1.43 - 0.79 1.43 - 1.27 - 0.66 1.57 - 1.51 - 0.82

1.17 SD 0.55 - 0.59 - 0.54 0.33 - 0.24 - 0.24 0.30 - 0.51 - 0.30

Org-N (mglL) %Re. 62.48 - 63.86 - 80.87 61.24 - 65.00 - 82.38 57.41 - 59.50 - 77.37
SD 9.86 - 8.65 - 7.23 11.67 - 10.62 - 4.93 10.68 - 15.31 - 10.03
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T) AUNNINEN(C) LLa:i:uuﬁ"lajﬁmiﬂgnﬁ% (U) (G)

Tuszuufyafivsiuiodmadned 1(-1 k), 2(2 ilute) uaz

TG2 CG4 UG6
a ¢ ¥ o
NIFNLA DT WIDIEUD TG21 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
D10 | D25 | D10 | D25 D25 D10 | D25 | D10 | D10 D25 D10 | D25 | D10 | D25 D25
4.726 Eff. 1.85 - 1.78 - 0.95 1.87 - 1.68 - 0.81 2.09 - 2.00 - 1.08
1.191 SD 0.48 - 0.53 - 0.54 0.33 - 0.24 - 0.25 0.33 - 0.55 - 0.29
TKN (mg/L)
%Re. | 60.32 - 62.30 - 80.78 59.07 - 62.83 - 82.20 54.24 - 56.54 - 75.88
SD 8.62 - 6.67 - 6.36 9.67 - 8.54 - 5.51 8.76 - 12.53 - 8.35
0.837 Eff. 0.386 - 0.351 - 0.153 0.433 - 0.414 - 0.148 0.518 - 0.494 - 0.266
+ 0.134 SD 0.101 - 0.086 - 0.110 0.092 - 0.104 - 0.094 0.104 - 0.113 - 0.055
NH, (mg/L)
%Re. | 52.83 - 57.59 - 80.41 46.79 - 49.01 - 80.24 37.35 - 40.07 - 67.68
) 14.24 - 9.66 - 16.11 15.40 - 16.66 - 16.03 12.72 - 14.64 - 8.12
0.0681 Eff. | 0.0859 - 0.0888 - 0.1294 | 0.0741 - 0.0801 - 0.0863 | 0.0953 - 0.0964 - 0.0865
. 0.010 SD 0.0763 - 0.0818 - 0.1337 | 0.0426 - 0.0446 - 0.0565 | 0.0524 - 0.0534 - 0.0507
NO, (mg/L)
%Re. | -33.07 - -37.69 - -103.73 | -13.73 - -23.99 - -33.80 -46.66 - -48.83 - -32.58
SD 121.68 - 129.58 - 215.30 70.99 - 77.12 - 93.48 88.66 - 90.51 - 83.65
0.0011 Eff. | 0.0003 - 0.0007 - 0.0007 | 0.0004 - 0.0007 - 0.0008 | 0.0005 - 0.0004 - 0.0008
) 0.0001 SD 0.0004 - 0.0004 - 0.0006 | 0.0005 - 0.0005 - 0.0006 | 0.0005 - 0.0008 - 0.0006
NO, (mg/L)
%Re. | 69.73 - 34.84 - 31.00 60.91 - 32.95 - 27.00 56.42 - 59.90 - 23.59
sD 39.83 - 37.97 - 55.90 46.10 - 41.92 - 53.04 46.40 - 75.64 - 58.44
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0 5.27 6.91 -31.12 6.98 -32.45 6.81 -29.22 6.81 -29.22 6.85 -29.98 6.75 -28.08 7.09 -34.54 7.12 -35.1 7.08 -34.35

5 5.25 7.01 -33.52 6.98 -32.95 6.85 -30.48 6.89 -31.24 6.81 -29.71 6.7 -27.62 7.19 -36.95 7.25 -38.1 7.32 -39.43

10 5.25 6.98 -32.95 6.98 -32.95 6.71 -27.81 6.77 -28.95 6.79 -29.33 6.59 -25.52 7.19 -36.95 7.25 -38.1 7.4 -40.95

15 5.18 7.09 -36.87 7.02 -35.52 7.1 -37.07 7.1 -37.07 7.05 -36.1 6.98 -34.75 7.15 -38.03 7.19 -38.8 7.29 -40.73

20 5.18 7.11 -37.26 7.11 -37.26 7.13 -37.64 6.81 -31.47 6.75 -30.31 6.8 -31.27 7.01 -35.33 7.05 -36.1 7.19 -38.8 ﬁymam:s
25 5.11 7.01 -37.18 7.05 -37.96 6.98 -36.59 6.98 -36.59 6.99 -36.79 6.75 -32.09 7.08 -38.55 7.05 -37.96 7.02 -37.38 ’é’m’ﬂm:S
30 5.17 6.85 -32.5 6.81 -31.72 6.69 -29.4 6.81 -31.72 6.89 -33.27 6.62 -28.05 7.01 -35.59 7.08 -36.94 7.1 -37.33 1§1Nm\|1:5
35 53 7.37 -39.06 7.38 -39.25 6.81 -28.49 7.3 -37.74 7.32 -38.11 7.02 -32.45 7.23 -36.42 7.34 -38.49 7.34 -38.49 ﬁymam:s
40 5.24 6.07 -15.84 6.15 -17.37 6.47 -23.47 6.26 -19.47 6.39 -21.95 6.62 -26.34 6.45 -23.09 6.46 -23.28 6.92 -32.06

45 5.51 6.75 =225 6.6 -19.78 6.5 -17.97 7.28 -32.12 7.19 -30.49 6.63 -20.33 6.87 -24.68 6.89 -25.05 6.97 -26.5

50 5.67 6.85 -20.81 6.81 -20.11 6.75 -19.05 7.21 -27.16 7.19 -26.81 6.75 -19.05 7.03 -23.99 7.1 -25.22 7.05 -24.34

55 5.24 6.91 -31.87 6.85 -30.73 6.8 -29.77 6.82 -30.15 6.85 -30.73 6.65 -26.91 6.92 -32.06 6.98 -33.21 6.82 -30.15

60 5.26 6.75 -28.33 6.8 -29.28 6.68 -27 6.98 -32.7 6.95 -32.13 6.78 -28.9 6.93 -31.75 6.95 -32.13 7.03 -33.65

65 5.31 6.86 -29.19 6.79 -27.87 6.81 -28.25 6.96 -31.07 7.02 -32.2 6.69 -25.99 6.91 -30.13 6.87 -29.38 6.98 -31.45

70 5.24 6.82 -30.15 6.8 -29.77 6.72 -28.24 7.03 -34.16 7.04 -34.35 6.83 -30.34 6.94 -32.44 6.96 -32.82 6.97 -33.02

75 5.28 6.79 -28.6 6.75 -27.84 6.55 -24.05 7.09 -34.28 7.06 -33.71 6.87 -30.11 6.89 -30.49 6.92 -31.06 6.93 -31.25

80 53 6.81 -28.49 6.81 -28.49 6.73 -26.98 6.89 -30 6.94 -30.94 6.57 -23.96 6.79 -28.11 6.81 -28.49 6.86 -29.43

85 5.2 6.74 -29.62 6.76 -30 6.58 -26.54 7.1 -36.54 7.02 -35 6.86 -31.92 6.73 -29.42 6.68 -28.46 6.61 -27.12

90 5.27 6.68 -26.76 6.71 -27.32 6.51 -23.53 6.97 -32.26 7.02 -33.21 6.81 -29.22 6.87 -30.36 6.89 -30.74 6.89 -30.74
AVE 5.275 6.86 -30.14 6.85 -29.93 6.75 -27.98 6.95 -31.78 6.95 -31.85 6.75 -28.05 6.96 -32.05 6.99 -32.6 7.04 -33.54

SD 0.125 0.25 5.89 0.24 5.96 0.19 5.29 0.23 4.19 0.2 3.72 0.13 4.01 0.19 4.75 0.21 4.99 0.2 4.98

08



a 0w a A & o 1 d A = A  day = A g o 1 J
MTNN 0.2 UFAINANITNAADINITUIUAGUNHY (TS1-1,1-2,1-3 D YANUAIDYIUIN 1 D37AN ‘Vlllﬂuﬁﬂf]ﬂl, CS3-1, 3-2, 3-3 AD JANUAIDYINU
= Axy 1 = 3 o U oy = = = = A = < o
N 3 NUAUNNTINBULAE USS-1, 5-2, 5-3 AD ANUAIBDYNUIN 1 378N 3 ‘V]Ul UNY Iﬂﬂnﬂi}ﬂuﬂiWﬂlﬂu@l’JﬂaN)
TS1-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 US5-3

’qﬁ!ﬁ 131!%’1 Temp Y%Eff. Temp % EAf. Temp Y% EAf. Temp % EAff. Temp Y%Eff. Temp % EAf. Temp Y% Eff. Temp % EAf. Temp Y%Eff. NI
0 28.3 29.6 -4.59 29.5 -4.24 30 -6.01 28.7 -1.41 28.9 -2.12 30 -6.01 29.2 -3.18 293 -3.53 30.3 -7.07

5 294 29.5 -0.34 29.6 -0.68 30.5 -3.74 29.8 -1.36 29.6 -0.68 30.1 -2.38 29.1 1.02 293 0.34 30.1 -2.38

10 294 29.7 -1.02 29.6 -0.68 30.8 -4.76 28.7 2.38 28.8 2.04 29.5 -0.34 29.1 1.02 293 0.34 30 -2.04

15 28.7 29.5 -2.79 29.1 -1.39 30.2 -5.23 29 -1.05 29.1 -1.39 30.1 -4.88 29.6 -3.14 29.7 -3.48 30.2 -5.23

20 28.7 28.5 0.7 28.9 -0.7 29.8 -3.83 28.1 2.09 28.3 1.39 29.4 -2.44 28.5 0.7 28.5 0.7 29.7 -3.48 1§‘1Nﬁ1.l1:5
25 28.7 29.7 -3.48 29.7 -3.48 30.1 -4.88 29 -1.05 28.9 -0.7 29.6 -3.14 29.1 -1.39 29.2 -1.74 30.5 -6.27 1{1wau1:5
30 28.7 29.7 -3.48 29.8 -3.83 29.6 -3.14 29 -1.05 29.1 -1.39 29.5 -2.79 293 -2.09 29.5 -2.79 30 -4.53 1f1wﬁu1:5
35 28.7 29.6 -3.14 29.8 -3.83 30.3 -5.57 28 2.44 28.3 1.39 313 -9.06 28.3 1.39 28.1 2.09 31 -8.01 ﬁymﬁlJI:S
40 322 29.8 7.45 29.7 7.76 313 2.8 28 13.04 27.9 13.35 30 6.83 28.2 12.42 28.1 12.73 29.7 7.76

45 31.3 29 7.35 293 6.39 303 3.19 27.7 11.5 28 10.54 29.5 5.75 27.9 10.86 27.9 10.86 29.2 6.71

50 30.2 29.5 2.32 29.5 2.32 30.3 -0.33 28.5 5.63 28.3 6.29 29.5 2.32 28.5 5.63 28.5 5.63 29 3.97

55 30.5 29.1 4.59 29 4.92 29.9 1.97 29.4 3.61 29.3 3.93 29.8 23 293 3.93 29.1 4.59 30.1 1.31

60 30.1 29.8 1 29.7 1.33 30 0.33 29 3.65 29.3 2.66 30.2 -0.33 29.2 2.99 293 2.66 303 -0.66

65 29.8 29.2 2.01 29.8 0 29.9 -0.34 28.9 3.02 29.3 1.68 29.7 0.34 28.6 4.03 28.5 4.36 29.9 -0.34

70 29.7 29.6 0.34 29.8 -0.34 30.1 -1.35 29.1 2.02 293 1.35 29.5 0.67 29.1 2.02 29.2 1.68 30 -1.01

75 30.2 29.8 1.32 29.6 1.99 30.2 0 293 2.98 29.4 2.65 303 -0.33 29.2 3.31 29.2 331 30.1 0.33

80 30.2 30.3 -0.33 30.1 0.33 30.3 -0.33 29.5 2.32 29.7 1.66 303 -0.33 29.4 2.65 29.5 2.32 30.3 -0.33

85 30.4 30.2 0.66 304 0 30.6 -0.66 29.6 2.63 30 1.32 30.8 -1.32 29.8 1.97 29.6 2.63 30.2 0.66

90 31.2 30.9 0.96 31 0.64 31 0.64 30.1 3.53 305 2.24 314 -0.64 303 2.88 30.5 2.24 31.1 0.32
AVE 29.8 29.63 0.5 29.68 0.34 30.27 -1.64 28.92 2.89 29.05 2.43 30.03 -0.83 29.04 2.48 29.07 2.37 30.09 -1.07

SD 1.05 0.51 3.37 0.48 3.31 0.42 2.92 0.65 3.88 0.68 3.93 0.6 3.74 0.59 4.04 0.65 4.24 0.5 4.26
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AN 037 i
A < LY ] gl A = A Ay [ A <3 % 1 :’ A = A A A =\ I~ Y]
2, 3-3 A9 JANUAIDINUIN 1 DNIAN 3 NUAUNNTINVULAS USS5-1, 5-2, 5-3 AD IANUAIDYNUIN 1 D39AN 3 “VIVIJJNW“I)' Iﬂﬁmﬂi}ﬂuﬂ‘imlﬂuﬁ’maN)
TSI-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 USs-1 US5-2 USs-3
$uit | s | po® | %k | o™ | %Ef | 0" | %Ef | DO | %Ef | DO® | %Ef | DO™ | %Ef po" %Eff. | DO" | %Eff. | DO" | %Eff. HINEHA
0 24 24 0 23 4.17 * - 2.1 125 1.8 25 * - 2.9 -20.83 2.8 -16.67 * - * folufiyaiiia
5 1.8 1.6 11.11 1.9 -5.56 * - 15 16.67 1.9 -5.56 * - 3.6 -100 37 -105.56 * - = fedhaSuszuy
10 1.9 22 -15.79 2.1 -10.53 * - 14 26.32 1.8 5.26 * - 5.1 -168.42 47 -147.37 * -
15 1.6 13 18.75 15 6.25 * - 16 0 1.7 -6.25 * - 23 -43.75 2.1 -31.25 * -
20 12 1.1 833 12 0 * - 1.3 833 1.2 0 * - 15 25 1.3 -8.33 * - vhmaut:s
25 1.2 03 75 02 83.33 * - 02 83.33 03 75 * - 1 16.67 0.9 25 * - Vhwaw:s
30 1.6 02 87.5 02 87.5 * - 0.1 93.75 0.1 93.75 * - 0.2 87.5 02 87.5 * - vhmaut:s
35 1.6 02 87.5 02 87.5 * - 02 87.5 0.2 87.5 * - 0.2 87.5 02 87.5 * - Vhwaw:s
40 1.4 02 85.71 02 85.71 * - 02 85.71 02 85.71 * - 0.2 85.71 02 85.71 * -
45 11 03 72.73 0.5 54,55 * - 02 81.82 0.1 90.91 * - 0.1 90.91 0.1 90.91 * -
50 11 02 81.82 02 81.82 * - 0.1 9091 0.1 90.91 * - 0.1 90.91 0.1 90.91 * -
55 11 02 81.82 02 81.82 * - 02 81.82 02 81.82 * - 0.2 81.82 02 81.82 * -
60 1 0.1 90 0.1 90 * - 02 80 0.1 90 * - 0.1 90 0.1 90 * -
65 1.2 0.1 91.67 0.1 91.67 * - 02 83.33 02 83.33 * - 0.1 91.67 0.1 91.67 * -
70 1.3 0.1 9231 0.1 9231 * - 02 84.62 0.1 9231 * - 0.1 9231 02 84.62 * -
75 11 02 81.82 02 81.82 * - 0.1 9091 0.1 90.91 * - 0.1 90.91 0.1 90.91 * -
80 0.9 02 71.78 02 77.78 * - 0.1 88.89 0.1 88.89 * - 0.1 88.89 0.1 88.89 * -
85 11 02 81.82 02 81.82 * - 0.1 90.91 0.1 90.91 * - 0.1 90.91 0.1 90.91 * -
90 1.3 0.1 9231 0.1 9231 * - 0.1 9231 0.1 9231 * - 02 84.62 0.1 9231 * -
AVE 1.36 059 | 6327 | o0.62 61.28 - - 053 | 6647 | 055 | 6593 - - 0.96 42.75 0.91 45.76 - -
SD 0.37 075 | 3702 | 076 39.3 - - 0.66 | 3582 0.71 38.93 - - 147 77.95 1.4 73.6 - -
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H
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18, CS3-1, 3-

=\

Q

1 degan 3 1 lilNy Taennyaiingo

I~ o
TuaInag)

