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Abstract

The paper outlines results of the experimental assessment of nitrification kinetics applicable to tannery wastewaters and the
inhibitory effects of selected pollutants on nitrification. The average net growth rate of nitrifiers was measured as 0.32 d* at 20°C
and 0.10 d* at 10°C for tannery wastewaters subjected to plain settling. This kinetic coefficient was observed to increase to 0.43
d* at 20°C with chemical settling. Parallel experimentswith synthetic waste containing only NH,Cl revealed the strong inhibitory
character of tannery wastewater. Chromium was observed to be partly responsible for the inhibitory effect which was mainly
induced by chloride, inherently present in this type of wastewaters.

Introduction

Growing concern over improvement of receiving water quality
imposes stringent restrictions on wastewater discharges. In this
context, nitrogen isnow rigidly controlled, especially in sensitive
coastal areas (Orhon et al.,1999a). This approach necessitates
review and re-eval uation of existing conventional treatment schemes
for significant nitrogen sources.

Tannery effluents exhibit all the characteristics of a strong
wastewater, mainly with respect to their organic carbon and nitro-
gen content. In arecent study conducted on wastewaters from an
organised industrial district housing a large number of tanneries,
the concentrations of conventional polluting parameters such as
COD and TKN were assessed as 5 000 mg-¢* and 350 mg-*
respectively, yielding a COD/N ratio of around 14 (Ates et al.,
1997); asoutlined in Table 1, plain settling was observed to lower
the COD concentration to 2 200 mg-£*; the corresponding TKN
level obtained was 225 mg-£, corresponding to areduction of only
37%. In the same study, chemical treatment provided a dight
improvement in TKN removal asoutlined in Table 2. The limita-
tions of the physico-chemical treatment could be explained by the
fact that TKN in tannery wastewaters involved asignificant NH,-
N fraction remaining intact, if not ightly increased dueto ammo-
nification during settling. Consequently, aerobic biological treat-
ment is prescribed for simultaneous carbon and nitrogen removal
fromtannery wastewaters(Macchi etal., 1991; Szpyrkowiczetal.,
1991).

Thelimiting stepfor N removal isnitrification, aprocesswhich
is sensitive to inhibitory effects and which requires long aerobic
sludge ages. Thelatter is also arequirement for the breakdown of
the slowly biodegradable matter constituting the major COD
fraction in tannery wastewaters (Orhon et al., 1999b; ¢). In astudy
conducted with sequencing batch reactors, asludge age of 20dwas
found to secure maximum nitrogen removal (Y amamoto and Win,
1991). Similarly, a continuous-flow activated sludge system fed
with raw tannery effluents with a COD/N ratio of 6 to 8 and
operated at an F/M range of 0.25 to 0.34 kgCOD(kgV SS-d)* was

* To whom al correspondence should be addressed.
@90 212 285 3410; fax 90 212 285 6587; e-mail: dean@srv.ins.itu.edu.tr
Received 11 May 1999; accepted in revised form 27 September 1999.

Available on website http://www.wr c.org.za

TABLE 1
CHARACTERISATION OF RAW WASTEWATERS
Parameters Raw Homogenisation Primary
mg-£! wastewater outlet clarifier
effluent
Total COD 5094 4 506 2216
Soluble COD 2336 1345 1187
BOD, 1760 1402 958
SS 2229 2988 794
VSS - - 506
TKN 358 367 226
OrgN 223 209 62
NH3-N 135 158 164
Tota P - - 51
Tota Cr(Cr*) 116 132 411
Sulphur (S°) 51 47 27

reported to achieve 94% COD and 97% NH_-N removal (Szpyr-
kowicz et al., 1991).

This study was designed to evaluate nitrification in tannery
wastewatersinaway that ismeaningful fromthe standpoint of both
themechanism of related microbial kineticsand practical problems
generated by inhibitory effects. Inthiscontext, it basically involved
the experimental assessment of the maximum specific growth rate
for autotrophicbiomass, {1, Inparallel experiments, thisparameter
was al so measured on synthetic waste and on samples specifically
prepared to include different levels of chromium and salinity, for
the evaluation of the inhibitory character of tannery wastewaters.

