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bstract

This paper evaluated the effect of mixing the effluent of a pharmaceutical plant producing acetylsalicylic acid with tannery wastewater, on the
iodegradation of the effluents. The evaluation involved the analysis of the oxygen uptake rate (OUR), profiles of each wastewater and the mixture
y respirometry. Model calibration using the experimental OUR data identified major COD fractions and associated process kinetics for all samples
nalyzed. The tannery sample was a plain-settled effluent having a total COD of around 2200 mg/L with a readily biodegradable fraction of 15%.
he same fraction was 57% in the pharmaceutical wastewater sample having a much stronger total COD content of 40,435 mg/L. Consequently,
ixing of the pharmaceutical effluent with the tannery wastewater up to 38% of the total COD in the mixture increased the readily biodegradable

OD fraction but had an inhibitory effect on the biodegradation kinetics. This effect was relatively lower on growth, but quite significant on

he hydrolysis of the slowly biodegradable COD decreasing the maximum hydrolysis rate from 2.0 day−1 to 1.2 day−1. Model evaluation of the
espirometric data, as performed in this study sets a workable protocol for the assessment of the compatibility of different wastewater mixtures for
iological treatability.

2007 Elsevier B.V. All rights reserved.
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. Introduction

This study is mainly focused on investigating changes likely
o occur in the biodegradation kinetics of a mixture of two
astewaters with different characteristics. A practical con-

ern about receiving a pharmaceutical effluent into a full-scale
ctivated sludge plant originally built and operated for the treat-
ent of tannery wastewater initiated the study. The adopted

xperimental approach was essentially based on the scientific
nderstanding of complex substrate biodegradation established
n the last two decades. In fact, until recent past, overall sub-
trate parameters, such as biochemical oxygen demand, have
een the major obstacle in the accurate assessment of biodegra-

ation. Promotion of the chemical oxygen demand (COD)
as been an improvement as the utilized COD could estab-
ish an electron balance with biomass generated and dissolved
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xygen consumed but the problem of defining the entire sub-
trate concentration with a single parameter still persisted [1].
dentification of COD fractions with different biodegradation
haracteristics was the expected major achievement in this field
2], which triggered the development of respirometry for COD
ractionation and biodegradation kinetics [3,4]. This also led
he way to multi-component models that incorporated COD
ractionation and promoted the oxygen uptake rate (OUR), as
he major parameter for wastewater characterization and pro-
ess kinetics [5]. This approach provided a new insight to
he biodegradation characteristics of domestic sewage [6–8].
t was successfully applied to different industrial wastewaters
9–11].

Pharmaceutical industry often generates high-strength
astewaters, changing in character and quantity depending
pon the products and related manufacturing processes. Gener-
lly, pharmaceutical effluents are compatible with conventional

iological treatment [12,13]. Rosen et al. [14] reported that bio-
ogical treatment of chemical synthesis based pharmaceutical
astewater provided high COD removal and toxicity. No spe-

ific information is so far available in the literature on COD
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dx.doi.org/10.1016/j.jhazmat.2007.12.037


E.U. Cokgor et al. / Journal of Hazardo

Nomenclature

bH endogenous decay rate (day−1)
CT1 total influent COD (mgCOD/L)
fa activity coefficient (mgCOD/mgCOD)
fES soluble residual fraction (mgCOD/mgCOD)
fEX particulate inert fraction (mgCOD/mgCOD)
kh maximum specific hydrolysis rates (day−1)
KS half-saturation coefficient (mgCOD/L)
KX half-saturation coefficients for hydrolysis

(mgCOD/mgCOD)
OUR oxygen uptake rate (mg/L h)
SH rapidly hydrolysable COD (mgCOD/L)
SI soluble inert COD (mgCOD/L)
SO oxygen concentration (mgO2/L)
SP soluble residual COD generated as metabolic

products (mgCOD/L)
SS readily biodegradable COD (mgCOD/L)
ST1 influent soluble COD (mgCOD/L)
XH active heterotrophic biomass (mgCOD/L)
XI particulate inert COD (mgCOD/L)
XP particulate inert metabolic products (mgCOD/L)
XS slowly hydrolysable COD (mgCOD/L)
YH yield coefficient (mgCOD/mgCOD)

