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Introduction 

PCDD/F levels in municipal sewage sludge have been of concem for many years. Closure of poinl 
sources and prohibition of PCP usage have led to reduced levels in sewage sludge. Mosl sewage 
freatment planls have reached sludge levels below the limil value for land applicalion of 
100 pg I-TEq/g in Germany, but few planls slill have sludge levels above this guideline'. Because 
sludge application on agricultural land remains an importanl secondary PCDD/F source lo the 
environment, further reductions in the PCDD/F levels of municipal and induslrial sewage remain a 
strategic goal. 

In this study, we report about the PCDD/F levels and pattems in sewer biofilm of indusfrial and 
municipal sewage and their source identification. 

Materials and Methods 

Twenty-two sewer biofilm samples were taken between March and December 1999 in several 
German municipalities. Each sample was mainly affected by one of the following induslrial and 
municipal effiuenls: Melal processing and finishing, textile, leatiier tanning, printing, 
pharmaceuticals, solid waste processing and dump sile, sfreet mn off, airport, swimming pool, 
harbour, hospilal and university. 

PCDD/Fs analysis was performed on 8 - 10 g of freeze-dried samples, spiked with a mixture of 
17 Ci2-standards, and extracted in an accelerated solvent extractor™ (Dionex). Clean-up was 
performed as previously described .̂ Il consisted of a multicolumn clean-up including alumina-, 
mixed-silica-, Bio-Beads™- and micro-alumina-columns. Resolution and quantification of PCDD 
and PCDF were performed on a HRGC-LRMS (Fisons GC8000 and MD800). A fiised silica 
capillary column SP-2331 (60 m x 0.25 mm i.d. x 0.20 pm film thickness; Supelco) was used. 
Helium was the cartier gas. Method blanks were routinely analyzed, and no confributions were 
delected. The peak assignment lo individual congeners on SP-2331 is performed according lo 
Ryan .̂ The PCDD/F contenls are given on dry weight basis. SPSS v9.0 was used for statistical 
evaluation. 

Results and Discussion 

PCDD/F levels 
The sum PCDD/F levels in the sewer biofilm samples were 0.07 - 11 ng/g. The cortesponding 
PCDD/F I-TEq concentrations were 0.65 - 86 pg I-TEq/g. Table 1 shows the percentiles of the 
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sum PCDD/F and I-TEq concentrations. All sewer biofilm samples had concentrations below 
100 pg I-TEq/g. 

Table I: Minimum, maximum, median and percentiles of sum PCDD/F and I-TEq concentrations 
(N=22) 

\0% 25% 75% 90% 
minimum percentile percentile median percentile percentile maximum 

sum PCDD/F (ng/g) 0.07 0.16 0.9 1.4 1.9 4.3 10.8 
I-TEq (pg/g) 0.65 1.3 32 6.0 92 60.6 85.6 

High levels were found in the following sewer biofilm samples, near a harbour, an airport and a 
solid waste dumpsite/composting facility. Their PCDD/F levels were 11 ng/g, 4.4 ng/g and 4.2 
ng/g, respectively. The corresponding l-TEq concentrations were 85 pg I-TEq/g, 72 pg I-TEq/g 
and 13 pg I-TEq/g, respectively. We see this as an indication that the historic burden ofthe past is 
responsible for the high levels in the effluents of the dump site and that desinfection activities or 
contamination of goods may be responsible for the high levels found in sewage ofthe auport and 
the harbour. 

A working hypothesis that industrial effiuenls in relation lo lexlile and leather could show high 
PCDD/F levels was not confirmed. The PCDD/F levels in the sewer biofilm of a tannery and a 
textile processing company were not elevated: 0.11 ng/g and 1.6 ng/g, respectively. Horstmann 
and McLachlan^ and Malisch^ had reported about high levels in textiles and leather samples, 
respectively. 

Homologue profiles 
The homologue profiles were very similar to those earlier reported for sewage, sewer biofilm and 
sludge '• ̂ . OCDD dominates the homologue profile. A Box-Whisker plol ofthe profiles is given 
in Figure 2. The homologue profiles ofthe sewer biofilm samples are generally very similar to that 
of PCP .̂ Only few samples showed differences in the typical profile: The airport and a 
pharmaceutical company also had substantial amounts of lower chlorinated PCDFs (see Figure 3). 

Isomeric patterns 
The three samples with high PCDD/F levels show characteristic PCDF isomeric pattems: 
• The afrport sewer biofilm is similar lo the pattem of Clophen A60. The dominance of 

12,4,7,8-PeCDF, 1,2,3,6,8-/1,3,4,7,8-PeCDF and 2,3,4,7,8-PeCDF found in tiie 
chromatogram ofthis sample is well known for the PCB formulation Clophen A60 ' . 

• The sewer biofilm sample of the pharmaceutical company has a pattem similar lo chlorine 
bleaching *• ' . Their TCDF chromatogram has 2,3,7,8-TCDF and 1,2,7,8-TCDF as largest 
peaks. 

• The harbour sample has a pattem known from PCP'. 1,2,4,6,8-PeCDF is the most abundant 
PeCDF congener. 

Figure 4 gives an overview ofthe PCDF isomeric pattems ofthe three samples. 
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Fig. 2: Box-Whisker plots of the homologue 
profiles in the sewer biofilm samples 
(N=22) 

Conclusions 

Fig.3: Homologue profile of the sewer 
biofilm sample of a phannaceutical 
company 

Sewer biofilm was sampled near various types of indusfries in several German municipalities. All 
sewer biofilm samples had levels below IOO pg I-TEq/g. Three samples had a sum PCDD/F 
concentration above 4 ng/g. Even though the homologue profile was generally very similar, with a 
dominant contribution of OCDD, the isomeric pattem showed characteristic differences. Three 
samples wilh high PCDD/F levels were affected by the following sources: Theairport sample by 
PCB (Clophen A60), the effluents of a pharmaceutical company by chlorine bleaching and the 
harbour sample by PCP. The similarity ofthe homologue profiles for most sewer biofilm samples 
indicates that the homologue profile is of little help to identify PCDD/F sources of sewage-related 
matrices. The homologue profile seems to be unified by physico-chemical transfer processes 
belween the emitting source and the sampling location. 
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Fig. 4: PCDF chromatograms of the sewer biofilm samples related to an airport (a: PeCDF), a 
phannaceutical company (b: TCDF) and an harbour (c: PeCDF); x: no PCDD/F 
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