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Abstract—The impact of the threshold concentration of toxic materials on nitrification in stripped gas liquor was
investigated. Ammonia nitrogen, phenol, thiocyanide, cyanide, m-cresol, toluene, quionoline, and aniline were selected
as toxic materials in the wastewater treatment experiments. The concentrations of organic materials that are contained in
raw wastewater of stripped gas liquor were 400 to 600phghol, 5.95 mganiline, 17.85 md/quinoline, 197.43 my/
m-cresol, and 85.57 mgbluene. When the ammonia nitrogen concentration was lower than 20hmgitrification
was stable. However, in the case of higher than 20Dimgfie concentration of ammonia nitrogen, the removal
efficiency of nitrogen was very low. Cyanide with concentration higher than Ol5aotgd as a toxic material to
microorganisms because it produced excessive foam and made the activity of microorganisms decrease. The threshold
concentrations of organic materials such as m-cresol, toluene, quiline, and aniline that influence nitrification of micro-
organisms were 100 nmigh0 mgl, and 200 mdy/ respectively. The change in the dilution ratio of raw wastewater and
the additional amount of PAC did not make a big difference on the COD removal. On the other hand, the higher the
dilution ratio of wastewater and additional amount of PAC increases, the higher the removal efficiency of ammonia
nitrogen increases.

Key words: Inhibited Phenomenon, Toxicity, Toxic Material, Nitrification, Stripped Gas Liquor

INTRODUCTION in the aspiration and growth of thitrifier [Meiklejohn, 1954; Boul-
langer and Massol, 1903; Park et al., 2003]. In the cateosbmo-

Nitrifiers are severely influenced by toxic materials which are nas when the concentration of Nal@as 0.1 and 0.3 M, the re-
contained in sewage or wastewater [Shrima and Ahlert, 1977; Blunspiratory rate of oxygen was decreased by 36% and was com-
and Speece, 1991; Hockenbury and Grady, 1977; Meyerhof, 1916pletely disappeared, respectively. Moreover, in the casirof
The effect of toxic materials on the nitrifier can appear in a varietybactey this tendency is more severe. When thg-N@oncentration
of forms. When toxic materials act as the inhibitor to the nitrifier, is higher than 70 g/mthenitrobacteris difficult to be cultivated.
the cell growth and the ammonia oxidation are reduced. A strondvoreover, free ammonia is fatalrrobacter
toxicity causes the nitrification to be discontinued due to the disap- Heavy metals that may enter the wastewater system also have
pearance of the nitrifier. However, when toxic materials are com-an inhibitory or toxic effect upon the treatment system, particularly
pletely removed, a new nitrifier appears and then nitrification beginsupon the biological treatment processes. Heavy metals such as nick-
again. el, chromium, lead, copper cadmium, etc. can react with microbial

Mayerhof [1916] experimentally investigated materials that in- enzymes to retard or completely inhibit the metabolism [Park et al.,
hibit the oxidation reaction by using the Warburg respirometer. This2003]. Skinner and Walker [Sawyer and McCarty, 1967] reported
work reported that the factors inhibiting the oxidation reaction of that when nickel, chromium, and copper are 0.25, 0.25, and 0.1 to
nitrifier are heavy metals, traces of electrolyte that dissolved in watef).5 mgl, respectively, these concentrations of heavy metal com-
a variety of organic materials, etc. It was also founchitrebacter pletely inhibit the activity ohitrosomonasBackman [Skinner and
was more sensitive tharitrosomonasn the degree of inhibitory ~ Walker, 1961] reported that when the concentration of nickel and
effect on microbes. zinc is 0.3 md/ each nitrification is completely inhibited.

