Chapter 2

Literature reviews

2.1 Backgrounds

Nitrification is an aerobic, autotrophic process which is basically the oxidation of

ammonia to nitrite and to mtrate Y \\ » < \ / / organisms which derive their energy

solely from these oxidations and.not f ‘dation of reduced carbon compounds

ane
[Wallace and Nicholas, 1969)*Fhis type of microorganisms utilizes carbon dioxide as a

carbon source for biosynthet educed nitrogen compounds as
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rst oxidation step, i.e. the
by Nitrosomonas species,

although other genera, ingltiding Mitgosoeoce osespira may also complete the
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task. Some subgenera, Nitr@solobus and Nitr \ \ n also autotrophically oxidize
ammonia [Watson et al., 198 --»Qﬂ'.‘ diz bacteria oxidize ammonium to
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nitrite according to Equation (2

NH," + 1.50

(2-1)

In the second step of the pre '[';:' oxidize nitrite to nitrate

according to Equation (2-2).
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step, althm&h other genera, including Nitrospina, Nitrococcus, and Nitrospira can also

autotrophically oxidize nitrite [Watson et al., 1981].

The overall nitrification which is the combination of the above two

stoichiometries can then be expressed by

N'H4+ + 20, " NO;” + H;O (2-3)



The overall nitrification reaction indicates that the oxygen requirement for the oxidation
of ammonia is 4.57 g Oy/g NH,4*-N, which consists of 3.43 and 1.14 g O, for the
oxidations of ammonium and nitrite, respectively. Randall et al. (1992) found that the
oxygen requirement was not significantly different from the above calculation and the

reaction stoichiometry for the reaction with cell synthesis becomes:

V/}/lcell +1.88H,CO3+1.041H,0 (2-4)

] -N* c the oxidation of ammonia in

NH;" +1.830,+1.98HCO;” —»_

where approximately 4.2 g.£
this case. It is then concl .\\l had'only slight effect on the overall
oxygen requirement fi k eglected. Hence, oxygen

requirement from Equati itrification reaction.

2.2 Factors controllin

Literature shows that nitrifi number of variables including

dissolved oxygen concentration lxu:=-'::'"**-; ie (T), substrate concentration (S), and
o ’_,w*.u,
pH. The brief detail follow e
W, ) 3 N
A. pH: Bulk water pH valu 1 facto @nﬁcatlon activity. Nitrifying

bacteria are very sensitive t9 pH as 1llustrated in Flgure 2.1. Nitrosomonas has an optimal
pH between app qxﬂsi pH of the bulk water
tends to decreﬁ.g:g Mﬁmﬁm\ﬂ on source for these
autotrop s_(e. It'1s, important at pH is well
controlleﬁ:ﬁuﬁﬁﬁfj ﬁm nc T 91 ﬁ‘ﬂh

B. Temperature: The rate of nitrification is also strongly affected by temperature.
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Nitrification can occur in a wide range of temperature, i.e. from 4 to 45°C. Figure 2.2
shows that the rate of nitrification increased with temperature. In terms of reaction
kinetics, the temperature has direct effects on the maximum specific growth rate of
bacteria, Lmax (d"), for both Nitrosomonas and Nitrobacter. This relation follows

Arrhenius equation as summarized in Tables 2.1 and 2.2, and Figure 2.3.



- Dissolved Oxygen: The concentration of dissolved oxygen (DO) was also reported
to strongly influence the growth rate of nitrifying bacteria. Figure 2.4 shows that
nitrification could be achieved even at a very low DO level, e.g. 0.5 mg-O,/L, but higher
rate could be obtained at higher DO levels [Nagel and Haworth, 1969]. Table 2.3A
summarize works done to investigate the effect of DO. Many found is follow Monod type

kinetic. Table 2.3B shows some of the kinetic constant for the utilization of DO by

A }).n table only two works support the
r nitrite oxidation depends
cndird / \

nitrifying bacteria (assume Mono
claim though.