Greek symbols
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survey on wastewater characteristics conducted on the plant for
3 months indicated that the process wastewater was quite strong
with an average COD concentration of 40,300 mg/L, highly
fluctuating in the range of 8000–76,000 mg/L. The wastewater

Table 1
Conventional characterization of the biological treatment influent at Tuzla Orga-
nized Leather Tanning Industrial District

Parameter Unit Value Average

pH – 6.9–8.7 7.4
TSS mg/L 430–1080 735
Total COD mg/L 1165–3000 2170
Filtered COD mg/L 560–1915 1070
BOD5 mg/L 500–1600 1110
TKN mg/L 170–330 245
Filtered TKN mg/L 112–282 195
NH4–N mg/L 73–210 130
S−2 mg/L 10–145 70
Total Cr mg/L 15–65 35
SO4

−2 mg/L 1145–2345 1700
−

μH maximum specific growth rate (day−1)

ractionation and biodegradation characteristics of acetylsali-
ylic acid production effluent.

Leather tanning generates a strong and complex wastewa-
er, due to a sequence of processes involving high water use
nd an inflow of different type of chemicals. Tannery effluent
s one of the most extensively studied industrial wastewaters,
n terms of its characteristics [15], effect of specific pollutants
uch as chromium on treatability [16] and specific pretreat-
ent requirements [17]. Based on the information presented

n the literature, a plain-settled tannery wastewater, as used in
his study, is expected to have a total COD content of around
000–2500 mg/L, mostly of particulate nature enmeshed with
hromium and other suspended pollutants. Studies on tannery
ffluent also set a good example for respirometric evaluation
astewater characteristics. Orhon et al. [18] indicate that in

he plain-settled tannery wastewater, only 79% of the total
OD is biodegradable, with 19% readily biodegradable and the

emaining 60% slowly biodegradable COD both in the soluble
nd particulate range. The biodegradation kinetics of tannery
astewaters has been evaluated in a wide range of studies and

he enhancement of biological treatment of tannery effluents has
een one of the major concerns in these studies [19–21]

The objective of the study was to evaluate the effect exerted

n the biodegradation characteristics of the effluents under aer-
bic conditions when the effluent of a pharmaceutical plant
roducing acetylsalicylic acid is mixed into plain-settled tan-
ery wastewater. The evaluation was performed by generating
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nd analyzing the specific oxygen uptake rate profiles of each
astewater and the mixture by respirometry. Model calibration
sing experimental OUR data identified biodegradation finger-
rints, including major COD fractions and associated process
inetics for all samples analyzed.

. Materials and methods

.1. The survey sites

The study was conducted in the Istanbul Organized Leather
anning Industrial District, located in Tuzla, Istanbul. The dis-
rict presently houses around 110 tanneries processing both
attle hide and ship skin, resulting in an average total wastewater
ow of around 12,000 m3/day. In the district the entire combined
astewater is pretreated by plain settling prior to biological

reatment by activated sludge. Recently, the district has served
o a number of scientific studies focused on microbial ecology
nd system optimization for both organic carbon and nitrogen
emoval [22–24]. The study first involved a survey of 5 months
n conventional characterization of the plain settling effluent fed
o the activated sludge system. The results obtained, as outlined
n Table 1, indicated that the biological treatment influent could
e characterized by an average COD of 2170 mg/L with a soluble
filtered) fraction of 1070 mg/L, a total suspended solids (TSS),
f 735 mg/L, a total sulfide of 70 mg/L and a total chromium of
5 mg/L, much the same as reported in earlier similar studies.

