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SAMMANFATTNING

Nira-infrarod (NIR) spektroskopi dr en analysmetod som baserar sig pa att ljusets vixelverkan med mole-
kylbindningar observeras. Ljus som triffar ett prov kan ge upphov till intermolekylira svingningar. Da detta
intriffar absorberas det ljus som motsvarar energinivén i svingningen. Pi detta sitt kommer en viss svingning
att svara mot en viss viglingd i ljusspektrat. I princip beskriver da viglingden som absorberas vilken typ av
bindning som har absorberat ljuset och déirigenom i férlingningen vilken molekyl som absorberat ljuset. Hur
stor andel av det infallande ljuset som absorberas kan i sin tur relateras till hur ménga molekylbindningar som
ljuset vixelverkat med. Sammantaget genereras da bade kvalitativ (vilken molekyl) och kvantitativ (hur ménga
molekyler) information vid en mitning. Informationen i ett NIR spektrum kan i regel beskrivas som otydlig
och 6verlappande, i synnerhet i spektrum som kommer fran komplexa prov dir minga olika molekyler ingir.
For att extrahera informationen krivs dérfor oftast kemometriska metoder som multivariat analys. Denna
kinnetecknas av att ett antal responser studeras simultant. I NIR spektroskopi utgors responserna av for olika
vaglingder uppmitta amplituder i spektret och for kvantitativ modellering anvinds oftast partiell minsta-kva-
dratregression (eng.: partial least squares (PLS) regression). Féreliggande rapport redogér f6r resultaten fran
en forstudie dir ett flertal komponenter kvantifierades i industriellt avloppsvatten m.h.a. NIR spektroskopi
och PLS modellering. Resultatet var mycket lovande, men maste samtidigt ses som vildigt preliminindrt mot
bakgrunden att antalet prov var relativt lagt.

SUMMARY

'This report comprises the results from a pre-study in which several components were quantified in industrial
wastewater using near infrared (NIR) spectroscopy and partial least squares (PLS) model regression. In NIR
spectroscopy the interaction between indecent radiation and molecular bonds is studied. This makes it a very
versatile measurement technique, which enables both qualitative and quantitative measurements. However, the
information in a NIR spectrum is generally characterised by broad and overlapping peaks. In order to extract
useful information chemometrics in terms of multivariate analysis is therefore typically needed (in this case
PLS regression). The results presented are very promising, but it should be pointed out that the number of
samples was low and the results should therefore be seen as preliminary.
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FOREWORD

This report puts forward some preliminary results obtained using near infrared spectroscopy to
perform quantitative measurements on samples collected from the influent and the effluent streams
of the biological step in the wastewater treatment plant at a pulp and paper company. The work was
made possible through the Mare Purum project, funded by the European territorial cooperation
programme Botnia-Atlantica. The authors want to thank Professor Paul Geladi for scientific advice,
Environmental manager Kari Saari for enabling this cooperation, and Laboratory manager Tomi
Heikkinen for the logistics support.



INTRODUCTION

INTRODUCTION

'This work was carried out in order to evaluate the usability of near infrared (NIR) spectroscopy for
quantitative measurements of the key constituents in wastewater from a pulp and paper mill. Vibra-
tional spectroscopy, and in particular NIR spectroscopy, has emerged over the last years as a powerful
tool for industrial quality control and process monitoring." NIR spectroscopy covers the wavelength
range from 750 to 2500 nm and its merits can be summarized as fast, non-destructive, non-invasive,
with high penetration of the probing radiation, suitable for in-line use, and with little or no need for
sample preparation.” Furthermore, the instruments can be said to be robust,’ as well as low in main-
tenance.* Despite the fact that these seemingly appealing characteristics are associated with NIR
spectroscopy, it seems that only a limited number of applications have been published within the field
of wastewater measurements. A recent review on a subject closely related to wastewater treatment, i.e.
anaerobic digestion, lists 9 publications describing applications of NIR spectroscopy in this context.’
No review on NIR applications in aerobic wastewater treatment has been found, but it appears that
the number of publications within this field is about the same as for anaerobic digestion.

