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Intr oduction 
 

According with the European Directive 91/271/CEE, since 2000 all the cities in the European Union 
over 15000 inhabitants and since 2005 those cities exceeding 2000 inhabitants , have to treat their wastewater 
before disposing it. Therefore, in the last years, increasing amounts of sewage sludge have been generated by 
wastewater treatment plants (WWTPs), with the subsequent problem of their management.  

 
These sewage sludges originated from the treatment of wastewater are rich in organic material and other 

compounds such as nitrogen and phosphorous. The enrichment in these compounds makes the sewage sludge a 
very appropriate substrate to be used in agriculture as fertilizer. Nevertheless, during the wastewater treatment 
most of the pollutants are also concentrated in the sludge, and consequently, heavy metals and organic 
compounds should be monitored. 

 
At present, the application of sewage sludges to soils is limited by guideline concentrations of heavy 

metals in the soil through the EU Directive on the use of sewage sludge in agriculture (86/278/CEE). Since 1999, 
several Drafts of a new European Directive have been published and the levels of other organic pollutants are 
considered (AOX, LAS, DEHP, NPE, PAHs, PCBs and PCDD/Fs). These Drafts are based in the German 
Ordinance on Sewage Sludge1 that established a limit of 100 pg I-TEQ/g dry weight (d.w.) of sludge for 
PCDD/Fs and 200 ng/g of sludge (d.w.) for seven PCB congeners (28, 58, 101, 118, 138, 153, 180) for 
agricultural purposes 2. 

 
The contamination of PCDDs and PCDFs in sewage sludge is well documented. Analytical results have 

been reported from different countries as the United States3, Germany4, Sweden5 and the United Kingdom6. In 
the last years, the PCDD/F levels of Spanish sewage sludge have been also reported 7,8,9,10, principally of 
WWTPs placed in Catalonia (NE Spain). The present study want to complete the first preliminary survey 
realized in 2001, during the fulfillment of “I Spanish Inventory for Industrial Sources of PCDD/Fs”11, to 
determine the compliance of the future legislation for the Spanish sewage sludge. In the first study, only five 
representative Spanish plants located in different zones from Spain and with different effluent origin (urban, 
industrial and mixture) were analyzed.  
 
Material and Methods  
 
Sample collection:  

 
Seventeen Sewage sludges were sampled in WWTP, at different locations spread in the Spanish 

geography.  Samples were taken by plant staff, air-dried (or at 40oC) until constant weight and poured into sealed 
amber-glass flasks. Upon receiving in the laboratory, they were ground to a fine powder, reducing as much as 
possible time between collection and analysis.  

 
According to type of influent stream and number of inhabitants, the different facilities were divided into 

the categories shown in Table 1. “Urban” refers to wastewater from highly-populated/low-industrialized sites; 
“Industrial”, to zones with high industrial activity cores and “Mixed”, to mixed urban and industrial activities. 
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Table 1: Type of influent and number of inhabitants related to each facility evaluated. 
 

Category Type of Influent Number of inhabitants 

U1- Urban Lowly populated   (< 500.000) 
U2- Urban Medium populated (500.000 – 1.000.000) 

U3- Urban Highly populated  (> 1.000.000 

M1- Mixed Low populated  (< 500.000) 

M2- Mixed Medium populated  (500.000 – 1.000.000) 

I1- Industrial Low populated  (< 500.000) 

 
Sample Extraction and Clean-up:  
 
Approximately 0.5 g of dried sewage sludge was spiked with 13C-labeled solution of 2,3,7,8-PCDD/Fs and 
extracted in an ASE 100 system (Accelerated Solvent Extraction), as published elsewhere12. A mixture of 
hexane:dicloromethane (1:1) as extraction solvent was used. Resulting extracts were transferred into a separation 
funnel and liquid-extracted with concentrated sulphuric acid to remove organic matter. Clean-up stage was 
performed in an automated purification Power PrepTM System (FMS, Inc., USA) including acidic silica gel and 
basic alumina columns. Purified extracts were analyzed by HRGC-HRMS at 10,000 resolving power using a 30 
m chromatographic column  (TRB-5MS from Teknochroma). Monitored masses were those proposed by EPA 
1613 method13. 
 
Results and Discussion: 
 

In Table 2 the PCDD/F levels of the seventeen sewage sludges sampled are shown. Concentrations 
found in all samples are lower than the value of 100 pg (I-TEQ)/g proposed in the German Ordinance on Sewage 
Sludge, and probably in the next European Directive on Sewage Sludge. 
 