TS1-1 TS1-2 TS1-3 CS3-1 CS3-2 Cs3-3 US5-1 US5-2 US5-3
$uit | v | po® | wE | po® | %k | Do® | %Ef | DO | wEf. | DO® | wEf. | DO® | %Ef. | po® | %Ef. | po* | %k | DO* | vk HeLve
0 2.4 * - * - 13 45.83 ok - o - 15 37.5 ok - o - 25 417 | *foluiiqaiiia
5 1.8 * - * - 0.8 55.56 * - * - 0.9 50 3.1 72.22 3.1 72.22 29 6111 | ** fegaususzun
10 1.9 * - * - 0.6 68.42 * - * - 0.6 68.42 4.7 -14737 52 -173.68 2.1 -10.53
15 1.6 * - * - 1 375 * - * - 0.9 4375 1.8 -12.5 19 -18.75 15 6.25
20 1.2 * - * - 0.8 3333 * - * - 0.7 41.67 1 16.67 12 0 0.6 50 Vs
25 12 * - * - 03 75 * - * - 03 75 0.6 50 0.5 5833 0.7 4167 | vhweni:s
30 1.6 * - * - 02 87.5 * - * - 02 87.5 02 87.5 0.1 93.75 02 875 | thwau:s
35 1.6 * - * - 02 87.5 * - * - 02 87.5 02 87.5 02 87.5 02 875 | tiwau:s
40 1.4 * - * - 02 85.71 * - * - 02 85.71 02 85.71 0.2 85.71 02 85.71
45 11 * - * - 03 72.73 * - * - 03 72.73 0.1 90.91 0.1 90.91 02 81.82
50 11 * - * - 02 81.82 * - * - 0.1 90.91 0.1 90.91 0.1 90.91 0.1 90.91
55 11 * - * - 02 81.82 * - * - 0.1 90.91 02 81.82 02 81.82 02 81.82
60 1 * - * - 0.1 90 * - * - 0.1 90 0.1 90 0.1 90 0.1 90
65 1.2 * - * - 02 83.33 * - * - 0.1 91.67 0.1 91.67 0.1 91.67 0.1 91.67
70 1.3 * - * - 03 76.92 * - * - 02 84.62 0.1 9231 02 84.62 02 84.62
75 11 * - * - 0.1 90.91 * - * - 0.1 90.91 0.1 90.91 0.1 90.91 0.1 9091
80 0.9 * - * - 0.1 88.89 * - * - 0.1 88.89 0.1 88.89 0.1 88.89 0.1 88.89
85 11 * - * - 0.1 90.91 * - * - 0.1 90.91 0.1 90.91 0.1 90.91 0.1 9091
90 1.3 * - * - 02 84.62 * - * - 0.1 92.31 02 84.62 0.1 92.31 0.1 9231
AVE 131 - - - - 033 | 7625 - - - - 029 | 79.08 | 0.72 54.9 0.76 52,98 054 | 65.05
SD 0.28 - - - - 028 | 17.41 - - - - 028 | 1713 1.26 67.78 137 73.66 0.8 43.98
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< Y] 1 gl A = A Ay [ A < Y] 1 g’ A = A A A s I Y]
ANUAIDYINUIN 1 DITAN 3 NUAUNNTINVIULAL USS5-1, 5-2, 5-3 AD JANUVAIDYNUIN 1 DN9AN 3 ‘VI]liJiJW‘If Iﬂﬁlnﬂﬂﬂuﬂﬂmﬂu MNAN)
TSI-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 USs-3

$udt Vit ORP" %Eff. ORP" %Eff. ORP" | %Eff. | ORP" %Eff. ORP" %Eff. ORP" | %Eff. | ORP" %Eff. ORP" %Eff. ORP" | %Eff. HUENTIR
0 -15 88 686.67 83 653.33 * - 96 740 97 746.67 * - 123 920 125 93333 * - « fiolufiyaiiia
5 -2 105 350 112 366.67 * - 118 380.95 130 409.52 * - 168 500 179 526.19 * - = fedhuiuszuy
10 -53 -53 0 -49 7.55 * - -51 377 -56 -5.66 * - 22 141.51 23 143.4 * -

15 -89 -88 112 -84 5.62 * - -69 2247 -71 20.22 * - 12 113.48 14 115.73 * -

20 -99.8 212 -112.42 225 -125.45 * - 231 -131.46 238 -138.48 * - 221 -121.44 211 -111.42 * - Vhwaw:s

25 -100 291 -191 -281 -181 * - 279 -179 -289 -189 * - -300 200 312 212 * - vhwaut:s

30 -99.8 312 212,63 -310 210.62 * - -310 -210.62 325 225,65 * - 325 -225.65 335 -235.67 * - vhwaw:s

35 -153 261 -70.59 -258 -68.63 * - 265 732 -270 -76.47 * - -281 -83.66 -279 -82.35 * - Vanaw:s

40 -110 280 -154.55 -290 -163.64 * - -320 -190.91 -290 -163.64 * - 310 -181.82 -285 -159.09 * -

45 -115 -320 -178.26 -325 -182.61 * - -360 213.04 312 -1713 * - -384 -233.91 -375 -226.09 * -

50 -125 -301 -140.8 315 -152 * - -360 -188 322 -157.6 * - 325 -160 315 -152 * -

55 -123.7 276.1 -1232 2793 | -125.79 * - 293 -136.86 -300 -142.52 * - 3248 | -162.57 | -3125 | -152.63 * -

60 -1342 -268 -99.7 -266.9 -08.88 * - -310 -131 3215 | -139.57 * - -342 -154.84 | -326.1 -143 * -

65 -139.1 291 -109.2 2897 | -108.27 * - -337 -14227 -356 -155.93 * - -385.7 | -177.28 -367 -163.84 * -

70 -116.3 2723 | -13414 | 2794 | -140.24 * - 2962 | -154.69 -308 -164.83 * - 3103 | -166.81 2983 | -156.49 * -

75 -119.7 -193 -61.24 203 -69.59 * - -305.6 -1553 -310.5 -159.4 * - -308.5 | -157.73 -315 -163.16 * -

80 -124.9 -1923 -53.96 210 -68.13 * - 2987 | -139.15 -296 -136.99 * - -316 -153 3024 | -142.11 * -

85 -129.4 2572 98.76 2648 | -104.64 * - 312 -141.11 3074 | -137.56 * - 2974 | -12983 | -2873 | -122.02 * -

90 -137.8 2843 | -10631 | -2837 | -105.88 * - -334 -142.38 -329 -138.75 * - -332 -140.93 -314 -127.87 * -

AVE | -106.66 | -208.38 | -42.58 | -211.52 | -45.91 - - -237.76 -62.2 23549 | -59.31 - - 233.56 | -40.76 | -225.98 | -33.22 - -

SD 35.48 12886 | 213.06 130.64 209.6 - - 147.25 | 235.67 146.5 238.64 - - 17342 | 290.44 171.69 | 293.76 - -
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d' o w s % % oy A 3 @ ] 0 A = ~ Aay =
M15199 1.6 LAAINANTNARDINTUIIA 1BDI1TNNTLAD 25 H. 3INTEAVIN (TS1-1,1-2,1-3 A® YANUAIDINUIN 1 039N 3 “VIiJG]‘L!ﬁ‘]JE]TH, CS3-1, 3-2, 3-3
A < Y] 1 gl A = ~ ANy [ A <3 o 1 g} A = A A A =\ 3| Y]
A9 AUNVAIDYWUIN 1 NYAN 3 NUAUNNTINBLAL USS5-1, 5-2, 5-3 AD JAUNUAIDYINUIN 1 D39AN 3 “VIVIJJNWGH Iﬂﬂnﬂﬂﬂuﬂﬁmﬂuﬁ’)ﬂaN)
TSI-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 USs-3
$u Vi ORP” | %Eff. | ORP® | %Eff. | ORP® %Eff. | ORP® | 9%Eff. | ORP® | %Eff. | ORP” %EAF. ORP”® %EAT. ORP” %EAF. ORP® %EAT. HINEH
0 -15 * - * - 100 766.67 * - * - 61 506.67 120 900 121 906.67 119 89333 | *fo'luflgaiiia
5 -2 * - * - 125 397.62 * - * - 45 207.14 169 502.38 176 519.05 176 51905 | **fethasuszun
10 53 * - * - -19 64.15 * - * - 37 30.19 12 122.64 15 1283 31 158.49
15 -89 * - * - -56 37.08 * - * - -42 52.81 3 103.37 5 105.62 25 128.09
20 99.8 * - * - -198 98.4 * - * - 210 -110.42 215 -115.43 -205 -105.41 -208 0842 | vhwantss
25 -100 * - * - 220 -120 * - * - 265 -165 -330 230 -341 241 -295 -195 Vhmaut:s
30 -99.8 * - * - 220 -120.44 * - * - 273 -173.55 -330 -230.66 -340 -240.68 293 10359 | vhwant:s
35 -153 * - * - 235 -53.59 * - * - -250 -63.4 -285 -86.27 -300 -96.08 -264 7255 | vhwawss
40 -110 * - * - 200 -81.82 * - * - 230 -109.09 -305 -17727 290 -163.64 270 -145.45
45 -115 * - * - -300 -160.87 * - * - 298 -159.13 -355 -208.7 -342 -197.39 -321 -179.13
50 -125 * - * - 295 -136 * - * - 295 -136 310 -148 311 -148.8 -300 -140
55 -123.7 * - * - 267 -115.84 * - * - 284 12959 | -309.1 | -149.88 | -2983 | -14L15 273 -120.7
60 -134.2 * - * - 2785 | -107.53 * - * - 293.1 -118.41 312 13249 | 3058 | -127.87 | -2864 | -11341
65 -139.1 * - * - 2912 | -109.35 * - * - 296 -112.8 -325 -133.64 | -3182 | -128.76 -306 -119.99
70 -116.3 * - * - 243 -108.94 * - * - 2435 | -10937 | -299.7 -157.7 -289 -148.5 2713 | -133.28
7 -119.7 * - * - 236 97.16 * - * - 2487 | -107.77 | -304.1 | -154.05 -297 -148.12 | 2763 | -130.83
80 -124.9 * - * - 2541 | -103.44 * - * - 2834 -126.9 3116 | -14948 | -303.1 -142.67 -286 -128.98
85 -129.4 * - * - 260 -100.93 * - * - 289 -123.34 -308 -138.02 -297 -129.52 -279 -115.61
90 -137.8 * - * - 2813 | -104.14 * - * - 294 11335 | <3107 | -125.47 -302 -119.16 | -285.1 | -106.89
AVE | -106.67 - - - - -191.01 | -18.58 - - - - 211.88 | -55.86 | -226.64 -37.3 22223 | -3258 | -20332 | -16.05
SD 355 - - - - 129.93 226.98 - - - - 120.55 164.08 166.14 | 283.73 165.99 285.9 158.83 277.65
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3NUAUNNTINBLAL USS5-1, 5-2, 5-3 A JAUNUAIDYNUIN 1 D39aN 3 “I/]lliJiJW‘]S Tﬂﬂnﬂﬂﬂu‘ﬂﬂﬂlﬂu INAN)
TS1-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 US5-3
’3’14‘7; 151!%’1’1 BOD %Eff. BOD %Eff. BOD %Eff. BOD %Eff. BOD %Eff. BOD %Eff. BOD Y%Eff. BOD %Eff. BOD %Eff. HAYLYA
0 112 35.6 68.21 39.2 65 10.6 90.54 35.2 68.57 37.6 66.43 15.9 85.8 27.6 75.36 27.9 75.09 21.9 80.45
5 115 39.6 65.57 414 64 14.1 87.74 36.7 68.09 38.5 66.52 16.95 85.26 25.5 77.83 27.9 75.74 19.5 83.04
10 110 389 64.64 40.2 63.45 16.7 84.82 387 64.82 39.1 64.45 18.7 83 35.6 67.64 32.1 70.82 19.8 82
15 98.9 40.3 59.25 422 57.33 16.8 83.01 40.2 59.35 42.5 57.03 18.9 80.89 38.5 61.07 37.4 62.18 20.3 79.47
20 239.1 105 56.09 99.6 58.34 56 76.58 112 53.16 109 54.41 61.2 74.4 98.6 58.76 96.7 59.56 69.4 70.97 fi’mﬁlll:S
25 254 99.7 60.75 102.4 59.69 51.2 79.84 106 58.27 110.3 56.57 673 73.5 101.5 60.04 103.9 59.09 793 68.78 filmﬁw 1:5
30 412 199.4 51.6 189.7 53.96 156.7 61.97 203.5 50.61 210.1 49 187.3 54.54 176.8 57.09 186.1 54.83 139.9 66.04 ﬁmm\Il:S
35 423.8 169.1 60.1 171.3 59.58 132.4 68.76 210.2 50.4 198.2 53.23 169.3 60.05 189.1 55.38 193.2 54.41 158 62.72 filmﬁwlﬁ
40 216.4 93 57.02 88 59.33 48 77.82 99 54.25 84 61.18 69 68.11 109 49.63 112.9 47.83 103 524
45 204.3 101.4 50.37 89.7 56.09 61.3 70 89.5 56.19 86.1 57.86 58.2 71.51 116.2 43.12 124.1 39.26 109.3 46.5
50 2174 93 57.22 793 63.52 223 89.74 91.9 57.73 85.6 60.63 42.1 80.63 102.3 52.94 110.8 49.03 86.2 60.35
55 203.8 90.6 55.54 89.7 55.99 20.4 89.99 88.2 56.72 87.9 56.87 31.8 84.4 101.3 50.29 95.8 52.99 68.4 66.44
60 210.7 92.5 56.1 91.2 56.72 24.5 88.37 90.1 57.24 90.5 57.05 32.1 84.77 99.7 52.68 97.2 53.87 68.9 67.3
65 225.8 93.1 58.77 94.1 58.33 324 85.65 923 59.12 92.8 58.9 38.7 82.86 101.2 55.18 93.4 58.64 69.8 69.09
70 208.5 85.6 58.94 80.7 61.29 21.3 89.78 86.7 58.42 85.4 59.04 35.6 82.93 94.3 54.77 93.1 55.35 68.9 66.95
75 221.4 94.2 57.45 84.9 61.65 23.7 89.3 90.4 59.17 91 58.9 46.7 78.91 99.5 55.06 98.7 55.42 69.8 68.47
80 213.6 89.7 58.01 87.4 59.08 27.8 86.99 89.2 58.24 88.3 58.66 41.2 80.71 98.5 53.89 94.9 55.57 65.5 69.34
85 205.1 87.4 57.39 852 58.46 30.6 85.08 80.7 60.65 79.4 61.29 35.8 82.55 105.2 48.71 90 56.12 64.8 68.41
90 201.6 82.1 59.28 76.5 62.05 19.2 90.48 75.4 62.6 80.6 60.02 324 83.93 103.6 48.61 87 56.85 59.7 70.39
AVE 215.442 91.06 58.54 88.04 59.68 41.37 82.97 92.42 58.61 91.42 58.84 53.64 77.83 96 56.74 94.9 57.51 71.71 68.37
SD 85.102 40.4 4.29 38.65 3.05 39.38 8.39 46.74 4.95 45.59 4.27 46.87 8.81 42.61 8.83 44.62 8.86 37.69 9.2
AVE40-90day 211.691 91.15 56.92 86.06 59.32 30.14 85.74 88.49 58.21 86.51 59.13 42.15 80.12 102.8 51.35 99.81 52.81 75.85 64.15
SD40-90day 7.906 5.06 2.46 5.39 2.54 13.15 6.36 6.16 2.24 4.18 1.53 11.83 5.44 5.84 3.7 11.3 5.53 16.37 7.84
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TS1-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 US5-3
”ui?; 151!{!’1 COD %Eff. COD %Eff. COD %Eff. COD Y%Eff. COD %Eff. COD Y%Eff. COD %EAf. COD %Eff. COD %EAf. HNITiR
0 229.7 61.3 73.31 70.3 69.39 21.3 90.73 60.1 73.84 62.4 72.83 29.1 87.33 49.8 78.32 51.2 77.71 42.1 81.67
5 232.1 713 69.28 74.5 67.9 25.4 89.06 66.1 71.52 69.3 70.14 30.5 86.86 459 80.22 50.2 78.37 35.1 84.88
10 209.3 70 66.56 7236 65.43 30.6 85.38 69.66 66.72 70.38 66.37 33.66 83.92 64.1 69.37 57.78 7239 35.64 82.97
15 203.6 72.5 64.39 76 62.67 30.2 85.17 72.4 64.44 76.5 62.43 34 83.3 69.3 65.96 67.3 66.94 36.5 82.07
20 432.1 189 56.26 179.3 58.5 100.8 76.67 201.6 53.34 196.2 54.59 110.2 74.5 177.5 58.92 174.1 59.71 124.9 71.09 ﬁymﬁiJl:S
25 4572 179.5 60.74 184.3 59.69 922 79.83 190.8 58.27 198.5 56.58 121.1 73.51 182.7 60.04 187 59.1 142.7 68.79 "Li‘mmll:S
30 801.5 358.9 55.22 341.5 57.39 282.5 64.75 366.3 54.3 378.2 52.81 337.1 57.94 318.2 60.3 335 58.2 251.8 68.58 1fwﬁ111:5
35 872.73 304.4 65.12 308.3 64.67 2383 72.69 378.4 56.64 356.8 59.12 304.7 65.09 340.4 61 347.8 60.15 284.4 67.41 "Li‘mmll:S
40 389.52 167.4 57.02 158.4 59.33 86.4 77.82 178.2 54.25 151.2 61.18 1242 68.11 196.2 49.63 203.2 47.83 185.4 52.4
45 367.74 182.5 50.37 161.5 56.08 110.3 70.01 161.1 56.19 155 57.85 104.8 71.5 209.2 43.11 223.4 39.25 196.7 46.51
50 391.32 167.4 57.22 142.7 63.53 123 68.57 165.4 57.73 154.1 60.62 127 67.55 194.1 50.4 199.4 49.04 159.3 59.29
55 366.84 168.9 53.96 165 55.02 115.6 68.49 163.5 55.43 162.4 55.73 119.4 67.45 181.2 50.61 183.5 49.98 163.2 55.51
60 387.5 175.4 54.74 179.5 53.68 120.4 68.93 176 54.58 176.9 54.35 123.4 68.15 190.6 50.81 188.3 51.41 176.5 54.45
65 398.5 185 53.58 182.4 54.23 122.5 69.26 187.2 53.02 189.4 52.47 124.5 68.76 195.3 50.99 196.1 50.79 171.8 56.89
70 409.5 186.5 54.46 185 54.82 118.7 71.01 187 54.33 187.9 54.11 121.1 70.43 201 50.92 203.2 50.38 179.8 56.09
75 387.2 173.2 55.27 170 56.1 112 71.07 174.9 54.83 174 55.06 113.8 70.61 190.9 50.7 195.1 49.61 179.9 53.54
80 393.5 172.4 56.19 169.5 56.93 110.9 71.82 173.4 55.93 174.8 55.58 115.7 70.6 186.7 52.55 184.2 53.19 163.1 58.55
85 399.7 170.5 57.34 173.1 56.69 109.5 72.6 1724 56.87 173.4 56.62 110.5 7235 188.9 52.74 187.6 53.06 161.2 59.67
90 411.7 175.8 57.3 169 58.95 105.8 743 176.8 57.06 176.4 57.15 105.7 7433 193.1 53.1 192.7 53.19 163.5 60.29
AVE 407.43 170.1 58.86 166.46 59.53 108.23 75.17 174.8 58.38 172.83 58.72 120.55 72.75 177.64 57.35 180.37 56.86 150.19 64.25
SD 170.45 73.03 6.06 69.71 4.74 64.71 7.55 83.78 6.13 82.23 5.71 79.28 7.68 77.41 10 80.79 10.46 69.54 11.67
AVE40-90day 391.18 175 55.22 168.74 56.85 112.28 71.26 174.17 55.48 170.5 56.43 117.28 69.99 193.38 50.5 196.06 49.79 172.76 55.75
SD40-90day 14.361 6.87 2.14 12 2.84 10.31 2.84 8.52 1.42 13.12 2.67 7.76 2.2 7.4 2.68 11.41 3.92 11.97 4.01
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a o o o A 3 o ' 0o A =X A Aay ~ A 3 o '
MTINN N9 UFAINANTITNAQDINITUIUA "luTmmummm(TSl—l, 1-2, 1-3 A® AUNVAIBYIIUIN 1 DI9AN 3 ﬂmugﬂqm, CS3-1, 3-2, 3-3 B ANUAIDYN
d A = A day Y A U TS A Ay i ~ & o
HIN 1 NAN 3 NUAUNNTINB LAY US5-1, 5-2, 5-3 A9 IANUVAIDIINUIN 1 D99A1N 3 sy Iﬂﬂﬂﬂﬁ;ﬂuﬂﬂmﬂuﬁ’mmﬁ)
TS1-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 US5-3