Based on the applications found describing the use of NIR spectroscopy for wastewater measure-
ments, this is a relatively new topic with the first publication within the field dating back to 2007. In
this application, the concentration of urea, solids, and oil was determined with a satisfactory accuracy
in samples of wastewater discharged from a biodiesel fuel production plant.® While some applica-
tions deal with fairly unusual constituents of wastewater such as glycerol and methanol, 7 & the most
common constituent studied is still the chemical oxygen demand (COD). A number of publications
focusing on this constituent solely can be found,™*" with reported accuracies expressed as root mean
square errors of prediction (RMSEP)" ranging from 25 to 33 mg L. Only one example of biological
oxygen demand (BOD) measurements was found.”> However, this could be a result of the time con-
suming reference measurements associated with BOD, rather than an indication that the NIR me-
asurement itself would be difficult to implement. In the work presented here, COD, total suspended
solids (T'SS), phosphate phosphorus, and total phosphorus were measured off-line with a diode array
instrument. Phosphate phosphorus and total phosphorus might represent new constituents in terms
of NIR spectroscopy in wastewater measurements. With regard to the applicability of NIR spec-
troscopy as an on-line measurement technique within wastewater measurements, only a few in-situ
measurement applications can be found.*'#'> However, in a broader perspective, on-line applications
of liquid phase measurements utilising NIR spectroscopy can probably be described as an established
method.

MATERIALS AND METHODS

SAMPLES AND SAMPLE PREPARATION

'The samples were collected from the influent and effluent stream of the activated sludge step in
the wastewater treatment plant. During the time frame of the collection one sample was collected
for each day from the influent and from the effluent, amounting to 12 samples in total. In order to
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increase the number of samples, sample variance, and to some extent decrease constituent inter-cor-
relations, these 12 samples were further diluted or mixed according to a scheme presented in figure 1.
'The reasoning behind the selected dilutions was to keep the mixtures closed to the actual sample in
terms of concentration, but still make a significant enough impact on the variance. In figure 1 sample
A represents the actual sample collected from the influent stream and sample B the actual sample
collected from the effluent stream. Sample A was diluted by mixing it with either 10 volume-% water
or 10% of sample B. Similarly, sample B was diluted by mixing it with 10% water and enriched by
mixing it with 10% of sample A. This way 36 samples were obtained. In this report, the samples con-
taining mainly A are considered to be influent samples and samples containing mainly B are conside-
red to be effluent samples, i.e. no distinction is made between actual process samples and the mixtures
based on these. The reference measurements were performed by the company operating the plant, and
the accuracy and exact measurement methods of these are unknown.

w | 100% B

> | 100% A .

Vv

Concentration

FIGURE 1 Influent, effluent, mixed and diluted samples schematically placed in concentration space.

SPECTROSCOPY AND MEASUREMENT SETUP

'The NIR spectra were collected with a GetSpec spectrometer,
model #: NIR-2561.-1.7T1 (Sentronic GmbH, Gostritzer Str.
61-63,D-01217 Dresden, Germany). This diode array instru-
ment has an Indium-Gallium-Arsenide (InGaAs) detector
with 256 elements. The spectral range is 900-1700 nm. The
spectrometer was equipped with a dip probe with variable path
length (getSpec.com, Gostritzer Str. 61-63, D-01217 Dresden,
Germany) and an AvaLight-HAL tungsten halogen light sour-
ce (Avantes BV, Oude Apeldoornseweg 28, The Netherlands).
In this case a fairly large gap size of 5 mm (i.e. a path length
of 10 mm) was used in order to try to obtain information also
about the suspended material. The spectra were collected as

PICTURE 1 The measurement setup during the collection of a reference

spectrum, with the actual wastewater sample in the background.




