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Abstract: The composition and, consequently, the biologi-

cal degradability (BD), of pharmaceutical wastewstare
not constant in time. To optimize the wastewatenagg-
ment of a pharmaceutical factory, real time datareeded
about the BD of wastewaters. In our experimentsyas

To solve the problem equipment for (1) modeling the
operation of biological WWTPs, (2) measuring shorte
BOD (RBOD) were developed and used for forecadiiby

of wastewaters.

found that measurements using a lab-scale wastewat2, INSTRUMENTATION, METHODS OF ANALYSIS

treatment plant (LWWTP) and a short-time BOD (RBOD)

meter, as well as the combined evaluation of RB@D a
COD data ensured rapid and accurate assessmem of B
wastewaters.
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1. INTRODUCTION

Biological degradability (BD) is one of the mosttical
quality parameters of wastewaters. BD has a debemi
role not only in the selection of wastewater treatitech-
nology to be applied, but in the determination gpected
effluent quality, as well. There is a wide rangeB® of
organic matters found in pharmaceutical wastewatkrs
general terms the following can be said:

more difficult to oxidize biologically than those
of less molecular weight.

In the case of high concentrations of organic
and inorganic compounds the process of bio-
logical oxidation is slower than in the case of
low concentrations.

than unsaturated ones.

speed of biological oxidation.

Organic matters containing triple bound carbon
atom(s) cannot be oxidized biologically.
Appropriate BOL/N/P ratio is a prerequisite of

efficient decomposition. For communal waste-

waters its optimum is 150/5/1 [1].

Biological degradability is usually determined Ine tstan-

Organic matters of high molecular weight are |

Aliphatic hydrocarbons are easier to decompose ||

Substituted and additional groups reduce the/

2.1 Lab-scale wastewater treatment plant

Innovative equipment also capable for respirometric
measurements was used for modeling the operatidsioef
logical WWTPs having an aeration basin and a sexgnd
clarifier [4. The operation of equipment was basedcon-
ducting oxygen in a closed system at constant press
through the wastewater examined. Oxygen consumetieby
biological system was continuously measured soahaixy-
gen flow equivalent to that consumed was electnmitely
generated. Carbon dioxide produced by the biolbgigstem
was bound in an alkaline gas washer. The lab-scastewa-
ter treatment plant (LWWTP) and its schematic diagris
shown in Photo 1 and Fig. 1.

Photo 1 Picture of lab-scale wastewater treatmentlant

dard BOLy method [2] which, having a five-day time demand,

is unsuitable for controling the wastewater treatmechnol-
ogy. The instruments used for respirometric measent [3, 4]
are not capable of modeling the operation of ttaogical
stage of wastewater treatment plants (WWTP).

The parameters of experiments (flow rate, hydraulic
detention time, biological load, sludge concentratrecircu-
lation rate, excess sludge removal) set on the L\W\Wiere
calculated on the basis of the operational dathefVWTP



of North Budapest. A description of continuous laitary
experiment is as follows: 2,000 ml wastewater ywasred
into the biological reactor of the LWWTP. The reacivas
continuously aerated and fed with raw wastewatdre T
feeding rate of raw wastewater and the rate ofcalztion
were set to 3,200 ml/day (15-hour detention time) 400
%, respectively. After the start-up period of 24ihothe
sludge removal was set to 1 g/day and the oxygéakapas
well as the quality parameters of effluent waterendeter-
mined. The experiments were carried out at deteritines
ranging from 5 to 48 hours with and without modifieeo-
lite (MZ) additive. The goal of MZ application w#s accel-
erate the process of biological decomposition. Airgsize
of MZ was between 10 - 11im and its quantity related to
sludge concentration was 15 %.
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Fig. 1 Lab-scale wastewater treatment plant

2.2 RBOD measurement and RBOD/COD ratio

A respirometer of open system as shown in Fig.  wsad
for the determination of RBOD. The operation of élggiipment
was based on conducting air into the suspensiavasfewater
and activated sludge samples. The concentratiotissblved
oxygen (DO) in the suspension was measured wittaran
perometric oxygen probe (WTW GmbH, Germany, tyger S

OxG).
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Fig. 2 Discontinuous RBOD Meter Schematic diagram

