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ABSTRACT
This study investigated the possibility of controlling an activated 

sludge plant by using continuous dissolved dry solids (DDS) 
measurements and conductivity analysers. In addition, the correlations 
of the results attained were compared to typical wastewater sum 
parameters, such as COD or TOC. The tests were performed by 
installing five (5) refractometers and five (5) conductivity analysers 
in a wastewater treatment plant (WWTP) and by collecting data and 
hand samples from a Finnish integrated pulp and paper mill. The 
results indicate that new precision refractometers can be used in a 
WWTP for the detection of very small changes in the DDS at low 
concentrations (about 50 mg/L). The results also indicate a strong 
correlation between the measured DDS and the COD and TOC values, 
suggesting great potential for their use in monitoring influent load 
and the quality of effluent before it is introduced into the local water 
system. Conductivity measurement also works well, but since the 
purpose of an activated sludge plant is to remove organic material 
from wastewater, this measurement method is not very effective in 
monitoring effluent load in the local water system. However, more 
research is needed to gain a better understanding of the use of these 
on-line measurements in monitoring the operation of WWTPs.

Keywords: Activated sludge plant, chemical pulping, conductivity, 
refractometer, wastewater

INTRODUCTION
Environmental awareness has increased in recent years, 

particularly in the growing economies of Asia and South America 
where population and industrial activity are growing rapidly. 
Concern about the availability of pure fresh water and the 
condition of local water systems will cause tighter regulation of 
the quantity and quality of effluents from municipal and industrial 
systems. This trend has created a need for improved on-line 
monitoring and control of wastewater treatment plants (WWTP). 

A chemical pulp mill alone can be a significant source of effluent 
load introduced into local water courses. The total load depends on the 

quality and quantity of the effluent and the efficiency of the effluent 
purification system. Normally, wastewater is treated using an activated 
sludge plant (ASP), where easily degradable organic materials are 
treated in an aeration basin with oxygen. This system also includes 
a primary clarifier for removing fibres and all heavy particles, such 
as sand. Before the treated effluent is introduced to the local water 
course, the sludge that is formed in the aeration basin is removed by 
a secondary clarifier. The principle of a typical wastewater treatment 
plant used for kraft pulp mill effluents is shown in Figure 1. 

The most critical parameters in controlling the operation of an ASP 
are pH, temperature, nutrient balance, oxygen concentration, sludge age 
(SA) and hydraulic retention time (HRT). The first three are controlled 
by the amount of chemicals added (acid/alkaline, urea and phosphorus 
acid), oxygen concentration by air pumping and temperature by a 
cooling tower. The HRT is normally set when the ASP system is originally 
planned. To keep the ASP functioning correctly, conditions in the aeration 
basin when the effluent from a chemical pulp mill is treated should be 
as follows /1/: pH 6.8–8, temperature 35–37oC and oxygen 1.5–2.0 
mg/L. The nutrient amount is typically set by the influent BOD content 
as follows: BOD5:N:P ratio of 100:5:1. However, when treating kraft pulp 
mill effluents the need for nutrients, especially phosphorus, is usually 
lower. In study /2/ with kraft pulp mill effluents, the optimum ratio 
between BOD5:N:P was found to be 100:5:0.3.

Figure 1. Typical wastewater treatment process for kraft pulp mill 
effluents /1/
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Figure 2. Simplified flowchart of the activated sludge plant and refractometer and conductivity analyser installation points (1. to 5.) in an ASP

In practice, the efficiency of an ASP depends greatly on the quality 
and quantity of the influent. If there are unusual changes in influent 
quality (e.g. leaks from chemical recovery), a spill pond is used to 
reduce unwanted peaks, using a normal conductivity measurement 
as a “police measure”. The single most important parameter that 
affects ASP performance is sludge age (SA). The most suitable SA 
for an ASP depends on many factors, such as the volume of the 
organic load [kg/d], the quality of the organic load, temperature, pH 
and the volume [m3] of the aeration basin. If the SA is reduced too 
much, the mixed liquor suspended solids concentration (MLSS) also 
decreases too much. The range of the MLSS is wide when treating 
pulp and paper industry effluents using an activated sludge process, 
from 2.2 to 9.0 g/L /3/ depending on the process.

