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Abstract: Investigations of processes occurring during weater treatment have progressed beyond the stage of
technology. Currently, great numbers of represemsit of diverse specialist research apply increggin
sophisticated measurement methods that have notdyeployed in this field of science. One of the e is
IRMS (Isotope Ratio Mass Spectrometry). Tracking changes in the ratios of biogenic eletigotopes is useful in
eg identification and monitoring of investigated pesses. Since the IRMS technique has hardly beehfase
investigations of the wastewater treatment procetst research should be instigated to determireeisotope
ratios occurring naturally in the process. The ainthe study was to determine changes in carbonn@nagen
isotope ratios at the successive stages of thaedémdical line in wastewater treatment plants. $haely material
comprised: i) suspensions of raw sewage and mtfrgvastewater and activated sludge; ii) gasepkahirom
the volume of the suspensions; iii) gases sampted the air above the suspension surface. Therasesterial
originated from the facilities of “Hajdow” municipavastewater treatment plant in Lublin (SE Polarnthe
samples were analysed for the carbon and nitrag@ope ratios, and the concentrations of the gasegell as
total organic carbon (TOC), inorganic carbon (IC), Kjeldahl nitrogen (KN), dry weight, pH, and Eh were
determined. The results obtained suggest thdiei)RMS technique can be successfully applied westigations
of processes occurring during wastewater treatniigmgptope ratios in the carbon and nitrogen comps (CQ
and N) both in the suspensions and gases containedriterd in the air above them differ from each othred
change at the different stages of the treatmertgss iii) further research is indispensable ireottd identify
processes responsible for fractionation of carbahrdtrogen isotopes.

Keywords: IRMS, stable isotopes, wastewater, activated €ludgs emission

Investigations of processes occurring during waatekwtreatment have progressed
beyond the stage of technology. The importance edfebpment of new measurement
methods or adjustment of existing techniques hasn becreasingly emphasised [1, 2].
Hence, investigations have been conducted to datertine broad range of wastewater and
sludge properties,eg the composition of biological communities idemtdi in
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the wastewater treatment plant [3-5], the structirthe communities [6-8], the mechanical
properties of flocs [9-10], or the colour of sluddé]. Important and widely discussed task
in the area of wastewater treatment are the wapsysdiological activity of activated sludge
description, expressed leg different types of OUR@xygen Uptake Rate) [12-14] and
fractioning of the substrate for building and cedifion of models of sewage treatment
processegg models of ASM group [12, 14-17]. Investigationstbé agricultural use of
wastewater are equally important [18-21].

As it is visible above, mostly there are determiremlvage parameters treated in
the particular facilities of WWTP and propertiesaativated sludge. But for gases that are
formed in treatment plant mainly odour nuisancesamsidered from the engineering and
scientific point of view [22-24]. These problems aolved in most of cases by objects
encapsulation and directing of the smelling gakesugh proper filterseg biofilters. Since
a short time it is taken into consideration emissaf greenhouse gases from WWTP
[25, 26], and the possibility to valuate wastewdteatment process or quality of treated
sewage basing on gaseous substances emitted freteweader [27, 28].

One of the methods widely used in environmentatlistl other than analyses of
the wastewater treatment process is the IRM&dpe Ratio Mass Spectrometry) technique
[29-32]. It consists in separation of differenttigmes in a constant, strong electromagnetic
field, which allows determination of stable isotapéios in a samplee§ °C and'?C as well
as™N and™N) [33].

