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Introduction

The increased rate of sewage sludge production in developing countries like Brazil is
always a great matter of concern whenever the aspect of the final disposition is taken into account.
At the moment, most of the municipalities in Brazil are trying to adopt as main alternatives to the
final deposition of sewage sludge, classical end use methods like agricultural use, landfillig and
biocomposting™?®. These methods should be taken with reserve considering that sewage sludge can
carry chemical pollutants such as heavy metals and persistent organic pollutants (POP). In Brazil,
up to now, there is no specific legislation regarding the maximum equivalent concentration levels
of organochlorine compounds in especia polychlorinated dibenzo-p-dioxins and dibenzofurans
(PCDD/PCDF) in sewage sludge/biocompost considered for agricultural use or final deposition in
soils. Besides the great risk heavy metals pose to humans and environment, PCDD/PCDF are types
of persistent environmental contaminants with enhanced toxicity and carcinogenic and
bioaccumulating properties. To PCDD/F, the human exposure is primaly attributed to background
contamination caused by diffuse contamination of these pollutants coming from different sources
and subsequently biomagnification through the trophic chain. As alternative paths of the diffuse
contamination with PCDD/F, the transport of these substances by air deposition, by residual waters
from household, industrial processes as well as by laundry of products treated with contaminated
chemicals *° and the microbia activity on chlorophenols ®’ are listed. Possible transference
pathways of these compounds to humans would be both the uptake via contaminated crops and
grazing livestock, coming from sludge-amended soils **. Concerning PCDD/F, a tolerable daily
intake (TDI) of 1-4 pg I-TEQ/kg/day is recommended, according to the WHO/EURO standard
guidelines, which would be exceeded if a persons diet came solely from land treated with sewage
sludge containing high concentrations of PCDD/F 8.
Thiswork shows the results of afirst study about the heavy metal, PCDD/PCDF content of sewage
sludge coming from both an urban and a semi-agricultural areain the State of Rio de Janeiro,
Brazil in comparison to results found in the region of Baden-Wrttenberg, south Germany. The
potential toxicity and probably sources related to these contaminants in Brazilian sewage sludge
was also investigated.

ORGANOHALOGEN COMPOUNDS - Volume 66 (2004) 1616



LEVELS IN INDUSTRIAL AND OTHER MATRICES

Material and Methods

The sludge samples were collected from three different sewage sludge treatment plants:
activated sludge L1 was collected from the wastewater treatment plant (WTP) Icarai in Niteroi, a
relatively great urban center in Rio de Janeiro State. Digested sludge L2 was collected from the
WTP Marica city, a semi-rura area about 50km from Rio de Janeiro. The digested sludge-sample
L3 was collected from the WTP Balingen, a small industrial town in southern Germany. 1-2 kg of
pressed digested sludge samples were collected by means of aluminum boxes and 5 | of the
activated sludge were collected from the holding tank in a HDPE container. Once in the lab, the
digested sludge-samples were mixed and divided into four 500 g sub-samples. The activated sludge
sample was centrifuged in 6 x 250 mL tubes at 1200 rpm, the supernatant was discarded and all
samples were lyophilized for 48 h and stored at 4 °C until extraction. Sample characterization and
PCDD/PCDF/PCB analyses were performed at the Ingtitute for Organic Chemistry the University
of Tubingen, Germany.

20-50 g of each sample were submitted to an extraction and clean-up procedure prior to
analysis. The extraction and clean-up methods are described at Hagenmaier (1987). Possible lab
contamination and quality control was performed by means 2 blanks during the procedure.
Identification and quantification of each PCDD/PCDF congener was carried out using the isotope
dilution method. Samples were spiked with each 8¢, 2,3,7,8-substituted PCDD/F and PCB
Congeners (Standard mix 99%puriss. Promochem GmbH) and extracted with toluen during 24 h.
PCDD/F absolute concentrations used were TCDD/F-HXCDD/F=25 ng.mL*, HpCDD/F=50
ng.mL?, OCDD=80 ng.mLYand OCDF= 50 ng.mL™. The recovery of the Standards after
extraction and clean-up procedures were situated between 70-85%. For Identification and
quantification of PCDD/F a HRGC/HRMS system (Mega Series 5160 Carlo Erba® coupled to a
VGA Autospec Ultima) and both a Quartz capillary column DB-Dioxin (J & W Scientific®) and a
polar CP-Sil 88 column (Chrompack®) were used for separation and isomer specific analysis.

Results and Discussion

Table 1 shows the concentration of each homologue group of PCDD/F (ETCDD/F-OCDD/F)for
each sludge sample as well as the PCDD/F median values for Baden-W(rttenberg region, and the
toxicity equivalent concentration cal culated according to NATO/CCM S and WHO.

