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Abstract

The aim of the studies was to determine the changkge concentration of PAHs in sewage
sludge stored under various light conditions. Téwagie sludge samples were stored under
aerobic conditions. Sewage sludge samples wereselgjio darkness, in laboratory conditions
and exposed to UV rays. The changes in the coatientrof PAHs were analyzed in fourth
series: in sludge samples taken from treatment gaotic samples), in sludge with the
addition of a standard PAH mixture (biotic samplR&Hs), in sewage sludge with addition
sodium azide (abiotic samples) and both a staniéxtlire and with added sodium azide
(abiotic samples+PAHSs). Changes in 6-ring of PAblscentration in sewage sludge samples
were studied at seven day intervals for 4 weeks.cbincentration of PAHs was determination
using gas chromatograph-mass spectrometry GC-MS8. Id$ses of hydrocarbons after
4 weeks of research were in the range of 60 to. ®78épends of kind of samples. In sewage
sludge with standard mixture the effectivenesBAifls decomposition were in the range of
60 to75%. In sewage sludge with standard mixtEifeAdls the losses of hydrocarbons were
the highest and reached 97%. The final conceniratid®AHs in biotic samples was lower
(2-13%) than the concentration of analysed compmimabiotic samples.
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1. INTRODUCTION

In many countries sewage sludges originating froumigipal treatment plants
are applied in the agriculture. Sewage sludgesa@tippe structure of soil and
enrich it with microcompounds. However, the preseraf toxic organic
micropollutants ( PAHs, PCBs, AOX), in sewage skglghould also be taken
into account [1-3]. The Polish legislation demandstrol of eight heavy metals
as well as pathogen organisms only in sewage stutiyebe applied in the
agriculture [4]. PAHSs are persistent compoundsumgter certain conditions they
may undergo dcomposition under physical-chemicdl laiological factors and
as a consequence they may form new chemical comgdi®a7]. The sewage
sludges applied in agriculture are exposed to thanging environmental
conditions. The level of decomposition depends onhysjzal-chemical
hydrocarbon properties, environment (water, soil) @nd environmental
conditions (humidity, temperature, light, pH valug-10]. The changes in the
concentration of PAHs in sewage sludges storedrwattéous temperatures are
presented earlier. [11]. Adsorption onto organidtergoarticles, biodegradation
and, at a lower level, volatilization are regar@sdhe processes responsible for
the changes in PAHs concentration during composiit]. The processes of
PAHs decomposition are mainly related to chemigalation, volatilization and
photodegradation. Photodegradation is one of tmeirint processes of PAHs
degradation in water environment. The mechanisnibwags of photolysis
consist of the absorption of light by hydrocarbans return to the ground form
or being transformed into a radical cation [13-1B8]the literature there is rather
scare information regarding the mechanism of pregoadation in sewage
sludge in the agriculture applied. Furthermore, dbsecribed experiments were
carried out using pure matrices (water, soil) taclklone aromatic compound is
usually added treated as the indicator of the whyplsup of polyaromatic
hydrocarbons. Therefore, it is important to detaamivhether the susceptibility
of PAHs on UV radiation is identical for the matrontaining other organic
compounds as well as in the case of adding additiamount of PAHs (as a
standard mixture). Stability of PAHs is defined dmlf-life of their
decomposition [16-18]. The available investigatiaake into account mainly
soils or the mixture of soil and sewage sludgesvas found that half-lives of
PAHs were in the range of 3- 3111 days in the meétof soil with sewage
sludge and from 15 to 408 days in soil, respectidl6]. In the earlier
investigation, in biotic samples the half-time oéwl molecule weight
hydrocarbons was in the range of 5 to 953 days.rib&t persistence were the
hydrocarbons in sewage sludge stored without kghditions. The half- live of
hydrocarbons content in sewage sludge amendedtiégtstandard mixture was
lower in biotic samples than in abiotic samples Samples stored in darkness
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and daily light conditions. In the samples exposedJV rays the half-live of
hydrocarbons was lower in abiotic samples thanidtidosamples (in sewage
sludge amended with the standard mixture) [17,18].