MATERIALS AND METHODS

absorbance spectra from 905 to 1682 nm, at a step size of 3 nm using the Spec32 v. 1.5.6.8 software
as interface. The partial least squares (PLS)'¢ models used to convert the spectral signal into quanti-
tative constituent values were calculated using the PLS_Toolbox v. 7.3.1 (Eigenvector Research, Inc.
3905 West Eaglerock Drive Wenatchee, WA 98801, USA), together with MATLAB R2011b (The
MathWorks AB, Kista, Sweden). The models were tested using cross validation, in which a number a
number of spectra is removed from the calibration/model regression data and predicted with a mo-
del built on the remaining spectra repeatedly according to the specified number of splits. Here, cross
validations were performed as 10-fold Venetian blinds splits. A first order Savitzky-Golay derivative,
based on a three point second order polynomial, followed by auto scaling, was used as spectral pre-
processing.

'The measurement of the spectra was performed in a laboratory environment, and the temperature
of the samples was allowed to reach room temperature before the spectra were collected. In order to
get as representative a signal as possible from the solid phase, the samples were placed on a magnetic
stirrer and continuously stirred during the collection of the spectra. Three different integration times
(0.15,0.75 and 15 s) were used in order to obtain a better signal quality throughout the whole wave-
length region. For a given integration time, a reference spectrum was collected on water, and there-
after 3 spectra were collected from each of the 6 samples. The integration time was thereafter chan-
ged and the procedure repeated for the other two integration times. The spectra collected at 0.15 s
integration time was averaged for 1024 scans, the spectra collected at 0.75 s integration time for 256
scans, and the spectra collected at 15 s integration time for 8 scans.

Spectra built up from spectra collected for different integration times were used to create calibration
models for COD, phosphate-phosphorus and total phosphorus on all the samples, the influent samp-
les (A, Aw, and Ab), and the effluent samples (B, Bw, and Ba). For TSS a calibration model was only
created for the influent samples (T'SS was not measured in the effluent samples). These combination
spectra were obtained by combining the spectral region of 905-1226 nm from the spectra collected at
0.15 s integration time, the spectral region of 1229-1334 nm from the spectra collected at 0.75 s in-
tegration time, and the spectral region from 1337-1682 nm from the spectra collected at 15 s integra-
tion time. The wavelength segments were aligned by removing the offset between the 1226 nm point
in the spectra collected at 0.15 s integration time and the 1229 nm point in the spectra collected at
0.75 s integration time for the lower wavelength region, and with the same approach for the higher
wavelength region. Due to the limited amount of data available, no external data set was extracted for
model validation. Instead the accuracies for the models are given as root mean square error of calibra-
tion (RMSEC) and as root mean square error of cross validation (RMSECV) values,'” in combination
with coefficients of determination (R?) and the range error ratio (RER)Y7- The latter describes the
ratio between the constituent range in the validation data and the RMSEP. However, computed here
using the RMSECV instead of the RMSEP
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RES

ULTS AND DISCUSSION

SPECTRAL INFORMATION AND CONSTITUENT INTER-CORRELATION

'The hardware used in this study can perhaps be described as less than optimally configured for liquid
phased measurements, at least with the path length of 10 mm that was used. Figure 2 shows the
impact of the integration time on the spectral information. With an integration time of 0.15 s, all of
the available wavelengths can be recorded, but as can be seen in figure 2 the signal around the water
peak at 1380 nm appears to be quite noisy. This is the combined result of using water as reference
medium (making the low signal obvious) and the high absorbance of the water (resulting in the low
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signal). By increasing the inte-
gration time to 0.75 s, there is a
visually observable decrease in
the noise level around the water
peak. However, at the same time
most of the detectors below
1200 nm become saturated. In
the equipment used, the maxi-
mal integration time is limited
to 17 s. Therefore the maximal
integration time used here was
15 s. As can be seen in figure

2, roughly half of the detectors
are still not saturated with this
long integration time. Figure 2
also contains the combination
spectra described in the mate-
rials and methods section. At
least by a visual assessment this
spectrum does not contain any
clearly noisy region.

