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Abstract

The aim of the investigations was to estimate thié-IHe of selected PAHs in sewage
sludge. Five hydrocarbons selected from 16 PAHA B#®re chosen. In this study, the
guantity changes in the concentration 3- and 4-ah@AHs in sewage sludges were
investigated. Sewage sludges were stored undebiaeronditions for 12 weeks. At the
same time the sewage sludges with the added soathiohe, in order to deactivate the
microorganisms (abiotic samples), were also stor€hs chromatography-mass
spectrometry was used to qualify and quantify PARS2-week intervals. Sewage
sludges were taken from a municipal wastewateitrtreat plant. Under experimental
conditions the half-lives of individual compoundsre diversed. In biotic samples half-
life of hydrocarbons was in the range of 19 to 388ys. Half-life of PAHs in abiotic
sewage sludges was in the range of 31 to 2961 dHys. most persistent were
phenanthrene.

Keywords: fluorene, phenanthrene, anthracene, dhtbene, pyrene, half-live,
sewage sludge, aerobic conditions, sodium azide

1. INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHS) belong be tgroup of persistent
organic pollutants (POPs) [6]. PAHs may undergo pihecess of degradation
under certain conditions. Effectiveness of the ddgtion depends on the
presence of proper microorganisms and environmeotaditions [3,7,9,18]. In
the wastewater treatment plant PAHs mainly absorio solid particles and
accumulate in sewage sludge [1,2,4,8]. Sewage studgn be used in the

! Corresponding author: Czestochowa University of Tetdgy, 69 Dabrowskiego Str.
42-200 Czestochowa, e-mail: mwm@is.pcz.czest.pt 48843250919



96 Maria WEODARCZYK-MAKULA

agriculture in order to: improve soil conditionsy fenvironmental purposes or
stored. Polish legislation limits environmental kgadgion of sewage sludges
mainly due to the fact of listing permissible comication of seven metals and
pathogens. The proposal of changing EU Directivéh wespect to sewage
sludge gives permissible concentrations of PAHBR®CDD/PCDF, DEHP,
AOX and LAS in sewage sludges that can be apphethé agriculture [14].
The load of sewage sludges with PAHs depends onyibe of wastewater
flowing into the wastewater treatment plant (domeesindustrial) [15,16].
Stability of PAHs is defined as half-life of thelecomposition. On the one hand
there is a wide range of the literary sources wagpect to PAHs and quite often
the information of the persistence of these comgewan be found, but on the
other hand only limited number of sources show rd@teation of time of the
decomposition. The available investigations takte account mainly soils or the
mixture of soil and sewage sludges. It was fourad Kfalf-lives of PAHs were in
the range of 3 to 3111 days and of 15 to 408 daysixture of soil with sewage
sludge and in sail, respectively [10,13]. In th@wad mentioned investigations it
was proved that persistence of PAHs depends osttheture and properties of
individual compounds. Additionally, it depends gpé and soil properties such
as: pH, temperature, content of fulvic acids, hwmiand water, sorption
capacity, the presence of microorganisms able ¢ordpose PAHs [7,9,10,13].
The results of investigations described in thedigre are not unambiguous and
heterogeneity of sewage sludge makes difficultiescomparison with the
results. Additionally, often only individual hydrakons which are added in
certain amounts are analysed in the studies. Tave afientioned conditions are
never found in the environment. In sewage sludge®ifig during the process
of wastewater treatment PAHs are found as mixtubigested sludges are
settled with mixed population of the microorganisnis the process of
hygienization of sewage sludges the amount of PAldsreases of 95%
however, the decomposition of organic substancesreat the same time. It is
stated in the literature that the process of limican cause increase of
persistence of some PAHs [10]. Therefore, introdgicithe inhibitor of
biological activity into sewage sludges allows camipg the level of PAHs
decomposition under biotic and abiotic conditioflse aim of the investigations
was to compare the changes in the concentratioRAtis in stored sewage
sludges both in the presence of microorganismswétitbut biological activity
of the microorganisms. The stability of PAHs wasatiébed by calculating half-
life of decomposition of the hydrocarbons.
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2. MATERIALSAND METHODS