The pharmaceutical plant investigated in the study is an
cetylsalicylic acid production facility, located near the Istanbul
rganized Leather Tanning Industrial District. The production

apacity is around 4500 kg/day in a batch wise operation
uring 6 days a week and 300 days a year. The wastewater
ow generated from acetylsalicylic acid production is around
0–25 m3/week with an average daily flow of 2.5 m3. A similar
l mg/L 4100–7130 5910
lkalinity mg/L 510–2200 1220
il & grease mg/L 110–1475 355
lowrate m3/day 2948–17,838 12,175
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haracterization studies of the acetylsalicylic acid production
ffluents revealed that, the wastewater essentially includes
rganic chemicals, but its fraction in the mixture is small
nough not to affect the other characteristics of tannery effluent.

The study was primarily undertaken to set the scientific basis
or either providing a separate full treatment for the pharma-
eutical effluent, or mixing the pharmaceutical effluent with the
annery wastewater for joint treatment at the existing plant of
he Leather Tanning Industrial District. The decision depended
pon the outcome of the study on the magnitude of the adverse
ffect of the pharmaceutical effluent, if any, on the biodegrada-
ion characteristics of the mixture.

.2. Experimental design

As mentioned before practical implications are important in
he scientific interpretation of the results. Accordingly, the ratios
f the wastewater mixture were adjusted, with a safety mar-
in, taking into account the respective flow rate and organic
oads of the two wastewaters. Currently, the average tannery
astewater flow rate discharged into the existing treatment sys-

em is around 80,000 m3/week, corresponding to a COD load of
74,000 kg/week. On the other hand, wastewater generated by
he pharmaceutical plant is around 20 m3/week, with a COD load
f 800 kg/week, amounting to only 0.46% of the COD load in the
annery wastewater. In the weekends when the flow rate of the
annery effluent drops down to 3000 m3/day, the ratio of the COD
oads increases to 1.6%. It should be noted that the calculated
alues are only meaningful when the pharmaceutical effluent is
ontinuously discharged and mixed with the tannery wastew-
ter. Considering that the pharmaceutical effluent is generated
atch wise, it is likely to be mixed with the tannery wastewater
s a pulse, creating short-term, much higher levels. Therefore
he study was expanded for scientific purposes, to also explore
he mixing levels where inhibitory effects could be observed
nd/or increased. Accordingly, dilutions were adjusted around
he actual mixing range (1–2%) and also at much higher levels
16–38%) to be able to interpret the OUR results at different
cales

.3. The respirometric procedure

The biomass sampled from the Tuzla Tannery Organized
ndustrial District wastewater treatment plant was used in bio-
ogical treatability experiments. The 4-L fill-and-draw reactor,
quipped with diffused aeration devices was operated at steady
tate with a sludge age of 10 days and a hydraulic retention time
HRT) of one day for a period of 2 months.

The respirometric procedure for the assessment of major
inetic and stoichiometric coefficients such as the readily
iodegradable COD, SS, the maximum heterotrophic growth
ate, μH, and the heterotrophic yield coefficient, YH, involved
sing 1 L batch reactors. In the OUR test was conducted with

n inhibitor (Formula 2533TM, Hach Company, Loveland, Col-
rado) for the prevention of any possible interference induced
y simultaneous nitrification. The reactor was initially fed with
he wastewater sample, seeded with appropriate biomass to start

i
t
s
t
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ith a suitable initial substrate/biomass (CT1/XT1) ratio and con-
tantly aerated to maintain a dissolved oxygen concentration
f 6–8 mg/L. The readily biodegradable COD, SS1 was deter-
ined in accordance with the method suggested by Ekama et