’3’14‘7; 151!41’1 TN %Eff. TN %Eff. TN %Eff. TN %Eff. TN %Eff. TN %Eff. TN %Eff. TN %Eff. TN %Eff. HWewe
0 3.45 1.17 66.19 0.89 74.12 0.61 82.21 1.73 4991 2.01 41.7 0.6 82.53 0.89 74.32 1.17 66.19 0.89 74.32
5 4.29 1.72 59.85 1.44 66.52 0.6 85.93 2.28 46.74 2.57 40.04 0.86 79.87 1.15 73.29 1.15 73.26 0.59 86.35
10 3.99 1.99 50.24 1.7 57.35 0.85 78.64 2.56 35.84 2.57 35.74 0.87 78.16 1.42 64.39 1.14 71.37 0.58 85.4
15 4.26 1.98 53.48 1.44 66.33 1.16 72.76 2.29 46.37 2.01 52.87 0.89 79.05 1.14 73.21 1.16 72.88 0.86 79.85

20 6.55 1.72 73.8 1.44 78.01 0.88 86.58 2.29 64.97 1.73 73.54 1.15 82.41 1.99 69.66 1.45 77.91 0.86 86.82 ’Em’ﬂm:S

25 6.23 2.26 63.67 2.53 59.33 1.42 77.15 2.56 58.86 2.84 54.48 1.71 72.56 2.58 58.62 2.3 63.1 1.71 72.53 ﬁymam:s

30 7.29 227 68.91 1.99 72.74 1.72 76.43 2.29 68.56 2.56 64.85 1.72 76.43 2.57 64.76 2.58 64.6 1.73 76.24 ﬁymﬁulzs

35 6.94 227 67.32 1.99 71.35 1.73 75.13 2.28 67.21 2.57 63.03 1.74 75.01 2.57 62.94 2.59 62.73 1.75 74.81 ’Em’ﬂm:S
40 6.39 2.01 68.57 1.46 77.13 1.18 81.56 2.31 63.84 2.59 59.4 1.75 72.6 1.76 72.39 1.49 76.61 0.92 85.61
45 4.0 2.01 49.88 2.01 49.75 1.19 70.28 2.58 35.52 2.59 35.34 1.2 70.03 1.75 56.22 2.05 48.81 1.22 69.65
50 431 1.98 54.04 2.03 52.97 0.78 82 1.91 55.75 1.9 55.83 0.92 78.54 2.06 52.2 2.06 52.09 1.23 71.44
55 4.22 1.76 58.36 1.78 57.87 0.74 82.47 1.68 60.18 1.67 60.39 0.77 81.77 2.35 44.17 2.36 44.12 1.52 63.99
60 4.11 1.76 57.22 1.5 63.64 0.67 83.72 1.63 60.38 1.49 63.64 0.45 89.01 2.36 42.52 2.08 49.31 1.52 63.1
65 4.04 1.78 56.05 1.79 55.71 0.68 83.06 1.51 62.73 1.62 59.98 0.78 80.72 2.09 48.33 2.09 48.26 1.24 69.29
70 3.99 1.51 62.23 1.5 62.53 0.61 84.79 1.2 70.07 1.2 69.85 0.59 85.19 2.1 47.43 2.1 47.38 1.25 68.62
75 4.28 1.85 56.67 1.87 56.38 0.67 84.46 1.39 67.56 1.63 61.81 0.68 84.01 2.37 44.55 2.37 44.64 1.09 74.59
80 4.26 1.6 62.45 1.61 62.26 0.72 83.12 1.49 64.9 1.25 70.63 0.7 83.66 2.4 43.64 2.12 50.13 1.27 70.2
85 4.27 1.91 55.15 1.71 59.99 0.87 79.55 1.25 70.67 1.27 70.34 0.53 87.54 2.32 45.7 2.45 42.72 1.31 69.26
90 4.24 1.65 61.14 1.94 54.37 0.81 81 1.58 62.85 1.28 69.76 0.66 84.56 2.33 45.04 2.46 42.1 1.32 68.92
AVE 4.795 1.85 60.27 1.72 63.07 0.94 80.57 1.94 58.57 1.97 58.06 0.98 80.19 2.01 57.02 1.96 57.80 1.20 74.26
SD 1.191 0.28 6.65 0.35 8.39 0.36 4.47 0.47 10.81 0.56 12.03 0.44 5.19 0.52 11.89 0.52 12.60 0.35 7.38
AVE40-90day 4.373 1.8 58.34 1.74 59.33 0.81 81.46 1.68 61.31 1.68 61.54 0.82 81.6 2.17 49.29 2.15 49.65 1.26 70.43
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HUIN 1 INYAN 3 NUAUNNTINBULAL USS-1, 5-2, 5-3 AD JAUNUAIDYINUIN 1 DN9aN 3 “VIvllliJW‘lf Iﬂﬂnﬂﬂﬂuﬂ‘ﬂﬂlﬂuﬁ’maN)

Q q

D.

