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ZMIANY STEZEN WWA W OSADACH SCIEKOWYCH
MODYFIKOWANYCH ZnCL,

Celem badan bylo ustalenie. w jakim stopniu obecnos¢ cynku, na poziomie granicznej zawartosci
okreslonej dla osadow stosowanych w rolnictwie (przekraczajacej zawarto$¢ oznaczong w osadach
odprowadzanych z oczyszczalni). wptywala na zmiany zawartosci WWA w tych osadach przechowywanych
w warunkach tlenowych. Badania prowadzono z wykorzystaniem osadow ustabilizowanych biochemicznie
i odwodnionych. Zmiany stgzen WWA sledzono rownolegle w czterech seriach: osadach pobranych
z oczyszczalni (po prasach filtracyjnych), osadach z dodatkiem mieszaniny wzorcowej, z dodatkiem cynku
oraz z dodatkiem mieszaniny wzorcowej i cynku. Wykorzystano mieszaning standardowa PAH Mix 16
zwiazkow w benzenie i dichlorometanie (1:1). Cynk wprowadzano do osadow w postaci roztworu chlorku
cynku. po uwzglednieniu zawartosci poczatkowej. w takiej ilosci, aby zawarto$¢ koncowa nie przekraczata
2500 mg Zn/kg s.m. Osady inkubowano przez 90 dni w temperaturze 20°C przy nieograniczonym dostgpie
tlenu. Oznaczenia WWA przeprowadzono na poczatku doswiadczenia (zawartos$¢ poczatkowa), po 15. 30,
45, 60, 75 1 90 dniach kazdorazowo w dwoch powtorzeniach. Oznaczenia jakosciowo-ilosciowe WWA
prowadzono z wykorzystaniem zestawu GC-MS. [dentyfikowano 16 WWA zgodnie z lista US EPA.

Summary

The aim of the investigation was to determine the impact of the presence of Zn in concentrations of
sludges applied in agriculture (exceeding concentrations determined in sludges drained from the treatment
plant) on the disappearance of PAHs in sewage sludge stored under aerobic conditions. The studies were
carried out using dewatered and biochemically stabilized sludges. The changes in the concentration of PAHs
were studied in four series: in sludge samples taken after filter press, in sludge with the addition of a standard
PAH mixture, in sludge with Zn added, in sludge with the addition of both the standard PAH mixture and Zn.
The standard PAH mixture used in the studies contained 16 compounds in benzene — dichloromethane (1:1)
solution with a concentration of 32000 pg/em® of 16 PAHs. Zn was added to the sludge samples as a solution
of chloride zinc. the final amount was below 2500 mg Zn/kg d.m. (taking into consideration the initial
concentrations). The sludge samples were incubated for 90 days at 20°C with limitless access of oxygen.
The determination of PAHs in sludge samples was done in duplicates at the beginning of the experiment (the
initial concentration) and then six times at 15-day intervals (after 15. 30. 45. 60. 75 and 90 days). A gas
chromatography-mass spectrometry (GC-MS) was used to qualify and quantify the PAHs. 16 PAHs listed by
EPA were identified.
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INTRODUCTION

It is stated in the literature that PAHs are not degradable enough but they may be
subjected to fates forming PAHs-related compounds [1, 3, 6, 7]. PAHs are sorbed mainly
onto organic matter particles. Strong sorption causes PAHs’ accumulation in the environment
[9, 13, 16, 17]. PAHs are regarded as xenobiotics relatively resistant to the decomposition
process that depends on both abiotic factors and the presence of microorganisms [5, 15,
16]. The level of decomposition depends on physical-chemical hydrocarbon properties,
environment (water, soil, air) and environmental conditions (humidity, temperature, light,
pH of environment) [3, 12].