l. [3]. The assessment of the readily biodegradable substrate
oncentration relies on the observation that the OUR may be
xperimentally managed to stay approximately constant during
he consumption of SS and drops to a second lower level when
S is depleted. Therefore, SS may be calculated from the equiv-
lent oxygen consumption which is equal to the area between
he OUR curve defined by the two plateaus, in accordance with
S = �O2/(1 − YH) expression [3]. For the assessment of het-
rotrophic yield, YH by using the experimental method given
y Cokgor [25], soluble COD analysis were also performed on
amples taken for OUR measurements, yielding soluble COD
rofiles together with OUR profiles during the experiments. For
he assessment of the maximum heterotrophic growth rate by

eans of respirometric test, the reactors were run at a CT1/XT1
atio of 4–5 gCOD/gVSS as recommended by Kappeler and
ujer [26]. OUR measurements were conducted with a WTW
XI DIGI oxygen meter. Hydrolysis rate coefficients, kh and KX,
nd half-saturation coefficient, KS were determined by applying
urve fitting techniques to the OUR profile obtained for SS1
etermination. The modeling studies were performed using the
imulation program Aquasim [27].

Particulate and soluble inert COD for the tannery wastewa-
er was determined with the aid of methods proposed by Orhon
t al. [28] and Orhon et al. [29]. The inert COD test involved
hree aerated batch reactors, of 3 L volumetric capacity each,
ne fed with the unfiltered wastewater, CT1, and second with
he filtered wastewater, ST1 and, the third the glucose wastew-
ter, SG1. The microbial seed obtained from a lab-scale fill and
raw aerobic reactor operated under steady state with the same
astewater, was added to secure an initial biomass concentra-

ion of around 40 mg/L VSS in the reactors. Aliquots removed
eriodically from the mixed liquor were analysed for total and
oluble (filtered) COD. The measurements were continued until
he observation of final threshold values of the total and soluble
OD at the depletion of all biological activity.

.4. Biodegradability tests

The biodegradability tests were conducted using two 4 L
ll and draw reactors, one fed with tannery effluent as the
ontrol reactor and the second fed with tannery effluent and
harmaceutical effluent mixture. The continuously aerated
ll and draw reactors were operated with manual feeding and
anual sludge and effluent withdrawal. The organic loading rate

f the 4 L reactors were maintained as 0.2 gCOD/gMLSS day,
here the biomass concentrations were 3000 mg TSS/L under

teady state conditions. Since the necessary stoichiometric
mount of nitrogen for microbial growth was present in tannery
astewaters nutrient solutions of phosphate ions were added
n order to maintain the elementary need for phosphorus and
o provide the required buffer capacity to the activated sludge
ystem. The reactors were operated with hydraulic retention
imes of 1 day and the sludge retention times were maintained
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s 10 days. The maximum sludge volume index (SVI) was
etermined as 120 mL/g, during the experimental study.

.5. Analyses

All analyses in terms of conventional parameters were per-
ormed as defined in Standard Methods [30]. The soluble
filtered) COD was defined as the filtrate through Whatman
F/C glass fiber filter that were also used to assess TSS and
SS parameters.

. Experimental results

.1. Respirometric studies

A sequence of six OUR tests were conducted, the first one
Run 1), on the tannery wastewater, the second one (Run 2),
n the pharmaceutical effluent and the other four runs (Runs
.1–3.4) on different mixtures of the two wastewaters where
he COD of the pharmaceutical effluent represented 1, 2, 16
nd 38% of the total COD of the mixture. The pharmaceuti-
al effluent was diluted to an initial COD of 688 mg/L in order
o obtain optimum results [31]. Appropriate identification of
inetic coefficients necessitates optimal experimental design and
his is particularly true for hydrolysis kinetics. In this context the
ppropriate organic strength of the feed in respirometric tests in
he study was evaluated and the wastewater was diluted a level
f around 700 mg/L COD to obtain good interpretation of the
esulting OUR curve.

