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ABSTRACT

Respiration rate should be a reasonable state variable for the activated sludge and
could be used to simulate the performance of the activated sludge process. Toxic
materials are classified into three groups. competitive, noncompetitive and uncompe-
titive. They increase/decrease the half saturation coefficient or specific growth rate,
that means decreasing of the substrate removal capacity. In this research, a
pilot-scale activated sludge process was operated under extended aeration method,
and a representative noncompetitive inhibitor, acidic wastewater was applied to
establish a respirometry-based toxicity model. Using this model. the correlation
coefficient between measured and calculated respiration rate was 0.96 when acidic
wastewater(pH 3.9~5.5) was introduced continuously to the aeration tank. Even
though respiration rate was decreased by toxic effect of acidic wastewater, effluent
substrate concentration represented to COD was deteriorated just a little bit. It
might be caused by the low ratio of readily biodegradable substrate in the input
substrate. Reduction of respiration rate by decreasing of input substrate concen-
tration was much lower than that by acidic wastewater, and hence it was estimated
that the possibility of false toxic alarm caused by decreasing of substrate concentra-
tion should be low.
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Fig. 1. Two modelling approaches for the
activated sludge process: (a) tra-
ditional and (b) death-regeneration.
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Fig. 2. Schematic diagram of the pilot-scale
activated sludge plant with a toxicity
monitoring system.

34713, SRTE 2092 AV|ErHes SAHY
o. HediAe 7% A4 dEsigen, b
F&eiAe Aldez {Y=JyTt 28z iz
A1de £242(DO)EEE 2.0 mg/L ol z
AEAC HAT. SAAARA= Ay €HANE
E¥arl 98 AF=(contact chamber, CC)%}
dA&43EFE 2333 (RA-1000, Manotherm)2.g
FRHUH. dsl ERESL EALNAA 74
< Fig. 2¢ Zon, Z2te| $3x4L Table 134
#,

3.2. #decix| 24

€ @74 o] &% Simnond HHPA2HE

Table 1. Operating conditions of a pilot-scale activated sludge process and a toxicity monitoring

system
Classification Items Values
CODcr, mg/L 1,380
Influent
pH, - 6.8
SCODcr, mg/L 226
MLSS, mg/L 2.970
Aeration tank MLVSS, mg/L 2,320
(1st compartment) pH 6.8
Ra. mgO2/L-hr 63
Rmax. mgOz/L-hr 96
Contact chamber HRT, min. 12.7
Toxicity detection system Qi/Qs ratio to contact chamber, - 1.0

Influent flowrate to respiration meter, L/hr 65.7
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Table 2. Matrix of simplified IAWQ activated sludge model No. 1

Component — i 1 2 3 4 5 Process rate, p[ML™3T}]
j Process | St | Ss Xs Xeu | Xp
1 [ Aerobic growth of heterotrophs -1/Yu 1 u mH(-—K—?_—E-g-S—) Xy
2 | Decay of heterotrophs 1-f, -1 fo | buXpn
3 | Hydrolysis of entrapped organics 1 -1 KuXsg

Observed conversion rate (ML T}

i< lzuupj
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Fig. 3. Variations of pseudo toxic concen-

tration(Cer) under various dilution
rate in the contact chamber(influent
pH 3.0).
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Table 3. Biokinetic parameters and stoichio-
metric parameters of the pilot-
scale activated sludge process
treating pigment wastewater

Item Value

H max H hr-1 0.5

Kinetic Ks  me/L 50
parameters by  day’! 0.204
Ky day’! 24

. . Yu

Stoichiometric 2¢el1CODrormea/8CODoxidized 0.55
parameters f, _ 0.07

Table 4. Simulation results for verification
of the simplified IAWQ activated
sludge model

Values, mg/L. (Error®, %)

Item 1st compartment Effluent
of aeration tank

S 138 138

Ss 2 1

Xs 105 27

SCOD 246 (7.8) 165 (8.3}

Xau 3.290 (0.3) 50 (-]