D. Ammonia concen
strongly on substrate c@ olved oxygen). Figure 2.5

shows the effect of 2

\ te where higher ammonium
loading rate was found 40 ; Ihn ce }‘ on which nitrification rate
increased with biomass comCenfra ﬁ ij h respect to dissolved oxygen and
ammonia concentrations, the Kintics of ’: _ focess is usually reported in the
form of Monod equation Where .,-l; ; m- ogen and dissolved oxygen are
treated as essential substrates and {6 faathers expression for this kinetics was given

by Henze et al. (1987), as follows: =

# ENH4+NH4_
where ﬂuﬁgnﬂnﬁﬁﬁ’]ﬂ‘i
= Maximurf specific oﬂth rate (d)
Rl chRpEith iy ataby]

Dissolved oxygen (mg Oz/L)

(2-5)
o+DO)

K nnwan = Saturated constant of Ammonium-nitrogen (mg NH4-N/L)
Ko

Saturated constant of Dissolved oxygen (mg O,/L)

Half-saturation constants (Knna.n) for ammonium of approximately 0.2-5 mg/L have been

reported in Dincer (2000).



E. Organic carbon: Figure 2.6 demonstrates the effeét of organic carbon/nitrogen
ratio on nitrification rate. Nitrification processes were strongly inhibited in the presence
of organic carbon. Organic matter in wastewater supports the growth of heterotrophic
bacteria, which compete with the autotrophic nitrifiers. Heterotrophic bacteria typically
have a maximum growth rate of five times and a yield of two to three times that of

nitrifiers [Grady and Lim, 1980]. Bovendeur et al. (1990) observed a significantly

decrease in nitrification rate for an increase in organic loading rate.
Ipitated metals in the activated

E. Toxics: It was reported 7 y metals could be tolerated by the -
bacteria because at the ran the ul@n (7.5-8.0), most of the heavy
—

metals exhibited low ioni&(" .| However, p
sludge could cause seri :\\S&\‘\\ precipitate d issolved. High
concentrations of am be i\.\\ 00 mg N/L, could also be
temporarily toxic to ni $ JUS. ‘-ﬁ\\: 1977]. Table 2.4 shows

concentration level of vario s which could be toxic to nitrifying bacteria.
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G. Salinity: Figure 2.7°d variation of the rate of nitrification with salt
ifi fate drops with an increase in salt

concentration, and in this figure,-as-th¢ sali conte eases from 0 to 3 and 5% the rate

H. Other essential remirements: Other requirements foegrowth of nitrifying bacteria
include carbon d ﬂ:‘ide cdfbenate or bicarbofiate, and ammonia or nitrite. Phosphate,
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Table 2.5 sammarizes previous investigation on the effect of these various parameters on

magnesium, iron

1977].

the nitrification rates.



2.3 Nitrification systems

Nitrification was carried out in various closed seawater systems. Literature concerned

with these systems is delineated as follows.

A. Trickling filters: A trickling filter is a wastewater treatment system that biodegrades
organic matter and can also be used to achieve nitrification. The wastewater trickles

through a circular bed of coar tic material. A rotating distributor (a

distributes the wastewater from
he wastewater attach themselves to the bed

rotating pipe with several
above the bed. The mi
(Fig. 2.8).

Treatment Detail Su
Nitrification rate rangg
Volume
Specific surface area
DO

pH

Temperature

Initial nitrogen com:
B. Submerged filters: Smmerged filter or fixed bed ﬁlteﬂs packed with filter media
(coarse sand, ﬁiﬁl lﬁ 0, mmc and oyster shell) to
support the g ﬁ ﬁ o ﬁi of this system, the
wastewater is fsl"lled into column and air is pumped through thegfixed film biofilter

QR RN FIRURPRHE I B

Treatment Detail Summary (see Table 2.6 for more detail)

Nitrification rate range 0.06-1.67 gN/m*d
Volume 0.35-6 m’
Specific surface area 80-1450 m*/m’
DO >3.0 mgO,/L

pH 6.0-9.0
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Temperature 20-30°C
Initial nitrogen concentration 0.2-10 mg NH4-N/L

. Airlift reactor: Airlift reactors are suitable for processes in which a good mixing and a
close contact between phases are desired. Air is sparged into the inner cylinder,

inducing a hydrostatic pressure difference between the riser and the downcomer. This

pressure difference is the driving t:, ge, for an internal circulation flow of liquid,

particles and air bubbles (see Figs. 2:10 and 2 1) [Benthum et al., 1999].
N j
,—J