Painter [1970] founded that chelating agents such as thiourea, The stripped gas liquor that is generated from the coal gasifica-
allyl thiourea, 8-hydroxy quinoline, salicyladotime, histidine, etc. tion process contains various organic compounds, nitrogen com-
showed toxicity tanitrosomonaslin addition, 1.0 and 10.0 nhgep- pounds, cyanide compounds, etc. When the stripped gas liquor is
tone reduced microbial growth by 25 and 60%, respectively. Tom-compared with general wastewater, it contains various kinds of ma-
lison et al. [1966] and Dowing and Hopwood [1964] investigated terials that are considered as important factors with regard to the
the inhibitory effect of organic material on ammonia nitrification in removal of nitrogen compounds such as high-strength nitrogen com-
activated sludge. pounds, a variety of toxic materials, and organic materials. More-

A typical electrolytes that influences nitrifying microbes is ammo- over, it was reported that they were not thorougbsomposed by
nium ion, free ammonia, nitrite etc. Nitrite gives impact of toxicity the microorganism. Also, owing to the stripped gas liquor contain-
ing high-strength phenol and SCN, the toxicity of these materials
To whom correspondence should be addressed. to nitrifier should be investigated.

E-mail: sskim@kimpo.ac.kr Free cyanide is expected to have the biggest influence on the nitri-
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fication of nitrogen compounds in the stripped gas liquor. Cyanide ® @
is classified into two forms such as free cyanide in the form of cy- -

anide ion and complex cyanide combined with metals. The com: ()
plex cyanide has very low toxicity to nitrifier, while the free cyanide ‘ D , e
has very high toxicity. Neufeld et al. [Beckman, 1972] reported that p ‘ J

the limited concentration of free cyanide in nitrifier was 0.11,mg/ @ ®
but it had little difference depending on the adaptability of micro- maly imal
organism to toxic materials. Thus they suggested that the limitec li
concentration of free cyanide was 8 mg/ a

A variety of single or complex organic compounds such as cresol

indole, toluene, quinoline, aniline, etc. are known to exist in the strip- Uaf WTJ' rj' TJ' ®
©20Ce0o

ped gas liquor [Neufeld et al., 1980]. It is already found through

experiments in common sewage that these materials severely di X T g =

turb nitrifiers. Moreover, these materials create foam and a bad sme

as well as materials that disturb the microorganism’s growth. e © e i ®
The objective of this research was to identify the impact of the
concentration of toxic materials in the stripped gas liquor on nitri- ©
fication and to find the threshold concentration of the toxic materials. x
EXPERIMENTAL Fig. 1. Batch_type_reactor for the inhibition effect test of various
organic toxic Compounds.
1. Qualitative and Quantitative Analysis of Toxic Materials é gie;fah(;tg: gi.%.BITsva\};err
The total of 24 organic materials that are commonly known to 3. Auto pH controller 10. NaOH feed pump
exist in stripped gas liquor are measured by GC (Alltech, SRI 8610) 4. PID temp. controller 11.10% NaOH tank
and HPLC (Varian LC5500) to investigate organic materials that 5. Hood 12. pH sensor
cause the COD and the effect of these materials on the wastewater 6. Gas flow meter 13. Theomost

treatment facility of microorganisms. Along with the UV Spectrum 7. Water Bath

of 254 nm and the column of {used in the HPLC analysis, the

separation of organic materials that adopt the proper mixing of wateB. Experimental Apparatus of Batch Reactor

and methanol by the gradient program was carried out. When the 24 To investigate the effect of nitrification for toxic materials that
organic materials were analyzed by the correlation curve of HPLCare contained in the stripped gas liquor, the apparatus shown in Fig.
10 organic materials were difficult to measure. Therefore, a GC wittl is used. In this experiment, instead of a variety of major toxic ma-
the Flame lonization Detector (FID) and the DB-WAX Column terials that exists in stripped gas liquor, the manufactured synthetic
(Alltech Cat. No. 2000170) was used to analyze them. The ovenvastewater with a different concentration is used. The concrete pur-
temperature in the GC is programed as follows. After staying atpose of this experiment is to investigate the limited concentration
35°C for the first 10 minutes, the temperature was increased fronof each toxic material that can safely treat the ammonia nitrogen
35°C to 150°C with the rate of 28C per min. Then, after staying which is contained in stripped gas liquor.