Literature does not provide many papers on theiegtjn of the IRMS technique in
analysis of wastewater treatment processes or, moally, investigations of the impact of
wastewater on the environment. The few authors ri@sg these issues should be
mentioned: i) Ronkanen and Klgve [34], who invesigl the process of wastewater
treatment in peatlands; ii) Law et al [35], who ntiféed the proportion of C isotopes in raw
sewage and subsequent distribution of the elenfést primary and secondary treatment
processes; iii) Zvab Rozic et al [36], who used RMS technique to detect dispersal of
pollution along the Adriatic Sea coast; iv) Moragset al [37], who used stable isotopes as
indicators of the impact of wastewater on organisrabiting urban rivers; v) Lindehoff et
al [38], who determined the effect of municipal sge on the toxicity of selected algal
species; or vi) Gammons et al [39], who focusedhitnogen and carbon transformations in
a small watercourse, where municipal wastewaterdisharged [34-39]. Yet, there are no
reports presenting the values of stable isotopmsrdor wastewater and/or sludge at
different stages of treatment.

A comprehensive IRMS-based analysis of processagridieg in wastewater treatment
plants necessitates assessment of the backgroumch i the context of the proposed
research involves determination of isotope ratiosugcessive stages of the technological
process in a wastewater treatment plant. The aithi®study was to perform a preliminary
assessment of changes in ## ands™C content in wastewater, sludge, and gases emitted
into the atmosphere at subsequent stages of thmdegical system in a wastewater
treatment plant.
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Materials and methods

Wastewater samples and analyses

Material for the analyses was sampled from techgiodd system facilities at
the mechanical-biological wastewater treatment tplddajdow”, Lublin (central-eastern
Poland), which removes carbon, nitrogen and phasghoompounds with the average
mean capacity of 65,000%d. Sanitary and industrial sewage from Lublin agggration
are discharged to the wastewater treatment plamtrenvthey are purified in the following
facilities: bar screen primary sedimentation tangsmping stations - anaerobic chambers -
main bioreactors (for nitrification, denitrificaticand biological dephosphatation processes)
- secondary sedimentation tanks. Biological part WIVTP is based on modified
BARDENPHO system. The investigation was performsidgigas and liquid samples.

Two types of gas samples were collected: the a@vealhe chambers and gas emitted in
the volume of the wastewater and activated sludpgure. Gases from ambient air were
sampled with a syringe, whose inlet was placed 2. cm above the surface of
the wastewater and activated sludge mixture. Thewges stored in gas-tight vessels. Gas
released in the volume of the wastewater and detivaludge mixture was sampled by
means of loaded chambers immersed upside downs@agduced as a result of microbial
activity moved in the sludge towards its surfacd ancumulated in the chambers, thereby
forcing the chambers to emerge on the surface. gases were sampled into gas-tight
vessels with the use of a syringe. They were tdkam the sludge at each of the below
presented stages, except for the raw sewage (rsibpivg of sampling).

The liquid samples comprised raw wastewater ergetlme treatment plant and
the sewage and activated sludge mixture. They kepein 250 cmbottles.

The gas and liquid samples were taken at the sanwessive points of the following
facilities of technological line:

1- inlet - raw sewage;

2 - bioreactor: denitrification chamber | - wastésvaand activated sludge;
3 - bioreactor: nitrification chamber | - wastewated activated sludge;

4 - bioreactor: denitrification chamber Il - wastger and activated sludge;
5 - bioreactor: nitrification chamber Il - wasteamand activated sludge;

6 - recirculate - thickened activated sludge.

The sampled mixtures of wastewater and activatedgsl were well stirred and
subjected to physico-chemical analyses in ordeagsess the content of total organic
carbon, inorganic carbon (IC), Kjeldahl nitrogery deight, pH, and Eh.

TOC and IC were determined using an automated SEmaOC-V CPH carbon
analyser coupled with an SSM 5000 A attachment dooalance with manufacturer’s
instructions. KN was determined with the use of @hBLabor-Technik instrument in
accordance with the attached application note. digematter content was determined on
the basis of the PN -EN 12879:2004 standard. Theesaof pH and Eh were determined
with a Hach-Lange HQ 40D multi-measure device usstertrodes Intellical PHC and
Intellical ORP.