For measuring RBOD, substrate respiration was inte-
grated according to time. The RBOD value of thetewa-
ter to be tested was proportional to the spacevbtie res-
piration curve. To calculate RBOD, a known quantifyv,
was injected from a known RBQRalibrating solution (Na-
acetate) into the reactor, at which time the sjmtew peak
F. was recorded. A wastewater flow of,Wvas metered in
the reactor and the territory below peak $haping in the
course of decomposition was determined. Based en th
foregoing, RBOD was calculated according to equatio

RBOD = RBOD, Y« = )
V,F,

74

A description of RBOD experiment is as follows:
Equipment filled with activated sludge (2,500 mlasv
continuously aerated (2.5 L/min). When the DO conice
tion in the suspension became constant in timerdased
up to 10 mg/L) 25 — 250 ml wastewater was pourdd in
the biological reactor of respirometer. Accordirg the
effect of the biodegradable constituents of wastewydhe
DO concentration in the suspension dropped dowen th
increased again. When the DO concentration incceape
to its original value the entire process of measiangt was
repeated, however 25 - 250 ml gECONa solution of 5
g/L was added to the activated sludge instead ctevea-
ter.

The experiments were carried out with and without M
additive. A grain size of MZ was between 10 - 140 and
its quantity related to sludge concentration wa&4l5

A typical respiration curve developed in the couo$e
RBOD measurement is shown in Fig. 3. On the bakis o
RBOD results, the RBOD/COD ratio was calculated
which gave an idea as to BD of the effluent. RBODILT
higher than 0.5 generally indicates efficient BDhile a
value lower than 0.05 indicates that the effluenpiacti-
cally non-degradable. Interim values indicate édrtie-
composition.
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Fig. 3 Typical respiration curve of RBOD measuremen

2.3 Continuous anaerobic analysis

A continuous lab-scale digester of which schemditie
gram is illustrated on Fig. 4 was used to accorhpdisaero-
bic tests.

A description of anaerobic experiments is as fodow
The anaerobic equipment was filled with 24 L wastteaw
containing anaerobic activated sludge in 4.0 g/bhocam-



tration. The feeding rate of raw wastewater and rete
of recirculation were 6 L/day (4-day detention tjnaand
100 %, respectively. After the start-up period dffur,

the sludge removal was set to 6 g/day and the tyuali

parameters of effluent, as well as the volume afghs
generated were determined. Temperature of the abier

reactor was kept on 3%. Anaerobic sludge used to the
experiments originated from the WWTP of Veresegyhaz
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Fig. 4 Schematic diagram of continuous lab-scale giéster

3. RESULTS AND DISCUSSION
3.1 Characterization of wastewaters

Averaged wastewater and veratryc aldehyde, as agell
decyanidation mother lye of a large Hungarian plsamenti-
cal factory were analyzed for biochemical degraksbi
Ensued from the production of synthetic pharmacaigj
the wastewaters contained high concentrationsaohalics
and acetic acid, toluene, xylene and other benpeoducts,
as well as chlorinated hydrocarbons (chloro-benzetie
chloroethane, benzene-chloride). Moreover, allhef ¢fflu-
ent contained butyric acid, formaldehyde, dimetagiine,
dimethyl formanide, sodium tartrate, sulfanilic dcidi-
methyl sulphate, ammonium salts, other inorganilts,sa
acids and alkalis.

3.2 Examination of traditional parameters

3.2.1 Quality of averaged wastewater

Concentrations of COD, BQptotal salts and ammonia,
which characterize the extent of contamination, evexla-
tively high. However, organic nitrogen and phosjpisor
concentrations were remarkably low. The averageaqro
tion of COD/BOLYN/P was found to 1,441/850/40/1.

Since the phosphorus content of the raw wastewagtoo
low to an effective biological decomposition, thieopphorus
concentration in the wastewater was increased @8 tog/L
by adding KHPO,. Accordingly, the average nutrient propor-
tion was modified to be 176/103/5/1 in the wastewat

The BODB/COD ratio had a relatively high value. It
meant that the organic compounds of the wastewetee
easily degradable.

3.2.2 Quality of mother-lye

Both types of mother-lye featured extremely highBCO
values; 212 g/l for the veratryc aldehyde and 4Cay/the
decyanidation. The BOD values and the rates of
BODs/COD were low particularly in the case of decyanida
tion mother-lye indicating its toxicity.