at 150°C for 15 min, the temperature was changed fronf@36 The concentration of ammonia nitrogen in all the reactors was
210°C with an increase in 2C per min. 200 mgl. To find out the clear limited concentration of each toxic
2. Respirometer of Microorganisms material that affects the microorganism, the ranges of concentra-

The respirometer used in the experiments is the AER-200 systion for each toxic material were divided into 4 to 5 ranges. And
tem of Challenge Environmental System Inc. and consists of a mithe concentration change of each toxic material in the reactors at
crobial reactor, an oxygen supplier, a cell to measure flow rate, anthe beginning of the experiment was measured every 10 hrs to es-
a computer for data handling. timate the influence of nitrification related to the toxic materials.

A microorganism reactor with a serum bottle of 250 ml is used.

The gas phase volume is 100 ml because 150 ml is occupied by
the liquid mixture that consists of sample and microorganisms. Thélable 1. Synthetic wastewater used in batch reactor

actual activated sludge is cultivated in another operating reactor of (unit: mgl)
activated sludge. And the uniform activated sludge taken from the Component Concentration
above reactor is used in the experiment. The samples taken are used

R . NH,CI 200
after the liquid mixture of raw wastewater, buffer solution, reason- _

: . . . K,HPQ, 500

able low concentration of nutrient, and microorganisms taken from . 50
the culture medium in order to uniformly adjust the concentration 9SQ:-7H;
of the microorganism in the samples. The agitator in the serum bot- FeCl-6HO 10
tle is used to carry out the mixture of the microorganism and the CaCl-2HO 10
supply of the oxygen in the reactor. The speed of the agitator is fixed MnSQ,-H,0 10
at 400 rpm so as to properly form the vortex in the reactor. NaHCQ 150
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Table 2. Concentration of mineral content of the coal gasification =~ Table 4. Concentration of organic compounds by HPLC analysis

plant’s stripped gas liquor (unit: mgl)
(unit: mgl) Influent Effluent
< I Material ca Mg Na Fe Si =] Phenol 400-600 Acetophone 4.04
amp'e Catachol 14.82 Indole 18.62

Influent 412 184 523 225 1131 Tr O-cresol 3034

Effluent 415 17.3 612 176 9.67 Tr m-cresol 197 43
Acetophone 457

As seen in Table 1, the samples used in the experiment are the syn-ndole 91.36
thetic wastewater that has the components likgONHKGHPQ, Benzene 15.55
MgSO,-7H,0, FeCJ-6H0, etc. Toluene 85.57
Naphthalene 0.17

RESULTS AND DISCUSSION

1. Concentration of Organic and lon Materials in the Stripped organic compounds of multi chains that have large relative molec-
Gas Liquor ular weight. They show that a very low concentration in the effluent

The result of qualitative and quantitative analysis for the ion ma-existed even if they were incompletely decomposed in the waste-
terials that are contained in stripped gas liquor is shown in Table 2vater treatment facility. It is expected that these organic materials
The raw wastewater in the wastewater treatment facility containgiot only have a bad effect on the BOD concentration but also act
materials such as Ca, Mg, Na, Fe, Si, and traces of P, which are neexb an inhibitor to bacteria growth.
ed for microorganism growth. Fortunately, this wastewater does As seen in Tables 3 and 4, the stripped gas liquor involves a high
not contain toxic metals such as Ni, Cr, Cu, etc. To investigate theconcentration of organic compounds such as cresol, indole, tolu-
toxic organic materials that are contained in stripped gas liquor, thene, quinoline, aniline, etc. It was reported that these materials large-
influent and effluent of the biological wastewater treatment facility ly have an effect on the nitrifying bacteria through the examination
in a field are analyzed by the GC. which was based on sewage [Meyerhof, 1916; Painter, 1970; Beck-