TS1-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 US5-3
’3’14‘7; 131!&131’1 Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. NG
0 2.52 0.84 66.67 0.56 77.78 0.56 77.78 1.4 44.44 1.68 3333 0.56 77.78 0.36 85.71 0.64 74.6 0.56 77.78
5 3.64 1.4 61.54 1.12 69.23 0.28 9231 1.76 51.65 2.04 43.96 0.56 84.62 0.84 76.92 0.84 76.92 0.28 92.31
10 3.36 1.68 50.0 1.4 58.33 0.56 83.33 2.24 3333 224 3333 0.56 83.33 0.92 72.62 0.64 80.95 0.28 91.67
15 3.36 1.4 58.33 1.12 66.67 0.84 75 1.76 47.62 1.68 50 0.84 75 0.64 80.95 0.84 75 0.56 83.33
20 5.52 1.4 74.64 1.12 79.71 0.84 84.78 1.76 68.12 1.4 74.64 0.84 84.78 1.44 73.91 0.84 84.78 0.56 89.86 ﬁymﬁlllﬁ
25 5.32 1.68 68.42 1.96 63.16 1.12 78.95 2.24 57.89 2.52 52.63 1.68 68.42 1.96 63.16 1.68 68.42 1.4 73.68 ajmam;s
30 6.37 1.68 73.63 1.4 78.02 1.4 78.02 1.96 69.23 2.24 64.84 1.68 73.63 1.96 69.23 1.96 69.23 1.56 75.51 f;“INﬁJJI:S
35 5.99 1.96 67.28 1.68 71.95 1.68 71.95 1.76 70.62 2.24 62.6 1.4 76.63 1.96 67.28 1.96 67.28 1.4 76.63 ajmam;s
40 5.47 1.68 69.29 1.12 79.52 0.84 84.64 1.86 66 2.14 60.88 1.4 74.41 1.0 81.72 0.74 86.47 0.72 86.84
45 3.36 1.68 50.0 1.68 50.0 0.84 75.0 2.24 3333 2.24 3333 1.0 70.24 1.2 64.29 1.48 55.95 0.84 75
50 3.39 1.51 55.46 1.56 53.98 0.56 83.48 1.38 59.29 1.47 56.64 0.72 78.76 1.44 57.52 1.44 57.52 1.0 70.5
55 3.19 1.26 60.5 1.31 58.93 0.64 79.94 1.2 62.38 1.12 64.89 0.68 78.68 1.56 51.1 1.56 51.1 1.14 64.26
60 3.21 1.2 62.62 1.0 68.85 0.46 85.67 1.08 66.36 0.9 71.96 0.26 91.9 1.86 42.06 1.58 50.78 1.2 62.62
65 3.15 1.29 59.05 1.32 58.1 0.44 86.03 1.07 66.03 1.2 61.9 0.56 82.22 1.58 49.84 1.58 49.84 0.9 71.43
70 3.1 0.92 70.32 1.0 67.74 0.32 89.68 0.64 79.35 0.72 76.77 0.36 88.39 1.48 52.26 1.48 52.26 0.84 72.9
75 3.25 1.18 63.69 1.2 63.08 0.33 89.85 0.81 75.08 1.04 68 0.46 85.85 1.72 47.08 1.72 47.08 0.68 79.08
80 3.23 1.02 68.42 1.0 69.04 0.48 85.14 0.9 72.14 0.72 77.71 0.56 82.66 1.79 44.58 1.58 51.08 0.84 73.99
85 3.24 1.33 58.95 1.15 64.51 0.56 82.72 0.74 77.16 0.77 76.23 0.26 91.98 1.6 50.62 1.72 46.91 0.84 74.07
90 3.22 1.02 68.32 1.38 57.14 0.36 88.82 1.04 67.7 0.72 77.64 0.38 88.2 1.6 50.31 1.76 45.34 0.84 73.91
AVE 3.89 138 63.53 1.27 66.09 0.69 82.79 147 61.46 1.53 60.07 0.78 80.92 1.42 62.17 1.37 62.71 0.87 77.12
SD 1.17 0.3 7.12 0.31 8.79 0.38 5.61 0.53 13.62 0.63 15.29 0.45 6.89 0.47 13.84 0.45 14 0.36 8.37
AVE40-90day 3.44 1.28 62.42 1.25 62.81 0.53 84.63 118 65.89 119 66 0.6 83.03 1.53 53.76 1.51 54.03 0.89 73.15
SD40-90day 0.68 0.26 6.42 0.23 8.33 0.18 4.4 0.49 12.45 0.55 13.16 0.34 7.06 0.25 11.04 0.28 11.36 0.16 6.54
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TS1-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 US5-3
’3’14‘7; 151!41’1 TKN %Eff. TKN Y%Eff. TKN %Eff. TKN %Eff. TKN %Eff. TKN %Eff. TKN Y%Eff. TKN %Eff. TKN %Eff. HUIYA
0 3.36 1.12 66.67 0.84 75 0.56 83.33 1.68 50 1.96 41.67 0.56 83.33 0.84 75 1.12 66.67 0.84 75
5 4.2 1.68 60 1.4 66.67 0.56 86.67 2.24 46.67 2.52 40 0.84 80 1.12 73.33 1.12 73.33 0.56 86.67
10 3.92 1.96 50 1.68 57.14 0.84 78.57 2.52 35.71 2.52 35.71 0.84 78.57 1.4 64.29 1.12 71.43 0.56 85.71
15 4.2 1.96 53.33 1.4 66.67 1.12 73.33 2.24 46.67 1.96 53.33 0.84 80 1.12 73.33 1.12 73.33 0.84 80
20 6.48 1.68 74.07 1.4 78.4 0.84 87.04 2.24 65.43 1.68 74.07 1.12 82.72 1.96 69.75 1.4 78.4 0.84 87.04 ﬁymﬁlIl:S
25 6.16 2.24 63.64 2.52 59.09 1.4 77.27 2.52 59.09 2.8 54.55 1.68 72.73 2.52 59.09 2.24 63.64 1.68 72.73 ﬁymam:s
30 7.21 2.24 68.93 1.96 72.82 1.68 76.7 2.24 68.93 2.52 65.05 1.68 76.7 2.52 65.05 2.52 65.05 1.68 76.7 ﬂy‘lwﬁul:S
35 6.89 2.24 67.49 1.96 71.55 1.68 75.62 2.24 67.49 2.52 63.43 1.68 75.62 2.52 63.43 2.52 63.43 1.68 75.62 ﬁymam:s
40 6.31 1.96 68.94 1.4 77.81 1.12 82.25 2.24 64.5 2.52 60.06 1.68 73.38 1.68 73.38 1.42 77.5 0.84 86.69
45 3.92 1.96 50 1.96 50 1.12 71.43 2.52 35.71 2.52 3571 1.12 71.43 1.68 57.14 1.96 50 1.12 71.43
50 4.23 1.93 54.37 1.96 53.66 0.68 83.92 1.86 56.03 1.82 56.97 0.84 80.14 1.96 53.66 1.96 53.66 1.12 73.52
55 4.15 1.68 59.52 1.69 59.28 0.64 84.58 1.62 60.96 1.6 61.45 0.68 83.61 224 46.02 224 46.02 1.42 65.78
60 4.05 1.68 58.52 1.4 65.43 0.56 86.17 1.56 61.48 1.4 65.43 0.36 91.11 224 44.69 1.96 51.6 1.42 64.94
65 3.99 1.69 57.64 1.68 57.89 0.56 85.96 1.42 64.41 1.52 61.9 0.68 82.96 1.96 50.88 1.96 50.88 1.12 71.93
70 3.94 1.4 64.47 1.4 64.47 0.42 89.34 1.12 71.57 1.12 71.57 0.48 87.82 1.96 50.25 1.96 50.25 1.12 71.57
75 4.21 1.68 60.1 1.68 60.1 0.45 89.31 1.29 69.36 1.52 63.9 0.56 86.7 224 46.79 224 46.79 0.96 77.2
80 4.19 1.4 66.59 1.4 66.59 0.48 88.54 1.38 67.06 1.12 73.27 0.56 86.63 224 46.54 1.96 53.22 1.12 73.27
85 4.2 1.68 60 1.46 65.24 0.56 86.67 1.12 73.33 1.12 73.33 0.38 90.95 2.12 49.52 224 46.67 1.12 73.33
90 4.18 1.4 66.51 1.68 59.81 0.48 88.52 1.42 66.03 1.12 73.21 0.48 88.52 2.12 49.28 2.24 46.41 1.12 73.21
AVE 4.73 1.77 61.62 1.62 64.61 0.83 82.91 1.87 59.5 1.89 59.19 0.9 81.73 1.92 58.5 1.86 59.38 111 75.91
SD 1.19 0.31 6.71 0.35 7.95 0.41 5.68 0.49 11.4 0.59 12.77 0.47 6.02 0.49 10.81 0.49 11.51 0.34 6.61
AVE40-90day 4.31 1.68 60.6 1.61 61.84 0.64 85.15 1.6 62.77 1.58 63.35 0.71 83.93 2.04 51.65 2.01 52.09 113 72.99
SD40-90day 0.67 0.21 5.67 0.22 7.38 0.25 5.1 0.45 10.25 0.52 10.9 0.39 6.6 0.21 8.05 0.24 8.86 0.17 5.73
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TS1-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 USs-3
it it NH,” | %Eff. | NH, | %Eff. | NH, | %Eff. | NH, | %Eff. | NH, | %Eff. | NH,' | %Eff. | NH, | %Eff. | NH,' | %Eff. | NH, | %Eff. | Wawmeg
0 0.84 028 | 6667 | 028 | 66.67 0 100 028 | 6667 | 028 | 66.67 0 100 048 | 4286 | 048 | 4286 | 028 | 6667
5 0.56 0.28 50 0.28 50 028 50 0.48 1429 | 048 1429 | 028 50 028 50 0.28 50 0.28 50
10 0.56 028 50 0.28 50 028 50 0.28 50 0.28 50 0.28 50 0.48 1429 | 048 1429 | 028 50
15 0.84 056 | 3333 | 028 | 6667 | 028 | 6667 | 048 | 4286 | 028 | 66.67 0 100 048 | 4286 | 028 | 6667 | 028 | 6667
20 0.96 028 | 70.83 | 028 | 70.83 0 100 0.48 50 028 | 7083 | o028 | 7083 | 052 | 4583 | o056 | 4167 | 028 | 7083 | abwewis
25 0.84 056 | 3333 | 056 | 3333 | 028 | 6667 | 028 | 66.67 | 028 | 6667 0 100 056 | 3333 | 056 | 3333 | 028 | 6667 | vhwauis
30 0.84 056 | 3333 | 056 | 3333 | 028 | 6667 | 028 | 6667 | 028 | 6667 0 100 056 | 3333 | 056 | 3333 | 012 | 8571 | shwews
35 0.9 028 | 6889 | 028 | 68.89 0 100 048 | 4667 | 028 | 6889 | 028 | 6889 | 056 | 3778 | 0s6 | 3778 | 028 | 6889 | vhwauis
40 0.84 028 | 6667 | 028 | 6667 | 028 | 6667 | 038 | 5476 | 038 | 5476 | 028 | 6667 | 0.68 19.05 | 0.68 1905 | 012 | 8571
45 0.56 028 50 0.28 50 028 50 0.28 50 0.28 50 012 | 7857 | 048 1429 | 048 1429 | 028 50
50 0.84 0.42 50 0.4 5238 | 012 | 8571 048 | 4286 | 035 | 5833 | 0.2 | 8571 0.52 38.1 0.52 38.1 012 | 8571
55 0.96 042 | 5625 | 038 | 6042 0 100 042 | 5625 | 048 50 0 100 0.68 | 2917 | 068 | 29.17 | 028 | 7083
60 0.84 048 | 42.86 0.4 52.38 0.1 88.1 048 | 4286 05 40.48 0.1 88.1 038 | 5476 | 038 | 5476 | 022 | 7381
65 0.84 0.4 5238 | 036 | 5714 | 012 | 8571 035 | 5833 | 032 61.9 0.12 | 8571 038 | 5476 | 038 | 5476 | 022 | 7381
70 0.84 048 | 42.86 04 52.38 0.1 88.1 048 | 4286 0.4 5238 | 012 | 8571 048 | 4286 | 048 | 4286 | 028 | 6667
75 0.96 0.5 4792 | 048 50 0.12 87.5 0.48 50 0.48 50 0.1 89.58 | 052 | 4583 | 052 | 4583 | 028 | 70.83
80 0.96 038 | 6042 04 5833 0 100 048 50 04 58.33 0 100 045 | 5313 | 038 | 6042 | 028 | 70.83
85 0.96 035 | 6354 | 031 67.71 0 100 038 | 6042 | 035 | 6354 | 0.12 87.5 052 | 4583 | 052 | 4583 | 028 | 7083
90 0.96 038 | 6042 0.3 68.75 | 0.12 87.5 038 | 60.42 0.4 58.33 0.1 89.58 | 052 | 4583 | 048 50 028 | 70.83
AVE 0.84 039 | 5262 | 036 | 5663 | 0.4 | 8102 0.4 5119 | 036 | 5625 | 042 | 84.05 0.5 3905 | 049 | 4079 | 025 | 69.23
SD 0.13 0.11 1202 | 0.09 11.2 0.12 | 1841 | 0.09 | 1212 | 0.08 13.1 0.11 1612 | 0.09 | 1254 | 011 1456 | 0.06 | 10.56
AVE40-90day 0.87 041 | 5266 | 037 | 5695 | 010 | 8726 | 042 | 5140 | 040 | 5433 | 0.09 | 89.05 | 049 | 4246 | 048 | 4360 | 025 | 70.42
SD40-90day 0.12 0.07 7.31 0.06 6.90 008 | 1446 | 0.07 7.14 0.07 7.01 0.05 6.56 009 | 1265 | 0.09 | 13.67 | 0.5 8.75
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HUIN 1 INYAN 3 NUAUNNTINBULAL USS-1, 5-2, 5-3 AD JAUNUAIDYINUIN 1 D39aN 3 “VIVIJJNW‘K IﬂﬂﬂﬂﬂﬂuﬂﬂﬂlﬂuﬁflﬂﬁN)
TSI1-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 US5-3
Sui sinth NO, Y%Eff. NO; %Eff. NO; %Eff. NO; Y%Eff. NO; %Eff. NO; %Eff. NO; Y%Eff. NO; %Eff. NO; Y%Eff. HINYINY
0 0.085 0.045 47.06 0.052 38.82 0.052 38.82 0.046 45.88 0.048 43.53 0.042 50.59 0.045 47.06 0.045 47.06 0.045 47.06
5 0.085 0.041 51.76 0.035 58.82 0.042 50.59 0.042 50.59 0.05 41.18 0.022 74.12 0.025 70.59 0.025 70.59 0.025 70.59
10 0.072 0.027 62.5 0.022 69.44 0.012 83.33 0.042 41.67 0.046 36.11 0.031 56.94 0.022 69.44 0.022 69.44 0.022 69.44
15 0.061 0.022 63.93 0.035 42.62 0.04 3443 0.045 26.23 0.049 19.67 0.052 14.75 0.022 63.93 0.035 42.62 0.019 68.85
20 0.068 0.035 48.53 0.04 41.18 0.038 44.12 0.053 22.06 0.053 22.06 0.032 52.94 0.027 60.29 0.046 3235 0.023 6618 | vhwmus
25 0.067 0.022 67.16 0.012 82.09 0.022 67.16 0.042 3731 0.035 47.76 0.028 58.21 0.056 16.42 0.057 14.93 0.031 373 | vhws
30 0.078 0.026 66.67 0.026 66.67 0.038 51.28 0.051 34.62 0.042 46.15 0.037 52.56 0.048 38.46 0.059 24.36 0.052 3333 | vhens
35 0.052 0.028 46.15 0.028 46.15 0.046 11.54 0.036 30.77 0.047 9.62 0.054 -3.85 0.053 -1.92 0.067 -28.85 0.069 3260 | vhemus
40 0.075 0.046 38.67 0.06 20 0.057 24 0.068 933 0.073 2.67 0.069 8 0.083 -10.67 0.073 2.67 0.079 -5.33
45 0.083 0.047 4337 0.052 37.35 0.069 16.87 0.062 253 0.068 18.07 0.079 4.82 0.072 13.25 0.089 -7.23 0.094 -13.25
50 0.075 0.049 34.67 0.064 14.67 0.094 -25.33 0.045 40 0.082 9.33 0.083 -10.67 0.098 -30.67 0.103 -37.33 0.109 -45.33
55 0.065 0.075 -15.38 0.086 -32.31 0.098 -50.77 0.059 9.23 0.069 -6.15 0.087 -33.85 0.113 -73.85 0.115 -76.92 0.098 -50.77
60 0.06 0.078 -30 0.095 -58.33 0.108 -80 0.068 -13.33 0.094 -56.67 0.092 -53.33 0.123 -105 0.123 -105 0.096 -60
65 0.052 0.086 -65.38 0.11 -111.54 | 0124 | -13846 | 0.086 -65.38 0.098 -88.46 0.098 -88.46 0.129 | -148.08 | 0.131 -151.92 | 0.121 -132.69
70 0.052 0.108 | -107.69 | 0.096 -84.62 0.186 | -257.69 | 0.075 -44.23 0.083 -59.62 0.11 11154 | 0138 | -165.38 | 0.141 17115 | 0132 | -153.85
75 0.068 0.173 -154.41 0.186 | -173.53 0.215 -216.18 0.097 -42.65 0.114 -67.65 0.123 -80.88 0.132 94.12 0.129 -89.71 0.126 -85.29
80 0.065 0.198 | -20462 | 0206 | -21692 | 0237 | -264.62 0.114 -75.38 0.129 -98.46 0.134 | -106.15 0.158 | -143.08 | 0.162 | -149.23 0.147 | -126.15
85 0.068 0234 | 24412 | 0248 -264.71 0312 | -358.82 | 0.132 94.12 0.145 -113.24 | 0152 | -123.53 0.198 | -191.18 | 0.204 -200 0.191 -180.88
90 0.062 0.248 -300 0.256 -312.9 0.325 -424.19 | 0.156 | -151.61 0.163 -162.9 0.174 | -180.65 | 0212 | 24194 | 0216 | -24839 | 0.198 | -21935
AVE 0.0681 | 0.0836 | -29.01 0.0899 | -82.31 0.1113 | -131.72 | 0.0694 | -2596 | 0.0783 | -45.07 | 0.0789 | -55.96 | 0.0923 | -88.78 0.124 9529 | 0.1163 | -82.48
SD 0.0104 | 0.0739 117.2 0.0772 | 12573 | 0.0971 | 157.77 | 0.0336 58.85 0.0371 60.89 0.0446 65.97 0.0589 86.8 0.0575 84.74 0.0555 74.99
AVE40-90day | 0.0659 | 0.122 9135 | 01326 | -107.53 | 0.1659 | -161.38 | 0.0875 | -36.62 | 0.1016 | -5834 | 01092 | -70.57 | 0.1324 | -108.24 | 0.1351 -1122 | 01265 | -97.54
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AIVYWUIN 1 DIAN 3 NUAUNNTINVULAS USS-1, 5-2, 5-3 AD IANUAIDYWUIN 1 299AN 3 ﬂhlﬁJiJW“]S Tﬂﬂ‘l’]ﬂ%ﬁﬂuﬂﬂﬂ!ﬂuﬁﬂﬂﬁ%ﬂ
TSI1-1 TS1-2 TS1-3 CS3-1 CS3-2 CS3-3 US5-1 US5-2 US5-3

Suil it NO, %Eff. NO, Y%Eff. NO, Y%Eff. NO, Y%Eff. NO, %Eff. NO, %Eff. NO, Y%Eff. NO, Y%Eff. NO, Y%Eff. HINEIYR

0 0.0011 0 100 0 100 0.001 9.09 0 100 0.001 9.09 0 100 0 100 0 100 0 100

5 0.0012 0 100 0 100 0.001 16.67 0.001 16.67 0 100 0.001 16.67 0 100 0.001 16.67 0 100

10 0.001 0 100 0.001 0 0.001 0 0 100 0 100 0.001 0 0 100 0.001 0 0.001 0

15 0.0013 0.001 23.08 0 100 0.001 23.08 0.001 23.08 0 100 0.001 23.08 0 100 0.001 23.08 0 100

20 0.001 0.001 0 0 100 0.001 0 0.001 0 0 100 0 100 0 100 0.001 0 0 100 s
25 0.0012 0.001 16.67 0.001 16.67 0.0011 8.33 0 100 0 100 0.0012 0 0.001 16.67 0.001 16.67 0 100 viwe:s
30 0.0011 0 100 0.0008 2727 0 100 0.001 9.09 0 100 0.001 9.09 0.001 9.09 0.001 9.09 0 100 e
35 0.0013 0.0008 38.46 0.001 23.08 0.001 23.08 0.001 23.08 0 100 0.001 23.08 0 100 0.001 23.08 0 100 viw:s
40 0.001 0.001 0 0.0006 40 0.0003 70 0.001 0 0 100 0.001 0 0 100 0.001 0 0 100

45 0.0011 0 100 0 100 0.001 9.09 0 100 0.001 9.09 0.001 9.09 0.0008 27.27 0.0008 27.27 0.0011 0

50 0.001 0 100 0.001 0 0.0012 -20 0.0006 40 0 100 0.0011 -10 0.0004 60 0 100 0.001 0

55 0.001 0.0006 40 0 100 0.001 0 0 100 0.0008 20 0.0014 -40 0.0006 40 0.001 0 0 100

60 0.0011 0.0008 27.27 0 100 0.0013 -18.18 0.001 9.09 0.0006 45.45 0 100 0 100 0.0008 27.27 0.0008 2727

65 0.001 0.001 0 0.0008 20 0.0008 20 0.0007 30 0 100 0.0014 -40 0 100 0.001 0 0.0006 40

70 0.001 0 100 0 100 0.0014 -40 0 100 0.001 0 0.0012 20 0.001 0 0 100 0.001 0

75 0.001 0.001 0 0.0006 40 0 100 0.001 0 0 100 0.0011 -10 0.0008 20 0 100 0.0013 -30

80 0.0012 0 100 0.0004 66.67 0.0014 | -16.67 0 100 0.001 16.67 0.0014 | -16.67 0.001 16.67 0.0006 50 0.0012 0

85 0.001 0.0006 40 0 100 0.0011 -10 0 100 0.0011 -10 0 100 0 100 0.0013 -30 0.0011 -10

90 0.001 0.0007 30 0 100 0.0013 -30 0.0003 70 0 100 0.0011 -10 0 100 0.0008 20 0.0008 20
AVE | 0.00108 | 0.0005 53.45 | 0.00038 | 62.85 | 0.00094 | 14.41 | 0.00051 524 0.00034 | 60.09 | 0.00089 7.28 0.00035 | 59.46 | 0.00072 | 32.82 | 0.00068 | 34.41

SD 0.00011 | 0.00046 | 4273 | 0.00044 38.7 0.00041 | 4728 | 0.00048 432 0.00047 | 46.53 | 0.00049 449 0.00044 | 4157 | 0.00042 | 4272 | 0.00053 | 48.61