The aim of this investigation was to determine tlahanges of
indeno(1,2,3cd)pyrene IP and benzo(ghi)perylene iBghoncentration in
sewage sludge deposed under various light conditidhe objective of this
research was to find out what impact various liglunditions had on
indeno(1,2,3 cd)pyrene and on benzo(ghi)perylengigience in sewage sludges
stored under aerobic conditions with standard mxtof PAHsS and without
standard mixture of PAHs. Pararelly the changesomcentration of PAHs in
abiotic sewage sludge (with sodium azide) wereistu@vith standard mixture
of PAHs and without standard mixture of PAHS).

2. MATERIALSAND METHODS

In the studies sewage sludges originating from aicipal treatment plant were
used. The sludges had a low water content (78%)altiee dewatered sludges
formerly biochemically stabilised. The organic mattontent of 49% proved
that the sludge was well digested. At the beggihghe experiment (day 0)
PAHs were determined in sewage sludge samples tivebéed as the initial
concentration. Sludge samples were homogenisedbtainoa representative
sample. 48 sewage sludge samples of 10 g each prepared. The sodium
azide was added to twenty four samples to inhib@rabial activity (abiotic
samples). A standard mixture of PAH (concentratddr2000 ug/mL of each
hydrocarbons) was added to 24 samples (12 biotic 1&h abiotic ones). All
samples were incubated for four weeks at a temperatf 20°C in laboratory
conditions under various light conditions. Sixtesmwage sludge samples were
stored in the dark (without access to the lighthe Tfurther sixteen sewage
sludge samples were kept under access of natuyaligl# conditions. The
remaining 16 sewage sludge samples were storesbordtory conditions and
exposed to UV rays for four hours per day. The whallume of each sludge
sample was used sacrificed to determine PAHs. Pa&hptes were taken at the
beginning of the experiment (the initial concentmat and three times at one
week interval (after 1, 2, 3 and 4 weeks). Theofsihg investigations were
made:
- assessment of the changes in IP and BghiP coatientin sewage sludge
samples taken from municipal treatment plant {bisamples),
- determination of the changes in IP and BghiP eatration in sewage sludge
samples taken from a municipal treatment plant ralee with a standard
mixture of these compounds (biotic samples+PAHS),
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- assessment of the changes in IP and BghiP coatientin sewage sludge
samples supported sodium azide (abiotic samples),

- determination of the changes in PAH concentratiosewage sludge samples
supported the standard mixture of these compousdsei as sodium azide
(abiotic samples+PAHS).

The concentration of indeno(1,2,3cd)pyrene IP amazb(ghi)perylene B(ghi)P

in sewage sludge samples stored under differemt dignditions were made. The

extraction of the mixture of solvents cyclohexaigiibromethane was used in
order to separate organic matrix from sludges M. The extraction process
using ultrasonic batch was carried out. The exdraeire separated from sewage
sludge samples in the centrifugation process. Pedpaxtracts were primarily
concentrated under the nitrogen stream. Then dxtvaere purified on silica gel
under vacuum conditions. Afterwards, the extracesewconcentrated to the
volume of 1 mL under nitrogen stream and analyzgdgugas chromatograph
and mass spectrometer (GC-MS).

3. RESULTSAND DISCUSSION

In the sludge samples taken from a treatment pglaninitial concentration of
indeno(1,2,3cd)pyrene and benzo(ghi)perylene rargfady/kg of dry matter.
The changes in the concentration of indeno-pyténand benzo(ghi)perylene
BghiP in the biotic and abiotic samples of sewdgdge during four weeks of
incubation in darkness are given in Figures 1-@peetively.
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Fig. 1. Changes in the concentration of IP in semslgdge (biotic and abiotic samples)
during four weeks of incubation in darkness
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Fig. 2. Changes in the concentration of BghiP imagge sludge (biotic and abiotic
samples) during four weeks of incubation in dade

After 4 weeks the total 6-ring of PAHs concentrativas lower than in the

initial ones of 75% and 62% in biotic and abiotarmples, respectively. The
looses of hydrocarbons in abiotic conditions weredr than in presence of
microorganisms. The changes in the concentratid® a@ind BghiP in the biotic

and abiotic sewage sludge spiked with standarduméxdre presented in Figures
3 and 4, respectively.
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Fig. 3. Changes in the concentration of IP in semslgdge (biotic and abiotic samples)
amended with standard mixture during four weekimaidibation in darkness

The concentration of 6-ring of PAHs in sewage studgiked with standard
mixture reached 1317 pg/kg.d.m. and 1308ug/kg.chnbidtic and abiotic
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samples, respectively. In sludge samples incubatedrkness after 4 weeks of
the experiment the total contents of 6-ring of PAMEs lower than the initial
concentration. In the sewage sludge the lossebesfe hydrocarbons and
ranged 95% and 94% in biotic and abiotic sampkspectively. The dynamic of
concentration changes of individual hydrocarbosdamples were similar in the
samples. The highest looses of hydrocarbons werghén first week of
incubation.