The dry weight (of the liquid samples) was analysedrder to determine the stabile
carbon isotope ratios>C relative to*?C) and nitrogen*N relative to*“N). The sample
preparation procedure was as follows: 8 mg of dejght (dried at 105°C) was mixed with
1 g of copper oxide (CuO) and ground in a mortaxtiNthe mixture was placed in oxygen-
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purged glass tubes (pyrex glass) and a few chipsief copper were added. The next step
was tube-sinking with a gas burner and incineraitioa furnace at a temperature of 560°C
for 8 hours. Incinerated samples were purified ungeuum to remove water and other
contaminants. The samples were analysed for théembrof isotopess'*C and §'°N
separately. The measurements were performed inMass Spectrometry Laboratory,
Institute of Physics, Maria Curie-Sklodowska Unaigr, Lublin (Poland) using

a triple-collector mass spectrometer with a dultirsystem. The3*C was measured
according to PDB using NBS-22 and IA-R042 (powdebedine liver), while thes'N
using IA-R042. Atmospheric nitrogen was the staddar the nitrogen compounds. The
standard uncertainty rate was 0.05%o.

The gas samples were assessed for the concergratibrCQ, O,, and CH.
The analysis was performed using a Shimadzu GC-dasAchromatograph equipped with
a Thermo Conduction Detector (TCD) with helium as a carrier gas. The £énd CH
concentrations were analysed using a steel coluankagal with Porapak Q, whereas the O
concentration was assessed on a column packedawitblecular sieve 5A. 0.1 érof gas
was loaded into the column each time.

Analysis of the carbon isotopic composition of earldioxide was performed in the
gas samples using a stable isotope ratio massrepmter (IRMS -Isotope Ratio Mass
Soectrometry) Thermo Electronics DELTA V Advantage with a conibus gas flow.
0.1 cni of gas was dispensed. TREC was measured according to PDB. The standard
uncertainty rate was 0.05%o.

For the GC and IRMS analyses, the samples wereemnkgg using a syringe with
a manual feeder (with a stop-valve) and a conidigiyed 0.1 crhVICI needle with a side
port, which prevented mixing the sampled gas vétioratory air.

All measurements (both physico-chemical analysesstable isotope ratio assessment)
were done in triplicate.

Calculations and statistical analysis

Isotope data are expressed in gheotation defined as the relative difference betwee
the isotope ratio in the sample and the standdrddX values are expressed as [40]:

0X = ((Reample/ Reandard)-1) - 1000 [%o] (1)
where: X is °C or N, Ranye is the isotope ratio'{C/*C or *N/*N) of the sample, and
Ryandard IS the isotope ratio™{C/*°C or ®™N/*N) of the standard (PDB-Pee Dee Bellemnite
for C, atmospheric Nfor N) [41].

Results and discussion

The physico-chemical characteristics of the testegpensions are presented in Table 1.

The values presented in Table 1 as well as them#ton provided by the technologist
indicate that on the day of sampling the wastewéztment plant worked without failure
and purified the wastewater efficiently.

The concentrations of methane, carbon dioxide, axghen in the analysed gas
samples are shown in Figures 1 and 2.

In the gases sampled from the volume of the wasezveand activated sludge mixture,
methane was detected at all the sampling pointsgptxfor nitrification chamber |
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(sampling point 3). The highest concentration veorded in the anaerobic denitrification
chamber (sampling point 2).

The concentrations of carbon dioxide and oxygesaimples taken from the volume of
the wastewater and activated sludge mixture wereelkeded with each other. The highest
concentration of oxygen was noted in nitrificatidmamber | (sampling point 3), where the
CO, concentration was the lowest and no methane wasctdd. A relatively high
concentration of oxygen (8.52%) was recorded imificiaition chamber Il. In the other
samples, the oxygen concentration ranged from &.46746%.