Experimental

The experiments were performed on settled wastewater samples,
using theeffluent from the plain sedimentati on unit of thetreatment
plant serving the Istanbul Organised Leather Tanning Indus-
trial District located in Tuzla/lstanbul. The organised district,
planned for a capacity equivalent to a wastewater flow rate of
36 000 m3-d?, presently houses around 110 tanneries processing
both cattle hide and sheepskin and generating awastewater flow in
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TABLE 2
REeLATIONSHIPS BETWEEN MAJOR PARAMETERS
Parameters District | District Il District Il
mg-£* (Tuzla) (Corlu) (Biga)
Initial* Treated Initial? Treated Initial® Treated
Total COD 5756 1050 4705 1108 4180 1120
Soluble COD 1170 - 1600 - 1495 -
SS 2640 248 2300 128 2070 205
TKN 363 208 - - 250 175
Total Cr (Cr*3) 42 <0.5 167 19 65 0.35
Sulphur (S°) 78 24 42 10.6 68 16
*Homogenisation outlet; lab-scale primary effluent
2Homogenisation outlet; full-scale
3Raw wastewater; lab-scale
therange of 10 000 to 12 000 m3d*. The activated sludge used in
the acclimation stage of the laboratory experiments was also TaBLE 3
provided from the aeration tank of the same treatment unit, oper- BUFFER AND MINERAL SOLUTIONS FOR THE
ated for both organic carbon and nitrogen removal. SYNTHETIC WASTE
The experiments for the measurement of the specific growth
rate for nitrifiers were conducted in 1 ¢ aerated batch reactors Solution A | K HPO, 320g-¢*
seeded with nitrifying acclimated sludge sustained at steady state KH,PO, 160g-¢*
ina3¢fill-and-draw reactor operated at asludge age of 20d. The NH,CI 120g-¢*
kinetic analysis on each sample representing different inhibitory
conditions was carried out using a set of three parallel batch SolutionB | MgSO,7H,O | 15¢g+¢!
reactorsoperated under the same conditionsand the corresponding FeSO, 7H,0 05gt
result was expressed as the average value of theindividual evalu- ZnsO,7H,0 | 05g+?
ations of the experimental data obtained from each reactor. Air MnSO,3H,0 | 05g+*
supply to the reactorswas adjusted to maintain adissolved oxygen CaCl, 209t
(DO) concentration of above 2 mg-¢*. Experiments were con-

ducted mainly at 20and 10°C, inapH rangeof 7.5to8.5andwith
no akalinity limitations. 1N NaHCO, and 1 N HCI solutionswere
used for alkalinity and pH adjustments, where needed. CO, was
bubbled through the reactors for pH control. The experimental
evaluation involved the observation of the increase in the N -N
profilewith time, dueto nitrification. The observation was contin-
ued for 7 to 10 d, depending on the NH_-N strength of the
wastewater tested. It should be noted that the extent of nitrification
in a batch reactor is directly related to the amount of NH_-N
oxidisedin th/g process. However, the use of NH,-N for evaluating
thevalueof (i, - b, inactivated sludgeislimited, since ammonia
nitrogen also serves as the basic nitrogen source and incorporated
into biomass at the same time asiit is oxidised. Consequently, the
concentration of the oxidised nitrogen, N, -N, is a much more
convenient parameter for thispurpose, mainly becauseN_ -Nisthe
only model component solely rel ated to autotrophic growth. There-
foreN,-N should reflect thetotal oxidised nitrogen concentration
and it hasto be measured asNO,-N+ NO,-N, sinceit is conceptu-
aly defined and used as an indirect parameter equivalent to the
level of NH,-N oxidised in the nitrification process.

Inall experimentstesting inhibitory effects, the assessment of
themaximum specific growth ratefor nitrifierswasal so measured
for a synthetic waste solution inoculated with biomass previously
acclimated to tannery wastewaters. The synthetic waste was pre-
pared as described by O’ Conner (1972), to sustain nitrification
only; it contained 10 m¢-£* of thebasic buffer and mineral ssolution
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defined in Table 3, with no organic carbon source. The nitrogen
content of the synthetic waste was roughly maintained at 200
mgN ¢, alevel compatiblewith plain-settled tannery wastewaters,
by adding an appropriate amount of NH,Cl. A similar alkalinity
adjustment was made by means of a1 N NaHCO, solution.