€6



AMANWIN U
a A dly A 3’ A v ::? P2 o @ 3} =
Nami‘nmaaaﬂs:a‘nﬁmwwumgumwa‘nammwamumwlLaﬂ

a g’ YA A U A&
qmﬂﬂﬂﬂi‘i&lﬂa(ﬂ%’]ﬂal&lLNaNaﬂiﬂ'MZﬂﬁiﬁlﬁﬁnﬂa'}GﬂLll%ﬂ‘i’)ﬂ

94



H 1 <
ﬂ‘lﬁ‘lﬁﬁ V.1 !,L’dmwamﬁ‘I/Iﬂamﬂﬂm‘fluﬂiﬂmﬂ (TG2-1,2-2,2-3 ﬁﬂ YANUY

Y

%

1981917 1 D999

73 NUdugl

U

8, CG4-1, 4-2, 4-3 Ae YaAUiIBE 1911

= S o = S W ' o A = = A = < @
9a% 3 NTAUNNTINEWaz UG6-1, 6-2, 6-3 A 3 u@10619117 1 Degah 3 A'lulidy Taonnyaiinsaadludanais)
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
’3’1&’7; 131!%’1 PH %Eff. PH %Eff. PH %Eff. PH Y%Eff. PH Y%Eff. PH %Eff. PH %EAf. PH %EAf. PH %EAf. HIYIYA
0 5.27 6.91 -31.12 7.09 -34.54 6.99 -32.64 7.05 -33.78 6.95 -31.88 7.01 -33.02 7.12 -35.1 7.18 -36.24 7.35 -39.47
5 5.25 7.1 -35.24 7.09 -35.05 6.96 -32.57 6.96 -32.57 6.91 -31.62 6.57 -25.14 7.28 -38.67 727 -38.48 721 -37.33
10 5.25 6.99 -33.14 7.09 -35.05 6.96 -32.57 6.96 -32.57 6.95 -32.38 6.91 -31.62 7.28 -38.67 7.27 -38.48 7.47 -42.29
15 5.18 7.12 -37.45 7.09 -36.87 7.12 -37.45 6.96 -34.36 7.01 -35.33 7.01 -35.33 7.21 -39.19 7.25 -39.96 7.31 -41.12
20 5.18 7.02 -35.52 7.01 -35.33 7.13 -37.64 6.87 -32.63 6.98 -34.75 6.7 -29.34 7.1 -37.07 7.09 -36.87 7.12 -37.45 ‘IEWETNI:S
25 5.11 7.02 -37.38 7.06 -38.16 6.92 -35.42 6.97 -36.4 6.99 -36.79 6.89 -34.83 7.03 -37.57 7.05 -37.96 6.99 -36.79 ﬁmam:s
30 5.17 6.83 -32.11 6.95 -34.43 6.82 -31.91 6.98 -35.01 6.99 -35.2 6.97 -34.82 6.98 -35.01 6.92 -33.85 7.08 -36.94 ﬁmmn :5
35 53 6.99 -31.89 6.97 -31.51 7.15 -34.91 7.13 -34.53 7.13 -34.53 7.13 -34.53 7.23 -36.42 7.34 -38.49 7.34 -38.49 ﬁmam:s
40 5.24 6.8 -29.77 6.84 -30.53 6.65 -26.91 6.32 -20.61 6.34 -20.99 6.3 -20.23 6.89 -31.49 6.88 -31.3 6.9 -31.68
45 5.51 6.92 -25.59 7.03 -27.59 6.73 -22.14 6.71 -21.78 6.62 -20.15 6.55 -18.87 6.53 -18.51 6.54 -18.69 6.52 -18.33
50 5.67 6.75 -19.05 6.78 -19.58 6.73 -18.69 6.85 -20.81 6.9 -21.69 6.65 -17.28 6.85 -20.81 6.82 -20.28 6.75 -19.05
55 5.24 6.75 -28.82 6.6 -25.95 6.7 -27.86 6.75 -28.82 6.8 -29.77 6.7 -27.86 6.91 -31.87 6.93 -32.25 6.81 -29.96
60 5.26 6.85 -30.23 6.83 -29.85 6.72 -27.76 6.72 -27.76 6.67 -26.81 6.53 -24.14 6.78 -28.9 6.76 -28.52 6.69 -27.19
65 5.31 6.93 -30.51 6.87 -29.38 6.74 -26.93 6.79 -27.87 6.76 -27.31 6.58 -23.92 6.73 -26.74 6.69 -25.99 6.68 -25.8
70 5.24 6.86 -30.92 6.88 -31.3 6.63 -26.53 6.69 -27.67 6.68 -27.48 6.48 -23.66 6.54 -24.81 6.61 -26.15 6.63 -26.53
75 5.28 6.83 -29.36 6.85 -29.73 6.67 -26.33 6.73 -27.46 6.68 -26.52 6.51 -23.3 6.68 -26.52 6.67 -26.33 6.63 -25.57
80 5.3 6.87 -29.62 6.82 -28.68 6.58 -24.15 6.78 -27.92 6.73 -26.98 6.63 -25.09 6.73 -26.98 6.69 -26.23 6.69 -26.23
85 5.2 6.85 -31.73 6.79 -30.58 6.61 -27.12 6.67 -28.27 6.64 -27.69 6.48 -24.62 6.65 -27.88 6.68 -28.46 6.64 -27.69
90 5.27 6.79 -28.84 6.83 -29.6 6.59 -25.05 6.71 -27.32 6.66 -26.38 6.47 -22.77 6.67 -26.57 6.71 -27.32 6.72 -27.51
AVE 5.275 6.9 -30.96 6.92 -31.25 6.81 -29.19 6.82 -29.38 6.81 -29.17 6.69 -26.86 6.9 -30.99 6.91 -31.15 6.92 -31.34
SD 0.125 0.11 4.19 0.14 4.36 0.19 5.21 0.18 4.77 0.19 5.02 0.23 5.73 0.25 6.3 0.26 6.47 0.3 7.26
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AN 3 NUAUNNTINYIULAS UG6-1, 6-2, 6-3 AD JANUAIDYINUIN 1 D99AN 3 “VIVIJJNW“])' Iﬂﬂnﬂﬂﬂuﬂi’)ﬂlﬂuﬁﬁ]ﬂa%‘l)
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3

’qﬁ!ﬁ 131!%’1 Temp %Eff. Temp %EAf. Temp %Eff. Temp %EAf. Temp %Eff. Temp %Eff. Temp %Eff. Temp Y%Eff. Temp %Eff. HINeHe
0 283 29.1 -2.83 28.9 -2.12 29.9 -5.65 28.5 -0.71 28.9 -2.12 304 -7.42 28.7 -1.41 29.1 -2.83 30.4 -7.42

5 294 29.8 -1.36 29.6 -0.68 31 -5.44 28.5 3.06 29 1.36 30.5 -3.74 28.7 2.38 28.9 1.7 30.5 -3.74

10 294 29.7 -1.02 29.6 -0.68 314 -6.8 28.5 3.06 29 1.36 30.9 -5.1 28.7 2.38 28.8 2.04 30.7 -4.42

15 28.7 29.6 -3.14 29.4 -2.44 31.2 -8.71 29.5 -2.79 29.6 -3.14 30.9 -7.67 29.4 -2.44 29.3 -2.09 30.8 =732

20 28.7 28.7 0 28.6 0.35 29.8 -3.83 27.9 2.79 28.1 2.09 293 -2.09 28.7 0 28.8 -0.35 30 -4.53 ‘51&«'51311:5
25 28.7 28.5 0.7 28.6 0.35 29.8 -3.83 29.2 -1.74 29.1 -1.39 30.1 -4.88 29.8 -3.83 30 -4.53 31 -8.01 ﬁmzml:s
30 28.7 29.5 -2.79 29.3 -2.09 29.6 -3.14 29.2 -1.74 29 -1.05 29.9 -4.18 29.7 -3.48 29.9 -4.18 312 -8.71 ‘émﬁmzs
35 28.7 29.8 -3.83 29.7 -3.48 30.4 -5.92 28.5 0.7 29.2 -1.74 29.9 -4.18 28.4 1.05 28.1 2.09 31.2 -8.71 ﬁmzml:s
40 322 29.8 7.45 29.4 8.7 31.1 3.42 28.7 10.87 29 9.94 29.7 7.76 28.6 11.18 28.3 12.11 29.4 8.7

45 31.3 29.8 4.79 29.8 4.79 30.6 2.24 28.6 8.63 29 7.35 30 4.15 28 10.54 28.3 9.58 29.3 6.39

50 30.2 29 3.97 29 3.97 30.1 0.33 29 3.97 293 2.98 29.8 1.32 28.5 5.63 29 3.97 29.5 2.32

55 30.5 29.2 4.26 29.1 4.59 29.5 3.28 29.6 2.95 29.8 23 30.5 0 28.6 6.23 293 3.93 30 1.64

60 30.1 29.6 1.66 29.8 1 30.4 -1 29.1 3.32 29 3.65 30.2 -0.33 28.9 3.99 29.1 3.32 30.2 -0.33

65 29.8 29.1 2.35 29.2 2.01 30.3 -1.68 29.2 2.01 29.1 2.35 30.1 -1.01 29 2.68 29.1 2.35 29.7 0.34

70 29.7 28.9 2.69 29.2 1.68 30.1 -1.35 29.1 2.02 29 2.36 29.7 0 29.1 2.02 28.9 2.69 29.6 0.34

75 30.2 30.1 0.33 30 0.66 30.7 -1.66 29.6 1.99 29.7 1.66 30.1 0.33 29.2 3.31 29.1 3.64 30 0.66

80 30.2 29.7 1.66 29.9 0.99 31.1 -2.98 29.7 1.66 29.8 1.32 30.4 -0.66 29.4 2.65 29.5 2.32 30.3 -0.33

85 30.4 30.1 0.99 30.2 0.66 315 -3.62 29.4 3.29 29.6 2.63 30.3 0.33 29.8 1.97 29.6 2.63 30.1 0.99

90 31.2 30.5 2.24 30.6 1.92 32 -2.56 303 2.88 30.3 2.88 31.1 0.32 304 2.56 30.4 2.56 311 0.32
AVE 29.811 29.5 0.95 29.47 1.06 30.55 -2.57 29.06 2.43 29.24 1.83 30.2 -1.42 29.03 2.5 29.13 2.16 30.26 -1.68

SD 1.055 0.52 3.01 0.52 2.94 0.71 3.3 0.57 3.26 0.48 3.13 0.46 3.8 0.6 4.02 0.59 4.08 0.61 5.01
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~ o w a A o o o A g o I ) A Aay ~
AT 1NN V.3 LAAINANITNAADINTITUIUADDNLAUALAIINTTAD 10 ¥U. NTZAVU (TG2-1, 2-2, 2-3 AD PANUAIDYNUIN 1 D3N 3 VI?JG]‘LJETJE]TH, CG4-1,
A < Y] (] 2} A = A Aay [ A <3 o 1 oy A = A A a2 A =\ I
4-2,4-3 A9 ANUAIBDYWUIN 1 D3N 3 NUAUNNTINVIUEAL UG6-1, 6-2, 6-3 A JANUAIBDYINUIN 1 D379aN 3 T]ulﬂJll‘WG]S Tﬂﬂnﬂi}ﬂuﬂ‘iﬂﬂlﬂu
Ana19)
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3

$uit | didh | po® | %k | o™ | %Ef | D0® | %Ef. | DO | %Ef. | DO" | %Ef. | DO" | %Ef | 0™ | %Ef. | D0® | %Ef | D0 | vk HIneme

0 24 23 417 2.1 125 * - 31 29.17 29 -20.83 * - 2.9 -20.83 2.8 -16.67 * - * ﬁa‘luﬁgﬂﬁ”ﬂ

5 1.8 18 0 1.9 -5.56 * - 2 -1111 2 -1111 * - 38 -111.11 39 -116.67 * - ** AoraiBasTuY

10 1.9 1.7 10.53 2 -5.26 * - 2 -5.26 2 -5.26 * - 38 -100 3.9 -105.26 * -

15 1.6 21 -31.25 2.1 3125 * - 2 25 2 25 * - 1.9 -18.75 19 -18.75 * -

20 1.2 16 -33.33 1.6 -33.33 * - 17 -41.67 17 -41.67 * - 13 833 0.9 25 * - Viwan1:s

25 12 02 83.33 02 83.33 * - 03 75 0.2 83.33 * - 0.9 25 0.8 3333 * - Vhmant:s

30 1.6 02 87.5 02 87.5 * - 0.1 93.75 0.1 93.75 * - 02 87.5 02 87.5 * - Vhwan1:s

35 1.6 02 87.5 02 87.5 * - 02 87.5 0.2 87.5 * - 02 87.5 02 87.5 * - Vmant:s

40 1.4 02 85.71 02 85.71 * - 02 85.71 0.2 85.71 * - 02 85.71 02 85.71 * -

45 11 03 72.73 05 54,55 * - 02 81.82 03 72.73 * - 0.3 72.73 0.3 72.73 * -

50 11 02 81.82 02 81.82 * - 0.1 90.91 0.2 81.82 * - 02 81.82 02 81.82 * -

55 11 02 81.82 02 81.82 * - 02 81.82 0.2 81.82 * - 02 81.82 02 81.82 * -

60 1 02 80 02 80 * - 02 80 0.1 90 * - 02 80 02 80 * -

65 1.2 02 83.33 02 83.33 * - 02 83.33 0.2 83.33 * - 02 8333 02 83.33 * -

70 1.3 02 84.62 02 84.62 * - 02 84.62 0.1 9231 * - 02 84.62 02 84.62 * -

75 11 0.1 90.91 0.1 90.91 * - 0.1 90.91 0.1 90.91 * - 0.1 90.91 0.1 90.91 * -

80 0.9 0.1 88.89 02 77.78 * - 0.1 88.89 0.1 88.89 * - 0.1 88.89 0.1 88.89 * -

85 11 02 81.82 02 81.82 * - 02 81.82 0.1 90.91 * - 0.1 90.91 02 81.82 * -

90 1.3 02 84.62 0.1 9231 * - 02 84.62 0.2 84.62 * - 02 84.62 02 84.62 * -
AVE | 1363 | 0.64 | 5919 | 0.66 | 57.37 - - 0.7 56.76 | 0.68 | 58.09 - - 0.89 45.6 0.88 46.96 - -

SD 0373 | 079 | 4374 | 079 | 4457 - - 093 | 4929 | 091 49.1 - - 126 65.73 1.27 65.41 - -
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~ o w a A o o o A g o I ) A Aay ~
AT NN V.4 LAAINANITNAADINTITUIUADONLAUALAINTTAD 25 1. NTZAUU (TG2-1, 2-2, 2-3 AD PANUAIDYNUIN 1 D3N 3 mmugﬂqm, CG4-1,
A < Y] (] 2} A = A Aay [ A <3 o 1 oy A = A A a2 A =\ I
4-2,4-3 A9 ANUAIBDYWUIN 1 D3N 3 NUAUNNTINVIUEAL UG6-1, 6-2, 6-3 A JANUAIBDYINUIN 1 D379aN 3 TlllﬂJll‘WG]S Tﬂﬂnﬂi}ﬂuﬂ‘iﬂﬂlﬂu
Ana19)
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3

$uit | s | po® | wEt | po® | %Em | D0* | %Ef | DO* | %Ef | DO® | %Ef | DO® | %EM | D0* | wEs | DO* | wEf | DO* | i HIneve

0 2.4 o - ok - 1.6 33.33 ok - o - 23 4.17 ok - o - 3.6 50 | *foluilqaiiia

5 1.8 13 27.78 15 16.67 1 44.44 1.6 11.11 15 16.67 1.8 0 38 -111.11 3.1 -72.22 32 7778 | ** fegauituszun

10 1.9 0.7 63.16 1.6 15.79 0.8 57.89 2 5.26 1.9 0 12 36.84 4 -110.53 38 -100 38 -100

15 1.6 15 625 15 6.25 1.1 31.25 1.6 0 15 625 12 25 17 -6.25 13 18.75 1.1 31.25

20 1.2 12 0 12 0 0.8 3333 11 833 11 8.33 0.9 25 1.1 833 0.8 3333 05 5833 | vwanis

25 12 03 75 03 75 04 66.67 0.5 5833 04 66.67 05 5833 0.6 50 03 75 0.7 4167 | dhwant:s

30 1.6 02 87.5 02 87.5 02 87.5 02 87.5 02 87.5 0.1 93.75 02 87.5 0.1 93.75 02 875 | vhwaui:s

35 1.6 02 87.5 02 87.5 02 87.5 02 87.5 02 87.5 0.2 87.5 05 68.75 02 87.5 02 875 | viwawi:s

40 1.4 02 85.71 02 85.71 02 85.71 02 85.71 02 85.71 02 85.71 02 85.71 02 85.71 02 85.71

45 11 04 63.64 04 63.64 04 63.64 02 81.82 02 81.82 04 63.64 02 81.82 02 81.82 02 81.82

50 11 02 81.82 02 81.82 02 81.82 0.1 90.91 0.1 90.91 02 81.82 0.1 90.91 0.1 90.91 0.1 90.91

55 11 02 81.82 02 81.82 02 81.82 02 81.82 02 81.82 0.2 81.82 02 81.82 02 81.82 0.1 90.91

60 1 02 80 02 80 0.1 90 0.1 90 02 80 02 80 0.1 90 0.1 90 0.1 90

65 1.2 02 83.33 02 83.33 0.1 91.67 0.1 91.67 0.1 91.67 0.1 91.67 02 83.33 0.2 83.33 02 83.33

70 1.3 02 84.62 02 84.62 03 76.92 02 84.62 0.1 9231 02 84.62 02 84.62 02 84.62 02 84.62

75 11 0.1 90.91 0.1 90.91 0.1 90.91 0.1 90.91 02 81.82 0.1 90.91 0.1 90.91 0.1 90.91 0.1 90.91

80 0.9 0.1 88.89 02 77.78 0.1 88.89 0.1 88.89 0.1 88.89 0.1 88.89 0.1 88.89 0.1 88.89 0.1 88.89

85 11 02 81.82 02 81.82 02 81.82 02 81.82 0.1 90.91 02 81.82 0.1 90.91 0.2 81.82 0.1 90.91

90 1.3 02 84.62 0.1 9231 0.1 9231 02 84.62 02 84.62 0.2 84.62 02 84.62 02 84.62 02 84.62

AVE 131 042 | 69.69 | 048 | 6625 | 036 | 7412 | 049 | 66.68 | 047 | 67.97 | 044 69 0.76 5223 0.63 | 60.03 | 0.63 | 60.62

SD 0.28 044 | 2832 | 054 | 3192 | 033 | 2012 | 062 | 3563 | 059 | 3373 | 049 | 2822 | 1.22 65.63 1.07 | 5693 | 1.08 | 57.24

86



! o J { [ g’ <
ﬂ‘lﬁ'Nﬁ V.5 LLﬁ@NWaﬂ’]ﬁ‘ﬂﬂaﬂﬁﬂ’]ﬁfﬂ"l‘llﬂiﬂﬂﬁlidﬁﬁzﬂﬂ 10 4. INTLAUUT (TG2-1, 2-2, 2-3 ﬁ@ ALY

[

@

v
=

VYN

11

v

=D.