The performance of an ASP is typically estimated by measuring 
the influent and effluent BOD, COD, TOC, phosphorus, pH and 
conductivity values. Among these parameters, the BOD, COD and 
TOC provide some indication of the amount of organic material, 
and electric conductivity provides an indication of the presence of 
inorganic salts. The challenge of making estimations for control and 
efficiency of an ASP is strongly related to measurement of the above-
mentioned parameters, since pH and conductivity can currently be 
measured only on-line and phosphorus can only be measured in line. 
The delay for COD and TOC is hours, and for BOD it is several days.

The goal of this study was to better understand the operation 
of mill-scale activated sludge plants using an on-line conductivity 
analyser and dissolved solids measurement based on the refractive 
index in different areas of the ASP.

METHODS

On-line measurement with refractive index in ASP

Refractive index measurement principle
The refractometer measures analyte concentrations in 

solutions based on a measurement of the refractive index. 
A refractive index measurement is a measurement of the 
speed of light in a medium. The speed of light in a medium 
depends on the medium itself, as well as the temperature and 
wavelength. The refractive index depends on the concentration 
of dissolved solids. In general, the greater the molecular size 

of the dissolved solids, the greater the refractive index per 
concentration unit. The measurement accuracy is not affected 
by particles, bubbles, fibres, colour or temperature changes 
in the process medium. The laboratory reference temperature 
is usually 20°C or 25°C. Due to wavelength dependency, the 
refractive index is measured with monochromatic light. The 
measurement principle behind the measurement of dissolved 
dry solids content through refraction has been presented in 
detail in our earlier studies /4,5,6/.

Measurement arrangement in the ASP of the mill
Both influent and effluent from the activated sludge plant were 

monitored by five (5) refractometers to measure dissolved total 
solids and by five (5) conductivity on-line analysers, as shown 
in Figure 2. Wastewater without fibres consists mainly of 
alkaline and acidic filtrates from the pulp mill’s fibres bleaching 
process. It also contains save-all from paper machines 2 and 
3. Wastewater with fibres consists of screening reject from the 
pulp mill, filtrates from the collector tank of bleaching, soda 
precipitates, wastewater from barking, water from the grindery 
(reject and peroxide bleaching), return from the ground basin, 
water from the drying machine and sanitary water. Before the trial 
runs, the refractometers were calibrated in co-operation with the 
refractometer supplier, and conductivity analysers were calibrated 
in co-operation with the pulp mill’s staff. Calibrations were made 
by taking water samples from all the installation points. More 
samples were taken during a trial run to re-check the calibration.

During the mill trials, samples from each point were taken every 
two hours during the day (8 a.m. to 4 p.m.). In every sample, 
the dissolved solids (DS), ash content, conductivity, COD and TOC 
were measured in a laboratory. On-line data (DS, T, conductivity 
and flow) from sensors were collected and stored in the mill’s 
data collection system.

The physical properties of the activated sludge plant examined in 
the trial were: The volume of the aeration basin 1 (Aerator 1) was 
51,000 m3 and that of the aeration basin 2 (Aerator 2) was 39,000 
m3. The average flow to the ASP was about 60,000 m3/d and the 
total retention time was about 24 h. The total amount of solids in the 
aeration basins was on average 4–5 g/dm3. The total concentration 
of solids in return sludge was 8–9 g/L, with a volume of 55,000 m3/d–
65,000m3/d. The calculated sludge age was usually around 18–22 d.
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Laboratory analyses
All of the influent and effluent samples in this study were 

measured in laboratory conditions using the following standards: pH 
(SFS 3021), conductivity (SFS-EN 27888), CODCr (SFS 5504), TOC with 
Shimadzu TOC-V CPH analyser (SFS-EN 1484) and dissolved solids 
(SCAN-N 22:77).