Table 1
Physicochemical characteristics of the suspensibtise successive sampling points
Sampling point Dry mass pH Eh TOC TKN
[9/kg] [mV] [g/dm?] [g/dm?]
1 0.84 6.94 —392.67 0.18 0.08
2 2.52 6.93 —305.50 0.29 0.27
3 2.80 6.89 -178.80 0.29 0.29
4 2.88 6.85 —227.00 0.32 0.29
5 3.10 6.76 -178.00 0.31 0.28
6 6.55 6.71 —218.00 0.50 0.63
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Fig. 1. Concentrations of methane (A), carbon diexiB) and oxygen (C) in gas samples emitted from
the volume of the mixture of wastewater and actigatiudge
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Fig. 2. Concentrations of methane (A), carbon dlex{B) and oxygen (C) in air sampled above the
suspension surface
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No gas sample taken from above the suspensioncsuffxcept for that taken at
the inlet) contained methane (Fig. 2A). In thesaimples taken above raw sewage, the CH
concentration was approximately 100 fold highenttiet in the ambient atmospheric air in
this part of Europe, which currently is 1.8 ppm.

The concentration of carbon dioxide (Fig. 2B) in the gas samples taken from
headspace (except for the gases from above rawgsgwanged from 0.12 to 0.18%.
The lowest concentration was noted above the ndaie (sampling point 6).
The concentrations were several-fold higher thasehin the ambient atmospheric air in
this part of Europe. The concentration of Cibove the surface of raw sewage (sampling
point 1) was nearly 5 times higher than in the oanpling points and reached 0.86%.

Place of sampling A Place of sampling W
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Fig. 3. 5%C values for carbon dioxide in the successive smmggloints. Graph A - gas sampled from
the air above the suspension surface; B - gas sanfigm the volume of the wastewater and
activated sludge mixture

The analyses of the carbon isotopic compositio€©0§ revealed that all the samples
had a lower content of the heavier isotope than @mdtained in the atmospheric air from
this region of Poland; at the height of 2 m abdwe ground, ambier&**C of CQ, ranges
from —7.56 to —18.56%. depending on the time of diag [42]. Simultaneously, carbon
dioxide in the samples taken from the air above shepension (Fig. 3A) contained
significantly lower amounts of the heavier C is@dpan CQ sampled from the volume of
the wastewater and activated sludge mixture (F8J. Bhe values of the carbon isotopes in
CO, from air sampled above the surface of the susperdi the various treatment stages
ranged from —33 to —46%., whereas the range of ghees of3'°C of CQ in the air
sampled from the volume of the wastewater and aeti sludge mixture was narrower,
ie—22 to —29%o.

The values 06™°C of CQ, sampled from the volume of the wastewater and/atetil
sludge mixture (Fig. 3B) exhibit certain regularit§O, emitted in the denitrification
chambers (anaerobic conditions or limited oxygeailaility - sampling points 2 and 4)
contained higher quantities of isotoJ€ than in the nitrification chambers characterisgd
oxygen availability (sampling points 3 and &YC of CQ; in the recirculate (sampling point
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6) was increased, compared to the value obtainexitfification chamber llje the content
of the heavier isotope increased.
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Fig. 4. Values o6°C of carbon dioxide (A) an8**N of N; (B) for the dry weight of the sludge in the
respective sampling points

The highest value @&*C (hence, the highest content of the heavier igtopthe solid
samples (Fig. 4A) was noted in sampling pointelprior to the treatment process. In the
subsequent purification steps, substantial diffeesrin the delta values are noticeable. It is
worth noting that the values 8t°C CQ, for the dry weight of sludge (Fig. 4A) are closer
the 8*3C CO, values determined in gases sampled from the ss&penrather than to the
813C CO, values recorded for gases collected above theeraim surface.

The analysis of thé'N values recorded at the successive stages of dséewater
treatment process shows a clearly increasing teyden thes'°N value (hence, an increase
in content of the heaviet®N nitrogen). Additionally, the analysis of the sessive
processes (denitrification chamber nitrification chamber— denitrification chamber—»
nitrification chamber; sampling points 2-5) revealsimilar relationship as in the case of
carbon: the anaerobic conversion of the nitrogempmunds increased the content of the
heavier™N isotope, and the aerobic processes were accoetphygia decreased content of
8'N. This phenomenon may be related to the fractiongirocess or “mixing” of activated
sludge from the different sampling points.