2.1. Materials

The experiments were carried out using sewage studgiginating from a

municipal treatment plant to those the domesticiaddstrial wastewater (30%)
flows in. Digested and dewatered sewage sludge® weed in this study.
Sewage sludges were primary analyzed by determimphgsical-chemical

properties. Level of mineralization of organic caupds was followed by
determining organic substrate matter content anr@ontent in the sewage
sludge. Organic substrate matter content and veatetent was determined by
weighing. Before experiment sewage sludges hadaater content of 81% and
low content of organic substrate matter (44%) ierage. The pH of sewage
sludge was in the range of 7.5 to 7.8.

2.2. Experimental procedure

In the investigations into the persistence of PAHssewage sludges the

following samples were prepared:

» dewatering sewage sludge taken from wastewatatnient plant (biotic
samples)

* sewage sludge (described above) with added sodiuide a(NaN)
(0.19/ge.m) in order to deactivate the microorganisms (abiséimples) [11].

Sewage sludges were kept under laboratory conditwithout access to the
light at 20° C for 12 weeks. The access to the erygas not limited. The PAHs
determination was carried out 7 times: at the b@gmof experiment, after 2, 4,
6, 8, 10, 12 weeks of incubation. PAHs were deteeochiin duplicates by
sacrificing the whole sample into the extractiotudent t-test was used in order
to assess the statistically significance of thelltesComparison of affectivities
of PAHs degradation in the presence of microorgasisand without
microorganisms was calculated according utlent test. The critical value
was read from tables for specified degree of freedo-2) and at a confidence
level of 95%. Theoretical value of decompositiomadged 4,3.

2.3. Calculation of PAHs half-life

Assuming that speed of decomposition of substr&®@HS) takes place
according to the first-order reaction. Half-life;,T of hydrocarbons was
calculated according to the following equations]{10

_In2 N =kt

T . =2
ok aa G (1.1)
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Co- initial concentration of PAHs [pg/kg.d.m]

C. - PAHs concentration in sewage sludge after t dafysewage sludge
incubation [pg/kg.d.m]

t - time of incubation of sewage sludge [days]

k - the reaction rate constant [dds

24. PAHsanalyss

PAHs were determined using gas chromatography -snsectrometry.
Preparation of samples consisted of the extradiyprihe mixture of solvents
cyclohexane and chloromethane mixture (in the ratid (v/v)) [16,17]. The
extraction process was carried out in ultrasonith.b@hen, prepared extracts
were concentrated under nitrogen stream and wetkeguusing SPE columns
packed with silica gel under vacuum conditions. seajuently, extracts were
concentrated again and then analyzed using gasmetwgraphy method.
Qualitative and quantitative analysis was madegubisons gas chromatograph
(model CGC8000/MS800). The gas chromatographicragpa was performed
on DB-5 column (30-m length, 0.25 mm diameter andrilfilm). Helium was
used as a carrier gas (the flow-rate of 0.5 mL h)irnFhe oven was kept at 40°C
for 1 min, heated with 5°C min to 120°C and a [fitemperature of 280°C was
kept for 60 minutes. Five PAHs were determinedoriéme, phenanthrene,
anthracene, fluoranthene and pyrene. In order tiflywle applied procedure of
preparation of sludge samples the recovery of stahthixture was also made.
Then, the samples were analyzed for PAHs accorttingrocedure described
above. Average PAHSs recoveries from sewage sluaigged from 74 to 109%.
The recoveries obtained in the study correspondh&o data found in the
literature (0-128%) for complex organic matrixesl[817].

