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Development of Biological Nutrient Removal System

by Using Internal Carbon Sources

Sunthorn Kanchanatawee

School of Biotechnology, Institute of Agricultural Technology

Suranaree University of Technology

This research aims to development the new configuration of biological nutrients removal
process by using internal carbon and nitrogen sources and the methodology to estimate the essential
kinetic parameters of activated sludge based on respirometric measurement. The configuration of
main-stream and side-stream of pilot wastewater treatment plant using Modified Ludzack-Ettinger
(MLE) process with cross hydraulic flow. The first step only main-stream process response was
investigated and then combined main-stream process with bio-augmentation in side-stream process
was evaluated. The side-stream process was use internal carbon and nitrogen from supernatant of
anaerobic digester. The pilot plant was operated under conditions of constant and diurnal variation
of organic loading. The experimental set-up was fed with municipal synthetic wastewater. The
concentration of COD, TKN and TP were 239, 32.5 and 4.4 mg/L respectively. The experimental
data and effluent samples were collected every 2 hr period for 24 hrs.

The nitrogen removal efficiency of a new process under diurnal variation of organic loading
of main-stream with basic operation strategy compared to bio-augmentation operation strategy were
79.9% and 98.8% based on 5 days average sludge age are equal. The volume of bio-augmentation
reactor was 4.5% compared with volume of main-stream process. There is a statistically significant
of bio-augmentation process to enhance nitrogen removal efficiency and it has a potential to reduce
the variance of nitrogen in effluent effectively.

The coefficient of kinetic parameters Y,;, K, b, and L ., were 0.69 mg/mg, 19.1 mg/L,
0.31d" and 2.2 day ' respectively. The coefficient of kinetic parameters Y, ., Ky b, and L4, ,op
were 0.22 mg/mg, 0.35 mg/L, 0.21 d" and 0.9 day ' respectively. The results kinetic parameters
were close to the default values in Activated Sludge Model no.1 and other researcher. These results

show that the respirometric experimental methodology is correct and reliable.

Keywords: activated sludge; bio-augmentation; kinetic; nutrient; respirometric
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Slope

y intercept

Decay rate dh

Autotrophic decay coefficient dh

Heterotrophic decay coefficient (d_])

Bicarbonate ion

Cell molecule

Carbondioxide

Inert particulate fraction of the biomass

Component

Nitrogen content of the biomass (mg N/mg COD) in biomass
Nitrogen content of the biomass (mg N/mg COD) in products from
biomass

Process

Saturation constant for substrate (mg/L)

Ammonification rate constant (L.COD/mg.d)

Hydrolysis constant (mg slowly biodeg. COD/mg cell COD)
Mass transfer coefficient

Saturation constant for ammonium (mg NH,-N/L)
Saturation constant for nitrite (mg NO,-N/L)

Saturation constant for nitrate (mg NO,-N/L)

Switch function (mg O,/L)
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Switch function (mg O,/L)

Saturation constant for substrate (mg COD/L)

Hydrolysis constant (mg slowly biodeg. COD/mg cell COD)
Ammonium chloride

Ammonium nitrogen ion

Diammonium sulfate

Nitrite nitrogen ion

Nitrate nitrogen ion

Specific growth rate of heterotrophic bacteria dh
Maximum specific growth rate (d_l)

Maximum specific growth rate of ammonium oxidizing bacteria (d_l)
Maximum specific growth rate of heterotrophic bacteria (d )
Maximum specific growth rate of nitrite oxidizing bacteria (d")
Correction factor for anoxic growth and hydrolysis

Oxygen

Exogenous oxygen uptake rate (mg O,/L.min)

Endogenous oxygen uptake rate (mg O,/L.min)

Maximum oxygen uptake rate (mg O,/L.min)

Liquid flow rate (L/min)

Average liquid flow rate (L/min)

Concentrate synthetic wastewater flow rate (mL/min)

Tap water flow rate (L/min)

Process rate

Organic nitrogen (mg/L)

Ammonium substrate (mg/L)

Nitrite substrate (mg/L)

Oxygen substrate (mg O,/L)

Readily biodegradable substrate (COD) (mg/L)
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Time

Volume (L)

Ammonium oxidizing bacteria (mg/L)

Autotrophic bacteria (mg/L)

Heterotrophic bacteria (mg/L)

Slowly biodegradable organic nitrogen (mg/L)

Nitrite oxidizing bacteria (mg/L)

Produced inert suspended organic matter (mg/L)

Slowly biodegradable substrate (mg/L)

Yield coefficient (mg/mg)

Yield coefficient of heterotrophic (mg/mg)

Yield coefficient of autotrophic (mg/mg)

Yield coefficient of ammonium oxidizing bacteria (mg/mg)
Yield coefficient of nitrite oxidizing bacteria (mg/mg)

5 days solids retention time experimental

5 days solids retention time experimental with return reject water
7 days solids retention time experimental

Analog to digital

Aanaerobic supernatant

Ammonium oxidizing bacteria

Activated sludge model

Activated sludge model no.1

Activated sludge model no.3

Bio-Augmentation Batch Enhanced

Bio-augmentation experimental; return sludge to reject water ratio 0.2 :1
Bio-augmentation experimental; return sludge to reject water ratio 1 : 1