Chromium was supplied using the precipitate of a
KCr(S0,),.12H,0 sol ution obtained by meansof 5%limeaddition,
adjusting the pH to 8.5. Free trivalent chromium additions were
madefromtheliquid phaseof thesameKCr(SO,),.12H,0 solution
by appropriate pH adjustments in the activated sludge reactors.

All analyses were performed in accordance with Standard
Methods (1989). The soluble (filtered) COD was defined as the
filtrate through Whatman GF/C glassfiber filterswith an effective
pore size of around 1 pm. Oxidised nitrogen (N, -N) measure-
mentswereconducted by meansof aChem L ab autoanal yser, using
the hydrazine reduction method.

Conceptual basis for evaluation

The experimental evaluation relies on the assessment of the maxi-
mum specific growth rate for autotrophic biomass, ﬁA, for tannery
wastewaters under different conditions. Thiskinetic coefficientis
themost critical parameter for the nutrient-removing single-sludge
activated sludge process, as it defines maintenance conditions of
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the dlowly growing nitrifiers within the mixed activated sludge
popul ation and consequently, thedesign valuefor the sludge age of
the system. For the experimental calculation of this parameter, a
laboratory-scal e batch reactor is preferred, asit enables asimpler
interpretation of the reaction kineticsinvolved. Nitrification kine-
ticsinvolveat least thefoll owing threemodel components: ammo-
nianitrogen, DO and oxidised nitrogen. The utilisation of the first
two is often complicated by the fact that they also interfere with
heterotrophic growth. The generation of oxidised nitrogen, how-
ever, is solely related to nitrification and the fate of oxidised
nitrogen concentration, S, may conveniently be monitored onthe
basis of the following mass balance equation:

- _ Ha Xmo fia-ba) _ Ha Xno
SNO - SNOO + YA(I:\lA _ bA) e( YA(ﬁA _ bA) (1)
where:

ﬁA = maximum growth rate for autotrophic biomass, d*

b, = specific decay rate of autotrophic biomass, d*

S, = oOxidised N concentration, mg-¢*

S = initial concentration of oxidised N, mg-¢*

t = time d

Y, = overalyield coefficient of autotrophic biomass,

g cell COD(g oxidised N)*
X,, = initia concentration of autotrophic biomass, mg-¢*

This equation is often simplified into asi mple/r\ linear logarithmic
form for the calculation of the corresponding 4, - b, value. S6zen
etal. (1996; 1997) have shownthat thesimplified linear expression
was not alwaysmathematically justifiableand they have proposed
a“curve fitting” approach for the same experimental set-up with
rearranging Eq. (1) into:
Svo ~ Swoo JK +1=€"
( NO NOO) (2)
where:
YA Ha — bA

- and a=f, -b
Xpo  Ha AR

This expression, non-linear in terms of k is then solved using the
undimensional Fibonacci technique (Wilde, 1964) which com-
putesthe ﬁA- b, valuewiththehighest correlation coefficient, using
all the experimental data and also selecting the optimum k value
within a preselected interval. Then, the corresponding ﬁA vaueis
calculated, using a default value of 0.05 d* for b, (Sozen et al.,
1996), as no specific procedure has so far been proposed for the
experimental determination of the endogenous decay rate of the

autotrophs.
Results and discussion

Studies on nitrification kinetics were carried out as part of a
comprehensive survey for the characterisation, COD fractionation
and biological treatability of tannery wastewaters (Orhon et al.,
1998, 1999h). It basically covered, inthefirst part, the experimen-
tal assessment of the maximum specific growth rate, ﬁA, applicable
to biological treatment of tannery wastewaters and in the second
part, the investigation of inhibition effects of selected pollutants
on the magnitude of /1,.