Treatment Detail Summary (sec Fable 2.6 foimg il
Nitrification rate range ¥.33 gl \
Volume
DO

pH
Temperature
Initial nitrogen concentr

i

. Rotating filter: In this system, ‘s velops on the surface of vertical disks

that rotate within the liquid. Fhe fower p otating disking is periodically
submerged in the |;,"":":"'"f: P in :i ct with air. The speed o f
rotation is adjustable TI in concept to trickling filter,

with the exception that the microbes are through the wastewater rather than the

e bﬂgﬁﬁ“‘?ﬁ YNNG
RS SRIAN o

Volume! 0.009-5.12 m’
Specific surface area 18.3-278.80 m*/m’
DO 5.0-7.1 mgO,/L
pH 6.0-8.0
Temperature 15-30 °C

Initial nitrogen concentration 7.95-10 mg NH4-N/L
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E. Fluidized bed reactor: In fluidized bed reactor, the particles move up and down in the
bed while the expanded bed as a whole is kept within a well defined zone of the
reactor. Fluidized bed configurations are characterized by very high volumetric rate of
biological transformation, stable operation and self-cleaning effects over extended
periods. A high surface loading in the biofilter is thus needed to ensure suspension of

the media [Skjolstrup et al., 1998].

Treatment Detail Summ
Volume

Specific surface area
DO

pH
Temperature

Initial nitrogen concepffati

F. Immobilized in porous ¢

biofilm are left floating in fhe nifs f ;_ \ hese carriers might be conveyed
-r i -
through various parts of the réhetor in airk yle, or can just be left floating on the

d' system, the carriers with attached

top of the column. The im on of r ganis ms can prevent them from

being washed out af L}_-__-:___TT-TT—_,E:‘

Treatment Detail Sunmgg (see Table 2.6 for more deta@
o P T INEdsHeng

6.0-8.0

Tempﬂﬁﬁq AINIHAMIINNAY

Initial nitrogen concentration 10 mg NH,4-N/L

G. Membrane biofilm reactor: The membrane bioreactor is distinctively characterized by
a complete retention of biosolids within the bioreactor brought by membrane
separation. This enables control of sludge retention time (SRT) independent of
hydraulic retention time [Huang ef al., 2001]. Recently, the use of bioreactors with an
immersed membrane has been developed. The membrane replaces the secondary

clarifier of a conventional system [Delgado e al., 2002] (Fig 2.14).
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Treatment Detail Summary (see Table2.6 for more detail)

Volume 170 m®
DO 4.0-5.0 mgO,/L
pH 6.8-8.5

The number of work performed on, the nitrification process is numerous and it is

\'

description of each of the workwen ¢ stems are provided in a tabulated

se investigations here. Hence, a clear

form in Table 2.6 which ASid - tely concise and descriptive.

Advantages and disadvantage ¢ess are given in Table 2.7

2.4 Three-phase Ai ATPAL): Introduction

A number of chemical and bi cal reactions and, off treatment processes involve

kol

d enzymes or i mmobilized microbes.

s are either catalyst particles or

The biological aerobic systems e - .=_¥.'_' i to supply the dissolved oxygen. The
reaction takes place in ¢ 7 {ining gas
solid particles. For de h hes papers focused on effects
of various parameters, @ 1 0 ational, ﬁ TPAL performance. These

parameters include superﬁfial gas-liquid velagi’ties, cross-sectional area ratio between

=
downcomer and ﬁﬁﬂi 4'3&1% ﬂﬁﬂ ﬂfg}ﬂ on, column diameter,

draft tube height, et¢. A mini review of these works 1s given in Table 2.7.

qu\ﬂ:;l @eﬁﬂdﬁaﬂi %ﬁﬂlﬁuﬂ &1 :vl)ﬂqi&!m et al. [1984]

who reported that at low gas v elocity the solids w ere not suspended in the liquid and

: _‘ in intimate contact with the

formed a packed bed at the base of the reactor; they referred to this as “packed-bed
mode”. As the gas velocity increased they observed a “fluidized bed mode” in which
substantial liquid recirculation occurred and served to suspend the solids in the riser zone.
At adequately high gas velocity, this fluidized bed expanded to the top of the draft tube,
and the solids began to recirculate with the liquid through the annular region the