Table 2. PCDD/F Levels of sewage sludges analyzed. 
 

Sample Σ PCDDs 
(pg/g) 

Σ PCDFs 
(pg/g) 

Total  (pg/g) I-TEQ (pg/g) WHO-TEQ 
(pg/g) 

R(I-TEQ PCDDs 

/ I -TEQ PCDFs) 

U1-1 464,3  195,3  659,7  5,7  6,4  0,8  

U1-2 511,6  218,4  730,0  6,6  6,8  0,6  

U1-3 777,7  216,7  994,4  7,6  7,6  0,5  

U2-4 540,5  252,8  793,3  10,8  11,3  0,5  

U2-5 583,9  188,1  772,0  8,9  9,3  0,4  

U3-6 478,3  150,1  628,4  5,6  5,7  0,5  

U3-7 1.913,9  340,6  2.254,4  22,6  21,9  0,3  

M1-8 322,3  141,1  463,5  5,1  5,1  0,3  

M1-9 682,9  262,0  944,9  7,4  8,0  0,8  

M2-10 708,5  375,5  1.083,9  10,5  10,1  0,3  

M2-11 781,4  206,5  987,9  7,7  7,8  0,5  

M2-12 954,8 320,8  1.287,7  6,8  6,3  0,8  

I1-13 363,7  406,0  769,6  7,7  8,0  0,3  

I1-14 503,2  316,3  819,5  6,8  6,8  0,4  

I1-15 1.599,7  3.900,4  5.500,1  16,9  13,1  0,3  

I1-16 1.299,2  976,5  2.275,7  10,2  9,4  0,7  

I1-17 362,1  85,6  447,7  5,3  5,4  0,4  
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The ratio R(I-TEQ PCDDs/I -TEQ PCDFs) was calculated, and the values ranged between 0,3 and 0,8, with a mean 
value of 0,6. Generally, sewage sludge samples are characterized by a R(I-TEQ PCDDs/I-TEQ PCDFs) > 17,8,14. However, 
all samples analyzed in our study presented a R(I-TEQ PCDDs/I-TEQ PCDFs) < 1, although the sum of PCDDs 
concentrations is in all cases higher than the related to PCDFs,  except for two industrial samples (I1-13 and I1-
15). 

 
Average PCDD/F levels regarding the population are plotted in Figure 1. As can be seen , PCDD/Fs  

content  increases as  population raises. 
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Figure 1. Average levels of PCDD/Fs. 

 
The congener profile was very similar in all samples. Generally it was dominated by OCDD and OCDF, 

and contained relatively high concentrations of HpCDDs and HpCDFs, except for two industrial samples (I1-13 
and I1-15). In case of I1-13 sample, the congener distribution was OCDD > 1,2,3,4,6,7,8-HpCDF > OCDF > 
1,2,3,4,6,7,8-HpCDD and it was OCDF > OCDD > 1,2,3,4,6,7,8-HpCDF > 1,2,3,4,6,7,8-HpCDD for I1-15 
sample. These differences in the congener distribution should be related to the distinct features of the industrial 
wastewater discharges . In Figure 2 PCDD/F concentration profiles of different samples (one urban and two 
industrial ones) are represented. 
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Figure 2. PCDD/Fs concentration profiles (pg/g) of one urban and two industrial sludges. 
 

In Figure 3 the PCDD/F profiles of sludges sampled in urban, mixed and industrial environments are 
shown. It can be observed that related to sludge from the urban and mixed treatment plants are very similar. In 
both cases congeners with higher toxic contribution are 2,3,4,7,8-PeCDF and 2,3,7,8-TCDF. Regarding the 
dioxin congeners, those with higher contribution to total I-TEQ level are 1,2,3,7,8-PeCDD, 1,2,3,4,6,7,8-
HpCDD and OCDD, being  the 1,2,3,7,8-PeCDD level  the main difference between both profiles. 
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A higher difference can be observed in the profile of the industrial sewage sludge. An increase in the 
most chlorinated congeners contribution is noticed. That is the case of  1,2,3,4,6,7,8-HpCDF and OCDF 
regarding furans and 1,2,3,4,6,7,8-HpCDD and OCDD regarding dioxins. But the predominance of  2,3,4,7,8-
PeCDF and 2,3,7,8-TCDF is maintained as in the other profiles. 

