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ABSTRACT

Research was conducted, which aim was to evaluate the influence of mesophilic methane
digestion on degradation of coplanar and indicator PCB in sewage sludge, and on dynamics of
changes of these congeners during the process. For the research, mixtures of sewage sludge
from a municipal, mechanical-biological wastewater treatment plant were used. Mesophilic
digestion was conducted in the temperature of 36°C+1°C. PCB analytics was based on
separation of these compounds through extraction, and then on chromatographic separation.

Results of the analyses indicated, that the anaerobic stabilization processes of sewage sludge
occurred correctly. Biodegradation of organic compounds in sewage sludge was confirmed by
the decrease in total solids and volatile solids. The reduction of organic substance content
during the digestion of analyzed sewage sludge was equal to 36%.

Prior to the mesophilic digestion process, coplanar PCB with code 169 was dominant in sewage
sludge, which concentration amounted from 8.2 to 23.4 ug kg* d.m. Concentration of indicator
PCB was between 1.0 and 12.7 ug kg* d.m. Up to the 3™ day of the digestion process no
statistically significant differences in concentration of both coplanar and indicator PCB was
observed. During the following days of the process, an increase in lower chlorinated PCB
concentration was demonstrated, which represented tri- and tetrachlorobiphenyls, and a
decrease in concentration of higher chlorinated congeners, which belong to penta-, hexa, and
heptachlorobiphenyls. After the digestion, a decrease in higher chlorinated congener
concentration was found. Significant degradation was demonstrated for coplanar PCB 169 (from
77.8 to 80.5%), and indicator PCB 180 (from 57.1 to 90.3%) and PCB 153 (from 60.4 to 79.2%).
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1. Introduction

Because of the presence in sewage sludge of contaminations like heavy metals, pathogens and
harmful organic compounds, including PCBs, the effective processes, resulting in reduction of
hazardous sewage sludge impact on the environment, are developed (Lyberatos and Skiadas,
1999). For neutralization and removal of PCB from sewage sludge, the processes of aerobic
and anaerobic digestion are usually applied (Patureau and Trably, 2006, Field and Sierra-
Alvarez, 2008). During mentioned processes, the changes of PCB resulted in decrease of their
content in sludge. According to earlier reported data, under anaerobic conditions, the reductive
dechlorination of highly chlorinated PCB occurs forming lightly chlorinated PCB (Borja et al.,
2005).

According to the United States Environmental Protection Agency in the environment 7 indicator
congeners should be identified, with codes: 28, 52, 101, 118, 138, 153, and 180, also the
Working Document on Sludge states permissible value of total concentration of seven above
mentioned PCB congeners in sewage sludge destined for agricultural purposes (Working
Document on Sludge, 2000). However the Working Document on Sludge does not consider
coplanar PCB with codes 77, 126, and 169, which are the most toxic and biochemically active
among all PCB (Eljarrat et al., 2003). Therefore it is justified to conduct complete studies
determining to what extent polychlorinated biphenyls (with paying attention to the most toxic
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ones with coplanar structure) are eliminated during mesophilic methane digestion.

The aim of this work was to evaluate the influence of mesophilic methane digestion on changes
dynamics of coplanar and indicator PCB congeners in sewage sludge. The research results
should complement the knowledge of how methane digestion conducted in mesophilic
conditions will contribute to minimizing or elimination of potentially hazardous PCB in sewage
sludge, so that sludge quality will meet current legal regulations.

2. Methods

2.1. Materials and mesophilic digestion

In the study sewage sludge from a municipal, mechanical-biological wastewater treatment plant
of Silesian province (Poland) was used. The wastewater inflowing to the treatment plant
contains approximately 20% of industrial wastewater.

The methane digestion process was carried out in two parallel bioreactors with different sewage
sludge samples. Samples marked as (S:) contained a mixture of primary and excess sludge
inoculated with fermenting sludge at the volumetric ratio 1:2. Samples marked as (Sz) contained
primary sludge inoculated with fermenting sludge at the ratio 1:2 (vol.). The samples were
subjected to methane digestion process at the temperature of 36°C+1°C for 15 days, in 10
bioreactors filled with 1L of analyzed sludge.