The sludge samples in general show a low contamination in respect to PCDD/F (XTCDD/F-
OCDD/F) with values ranging from 1312,0 (L2) to 3965,0 pg g™ (L1). Such values are within the
range found for the sewage dludges from Baden-Wirttenberg.The toxicity equivalent
concentrations were situated between 2,7 - 98,9 pg-ITEQ gt and 1,8-128,1 pg-I TEQ g™. According
to NATO/CCMS and WHO, respectively. The lowest I-TEQ value is attributed to sludge-sample
LDD1, which originates from arural region. It can be observed that the Brazilian sludge L1 shows
doubled I-TEQ value when compared to the values found for the region of Baden-Wdrttenberg.
However, the values found are within the range observed by other authorsin this field 1%,
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Table 2. PCDD/F concentrationsin the sewage sludge samples and corresponding equivalent
concentrations (I-TEQ) according to NATO/CCM S and WHO.

Homologue Group (pg.g-Y) L1 L2 L3 Mean values
Baden-Wirttemberg
>TCDD 15,0 <0,5 154,0 12,3
>-PeCDD <0,5 <0,5 62,0 38,7
> HxCDD 111,0 <0,5 120,0 78,6
>HpCDD 743,0 151,0 230,0 405,7
OCDD 2866,0 955,0 1568,0 2156,7
> TCDD-OCDD 3735,0 1106,0 2134,0 2691,8
> TCDF 8,0 19,0 8,6 74,4
>.PeCDF 2,0 <0,5 12,1 55,5
> HXCDF 7,0 <0,5 30,0 63,4
> HpCDF 68,0 71,0 102,0 170,6
OCDF 145,0 116,0 466,0 383,1
> TCDF-OCDF 230,0 206,0 619,0 747,0
2,3,7,8- substituted isomers
2,3,78 TCDD 0,8 n.n. 58,7 <0,2
1,2,3,7,8- PeCDD n.n. n.n. 31,0 1,0
1,2,3,4,7,8- HXCDD n.n. n.n. n.n. 0,3
1,2,3,6,7,8-HXCDD n.n. 0,9 n.n. 8,7
1,2,3,7,8,9- HXCDD 0,7 1,0 n.n. 34
1,2,3,4,6,7,8- HpCDD 50 n.n. 1,7 203,9
2,3,7,8-TCDF 0,6 n.n. 0,5 57
1,2,3,7,8-PeCDF 0,1 n.n. 0,2 3,2
2,3,4,7,8- PeCDF n.n. n.n. 2,4 4,6
1,2,3,4,7,8-HXCDF 19,1 n.n. 0,7 49
1,2,3,6,7,8-HXCDF n.n. n.n. 0,6 48
1,2,3,7,8,9-HXCDF n.n. 0,4 0,1 4,2
2,3,4,6,7,8-HXCDF n.n. n.n. n.n. 74
1,2,3,4,6,7,8-HpCDF n.n. 0,12 0,9 105,4
1,2,3,4,6,7,8,9-HpCDF 0,1 n.n. 0,1 <1,64
I-TEQ (NATO-CCMYS) 29,4 2,7 98,9 12,8
WHO-TEQ 26,8 1,8 128,1 11,0

Detection limit: 5x10™pg g™. n.n.=absolut concentration <0,5pg g

The PCDD/F equivalent concentrations found in the Brazilian samples are below but
already near to the upper limit concentration for land disposal according to the German federa
legislation regarding agricultural useffina deposition. The maximun PCDD/F levels for
sludge/biocompost prior to disposition in soils on dry basisis 100 pg-ITEQ g™.

Figure 1 shows a comparison between the profile of homologues found in the sludge
samples. The homologue profile in the sludge samples shows a characteristic predominance of the
highly chlorinated congeners HXCDD/F-OCDD/F. Their contribution accounts to more than 90%
(L1=99,4%; L2=98,6%; L3=91,4%) of the tota PCDD/F in each sample. Such a pattern, in
principle, discards thermal processes as main sources of contamination of these sludges. The sludge
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sample profiles resemble the typical PCDD/F contamination profile stemming from “PCP-like

contamination”®.
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Figure 1. homologue profile of the sludge samples.

Despite these main characteristics, the German sludge-sample (L3) shows low values of
TCDD/F-PeCDD/F congenersin an typical “Burning profile” whilein the Brazilian sludge samples
(L1 and L2) these homologues are amost absent. Such difference could be explained through
differences in the energetical matrix and the severe weather conditions in Europe that enforces the
domestical use of combustible stuffs mainly during the winter. As a result of these mainly
differences, only a small amount of the low-chlorinated homol ogues can be noticed in the activated
dudge L1 (0,4%), which is probably due to the atmospheric deposition from the traffic in the
surroundings of the sewage treatment plant. In the digested sludge L 2 this contamination is absent,
probably because of the localization of the sewage treatment plant, which can be considered a
remote area with neither punctual sources nor high traffic volume. As the samples of this study
show an overall low PCDD/F contamination and according to the observed patterns, it was
concluded that, rather than PCDD/F contamination coming from a punctual source, diffuse sources
like residual waters and atmospheric deposition are contributing to the contamination pool.