Preliminary OUR tests were performed at high initial sub-
trate/biomass ratios as defined by Kappeler and Gujer [26] for
he determination of the maximum heterotrophic growth rate,

H. As shown by Fig. 1, the μH value for the tannery wastew-
ter was found as 2.54 day−1. This level, although consistent
ith the mean value of 2.2 day−1, previously determined for

he same plain-settled wastewater by Orhon et al. [18] is sig-
ificantly lower than the range of 4.8–6.5 day−1 ascertained for
omestic sewage [32], indicating that tannery wastewater after
lain settling is still subject to significant inhibitory action, prob-
bly because of the presence of trivalent chromium and sulfide
nmeshed with biomass and other unidentified inhibitors. A sim-
larly low μH value of 2.5 day−1 was also determined for the
harmaceutical effluent, presumably due to substrate inhibition.
The heterotrophic specific growth rate values determined by
he method of Kappeler and Gujer [26] were used only as a pre-
iminary estimation. Like all other parameters experimentally
ssessed by means of direct procedures, they were verified by

m
r
r
f

able 2
atrix representation of the model used for respirometric evaluation

omponent→ 1 2 3 4

rocess↓ SS XS XH X
rowth − 1

YH
1

ydrolysis 1 −1
ecay −1 f
arameter (ML−3) COD COD cellCOD C
ig. 1. Respirometric determination of the maximum heterotrophic rate for
iomass fed with tannery wastewater.

he calibration of the model using the experimentally obtained
he OUR profiles. The respirometric tests conducted for tannery
astewater, pharmaceutical effluent and the mixtures were used

or the assessment of the COD fractions and modeling stud-
es. The OUR curves obtained for tannery and pharmaceutical
astewaters were used to estimate the biodegradable COD frac-

ions using the amount of oxygen utilized during the test. The
eadily biodegradable COD fraction, SS was estimated accord-
ng to the method described by Cokgor [25] with a heterotrophic
ield coefficient, YH, of 0.67 mg cellCOD/mgCOD for tannery
astewater [18] and 0.55 mg cellCOD/mgCOD for pharmaceu-

ical wastewater. It should be noted that the OUR studies on
he mixture were designed to underline the inhibitory effect
f the pharmaceutical wastewater. The organic feed was pri-
arily from the tannery wastewater and therefore biomass was

cclimated to tannery wastewater for its metabolic functions,
hich were impaired at certain level by the addition of the other
aste stream. Thus, the YH value of 0.67 mg cellCOD/mgCOD,

ssociated with the tannery wastewater was adopted for the
xperimental evaluation of the mixtures. The endogenous decay
ate, bH was accepted as 0.15 day−1 [18,33]. The stoichiomet-
ic values for the microbial products generated by decaying
iomass, fES and fEX were accepted as 0.1 and 0.2 respectively.
he selected values for fES and fEX were verified and all the other
inetic coefficients were determined by model calibration of the
xperimental OUR data. The multi-component model adopted
or respirometric evaluation basically has, as shown in the com-

only accepted matrix format in Table 2, the organic carbon

emoval part of ASM1 [5]. It was modified for endogenous respi-
ation as conveniently utilized in many similar modeling studies
or industrial wastewaters [10,11].

5 6 Process rate

P SP SO ML−3 T−1

− (1−YH)
YH

μH
Ss

(Ks+Ss) XH

kh
Xs/XH

(KX+XS/XH) XH

EX fES −(1–fEX − fES) bHXH

OD COD O2
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ig. 2. Model simulation of the experimental OUR profile for the tannery
astewater.

Evaluation of the OUR profile illustrated in Fig. 2 yielded
total inert COD fraction, CI1, of 493 mg/L for tannery

astewater, indicating that only 77% of the total COD was of
iodegradable nature. Inert organics, depending on their nature
nd characteristics may sometimes lead to inhibitory effects and
ad treatment performance. Recently studies were conducted to
educe inert COD by ozonation [23,34]. The level of the readily
iodegradable COD, SS1 was only 324 mg/L, around 15% of the
otal COD and 19% of the biodegradable COD, where the bulk
f 1367 mg/L could be defined as slowly biodegradable COD,
S1. The selected model calibrates well, as shown in Fig. 2, the
xperimental OUR data, verifying the previously computed stoi-
hiometric and kinetic coefficients yielding a value of 2.0 day−1

or the hydrolysis rate coefficient, kh and 0.1 mgCOD/mgCOD
or the hydrolysis saturation coefficient, KX. As expected, these
alues are lower than the corresponding levels associated with
omestic sewage [8].