FIGURE 2. Absorbance spectra of a
single sample collected using 3 dif-
ferent integration times (0.15,0.75 and
15 seconds), and an absorbance spec-
trum created by combining the spectra
collected using different integration
times. The arrow indicates the spectral
interval from each integration time
that that was used in the combination

spectrum.

Due to the nature of the wastewater treatment process, which leads to the fact that there is always
less of basically everything in the effluent sample than in the influent sample, there is an obvious risk
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for creating calibration models based on random inter-correlation rather than reproducible corre-
lation. Table 1 contains inter-correlation matrices for the four known (measured) constituents. As
can be seen, the inter-correlation is very high for COD, phosphate phosphorus and total phospho-
rus when computed on the full data set (all samples). This is basically unavoidable with this type of
samples, and there are probably many more strongly inter-correlated constituents in the samples that
are simply not measured. However, the observable inter-correlation when computed on the influent
samples only can perhaps be described as less than alarming. Hence, models built on this data are at
least more reliable than the corresponding calibration models built on the whole data set. In the case
of the effluent samples, strong inter-correlation is again present. On the other hand, the concentra-
tion levels and concentration span in the effluent samples can be described as somewhat unfavourable
for NIR spectroscopic measurement in any case (narrow span, very low concentrations). Hence, many
of the observations presented here are based only on the results obtained from the influent data set.

TABLE 1 Correlation matrices for the constituents studied in the whole data set, the influent samples, and the effluent samples.

All samples COD Phosphate-P  Phosphorus TSS
COD 1.00 0.76 0.97 0.40
Phosphate-P 1.00 0.80 -0.28
Phosphorus 1.00 0.63
TSS 1.00
Influent COD Phosphate-P  Phosphorus TSS
COD 1.00 -0.55 0.16 0.40
Phosphate-P 1.00 -0.20 -0.33
Phosphorus 1.00 0.63
TSS 1.00
Effluent COD Phosphate-P  Phosphorus TSS
COD 1.00 0.56 0.91 -

Phosphate-P 1.00 0.71 -

Phosphorus 1.00 -

TSS 1.00

Since it was acknowledged that inter-correlation is present in the data, it was considered to be of
interest to try to interpret the information in the PLS components for the constituents studied, or
at least to verify that the information is not the same for all the constituents. Figure 3 shows the two
first PLS components for each of the four constituents, together with the percentage of variance
explained by each component. In this case, mean centering was used instead of auto scaling in order
to facilitate easier component interpretation and the models were built on the influent samples only.
According to figure 3, the information is basically the same in the first component for all the four
constituents. On the other hand, the first component only explains only 9% of the constituent varian-
ce for COD, while the corresponding number for the other constituents is about 40%. In the case of
COD, it is instead the second component that is particularly important, explaining 66% of the con-
stituent variance but only 2% of the spectral variance. The actual loadings of the second components
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are very hard to interpret, because the information seems very noisy. Thus, the loading plots gave very
little indication as to what information the PLLS models utilise for each of the constituents. However,
the conclusion may be drawn that the information is not exactly the same for all the constituents.
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FIGURE 3 'The first and second PLS component for the constituents studied, when calibrating on the influent spectra and
using a first order Savitzky-Golay derivative with 3 points in a second order polynomial, followed by mean centring, as

spectral pre-processing.
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CALIBRATION MODEL EVALUATIONS

'The calibration results presented in this section are given for models built on the combination spec-
tra described in the materials and methods chapter. For COD, phosphate phosphorus, and total
phosphorus, calibration models were built for all the samples, the efuent, and the influent samples.
For TSS, reference measurements were available only for the influent samples. Thus, only one model
was built for this constituent. When building these models, an in-house script was utilised for pa-

rameter selection. This script was applied to the full data set, which means that another selection of
regions could have been favourable in the split sets.

TABLE 2. PLS model parameters and accuracies for the chemical oxygen demand.