“circulating bed mode”. Koide er al. [1984] investigated the critical gas velocity required
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for solids suspension (equivalent to the gas velocity at the stall point) in a TPAL reactor,
and also the overall gas holdup and gas-liquid mass transfer coefficient. The critical gas
velocity was determined by supplying gas at sufficiently high velocity to suspend all solid
particles in the recirculating bed mode, and then slowly decreasing gas v elocity to the
point w here the reactor stalled. They concluded that the critical g as v elocity i ncreased
with increasing particle settling velocity and solid concentration, and that solid particles
were suspended at much lower gas velocities in the TPAL system than would be the case
in an equivalent bubble column. Smit; ? 1992] who found that an increase in
gas velocity (in the range of 0.04-0. m % a higher liquid circulation rates

'_J

ed that the ratio between gas

similar density to water
[2000] described that

& o M) jr
In terms of gas-}ilmd mas’s-f{—aﬂ’sféy;, as [1987] reported that the
mass-transfer coefficient it Ads -t east=—Withi=tie=ga oV rate. This influence was

more obvious for light ;;Q‘: es at liqu pse+40 the minimum fluidization

conditions. Nikov and D I as [1992] demonstrated that superficial gas-liquid velocities
caused changes i e ‘: i eﬁ’ : icle e. In this case, each
sphere was sunoﬁﬂtﬁaﬁﬁzj m eﬁ ﬂ:‘jﬁni:neous density, thus
increasing the parti%{e terminal velocity§ which in tummaffected positively the liquid-solid
e Ry TR PO A QL) B Bt
transfer coefficient bf oxygen (k.a) in a three-phase biofilm airlift suspension reactor

decreased proportionally with an increase in solid hold-up.

Turning now to other aspects of TPALs, Smita and Jo.Shi [1992] showed that
ALFR (airlift fluidized bed reactor) was very much more attractive than the conventional
three-phase fluidized bed because of its low power requirements and low levels of shear
stresses. The power requirement of the ALFB was very low (less than 0.5 kW/m>)

compared to that of the Three Phase Reactor or TPR (4-10 kW/m™) for a similar solid-
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liquid interfacial area. The level of shear stress in the ALFB was found to be two to three
times lower than those generated in the TPR. Hence, the ALFB is expected to be a

promising multiphase contactor for handling biological reactions.

AU ININTNEINS
ARIAN TN TN
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Table 2.1 Specific growth rate of nitrifiers in various systems (ammonium oxidizers,
except where stated)

Sewage-sludge (pH 7.5-8)

20°C 10°C
1 max (A7) Reference Mmax (A7) Reference
>0.5 Lawrence and Brown (1976) 0.3 Hall (1974)
0.42-0.59 Hall (1974 0.25 Lawrence and Brown (1976)
0.46 Cole (1983 Hall (1974)
(0.19-0.23) —
<0.37
0.34(0.5)
0.25-0.42
(0.19-0.32)
0.3 Stover
0.56

Stensel et gl
L

AU INENTNYINS
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Table 2.2 Effect of temperature on specific growth rate of nitrifying microorganisms

Ammonium oxidizers Nitrite oxidizers
M omax (d7) Reference Hmax (d7) Reference
20°0C 0.5 Hall and Murphy (1980) 0.56 Hall and Murphy (1980)
0.65 Jones and Paskins (1982)
0.94 Buswell et al. (1954)

30°C 1.5

32°C Boon and Laudelout (1962)

AULINENTNEINS
RN TUUMINYAE
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Table 2.3A Dependency of nitrification on dissolved oxygen

Concentration of dissolved  Extent of nitrification Reference

oxygen (mg/L™")

in activated sludge

0.2
0.3
0.5

1,4,7
4,7

7

0.9
0.9

1.8,3.6,7.2

1-2

=1.5
>3

None Downing and Scragg(1958)

~ 50% nitrification
Full

Lee and Johnson (1979)

_.5}' ase (1984)

iF

SRT = sludge retcﬁoﬂ
U

I
YAENINYng
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Table 2.3B Saturation constant* for dissolved oxygen utilization by nitrifying bacteria

Saturation constant for Remarks Reference
DO, K (po) (mg/L™)
0.25-0.3 Pure culture, Loveless and Painter (1968)
Nitrosomonas Peeters et al. (1969)
0.3-0.7 Pure culture, See Stenstrom and Poduska
Nitrobacter (1980)

