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I ntroduction

Polybrominated diphenyl ethers (PBDE) are a family of synthetic chemicals widely used in
industry to delay, inhibit or even suppress combustion process in manufactured items. Flame
retardant products are frequently added into plastic, electronic, paint and textile materials to reduce
the risk of ignition. During last years, increasing levels of PBDE have been detected in the
environment, suggesting release from the treated surface as main pathway for environmental
intake'. Their physicochemical structure make them substances of highly lypophylic,
bioaccumulative and persistent nature, with potential toxic effects observed onto wildlife and
humans ".

Some European countries (Switzerland and Sweden) have promoted strategies to enlarge the
knowledge of PBDE, in particular their occurrence and levels on sewage sludge. Observations
point domestic washing of garment/clothes and industrial discharges from plastic and textile
manufacture industry as major sources of contamination. First European results from 1988 revealed
levels of about 20-30 pg/kg dw of PBDEs (BDEs 47, 99 and 100) in sludge samples collected in
Sweden ". More recently, another Swedish survey conducted on three waste-water treatment
facilities pointed levels of PBDE (BDE 47, 99 and 209) of about 200 ng/g dw, along with minor
contribution of other contaminants such as TBBPA and HBCD ". Few studies have been carried
out in US. Hale et al. ¥ compared levels of Tetra-, PentaBDE (BDE 47, BDE 99 and BDE 100) and
DecaBDE 209 congeners in sludge from different US locations. Values ranged from 1000 to 2290
ng/kg dw (Tri- to HexaBDE) and from 84 to 4890 pg/kg dw for DecaBDE 209, with mean values
of about 1600 and 1000 pg/kg dw, respectively. In general, concentrations of BDE 47, 99, 100 and
209 exceeded those of the major PCB congeners and other halogenated contaminants also found in
the sludge.

Following this trend, this work aims a preliminary assessment of selected PBDE congener
levels on sewage sludge samples from different waste-water treatment plants in Spain. A
qualitative and quantitative characterisation of this matrix is intended, in order to estimate levels of
contamination and to identify major congeners.
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Materials and Method

Sample collection: Sewage sludge was sampled in six waste-water treatment plants, during 2002
year at different locations throughout Spain. Operating conditions were based on physicochemical
treatment of activated sludge, followed by stabilisation and final drying on a belt filter press device.

According to type of influent stream and number of inhabitants, different facilities were
divided into the categories shown in Table 1. “Urban” refers to waste-water from highly-
populated/low-industrialised sites; “Industrial”, zones with high industrial activities cores and
“Mixture”, mixed urban and industrial activities.

Samples were taken by plant staff, air-dried (or at 40°C) until constant weight to avoid lack
of volatile congeners, ground to a fine powder, poured into sealed amber-glass flasks to prevent
highly brominated congeners from photodegradation and sent to the laboratory. Upon receiving,
they were stored at —20°C reducing as much as possible time between collection and analysis.

Table 1: Type of influent and number of inhabitantsrelated to each facility evaluated.

Sample Type of influent Number of inhabitants
M1 Mixture Low populated (< 500.000)
M2 Mixture Medium populated
(500.000 — 1.000.000)

M3 Mixture Low populated (< 500.000)
Ul Urban Low populated (< 500.000)
U2 Urban Highly populated (> 1.000.000)
I1 Industrial Low populated (< 500.000)

Sample Extraction and Clean up: A 2.5-gram of dried sludge sample was weighed and fortified
with a known amount of '*C,,-labelled, MBDE-MXE quantification standard solution (Wellington
Laboratories Inc., Canada). Samples were extracted using a Dionex ASE100 at the conditions listed
in Table 2. Resulting extracts were transferred into a separation funnel and liquid-extracted with
concentrated sulphuric acid to remove organic matter. Clean-up stage was then performed in an
automated purification Power Prep™ System (FMS, Inc., USA) including acidic silica gel and
basic alumina columns. Different mixtures of hexane:dicloromethane were used to recover target
analytes while retaining interfering compounds. The extracts obtained were concentrated avoiding
dryness, spiked with a known amount of BDE-CVS-EISS standard solution (Wellington
Laboratories Inc., Canada) and further analysed by GC/MS. Since Deca-BDE 209 was analysed by
NCIMS, no spiking with labelled isomers was needed.

Analyses from mono- to hexa-BDE were carried out by GC/MS/MS in a Varian Saturn
2000 workstation equipped with a CP-3800 Gas Chromatograph coupled to a 2000 Ion-Trap
Tandem Mass Spectrometer, 1079 Programmable Injector and CP-8200 Autosampler (Varian,
Walnut Creck, CA, USA). A high performance fused-silica capillary column Factor Four (30 m.,
0,25 mm. of i.d, 0,25 pum film thickness) was used. Complete details of this analytical methodology
were published elsewhere “'. Deca-BDE 209 was studied by using GC/NCIMS in a Gas
Chromatograph Agilent 6890 connected to a Mass Spectrometer Agilent 5973 Network (Agilent
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Technologies, Madrid, Spain). A DB-5ms capillary column (15 m., 0,25 mm. of i.d., 0,25 um film
thickness) containing 5% phenylmethylsiloxane was used with helium as the carrying gas at a
constant pressure of 10 psi. The temperature program was from 140°C (held for 1 min.) to 325°C
(held for 10 min.) at 10°C/min., using splitless injection during 1 min. Other operating conditions
were 250°C ion source temperature and ammonia as chemical ionisation moderating gas at an ion

vii

source pressure of 1.9 x 10 Torr .