From the analysis, the organic materials contained in strippednan, 1972; Neufeld et al., 1980]. Therefore, when the nitrogen com-
gas liquor are aniline, 1,1-biphenyl, quinoline, isoquinoline, and 6-pound from the stripped gas liquor is removed, it is expected that
methyl quinoline, with their concentrations of 5.95, 24.64, 17.85, these materials might act as toxic materials. Additionally, these ma-
45.89, 5.72 mdy respectively. After wastewater was treated by using terials not only act as inhibitors to bacteria growth but also produce
microorganisms in the aeration tank, organic materials in the influfoam and a bad smell through the oxidation process. So the above
ent such as 1,1-biphenyl, quinoline, isoquinoline, 6-methyl quino-inhibition factors on bacteria must be considered.
line, etc. were decreased or almost completely removed. Thus, 1,1- Heavy metals are also known as toxic materials to bacteria. As
biphenyl, 6-methyl quinoline, and 2-methyl naphthalene were onlyshown in Table 2, the effluent of stripped gas liquor has very low
detected in the final effluent, and their concentrations were 1.56¢concentration of heavy metals. Therefore, this concentration range
2.95, and 0.38 miglrespectively. The results of these analyses areof heavy metal has very little effect on bacteria.
shown in Table 3.

The concentrations of the organic materials by the HPLC analy:
sis are shown in Table 4. The operating conditions of HPLC are 45 |
based on the ratio of methanol and water--80 : 20, 60 : 40, 40 : 6C v
and 20 : 80--just before or after the initial time of 0 to 5min, 5 to 150 | v
15 min, 15 to 20 min, and 20 min, respectively.

The organic materials detected in raw wastewater by the HPLC g 120 o7 awe.
analysis are phenol, catachol, o-cresol, m-cresol, acetophone, indol £ -..-'g.n-'
benzene, toluene, and naphthalene. Also, as seen in the finaltab & 90 1
acetophone and indole from the final effluent were detected. Mos &
organic materials that were detected from the final effluent were " 60

o]
Table 3. Concentration of organic compounds by G/C analysis 301
(unit: mgl) o |
Influent Effluent - « . - ‘ ; ‘ :
- - 0 10 20 30 40 50 60 70
Aniline 5.95 1,1-biphenyl 1.56 Time (hr)
1,1-biphenyl 24.64  6-methyl quinoline 2.95 Raw wastewater v 2-times dilution stimes dilution
Quinoline 17.85 2-methyl naphthalene 0.38 — 4-times dilution ~—4&— 5-times dilution
Isoqumolme. ) 4589 Fig. 2. Comparision of oxygen uptake for various dilution ratios
6-methyl quinoline  5.72 of the stripped gas liquor in the respirometer experiment.
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2. Effect of Dilution Rate of Stripped Gas Liquor on Nitri- 100 /c

fication Rate v ///.
In order to closely examine the nitrification rate with respectto 80 /-/

the dilution ratio of stripped gas liquor, the bacteria respirator was 2 Vs

used. The dilution ratios of the stripped gas liquor were 0, 2, 3, 4 é‘ //

and 5 times. These results are shown in Fig. 2. For raw wastewat: .2 60 1 "t

without dilution, the oxygen up-take ratio was very slow. Also, the & g // P

removal of the nitrogen compounds and BOD material without dilu-  § 40 | Y o

tion was very difficult. In the case of 2 times dilution, however, the g _,/ /_,»/’ - -

oxygen up-take ratio rapidly increased after 30 min. These phe ‘g T

nomena imply that the higher the dilution ratio goes up, the faste £ 20 _ «’"/ e

the decomposition occurs. In the case of 5 times dilution, since th o a

removal of pollutants progressed very fast, the pollutants were almot 0 | ) =

decomposed in 20 min.