COD All Influent Effluent
962-1373, 962-1373, 962-1373,
1508-1679 1508-1679 1508-1679

Spectral range [nm]

# PLS components 11 9 7

R? Cross validation 0.993 0.965 0.968
RMSEC [mg L™ 16.7 9.24 3.45
RMSECV [mg L™ 31.8 225 10.4
Ratio Error Range 34.4 21.2 18.8

Table 2 shows the calibration results for COD. In this case the highest RER was obtained for the
tull data set, whereas the lowest RMSECV was obtained for the effluent samples. The latter was the
case also for the other constituents studied, which can be seen as an indirect result from the narrow
concentration span in the data. For COD, regardless of the set of samples that is evaluated, the accu-
racy cannot be described as anything less but excellent. There is a discrepancy between the RMSEC
and the RMSECV values for all the data sets. However, this is not surprising considering the limited
amount of data available. The scatter plots presented in figure 4 reveal no obvious outliers.
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FIGURE 4 Cross validation predictions of COD vs. reference values for all the samples, the influent samples, and the
effluent samples.
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In the case of phosphate phosphorus, the accuracy of the models built was even more striking. For the
influent samples, an RER of 50 was obtained. However, this is partly due to the fact that the concen-
tration in one sample was considerably higher than in the other samples, extending the concentration
range by approximately a factor of 2. Here, the RMSECV value for the effluent samples is only 7 pg
L. It seems very unlikely that concentrations or accuracies this low could be obtainable with a diode
array instrument in aqueous samples. However, for the samples studied, useful spectral to constituent
correlation is found, and the result is therefore valid in this sense. Like the COD models, the scatter
plots presented in figure 5 for phosphate phosphorus do not reveal any clear outliers.

TABLE 3 PLS model parameters and accuracies for phosphate phosphorus.

Phosphate-P All Influent Effluent
905-1352 905-1352 905-1352
1502-1679 1502-1679 1502-1679

Spectral range [nm]

# PLS components 11 9 8

R? Cross validation 0.992 0.981 0.985

RMSEC [mg L'1] 0.0184 0.0085 0.00329

RMSECYV [mg L'1] 0.0377 0.0260 0.00731

Ratio Error Range 34.4 49.9 29.6
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FIGURE 5 Cross validation predictions of phosphate phosphorus vs. reference values for all the samples, the influent
samples, and the effluent samples.

'The RER values for total phosphorus given in table 4 suggest that this constituent is more difficult to
quantify by means of NIR spectroscopy and PLS models than the constituent phosphate phosphorus.
One explanation for this could be that the matrix that makes up the total phosphorus is chemically
more complex than is the case for phosphate phosphorus. The scatter plots presented in figure 6 also
suggest a lower reproducibility for the predictions of total phosphorus than of phosphate phosphorus,
i.e. a fairly large spread in the predictions of the three replicate spectra of a single sample is noticea-
ble. Nevertheless, also all the models built for this constituent performed very satisfactorily.

11



RESULTS AND DISCUSSION

TABLE 4 PLS model parameters and accuracies for total phosphorus.

Phosphorus All Influent Effluent
Spectral range [nm] 905-1352 905-1352 905-1352
1502-1679 1502-1679 1502-1679

# PLS components 9 8 7

R? Cross validation 0.983 0.931 0.958

RMSEC [mg L'1] 0.0628 0.0254 0.00706

RMSECV [mg L'1] 0.109 0.0561 0.0209

Ratio Error Range 21.6 14.5 18.3
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FIGURE 6 Cross validation predictions of total phosphorus vs. reference values for all the samples, the influent samples,

and the effluent samples.

TABLE 5 PLS model parameters and ac-

curacies for total suspended solids.

TSS Influent
Spectral range [nm] 905-1532
# PLS components 6

R? Cross validation 0.988
RMSEC [mg L] 1.41
RMSECV [mg L] 2.68
Ratio Error Range 28.5

Modelling the T'SS concentration differs somewhat from the
other three constituents studied, since the information that
this model utilises ideally should originate from the solid
phase. In the case of suspensions, an impact from the solid
phase can be expected through the multiplicative scattering
effect and the baseline drift that it causes. However, in this
case a first order derivative was applied on the spectra before
the model was built. Hence, the modelling cannot be based on
a “simple” baseline drift. The information (if it represents the
solid state) should come from diffuse reflectance originating
from the suspended particles. According to table 5 and figure

7, the calibration model for TSS performed very well, even though the derivative was used as spectral
pre-processing. Although this is somewhat speculative, the result could be an indication that chemi-
cal information can be obtained also from the solid phase with the equipment used.