3. RESULTSAND DISCUSSION

The initial concentration of total 5 PAHs in sewagleidge was equal to
346ug/kg d.m. The determined concentration is fexes lower than the amount
determined in the sewage sludges coming from ottestewater treatment
plants [2,14,15]. The concentration of all hydrdcars in the sewage sludge
samples decreased during incubation of samplesagélsain the concentration
of 3-ring of PAHSs (fluorine, phenanthrene, anthragein sewage sludges (both
in biotic and abiotic samples) before incubatidiera2, 4, 6, 8, 10, 12 weeks are
presented in Figure 1. Before incubation, the cotraéon of 3-ring of PAHs
was equal 99ug/kg.d.m. After 12 weeks of incubatiee sum of concentration
of these compounds was of 62% lower than initialiteot (69ug/kg.d.m) in
biotic sewage sludge. In sewage sludge with addédis azide the removal
(abiotic samples) of these compounds did not exdégd/kg.d.m.
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Fig. 1. Changes in the concentration of 3-ring AHB in sewage sludges. Curves

of trends of changes in the concentration of PAHSsidtic (solid line)

and abiotic sewage sludges (broken line)
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The final concentration of these compounds was fdten initial concentration
of 59%. Changes in the concentration of fluoram¢hand pyrene (4-ring of
hydrocarbons) in sewage sludges are presentedigareF 2. The initial
concentration of the afore mentioned PAHSs in sevehggge was 247pg/kg.d.m
on average. At the end of the experiment the totaicentration of these
compounds was lower than initial concentration 8¥%8in biotic samples (31
mg/kg.d.m). In the sewage sludge samples with titgbited activity of
microorganisms the final total concentration of fbuPAHs was equal to 92
png/kg.d.m. and was lower than the initial contdré39s.
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Fig. 2. Changes in the concentration of 4-ring AHR in sewage sludges.
Curves of trends of changes in the concentratid?AHs in biotic (solid line)
and abiotic sewage sludges (broken line)
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In Table 1 removal of hydrocarbons in sewage slu@getic and abiotic
samples are given. In Table 2 half-lives of hydrboas are presented. Ranges
of value of time decomposition were determined \Vfarious time intervals of
sewage sludges storage (6 intervals).

Table 1. Removal of hydrocarbons [%] in sewagegubiotic and abiotic samples are
given.

PAH Condition Time of sewage sludge stored [week]
2 4 6 8 10 12
3-ring of PAHs | Biotic 19 36 40 32 43 62
Abiotic 9 20 25 28 37 59
4-ring of PAHs | Biotic 37 48 72 77 84 87
Abiotic 25 43 70 61 76 63
Total of five | Biotic 32 45 63 64 72 80
PAHs Abiotic 20 36 58 52 65 61

Table 2. Half-life of PAHsStudent test § value confidence changes in the concentration
of PAHSs in biotic and abiotic sewage sludges.

Time of sewage sludge stored [week]

PAH Condition 2 ‘ 4 | 6 ‘ 8 | 10 | 12
Half-time of PAHSs [days]

Biotic 42 84 60 63 83 69

Fluorene Abiotic 55 111 75 71 100 84
tyvalue 0.48 0.73 0.33 0.61 2.18 0.88

Biotic 135 271 102 251 961 368
Phenanthrene | Abiotic 892 1785 2961| 2174 1024 579
tyvalue 0.82 2.14 0.75 0.03 0.36 1.5

Biotic 24 48 43 29 50 43

Anthracene | Abiotic 63 125 57 61 62 53
tyvalue 3.05 1.21 3.76 1.07 1.16 0.1y

Biotic 26 53 48 33 37 38

Fluoranthene | Abiotic 41 82 61 37 58 45

tyvalue 1.51 2.27 2.66| 5.03 | 9.9 5.43

Biotic 19 39 48 31 34 29

Pyrene Abiotic 32 64 51 31 52 42

tyvalue 2.74 1.67 262431 |411 |654

The half-life of fluorene corresponded to 84 daysiologically active sewage
sludge samples and 111 days in abiotic sewage esladgples, respectively.
Phenanthrene was the most persistent hydrocarb®hs. half-time of