Residual materials remained in the reactor after the end of th
experiment. In the case of 5 times dilution sample, the concentre Time (hr)
tions of materials that caused BOD and ammonia nitrogen were —®— NHI-N 100mg/l  ~-v-- NHZ-N 200mg/l —®— NHi-N 300mg/|
and 17%, respectively. On the other hand, in the case of the 2 time ~®~ NH&-N 500mg/i &= NH4-N 800mg/i
dilution sample, the materials that caused BOD were less than 5%sig. 3. Effect of NH;-N load on the nitrification efficiency in the
while the concentration of ammonia nitrogen only was 87% more batch experiment.
or less. These results suggest that the lower the dilution ratio becomes,
the higher the inhibited action appears. Therefore, a high concen-

tration of organic materials and ammonia nitrogen significantly hin-ciency was higher than 70% after 10 hrs. After 30 to 40 hrs from
ders nitrification efficiency because the nitrification efficiency be- the beginning of the experimental operation, the ammonia nitrogen
comes low. was almost removed. When the concentration of ammonia nitro-

It is also shown that the oxygen up-take ratio of 2 times dilutedgen became higher than 500 mtile ammonia nitrogen removal

sample compared to 4 times diluted sample is mostly used to re=fficiency was 40% under 50 hrs or more of the operation time. This
move BOD, and the amount of oxygen up-take that is used to resuggested that high ammonia nitrogen concentration inhibits nitri-

move nitrogen compounds is very slight. fying microorganisms. Therefore, to run a safe and effective nitrifi-
3. Limited Concentration of Inhibitors Influencing Nitrifica- cation reaction requires an ammonia concentration level of 100 to
tion at 1, Batch Experiment 200 mgl that can minimize the effect of nitrifying microorganisms.

Through the GC, HPLC, and beaker experiment analysis, it wa®. Effect of Concentration Change of Phenol on Ammonia
found that the stripped gas liquor contained inhibitor concentrationNitrogen Removal Efficiency

similar with the concentration in the literature [Beckman, 1972; Neu- Experimentation was carried out to discover the effect and lim-
feld et al., 1980]. These values are shown in Tables 3 and 4. Thed&tion of the concentration of phenol on the removal of ammonia

inhibitors are highly toxic to microorganisms. Therefore, the toxic
materials such as NHphenol, SCN, CN, m-cresol, toluene, qui-
onoline, and aniline were selected to investigate the limited con. 100 |
centration of inhibitors that influenced the nitrification of microor-
ganism.
4, Effect of Concentration Change of Ammonia Nitrogen on
Ammonia Nitrogen Removal Efficiency
The microorganism used in the batch experiment was the sam
microorganism which was already applied to the above first stage.
First, after these microorganisms were washed by the diluted wate
they were mixed with artificial wastewater so as to become 2,50(
to 3,000 mg/MLSS in 4l volume reactor. The composition of arti-
ficial wastewater is shown in Table 1. To investigate the influence
of ammonia nitrogen load in the first batch experiment, the initial
ammonia concentration was adjusted from 100 to 800 enud
then the change of ammonia concentration was observed every :
hrs. As can be seen in Fig. 3, the extent of ammonia nitrogen re
moval was approximately a trifle amount except for ammonia con- Time (hr)
centration lower than 200 migBut as time passed, the removal —e— Control v+ Phenol 50 mg/l —#— Phenol 100mg/I
efficiency of ammonia nitrogen increased slowly. & Phenol 300mg/l —a- Phenol 600mg/l —0:~ Phenol 1000mg/I

Especially, in the reactor that had low ammonia nitrogen con-Fig. 4. Effect of phenol load on the nitirficiation efficiency in the
centration like 100 to 200 nmiglammonia nitrogen removal effi- batch experiment.