 
The 1,2,3,4,6,7,8-HpCDF and the OCDF have passed from having a low contribution to the total PCDF 

levels (9 and 2 %), to have a contribution of 21 % and 14 % respectively. On the other hand, the contributions to 
the total PCDD/F levels corresponding with the Hepta- and OctaCDD have raised from approximately 8 % in 
urban and mixed sludge to 14 % and 11 % respectively in the industrial sludge. 
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Figure 3. PCDD/F profiles (pg I-TEQ/g) of urban, mixed and industrial sludges. 

 
From these findings, we can conclude that PCDD/F levels found in the Spanish  sewage sludges evaluated are 
lower than the value proposed in the German Ordinance on Sewage Sludge. Subsequently, and according with it, 
there would be no problem in using them as raw in composting and agriculture, although it should be monitored 
the temporary evolution of PCDD/F levels in soil treated with these sludges. 
 
References: 
 

1 Klärschlammverordnung-Abfklärv vom 15 April 1992. Bundes-gesetzblatt, Jahrgang 1992, Teil I.S. 
912-934. 

2 EC Working Document on Sludge. 3
rd 

Draft. ENV.E.3/LM. Brussels 27 April 2000.  
3 Tiernan, T.O., Garret, J.H., Sochl, J.G., VanNess, G.F., Wagel, D.J., Rukunda, F. Organohalogen 

Compounds 1997, 32, 98-102. 
4 Hagenmaier, H., She, J., Benz, T., Dawidowski, N., Düsterhöft, L., Linding, C. Chemosphere 1992, 23, 

1653-1659. 
5 Broman D., Näf, C., Ro lff, C., Zebühr, Y. Chemosphere 1990, 21, 1213-1220. 
6 Stevens, J., Green, N.J.L., Jones, KC. Chemosphere 2001, 44, 1455-1462. 
7 Eljarrat, E., Caixach J., Rivera, J. Environ. Sci. Technol. 1997, 31, 2765-2771. 
8 Eljarrat, E., Caixach J., Rivera, J. Environ. Sci. Technol. 1999, 33, 2493-2498. 
9 Eljarrat, E., Caixach J., Rivera, J. Environ. Sci. Technol. 2003, 51, 595-601. 
10 Mejía, G., Comellas, L., Montaña, M.J., Mart, R., Díaz-ferrero, J. Organohalogen Compounds 2005, 

2060-2063. 
11 Fabrellas, B., Sanz, P., Abad, E. Organohalogen Compounds 2001, 50, 90-93. 
12 Eljarrat E, Lavandería A, Martínez MA, Fabrellas B, Barceló D. Organohalogen Compounds 

2005;67:459. 
13 EPA 1613 Method: Tetra-Through Octa Chlorinated Dioxins and Furans by Isotope Dilution HRGC-

HRMS Revision B (1994). 
14 Rappe, C., Andersson, R., Bonner, M.S., Cooper, K.R., Fiedler, H., Howell, F.G., Lau, C. 

Organohalogen Compounds 1996, 28, 105-110. 

1102Organohalogen Compounds Vol 68 (2006)

Ambient levels and trends 1


	Binder2a.pdf
	FCC-2602-414419.pdf
	RECENT CHANGES IN HCB AND PCB LEVELS IN HERRING GULL (LARUS 
	Introduction
	Herring gull
	Audouin's gull



	FCC-2602-413543.pdf
	Sampling
	All samples (soil, moss and tree bark) were collected between August-September 2005 from 16 forest locations in Moldavia, the Eastern part of Romania. Sampling sites were located at least 300 m from main roads and populated areas and at least 200 m from any side roads or houses.
	Soil. At each sampling site, two sub-samples of surface soil (0-5cm) taken from a square of 10x10 cm were collected within 50 m from the collection sites for moss and tree bark samples. Sub-samples were pooled per location.

	Moss. The Hypnum cupressiforme moss species, which grows in the forest, was used for the present study. At each sampling site, 4 to 6 sub-samples were taken within an area of 50x50 m. Both epiphytic mosses growing at 0.5-1.5 m height on different trees and epigeic moss in the close vicinity of trees were collected.
	Tree bark. Bark samples were collected at 0.5-1.5 m height from trees of similar size and age. At each sampling site, 3 to 6 sub-samples were taken within an area of 50x50 m. On each tree, slices of about 3 mm thickness were detached from the same side of the trunk where the moss was growing, in order to have the same exposure to POPs. The following tree species were sampled: oak, cherry tree, hornbeam, alderwood and ashwood.