2.2. Analysis procedure

Before, during (on the 3rd, 7th and 10th day) as well as after the methane digestion process,
the following parameters of the sludge were determined: hydration, total solids, volatile solids
and ignition losses. Sludge supernatants were analyzed for pH, alkalinity, acidity, volatile fatty
acids (VFA) and total organic carbon (TOC). The analyses were repeated triply according to the
standard procedures (Standard Methods, 1998).

The content of three coplanar PCB: 3,3,4,4-tetrachlorobiphenyl (PCB 77), 3,3,4,4,5-
pentachlorobiphenyl (PCB 126), 3,3,4,4,5,5-hexachlorobiphenyl (PCB 169) was detected in
sludge. Preparation of sewage sludge samples for coplanar PCB analysis was conducted
according to the procedure described in the literature (Rosinska, 2014).

Indicator PCB marked with codes: 28, 52, 101, 118, 138, 153, and 180 were evaluated before,
during, and after the methane digestion process, according to the procedure described
elsewhere (Dgbrowska and Rosinska, 2012), with the use of PCB separation from sludge with
hexane and sonication as an extraction method. Qualitative and quantitative analysis of
determined PCB congeners was performed by means of CGC-MS.

Changes in concentration of indicator and coplanar PCB in sewage sludge during the process
of methane digestion was calculated based on conducted quality control of the results and
statistical analysis, assuming that variation in concentration of given PCB congener over 25%
was statistically significant.

3. Results

3.1. Coplanar PCB

The presence and content of PCB 126 in sewage sludge was the indicating parameter for
determination of toxicity changes (Toxicity Equivalent Quantity according to WHO
recommendations from 1998 - WHOgs -TEQecg). Toxicity Equivalent Factor (TEF) value of that
congener equals 0.1. In comparison, TEF value of PCB 169 equals 0.01 and PCB 77 — 0.0001.
Before the process of mesophilic methane digestion, PCB with code 169 was dominant in both
sludge. Its content was 23.4 and 8.2 ug kg™. Concentration of PCB 126 was on the level of 11
ug kg? in sludge Si. Much lower concentration, on the level of 1.8 pg kg* was detected for
congener with code 77 (Fig. 1a). The value of toxicity equivalent was equal to 1.36 ng g
Concentration of PCB 126 in sludge S, was on the level of 4.7 ug kg* and PCB 77 above 1 ug
kg (Fig. 1b). The toxicity of sludge given as WHOgs -TEQpcs Was equal to 0.55 ng g*. Up to the
3" day of the process no statistically significant differences in PCB content were discovered.
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Figure 1: Dynamics of changes in coplanar PCB in sewage sludge during mesophilic
methane digestion a) sludge Si, b) sludge S..

On the seventh day of the process, in (Si) sludge, the concentration of PCB 126 increased by
23%, what caused the toxicity level to be the highest and was determined on the level of 1.64
ng g (Fig. 1a). In sludge (S.), the content of PCB 169 was decreased by 32%. At the same
time the content of PCB 77 increased by 29%. The content of PCB 126 was similar to the initial
concentration (Fig. 1b). Toxicity level of sludge was equal to 0.49 ng g*.

On the tenth day of the process, in sludge (S:), the concentration of PCB 126 and 169
decreased to the value of about 10 pg kg?. (Fig. 1a), what caused a decrease in toxicity
equivalent to 1.12 ng g*. At the same time the concentration of PCB 77 increased by more than
58% in comparison to the initial value. In sludge (S.), the content of PCB 169 was decreased by
56%, but concentration of PCB 126 increased by 35% and resulted in increasing of sludge
toxicity to the value of 0.76 ng g*.