Assessment of ﬁA for tannery wastewaters
The maximum specific growth rate of nitrifiers, fJA, was experi-

mentally determined for 5 different tannery wastewater samples
collected over a period of 6 months covering the entire range of
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different production schemestaking placein the organised district.
Analytical resultsrelated to the characteristics of samplesinterms
of relevant parameters are summarised in Table 4. They are quite
representativeasthey reasonably match theaveragecharacteristics
of the primary effluent of the full biological treatment plant in
operation for the Istanbul Organised Leather Tanning Industrial
District, wherethewastewater samplesfor thisstudy were sourced
(Ates et al., 1997). In fact, the measurements reflect a typical
tannery primary effluent quality, withaCOD content slightly over
2 000 mg-¢*, aTKN content of around 230 mg-¢*, predominantly
solubleafter settling, total chromium and sulfide concentrations of
50 and 35 mg-¢trespectively, high akalinity with aresulting pH of
around 8.0 and chloride concentrations in the range of 8 000 to
10 000 mg-¢*, due to chemicals used in leather processing.

For investigating the inhibition of the activity of nitrifiers, the
adopted approach was first to remove to the extent possible,
pollutantslikely tohaveaninhibitory effect, andthentoadd desired
doses of selected chemicals beforethe experimental assessment of
ﬁA. For this purpose, the samples were subjected to chemical
settling using bothalum (Al(SO,), .18 H,0) andiron salts (FeSO,,
FeCl.) ascoagul antstogether with asuitableanionic polyel ectrolite.
pH was adjusted by appropriate addition of lime. Chemical
treatment was observed to produce for al samples an
effluent with a COD concentration of around 1 000 to 16 7
1100 mg-¢*, asuspended solids concentration less than
200 mg-¢t, asulphide concentration less than 30 mg-¢*,
together with an almost complete removal of total chro-
mium (Ates et al., 1997).

Theexperimental datawereevaluated, asoutlinedin
Table 5, using the procedure proposed by Sozen et al.
(1996) for the assessment of ﬁA - b, for tannery
wastewaters. The effect of initial nitrifiers biomasswas
investigated by running three parallel batch reactorsfed
with sample No. 2 at 20°C. Each reactor was initially
seeded with a different biomass concentration of 200,
300 and 400 mg-¢* taken from anitrifying mixed culture
sustained at steady state with the same wastewater at a
sludgeageof 20d. ThechangeintheN, concentration

14 1

12 A

Nox-N (md.")

N TABLE S
ASSESSMENT OF U, - b, FOR TANNERY WASTEWATERS
Run Initial Tempera- /[.\lA -b, (dY)
No. Biomass ture
(MmgVSS-£1) (°C) pS* cs* NH,CI
1 200 18-20 0.25 - -
2 200 1820 0.34 - -
300 18-20 0.36 - -
400 18-20 0.36 - -
3 300 20 0.32 0.43 1.0
4 300 10 0.10 0.10 0.43
5 300 20 - 0.40 0.95
10 - 0.11 0.50
* PS: Primary settling CS: Chemical settling

o 20mg VSS./t
o 30Ny VSS/™

2 A0y VSS/™
— Calcuated

in the reactors was monitored for seven dayswith daily 0

samples as shown in Fig. 1. The evaluation of the N

profiles on the basis of the adopted procedure clearly

indicated that the magnitude of the initial biomass,

within the range selected for the experiments, did not

affect thereliability of theexperiments; consistent ﬁA- b,

valuesof 0.34t0 0.36 d* were obtained for sample No. 2, regard-
less of the amount of initial biomass seed.

Themaximum specificgrowthrateof nitrifierswasdetermined
for tannery wastewater samples subjected to both plain and chemi-
cal settling. Assummarised in Table 5, ﬁA - b, levelsfor theplain
settled effluent at 20°C wereobservedtoremainintherangeof 0.25
to 0.36 d?, with an average value of 0.32 d®. This vaue is
appreciably lower thantherangeof 0.45t00.80dsuggested inthe
literature for domestic sewageat thesametemperature (Ekamaand
Marais, 1984; Lesouef et al ., 1992; Orhon et al ., 1994; Henzeet al .,
1995) but it is of the same magnitude with the average ﬁA -b, level
of 0.38 d* reported by Stzen et al. (1996), characterising | stanbul
domestic sewage, generated from theregion which also housesthe
Istanbul Organised Leather Tanning Industrial District investi-
gated in this study.