800
700 - mbiotictPAHs

abiotic+PAHs
BghiP

600

500

400

300 -
200 -
100 - I .
o : —
0 1 2 3 4

weeks

concentration, pg/kg d.m

Fig.4. Changes in the concentration of BghiP inagsludge (biotic and abiotic
samples) amended with standard mixture during feeeks of incubation in darkness

Changes in 6-ring hydrocarbons concentrations hetwthe initial and final

concentration were significantly in the all sewagiedges. The statistical
analysis shows that there are significant diffeesnio sludges augmented with
the standard mixture among the concentration ofrdoatbons in the both
sludges (without and with sodium azide) during depb of sewage sludges.
Changes in 6-ring hydrocarbons concentrations émtwthe concentration of
PAHSs in biotic and abiotic samples were no statidly significantly.

In Figures 5 and 6 the changes in the concentrafi@malyzed hydrocarbons in
sewage sludge (biotic and abiotic samples) storetemulight conditions are
presented.
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Fig. 5. Changes in the concentration of IP in semslgdge (biotic and abiotic samples)
during four weeks of incubation of incubation ight conditions

30

25 M biotic
= abiotic BghiP
= 20 -
[=18]
215
g
= 10
=
b
2 5 4 —
8 l
(&)
[ T T T T 1
u] 1 2 3 4
weeks

Fig. 6. Changes in the concentration of PghiP wege sludge (biotic and abiotic
samples) during four weeks of incubation of indidyain light conditions

In the sludge samples stored under light conditiandecrease in 6-rings of
PAHs concentration was at the same level and raB§étl and 83% in biotic
and in abiotic samples, respectively. During theubation of sewage sludge
fluctuation of PAHs concentration was observedatThay have been due to the
release of PAHs from cells of microorganisms or twmmplex of organic
associations [17-18]. The changes in the concémradf PAHs in sewage
sludge amended with standard mixture incubatedyht tondition are given in
Figures 7 and 8.
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Fig. 7 Changes in the concentration of IP in sevsggge (biotic and abiotic samples)
amended with standard mixture during four weekisaiibation in light conditions
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Fig. 8. Changes in the concentration of PghiP wege sludge (biotic and abiotic
samples) amended with standard mixture during feagks of incubation of incubation
in light conditions

The gradually lower concentration of the two stddRAHs was determined
during incubation of the samples under light cdodg. In the final step of the
investigation (after 4 weeks) the total PAHs comdion in the sewage sludge
was lower than in the initial ones of 95-96% andl diot depend on
microorganisms presence. At the end of experimémet sum of 2PAHs
concentration not exceed 7dy/kg d.m. After four weeks of the experiment in
the sewage sludge samples exposed UV rays thenter@EIP and BghiP was
lower than initial concentration. The final hydrdeans concentration in the
biotic and abiotic samples exposed to UV rays Veager than the initial
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concentration of 90% and 85%, respectively. Changeste concentration of
indeno(1,2,3 c,d)pyrene and benzo(ghi)perylene nduri four weeks of
incubation exposed UV rays are given in Figure99-1
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Fig. 9. Changes in the concentration of IP in semslgdge (biotic and abiotic samples)
during four weeks of incubation of incubation expd&JV rays
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Fig. 10. Changes in the concentration of BghiPemagye sludge (biotic and abiotic
samples) during four weeks of incubation of incidraexposed UV rays

In Figures 11-12 the changes in the concentratioRAHs in sewage sludge
amended with standard mixture incubated exposedrudd rays.