The phosphorus concentration was rather low in both
mother-lye, therefore additional phosphorous so(KgelPO,.
solution) was needed to make the biological treatipessible.

The salt concentration of both mother-lye was extly
high. The direct biological treatment of aqueoulsitems of
high salt concentration is generally due to toyiaf salts
doubtful even in the case of optimal organic cotre#ion.
Consequently diluted samples were used for theegiadiabil-
ity tests.

3.3 Experiments using LWWTP

In order to determine the extent of BD and the ropti
time of treatment, the relationship between efftu@®D of
LWWTP and detention time (time of treatment) wasest
tigated. (COD decrease is directly proportionaB.)

3.3.1 Averaged wastewater

The measurement of traditional components, namely The cOD of treated wastewater as a function ofrdete

COD, BOD;, NH4-N, total-P, total salts, suspended solids

organic solvent extract characterizing the compmsibof

wastewaters were accomplished according to thed&ten
Methods [5]. Water quality parameters of the wastews
are summarized in Table 1.

Table 1 Data of wastewater analysis

Water quality pa- Type of wastewater
rameter Averaged Veratryc alde- [ Decyanidation
hyde mother lye mother-lye

pH 7.0 13.1 9.6
COD (mg/L) 4,900 212,060 40,568
BODs (mg/L) 2,890 68,492 4,770
BODs/COD ratio 0.59 0.33 0.12
QOrganic nitrogen, (mg/l) 10.3 56 1,512
Total-P, (mg/L) 3.4 10.5 10.6
NH,_N (mg/L) 116 110 375
NOs- N (mg/L) 10.0 5.2 6.1
CCl, extract (mg/L) 51 18 12
Total salt (g/L) 6.2 183 99

tion times are shown in Fig. 5. A low treatmenti@éncy,

38 %, was evident after 10 hours of detention. é\ihe-
less, decomposition of organic substances improvitd
detention time. The relationship between the CODefof
fluent and the detention time showed a “run-offoati-
mum” curve. The curve minimum gives the attainable
residual COD value. The residual COD minimum was
obtained by a 24-hour detention time. In Fig. 6oad of
0.53 kg.opkg *day’ is shown to belong to a 24-hour deten-
tion time. Given a strong wastewater of complex posi-
tion to degrade, the minimum CODs of 817 mg/L (wiith
MZ additive) and 590 mg/L (with MZ additive) arecapt-
able.

The influence of MZ additive on decomposition of or
ganic compounds was examined at detention times5pf
20, 24 and 36 hours. The quality of effluent impad\by 25
— 30 % due to the effect of MZ.
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Fig. 5 Relationship between effluent COD and detein time (Meas- 1 ‘
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] y =545,23x + 646,1 O Fig. 7 Relationship between oxygen consumption araiganic load
2 (Measurements using LWWTP)
] R =0,7614 /
2400 O pd Similarly to the mother-lye of veratryc aldehydee tacti-
T Q/ vated sludge treatment of decyanidation mothetdp& place
with addition of communal wastewater. Volumetricximg
1 o y ratio of communal wastewater and mother-lye was Bffi-
1600 + ciency of the COD decomposition was only 33 % efeerthe
] 9/ o longest, 48-hour detention time. Results ascedaimeconom-
1 o @ ical biological treatment of decyanidation mother-even if
800 1 that was mixed with communal wastewater.
| Averaged wastewater
The relationship between the COD concentration of
treated mother-lye and detention time is illusulate Fig. 8.
0 = = = = Based on the results of continuous activated sltchge-
0 05 1 15 2 25 3 35 4 ment the followings can be stated:
Organic load (kgCOD/ kg/ day) e Both mother-lye, although ensued elsewhere,
Fig. 6 Effluent COD concentration as a function obrganic load behaved nearly the same _
(Measurements using LWWTP) « Both mother-lye were hard to decompose bio-
Fig. 7 shows specific oxygen consumption of thd-act Ioglcallyd h i ¢ limi
vated sludge system as a function of COD loads keen * Efven ur)bler 48-h oulr tl_mel 0 trtcej{ﬁment (top 'g“t
that an increase in load, over 0.53dskg day, led to a of possible technological conditions), poor de-

substantial increase in oxygen consumption. A ceaaghe composition efficiency was attained.

opposite of oxygen consumption was observed forefow  Based on the foregoing it was concluded that ndriben

loads (0.34 keopkg'day') that could be explained by mother-lye could economically be treated by actiat
sIudge .decomposition and increasing endogenousgeludsjudge technology, even if the lye were mixed vaitimmu-

respiration. nal sewage.