phenenthrene was in the range of 102 to 961 dapsotic samples of sewage
sludge. In abiotic sewage sludge samples the imadf-tvas in the range of 579 to
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2961 days. The half-life of anthracene was in #rege of 24 to 50 days and in
the range of 53 to 125 days in biotic and abistimples, respectively. The half-
life of 4-ring of hydrocarbons was in the rangel6fto 53 days and in the range
of 31 to 82 days in biotic and abiotic samplespestively. Changes in
concentration of these compounds was dependenthefptesence of the
microorganisms. According to statistic test theed®ined critical values td for
4-ring of PAHs concentrations were higher thandhtcal value equal to 4.3
after 8 weeks of incubation of sewage sludge. Tiedns that the presence of
microorganisms was statistically significant in theemoval of these
hydrocarbons. According to literature data, bioddgtion of PAHS is possible
but the primary adoption of the microorganismsdaquired [1,9]. The abiotic
losses may be related to the reactions with otherpounds of sewage sludges
as well as sorption, photodegradation, oxidatiod ewmaporation [2,5,10,13].
The conditions of the carried out experiment limlitehe process of
photodegradation (incubation of samples withouteascto the light). The
studied hydrocarbons have Ilow values of Henry's stamt therefore,
vaporization should be out of concern in losseshee compounds. Sorption
has of higher importance as it disturbs the praessf extraction and
biodegradation, sewage sludges are heterogeniaialatensisting of complex
organic and inorganic matrix. However, the compuarisf the mentioned results
is difficult due to the fact that in the literatunalf-time of those PAHSs in soils,
in the mixture of soils is often determined for $bomatrixes after addition of
well-know amount of hydrocarbons. It should alsopbénted out the variety of
microflora of soils and sewage sludges as welledsrbgeneity of matrixes and
various conditions of carrying investigations.

4. CONCLUSIONS

The total concentration of 3- and 4-ring of PAHasweduced by 80% in biotic
sewage sludges, whereas the final concentratid®béfs was lower than initial
content of 61% in the abiotic samples, respectiviéiyndicates the possibility of
biodegradation of these compounds in sewage sludgesg deposition with
the exception of phenanthrene. The presence obftoca was important in the
degradation process mainly from the 12th week wlge sludge incubation for
studied hydrocarbons with the exception of pherangn The half-life of
investigated hydrocarbons estimated for assumeditbmms of the experiment
was equal to 19 - 369 and to 31 - 2961 days iridootd abiotic sewage sludge
samples, respectively. The highest half-life wasntb for phenanthrene. This
means that the agricultural application of sewalyglges causes long-term
environmental pollution with these hydrocarbonss limportant from the point
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of view of the pollution of plants and migratiortarfood-chain as well as water
contamination during infiltration and drainage ainfalls.
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STABILNOSC WYBRANYCH WWA W OSADACH SCIEKOWYCH

Streszczenie

Celem bad&d byla ocena trwakei WWA w warunkach skladowania poprzez
wyznaczenie czasu potowicznego rozpadu. €&m® zmiany ildciowe WWA w
osadach przechowywanych w warunkach tlenowych pt2etygodni. W tych samych
warunkach pozostawaly tak osady, w ktérych zahamowano aktywho
mikroorganizméw poprzez dodatek azydku soduécltonvg analiz WWA prowadzono z
wykorzystaniem zestawu GC-MS w ogsach 2-tygodniowych réwnolegle w osadach
biotycznych i abiotycznych. OznaczanoepiWWA (fluoren, fenentren, antracen,
fluoranten, piren), ktore znajdusgic wsrod 16 zwazkéw podanych nadcie EPA. Osady
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pobrano dwukrotnie z oczyszczaktiekéw komunalnych, ktére w praktyce kierowane
s3 na sktadowisko. Zawar{é pocztkowa WWA w osadach byta na poziomie
346ug/kg.s.m. W warunkach prowadzonego eksperymezas potowicznego rozktadu

byt zréznicowany dla poszczegélnych zwmkéw. W osadach aktywnych biologicznie
czas potowicznego rozpadu badanyctglwwodoréw byt w granicach od 19 do 368
dob. Czas potowicznego rozpadu wyznaczony dla WWAosadach nieaktywnych

biologicznie pozostawat w zakresie od 31 do 2964. dé

Stowa kluczowe:  fluoren, fenantren, antracen, funden, piren, czas potozpadu,
osadysciekowe, warunki tlenowe, azydek sodu
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