Figure 2; show the isomer-specific analysis of the homologous groups ranging from
TCDD/F to HpCDD/F in the sludge-samples L1, L2 and L3, and the perceptual contribution of
each isomer for their homologue group. For all samples, it must be noted that the PeCDD/F groups
are almost absent and there's only a little contribution of the HXCDF group. Furthermore once
present, these groups are dominated almost only by the 2,3,7,8-substituted congeners. In the case of
the Brazilian samples L1 and L2, this absence can be explained by both the little input of thermal
sources such as traffic via atmospheric deposition observed in these samples, associated with a
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preferential enrichment of the high-chlorinated groups in the organic material. For the German
dludge the transport phenomena during sludge generation would be the main responsible for this
discrepancy. The TCDD homologue group in the Brazilian sludge sample L1, is dominated by the
co-eluted pair 1,2,4,6/9-, 1,2,3,4-TCDD ( L1= 44,3%), which is the main indicator congener under
the TCDD group for PCP/PCP-Na contamination *. Further significant peaks are 1,2,8,9-TCDD
(11,4%), 2,3,7,8-TCDD (10,0%), 1,2,3,9-TCDD (10,0%), 1,2,6,9-TCDD (7,1%), 1,3,6,8-TCDD
(5,7%), 1,3,7,8-TCDD (5,7%) and 1,2,7,8-TCDD (5,7%). Such equitable distribution within the
TCDD group keep some resemblance to a typical “2,3-termal” profile commonly found in low
temperature combustion processes (300-600°C) *3. This evidence is enforced by the isomer
distribution found in theTCDF group, where the predominance of the 2,3,7,8-TCDF (70%)
followed by 1,2,7,8-TCDF (14%) and 3,4,6,7-TCDF (12,0%) can be noted. This distribution found
confirms the contribution in some extension of depositional sources in this sample. The HXCDD
group is dominated by the isomer 1,2,3,6,7,9-HXCDD (55,2%), that was also reported by
Hagenmaier® as main indicator for PCP-Na contamination. Further pesks in this group are the
isomers 1,2,4,6,7,9-HxCDD (35,8%) and 1,2,3,4,6,8-HxCDD (9%), By the HXCDF group, only the
isomer 1,2,34,7,8-HXCDF could be detected, while the HpCDF group is dominated by
1,2,3,4,6,8,9-HpCDF (79,3%), which confirms the main origin of the contamination from
chlorophenols such as PCP and its derivatives °.

The HpCDD/F and OCDD/F groups prevail in the sludge sample LDD1. The isomer-
specific analysis of the HpCDF group shows a balanced distribution between the isomers
1,2,3,4,6,7,8-HpCDF (52%) and 1,2,3,4,6,8,9-HpCDF (48%), both indicators of a PCP-like
precursor contamination as well as the predominance of the isomer 1,2,3,7,8,9-HXCDD (91,4%) in
the HxCDD group™. Further isomers present in this sample are 1,4,6,8-TCDF (63%), 2,3,7,8-
TCDF (37%), and 1,2,3,6,7,8-HXCDD (8,6%). Rappe™ has listed the latter two isomers as
indicators of a*“sewage sludge” pattern. This isomeric-specific distribution in combination with the
homologue profile and low concentrations observed in this sample seems to indicate that rather
than a contamination stemming from chlorophenols like PCP, there's a great chance that only
transport and adsorptions phenomena during sludge generation, are contributing to the
contamination pool found.

The German sludge sample LDD2, containsin the TCDD group only the following isomers:
2,3,7,8-TCDD (38,2%)), 1,3,7,9-TCDD (35%) and 1,2,4,6/9- 1,2,3,4-TCDD (27%), what can be
viewed asa“2,6-termal” profile commonly found, among other processes, during high temperature
combustion processes™. HxCDD group shows a decreasing distribution for the isomers
1,2,4,6,7,9/1,2,4,6,8,9/1,2,3,4,6,8-HxCDD (44,8%), 1,2,3,4,6,8-HxCDD (34,5%) and 1,2,3,4,6,7-
HxCDD (20,7%). A quite equitable distribution between the isomers 1,2,3,4,6,7,9- HpCDD
(42,8%) and 1,2,3,4,6,7,8-HpCDD (57,2%) was detected in the HpCDD group. In the TCDF group
the isomers 3,4,6,7-TCDF (50,0%) and 2,3,7,8-TCDF (31,3%) predominate, while in the PeCDF
group only the 1,2,3,7,8-PeCDF isomer could be detected. The HpCDF group shows the
predominance of the isomer 1,2,3,4,6,7,8-HpCDF (88%), which is commonly classified asa
thermal source indicator'?, over the 1,2,3,4,6,7,9-HpCDF (11%). Such congener distribution within
the homol ogues seems to indicate that this sludge rather than a“PCP-like” contamination has a
contamination pool stemming mainly from depositional sources. The observed high concentration
of the HpCDD/F-OCDD/F groups in this sample could be explained through transport and
adsorptions phenomena that promote the enrichment of high chlorinated homologues during sludge
generation.
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