At this stage of the research, it is difficult ta@date the course of carbon and nitrogen
fractionation in the wastewater treatment process. already mentioned, the present
investigations are a preliminary step, and furtfreearch is indispensable to answer the
qguestion why deltas increase in some processes dactease in others. However,
occurrence of fractionation has already been cowefit. Therefore, one can claim that the
IRMS technique can be successfully applied foryasea of purification processes.

Since we failed to find literature reports of & ands*C values for raw sewage or
activated sludge, it was impossible to compareresults with literature data.
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Conclusions

1.

2.

The IRMS technique can be successfully usedvastigations of processes occurring
during sewage treatment.

The isotope ratios in carbon and nitrogen {@ad N) compounds in suspensions and
gases contained therein as well as in the ambiedifeer from each other and change
in the respective stages of the purification preces

Further research is indispensable for identifica of processes responsible for
fractionation of carbon and nitrogen isotopes witfaicilities of WWTP.
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ZMIANY SKLADU IZOTOPOWEGO GAZOW EMITOWANYCH
Z OCZYSZCZALNI SCIEKOW - BADANIA WST EPNE

Instytut Agrofizyki im. B. Dobrzaskiego, Polska Akademia Nauk, Lublin, Polska
Zaktad Spektrometrii Mas, Instytut Fizyki, UniwetsiyMarii Curie-Sktodowskiej, Lublin, Polska

Abstrakt: Badania proces6w zachegych w trakcie oczyszczanigciekow dawno wyszly jp poza faz
technologicza. Obecnie zaobserwowamazna coraz wiksze grono przedstawicieli ndych specjalngi
wykorzystupcych do bada coraz bardziej wyszukane metody pomiarowe, ktdee t€j pory nie byly
wykorzystywane w tym obszarze. Jgdntakich metod jest IRMS (Isotope Ratio Mass Specetry).Sledzenie
zmian stosunkéw izotopow pierwiastkow biogenicznyekt przydane m.in. w identyfikacji i monitorowani
badanych proceséw. Poniewgechnika IRMS praktycznie nie byta do tej pory wykystywana do badania
procesu oczyszczanigiekow, dlatego niezjolne g pilotazowe badania pozwaltge na wyznaczenie naturalnie
wystepujacych stosunkéw izotopowych w tym procesie. Celeacpibyto okrélenie zmian stosunkéw izotopow
wegla i azotu na wybranych stopniachagu technologicznego oczyszczalétiekow. Materiat badawczy
obejmowat: i) zawiesingciekéw surowych i mieszaniniciekéw i osadu czynnego, ii) préby gazéw zebdsci
zawiesin; iii) proby gazoéw z powietrza sponad peméani zawiesinMateriat badawczy pochodzi z miejskiej
oczyszczalnisciekdw ,Hajdoéw” w Lublinie (SE Polska)Prébki analizowano podakem stosunkéw izotopéw
stabilnych wgla i azotu, stzen gazéw oraz zawarfoi catkowitego wgla organicznego (TOC), agla
nieorganicznego (IC), azotu Kjeldahla (KN), such®sy, pH i Eh. Uzyskane wyniki sugeruge: i) technika
IRMS maze byt z powodzeniem stosowana w badaniach proceséw dagtyeh podczas oczyszczariigiekow,

ii) stosunki izotopowe w zwrkach wegla i azotu (CQi Ny), zaréwno w zawiesinach, jak i w zawartych w nich
gazach oraz w powietrzu nad zawiesiroznia si¢ od siebie i zmieniajsi¢c na r&nych etapach procesu obrébki,
iii), niezbedne g dalsze badania w celu oklenia proceséw odpowiedzialnych za frakcjonowamiatdpow
wegla i azotu.

Stowa kluczowe:IRMS, izotopy stabilneicieki, osad czynny, emisja gazéw



