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ABSTRACT 

Polybrominated diphenyl ethers (PBDEs) are flame retardants present in several commercial 
products and forniture including building materials, electronics, furnishings, motor vehicles, 
airplanes, plastics, polyurethane foams, and textiles. They have been used for three decades 
and very little is know about their fate in the environment and their susceptibility to aerobic 
biotransormation.  Aims of this study were to determine the PBDE concentrations in sludges 
samples collected in different waste water treatment plants (WWTPs) in Italy and to 
investigate the ability of aerobic microbial strains to biodegrade PBDEs. All samples were 
analysed by a gas chromatograph Agilent 6890 connected to a mass spectrometer Agilent 
5973 Network (Agilent Technologies) with a negative chemical ionization ion source 
(GCMS-NCI). Microbial degradation sludge was made by two bacterial aerobic strains 
(Rhodococcus jostii (RHA1) e Burkholderia xenovorans (DSMZ 17367) added to microbial 
flora sludge on colture medium and on bench scale pilot plant. Primary sludge samples were 
collected from 8 WWTPs located in the North and Centre area of Italy between June 2007 
and March 2010 treating different effluents (municipal, industrial and/or combined). The 
capacity of the WWTP investigated ranged from 35000 to 1250000 population equivalents 
and from 12500 m3/day to 432000 m3/day. PBDE concentration data for sludge samples 
collected from the 8 wastewater treatment plants showed total tri- to hepta- BDE 
concentrations (sum of significant congeners BDE 28, 47, 99, 153, 54 and 183) ranging from 
19.48 to 99.89 (median 45.73 ± 26.61) ng/g d.w. and deca-BDE (BDE209) concentrations 
from 131 to 7122 (median 2741 ± 2849) ng/g d.w.. BDE 209 dominated the congener 
profile, contributing between 73% and 99% of the total BDE (mean: 90.0 ± 9.9 %), 
suggesting the present use of this technical formulation in the investigated WWTP. Results 
experiments on colture medium are not yet available. Experiments on sludg in bench scale 
pilot plant produced considerable results demonstrating microbial attach of commercial 
deca-BDE and environmental BDE with six bromines or less: halving penta-BDE mixture 
(929,4 Vs 463,5 ng/g ), great reduction of octa-BDE mixture (258,5 Vs 105,5 ng/g) and 
increase mono-BDE mixture (slr Vs 48,8 ng/g) . 
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1 INTRODUCTION  

Microbial biodegradation of persistent xenobiotics represents a necessity of industrialized  
countries. Among xenobiotics emerges polybrominated diphenyl ethers (PBDEs), commonly 
used as flame retardants in a wide array of products, including building materials, 
electronics, furnishings, motor vehicles, airplanes, plastics, polyurethane foams, and textiles. 
PBDEs are class of flame retardants that have been used for more decades, global production 
of PBDEs is approximately 40,000 tons per year. Commercial PBDE formulations are 
named by their average degree of bromination: penta- (mostly penta- and tetra-BDE 
congeners), octa- (mostly octa- and hepta-BDE congeners) and deca-BDE mixture. These 
congeners persist in the environment and biota, and thereby transferred to humans via the 
food chain. In environment and biota, PBDE more highly brominated congeners (such as 
deca-, hepta-, esa-BDE) are biotransformed in minor brominated congeners (such as penta-, 
tetra-, mono-BDE), that result more toxic (Denef et al, 2002; Gerecke et al, 2005; La 
Guardia et al. 2007; Law et al., 2006; Schecter et al., 2004). 
Increasing concentrations in environmental samples and human tissues have focused 
worldwide attention on the potential health effects of PBDEs. Data from animal exposures 
indicate an adverse effect of PBDEs: some PBDEs are toxic and others cause endocrine 
disruption in rats and mice (FAO/WHO, 2005; Martin at al. 2000). As of 2006, the penta- 
and octa-BDE mixtures have been banned and removed from production in Europe and 
United States (Dye et al., 2007; Birnbaum et al., 2006; Martin et al. 2000; Schecter et al., 
2005; Zota et al., 2008).  
Very little is know about PBDEs fate in the environment and their susceptibility to aerobic 
biotransformation and microbial reductive debromination. Sewage sludge produced in waste 
water treatment plants contains large amounts of PBDEs (Nyholm et al., 1996). In nature 
and in waste water treatment, PBDEs congeners are susceptible to transformation by certain 
species of aerobic bacteria, such as microbial flora sludge (He et al. 2006) and two know 
PCB-degrading bacteria: Rhoodococcus jostii RHA1 and Burkholderia xenovorans LB400 
(Denef et al. 2004, Goris et al. 2004, Gulari et al. 2004; Robrock et al. 2009; He et al. 2006). 
Aims of this study were to determine the PBDE concentrations in sludges samples collected 
in different waste water treatment plants (WWTPs) in Italy and to investigate the ability 
aerobic microbial strains capable to biodegrade PBDEs. Thus two known PCB-degrading 
bacteria, Rhodococcus jostii RHA1 and Burkholderia xenovorans, were added to microbial 
flora sludge on colture medium and on bench scale pilot plant, and exposed to PBDE 
congeners ranging from tetra- to deca–BDEs. 