Two different sets of experiments (Runs 3 and 5), conducted
aso at 20°C, using chemical settling effluentsyielded an average
level of 0.42 d* for the same kinetic coefficient. This value is
around 25% higher than the one associated with the plain settled

46  |SSN 0378-4738 = Water SA Vol. 26 No. 1 January 2000

Timre (d)

Figure 1
Effect of initial biomass concentration on N__profiles

wastewater, reflectingtheappreciableinhibitory effect of particulate
pollutants removed by means of chemical settling.

Asmost biological reactions, nitrification kinetics are gener-
ally influenced by temperature and the most pronounced effect of
temperature is commonly observed on the maximum specific
growth rate, [) ,and the endogenous decay coefficient, b,. The
adopted experimental procedure allows for the assessment of the
overall temperature effect on ﬁA - b,. Asthis parameter is quite
specific to the wastewater treated, this effect was evaluated in this
study on the basis of additional experiments performed at 10°C,
estimatedto bethecritical wastewater temperatureinwinter for the
design of the biological treatment systemsin the region where the
industrial district is located. As illustrated in Fig. 2, the average
valueof y, - b, at 10°C was observed to drop to 0.10 d*, lessthan
onethird of thelevel associated with 20°C. Similar experimental
studiesin theliterature suggest that the effect of temperatureon ﬁA
may beevaluated, by an Arrheniustype of an equation, intherange
of 7to30°C:

Aur = 8™ ©)
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Nox-N (md.}

Theresults listed in Table 5 verify the above expres-
sionwith atemperature coefficient, 6, of 1.127, dight-
ly higher than the range of 1.08 to 1.123 reported for
domestic sewage (Ekama and Marais, 1984; Bohnke,
1989; Nowak and Svardal, 1990; Henze et al., 1995;
SHzen et al., 1996).

Inhibition of selected pollutants on
nitrification kinetics

Tannery wastewaters are likely to incorporate awide
range of different components exhibitinginhibitory or
toxic effectsto biological treatment and especialy to

Time(d)

Figure 2

Effect of temperature on observed N_ profiles for chemically settled

wastewater (Run 5)

nitrification. In this context, it is of great practica
importanceto as/geﬁwhethertheexperi mentally deter-
mined value of i, - b, isintrinsic to the wastewater or
affected by inhibition. Recently, Nowak et al. (1994)
operated batch reactorswith synthetic waste devoid of
inhibitors, parallel to reactorsfed with the wastewater
to betested, to evaluate the existence and the extent of
inhibitory effects. In this study, a similar test was
carried out on three different runs (Runs 3, 4 and 5)

» Synthetic (10°C)
o Total Cr=0 (10°C)
501 4 Synthetic (20°C)
o Total Cr=0 (20°C)

Nox-N (md.’)
5

where parallel batch reactors were fed with tannery
effluentsand synthetic waste containing, aspreviously
described, only NH,Cl and the nutrient solution. The
experiments were conducted both at 20 and 10°C.
Reactors run with synthetic waste were initially
inocul ated with the same amount of biomass (300 mg
VSS¢1), previoudly acclimated totannery wastewaters.
Results in Table 5 show a significant difference be-
tween synthetic waste and tannery wastewater; while
synthetic waste reactors produced an u, - b,value of
around 1.0d* at 20°C, itscounterpart wascal cul ated as
0.43d*withthechemically settledand 0.32 d* withthe
plain settled tannery effluent reactors. Asillustratedin
Fig. 3, these values provide a clear indication for the

0 {4 T T T
0 2 4 6
Time(d)
Figure 3

Difference between N__ profiles generated by synthetic waste and chemically

settled tannery wastewater at 20 and 10°C

TABLE 6
THe EFrFecT oF ToTtaL CHROMIUM ON THE GROWTH OF NITRIFIERS
Run | Tempera- ﬁA -b,(d?)
No. ture
(°C) NH,CI Cs* Total chromium
15 mg-¢* | 30 mg-£* | 45 mg-£*
3 20 1.0 0.43 0.39 0.35 0.34
5 20 0.95 0.40 0.35 0.30 0.29
10 0.5 0.11 0.10 0.09 0.09

* CS: Chemical settling
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strong inhibitory character of tannery wastewatersfor
nitrification. This character appears to be dlightly im-
proved by means of chemical settling. At 10°C, a
{1, - b, value of 0.5 d** was calcul ated for the synthetic
waste, with acorresponding 6 coefficient of 1.072 for
the temperature (Eq. (3)), if applicable.