IMPACT OF THE INTEGRATION TIME ON QUANTITATIVE MEASUREMENTS

‘The impact on the integration time during the collection of the spectra was evaluated by comparing
the performance of PLS models regressed on and cross validated against data sets containing only

12
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FIGURE 7 Cross validation predictions of

TSS vs. reference values for the influent

spectra collected at a single integration time. The performance
of these models was also compared to the PL.S models regres-
sed and cross validated on the spectra obtained by combining
spectra of different integration times. For these models, no
variable selection was performed, which is why the results

for the combined spectra differ somewhat from those seen in
tables 2-5. In order to avoid the observed inter-correlation of
the full data set, only the influent data was used in the cal-
culations. The number of PLS components to be used in the
models was selected according to the lowest RMSECYV value
obtained, regardless of how much additional information the
last selected PLS component contained. Table 6 shows the

samples. model performance for the constituents studied at different
integration times, and the combined spectra.
Integration time [s] In general, the models based on
Cob Gl i o Sambiied spectra collected by using an inte-
#PLS components 6 R 6 e gration time of 0.75 s outperformed
R* Cross validation oSy Uy g Uiz the models based on the shorter and
RMSEC [mg L] 182 Sl 2051 S the longer integration times. The
RMSECY [mg L] gL HEY el 2 only exception to this is found in the
Integration time [s] results for T'SS, where the shorter
Phosphate-P 0.15 0.75 15 Combined integration time resulted in the most
¢ S ComEenots / / 8 9 accurate model. Table 6 also shows
O 0.963 0.990 0.700 0981 that by using an integration time of
RMSEC [mg L] 0.01077 0.00324 0.0128 0.00846 15 s, the number of wavelengths lost
RMSECY [mg L") 0.0365 0.0193 0.0472 0.0260 in the spectra becomes too great and
Integration time [s] _ the result is a significant decrease in
::)T_ssp::r:;nems 0';5 01'25 185 Con:t;ned PLS model accuracy for any of the
2 Cross validation 0005 0,025 0008 0.040 cor.15t1t(tilents shtudid. It c;m1 also be_
RMSEC [mg L] 0.0198 0.0143 0.0470 0.0146 P O(inte out that '{1 c m(;) N 8 r765gres
RMSECV [mg L] 0.0663 0.0604 0.119 0.0527 cec onSp ed{a coflected at oS
integration times are essentially as
TsS 015 ()'.”;ggramn “meﬁ_)] Combined accurate as the models regressed on
# PLS components 6 . 5 . the corpbination spectra. The only
B2 Cross validation 0.958 0.955 0.910 0.975 exceptions are phosphate phospho-
RMSEC [mg L] 74 281 310 103 rus, Where.: the rr.lodel ba.sed on
RMSECVY [mg L] 510 518 - 46 586 spectra with an integration time of

TABLE 6 The impact of the integration time on the PLS model accuracy on

the four constituents studied with calibrations made on the influent samples.

0.75 s is actually slightly better, and
TSS, where the model based on the
combined spectra is slightly better.

'Thus, for this application, using this

instrument and this path length, an integration time of 0.75 s can readily be recommended, despite the
fact that many of the lower wavelengths are lost.
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SUMMARY