The dynamic of concentration changes of individigdirocarbon in samples
amended with standard mixture were similar. Changesring hydrocarbons
concentrations between the initial and final com@ion were significantly in
sewage sludges. In the final step of the invesogafafter 4 weeks) the total
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PAHs concentration in the sewage sludge was lolam tn the initial ones of
96-97% and did not depend on microorganisms presenc
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Fig. 11. Changes in the concentration of IP in ggnsludge (biotic and abiotic samples)
amended with standard mixture during four weekimaidibation exposed UV rays
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Fig. 12. Changes in the concentration of PghiReimagie sludge (biotic and abiotic
samples) amended with standard mixture during feaeks of incubation of incubation
exposed UV rays

The studies proved that the process of PAHs detioad@kes place much more
difficult in sewage sludge without standard mixtuiéherefore, it could be
concluded that PAHs may be present not decompaosttkienvironment. That
is very important in agricultural application ofrsge sludge.
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The statistical analysis shows that there are grifgiant differences in sludges
augmented with the standard mixture among the caraten of hydrocarbons
in the both sludges (without and with added sodiazide) while deposing

sewage sludges. There is a significant differeretevéen the total contents of
two PAHs before and after incubation. The additmhnsodium azide had

a significant impact on the changes in 6-ring ofH3Aconcentrations whed the
sewage sludge without light were stored. Therefetatistical analysis shows
the importance of abiotic processes in the los®AHs. This indicates the
relatively low importance of biological effects the removal of hydrocarbons.
The addition of standard mixture had significanpaat on changes of PAHs
concentrations in the samples. Thus, it is sugdetiat investigations into the
dynamic of changes of PAH concentration in sludgksuld be carried out
without any additional amount of hydrocarbons. Tasults are similar to the
scientific literary sources concerning the behaviouPAHS' in soil and in the

sewage sludge during the composting process. dtaited that the stability of
individual hydrocarbons could vary and the dynanmifs the concentration

changes during incubation of the analyzed matecalsd be irregular. Irregular
changes in the concentration of PAHs in digestignc@ss (fermentation
process, composting process) and in deposed seshadpe were observed [19-
20].

4. CONCLUSIONS

On the basis of the conducted investigation (undhntain conditions) and

obtained results it can be concluded that:

- significant differences between the initial concetibns and the final
concentrations for indeno(123cd)pyrene and benipe@tylene in sewage
sludge were observed.-

- the dynamics of hydrocarbons changes in sewaggesudupplemented
with the standard mixture was similar to the onsenbed in the sludges
both with and without sodium azide ( in biotic amdabiotic samples).

- the most persistent of studied hydrocarbons ocdundhe sewage sludge
originating from the treatment plant stored withlight access.
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BIOTYCZNY | ABIOTYCZNY ROZPAD INDENO-PIRENU
| BENZO(GHI)PERYLENU W RGNYCH WARUNKACH SWIETLNYCH

Streszczenie

Celem bada byto okrélenie zmian stzen WWA w osadachiciekowych eksponowanych
w réznych warunkachdwietlnych. Osadysciekowe byly przechowywane w warunkach
tlenowych. Badania byly prowadzone w warunkach riaboyjnych, gdzie osadsciekowe
byly przechowywane bez dopu $wiatla, wystawione na dziataniviatta dziennego lub
naswietlane promieniami UV. Zmiany ¢genia WWA analizowano w czterech seriach:
w osadach pobranych z oczyszczditiekdw (probki biotyczne), w osadashiekowych

z dodatkiem mieszaniny standardowej PAH (probkitybmme +WWA), w osadach
z dodatkiem azydku sodu (probki abiotyczne) oransadach, do ktérych wprowadzono
mieszanig standardow WWA oraz azydek sodu (probki abiotyczne+WWA). Zmyia
w sezeniu 6-piefcieniowych WWA (indeno 1 2 3cd)pirenu i benzo(geiypenu ) w osadach
byly kontrolowane w odgpach 7- dniowych przez 4 tygodniegZgtia WWA oznaczano
z wykorzystaniem ukiadu: chromatograf gazowy- gpehetr masowy GC-MS. Straty
weglowodoréw po 4 tygodniach badhyly w granicach od 62 do 97%. Zzady od rodzaju
prébki i analizowanego zaiku. W osadackciekowych bez dodatku mieszaniny standardowej
przechowywanych bez dept swiatta efektywné¢ rozpadu WWA byla w zakresie
60-75%.W osadach szczepionych dodatkdwscia WWA w postaci standardu, straty tych
zwigzkOw skgaly 97%. Kacowe sgzenia WWA w probkach biotycznych byly mniejsze
0 2-13% od stzen tych zwizkéw w probkach abiotycznych.

Stowa kluczowe:  osadiciekowe, WWA, GC-MSswiatto dzienne, promienie UV
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