RESULTS AND DISCUSSION

On-line and laboratory measurements

Influent to ASP
The influent dissolved dry solids concentration measured by 

the refractometer, versus the COD, TOC (laboratory analysis) and 
on-line conductivity is shown in Figure 3. The results indicate 
that all of the measurements were nearly consistent. This was 
expected, since laboratory tests showed that the consistency of 
dissolved material in wastewater without fibres was fairly evenly 

polarised into organic (40%–45%) and inorganic (55%–60%) 
matter. Compared to the history data of the mill, the wastewater 
quality was quite normal with a DDS of 0.3% and a COD of 2,000 
mg/dm3. After a steady beginning (24 and 25.1), some problems in 
the fibre line occurred, causing extra load to the ASP. One diffuser 
washer was out of service and the pulp and filtrate streams were 
contaminated, consequently contaminating wastewater without 
fibres. Also, a small amount of filtrate containing black liquor from 
oxygen bleaching pressure washers was bypassed to wastewater 
with fibres.These concentration changes in the influent stream 
(26.1 and 27.1) were observed in real time using an on-line 
refractometer and conductivity measurements.

The results of the on-line refractometer DDS and laboratory 
COD, conductivity analyses and the measured ash content from 
the influent stream to the ASP are shown in Figure 4. Normally, 
ash content in wastewater is approximately 40%–60%. In the 
wastewater examined, the DDS consisted of equal amounts of 
organic and inorganic matter. The results showed an exceptionally 
high ash content, 76%, at point 6 (25.1.11:59). A momentary 
spike in the amount of inorganic matter occurred, increasing the 
conductivity and the refractometer values, while no effect on the 
COD value was observed. These results support the theory that 
conductivity is related mainly to inorganic content and the COD is 
related mainly to organic matter content, while the refractometer 
measurement is related to both organic and inorganic content, 
i.e. it measures all dissolved material.

Figure 3. Influent DDS content versus the analyses of COD, TOC and 
conductivity Figure 4. Influent DDS, COD, conductivity and ash content
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Effluent from ASP
The results of the on-line refractometer measurement and the 

laboratory analyses of COD and TOC are shown in Figure 5. The 
refractometer results correlated strongly with the mill’s COD 
and TOC analyses in the effluent stream from the ASP. The on-
line measurement results indicated that an aeration system can 
compensate for momentary changes in wastewater load, but 
larger problems (27.1.8:05) occurred when the concentration of 
DDS increased. During the monitoring period, the DDS increased 
from 0.17% to 0.22% and the COD from 500 mg/L to 800 mg/L.

Influent to ASP and effluent from ASP
The dissolved dry solids measured by the refractometer, the 

COD (laboratory analysis) and on-line conductivity are shown in 
Figure 6. The results indicated that the activated sludge plant 
where the samples were collected operated normally, reducing the 
COD by approximately 75%, while there was no significant effect 
on concentrations of inorganic matter. Therefore, the conductivity 
measurement, which correlated to the inorganic measurements, 
was not a very good indicator of the effluent load from the ASP into 
the local water system. The results also indicated that concentration 
changes in the effluent with fibres were higher than in the effluent 
without fibres. Figure 7 shows that the flow rate of the stream of 
wastewater with fibres was usually smaller than the flow rate of 
the wastewater without fibres, which consisted mainly of filtrates 
from the bleaching process of the pulp mill.

Figure 5. Effluent DDS content versus the COD, TOC and conductivity 
analysis Figure 6: Influent and effluent DDS, COD and conductivity analyses
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CONCLUSIONS
The results indicated that refractometers are suitable for the detec-

tion of very small changes in the dissolved dry solids at low concentra-
tions (about 50 mg/L). The results also clearly indicated that real-time 

Figure 7. Flow rates of the influent streams from pump houses 1 and 2 
from 24.1. 10 a.m. to 27.1. 4 p.m.

refractometer measurements of the ASP influent and effluent streams 
correlate to the mill’s COD and TOC analyses. Conductivity measu-
rement responds well to concentration changes in influent streams. 
Conductivity measurement alone is not adequate for measuring the 
performance of the ASP because changes in the concentration of inor-
ganic materials in the WWTP are so small. A reliable DDS measurement 
combined with a conductivity analyser could provide better possibili-
ties for controlling the performance of an ASP.