0.8-2.5 diure Peeters et al. (1969)
0.3 B cc I 55 and Painter (1968)
0.4 TN ewich (1972)
2.0 ‘Nagel'and Haworth (1969)

* Assume Monod kinetics

AULINENTNYINS
QRIANIUNRIINYAY

18



19

uaydoioqyorq d
9pAYaP[eZUSqONIN-d
aprydinsip uoqre)

opIze eN

e
BEIER :_ -
OPLIO[YO Wi x \
surjowinb of ol d
[oss11I0H l \\ =
auliue[AyaN SUNN u o
[00ot]uroAwoidong apIueAd BN
loselviaa um%ouﬂm oul[ue [Ayjour-N
[o01]eniq m sunwe[£sapoq
QUSAYION oudy
[00€g]ereUBAO0TY) I ajeueAo01ost ATV
jousaydowoiqu] A_PIU_SS_ sjoze1y)zuaqoydesay
-9%‘C _ o &:o& 91euRKO0IYI0ST [AYISJA
[OH autuyoAng O =y opIureX0-o1yiI(
auresozuag ovﬂﬁsmé o~o§~£§om
ULIPAYUIN oprydinsip oﬁﬁmﬁaoo@% uﬁ@oc d  9leweqledoly)IpjAylow eN
aurweAzuag wemmyjAyjowena |, -oua[Ayawrejuadooho BN 1Ay -1 SpIWe)adBOoIY
surwreAyjou ], 9pLIO[YD 9)eWERqIROO0IY)
IDH wnuoInory) [Azuag -ousjAyjouwrejuado[oko eN o::EﬁN!n. 9pIZBqIedIWasoIy |,
SUTWEAYRWIL],  SJBWEqIBdOIYIP SUSJAYIO)  2JeUIeqIEdO0IyjWeInIy[AY1ourena | sreydin BOINOIYIA[ Y
SpIWRIPUBAII(] ejuadooAo winturpuadig 9JBWERQIBOOIIPIAYIdWIP BN wnruoIniyy [AyISA BAINOIY [,
/3w 001< /3w 001-0Z 18w 0z~ TBWOI~ 16w I~

[$861 “1ojureq pue Sury /6] Apeln) pue AINQUSYOOH ‘1861 <72
12 poog 9961 “Iv 12 uosurjwo] ] s3sa1 yojeq ul 93pn[s pajeAnor Aq UOIEPIXO WNIUOWWE JO uoniquyui renuelsqns ulAlg spunodwo)) 47 9[qe L



Table 2.5 Optimal level of various parameters for nitrification

Factors Reference Optimal Value
pH Shammas, 1986 8.5

Shrestha et al., 2002 7.0-8.0
Wild et al., 1971 7.8-8.9
Skadsen et al., 1996 7.0-8.0

Temperature Watson and Valos, 1981 25-35 °C

Wild et al., 1971 35 °C

US. EPA, 1994 35-42 °C

Focht and Verstraets, 1¢ 25-30  °C

L 35 g

35-42  °C

C
Dissolved mg/L
oxygen mg/L
mg/L
mg/L
Ammonia mgNH,Cl/L
concentration
Organic <0.25
carbon (C/N) amm ) _ <15
Zhu and Chelt;220€ 0
Toxic NHs < 1000 mg/L

NaCl < 35000 mg/L
WS < 50 mgL
"Chlorine < 1 mg/L
~Ethanol < 2400 mg/L
Methanol < 160 mg/L

i FULARYNINEINS

Nihof and Bovendeur, 1990 < 34 IEI
F~
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Percent of rate at 30 °C

Figure 2.2 Efﬁlﬁgﬁﬂﬂﬁwmﬂﬁ the rate at 30°C [Wild er
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Ammonia nitrogen oxidation rate
Ib NH4"-N/Ib Mixed Liquor
Suspended Solids /day

Figure 2.4 Effect of dissolved oxygen ¢t nit
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Biomass concentration (g L)
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Figure 2.5 Effect of ammonia loading rate on biomass concentration [Campoas ef al.,
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Total ammonia removal rate
(mg m>d™)
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Figure 2.6 ffect of C/N ratio on mtnﬁcatlon rate [Zhu et al., 2001]
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Rate of nitrification (kg m™ h™")
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Figure 2.7 Vaﬁatiqouﬂjont%cniﬂﬂ):tl.n[;cer et al., 2001]
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