= A Aa 9 =}
1 09909 3 NAUFUIY, CG4-1, 4-2, 4-3

A <3 %] 1 oy =1 = A Ay [ A <3 Y] T g’ = A A A =\ 3| Y]
A9 AUNVAIDYWUIN 1 NYAN 3 NUAUNNTINBULAL UG6-1, 6-2, 6-3 AD JANVAIDYNUIN 1 O39aN 3 “VIVIJJNW“I)' Iﬂﬂnﬂi}ﬂuﬂi’mlﬂuﬁ’maN)
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
it Vi ORP" %EfT. ORP" %Eff. | ORP" | %Eff. | ORP" | %Eff. ORP" %Eff. | ORP" | %Eff. | ORP" %EAF. ORP" %Eff. | ORP" | %Eff. | w@mg
0 -15 91 706.67 89 693.33 * - 112 846.67 113 853.33 * - 131 97333 138 1020 * - *fe'lud
5 -42 112 366.67 110 361.9 * - 172 509.52 171 507.14 * - 154 466.67 180 528.57 * - witsa
10 53 -48 9.43 -39 26.42 * - -51 377 -52 1.89 * - 39 173.58 42 179.25 * - ** floae
15 -89 -62 30.34 -58 34.83 * - -56 37.08 52 4157 * - 31 134.83 26 129.21 * - Suszuy
20 -99.8 213 -113.43 -198 -98.4 * - 207 -107.41 213 -113.43 * - 231 -131.46 231 -131.46 * - Wnan1:s
25 -100 251 -151 231 -131 * - 247 -147 251 -151 * - -310 210 -330 -230 * - mant:s
30 -99.8 270 -170.54 240 -140.48 * - -240 -140.48 230 -130.46 * - 310 -210.62 332 232,67 * - nant:s
35 -153 274 -79.08 -265 732 * - 279 -82.35 275 -79.74 * - -286 -86.93 281 -83.66 * - mant:s
40 -110 -300 -172.73 260 -136.36 * - -270 -145.45 -270 -145.45 * - -291 -164.55 -280 -154.55 * -
45 -115 -355 -208.7 -301 -161.74 * - 321 -179.13 342 -197.39 * - -401 2487 -405 252.17 * -
50 -125 298 -138.4 287 -129.6 * - -320 -156 -324 -159.2 * - -326 -160.8 -330 -164 * -
55 -123.7 2631 | -112.69 | -295.4 -138.8 * - 3083 | -149.23 -306 -147.37 * - 311 15141 | -309.3 | -150.04 * -
60 -134.2 254 -89.27 284 -111.62 * - 3146 | -13443 | -3102 | -13L15 * - -332.1 -147.47 -327 -143.67 * -
65 -139.1 276 -98.42 2837 | -103.95 * - -338 14299 | -3285 | -136.16 * - -359 -158.09 | -349.8 | -151.47 * -
70 -116.3 2538 | -11823 | 2412 | -107.39 * - 2863 | -146.17 283 -143.34 * - 2993 | -157.35 -305 -162.25 * -
75 -119.7 267 12306 | -253.1 | -11145 * - 279 -133.08 | 2721 | -127.32 * - 289.6 | -141.94 | -294.1 -145.7 * -
80 -124.9 268 11457 | 2619 | -109.69 * - 2864 | -1293 286 -128.98 * - -308 -146.6 3152 | -152.36 * -
85 -129.4 -256.4 98.15 2428 -87.64 * - 2938 | -127.05 | -2908 | -124.73 * - 312 -141.11 -302 -133.38 * -
90 -137.8 2817 | -10443 | 2732 -98.26 * - -302 -119.16 | -3009 | -118.36 * - 327 -1373 324 -135.12 * -
AVE | -106.668 | -209.89 | -41.03 | -20081 | -32.79 - - -216.6 -33.8 21592 | -33.17 - - -228.32 34 227.86 | -29.76 - -
SD 35.481 132 218.52 12749 | 21115 - - 149.39 262.5 149.47 | 263.64 - - 17329 | 297.62 17797 | 313.62 - -
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v

d' o w S o o cy A S o 1 0 A =< ~ Ay =
M1519N V.6 LAAINANITNADBINIFITIA 1oDITNNTLAY 25 B, 1INTLAVU (TG2-1, 2-2,2-3 A9 PANUAIDYNUIN 1 D3N 3 wmugﬂqm, CG4-1,4-2,4-3
A <3 %] 1 oy A = A Ay [ A <3 Y] T g’ A = A A A =\ 3| Y]
A9 AUNVAIDYWUIN 1 NYAN 3 NUAUNNTINBULAL UG6-1, 6-2, 6-3 AD JANVAIDYNUIN 1 O39aN 3 ‘VIVIJJNW“I)' Iﬂﬂnﬂﬂﬂuﬂi’)ﬂlﬂuw)ﬂaN)
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3

it Vi ORP® %EfT. ORP® %EAT. ORP” %Eff. | ORP® %EAT. ORP” %EfT. ORP” %EAT. ORP” %EfT. ORP” %EAT. ORP” %EfT. HINENTie)
0 -15 121 906.67 123 920 141 1040 109 826.67 111 840 81 640 121 906.67 123 920 141 1040 | *fie'lufl
5 -42 189 550 177 521.43 205 588.1 170 504.76 171 507.14 103 34524 189 550 177 521.43 205 588.1 9ida
10 -53 24 145.28 20 137.74 48 190.57 -29 4528 24 54.72 26 50.94 24 145.28 20 137.74 48 190.57 | **fe¥
15 -89 24 126.97 16 117.98 59 166.29 29 67.42 24 73.03 23 74.16 24 126.97 16 117.98 59 16629 | i3uszuy
20 -99.8 -209 -109.42 212 -112.42 -199 -99.4 211 -111.42 -203 -103.41 -205 -105.41 -209 -109.42 212 11242 -199 994 | dwant:s
25 -100 312 212 -320 220 289 -189 250 -150 245 -145 245 -145 312 212 -320 220 289 -189 Vmant:s
30 -99.8 312 212,63 321 221.64 -300 -200.6 -250 -150.5 -245 -145.49 -268 -168.54 312 212,63 321 -221.64 -300 2006 | tiwants
35 -153 290 -89.54 -305 -99.35 -290 -89.54 280 -83.01 -281 -83.66 264 -72.55 290 -89.54 -305 -99.35 -290 8954 | tiwant:s
40 -110 -285 -159.09 290 -163.64 -280 -154.55 278 -152.73 -260 -136.36 -260 -136.36 -285 -159.09 290 -163.64 -280 -154.55

45 -115 -361 21391 -382 232,17 -355 -208.7 -364 216.52 -353 -206.96 312 -1713 -361 21391 -382 232.17 -355 -208.7

50 -125 321 -156.8 329 -1632 -299 -139.2 -300 -140 -298 -138.4 291 -132.8 -321 -156.8 -329 -163.2 -299 -139.2

55 -123.7 290 13444 | -3053 | -146.81 -286 -1312 284 -129.59 -280 -126.35 271 11908 | 3112 | -151.58 | -3024 | -144.46 281 -127.16

60 -134.2 3124 | -132.79 319 -137.7 -299 -122.8 -295 -119.82 | -287.3 | -11408 | -261.8 -95.08 -326 -142.92 314 -133.98 | -289.3 | -115.57

65 -139.1 315 12646 | -3212 | -13091 3025 | -117.47 -296 -112.8 2914 | -109.49 278 -99.86 3297 | -137.02 311 12358 | 2941 | -111.43

70 -116.3 2863 | -146.17 297 -15537 | -264.1 -127.09 | -235.1 | -102.15 -245 11066 | -221.6 -90.54 -298 115623 | 2964 | -15486 | -269.4 | -131.64

75 -119.7 294 -14561 | 2896 | -14194 | 2713 | -126.65 243 -103.01 2481 | -107.27 | -212.9 -77.86 3086 | -157.81 | -2993 | -150.04 273 -128.07

80 -124.9 -302 14179 | 2983 | -138.83 -282 -125.78 276 -120.98 270 -116.17 | 2647 | -111.93 | 3118 | -149.64 -308 -146.6 -289.1 -131.47

85 -129.4 3102 | -139.72 -304 -134.93 297 412952 | -2683 | -107.34 271 -109.43 -261 -101.7 2983 | -130.53 | -301.7 | -133.15 | -2765 | -113.68

90 -137.8 3207 | -13273 | 3118 | -126.27 -302 -119.16 | -289.4 | -110.01 2917 | -111.68 268 -94.48 -307 -122.79 -301 -118.43 -284 -106.1
AVE | -106.668 | -219.08 | -27.59 | -224.69 | -33.06 | -203.31 -5.04 2052 | -2451 | -201.87 20.5 -197.32 | 3222 | 22224 | -30.16 | -224.04 | -32.65 | -200.81 322

SD 35.481 16935 | 289.12 169.7 289.94 17294 | 31594 | 147.51 | 257.21 14692 | 258.87 128.14 201.08 17102 | 290.24 169.27 | 289.84 171.51 315.26

001
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A Aay [ A <3 %] 1 oy A = A A a2 A =\ I %
N 3 NUAUNNTINBULALE UG6-1, 6-2, 6-3 AD AUNVAIDYWNUIN 1 D39AN 3 T]IlﬂJlI‘WG]S Tﬂﬂnﬂﬂﬂhﬂi’)ﬂlﬂuﬁ’)ﬂﬁ%ﬂ
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
’3’14‘7; 151!%’1’1 BOD %Eff. BOD %Eff. BOD %Eff. BOD %Eff. BOD %Eff. BOD %Eff. BOD %Eff. BOD %Eff. BOD %Eff. HNETIR
0 112 30.2 73.04 29.8 73.39 13.1 88.3 395 64.73 39.1 65.09 20.3 81.88 29.7 73.48 29.8 73.39 25.4 77.32
5 115 33.6 70.78 30 73.91 16.8 85.39 38.6 66.43 35.6 69.04 18.9 83.57 324 71.83 329 71.39 249 78.35
10 110 34.6 68.55 324 70.55 13.6 87.64 394 64.18 40.2 63.45 16.5 85 36.7 66.64 35.1 68.09 25.7 76.64
15 98.9 36.7 62.89 34.9 64.71 123 87.56 413 58.24 43.7 55.81 10.3 89.59 40.2 59.35 43.1 56.42 28.4 71.28
20 239.1 89.7 62.48 99.7 58.3 65.2 72.73 96.4 59.68 95.1 60.23 69.7 70.85 119 50.23 114 5232 73.5 69.26 1319!’5‘1111:5
25 254 89.9 64.61 90.5 64.37 552 78.27 103 59.45 98.7 61.14 712 71.97 121 52.36 119.4 52.99 87.9 65.39 ﬁ]NﬁNI:S
30 412 196.4 52.33 183.2 55.53 149.7 63.67 175.4 57.43 179.3 56.48 123 70.15 181.2 56.02 185.6 54.95 156.1 62.11 *jmmﬂ:s
35 423.8 1532 63.85 160.1 62.22 139.6 67.06 169.1 60.1 181.2 57.24 159.1 62.46 203.6 51.96 209.7 50.52 187.3 55.8 *jmaulzs
40 216.4 72 66.73 81 62.57 50 76.89 42 80.59 36 83.36 19 91.22 113.1 47.74 129.2 40.3 64 70.43
45 204.3 89.6 56.14 82.3 59.72 50.1 75.48 79.6 61.04 78.2 61.72 49.2 75.92 132.2 35.29 120.9 40.82 119.7 41.41
50 2174 95.3 56.16 76.2 64.95 322 85.19 89.1 59.02 95.3 56.16 524 75.9 109.5 49.63 101.9 53.13 76.5 64.81
55 203.8 98.1 51.86 93.1 54.32 30.8 84.89 87.4 57.11 86.9 57.36 36.7 81.99 96.8 52.5 97.5 52.16 75.9 62.76
60 210.7 95.6 54.63 92.8 55.96 30.1 85.71 89.2 57.66 88.3 58.09 41.2 80.45 105.4 49.98 102.4 51.4 78.5 62.74
65 225.8 100.8 55.36 94.1 58.33 40.2 82.2 95.4 57.75 94.3 58.24 53.7 76.22 106.8 52.7 104.5 53.72 82.5 63.46
70 208.5 95.4 54.24 92.4 55.68 26.9 87.1 85.1 59.18 84.9 59.28 40.8 80.43 96.7 53.62 96.8 53.57 73.8 64.6
75 2214 104.1 52.98 101.7 54.07 36.9 8333 87.6 60.43 86.5 60.93 53.4 75.88 101 54.38 100 54.83 79.5 64.09
80 213.6 90.4 57.68 89.2 58.24 31.8 85.11 90.2 57.77 87.4 59.08 43.7 79.54 90.2 57.71 91.5 57.16 71.9 66.34
85 205.1 90.8 55.73 91.4 55.44 24.1 88.25 82.1 59.97 85.4 58.36 423 79.38 98.7 51.88 96.8 52.8 66.2 67.72
90 201.6 90.7 55.01 90.6 55.06 26.8 86.71 82.9 58.88 89.1 55.8 39.8 80.26 86.7 56.99 90 55.36 63.4 68.55
AVE 215.442 88.79 59.74 86.6 60.91 44.49 81.66 84.91 61.03 85.54 60.89 50.59 78.56 100.05 54.97 100.06 55.02 76.9 65.95
SD 85.102 39.97 6.62 39.13 6.33 38.21 7.34 37.99 5.39 40.39 6.43 36.62 6.84 45.27 8.66 46.15 8.39 41.7 8.23
AVE40-90day 211.691 92.98 56.05 89.53 57.67 34.54 83.71 82.78 60.86 82.94 60.76 42.93 79.74 103.37 51.13 102.86 51.39 77.45 63.36
SD40-90day 7.906 8.35 3.88 7.13 3.53 8.9 4.09 14.21 6.66 16.22 7.7 9.92 4.42 12.43 6.05 11.95 5.58 15.39 7.69
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d' o w A = A I @ 1 cy A = A Aa Y =\ A <3 Y v 09; A =
M99 V.8 LEAINan1sNAaeIN1stta ¥ loa (TG2-1,2-2,2-3 A YANUAIDYIWUIN 1 D379N 3 ﬂmugﬂqm, CG4-1, 4-2,4-3 A9 ANUAIDYINUIN 1 D3R
A Aay [ A <3 %] 1 oy A = A A a2 A =\ I %
N 3 NUAUNNTINBULAE UG6-1, 6-2, 6-3 AD AUNVAIDYNUIN 1 D39AN 3 T]IlﬂJlI‘WG]S Tﬂﬂnﬂﬂﬂhﬂi’)ﬂlﬂuﬁ’)ﬂﬁ%ﬂ
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
’3’14‘7; 151!{!’1 COD %Eff. CcCoD %Eff. COD Y%Eff. COD %Eff. COD %Eff. COD %Eff. COD %Eff. COD %Eff. COD %Eff. HAYLYA
0 229.7 50.2 78.15 49.3 78.54 19.6 91.47 68.1 70.35 69.3 69.83 36.7 84.02 52.1 77.32 53.6 76.67 45.6 80.15
5 232.1 60.5 73.93 54 76.73 30.2 86.99 69.5 70.06 64.1 72.38 34 85.35 58.3 74.88 59.2 74.49 44.8 80.7
10 209.3 62.28 70.24 58.32 72.14 24.48 88.3 70.92 66.12 72.36 65.43 29.7 85.81 66.1 68.42 63.2 69.8 46.26 77.9
15 203.6 66.1 67.53 62.8 69.16 22.1 89.15 743 63.51 78.7 61.35 18.5 90.91 72.4 64.44 77.6 61.89 51.1 74.9
20 432.1 161.5 62.62 179.5 58.46 117.4 72.83 173.5 59.85 171.2 60.38 1255 70.96 214.2 50.43 205.2 52.51 1323 69.38 ‘IEWETNI:S
25 457.2 161.8 64.61 162.9 64.37 99.4 78.26 185.4 59.45 177.7 61.13 128.2 71.96 217.8 52.36 2149 53 158.2 65.4 ‘IEWETNI:S
30 801.5 3535 55.9 329.8 58.85 269.5 66.38 315.7 60.61 3227 59.74 2214 72.38 326.2 593 334.1 58.32 281 64.94 ﬁmmuzs
35 872.73 275.8 68.4 288.2 66.98 251.3 71.21 304.4 65.12 326.2 62.62 286.4 67.18 366.5 58.01 3715 56.74 337.1 61.37 ‘IEWETNI:S
40 389.52 129.6 66.73 145.8 62.57 90 76.89 75.6 80.59 64.8 83.36 88.7 77.23 203.6 47.73 232.6 40.29 115.2 70.43
45 367.74 161.3 56.14 148.1 59.73 90.2 75.47 143.3 61.03 140.8 61.71 88.6 7591 238 35.28 217.6 40.83 139.2 62.15
50 391.32 171.5 56.17 1372 64.94 1214 68.98 166.2 57.53 1552 60.34 130.9 66.55 193.1 50.65 192.4 50.83 160.3 59.04
55 366.84 165.5 54.88 167 54.48 120.4 67.18 164.8 55.08 159.4 56.55 118.9 67.59 183.2 50.06 184.1 49.81 165.2 54.97
60 387.5 175.6 54.68 176.3 54.5 124.5 67.87 175 54.84 178.2 54.01 121.5 68.65 190.8 50.76 189.3 51.15 177.4 54.22
65 398.5 186.4 53.22 185.7 534 126.7 68.21 190 5232 192.4 51.72 1359 65.9 194.3 51.24 193.4 51.47 172.9 56.61
70 409.5 184.2 55.02 186.7 54.41 120.5 70.57 188.6 53.94 187.6 54.19 142.1 65.3 198.3 51.58 197.5 51.77 181 55.8
75 387.2 172.5 55.45 175 54.8 115.8 70.09 178 54.03 1752 54.75 128.9 66.71 193.2 50.1 192.4 50.31 178.4 53.93
80 393.5 170.5 56.67 171.4 56.44 115.7 70.6 175.8 55.32 1749 55.55 129 67.22 185.3 5291 182.3 53.67 163.9 58.35
85 399.7 172.4 56.87 170 57.47 116.8 70.78 178.4 55.37 173.6 56.57 1315 67.1 189.2 52.66 189.6 52.56 162.3 59.39
90 411.7 178.5 56.64 168.7 59.02 112.5 72.67 183.4 55.45 178 56.76 1332 67.65 192.4 53.27 190.5 53.73 164.1 60.14
AVE 407.434 161.04 61.26 158.77 61.95 109.92 74.94 162.15 60.56 161.18 60.97 117.35 72.86 186.05 55.34 186.68 55.25 151.38 64.2
SD 170.453 72.47 7.54 71.49 7.7 65.36 8.1 70.16 7.29 74.08 7.6 64.13 8.03 81.3 9.95 82.91 9.63 74.64 8.91
AVE40-90day 391.184 169.82 56.59 166.54 57.43 114.05 70.85 165.37 57.77 161.83 58.68 122.65 68.71 196.49 49.66 196.52 49.67 161.81 58.64
SD40-90day 14.361 15.22 3.53 16.16 3.76 12.52 3.08 32.48 7.89 35.39 8.66 17.94 4 14.86 5.02 15.11 4.68 19.28 4.71
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d' as.t‘ A IS o 1 gl A =2 A Ay = A 3 o I
AN V.9 LLAAINANITNAADINITUIUA 'luimmumwm (TG2-1,2-2,2-3 A9 YANVAIDINUIN 1 03980 3 VliJﬂu‘ﬁ‘]Ji]TH, CG4-1, 4-2, 4-3 A9 ANUAIDYN

