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53910952: MAJOR: ENVIRONMENTAL SCIENCE; M.Sc. (ENVIRONMENTAL SCIENCE)
KEYWORDS: BIOWEB®/ IFAS/ BIOLOGICAL NUTRIENT REMOVAL/ DENITRIFICATION/
NITRIFICATION
NIPAWAN KLINHOAM: EFFECTS OF MEDIA LOCATION AND SLUDGE AGE ON
BIOLOGICAL NITROGEN REMOVAL IN INTEGRATED FIXED FILM ACTIVATED SLUDGE

(IFAS). ADVISORY COMMITTEE: TONGCHAI SRIWIRIYARAT, Ph.D. 70 P. 2015.

This objective of this research was to compare denitrification of the Integrated Fixed Film
Activated Sludge (IFAS) wastewater treatment systems integrated with the fixed film media of
Bioweb® in either anoxic or aerobic bioreactor. The experiments were conducted by using two pilot-
scale biological wastewater treatment systems called Anaerobic/Oxic (A/O) operated with the sludge
ages of 9 and 6 days, respectively, and the hydraulic retention time (HRT) of 9 hours. The A/O systems
with the fixed film media in the anoxic and aerobic zones were called IFAS 1 and IFAS 2, respectively.
Both IFAS systems were fed with synthetic municipal wastewater containing the total organic matter
concentration of 800 mg COD/L and total nitrogen concentration of 60 mg N/L The experimental
results revealed that both IFAS systems could achieve the organic matters and ammonium nitrogen
removal efficiencies of 95.2% and 100%, respectively. However, the nitrite accumulation was found in
the IFAS 1 system because the growth rate of Nitrobacter spp. was limited at relatively high operating
temperature of 28 + 2 °C. In contrast, the IFAS with fixed film media installed in the aerobic tank could
complete nitrification without the significant accumulation of nitrite nitrogen as a result of
supplemented amount of Nitrobacter spp. in biofilm layer. The experimental results could also be
concluded that the integration of fixed film media in the anoxic zone did not enhance the denitrification
as compared to the IFAS system installed with the media in the aerobic zone. The biofilm layer
provided the denitrification in the aerobic zone. When the sludge age was reduced to 6 days, both IFAS
systems failed to achive the steady state conditons as a result of the growth of filamentous bacteria
causing sludge bulking in the final clarifiers. However, the IFAS 2 system provided better nitrification
than the IFAS 1, but could equally achive to remove the organic matters. In conclusion, the IFAS
system with media installed in the aerobic reactor provided better performances than the IFAS system

with fixed film media installed only in the anoxic zone.
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nasgrusenludionlulasou

1. Phenol reagent

q'./ (% 1 a I ¥ a Aaa

44 Phenol 10 N5 aza1811 95 % ethyl alcohol Y5U/T11a5 1% & 100 adans

2. Sodium nitroprusside reagent

' Y

%3 Sodium nitroprusside 0.5 n5Y azaneluilsiaein leeou YsulSinas 1 1d

a Aaa dyd 9 =

100 Hadans astilegns 14au 1 hou

3. Oxidizing reagent

Y Y Y

Weau1ine1 Alkaline citrate solution 4 94 NU Hypochlorite stock 1 91U (ﬂ”lfl”lflé]}ﬂﬂ
T lunuamely 1 5u)

4. Alkaline citrate solution

' Y

44 Trisodium citrate 20 N33 ttaz NaOH 1 n5u Tuihilsieeinlessu Usuilsuias
1714 100 iaddng

g’ . Y g’ v Y o
5. 11181 Hypochloride 1¥1hendninunlewmes
6. d1saza1enIasg ey Tty aAnududy 1,000 Jadnsunoans

a

v v v Y
3 NH,Cl fouunangavgil 105 ° C Usim 3.813 niu azatelusiinlsisnn

U

looou YsudTuas1i 1A 1,000 dadans v lwIeuasazareniasgiunanududu

6.25-100 daaniuasaasied19nInas U
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140.0
120.0° 4 y=13148x
£ 1000 - R2 = 0.9989
=
T 800 -
g
& 600 -
S
s 400 —
200 -
0.0 I I I I I 1
0.0 20.0 40.0 60.0 80.0 100.0 1200

concentration (mgN/L)

A ~A A Yy 9 a Aa o 1 A
NNN 23 ﬂiwmmigmuauTmuammmmmu 6.25- 100 UaanIUNDINT

msndinaznsinasgiulilasnlulasou

1. Sulfanilamide solution

#1 Sulfanilamide 5 P13y azareluiingu 300 Tadans Aunsalalasnaosniudy
50 fiaaans 1a131%F0 U3/5inasdaerhindulit1d soo faaans

2. @1582818 NNED

“f;’ﬂ N-(1-Napthyl ) ethylenediamine dihydrochloride) 0.50 N5 azmﬂﬁlm{mé'“u
Y5u1/511a5 197 18 500 adans