Inhibition effect of chromium

A particular feature of the tannery wastewater is the trivalent
chromium content, both in soluble and particul ate nature, depend-
ing on the chemical equilibrium sustained in the treatment units.
Thetotal chromium concentration of the primary settling effluent
may bein the range of 40 to 65 mg-¢*asindicated in Table 4, and
this level should be considered high enough to exert a significant
inhibitory effect on nitrification.

The inhibition effect of total chromium was experimentally
evaluated with four parallel aerated batch reactors. Chemical
settling was used as a pretreatment for the preparation of samples
practically devoid of chromium. Thefirst reactor was started with
this sample alone and the other reactors with the same sample
supplemented withincreasing dosesof total chromiumintherange
of 15to45mg-¢*. It should be noted that thelatter approximatesthe
chromium content of the plain settled tannery wastewater. Results
on two sets of experiments (Runs 3 and 5) are outlined in Table 6,
showing agradual decreasein ﬁA - b,values, from 0.42 d* for the
sample with no chromium to 0.32 d* for the sample with a total
chromium addition of 45 mg-¢*. An interesting observation isthe
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© Tota Cr= Ormg./™
121 oTotd Cr= 15mg.f™
a Total Cr= 0mg..™
10| o Tota Cr= 45nm.f™ o
>
%5 o
£ 8
Pz
5 6 °
zZ
44 >
a
2 i
O L T T T
0 2 4 6
Tire (d)
Figure 4

Effect of total chromium on observed N, profiles at 20°C (Run 5)

40
% ¢ Plain sttled

O Chemicdly settled
0 & 25% dilution

© 100% dilution

« 25 ¢ 400%dilution

0 2 4 6 8
Tirre (d)
Figure 5
Effect of decrease in chloride concentration by dilution on observed N profiles
(Run 4)
TaBLE 7

THE EFrecT oF Cr®** oN THE GROWTH OF NITRIFIERS

Run | Tempera- /’,)A -b,d?)
No. ture
(°C) NH,CI Cs* Cr3*

1.0 mg-¢*|2.0 mg-¢*|3.0 mg-£*

3 20 10 043 0.32 0.29 0.27

5 20 0.95 0.40 0.29 0.25 0.22
10 0.5 0.11 0.10 0.09 0.09

* CS: Chemical settling
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fact that 0.32 d* is practically the [i, - b, value
previoudly associated with the plain settled tan-
nery wastewater, indicating that the basic differ-
encebetween theinhibitory character of chemical
settling and plain settling is governed by the
removal of chromium. Table6alsoliststhep, -b,
values specifically determined for the synthetic
waste in conjunction with the same experimental
runs. The effect of total chromium addition on
observed N, profilesat 20°C (Run5) isshownin
Fig. 4. Comparison of the results displayed in
Table 6 provides experimental proof that the in-
hibitory effect of total chromium is minor with
respect to other unidentified factors inherently
present in tannery wastewaters. The findings of
the same experiment conducted at 10°C providea
stronger support for this argument, as lowering
the temperature appears to be a significant factor
for the attenuation of chromium inhibition.

It can alwaysbeargued that total chromiumis
not a good parameter in relation to inhibitory
effects, mainly because of the chemical balance
and especially pH valuesof 8.0t08.5 sustained in
reactorstreating tannery wastewaters. Themajor-
ity of the chromium content is likely to be in
particul ate form, attached to biological flocs and
inhibition better relates to the free trivalent chro-
mium concentration in the bulk solution. Experi-
mental surveysshow that thelatter rarely exceeds
3.0 mg£* even in the primary settling effluent
(Kabdadli et al., 1993; Ateset al., 1997). To test
the possible inhibitory effect of the free trivalent
chromiuminthebulk solutionon nitrification, the
sameexperimental set-upwasrepeated usingthree
reactors operated with Cr*® contents adjusted in
therange of 1.0t0 3.0 mg-¢*. Theresults, outlined
in Table 7, exhibit a similar trend as the ones
associated with the total chromium experiments,
with the exception of dlightly higher inhibitory
effects, resulting in lower ﬁA - b, values.