There have been a limited number of investigations concerning the impact of the occurrence
or addition of some heavy metals on PAHs fates. Maliszewska-Kordybach et al. described
research into the effect of zinc, lead and cadmium salts on PAHs persistence, but in the relation
toasoil environment [ | 1]. Lazzari ez a/. found a link between the presence of PAHs and mercury,
cadmium, zinc and copper in composted sewage sludges [8]. In both cases it turned out that the
presence of metals inhibited the disappearance of PAHs. This was due to the lower biological
activity of bacteria responsible for the decomposition of these compounds [5, 7]. It was also
found out that individual hydrocarbons had varied sensitivity when metals were presented [5].
The obtained results confirm the differential dependency between the concentration of individual
hydrocarbons and the studied metals. A positive correlation between some metals (Cu, Cd, Zn,
Pb) and chrysene and benzo(k)fluoranthene was found. Adsorption onto organic matter
particles, biodegradation and, at a lower level, volatilization is regarded as the processes
responsible for changes in PAHs concentration during composting. It was found out that the
intensity of the above mentioned processes depends on the number of rings in the molecule [8].
The application of sewage sludge in agriculture is limited by permissible heavy metals
concentrations [2]. Proposed changes to UE Directive demand the control of organic pollutants
in sewage sludge applied in agriculture including PAHs, PCBs and AOX [14]. Sewage sludges
originating from municipal treatment plants are usually loaded with both heavy metals and
PAHs [4, 5, 14, 18]. Therefore, it is important to investigate the behavior of hydrocarbons during
the storage of sewage sludges on the environment. In this study attention was paid to the
determination of PAH changes dynamic in sewage sludges with zinc added. The experiments
were carried out under aerobic conditions.

The objective of this work was to find out what impact the addition of zinc to
concentrations exceeding permissible levels had on PAHs depletion in sewage sludges
stored under aerobic conditions.

The following investigations were done:

— determination of changes in PAH concentrations in sewage sludge samples taken

from municipal treatment plant,

— determination of changes in PAH concentrations in sewage sludge samples with
zinc added,

— determination of changes in PAH concentrations in sewage sludge samples taken
from a municipal treatment plant and supplemented with a standard mixture of these
compounds,

— determination of changes in PAH concentrations in sewage sludge samples taken
from municipal treatment plant and supported the standard mixture of these
compounds as well as zinc.
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EXPERIMENTAL SET-UP

The investigations were carried out under laboratory conditions using dewatered
sludges formerly stabilized in a two-stage digestion process. Sludge samples were a one-
off batch taken from a municipal treatment plant. The sludges were primarily analyzed for:
humidity, pH, alkalinity, acidity, and contents of organic compounds, total zinc was also
determined.

The sludge samples were homogenized by quartering to select a representative sample.
Afterwards, fifty six samples of 10 g each were prepared, and were then put into 200 cm’
glass flasks and protected from photovolitalization. A chloride zinc solution equal to 1500
mg of Zn/kg of dry matter (d.m.) (including original Zn concentration) was added to twenty
eight sludge samples. A standard mixture of 16 PAH compounds in benzene and
dichloromethane in the concentration of 2000 pig/cm® each was added to fourteen samples.
The standard mixture dose was 10000 mg/kg d.m. The same dose of the standard mixture
was also added to the fourteen remaining sludge samples. Samples without the addition of
zinc as well as without the addition of the standard mixture were treated as control samples.
All the samples were incubated for 90 days at a temperature of 20°C in the dark in order to
limit photovolitalization but with no limits on access to oxygen. The whole volume of each
sludge sample was used to determine PAHs. PAH samples were taken at the beginning of
the experiment (the initial concentration) and six times at 15 day intervals (after 15, 30, 45, 60,
75 and 90 days). The humidity of the sludges was also determined at the same day intervals.

ANALYTICAL METHODS

The analysis of PAHs consisted of: separation of the organic matrix from the sludge,
the isolation of hydrocarbons by extraction, chromatographic separation of these
compounds and their qualification and quantification. An extraction process for sludge
samples with cyclohexane and dichloromethane mixture (in the ratio 5:1 (v/v)) as a solvent
was carried out in an ultrasonic bath for 40 minutes. Extracts were selected from sludge
samples by centrifuging. The prepared extracts were primary concentrated under a nitrogen
stream to a volume of 3 cm’ and then purified by using SPE columns packed with silica gel
formerly treated with the mixture of cyclohexane and dichloromethane. Then the purified
extracts were again concentrated under a nitrogen stream to a volume of | cm®. The gas
chromatography-mass spectrometry (GC-MS) was used to qualify and quantify the PAHs.
The separation was performed on a DB-5 column (30 m, 0.25 mm, [.0 pm). The following
temperature program was used: initially the oven was kept at 40°C, heated at 40°C per
minute to 120°C and a final temperature of 280°C was obtained by heating at 40°C per
minute for 32 minutes. The temperature of 280°C was held for 25 minutes and then the
column was cooled to the initial temperature of 40°C. The analysis was carried out in the
detector temperature of 200°C. Helium 0.5 cm*/min was used as a carrier gas and the total
analysis was held for 50-60 minutes. Sixteen PAHs on the US EPA list were analyzed. All
analyses were performed in duplicate. In order to evaluate extraction method efficiency
PAH recoveries from sludges were also determined. A standard mixture of 16 EPA-PAHs
was added to sludge samples and the content of 16 hydrocarbons was determined according
to the procedure described above.
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RESULTS AND DISCUSSION