3. msazaneasgu v lasianududu 100 Tadnsudedns

1 NaNo, ﬁ'amgﬁ’qﬁ'qmwgﬁ 105 * C 1311 0.4926 N5 azangunindy

Y5ud5uas1d 14 1,000 dadans v llwSeuasazarenasgriunanududu 1.25-20

o a A

laaniuaeans eaiensuInTs L



56

80.0
70.0 -

60.0

40.0 R*=0.9999

30.0 —

absorbance 543 nm

20.0

10.0

0.0 T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0

concentration mgN/L

A oA Y 9 A a o 1T A
NNN 24 ﬂﬁWmmgmllullmin‘wmmmmu 1.25-20 yaansusoans

msmdinaznavinasglwasnlulasiou

1. Brucine-sulfanilic acid

' v
[

' Y
%4 Brucine sulfate 1 N5 1182 Sulfanilic acid 0.1 54 azatelhndundouisuag

Y

Y
A Aaa a a A Aaa a < ] a o
70 iaaans tiunialalasnassndudu 3 Yaaaas nalmou UsvdSuiasdreinlsieen
Y

I Y a aa 3 A a ~ dy < Y
Vl@@@ualﬁllﬂ 100 HAaaaas MNUFITASAIUNYUNYY 5 DIAUGALTY ?ﬂiﬁga'lflum‘l]llﬂ‘ﬁa'lﬂ

A
DU

a Aa o 1

2. @15aza1ea v luasnanududu 100 HadniufAeans 9 Potassium nitrate

Y v

puLHINguvgdl 105 ° C USuar 0.7218 5y azateluthnau Ysulsuas w14 1,000
1

=D.

U

naaans 1hllmSouesazarenasgiunanududu 1.25-20 iaaniuaeansiioaiansm

HIATITU
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N1TIAT1UIN SRT 3’%mimmmmmqaamimwu (Sludge Retention Time: SRT)



o a ) o d . .
NIIA1UIU SRT 3%mimmmmmqaaﬂﬂme (Sludge Retention Time: SRT)

SRT = VX

QwX + (Q-Qw)Xe

=\
1o \Y

UT1aTU0I09AN0IMA (m3)
X = anudutuvesnznouludu@ue 1N (mg/L)
Y
Qw = 8A31MITZLIBALNOUN (m3/d)
(% 2’ A A Y v a
Q = oa51M3 ImaveniuFeitndufuernia (m3/d)

Y Y
Xe = aAnuduYHveInznouluiing (mg/L)
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v 9 v
13197 9 YSinaansdun3dueilugl3Ted 800 mgCOD/L Hiongadad 9 u

TCOD (mg/L) SCOD (mg/L)
System Location
1 2 3 AVG 1 2 3 AVG
IFAS 1 INF 820.0 836.7 848.3 835.0 720 726.6 724.1 723.6
ANX 40.0 40.0 40.0 40.0
AER 39.3 39.3 39.3 39.3
CLA 41.4 41.4 41.4 41.4
IFAS 2 INF 820.0 836.7 848.3 835.0 720 726.6 724.1 723.6
ANX 40.0 40.0 40.0 40.0
AER 39.3 39.3 39.3 39.3
CLA 41.4 41.4 41.4 41.4

19



v EJ v
M13197 10 USinaasdun3dia¥luzldTed 800 mgCOD/L fingadns 6 Tu

TCOD (mg/L) AVG
System Location
1 2 3 4 5 6
IFAS 1 INF 838.1 832.3 806.9 840.0 829.3 847.1 834.8
ANX
AER
CLA
IFAS 2 INF 838.1 832.3 806.9 840.0 829.3 847.1 834.8
ANX
AER
CLA

9



v EJ v
M3197 11 USinaasdunidua¥luzldTed 800 mgCOD/L fingadns 6 Tu

SCOD (mg/L)
System Location AVG
1 2 3 4 5 6
IFAS 1 INF 711.1 685.7 716.1 682.8 720.0 746.2 710.3
ANX 271.1 2552 251.6 273.1 256.0 266.2 262.2
AER 44.4 45.7 46.5 45.5 48.0 44.4 45.7
CLA 44.4 45.7 46.5 45.5 48.0 44.4 45.7
IFAS 2 INF 711.1 685.7 716.1 682.8 720.0 746.2 710.3
ANX 186.7 205.7 197.4 219.3 224.0 278.3 218.6
AER 44.4 45.7 46.5 45.5 48.0 44.4 45.7
CLA 44.4 45.7 46.5 45.5 48.0 44.4 45.7

€9



A a <3 1 dy A v d @
M13719N 12 1Jiiﬂﬂ‘l‘llfN&!ﬂlﬂl!ﬂl’]uaﬂﬂﬂﬂ‘ﬁiugﬂﬂl@ﬂ MLSS nogaan 9 71U

MLSS(mg/L) MLVSS(mg/L) MLVSS/MLSS(mg/L)
System Location
1 2 3 AVG 1 2 3 AVG AVG
IFAS 1 INF
ANX 5060 4780 4200 4680 4900 4630 4100 4543 0.96 0.96 0.96 0.96
AER 4440 4660 4810 4673 4300 4560 4700 4760 0.97 0.98 0.98 0.97
CLA 34 38 20 31 33 37 19 30 0.97 0.95 0.95 0.96
IFAS 2 INF
ANX 5040 4960 5480 5160 4880 4810 5400 5030 0.97 0.97 0.99 0.97
AER 5100 5020 5640 5253 4940 4860 5540 5113 0.97 0.97 0.98 0.97
CLA 5 8 20 11 4 8 19 30 0.80 1.00 0.95 0.92

