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Methods

Description of the WWTP under study
The wastewater treatment plant (WWTP) under study 
receives mainly industrial wastewater from all departments 
of the chemical factory, namely: fertilizers and plasticizers 
production, production of oil additions (2 ethylhexanol, 
iso-butanol and n-butanol), cosmetic and pharmaceutical products 
(iso-butyraldehyde, n-butyraldehyde, anhydrous ammonia, 
ammonia solution, sodium nitrate liquor, sodium nitrite, 
maleic anhydride, urea, technically pure urea crystal, octanol, 
technically pure urea liquor, compressed hydrogen) and sanitary 
wastewater. The wastewater reaches the secondary treatment 
part of the WWTP after primary treatment part which consists 
of primary clarifi er, oil separator and equalizing tank. Table 1 
shows the parameters of the raw wastewater (after primary 
treatment). The data cover a period of 735 operated days.

The secondary treatment comprises nitrifi cation and 
denitrifi cation processes carried out in the agitated activated 
sludge reactors. The average COD and NH4-N sludge loadings 
were 0.148 and 0.016 g/gSS·d, respectively. The hydraulic 
retention time (HRT) and sludge retention time (SRT, sludge 
age) were maintained at a level of 43 hours and 20 days, 
respectively. During the investigated operational time the 
mixed liquor suspended solids (MLSS) concentration was 
5.8 kg/m3. The sludge volume index (SVI) value of 82 cm3/g 
indicates good settling characteristics of the activated sludge. 
The concentration of dissolved oxygen in aerobic chamber 
was 3.2 ± 1.8 mg O2/L. As the operators of the WWTP under 
study claimed the nitrifi cation failures in the winter time the 
comparative analysis of different operational parameters 
was done in relation to the nitrifi cation effi ciency. As the 
temperature has a great infl uence on the nitrifi cation process 
the batch tests were also performed.

Temperature sensitivity of activated sludge 
– long and short term tests
In order to specify the impact of temperature on activated 
sludge from the WWTP of interest two kinds of tests were 
performed: short and long term tests. Both tests can be 
classifi ed as Ammonia Utilization Rate (AUR) tests. The tests 
were performed on nitrifying activated sludge taken from the 
above-mentioned industrial WWTP (SRT amounted to approx. 
20 days).

The short term tests were done in order to assess the acute 
effect of temperature on nitrifi cation effi ciency. Four batch 
tests were performed in one litre fully mixed and continuously 
aerated reactors that were seeded with 500 ml of activated 

sludge and 500 ml of wastewater, both taken from the WWTP 
under study. The ammonium load was equal to 0.015 g NH4-N 
per day and g of dry mass of activated sludge. The reactors 
were incubated for 24 hours at the following temperatures: 13, 
16, 19 and 22°C. The temperature range was established basing 
on the temperature range the WWTP operates during a year. 
The wastewater from the reactor was sampled in 0.5, 1.0, 2.0, 
3.0, 4.0, 6.0 and 24.0 hour of the experiment, but only the fi rst 
and last sample was taken into account in the discussion panel. 
The concentration of NH4

+-N was determined in the fi ltered 
samples. 

The long term test relied on wastewater treatment with 
consequtive decrease of temperature every 5 days in the steps 
of: 22, 19, 16, 13 and 10°C. It was performed on completely 
mixed activated sludge reactor seed with activated sludge from 
WWTP under study and real wastewater taken from the same 
WWTP. The reactor was continuously aerated. The HRT and 
SRT were maintained closer to the values of WWTP. Nitrogen 
forms were monitored in effl uent and effl uent of the reactor. 

Toxicity tests
For the assessment of the wastewater toxicity infl uence on 
activated sludge biocenosis two types of tests were used: OUR 
(Oxygen Uptake Rate) test and Vicia faba micronucleus test 
(MCN). The OUR test reveals the acute toxicity of wastewater 
to activated sludge microorganisms while the MCN test 
indicates the mutagenotoxicity.

OUR
The toxic properties of the industrial wastewater were 
evaluated on 24-hour starvation of activated sludge taken 
from the WWTP under study. The sludge was then centrifuged 
and washed with water to remove all the substrates and 
metabolites. OUR was performed in 100 ml, tightly closed 
vessel equipped with O2-electrode at room temperature. The 
sludge was aerated to the full saturation, i.e. 8.5 mg O2/l. The 
OUR was expressed as mg of oxygen used by g of biomass 
per hour. The experiment was divided into 10 steps. In every 
step, OUR was measured in two pairs: for the activated sludge 
and portion of water (reference, OURR) and secondly for the 
activated sludge and portion of the wastewater (OURWW). The 
volume of water and wastewater portion was the same in each 
step. The proportions between activated sludge and wastewater 
(water) volume in steps 1–10 were: 0.02, 0.04, 0.06, 0.08, 
0.10, 0.16, 0.25, 0.49, 1.0 and 4.0, respectively. The negative 
or positive value of the difference between OURWW and OURR 
was the indicator of inhibitory or stimulatory character of 
wastewater. 

Table 1. Parameters of the raw wastewater

Parameter Unit Number 
of measurements Range Average Median

COD mg/L 357 736–2489 1566 ± 217 1558

NH4-N mg/L 358 18–303 153.8 ± 33.7 147.5

CH4N2O (urea) mg/L 356 7–599 52 ± 66 30

NO3-N mg/L 355 0–63.2 6.4 ± 8.2 3.3

PO4-P mg/L 343 0.2–50 7.3 ± 4.1 6.8

SS mg/L 354 0–444 86 ± 64 67