Acknowledgements  
This study was initiated under a contract between the Mikkeli 

University of Applied Sciences, the Aalto University School of Chemical 
Technology, the Department of Forest Products Technology, K-patents 
OY and Stora Enso Oyj. This work was partially financed by the Finnish 
Cultural Foundation’s South Savo Regional Fund. Many thanks to 
Deborah Hodgson and Lauri Hanhimäki for revising the English 
manuscript, and to Tarja Lavonen and Myrtel Kåll for helping with the 
laboratory analysis. The authors are grateful to all participants.  n

REFERENCES

1. Dahl, O., Ed. (2008). Papermaking Science and Technology, Book 19. Environmental Management and Control, Jyväskylä, pp.98-116. 

2. Diez, M. C., Castillo, G., Aguilar, L., Vidal, G. and Mora, M. L. (2002). Operational factors and nutrient effects on activated sludge 
treatment of Pinus radiata kraft mil wastewater. Bioresource Technology, 83, 131–138. 

3. Thompson G., Swain J., Kay M. and Forster C.F. (2001). The treatment of pulp and paper mill effluent: a review. Bioresour. Technol., 
77, 275–286. 

4. Kopra R., Tirri, T. and Dahl, O. (2008). Refractive index measurements for brown stock washing loss – laboratory investigations, Appita 
Journal, 61(5): 408-412.

5. Kopra R., Karjalainen S., Tirri T. and Dahl O. (2011). Optimization of pressure filter performance using refractometer - Mill investigations, 
Appita Journal 65(1):49-54, 94.

6. Kopra R., Tolonen P., Tirri, T. and Dahl, O. (2011). Refractometer and its ability to measure dissolved dry solids at low concentrations, 65th 
Appita Annual Conference & Exhibition, Rotorua New Zealand, 10-13.4.2011, pp.179-189.

REVISTA MENSAL 
DE TECNOLOGIA 
EM CELULOSE E PAPEL  
ANO LXXIII Nº 6, 
JUNHO 2013

EMBORA ENFRENTEM FORTE PRESSÃO 
DOS MEIOS DIGITAIS, PLAYERS DO 
SETOR APOSTAM NO AUMENTO DO 
CONSUMO DESSES PAPÉIS, PELAS 
MELHORIAS DO PODER AQUISITIVO E 
DA EDUCAÇÃO EM PAÍSES EMERGENTES

MONTHLY JOURNAL OF PULP AND PAPER TECHNOLOGIES - YEAR LXXIII, Nº 6, JUNE 2013

SEGMENTO DE IMPRIMIR 
E ESCREVER TEM FUTURO

ENTREVISTA  —  A pesquisadora indiana Saras Sarasvathy detalha todos os 
aspectos do conceito que ensina a colocar o empreendedorismo em prática e cita o 
exemplo da chinesa Nine Dragons  

INTERVIEW  —  Indian researcher, Saras Sarasvathy, provides all the aspects 
regarding the concept that teaches how to put entrepreneurship into practice and uses 
Chinese company Nine Dragons as example

EVEN THOUGH FACING STRONG 
PRESSURE FROM DIGITAL MEANS, 

PLAYERS IN THE SECTOR BET THAT 
CONSUMPTION OF THESE PAPERS 

WILL INCREASE, THANKS TO 
GREATER PURCHASING POWER 

AND BETTER EDUCATION IN 
EMERGING COUNTRIES 

THERE’S A FUTURE FOR 
THE PRINTING AND 
WRITING SEGMENT

ENTREVISTA
aspectos do conceito que ensina a colocar o empreendedorismo em prática e cita o 
exemplo da chinesa Nine Dragons  

INTERVIEW
regarding the concept that teaches how to put entrepreneurship into practice and uses 
Chinese company Nine Dragons as example

CAPA OPÇÃO 1.indd   1 13/06/13   14:31

O Papel Journal
Since 1939 outstanding in the pulp and paper sector. 

More than 20 thousand readers in Brazil and worldwide.  
Publication indexed by Scopus and CAS.
Submit your paper to publication: 

www.revistaopapel.org.br/technicalarticles

Revista O Papel
Mais de 70 anos de circulação no setor de celulose e papel. 

Mais de 20 mil leitores no Brasil e no mundo. 
Uma publicação indexada: Scopus e CAS.

Submeta seu paper para publicação: 
www.revistaopapel.org.br/artigostecnicos