80 1

60

40 A

NHZ-N Removal Efficiency (%)
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nitrogen. The extent of phenol concentration was adjusted from 5@le. But, when the SCN concentrations were 100 and 2%50thegy/
to 1,000 mg/because its concentration was similar to the concen-efficiency of nitrification began to increase after 30 hrs operation
tration of the original stripped gas liquor based on the extent of phetime and complete nitrification was almost attained after 50 hrs op-
nol concentration of 500 to 700 rhg/ eration time. This means that the extent of 100 and 235Gty
Fig. 4 shows the removal efficiency of ammonia nitrogen relatedhas very low effect on nitrifier and a similar result was already re-
to the extent of phenol load. Five samples ranging from 50 to 10(orted by Kim et al. [Stamoudies and Luthy, 1980]. But, if the con-
mg/l and one controlled sample without phenol were used to findcentration of SCN was higher than 250Iithe effect of SCN on
out the removal efficiency of ammonia nitrogen related to the extentitrification was highly negative. The reason that the efficiency of
of phenal load. nitrification seldomly influences nitrifier is the increase of ammo-
In Fig. 4, ammonia nitrogen was almost removed at 40 hrs morania load due to SCN decomposition by oxidation as well as SCN
or less in the case of the controlled sample. On the other hand, thiself.
removal efficiency of ammonia nitrogen for the reactors that con-7. Effect of Concentration Change of Free Cyanide on Am-
tained phenol was very low compared with the controlled samplemonia Nitrogen Removal Efficiency
Even though phenol concentration was as low as 50 and 100 mg/ Free cyanide is known to be the most serious toxic material among
the extent of ammonia removal was very low. In the case of phethe toxic materials that act on microorganisms. This study carried
nol with 50 and 100 mi/however, ammonia removal was rapidly out the extent of concentration that is adjusted from 0.5 to 10 mg/
accomplished after 40 hrs. and the concentration became 1.4 and find out the toxic effect of free cyanide on microorganism.
2.1 mgl, respectively. But when the phenol concentration was higher Fig. 6 shows that even though cyanide concentration was as low as
than 300 mdy/ nitrification was very slow and only 30 to 50% re- 1 to 20 md/, nitrification almost did not occur. Therefore, it shows
moval of phenol was attained after 50 hrs in reaction time. This meanthat cyanide highly affects nitrification of microorganism in the be-
that a high phenol concentration has a big effect on microorganginning time. The nitrification efficiency in 0.15 rhgyanide as low
isms. Thus, not only can the nitrifier not remove phenol by itself, concentration rapidly increased after 30 hrs more or less. In the case
but also it cannot attain the completion of nitrification in a condi- of the concentration of 1.0 to 10 ingyanide, the nitrification effi-
tion of highly concentrated phenol. Therefore, for effective nitrifi- ciency was very low, but it considerably increased after 40 hrs. Thus,
cation, phenol has to be removed before being treated or should tike nitrification efficiency was inactive in cyanide concentration with

maintained at lower than 50 rhg/ higher than 0.5 mggbecause such concentration of cyanide acts as
6. Effect of Concentration Change of SCN on Ammonia Ni-  a toxic material to microorganisms.
trogen Removal Efficiency The increase of cyanide concentration produces excessive foam

When the SCN concentration is higher than 300 ibgg known and decreases the activity of microorganisms in the aeration tank.
to act as a toxic material to nitrifier [Beckman, 1972]. In order to Then, it makes the operation of wastewater treatment facility diffi-
find an SCN effect, four kinds of samples were adjusted from 10Ccult because it leads to the drop-off of sedimentary ability as well
to 900 mg/ and one controlled sample without SCN was used foras sludge raising in the clarifier.
examination. When the free cyanide concentration in stripped gas liquor is 1.5

As can be seen in Fig. 5, all four reactors that contained SCNo 2.0, the toxicity of microorganisms will be very high due to the
progressed at low nitrification compared with the controlled sam-

100 A 100

80 A

80

60

40 1

Nitrification efficiency (%)
Nitrification efficiency (%)

20 A

Time (hr) Time (hr)
—e— Control ..o~ SCN 100mg/l —%— SCN 250mg/I —e— Control -0 CN 0.1mg/l  —w— CN 1mg/l
—v-- SCN 500mg/l —®— SCN 900mg/L —v- CN5mg/l —m CN10mg/l —1-~ CN 20 mg/I