. - Table 2: ASE 100 extraction conditions
ASE extraction conditions for samples analysed.
Presure (psi) 1500

Temperature (°C) 100 Results and Discussion
Static time (min) 10 Concentrations of Di- (7,15), Tri-
Flush volume (%) 90 (17,28), Tetra- (49, 47, 66), Penta- (100,
P Ti ) 120 119, 99, 85), Hexa- (154, 153) and Deca-
uree 1me.(sec BDE 209 in sludge samples analysed are
Number of Static Cycles 3 listed in Table 3. Results show the
Solvent Hexane:DCM (1:1) occurrence of some BDE congeners in
all samples analysed, independently on

the type of influent and number of
inhabitants. A characteristic trend is noticed in all cases, with major contribution of Deca-
brominated congener (93-99 %), and minor contents of Tetra-BDE 47, Penta-BDEs 99 and 100,
and Hexa-BDEs 153 and 154. Similar observations have already been reported in literature ™.
Recent data from a Swiss survey point increasing concentrations of decabromodiphenyl ether in
sewage sludge during the last decade (up to 560%), while levels of lower brominated species (Tri-
to Hexa-BDE) were seen to be significantly reduced (50%) ™. This may suggest a shift on the
industrial use of BDE technical products from lower to highly brominated mixtures, which is in
connection with such high values of Deca-BDE found in the Spanish sludge. Commercial Deca-
mixture composition is 0,3-3 % Nona-BDE and 97-98 % Deca-BDE *. Regardless its low water
solubility and vapour pressure, present results could indicate Deca-BDE is highly released into the
environment.
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Table 3: BDE concentrations in ng/g dw of sludge samples analysed.

BDE congener M1 M2 M3 Ul U2 11
Di-BDE 7 0,2
15 0,4 0,2 0,5 0,5
Tri-BDE 17 0,7 0,1 0,1 0,4 1,0
28 1,4 0,4 0,5 1,0 0,8
Tetra-BDE 49 4,7 0,6 0,9 2,7 1,8 2,1
47 83,6 21,4 28,3 1,8 49,8 38,5
66 1,6 0,4 0,5 1,0 0,9
Penta-BDE 100| 14,0 4,5 5,7 0,2 8,0 7,7
119] 0,1 0,1 0,6 0,2
99 64,2 23,4 25,6 37,6 34,5
85 1,6 0,6 0,9 1,2 1,2
Hexa-BDE 154 --- 4,2 1,7 10,4
153] 5,0 2,7 7,8 16,4
> Tri-Hexa-BDE | 177,3 58,3 70,6 5,3 103,2 | 1142
(% of total) (3,2) (6,9) (5,5 (0,2) (1,7) (0,6)
Deca-BDE209 | 5430,0 | 785,7 | 1203,0 | 3590,9 |5836,6 | 18032,3
(% of total) (96,8) | (93,1) | (94,5 | (99,8) | (98,3) | (99.,4)
TOTAL:| 5607,3 | 844,0 | 1273,6 | 3596,2 |5939,8 | 18146,5

In spite of levels of lower brominated congeners found in the sludge samples (Tri- to Hexa-
BDE) constitute a minor fraction in comparison with content of Deca-BDE 209, a close
resemblance in pattern is noticed between sludge and the Penta-BDE commercial product Bromkal
70-5DE. The comparison of the BDE congener pattern found in sludge samples and the pattern of a
commercial Penta-BDE mixture (Bromkal 70-5DE)™ is shown in Figure 1. The notable correlation
between both congener profiles could be a consequence of the use of this commercial product.
Levels of PBDEs 47, 99 and 100 in Spanish sludge may be explained from the accepted application
of this Penta-mixture in polyurethane foams, tapestries and related materials. Considering the use
of this commercial product has been recently restricted by European Community *", a noticeable
reduction of these congeners is expected in the near future.

The variation in total values, ranging from 0,84 to 18,15 ug/g dw, evidences considerable
influence of different local sources, having particular operational conditions as type of influent
entering the plant and/or the number of inhabitants related to that area. In particular, the highest
level, 18,15 pg/g dw, which is mainly due to the Deca-BDE contribution, has been found to be
associated to the industrial area with mainly textile manufacture facilities.
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Figure 1: BDE congener pattern in sludge samples and Bromkal 70-5DE.

On the other hand, it is important to remark that, although the lowest value corresponds with
a mixture influent, sample M2, no significant differences can be established between urban and
mixture areas. Nevertheless, when comparing plants from urban locations (samples Ul and U2),
with no supply from industrial origin, larger DecaBDE levels are found in highly populated sites
(sample U2), perhaps as a consequence of the prominent use of thermoplastics, as housing for
televisions and computers, or textile stuffs.

Debromination of Deca-BDE in environmental systems is discussed controversially, leading
to the occurrence of lower brominated diphenylethers with known adverse effect for the
environment. Watanabe et al. ™ have published that laboratory exposure of BDE209, solved in
hexane, to UV light promotes the formation of a complex mixture of less brominated dibenzofurans
and diphenylethers. On the contrary, Hale et al. ™ and de Boer et al. ™ detected little evidence for
extensive BDE-209 debromination. Therefore, clarifying this effect as well as assessing features
such as half-life and bioavailability is desirable, particularly when sewage sludge is intended for
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land application under high sun radiation conditions, as in most Mediterranean countries. This may
promote decomposition and subsequent formation of more accessible and bioavailable congeners.
From the view of these results it may be concluded that a better knowledge of these
compounds in sewage sludge for land application would be desired. Type of influent as well as
likely influence and environmental fate of these substances in the soil should be assessed. Current
data only constitute a first approach. Observations need to be confirmed by enlarging number of
samples and facilities evaluated, in order to provide more information, which may be useful for
making-decision support systems at both national and international regulatory scale.
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