QU

D.

gl = A AA Y [ A < Y] v g’ A = A A A =\ I Y]
HIN 1 NYAN 3 NUAUNNTINBULAE UG6-1, 6-2, 6-3 AD ANUAIDYWNUIN 1 299AN 3 “VIVIJJNWGH Iﬂﬂﬂﬂﬂﬂhﬂi’mlﬂuﬁﬁﬂaN)
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
’3’14‘7; 151!41’1 TN %Eff. TN %EAf. TN %Eff. TN %EAf. TN %Eff. TN Y%Eff. TN %Eff. TN %Eff. TN %EAf. HUIYA
0 3.45 1.465 57.49 1.185 65.61 0.614 82.18 2.013 41.59 1.453 57.84 0.878 74.52 1.455 57.78 1.175 65.9 0.615 82.15
5 4.29 1.995 53.46 1.716 59.96 0.862 79.89 1.998 53.39 2.002 53.29 0.869 79.73 1.726 59.73 1.165 72.82 0.885 79.35
10 3.99 2.262 43.35 1.983 50.34 1.143 7137 2.282 42.85 1.723 56.85 1.143 71.37 2.016 49.51 1.183 70.37 0.888 71.76
15 4.26 1.982 53.5 1.703 60.05 0.852 80.01 1.998 53.12 1.999 53.1 0.608 85.74 1.728 59.46 1.173 72.48 0.894 79.03
20 6.55 1.996 69.52 1.983 69.72 1.16 82.29 2 69.46 1.452 77.83 0.582 91.11 1.727 73.63 1.453 77.81 0.599 90.85 ﬁymﬁil 1:5
25 6.23 2.275 63.47 2.823 54.67 1.7161 72.45 2.275 63.47 1.71 72.54 0.875 85.95 2.852 54.21 2.562 58.86 1.424 77.14 £1Wﬁu1:5
30 7.29 2.828 61.2 2.827 61.22 2.286 68.64 2.283 68.68 1.959 73.12 1.523 79.11 2.299 68.46 2.575 64.67 1.161 84.07 ‘15191?(1!1:5
35 6.94 2.835 59.17 2.836 59.15 2.282 67.13 2272 67.28 1.72 75.23 1.173 83.11 2.286 67.08 2.573 62.94 1.166 83.21 ﬁymﬁiJI:S
40 6.39 1.982 68.96 1.983 68.95 0.874 86.31 2.017 68.42 2.023 68.32 0.625 90.21 2.599 59.3 2.485 61.09 0.914 85.69
45 4 2.287 42.88 2.008 49.85 0.897 77.6 2.292 42.76 2.019 49.58 1.207 69.86 2.037 49.13 2.312 42.26 1.765 55.92
50 4.31 2.018 53.14 1.7588 59.15 0.9253 78.51 2.016 53.18 1.741 59.57 0.9172 78.7 23272 45.95 2.6121 39.34 1.2182 71.71
55 4.22 1.7484 58.53 1.6486 60.9 0.8072 80.85 2.0498 51.38 2.05 51.38 0.934 77.85 2.339 44.52 2.349 44.28 1.495 64.54
60 4.11 1.779 56.73 1.768 56.99 0.777 81.1 1.953 52.49 1.965 522 0.7973 80.61 2.363 42.52 2.36 42.59 1.5038 63.42
65 4.04 1.776 56.07 1.804 55.38 0.8564 78.82 1.7567 56.55 1.793 55.65 0.8192 79.74 2.0723 48.74 1.795 55.6 1.0705 73.52
70 3.99 1.2323 69.14 1.291 67.67 0.734 81.62 1.2188 69.48 1.369 65.72 0.607 84.8 2.0945 47.55 2.0953 47.53 1.2334 69.11
75 4.28 1.5768 63.15 1.4371 66.42 0.8693 79.68 1.5944 62.74 1.685 60.62 0.8161 80.93 2.366 44.71 2.6498 38.07 1.246 70.88
80 4.26 1.605 62.29 1.6848 60.42 0.9954 76.61 1.604 62.31 1.6121 62.12 0.8804 79.31 2.398 43.66 2.401 43.59 1.348 68.33
85 4.27 1.688 60.46 1.6666 60.96 0.891 79.13 1.6096 623 1.542 63.88 0.9082 78.73 2412 435 2.45 42.61 1.3982 67.25
90 4.24 1.3876 67.3 1.3745 67.61 0.9101 78.55 1.6914 60.14 1.6488 61.14 0.9314 78.05 2.403 43.37 2.4516 42.22 1.3943 67.14
AVE 4.795 1.93 58.94 1.87 60.79 1.08 78.04 1.94 57.98 1.76 61.58 0.9 80.5 2.18 52.78 2.1 55 1.17 74.27
SD 1.191 0.43 7.65 0.49 5.83 0.48 4.9 0.3 9.25 0.22 8.58 0.23 5.51 0.34 9.6 0.57 13.28 0.31 8.95
AVE40-90day 4.373 1.73 59.88 1.67 61.3 0.87 79.89 1.8 58.34 1.77 59.11 0.86 79.89 2.31 46.63 2.36 45.38 133 68.86
SD40-90day 0.677 0.29 7.75 0.23 5.96 0.07 2.61 0.3 7.97 0.22 6.14 0.16 4.94 0.17 4.76 0.24 6.97 0.23 7.34
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v A

= A <3 o ] 09; ~ = A Aa 9
'iéf"luimmu (TG2-1,2-2,2-3 A® YANUAIDYINUIN 1 D300 3 NUA §°]J

A OUN ugiloill, €Ga-1, 4-2, 4-3 Ao g
%] [} 31 ~ = A Ay [ A <3 % 1 oy A = A A 2 A =\ 3 o
AIDYWUIN 1 DIAN 3 NUAUNNTINVULAE UG6-1, 6-2, 6-3 AD JANUAIDINUIN 1 DI9aN ‘V]UliJiJW‘]f Iﬂﬂnﬂﬂﬂuﬂiﬁﬂlﬂuw}ﬂﬁ%ﬂ
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
’3’14‘7; 131!&131’1 Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. Org-N %Eff. NG
0 2.52 0.84 66.67 0.56 77.78 0.28 88.89 1.68 3333 1.12 55.56 0.56 77.78 0.84 66.67 0.56 77.78 0.28 88.89
5 3.64 1.68 53.85 1.4 61.54 0.84 76.92 1.68 53.85 1.68 53.85 0.56 84.62 1.4 61.54 0.84 76.92 0.72 80.22
10 3.36 1.76 47.62 1.68 50 0.84 75 1.76 47.62 1.2 64.29 0.84 75 1.48 55.95 0.64 80.95 0.56 83.33
15 3.36 1.68 50 1.4 5833 0.56 83.33 1.48 55.95 1.68 50 0.56 83.33 1.2 64.29 0.84 75 0.56 83.33
20 5.52 1.68 69.57 1.68 69.57 1.12 79.71 1.44 73.91 0.84 84.78 0.56 89.86 1.16 78.99 0.84 84.78 0.18 96.74 ﬁyWﬁLIl:S
25 5.32 1.96 63.16 2.52 52.63 1.4 73.68 1.68 68.42 1.12 78.95 0.56 89.47 2.24 57.89 1.96 63.16 1.12 78.95 ﬁymﬁlJI:S
30 6.37 2.52 60.44 2.52 60.44 1.96 69.23 1.68 73.63 1.36 78.65 1.36 78.65 1.68 73.63 1.96 69.23 0.84 86.81 f;“leJI:S
35 5.99 2.52 57.93 2.52 57.93 2.24 62.6 1.96 67.28 1.12 81.3 1.12 81.3 1.56 73.96 1.96 67.28 0.84 85.98 ﬁymﬁlJI:S
40 5.47 1.68 69.29 1.68 69.29 0.56 89.76 1.4 74.41 1.48 72.94 0.44 91.96 1.84 66.36 1.74 68.19 0.56 89.76
45 3.36 1.96 41.67 1.68 50 0.56 83.33 1.76 47.62 1.48 55.95 0.84 75 1.48 55.95 1.76 47.62 1.4 5833
50 3.39 1.48 56.34 1.28 62.24 0.72 78.76 1.58 53.39 1.3 61.65 0.72 78.76 1.72 49.26 2 41 0.97 71.39
55 3.19 1.18 63.01 1.1 65.52 0.72 77.43 1.48 53.61 1.48 53.61 0.72 77.43 1.56 51.1 1.56 51.1 1.14 64.26
60 3.21 1.21 6231 1.28 60.12 0.58 81.93 1.47 54.21 1.46 54.52 0.58 81.93 1.86 42.06 1.86 42.06 1.14 64.49
65 3.15 1.28 59.37 1.36 56.83 0.56 82.22 1.3 58.73 1.4 55.56 0.6 80.95 1.58 49.84 1.3 58.73 0.68 78.41
70 3.1 0.64 79.35 0.78 74.84 0.38 87.74 0.64 79.35 0.85 72.58 0.33 89.35 1.48 52.26 1.48 52.26 0.84 72.9
75 3.25 0.92 71.69 0.8 75.38 0.5 84.62 1.1 66.15 1.18 63.69 0.56 82.77 1.76 45.85 2.04 37.23 0.84 74.15
80 3.23 0.98 69.66 1.08 66.56 0.52 83.9 1.03 68.11 1.1 65.94 0.57 82.35 1.76 45.51 1.86 42.41 1 69.04
85 3.24 1.05 67.59 1.03 68.21 0.36 88.89 1.03 68.21 1.06 67.28 0.57 82.41 1.62 50 1.66 48.77 0.92 71.6
90 3.22 0.72 77.64 0.77 76.09 0.37 88.51 1.1 65.84 1.16 63.98 0.57 82.3 1.62 49.69 1.74 45.96 0.92 71.43
AVE 3.89 1.46 62.48 1.43 63.86 0.79 80.87 1.43 61.24 1.27 65 0.66 82.38 1.57 57.41 1.51 59.5 0.82 77.37
SD 1.17 0.55 9.86 0.59 8.65 0.54 7.23 0.33 11.67 0.24 10.62 0.24 4.93 0.3 10.68 0.51 15.31 0.3 10.03
AVE40-90day 3.44 119 65.26 117 65.92 0.53 84.28 1.26 62.69 1.27 62.52 0.59 82.29 1.66 50.72 1.73 48.67 0.95 71.43
SD40-90day 0.68 0.4 10.58 0.33 8.2 0.12 4.12 0.32 9.9 0.21 6.95 0.14 4.84 0.13 6.36 0.22 8.84 0.23 8.19
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AUAIDYWUIN 1 D3990N 3 ‘VIlJGI‘ng‘]Ji]”I H, CG4-1, 4-2, 4-3 A AUNUAIDINUI

i 1 fagail 3 AGUWNTSNUWEE UGE-1, 62, 6-3 Ao yaufiusnedahil 1 Sagadi 3 7l
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
}!’H‘T; 131!’131’1 TKN %Eff. TKN % Eff. TKN %Eff. TKN %Eff. TKN %Eff. TKN %Eff. TKN % Eff. TKN %Eff. Org-N Y%Eff. Hewe
0 3.36 1.4 58.33 1.12 66.67 0.56 83.33 1.96 41.67 1.4 58.33 0.84 75 1.4 58.33 1.12 66.67 0.56 83.33
5 4.2 1.96 53.33 1.68 60 0.84 80 1.96 53.33 1.96 53.33 0.84 80 1.68 60 1.12 73.33 0.84 80
10 3.92 2.24 42.86 1.96 50 1.12 71.43 2.24 42.86 1.68 57.14 1.12 71.43 1.96 50 1.12 71.43 0.84 78.57
15 4.2 1.96 53.33 1.68 60 0.84 80 1.96 53.33 1.96 53.33 0.56 86.67 1.68 60 1.12 73.33 0.84 80
20 6.48 1.96 69.75 1.96 69.75 1.12 82.72 1.96 69.75 1.4 78.4 0.56 91.36 1.68 74.07 1.4 78.4 0.56 91.36 ‘EWN’CTIJIZS
25 6.16 224 63.64 2.8 54.55 1.68 72.73 224 63.64 1.68 72.73 0.84 86.36 2.8 54.55 2.52 59.09 1.4 77.27 ﬁWNﬁNIZS
30 7.21 2.8 61.17 2.8 61.17 2.24 68.93 2.24 68.93 1.92 73.37 1.48 79.47 2.24 68.93 2.52 65.05 1.12 84.47 c‘»-‘EIWH:TLII:S
35 6.89 2.8 59.36 2.8 59.36 2.24 67.49 2.24 67.49 1.68 75.62 1.12 83.74 224 67.49 2.52 63.43 1.12 83.74 ﬁWNﬁNIZS
40 6.31 1.96 68.94 1.96 68.94 0.84 86.69 1.96 68.94 1.96 68.94 0.56 91.13 2.52 60.06 242 61.65 0.84 86.69
45 3.92 224 42.86 1.96 50 0.84 78.57 224 42.86 1.96 50 1.12 71.43 1.96 50 2.24 42.86 1.68 57.14
50 4.23 1.96 53.66 1.68 60.28 0.84 80.14 1.96 53.66 1.68 60.28 0.84 80.14 2.24 47.04 2.52 40.43 1.12 73.52
55 4.15 1.68 59.52 1.58 61.93 0.72 82.65 1.96 52.77 1.96 52.77 0.84 79.76 2.24 46.02 2.24 46.02 1.42 65.78
60 4.05 1.69 58.27 1.68 58.52 0.68 83.21 1.86 54.07 1.86 54.07 0.68 83.21 224 44.69 2.24 44.69 1.42 64.94
65 3.99 1.68 57.89 1.68 57.89 0.68 82.96 1.68 57.89 1.68 57.89 0.72 81.95 1.96 50.88 1.68 57.89 0.96 75.94
70 3.94 1.12 71.57 1.18 70.05 0.48 87.82 1.12 71.57 1.25 68.27 0.48 87.82 1.96 50.25 1.96 50.25 1.12 71.57
75 4.21 1.42 66.27 1.28 69.6 0.62 85.27 1.48 64.85 1.56 62.95 0.68 83.85 2.24 46.79 2.52 40.14 1.12 73.4
80 4.19 1.4 66.59 1.48 64.68 0.64 84.73 1.48 64.68 1.48 64.68 0.72 82.82 224 46.54 2.24 46.54 1.2 71.36
85 4.2 1.45 65.48 1.38 67.14 0.48 88.57 1.45 65.48 1.38 67.14 0.72 82.86 22 47.62 2.24 46.67 12 71.43
90 4.18 1.12 73.21 1.12 73.21 0.52 87.56 1.48 64.59 1.48 64.59 0.72 82.78 22 4737 2.24 46.41 1.2 71.29
AVE 4.726 1.85 60.32 1.78 62.3 0.95 80.78 1.87 59.07 1.68 62.83 0.81 82.2 2.09 54.24 2 56.54 1.08 75.88
SD 1.191 0.48 8.62 0.53 6.67 0.54 6.36 0.33 9.67 0.24 8.54 0.25 5.51 0.33 8.76 0.55 12.53 0.29 8.35
AVE40-90day 4.306 1.61 62.21 1.54 63.84 0.67 84.38 1.7 60.12 1.66 61.05 0.73 82.52 2.18 48.84 2.23 47.6 1.21 71.19
SD40-90day 0.674 0.35 8.88 0.29 6.85 0.14 3.22 0.33 8.58 0.25 6.56 0.17 4.91 0.17 4.18 0.24 6.74 0.23 7.34
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a o o ~ A 3 o Y = A Aaw = A <
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9