After the mesophilic digestion process, the concentration of PCB 169 in sludge (Si) was
declined by 78% in comparison to data determined before the process. Toxicity level was
decreased to 0.73 ng g*. After the end of the process of sludge (S.) digestion, a decline in
concentration of coplanar PCBs 126 and 169 in sludge was detected. The most significant
decrease in concentration (77.8 and 80.5%) was observed for PCB 169 and concentration of
PCB 126 was reduced by 39.3 and 42.6%. Obtained results partly confirm research results from
other authors. Ho and Liu (2011) performed studies of anaerobic biodegradation of three
coplanar PCB with codes: 81, 126, and 169. They stated that biodegradation occurred for PCB
81 and PCB 126, which represent tetra- and pentachlorobiphenyls respectively. For PCB 169
(3,3,4,4’,5,5-hexachlorobiphenyl) no biodegradation was demonstrated.

3.2. Indicator PCB

In sludge (Si1) and (Sy) prior to the digestion process presence of all indicator PCB congeners
was demonstrated (Fig. 2a and 2b). Total PCB concentration for this sludge amounted to 29.9
and 34.9 ug kg*. respectively. Up to the 3™ day of the process no statistically significant
differences in PCB content were discovered. Concentration of particular congeners was
comparable to the concentration before the digestion process.

On the 7" day of sludge S, digestion process significant changes of PCB 180 were indicated,
which concentration decreased by over 50% down to 1.2 ug kg (Fig. 2a). Similar changes were
observed for congeners 118 and 153, which concentration decreased by approx. 31%. On the
7" day of the process for sludge S, increase in concentration of lower chlorinated PCB with
codes 28 and 52 was demonstrated (Fig. 2b), by 30 and 52% respectively. For higher
chlorinated PCB with codes 153 and 180 decrease in concentration was presented, by 30 and
41% respectively. Yet in the sludge concentration of PCB with code 118 increased by approx.
60%.

On the 10" day of sludge S: digestion, PCB 52 concentration went up by 52%, whereas PCB
118, 153, and 180 concentration went down by 47, 54, and 65% respectively. On this day of the
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process in sludge Sy, increase in PCB 52 and PCB 28 was also recorded. Obtained results
confirm the pathway of PCB 180 dechlorination to PCB 28 and PCB 52, proposed by Barret et
al. 2010. Tendencies observed in the research are consistent with the literature data, according
to which under anaerobic conditions higher chlorinated biphenyls undergo degradation to lower
chlorinated congeners.

After the mesophilic methane digestion process in both sludge all indicator PCB congeners
were still present, however their total concentration decreased by 25 and 57%. Obtained results
are consistent with the literature data (Patureau and Trably, 2006; Benabdallah et al., 2007).
The authors obtained PCB reduction by 40 and 58% during sewage sludge anaerobic
stabilization. The highest degradation was demonstrated for hexa- and heptachlorobiphenyls,
i.e. PCB 153 (60.4 and 79.2%) and PCB 180 (57.1 and 90.3%). Trichlorobiphenyl (PCB 28)
concentration in both sludge was comparable to the initial concentration, while
tetrachlorobiphenyl (PCB 52) concentration slightly increased.
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Figure 2: Dynamics of changes in indicator PCB in sewage sludge during mesophilic methane
digestion a) sludge Si, b) sludge S».

4. Conclusions
Based on the conducted experiment following conclusions can be made:

1. During the initial days of the mesophilic methane digestion process no statistically
significant differences in content of both coplanar and indicator PCB in sewage sludge
were demonstrated.

2. During the following days of the process, an increase in lower chlorinated PCB
concentration was demonstrated, which represented tri- and tetrachlorobiphenyls, and a
decrease in concentration of higher chlorinated congeners, which belong to penta-,
hexa-, and heptachlorobiphenyls.

3. After the digestion, a decrease in higher chlorinated congener concentration was found.
Significant degradation was demonstrated for coplanar PCB 169, indicator PCB 180 and
PCB 153.

4. After the methane digestion process in sewage sludge total concentration of indicator
PCB decreased by 25 and 57% respectively.

5. After the digestion process of sewage sludge WHOgs — TEQecg Value decreased by over
40%.

6. Mesophilic methane digestion process contributes to minimizing potentially hazardous
PCB in sewage sludge.
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