Bio-augmentation experimental; return sludge to reject water ratio 3 : 1
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Bio3:1-2TKN = Bio-augmentation experimental; return sludge to reject water ratio 3 : 1
with 2 time TKN concentration of influent

Bio3:1-sys = Bio-augmentation experimental; return sludge to reject water ratio 3 : 1
with synthetic reject water

Bio5:1 = Bio-augmentation experimental; return sludge to reject water ratio 5 : 1

BOD = Biological oxygen demand

COD = Chemical oxygen demand (mg/L)

DAQ = Data acquisition

DNB = Denitrifying bacteria

DO = Dissolved oxygen (mg/L)

Dyn = Dynamic or variation condition

EQ = Equalizing tank

HCl = Hydrochoric acid

hr = Time (hour)

HRT = Hydraulic retention time (hrs)

I/O = Input/output port

IWA = International Water Association

LabVIEW = Laboratory Virtual Instrument Engineering Work Bench

In = Natural logarithm

mg = Weight (milligram)

min = Time (minute)

MLE = Modified Ludzack-Ettinger

MLSS = Mixed liquor suspended solids (mg/L)

MLVSS = Mixed liquor volatile suspended solids (mg/L)

mol = Molar

N, = Nitrogen gas

N.,O = Nitrus oxide

2
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NaOH = Sodium hydroxide

NO, = Nitrite (mg/L)

NO, = Nitrate (mg/L)

NOB = Nitrite oxidizing bacteria

oC = Oxygen consume (mg/L)

OUR = Oxygen uptake rate (mg O,/L.min)
PC = Personal computer

Pre-DN = Pre-denitrification

Post-DN = Post-denitrification

bCOD = Readily biodegradable COD (mg/L)
sec = Time (second)

SHARON = Single Reactor High Ammonium Removal Over Nitrite
SRT = Solid retention time (day)

ss = Steady state condition

TKN = Total Kjedahl Nitrogen (mg/L)

TN = Total nitrogen

TP = Total phosphorus (mg/L)

UASB = Upflow anaerobic sludge blanket
USB = Universal serial bus

VDC = Direct current voltage

VSS = Volatile suspended solids
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Wsimessaumansuegaunidntinaaelszaninimuesszun laun dasimsniyayla
UMz gaga (Maximum specific growth rate, £ ) 9n31M311 108 (Decay rate, b) AIAINDOUA?
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A1 IVA1991%13 (Saturation constant for substrate, K) mduilszaninala @Jaﬂ) (Yield, Y)
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. v o o , . . %99
NWITTUNDT Yanyu NUIY 20°C 10C -
RANGN
Stoichiometric Parameters
Heterotrophic yield Yy g cell COD formed 0.67 0.67 0.38-0.75
(g COD oxidized)”
Autotrophic yield Y, g cell COD formed 0.24 0.24 0.07-0.28
(g N oxidized) '
Fraction of biomass yielding particulate S dimensionless 0.08 0.08 -
products
Mass N/Mass COD in biomass Ixg gN (gCOD)" in 0.086 | 0.086 -
biomass
Mass N/Mass COD in products from iyp g N (gcoD) " in 0.06 | 0.06 -
biomass endogenous mass
Kinetic Parameters
Heterotrophic max. specific growth rate Mo day” 6.0 3.0 0.6-13.2
Heterotrophic decay rate b, daly-l 0.62 0.20 0.05-1.6
Saturation constant for substrate (SCS) of K gCODm’ 20 20 5-225
heterotrophs
Oxygen SCS for heterotrophs Koy g0, m” 0.20 0.20 | 0.01-0.20
Nitrate SCS for denitrifying heterotrophs Ko g NO;-N m’ 0.50 0.50 0.1-0.5
Autotrophic max. specific growth rate Hoon day-I 0.80 0.30 0.2-1.0
Autotrophic decay rate b, day” 020 | 0.10 0.05-0.2
Oxygen SCS for autotrophs Ko, g0, m’ 0.4 0.4 0.4-2.0
Ammonia SCS of autotrophs Ky gNH,Nm’ 1.0 1.0 -
Correction factor for anoxic growth of n, dimensionless 0.8 0.8 0.6-1.0
heterotrophs
Ammonification rate k, m’ (g COD day) " 0.08 0.04 -
Max. specific hydrolysis rate k, g slowly biodeg. 3.0 1.0 -
COD (g cell COD
day)”
HSC for hydrolysis of slowly biodeg. K, g slowly biodeg. 0.03 0.01 -
substrate COD (g cell COD)"
dimensionless 0.4 0.4 -

Correction factor for anoxic hydrolysis

T
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Component

. Sl S 1 Xs
J | Process |
1 | Aerobic growth of heterotrophs 1
Y,
2 | Anoxic growth of 1
heterotrophs Y
H
3 | Aerobic growth of autotrophs
4 | Decay of heterotrophs I-
P
5 | Decay of autotrophs 15