The sludges originating from a municipal treatment plant had a low water content
(83%) associated with dewatered sludges formerly biochemical stabilized. The same was
found for alkanity (55 mval/dm®) and pH = 8.4. Organic matter content of 52% proved that
the sludge was well digested. A comparison of the concentration of selected metals in
sludges and the EU directive limits for municipal sludge in agriculture are presented in
Table 1. The sludges had a low zinc concentration (422 mg/kg d.m.) and the concentrations
of other metals were also below permissible levels for sludges applied in agriculture and
recultivation areas assigned for agricultural purposes [2].

Table 1. Concentration of metals in sewage sludge

Concentration, mg/kg d.m.
Sewage sludge

Cu| Pb |Cd| Zn | N1 | Cr | Hg

Sewage sludge from treatment plant 149156 |1.0| 422 |38.3 {102 |0.31

Limit of metals concentration in sewage sludge |2] 800 | 500 | 10 (2500 | 100 {500 | S

The recoveries of PAHs standard mixture for concentrations in sludges taken from the
municipal treatment plant varied from 25% (naphthalene) to 94% (pyrene). The average
value (taking into account the most volatilize naphthalene) was 65% which corresponds to
data in the literature [5, 14]. The average total concentration of 16 PAHs in sludges taken
from the municipal treatment plant was 1807 mg/kg d.m. which corresponds with the results
of other authors as well as our own results (4, 14, [8]. The dynamics of hydrocarbon
changes grouped according to ring numbers and the total sum of PAH concentration in the
control sludges as well as those with zinc added (A) are given in Figures 1—6. The gradually
lower concentration of the 16 PAHs studied was determined during incubation of the
samples under oxygen conditions. At the same time fluctuations in naphthalene
concentrations in the control sludges and in those with zinc added were observed. In the
initial step of the investigation (after 15 days) the total PAHs concentration in the control
sludges and sludges with Zn added was lower than in the initial ones by 7% and 3%,
respectively. 2.7- and 1.7-times higher naphthalene concentrations were found in the control
sludges and in the sludges with added Zn, whereas a 35% and 26% decrease in 5-ring
hydrocarbons occurred. Fluctuations in naphthalene concentrations may occur due to its
periodic appearance as an indirect product of the decomposition of other complex PAHs
[10]. Within the following four weeks (after 45 days) of incubation of the sludges the total
PAH concentration was similar in the control sample and in the sludge with Zn added
(1576.5 mg/kg d.m. and 1596.9 mg/kg d.m.). Simultaneously, fluctuations in 5 and 6-ring
PAH concentrations were observed. Significantly lower PAH concentrations were found .
after further incubation time, mainly in the control sludges. The total PAH concentrations
were 42% and 72% lower than the initial one after 60 and 75 days, respectively. The same
tendency was observed in the sludge samples with zinc added; after 60 days and 75 days
the total PAH concentrations were 18% and 34% lower than the initial one, respectively.
The decrease in 3-ring hydrocarbons in the control sludges and in those with zinc added
was similar to the initial concentration and was 4 1% and 44%, respectively. The percentage
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decrease in other hydrocarbons was from 2-times up to 4-times lower in the sludge samples
with zinc added than in the control samples. 5- and 6-ring hydrocarbons in the presence of
Zn proved especially resistant. The final concentrations of 5 and 6-ring PAHs in control
samples were 82-84% lower than the initial ones, whereas they were 52% and 62% lower for
the modified sludges, respectively.
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. 1. Changes in naphthalene concentration in sewage sludge A) control sample, B) with a standard mixture
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A Student t-test was used in order to assess the statistically significant differences
between the initial and final PAH concentrations as well as in order to estimate the statistically
significant presence of Zn in sludges after 90 days of incubation [19]. It was estimated that
changes in naphthalene concentrations and 5- and 6-ring hydrocarbons between the initial
and final concentrations differed significantly in the control sludges and in sludges with
zinc chloride added. Changes in 4-ring hydrocarbon concentrations differed significantly
only in the control sludges (difference between the initial and final concentrations). The
addition of zinc had a significant impact on changes in naphthalene concentrations and on
4-, 5- and 6-ring hydrocarbons (difference between control and sludge with Zn added).