¥9



A a <3 1 dy A v d @
#1319 13 1]iiﬂifl‘l"llfNL!ﬂlﬂl!ﬂlﬂuaﬂﬂﬂﬂ‘ﬁﬁlugﬂﬂlﬂﬂ MLSS nogaana 6 31U

MLSS (mg/L)
System Location AVG
1 2 3 4 5 6
IFAS 1 INF
ANX 440 640 340 800 640 480 557
AER 420 440 340 760 780 460 533
CLA 420 320 320 240 340 320 327
IFAS 2 INF
ANX 2600 1660 1340 520 560 380 1177
AER 1860 2160 1140 840 740 500 1207
CLA 100 60 80 50 38 260 98

MLVSS (mg/L)
AVG
1 2 3 4 5 6
430 620 330 780 620 540 553
410 430 3300 744 760 650 554
410 310 308 230 325 345 321
2540 1620 1310 510 540 480 1167
1820 2110 1110 820 732 710 1217
98 58 78 49 37 80 67

S9



m319d 14 PsmawenTudlen luTasu, Tulassd lulasnunes luwsn TuTasnuiongadad 9 Su

NH, -N (mg N/L)

NO, -N (mg N/L)

NO3™-N (mg N/L)

System Location AVG AVG AVG
1 2 3 1 2 3 1 2 3
INF 50.0 49.7 50.2 50.0 0.0 0.1 0.2 0.1 0.0 0.1 0.0 0.0
ANX 13.4 14.3 13.5 13.7 0.0 0.1 0.2 0.1 0.1 0.1 0.0 0.1
IFAS 1
AER 0.0 0.0 0.2 0.1 8.4 7.0 9.7 8.4 1.2 0.9 1.1 1.0
CLA 0.2 0.1 0.1 0.1 8.3 7.7 10.0 8.7 1.0 1.0 1.2 1.1
INF 50.0 49.7 50.2 50.0 0.0 0.1 0.2 0.1 0.0 0.1 0.0 0.0
ANX 13.4 12.7 13.8 133 0.0 0.0 0.1 0.0 0.0 0.1 0.1 0.1
IFAS 2
AER 0.0 0. 0.1 0.0 0.2 0.0 0.5 0.2 3.1 32 2.7 3.0
CLA 0.2 0.1 0.1 0.1 0.4 0.2 1.0 0.6 2.7 3.0 2.5 2.7

99



~ a ~ ~ v J [
f13719N 15 1]iNWﬂ!LL@NINLu&lllvlujﬂimclfllﬂ@'lqaaﬂ% 6 U

NH', - N(mgN/L)

System Location AVG
1 2 3 4 5 6

IFAS 1 INF 49.1 52.1 48.8 52.3 51.2 49.4 50.5
ANX 40.6 41.5 41.1 41.9 43.8 43.1 42.0
AER 323 342 32.6 36.6 38.1 36.9 35.1
CLA 34.1 354 35.0 36.6 37.5 36.4 35.8

IFAS 2 INF 49.1 52.1 48.8 52.3 51.2 49.4 50.5
ANX 16.8 22.5 21.1 224 25.5 38.6 24.5
AER 0.6 9.4 8.6 8.0 15.1 21.3 10.5
CLA 0.8 8.2 9.3 10.0 15.1 23.6 11.2

L9



~ a ~ v J [
35190 16 Usina'lwasnlulasiou Nergadad 6 Tu

NO - N (mgN/L)

System Location AVG
1 2 3 4 5 6

IFAS 1 INF 0.3 0.2 0.2 0.4 0.1 0.0 0.2
ANX 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AER 0.5 1.3 0.0 0.4 0.3 0.1 0.4
CLA

IFAS 2 INF 0.3 0.2 0.2 0.4 0.1 0.0 0.2
ANX 0.0 0.6 0.0 0.3 0.4 0.0 0.2
AER 4.0 4.0 1.2 0.8 0.8 0.0 1.8
CLA 0.0 6.2 0.0 0.3 0.0 0.0 1.1

89



A a o A v [
m5197 17 Usina'lulasn lulasiou hegadas 6 Ju

System

IFAS 1

IFAS 2

Location

INF

ANX
AER
CLA
INF

ANX
AER
CLA

NO', -N (mgN/L)

0.1
0.0
0.4
0.1
0.1
0.0
6.6
2.7

0.1
0.0
0.2
0.0
0.1
0.0
3.9
1.4

0.0
0.0
0.2
0.0
0.0
0.0
3.8
1.3

4
0.0
0.0
0.1
0.0
0.0
0.0
4.6
0.8

0.0
0.0
0.2
0.0
0.0
0.0
2.6
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.9
0.0

AVG

0.0
0.0
0.2
0.0
0.0
0.0
3.7
1.0
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