2 METHODS AND MATERIALS 

Primary sludge samples were collected from 8 WWTPs located in the North (5) and Centre 
(3) area of Italy between June 2007 and March 2010 treating different effluents (municipal, 
industrial and/or combined). The capacity of the WWTP investigated ranged from 35000 to 
1250000 population equivalents and from 12500 m3/day to 432000 m3/day (see WWTP 
characteristics in the table 1). 
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  Table I. Capacity of WWTPs 

WWTP m3/day Population 
 Equivalent 

A 95500 420000 
B 30000 120000 
C 12500 35000 
D 432000 1250000 
E 345000 1050000 
F 35000 160000 
G 130000 750000 
H 80000 600000 

 
PBDEs extraction. Freeze dried sludge samples were weighted (about 5g), homogenized 
and sieved (2 mm); the samples were spiked with recovery standards, then, were Soxhlet 
extracted using 200 ml dichloromethane for 16 h. The extracts were reduced in volume using 
rotoevaporation and cleaned up using multi-layer silica column. The multi-layer silica 
column had three pretreated silica layers: acid silica, basic silica, AgNO3 silica layer and 10 
g of anhydrous sodium sulfate on the top; overnight (at 250°C) baked silica was shaked for 8 
hours with sulfuric acid (95% to 97%), sodium hydroxide solution (1 M) or AgNO3 solution 
(1.5 M). For elution were used 50 ml of cyclohexane followed by 50 ml of cyclohexane: 
dichloromethane (4:1 v/v). The eluents were mixed and then concentrated to 2 ml. All 
samples were analyzed by a gas chromatograph Agilent 6890 connected to a mass 
spectrometer Agilent 5973 Network (Agilent Technologies) with a negative chemical 
ionization ion source (GCMS-NCI). Congeners from tri- to octa-BDEs were determined 
using a DB-35 (30 m 0.25 mm i.d., 0.25 μm film thickness) capillary column. The used 
carrier gas was Helium at the constant flow rate 1.2 ml/min; for the injection was used the 
splitless mode with the injection volume of 1 μl at 250°C. The temperature was initially  
from 50°C, held for 1 min, to 130°C with a 20°C/min rate, then 5°C/min to 300°C, finally 
20°C/min to 250°C; run time of 57.45 min. For the qualification of Deca-BDE was used a 15 
m capillary column DB-5MS (0.25 mm i.d., 0.10 μm film thickness) and a oven temperature 
program that start at 90°C for 1 min, a 30°C/min up to 220°C, then 10°C/min up to 300°C 
and was held for 8 min; run time of 21.33 min. 
 