*Error values based on the comparison between
simulated values and measured values
** COD based concentration(Xen/1.42 = MLVSS)
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Fig. 4. Respiration rate reductions measured
and simulated(pH 5.5).
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Fig. 5. Respiration rate reductions measured
and simulated(pH 5.0).
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Fig. 6. Respiration rate reductions measured
and simulated(pH 4.5).
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Fig. 7. Respiration rate reductions measured
and simulated(pH 3.9).
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Table 5. Comparison of respiration rates mea-
sured and simulated for the 1st
compartment of the aeration tank(5
hrs after toxic input)

Set. No. 1 2 3 4
Influent pH, - 55 50 45 39
Cer. mg/L 1.3 18 23 29

Ra reduction Measured 104 26 26.8 384
ratio. % calculated 24 30.2 355 40.8

50
8
g ,
7 .
£
230 .
B
| ®
B0
3
=
5 . .
g1 Correlation coefficient 0.96
n R? 0.92

0 . , . .

0 10 20 30 40 50

Measured reduction ratio, %

Fig. 8. Relationship between simulated reduc-
tion ratio and measured reduction
ratio of respiration rate(Ra) by acidic
wastewater.

§C 8

COD, mg/l
")

= 2

Fig. 9. Temporal variation of COD in the 1st
compartment of the aeration tank
under acidic wastewater input.
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Table 6. Substrate composition in the 1st
compartment of aeration tank
under several toxic intensity(Initial
COD 245.6 mg/L under nontoxic

condition)

Set No. 1 2 3 4
Influent pH 55 5.0 4.5 3.9
Si. mg/L 138.0 138.0 1380 138.0
Ss, mg/L 3.2 3.6 3.9 4.3
Xs, mg/L 105.2 105.2 1052 105.2
Xp, mg/L 40.9 40.9 40.9 40.9

COD, mg/LL. 2464 2468 247.1 2415

* These are the values at 5 hours after toxic input
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Fig. 10. Respiration rate reduction caused by
decreasing of influent substrate
concentration.
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Fig. 11. Respiration rate reduction caused by

decreasing of influent pH value
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autotrophic organisms, day™

b'n apparent decay rate coefficient for
heterotrophic organisms based on the
death-regeneration hypothesis, day’'

ba decay rate coefficient for autotrophic
organisms, day”

bu decay rate coefficient for heterotrophic
organisms based on the death-
regeneration hypothesis, day”

fp fraction of biomass yielding(inert)
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H max

particulate products based on the
death-regeneration hypothesis. -
hydrolysis rate, day™

maximum specific

hydrolysis rate,

day
ammonia half-saturation coefficient for
autotrophs, mg/L

oxygen half-saturation coefficient for
autotrophs, meg/L

oxygen half-saturation coefficient for
heterotrophs, mg/L

half-saturation coefficient for con-
sumption of heterotrophs, mg/L
concentration of soluble inert organic
matter, mg/L

concentration of soluble biodegradable
organic nitrogen, mg/L

concentration of ammonia nitrogen,
mg/L

concentration of nitrate and nitrite
nitrogen, mg/L

concentration of dissolved oxygen,
mg/L

concentration of readily biodegradable
substrate, mg/L

reactor volume, L

concentration of autotrophic biomass,
mg/L

concentration of active heterotrophic
biomass, mg/L

concentration of MLSS, mg/L
concentration of particulate inert
organic matter, mg/L

concentration of particulate biodegra-
dable organic nitrogen, mg/L

vield coefficient for autotrophic orga-
nisms, -

vield coefficient for heterotrophic
organisms, -

correction factor for anoxic hydrolysis,

apparent maximum specific growth
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rate, day”'

specific growth rate for autotrophic
organisms, day™

specific growth rate for heterotrophic
organisms, day™

maximum specific growth rate for
heterotrophic organisms, day
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