SUMMARY

These preliminary results cannot be described as anything else but excellent. In fact, they seem too
good to be true. With the highest obtained cross validation accuracy obtained for COD, phosphate
phosphorus, total phosphorus, and T'SS at 10, 0.007, 0.02 and 2.68 mg L™, it seems unlikely that the
correlation between the constituents and the spectral signal is directly related to all of the constitu-
ents. For an instrument of the type that was used, the accuracy could be expected to be in the range
of g L'}, rather than mg L™". However, the fact still remains that the correlation existed in the samples
measured and that this correlation was utilised to produce calibration models with remarkably high
accuracies. Thus, if the case is that this correlation between the constituents and the spectral signal

is always present in the streams in the wastewater treatment facility, this is a relatively inexpensive
and very rapid way to obtain simultaneous quantification of numerous constituents. In the samples
studied here, the constituent inter-correlation is very strong if the efluent and influents samples are
explored as a combined data set. However, this is not the case if the data is split into separate sets of
only influent and only effluent samples. Thus, apart from the correlations arising when comparing
untreated samples and spectra of these to treated samples and spectra of these, other correlations
between constituents and spectral data do exist.

'The issue regarding which integration time to use in the collection of the spectra is to some extent

an instrument specific question and to some extent not. Since the longer integration times studied
fully saturate some of the detectors, the results obtained also indirectly indicate the wavelengths that
are important for the determination of the studied constituents. In this case only indirectly, because

a longer integration time improves the signal to noise ratio for the higher wavelengths at the same
time as the information in the lower wavelengths is lost. For the instrument used here, the conclusion
was that some of the lower wavelengths can readily be sacrificed in order to get a better signal in the
higher wavelengths (i.e. using an integration time of 0.75 seconds). As a contrast to this, virtually no
improvement was obtained by trying to improve the signal above 1350 nm with a significantly longer
integration time (i.e.a 15 s integration time).

In conclusion, the obtained results are very intriguing and (further) indicate that high precision on-

line measurements using NIR spectroscopy could be an option for the process water streams in the

pulp and paper industry.

REFERENCES

1. Siesler, H. W., Ozaki, Y., Kawata, S., & Heise, H. M. (Eds.). (2002). Near-infrared spectroscopy: principles, instru-
ments, applications. Wiley, Weinheim.

2. Pasquini, C. (2003). Near infrared spectroscopy: fundamentals, practical aspects and analytical applications. Journal of
the Brazilian Chemical Society, 14(2), 198-219.

3. Pons, M. N., Bont¢, S. L., & Potier, O. (2004). Spectral analysis and fingerprinting for biomedia characterisation. Jour-
nal of biotechnology, 113(1), 211-230.

I —
14



MEASUREMENTS OF MULTIPLE CONSTITUENTS IN AN ACTIVATED SLUDGE PROCESS USING NEAR INFRARED SPECTROSCOPY — SOME PRELIMINARY RESULTS

4. Dias, A. M. A., Moita, 1., Pascoa, R., Alves, M. M., Lopes, J. A., & Ferreira, E. C. (2008). Activated sludge process
monitoring through in situ near-infrared spectral analysis. Water Science and Technology, 57, 1643-1650.

5. Madsen, M., Holm-Nielsen, J. B., & Esbensen, K. H. (2011). Monitoring of anaerobic digestion processes: A review
perspective. Renewable and sustainable energy reviews, 15(6), 3141-3155.

6. Suehara, K. I., Owari, K., Kohda, J., Nakano, Y., & Yano, T. (2007). Rapid and simple determination of oil and urea
concentrations and solids content to monitor biodegradation conditions of wastewater discharged from a biodiesel fuel

production plant. Journal of Near Infrared Spectroscopy, 15(2), 89-96.

7.Kohda, J., Ooshita, K., Nakano, Y., & Yano, T. (2008). Measurement of the glycerol concentration during the microbial

treatment of the wastewater from the biodiesel fuel production plant using near infrared spectroscopy. Journal of Near
Infrared Spectroscopy, 16(3), 199-204.

8. Kawai, S., Kohda, J., Nakano, Y., & Yano, T. (2009). Predicting methanol and glycerol concentrations in microbial
treated wastewater discharged from a biodiesel fuel production process using near infrared spectroscopy. Journal of Near

Infrared Spectroscopy, 17(1), 51-58.