Fig. 5. Effect of SCN load on the nitrification efficiency in the batch Fig. 6. Effect of CN load on the nitrification efficiency in the batch
experiment. experiment.
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100 100 A
;\; 80 ;\; 80
> >
Q )
< c
Q2 60 4 D 60
Q2 ©
&= =
(] )
= c
2 40, S 40 1
@ ©
Q 8]
= =
Z 20 Zz 20 4

e
O k 0 1 T : T T T T
0 10 20 30 40 50
Time (hr) Time (hr)
—— Control @ m-cresol 10mg/l  —w— m-cresol 50mg/l —e— Control O+ Toluene 50mg/l —w— Toluene 150mg/i
—v-- m-cresol 100mg/i —®~ m-cresol 200mg/l —0-- m-cresol 300mg/l ~—-- Toluene 300mg/l

Fig. 7. Effect of m-cresol load on the nitrification efficiency in the Fig. 8. Effect of toluene load on the nitrification efficiency in the
batch experiment. batch experiment.

cyanide concentration in stripped gas liquor. Therefore, the free cygen was very fast after 30 hrs more or less while the removal rate of
anide concentration in wastewater needs to be maintained at low&mmonia nitrogen was very slow at the beginning time. This means

than 1.0 md/as a preceding condition. that toluene significantly influences nitrifier. Even when the tolu-
8. Effect of Concentration Change of m-Cresol and Toluene ene concentration is as low as 50lragiong samples, the inhibit-
on Ammonia Nitrogen Removal Efficiency ing phenomenon of nitrification was highly occurring compared to

The m-cresol concentration in stripped gas liquor was 100 to 20@he control sample. Therefore, for safe nitrification, the concentra-
mgA. Therefore, to find out the m-cresol effect on nitrification, an tion of toluene must be maintained at less than 50 mg/
experiment was carried out. The range of m-cresol concentratio®. Effect of Concentration Change of Quinoline and Aniline
to investigate the effect of nitrification is adjusted from 10 to 300 on Ammonia Nitrogen Removal Efficiency
mg/, and the results are shown in Fig. 7. In all the concentration ranges of quinoline like toluene, the nitri-

In the controlled sample similar to the previous cases, the comfication efficiency was very low at the initial period. However, when
plete removal of ammonia nitrogen occurred in 40 hrs more or lesshe quinoline concentration was 50 and 200 ntigg removal rate
while all the samples that contained m-cresol showed a low removadf ammonia nitrogen increased rapidly after 30 hrs. As shown in
efficiency of ammonia nitrogen compared to the controlled sample.Fig. 9, the nitrification rates were decreased because the inhibiting

When the m-cresol concentration was 50 pitghorked slightly
as an inhibitor because the removal efficiency of ammonia nitro-
gen in the m-cresol concentration was similar to the control sam 190 ]
ple. But, when the m-cresol concentration was higher than 10 mg/
the nitrification efficiency was highly different from the control sam-
ple. Especially, when the m-cresol concentration in stripped gas liquc
was higher than 100 mgthe nitrification efficiencies after 10 and
20 hrs as initial conditions were very low. After 30 hrs more or less,
the nitrification efficiencies increased and the nitrification efficien-
cies became 92% after 50 hrs. However, the nitrification efficien-
cies are generally low. Therefore, to improve the nitrification effi-
ciencies, the m-cresol concentration must be maintained at less thi
100 mgl.

As shown in Table 4, the stripped gas liquor contains 85.97 mg/
toluene. Therefore, to investigate the toluene effect, the concentr:
tions of samples such as control, 50, 150, and 300wegé se-
lected to be examined, and these results can be seen in Fig. 8. .
the previous results, toluene also affected nitrification efficiency very Time (hr)
much in the three concentration ranges. The ammonia nitrogeni  —— Control ~©-* Quinoline 50mg/l —¥— Quinoline 200mg/|

—<-- Quinoline 400mg/I
the controlled sample was completely removed after 50 hrs mort

or less, while samples, except the controlled sample, had differentig. 9. Effect of quinoline load on the nitrification efficiency in the
ranges of ammonia nitrogen. The removal rate of ammonia nitro- batch experiment.