o 1 gl =1 = ~ Ay [ A < LY 1 oy A = A A a2 A =\ 3 LY
AIDYWUIN 1 DIAN 3 NUAUNNTINVIULAE UG6-1, 6-2, 6-3 A JANUAIDINUIN 1 D39aN 3 ‘V]UlllﬂJW‘]S ﬂﬂnﬂﬂﬂuﬂ‘i’)ﬂlﬂuﬁ’)ﬂﬁN)
TG2-1 TG2-2 TG2-3 CG4-1 CG4-2 CG4-3 UG6-1 UG6-2 UG6-3
it it NH, | %Eff. | NH,' | %Eff. | NH, | %Eff. | NH,' | %Eff. | NH, | %Eff. | NH,' | %Eff. | NH,” | %Eff. | NH,' | %Eff. | NH,” | %Eff. LN
0 0.84 056 | 3333 | 056 | 3333 | 028 | 6667 | 028 | 6667 | 028 | 6667 | 028 | 66.67 | 056 | 3333 | 056 | 3333 | 028 | 6667
5 0.56 028 50 0.28 50 0 100 0.28 50 0.28 50 0.28 50 028 50 0.28 50 0.12 | 7857
10 0.56 0.48 1429 | 028 50 0.28 50 048 1429 | 048 1429 | 028 50 0.48 1429 | 048 1429 | 028 50
15 0.84 028 | 6667 | 028 | 66.67 | 028 | 6667 | 048 | 4286 | 028 | 66.67 0 100 048 | 4286 | 028 | 6667 | 028 | 6667
20 0.96 028 | 70.83 | 028 | 70.83 0 100 052 | 4583 | 056 | 41.67 0 100 052 | 4583 | 056 | 4167 | 038 | 6042 | shwewis
25 0.84 028 | 6667 | 028 | 6667 | 028 | 6667 | 056 | 3333 | 056 | 3333 | 028 | 6667 | 056 | 3333 | 056 | 3333 | 028 | 6667 | vhwmuls
30 0.84 028 | 6667 | 028 | 6667 | 028 | 6667 | 056 | 3333 | 056 | 3333 | 012 | 8571 056 | 3333 | 056 | 3333 | 028 | 6667 | shwawis
35 0.9 028 | 6889 | 028 | 68.89 0 100 028 | 6889 | 056 | 37.78 0 100 068 | 2444 | 056 | 3778 | 028 | 6889 | vhwawis
40 0.84 028 | 6667 | 028 | 6667 | 028 | 6667 | 056 | 3333 | 048 | 4286 | 012 | 8571 0.68 1905 | 0.8 1905 | 028 | 66.67
45 0.56 028 50 0.28 50 0.28 50 048 1429 | 048 1429 | 028 50 0.48 1429 | 048 1429 | 028 50
50 0.84 048 | 42.86 0.4 5238 | 012 | 8571 038 | 5476 | 038 | 5476 | 0.2 | 8571 0.52 38.1 0.52 38.1 015 | 8214
55 0.96 0.5 4792 | 048 50 0 100 0.48 50 0.48 50 0.12 87.5 0.68 | 2917 | 068 | 29.17 | 028 | 70.83
60 0.84 048 | 42.86 0.4 52.38 0.1 88.1 039 | 5357 0.4 52.38 0.1 88.1 038 | 5476 | 038 | 35476 | 028 | 6667
65 0.84 0.4 5238 | 032 61.9 0.12 | 8571 038 | 5476 | 028 | 6667 | 012 | 8571 038 | 5476 | 038 | 5476 | 028 | 66.67
70 0.84 048 | 42.86 04 52.38 0.1 88.1 048 | 4286 0.4 5238 | 0.15 82.14 | 048 | 4286 | 048 | 4286 | 028 | 66.67
75 0.96 0.5 4792 | 048 50 0.12 87.5 038 | 6042 | 038 | 6042 | 0.12 87.5 0.48 50 0.48 50 028 | 70.83
80 0.96 042 | 5625 04 5833 | 012 87.5 045 | 5313 | 038 | 6042 | 0.I5 8438 | 048 50 038 | 60.42 02 79.17
85 0.96 0.4 5833 | 035 | 6354 | 012 87.5 042 | 5625 | 032 | 6667 | 015 | 8438 | 058 | 3958 | 058 | 3958 | 028 | 70.83
90 0.96 0.4 5833 | 035 | 6354 | 0.5 | 8438 | 038 | 6042 | 032 | 6667 | 0.15 8438 | 058 | 39.58 0.5 4792 | 028 | 7083
AVE 0.84 039 | 5283 | 035 | 5759 | 015 | 8041 | 043 | 4679 | 041 | 4901 | 015 | 8024 | 052 | 3735 | 049 | 4007 | 027 | 67.68
SD 0.13 0.1 1424 | 0.09 9.66 0.11 1611 | 0.09 154 0.1 16.66 | 0.09 | 16.03 0.1 1272 | 011 14.64 | 0.06 8.12
AVE40-90day 0.87 043 | 4997 | 039 | 5545 | 0.2 | 8445 | 042 | 5004 | 038 | 5446 | 015 | 81.98 0.5 4131 | 049 | 4318 | 026 | 69.46
SD40-90day 0.12 0.07 6.19 0.06 5.76 007 | 1285 | 005 | 1354 | 006 | 1549 | 0.05 | 1138 | 009 | 1251 0.1 13.76 | 0.05 8.59
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75 0.068 0.156 | -129.41 0.156 -129.41 0.248 264.71 0.114 -67.65 0.125 -83.82 0.135 -98.53 0.125 -83.82 0.129 -89.71 0.126 -85.29
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AVE 0.0681 | 0.0859 -33.07 0.0888 | -82.05 | 0.1294 | -17848 | 0.0741 -40.25 0.0801 -5434 | 0.0863 | -74.69 | 0.0953 -82.1 0.117 -84.23 0.1063 -66.08
SD 0.0104 | 0.0763 | 121.68 | 0.0818 1353 0.1337 | 224.09 | 0.0426 71.61 0.0446 75.56 0.0565 85.05 0.0524 86.26 0.0534 88.9 0.0507 80.76
AVE40-90day | 0.0659 | 0.1233 -94.41 0.1306 | -105.89 | 0.1987 | -216.53 0.099 -55.26 0.1083 7115 | 01229 92.47 0.1277 | -10047 | 0.1285 | -102.17 | 0.1179 -83.74
SD40-90day 0.0095 | 0.0818 | 128.97 | 0.0855 | 133.61 | 0.1396 | 22335 | 0.0403 67.37 0.0383 69.25 0.0464 79.46 0.0467 80.69 0.049 84.44 0.0443 74.38
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Abstract

Wastewater water from juice industry contains mass
concentration of BOD (4290 mg/L), COD (6321
mg/L) and nutrient nitrogen (37.14 mg/L) which
results in water resource problems. Primary and
secondary treatment process can decrease the
pollutants, however, the effluent concentrations is still
higher than effluent standard of industrial wastewater.
This research aimed to study the nutrient cycling in
constructed wetland system. Free water surface
wetlands (FWS) were designed and used in evaluation
of nitrogen reduction of wastewater from juice
industry. The FWS were designed and used in
evaluation of nitrogen reduction of wastewater from
juice industry. There were factors affecting the
efficiency of wetland for treatment of nitrogen, HRT,
nitrogen loading and plant types. Canna sp. were
planted in the FWS. Two different types of media;
gravel and sand, were used as wetland substrate and
were analyzed for their efficiency. The treatment
process was performed at a HLR of 4.5 cm/day and
HRT of 5 day. The influent wastewater of this FWS
comprised of BOD, COD, TKN, and NH;" which
were 215, 407, 4.73, and 0.84 mg/L, respectively. The
removal efficiency of sand bed FWS for BODs, COD,
TKN, and NH," were 77.83+8.8%, 72.75+7.7%,
81.73+6 % and 84.05+16.1%, respectively. The
removal efficiency of gravel bed FWS for BODs,
COD, TKN, and NH," were 78.56+6.8%, 72.86+8%,
82.2+5.5% and 80.24+16%, respectively. The system
with sand and gravel media showed no significant
different removal efficiency. However, the results
showed that growth of Canna sp. in sand bed was
higher than in gravel bed.

Keywords:  Constructed Wetland, Free Water
Surface, Juices Industry Wastewater, Nutrient
Transportation

1. Introduction
Constructed wetlands are now widely used as a

‘natural’  wastewater  treatment
particularly appropriate for small
communities, towns, industries and agriculture.
Surface flow and subsurface-flow constructed
wetlands are also known benefit in treating those
wastewater. Wastewaters are treated as they pass
through soil or gravel substrata in which wetland
plants grow hydroponically. When compared to
unplanted controls, planted beds commonly show
enhanced removal of nitrogen and pathogens [1-4].
Other economic benefits, such as vegetation for
animal feed (e.g., floating aquatic plants) and habitat
for harvestable fish (e.g., tilapia), make wetlands an
attraction to farmers and small industry [5-7]

Many tropical wetlands treatment have largely
indicated the water quality improvement from various
wastewater sources before effluents are discharged
into major rivers [7-9].

The reduction of energy consumption is the way
benefits to decrease the effect of global warming.
Constructed wetland has been proved for its low
energy used as it needs natural mechanisms for its
growth and removal procedure. It reveals efficiency
for decreasing of pollutants such as nutrients, metals
or heavy metals in wastewater. However, different
conditions of its system lead to variation of its
performance.

This research aimed to study the nutrient cycling
in constructed wetland system. The free water surface
wetlands (FWS) were designed and used in evaluation
of nitrogen reduction of juices industry wastewater.

cost-effective,
technology,

2. Methods
2.1 Setting up the constructed wetlands

The small scales, with dimension of 0.3x0.6x0.5
m? (width x length x depth), of free water surface
constructed wetlands (FWS) were carried out at the
School of Energy, Environment and Materials, King
Mongkut’s University of Technology Thonburi
(KMUTT). They were investigated for the factors
affecting the efficiency of wetland for treatment of
nitrogen.
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The treatment process was performed at a
hydraulic loading rate (HLR) of 4.5 cm/day, HRT of 5
days and organic loading rate (OLR) of 11.25
g/m?/day was applied and analyzed for the removal
efficiency. Variation of nitrogen loadings were
examined for the best removal performance.

The plant used in this study was the Canna sp.
Canna sp. With the same age were planted in the two
FWS wetlands and analyzed for their efficiency.

Two different types of media; gravel (5-10 mm
in diameter) and sand (1-2 mm in diameter), were
used as wetland substrate and were analyzed for their
efficiency. These media may be affecting factor on
the removal mechanism of nitrogen in comparison to
the unplanted FWS which served as the control
experiments. Moreover, the plant growth was also
investigated for their height and weight.

2.2 Analytical methods

Input and output of wastewater were analyzed
for BOD, COD, TKN, NH,", nitrite and nitrate
nitrogen concentration following the standard method
[10].

3. Results and discussion
3.1 Water quality improvement

The raw wastewater from juice industry
contained 1051-4290 mg/L of BOD, 4132-6321 mg/L
of COD and 27.82-37.14 mg/L of nutrient nitrogen.
The influent wastewater of the FWS constructed
wetlands comprised of BOD, COD, TKN, and NH,"
were 215, 407, 4.73 and 0.84 mg/L, respectively.
These concentrations were decreased from raw
wastewater because of the limited capacity of FWS.
Too high BOD and COD loading could affect the
plant and microbial system in FWS.
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Figure 1. BOD concentration in the different small
scale constructed wetlands (FWS) during the
experimental study. inf: influent wastewater, CS:
Canna planted in sand, CG: Canna planted in gravel,
US and UG: unplanted of sand and gravel bed FWS.

Figure 1 illustrated the BOD content during the
experiment. BOD decreased in all FWS systems. The
low content of BOD was applied in the first stage in

order to acclimatize the FWS before receiving high
BOD afterwards.

Concentrations of impurities were purified by the
self purification process as it occurred in natural
wetlands. Wetland plants, wetland bed or soil
materials and microorganisms help in improving the
water quality.

The removal efficiency of sand bed FWS for
BOD, COD, TKN, and NH," were 77.83+8.8 %,
72.75£7.7 %, 81.73%6 % and 84.05£16.1 %,
respectively. The removal efficiency of gravel bed
FWS for BOD, COD, TKN, and NH," were
78.56+6.8%, 72.86+8%, 82.2+5.5% and 80.24+16%,
respectively (data not shown).

Figure 2 and 3 showed the outlet concentration
of total nitrogen (TN) and the removal efficiency of
TN in FWS. The unplanted FWS with Canna planted
in sand indicated the best TN removal. On the
contrary, the unplanted gravel bed showed the lowest
removal efficiency.

It was indicated that the planted systems reveal
better removal efficiency. Since the plant plays an
important role for the removal. The active zone for
removal mechanism is the root zone and rhizosphere
where found the physical, chemical and biological
activities between plants, microorganisms, soil
materials and other pollutants leading to reduction of
water impurities [11]
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Figure 2. Total nitrogen content in the different small
scale constructed wetlands (FWS) during the period
of study. inf: influent wastewater, CS: Canna planted
in sand, CG: Canna planted in gravel, US and UG:
unplanted of sand and gravel bed FWS.

3.2 Nitrogen transformation

The concentration of total nitrogen decreased in
the FWS. It was transformed into other formation of
nitrogen, e.g., ammonia, nitrite and nitrate. Results of
the study indicated that nitrogen was transformed into
nitrate (Figure 4), nitrite and ammonia (data was not
shown). The main removal mechanism is microbial
nitrification-denitrification; in contrast, incorporation
into the plant biomass is of only minor importance
[11, 12]. Nitrifying organisms require oxygen and an
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adequate surface area to grow on. Denitrification
requires adequate organic matter (plant litter or straw)
to convert nitrate to nitrogen gas. Volatilazation of
ammonia, denitrification, and plant uptake (if the
vegetation is harvested) are the potential methods of
nitrogen removal in wetland systems [2,12]. In
intermittently loaded vertical filters nitrate is often
enriched, in subsurface horizontal flow system the
oxidized nitrogen is immediately reduced, preventing
the enrichment of nitrite and nitrate [11].
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Figure 3. Efficiency of different small scale
constructed wetlands (FWS) for removal of total
nitrogen. inf: influent wastewater, CS: Canna planted
in sand, CG: Canna planted in gravel, US and UG:
unplanted of sand and gravel bed FWS.
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Figure 4. Nitrate influence and outlet concentration in
the different small scale constructed wetlands (FWS).
inf: influent wastewater, CS: Canna planted in sand,
CG: Canna planted in gravel, US and UG: unplanted
of sand and gravel bed FWS.

3.3 Wetland substrates
Wetland substrate or soil matrixes used in this
study were sand and gravel which have different grain
size and diameters. The soil is the main supporting
material for plant growth and microbial films [11].
Results of this study revealed that the system
with sand and gravel media showed no significant

different of nitrogen removal efficiency. However,
chemical soil composition and physical parameters
such as grain size distribution, interstitial pore spaces,
effective grain size, degrees of irregularity and the
coefficient of permeability are all important factors
influencing the biotreatment system [11-12]. Even
though there was no significant different of nitrogen
removal efficiency, the results showed that growth of
Canna sp. in sand bed was higher than in gravel bed
FWS with stem density and height of 150 stem/m? and
88.9 stem/m2, 116.3 cm and 79 cm, respectively.

The experience in Germany and long-term
studies of the hydraulic of constructed wetlands with
different soil parameters indicate that a mixture of
sand and gravel produces the best results in terms of
both  hydraulic conditions and the removal
contaminants [11,13,14]

5. Conclusions

FWS constructed wetlands have ability for
wastewater removal, reduction of BOD, COD and
total nitrogen. The concentration of total nitrogen
decreased and transformed into other formation of
nitrogen, e.g.,, ammonia, nitrite and nitrate by
nitrification and denitrification. The planted FWS had
better removal efficiency than the unplanted FWS.
The sand media showed better removal results than
the gravel since it contains higher surface area for
removal activities. Therefore, both plant, Canna sp.
and soil materials affected the removal efficiency of
the FWS.
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