Fig. 3, illustrating calibration of the OUR profile with the
ame model, reflects the different character of the pharmaceuti-
al wastewater, quite compatible with biodegradation, where the
eadily biodegradable COD accounts for 57% of the total COD
ontent, with a lower slowly biodegradable COD and the total
nert COD of around 10%, almost entirely of particulate nature.

odel calibration provides a similar verification for the calcu-
ated coefficients and indicates a slightly better hydrolysis with a
h value of 2.2 day−1 and a KX value of 0.05 mgCOD/mgCOD.

omparative evaluation of the biodegradation characteristics of

he two wastewaters does not seem to warrant a major adverse
ffect, an assumption that needs to be verified by the respiro-
etric analysis of the mixture.

t
s
g
i

able 3
inetic characteristics of biomass fed with wastewater mixtures assessed by model c

astewater Fraction of pharmaceutical
effluent added (% total COD)

YH (gCO

un 1 (tannery effluent) – 0.67
un 2 (pharmaceutical effluent) 100 0.55
un 3.1 (mixture) 1 0.67
un 3.2 (mixture) 2 0.67
un 3.3 (mixture) 16 0.67
un 3.4 (mixture) 38 0.67
ig. 3. Model simulation of the experimental OUR profile for the pharmaceutical
astewater.

Model evaluation of the experimental runs 3.1–3.4 related
o wastewater mixtures, where the relative contribution of the
harmaceutical wastewater varied in the range of 1–38% of the
otal COD of the mixture, is outlined in Table 3. The param-
ter estimation results obtained by using the secant method
rovided by Aquasim, were only used for the first estimation
f the coefficient pairs and the final values have been deter-
ined by the comparative evaluation of the simulation results

f all the experimental runs. The displayed data indicates a
oticeable impact of the pharmaceutical effluent both on growth
nd hydrolysis: the maximum heterotrophic growth rate was
educed from 2.54 day−1 to 2.35 day−1 in Run 3 (16% COD)
nd to 2.20 day−1 in Run 6 (38%COD), a total decrease of
round 13%, together with an increase in the half-saturation
oefficient for growth, KS, from 5 mg/L to 50 mg/L, also indi-
ating a competitive type of an inhibitory adverse effect. The
mpact was more pronounced on the hydrolysis of the slowly
iodegradable COD, where a decrease was induced on the
ydrolysis rate coefficient, reaching 40% for Run 6 (38%COD),
ith a slight similar increase in the half-saturation coefficient

or hydrolysis, KX. As evaluated from the interpretation of the
UR profiles (Figs. 4 and 5), the negative effect was slight,

lthough gradually increasing in runs 3.1, 3.2 and 3.3, but exhib-
ted a significant increase in the final run (Run 3.4) where
he pharmaceutical effluent addition corresponded to 38% of
he total COD in the mixture. Based on experimental evalua-
ion, this level should be interpreted as the threshold level for

ignificant inhibitory impact. The corresponding OUR profile
iven in Fig. 5b provides a clear indication of this negative
mpact.

alibration using the OUR profiles

D/gCOD) μ̂H (day−1) KS (mg/L) kh (day−1) KX

2.54 5 2.0 0.1
2.50 9 2.2 0.05
2.45 10 1.9 0.15
2.40 12 1.8 0.15
2.35 12 1.8 0.15
2.20 50 1.2 0.15
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and soluble inert microbial products, since the inert COD
content of the pharmaceutical effluent is mainly particulate
and the soluble residual COD of the pharmaceutical effluent is
negligible.
ig. 4. The OUR profiles obtained in: (a) Run 3.1, with 1% COD contribution
f the pharmaceutical effluent and (b) Run 3.2, with 2% COD contribution of
he pharmaceutical effluent.