80 A

60 A

40 A

Nitrification efficiency (%)

20 A
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100 100
;\3 80 g 80 1
g >
O 60 A G 60
L =
= [0}
t IS
5 5
= 40 A g 401
9 e
= [a]
= (@]
Z 20 O 20
0 L T O L T T T T T T
0 10 20 30 40 50 0 2 4 6 8 10
Time (hr) Operation Time (day)
—@— Control ~:O-- Aniline 6 mg/l —w— Aniline 20mg/| —&— Raw wastewater .. 2-times dilution
—=-- Aniline 50mg/l — Raw + PAC —&— 4-times dilution

—#&— 2-times dilution + PAC —O'~ 4-times dilution + PAC

Fig. 10. Effect of aniline load on the nitrification efficiency in the ) L ) I .
9 batch experiment. y Fig. 11. COD removal efficiencies with respect to dilution ratios

and PAC addition.

phenomenon of nitrification appeared in all the concentration ranges
of quinoline compared with the control sample. Generally, the quin-tion. And these removal efficiencies did not show much difference
oline influence related to nitrification could be predicted as an in-between raw and diluted wastewater. It implies that the compounds
hibitor to microorganisms when the quinoline concentration wasin stripped gas liquor existed at a certain concentration without being
higher than 50 mg/ decomposed by microorganism. In the reactors added with PAC,
As can be seen in Fig. 10, when the aniline concentration with @he removal efficiencies of COD were 72, 79, and 86%, respectively.
and 20 md/was low, the aniline effects on nitrification were very These removal efficiencies of COD were high, as much as 3 to 9%
small. But, in the high concentration with higher than 50, g compared to the reactors without PAC. Therefore, it suggests that
nitrification rate was very low. It is because the toxicity to microor- the addition of PAC to remove COD is unnecessary.
ganisms in this concentration is very high. But, it seems that the Fig. 12 shows the removal efficiency of ammonia according to
inhibited mechanism to microorganisms of aniline in raw waste-dilution ratio of raw wastewater and the addition amount of PAC.
water may be very low because the aniline concentration of rawl he removal efficiency of ammonia for the samples of raw waste-
wastewater is 5 mig/Even though it depends on the adaptability water, diluted wastewater, and the samples with PAC was highly
of microorganism, it turns out that its concentration does not in-
fluence nitrification in the case of the concentration of aniline with
20 mgl more or less. L~ T =
10. Diminishing Countermeasure of Inhibitor at 2° Batch Re- e P — 7
actor Experiment 80 - e .
From the result of the first batch reactor experiment, it turns oul e / /o
that the materials in stripped gas liquor such as polycyclic aromatic ’

100

removal efficiency (%)

hydrocarbon (PAH), phenol, and CN decreased the nitrification rate 60 1 / / / '

because these materials badly influenced nitrifiers as inhibitors. Ther / Wt -
fore, the dilution of water and the addition of powered activated 40 | / A/ /* -
carbon (PAC) as a diminishing countermeasure of inhibitors anc = P / - P

toxic materials in raw wastewater were carried out in the seconc *g’ / / _,9/ /./ v

batch reactor. Two samples were prepared such as raw wastewa 20 - / ’

and raw wastewater added with PAC. In addition, four samples whict
were diluted 2 and 4 times as well as added with PAC in raw waste
water were used to find out the nitrification rate. After that, each
sample was added with microorganisms and analyzed for COD
ammonia, and phenol. Operation Time (day)

Fig. 11 shows the removal tendency of COD according to the —e— raw wastewater g raw+PAC  —®— 2-times dilution
dilution ratio of raw wastewater and the addition amount of PAC, ~° 2times dilution * PAC —4~ 4-times dilution  —0:~ 4-times dilution + PAC
The COD removal efficiency for raw wastewater and diluted waste-Fig. 12. NH;-N removal efficiencies with respect to dilution ratios
water was 63, 74, and 82%, respectively, after 10 days in opera- and PAC addition.
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