BDE-degrating bacteria. Microbial degradation activated sludge was made by two bacterial 
aerobic strains (Rhodococcus jostii (RHA1) e Burkholderia xenovorans (DSMZ 17367) 
added to microbial flora sludge on colture medium and on bench scale pilot plant (Bedard et 
al, 1986; Denef et al. 2004; Goris et al, 2004; Gulari et al., 2004; Seto et al., 1995) 

On colture medium, the strains were grown in a mineral medium modified from that 
described in Sharp et al. 2005 and contains: 10g/L NaNO3, 1.7 g/L K2SO4, 0.37 g/L 
MgSO4·7H2O, 0.086 g/L CaSO4·2H2O, 5.3 g/L KH2PO4, 10.6 g/L K2HPO4, 5.74 mg/L 
ZnSO4·7H2O, 3.38 mg/L MnSO4·H2O, 1.24 mg/L H3BO3, and 5 mg/L CuSO4·5H2O. 

On bench scale pilot plant, three types of experiments were performed: (1) using an 
activated sludge enriched with the two bacterial strains from collections (Burkholderia 
xenovorans and Rhodococcus jostii) at a concentrations of 104 CFU/ml, oxygenated for 96 h 
and supplied with nutrients; (2) in batch experiment with activated sludge enriched with two 
bacterial strains from the collection (B. xenovorans and R. jostii), at concentrations of 105 
CFU/ml, oxygenated for 48 h, (3) in batch experiment with an activated sludge as it is (with 
only the indigenous microflora and without bacterial enrichment), oxygenated for 48 h. 
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3 RESULTS AND DISCUSSION  

PBDEs in primary sludges. PBDE concentration data for primary sludge samples collected 
from the 8 wastewater treatment plants and analysed by GC-NCI-MS showed total tri- to 
hepta- BDE concentrations (sum of significant congeners BDE 28, 47, 99, 153, 54 and 183) 
ranging from 19.48 to 99.89 (median 45.73 ± 26.61) ng/g d.w. and deca-BDE (BDE209) 
concentrations from 131 to 7122 (median 2741 ± 2849) ng/g d.w. BDE 209 dominated the 
congener profile, contributing between 73% and 99% of the total BDE (mean: 90.0 ± 9.9 % 
), suggesting the present use of this technical formulation in the investigated WWTP.  

Figure 1 reports concentrations of penta, octa and deca-BDE in sludge samples. 
The results were comparable to the reported in literature for European WWTPs treating 
similar inlets. In particular, the mixed sewage plant of northern Italy (5 plants in Milano-
Varese area) had the following deca and penta-BDE values: water input min 1.5-max 125 
ng/L (deca BDE, 209); 0.5 min-max 14 ng/L (for penta BDE, 99); water output: min 1-max 
37 ng/L (deca) min 0.2-max 0.6 ng/L (penta). While mixed sewage plant of the center area 
(3 plants in Firenze-Prato-Pistoia area) had the following deca and penta-BDE values: water 
input max 2100 ng/ L (deca), max 12 ng/L (penta), water output max 300 ng/L (deca), max 2 
ng/L (penta). This results were comparable to that reported in leterature ((He et al. 2006; La 
Guardia et al., 2007; Nyholm et al. 1996). 

 
                 Figure 1. PBDE mixture concentrations in the sludge samples. 

Microbial PBDE degradation. Results experiments on colture medium are not yet available. 
Experiments on bench scale pilot plant produced considerable results demonstrating 
microbial attach of commercial deca-BDE on sludge: halving penta-BDE mixture (929,4 vs 
463,5 ng/g ), great reduction of octa-BDE mixture (258,5 vs 105,5 ng/g) and increase mono-
BDE mixture (bdl vs 48,8 ng/g).  