9. Pan, T., Chen, W.W.,, Chen, Z. H., & Xie, ]. (2011). Waveband Selection for NIR Spectroscopy Analysis of Wastewa-
ter COD. Key Engineering Materials, 480, 393-396.

10. Pan, T., Chen, W. W., Huang, W.]J., & Qu, R.T. (2012). Model Optimization for near-Infrared Spectroscopy Analysis
of Chemical Oxygen Demand of Wastewater. Key Engineering Materials, 500, 832-837.

11.Jin, C., Cen, H., Liu, F., & He, Y. (2009, August). Study on an Advanced Treatment of Domestic Wastewater by
Bio-filtration and Water-Quality Measurement System. In Natural Computation, 2009. ICNC’09. Fifth International
Conference on (Vol. 3, pp. 644-648). IEEE.

12.T. Nes, T. Isaksson, T. Fearn and T. Davies. (2002). A User Friendly Guide to Multivariate Calibration and Classifica-
tion. NIR Publications, Chichester, UK.

13. Yang, Q., Liu, Z., & Yang, J. (2009). Simultaneous Determination of Chemical Oxygen Demand (COD) and Biologi-
cal Oxygen Demand (BOD5) in Wastewater by Near-Infrared Spectrometry. Journal of Water Resource and Protection,
4,286-289.

14. Piscoa, R., Lopes, J., & Lima, J. (2008). In situ near infrared monitoring of activated dairy sludge wastewater treat-
ment processes. Journal of Near Infrared Spectroscopy, 16, 409.

15. Sarraguca, M. C., Paulo, A., Alves, M. M., Dias, A. M., Lopes, ]. A., & Ferreira, E. C. (2009). Quantitative monito-
ring of an activated sludge reactor using on-line UV-visible and near-infrared spectroscopy. Analytical and bioanalytical
chemistry, 395(4), 1159-1166.

16. Geladi, P. & Kowlaski, B. (1986) Partial least square regression: A tutorial. Analytica Chimica Acta, 185 (1), 1-17.

17.T. Fearn. (2002). Assessing calibrations: SEP, RPD, RER and R2, NIR news 13(6), 12-14.

15



YRKESHOGSKOLAN

NOVIA

Yrkeshogskolan Novia har ca 4000 studerande och
personalstyrkan uppgar till ca 360 personer. Novia ar den
storsta svensksprakiga yrkeshdgskolan i Finland som har

examensinriktad ungdoms- och vuxenutbildning, utbildning
som leder till hogre yrkeshogskoleexamen samt fortbildning och
specialiseringsutbildning. Novia har utbildningsverksamhet
i Vasa, Jakobstad, Raseborg och Abo.

Yrkeshogskolan Novia ar en internationell yrkeshdgskola, via
samarbetsavtal utomlands och internationalisering pa hemmaplan.
Novias styrka ligger i narvaron och natverket i hela Svenskfinland.

Novia representerar med sitt breda utbildningsutbud de flesta
samhallssektorer. Det ar fa organisationer som kan uppvisa en
sadan kompetensmassig och geografisk tackning. Hogklassiga och
moderna utbildningsprogram ger studerande en bra plattform for
sina framtida yrkeskarriarer.

YRKESHOGSKOLAN NOVIA

Wolffskavagen 35 B, van 4, 65200 Vasa
Vaxel tfn (06) 328 5000
Fax (06) 328 5110
www.novia.fi

ANSOKNINGSBYRAN

Wolffskavagen 33, 65200 Vasa
Tfn (06) 328 5555
Fax (06) 328 5117
ansokningsbyran@novia.fi

Yrkeshogskolan Novia uppratthaller en publikations- och produktionsserie for att sprida
information och kunskap om verksamheten saval regionalt, nationellt som internationellt.
Publikations- och produktionsserien ar indelad i fem kategorier:

R - Rapporter « P - Produktioner - A - Artiklar « L-Ldaromedel - S - Studerandes arbete

Las vara senaste publikationer pa www.novia.fi/FoU/publikation-och-produktion

ISSN: 1799-4179 « ISBN: 978-952-5839-92-0 (online)