Inhibition effect of chloride

Theexperimental datapresented aboveindicatea
significant inhibitory effect on nitrification, re-
maining after chemical treatment. The high chlo-
ride content of tannery wastewaters, observed to
fluctuate between 6 000 to 10 000 mg-£* in this
study, isconsidered as one of thefactorslikely to
producesuch an adverseeffect (Dahl et al., 1996).
One set of experiments was designed to test this
effect, at 10°C where the inhibition is most pro-
nounced, by running four parallel aerated batch
reactors, the first one started with the undiluted
sample and the others with three different dilu-
tions of a chemically treated tannery wastewater
(Run 4). The chloride concentration in this
wastewater samplewas measured as 6 650 mg-£,
and it was reduced successively to 5 000, 3 325
and 1 660 mg-¢*. The results are presented in
Table 8, together with the ones related to plain
settled effluent and the synthetic waste, all ini-
tially inocul ated with the samenitrifying biomass.
As shown by these results also illustrated in
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TABLE 8
THE EFFecT oF CHLORIDE ON THE GROWTH OF NITRIFIERS
Run | Tempera- | Sample type Cl- (mg-t%) ﬁA -b,(d?)

No. ture
(°C)

4 10 NHACI'l - 0.43

Plain settled eff. 6 650 0.10

Chemically settled eff.| 6 650 0.10

% 25 dilution 5000 0.18

% 100 dilution 3325 0.27

% 400 dilution 1660 0.31

Fig. 5, the chloride content was observed to exert a significant
inhibitory acti on, illustrated by the positiveeffect of dilutionwhich
increased the 1. U, - b, value from 0.10 d* in the undiluted sample,
gradually to 0.27 d* at a chloride concentrations of 3 225 mg-£*
and to 0.31 d* at 1 660 mg-¢*. It should be noted that auA b, of
0.31 d*isreasonably closeto 0.43 d* characterising the wnthetlc
waste at the sametemperature. Another point of interest isthefact
that chemical settling isnot likely to affect the CI content of the
sample so that the plain settled effluent test displayed on Table 8
was carried out with achromium level inherently associated with
the tannery wastewater, while the test conducted on chemical
settl ed effluent did not contain any chromium. Theobtained 11, - b,
results provide further proof that chromium inhibition is minor

compared to Cl* inhibition.
Conclusions

Onthe basis of the experimental findings presented and evaluated
in the preceeding sections, the following issues may be outlined as
the concluding remarks of this study:

The procedure proposed by Sozen et al.(1996) for the experi-
mental assessment of the nltrlflcatlon kinetics for tannery
wastewaters yielded accurate uA b, values both at 20 and 10°C
for the entire range of data considered for ev/gl uation.

The average value of the rate coefficient 1, - b, characterising
nitrification at 20°C was calculated as 0.32 d* for plain settled
tannery wastewaters. Thisvalue dropped to 0.1 d* at 10°C, with a
corresponding average temperature coefficient, 8, of 1.127. Paral-
lel studies carried out using a synthetic waste solution with no
|nh|b|tory or toxic compounds resulted in significantly higher
;JA b, values (1.0 d* and 0.5 d* at 20°C and 10°C respectively)
Ieadlng to conclude that tannery wastewaters after plain settling
involve components severely inhibiting nitrification.

Chromium was observed to be partly responsible for the
inhibitory effect, inducing around a 25 to 30% decrease in the
uA b, value, for atotal chromium addition of 45 mg-¢* and aCr*3
level of 3 mg-¢*. Experimental results indicate that the basic
difference between the inhibitory character of chemical settling
and plain settling is governed by the removal of chromium.

Chloride, inherently present in tannery wastewaters wasiden-
tified asthemajor inhibitor, exerting asignificantinhibitory action,
illustrated by the positive effect of dilution which increased the
f, - b, value a 10°C from 0.10 d* in the undiluted sample,
gradually to 0.27 d* with 100% dilution and to 0.31 d* with 400%
dilution. This inhibitory effect, as it is associated with chloride,
cannot be suppressed by conventional treatment.
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