In the experiments on bench scale pilot plant, for the analytical determination of 
BDE these two steps can be distinguished: (a) activated sludge as it is and before microbial 
enrichment (time-0), (b) activated sludge after microbial enrichment (time-1), with oxygen 
in the oxidation tank for 96 h. In the experiments on bench scale pilot plant had been 
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determined the values of the major BDE congeners that occur in wastewater, following the 
degradation of deca-BDE (209), and particularly in the activated sludge enriched with the 
two bacterial strains from collections (Burkholderia xenovorans and Rhodococcus jostii), 
oxygenated for 96 h (time-1). Among the main biodegradation products of deca-BDE there 
are mixtures octa-BDE and penta-BDE, up to mono-BDE (see Table 2). This results were 
comparable to that reported in leterature (Denef et al. 2004;

The analytical investigation on PBDE has provided the following data: at time-0 
mono-BDE presents values below detection limit (bdl), while at time-1 the value is 48.8 
ng/g; penta-BDE mixture, at time 0 has a value of 929.4 ng/g, while at time-1 has a value of 
463.5 ng/g; the mixture octa, at time-0 has a value of 258.5 ng/g, while at time-1 has a value 
of 105.5 ng/g (see Figures 2 and 3). 

 Goris et al, 2004; Gulari et al., 
2004; Seto et al., 1995).  

Among the individual BDE congeners (Table 2) some important values emerge in 
the biodegradation degree: tetra-BDE-47 at time-0 presents value of 517.5 ng/g, that 
markedly decrease at time-1 with values of 107,2 ng/g; esa-BDE-154 at time-0 presents 
130.4 ng/g, while at time-1 presents 68.5-ng/g; esa-BDE 156 at time-0 presents 118.9 ng/g 
and at time-1 77.2 ng/g; the hepta-BDE 183 at time-0 presents 258.5 ng/g, at time-1 105.5 
ng/g; hepta-BDE-191 presents at time-0 258, 5 ng/g and at time-1 58.3 ng/g. 

Table II. BDE congener and penta, octa and deca-BDE mixture concentrations (ng/g) in activated 
sludge of the bench scale pilot plant before (time 0) e after (time 1) microbial enrichment (b.d.l. = 
below the detection limit) 

 
 
 
 

 
PBDEs 

before microbial enrichment (
(ng/g) 

time-0)  after microbial enrichment (
 (ng/g) 

time-1) 

BDE-7 bdl 48,80 
BDE15 bdl 59,77 
BDE-17 87,5 68,6 
BDE28 75,5 61,2 
BDE-49 79,6 114,8 
BDE-71 59,3 49,0 
BDE47 517,5 107,2 
BDE-66 76,1 67,8 
BDE-100 118,2 130,0 
BDE-119 20,4 18,6 
BDE-99 84,2 81,0 
BDE-85+126 185,5 68,2 
BDE-154 130,4 68,5 
BDE-153 79,1 76,8 
BDE-138 73,5 67,6 
BDE-156 118,9 77,2 
BDE-184 85,6 74,0 
BDE-183 258,5 105,5 
BDE-191 258,5 158,3 
mono bdl 48,8 
penta 929,4 463,5 
octa 258,5 105,5 



E. Lanciotti, A. Porfido, T. Martellini, A. Cincinelli, G. Mancini 

 

 
Figura 2. BDE congener concentrations (ng/g) in activated sludge of the bench scale pilot 
plant before (time 0) e after (time 1) microbial enrichment. 

 

 
Figura 3. Penta, octa and deca-BDE mixture concentrations (ng/g) in activated sludge of the 
bench scale pilot plant before (time 0) e after (time 1) microbial enrichment. 

4 CONCLUSIONS 

All primary sludge samples of the 8 waste water treatment plants (WWTPs) tested in 
North (5) and Centre (3) Italy showed the presence of deca-BDE and mono, penta e octa-
BDE mixtures. Elevated levels of deca-BDE were found, and this congener were between 
73% and 99% of total BDE.  

Results of this study showed also that microbial PBDEs degradation occurred in the 



Microbial enrichment methodology 

 

experiments on bench scale pilot plant, with a markedly decrease of the BDE with eight 
bromines or less after enriched in the activated sludge with two PCB-degrading bacteria 
(

These preliminary data indicate that these PBDEs can be aerobically transformed by 
PCB-degrading bacteria and this could have potential implications for the environment and 
public health. 

Burkholderia xenovorans and Rhodococcus jostii): halving penta-BDE mixture, great 
reduction of octa-BDE mixture. 
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