6 Ammonification

of soluble organic nitrogen

7 | Hydrolysis of slowly

biodegradable substrate

8 | Hydrolysis of organic

nitrogen

Observed Conversion rate (ML T )

Stoichiometric Parameter:
Heterotrophic yield: Y,

Autotrophic yield: Y,

Fraction of biomass yielding
particulate

products: f,

Mass N/Mass COD in biomass: i,
Mass N/Mass COD in products from

biomass: i,

Soluble inert organic matter (M(COD)L™)

Readily biodegradable substrate

(M(COD)L")

Particulate inert organic

matter (M(COD)L")

Slowly biodegradable

substrate (M(COD)L")
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(710)
Component i =
5 6 7 8
. Xo N X, So
J | Process
1 | Aerobic growth of heterotrophs 1-¥,
1 -
YH
2 | Anoxic growth of
1
heterotrophs
3 | Aerobic growth of autotrophs 4.57-Y,
| = A
YA
4 | Decay of heterotrophs
-1 f
5 | Decay of autotrophs -1 fo
6 | Ammonification
of soluble organic nitrogen
7 | Hydrolysis of slowly
biodegradable substrate
8 | Hydrolysis of organic
nitrogen
Observed Conversion rate (ML T ™) ry = Z Vi P J
i
Stoichiometric Parameter:
Heterotrophic yield: Y, g
Ct: ~
Autotrophic yield: Y, 2
- o Z 8 )
Fraction of biomass yielding particulate 2 r.ﬁ;: § ‘T‘; g 8 8
1 Q
products: f, ) 8 = 8 3 =) 2
z O g O S B 5 O
Mass N/Mass COD in biomass: i, 8 = s S = 2 2 ,E\
Qo ~ = ~ - NG)
= 7] < [72) E %)
Mass N/Mass COD in products from 0 é 0 é B é i 8
. , 5 £ 5 g E 3 23
biomass: i, < B < =5 ~ B o c
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(710)
Component i =
9 10 11 12 13
. SNO SNH SND XND SALK
J | Process
1 Acrobic growth of . i&
iy -
heterotrophs 14
2 | Anoxic growth of -7, 1-Y, iy
_l' - -
heterotrophs 2.36Y, ® 14-2.86Y, 14
3 | Aerobic growth of 1 . 1 Ig 1
— R p— JXB
XB
autotrophs Y, Y, 14 7Y,
4 Decay of heterotrophs i fi
XB /' P"XP
5 Decay of autotrophs iypolyp
6 Ammonification 1
1 -1 —
of soluble organic nitrogen 14
7 | Hydrolysis of slowly
biodegradable substrate
8 Hydrolysis of organic
1 -1
nitrogen
Observed Conversion rate _
. =2 VP,
ML>T i
Stoichiometric Parameter:
=
Heterotrophic yield: Y, é)n
i=]
Autotrophic yield: Y, ;
=
Fraction of biomass yielding 5 5y o
2 S s 2
particulate products: £, E o = S =z -
o g)o < ] E =
. [} ] on =)
Mass N/Mass COD in E= £ £ g £ z
8= E & S @ =
. . = - = Re) ] ]
biomass: Ixs T~ z ~ 2 o £ >
=G| 20|12 & ¢ :
Mass N/Mass COD in products g Z +, Z '_3 ,;\ 8 2 %
from biomass: i, z 2 zZ 2 |8 3 & 5 <
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GE))

Component i =

Process rate, pj

J | Process

1 | Aerobic growth of heterotrophs Ss Sy X
IleaXH BH
K +S K. +S,
2 | Anoxic growth of heterotrophs Ss Kou Svo b%
77g ;Ll maxH BH
KS + SS KOH + SO KNO + SNO
3 | Aerobic growth of autotrophs Sy So 0%
IleaxA BA

KNH + SNH KOA + SO

4 | Decay of heterotrophs b X

H BH
5 | Decay of autotrophs b, X,
6 | Ammonification
L ka SND X BH
of soluble organic nitrogen
7 | Hydrolysis of slowly k (X 1 Xy,)

h
biodegradable substrate Ko+ (X1 X,)

SO + KOH SNO

.
KOH + SO KOH + SO KOH + SNO

8 | Hydrolysis of organic nitrogen

p (X NDXS )
Observed Conversion rate (ML T")
Stoichiometric Parameter: Kinetic parameters:
Heterotrophic yield: ¥}, Hetertrophic growth and decay: 24 .. K, K .. K., b,
Autotrophic yield: Y, Autotrophic growth and decay: L ., Ky, Kou0 by

Fraction of biomass yielding particulate | Correction factor for anoxic growth of heterotrophs: n,

products: £, Ammonification: k,
Mass N/Mass COD in biomass: i, Hydrolysis: &, K,
Mass N/Mass COD in products from Correction factor for anoxic hydrolysis: 7],

biomass: i,
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7d-SRT-ss 1ty 5d-SRT-ss P <0.001 P <0.001 P=0.013
7d-SRT-dyn ttag 5d-SRT-dyn P=0.004 P <0.001 P=10.027
5d-SRT-dyn ttag 5d-SRT-ss P=0.761* P <0.001 P <0.001
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