Changes in concentrations of 3-ring hydrocarbons in samples taken before and after
incubation were not significant. Significant differences were not found either in the control
sample and in sample with Zn added.

The dynamics of hydrocarbon changes in sludges supplemented with the standard
mixture with and without zinc chloride addition (B) are given in Figures 1-6. The initial
PAHs concentration in sludges supported by the standard mixture was 106002 mg/kg d.m.
The gradually lower concentration of PAHs was determined during the incubation of the
samples irrespective of zinc occurrence. The differences in results between the total
hydrocarbons determination in sludges with and without zinc added did not exceed 7%.
Fluctuations in naphthalene concentration were also found. In the initial step of the
investigation (after 15 days) a sharp decrease in naphthalene concentration by 96% in
sludges without zinc and of 85% in sludges with zinc was observed which indicates
volatilization losses. Within the further time intervals the average naphthalene
concentrations varied from 80 to 224 mg/kg d.m. in sludges, and from 27 to 532 mg/kg d.m.
in sludges with zinc. After 90 days of incubation naphthalene concentration in sludges
with zinc added and the standard mixture was 2-times higher than in sample sludges without
zinc. The concentration of the remaining hydrocarbons groups was at a similar level during
the experiments for both sludges. The final 16 PAH concentration was 32013 mg/kg d.m.
and 31657 mg/kg d.m., respectively (30% of initial contents). However, the decrease of
3-ring hydrocarbons was between 95-96%, whereas 4-ring hydrocarbons were 72%. The
loss of higher rings hydrocarbons did not exceed 58% despite the fact that sorptive properties
of these compounds are regarded as high (partition coefficient octanol/water log K__ is
above 7 [8]). The statistical analysis shows that there are significant differences in sludges
augmented with the standard mixture between the initial and final concentration of
naphthalene and 3- and 4-ring hydrocarbons in the control sludges and in the sludges with
Zn added. There is a significant difference between the total contents of 16 PAHs before
and after incubation. No significant differences between the total PAH contents in the
control sludges and in sludges with Zn added were found.

In sludges without the standard mixture the presence of Zn had a significant impact
on the studied hydrocarbons and on the changes in the total PAHs contents after 90 days
of incubation. This might have been due to the selective limitation of microorganisms
activity that causes decomposition of individual groups of these compounds. Moreover,
the following phenomena: sorption onto particles, volatilization and the possibility of binding
with chlorine and formation of PAHs-related compounds which were not analyzed, cannot
be excluded.

In sludges supplemented with the standard mixture no significant differences were
found between the total PAH contents in the sludges samples and in the samples with Zn
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added. Thus, it is suggested that investigations into the dynamics of changes of PAH
concentration in sludges should be carried out without an additional amount of
hydrocarbons.

The results are similar to the literature sources [8, 11] concerning the behavior of
PAHs in soil contaminated with heavy metals as well as in the sewage sludge composting
process. It is stated that the stability of individual hydrocarbons could vary and the dynamics
of changes of concentrations during incubation of studied materials could be irregular.

CONCLUSION

Based on the results of the experiments it can be concluded that:

. gradually lower concentrations of the 16 studied PAHs were determined during the
90-day incubation of the samples under oxygen conditions. At the same time
periodically higher naphthalene concentrations were determined;

2. significant differences between initial concentrations and final concentrations for
naphthalene, 4-, 5-, 6-ring PAHs in control samples and for naphthalene, 5- and 6-
ring PAHs in sludges with Zn added were observed,;

3. the inhibition of PAH degradation was found in sludges supplemented with zinc
chloride (final average PAH concentration in modified sludges was 2-times higher
than in the control sample);

4.  the presence of Zn did not have a statistically significant impact on changes in 3-
ring hydrocarbons. Statistically significant differences in changes to naphthalene
and 4-, 5- and 6-ring hydrocarbons concentrations between control sludge and
sludge amended with Zn were found.

5. the dynamics of hydrocarbon changes in sludges supplemented with the standard
mixture was similar to those observed in the sludges both with and without zinc
chloride addition. The presence of Zn did not have a statistically significant impact
on the total 16 PAHs in sludges supplemented with the standard mixture.
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