.2. Biodegradability studies

A laboratory-scale biodegradability study was carried out
o verify the respirometric results. For this purpose two fill and
raw reactors of 4 L volume were operated at steady state at an
rganic loading rate of 0.2 gCOD/gMLSS day, approximating
he actual operation of the activated sludge system treating
annery wastewater. The reactors were seeded and started up
ith biomass taken from the activated sludge plant used for

he treatment of tannery wastewater. One of the reactors was
et as a control unit and fed with the tannery effluent alone.
he other was also started with the tannery wastewater at the
eginning and then operated with successive additions of the
harmaceutical effluent increasing in the range of 0.6–11% on
he total COD basis, this way covering with a safety margin
he actual operation likely to occur based on existing data on
astewater generation. The upper level of the mixture was
aintained well below the threshold value of 38% observed

o induce inhibitory effects. The test was conducted mainly
o observe the COD level in the treated effluent and to assess

he possible impact of pharmaceutical addition on the COD
emoval efficiency of the activated sludge. Fig. 6, including the
esults from both reactors, show that the effluent soluble COD
ange of 200–250 mg/L obtained with the tannery wastewater

F
d

ig. 5. The OUR profiles obtained in: (a) Run 3.3, with 16% COD contribution
f the pharmaceutical effluent and (b) Run 3.4, with 38% COD contribution of
he pharmaceutical effluent.

lone was not impaired by the addition of the pharmaceutical
ffluent in the tested range. This range essentially represents the
oluble inert COD initially present in the tannery wastewater
ig. 6. The effluent COD of the reactor operated with tannery wastewater and
ifferent amounts of pharmaceutical wastewater mixtures.
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. Conclusions

In the light of the results and evaluations presented above,
he conclusive remarks of this study may be outlined as follows:

In this study, evaluation of the experimental OUR data by
eans of a multi-component model with a mechanistic struc-

ure compatible with the experiments yielded consistent and
eliable information on biodegradation kinetics for a sequence
f experiments with different mixtures of pharmaceutical and
annery wastewaters. Interpretation of the kinetic data indicated
n adverse effect on microbial growth with a competitive type
f inhibitory action, which resulted in a 10-fold increase in
he value of the half-saturation coefficient, KS from 5 mg/L to
0 mg/L. It also showed a more pronounced inhibitory impact
n the hydrolysis of the slowly biodegradable COD, reducing
he hydrolysis rate by 40%. The threshold level of the significant
mpact could be defined for a mixture where the addition of the
harmaceutical effluent accounted for 38% of the total COD.

Model evaluation and calibration of the experimental OUR
ata also served as a useful fingerprint for each wastewater,
ssessing COD fractionation and specific biodegradation kinet-
cs. Low growth and hydrolysis kinetics associated with tannery
astewater on the basis of the OUR results reflect the combined

ffect of all the specific pollutants, such as trivalent chromium,
ulfide, etc., inherently present in this type of wastewater. While
his evaluation indicated a higher readily biodegradable COD
ontent of around 57% and slightly higher process kinetics for
harmaceutical effluent as compared to tannery wastewater, it
lso identified its significant inhibitory characteristics in the
ixture. This way, it underlined the danger of extrapolating

he results and drawing misleading conclusions for the kinetic
ehavior of the mixture, which was totally different than what
as indicated by the analysis of the wastewaters on an individual
asis.

The experimental results could also be interpreted from a
ractical aspect that mixing of the pharmaceutical effluent to tan-
ery wastewater for joint treatment, considering the actual flow
ates and organic loads of the two wastewaters, would stay well
elow the threshold level defined by the experimental results of
his study and therefore would not pose a noticeable problem
or the efficiency of treatment.
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