Activated sludge ensued from biological treatmestt s

tled well at each time of detention and no any fifom of 3.4 RBOD measurements

filaments or scum was observed. Index Mohlmannaztter- The RBOD data of respirometric experiments and the

izing the settling of sludge ranged from 80 ml/d.1® ml/g. data of BOR measurements, as well as the ratios of
RBOD/COD and BOERCOD are summarized in Table 2.

3.3.2 Mother-lye Data show that RBOD, like BQDsuits for describing the

biological degradability of wastewaters. RBOD measu
ments however, resulted in lower values than BODcan
be explained by the different time of treatmenttgiaing to
the RBOD and BOPmethods. Organic compounds hard to
decompose need longer biological treatment. Takirg
consideration that the time demand of an RBOD measu

Activated sludge treatment of veratryc aldehydeheclye
took place with the addition of communal wastewdtditre of
mother-lye was diluted with 29 litre of communalsteawater.
A 5-hour detention time yielded a treatment efficie of
merely 8 %. The decomposition efficiency improvedhw



ment is only 1- 2 hours, it is easy to understdrad BOD,
values exceed RBOD ones, in spite of the signiflgdet-
ter DO supply of the samples measured for RBOD.
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Fig. 8 Relationship between effluent COD concentran and time of
treatment (Measurements using LWWTP)

Table 2 Data of RBOD and BORmeasurements

Water quality Type of effluent
parameter Averaged Veratryc alde- | Decyanidation
hyde mother lye mother-lye
RBOD (mg/L; 2,415 2,785*| 55,212| 66,758f 3,490 3,996%
BODs (mg/L) 2,89Q 3,104*| 68,492 80,422*| 4,770 5,206
RBOD/COD ratit 049 0.57* 0.26] 0.32*| 0.09] 0.10*
BODs/COD ratio 059 0.63* 0.33] 0.38* 0.12] 0.13*
(BODs—RBOD) 16%| 10*% | 19%| 17*%| 27%| 23*%
BOIs

Legend: *Data pertaining to experiments using Mditide

3.5 Anaerobic biological degradability

Based on the results of the treatment of averagestew

water the following can be said:
» Wastewater was anaerobically degradable, balance
in the anaerobic system, however was maintainable The NATO Science for Peace Programme jointly sup-
only for low loads (1 kgopday™; t = 4 days).
« Low rate in gas generation (0.1 ﬁgtoa) and low Education, Economy and Transportation and the Natio
speed of decomposition did not permit any high-Office for Research and Technology in Hungary.

load system (8 - 10 kgom>day’) to operate. It

» the extent of mother-lye decomposition might be
increased by two-stage mesophilic and single-
stage thermophilic anaerobic processes [6], how-
ever a decomposition efficiency of 80 — 85 % (at
t = 48 hours) approved as an economic efficiency
index could not be accounted for.

3.6 Effect of modified zeolite on biological degraability

Data of Table 2 show that application of modifiexbz
lite improved the biological degradability of evemaste-
water. The percentage value of degradability ineeea
ranged between 10 - 24 % expressed in RBODCOD and
between 1 — 15 % expressed in BLOOD. It means that
MZ additive was more effective in the case of oigan
compounds easy to decompose.

4. CONCLUTIONS

The measurements accomplished using a LWWTP and
a short-time BOD meter, as well as the mutual assent
of RBOD and COD data ensure fast and reliable méor
tion on biological degradability of wastewaters.

The averaged pharmaceutical wastewater tested {sermi
the activated sludge treatment. The mother-lye cann
successfully be treated by biological methods. Beeeof
high toxic effect and residual COD, mother-lye irmpahe
decomposition efficiency of other wastewaters ready
decompose. Mother-lye therefore, should be abstact
from the biological wastewater treatment.

The anaerobic treatment of all the types of wastersa
yields nearly same effluent quality as the aerainie.

Modified zeolite additive enhances the aerobic deco
position of organic constituents, therefore its lepion to
wastewater treatment is recommended.
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