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Introduction

A huge amount of the components consumer goods, such as polyurethane foam in upholstered furniture, enter
sewers after being discarded and fragmented'. So, various pollutants can enter the wastewater treatment plants
via to sewers. As organohalgen compound, such as organochlorine pesticides (OCPs), polybrominated diphenyl
ethers (PBDEs) are hydrophobic, resistant to degradation and used in a completely uncontrolled and open
manner, sewage sludge is assumed to be an environmental compartment in which these chemicals are
re-enriched, and therefore the concentration of OCPs, PBDEs in sewage sludge from wastewater treatment plants
can be used as an indicator of the general exposure and use of these compounds in a region’. So, it is of interest
to analyze the organic contaminants in sludge. However, available information concerning the concentrations of
organic contaminants in Chinese sludge is rather limited.

In China, the usage of OCPs has been banned in 1983, but the recent study showed that their residues were still
high®. Polybrominated diphenyl ethers (PBDEs) have widely distributed as environmental contaminates due to
their use in abundance as additive flame-retardants®. They are emerging as a significant class of environmental
contaminants, having been detected in a wide range of environmental samples and other samples such as human
milk, blood plasma, and adipose tissue* . Temporal trends in China indicate an increase in PBDE concentrations
in experimental matrices, which parallels the rapidly increasing market demand for these compound’.

In this present study, a survey on OCPs and PBDE:s in the sewage sludge from 31 wastewater treatment plants in
China was carried out to reveal the contamination status, which may provide useful scientific contemporary data

on the strategies for the corresponding pollution control.
Material and methods

A total 31 sewage sludge samples were collected from 26 cities in China between February 2005 and June 2005.
These cities were selected to cover most regions of China.

All solvents were pesticide residue grade and were purchased from Fisher (Hampton, NH). Silica gel
(0.063-0.100 mm) was obtained from Merck (Whitehouse Station, NJ). EO5103 (including BDE-17, 28, 47, 66,
71, 85, 99, 100, 138, 153, 154, 183) was purchased from Cambridge Isotope Laboratories (Andover, MA).
C-labeled injection standard solutions of PCBs (1668a-IS) and *C-labeled surrogate standard solutions of
PBDEs (BDE-47, 99, 153) were obtained from Wellington Laboratories (Guelph, Canada). A small amount of
DeBDE technical misture DE-83R (purity > 97%) was obtained from a distributor of the Greats Lake Chemical
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Corp (West Lafayette, IN) and used as calibration standard for BDE-209.

PBDEs analysis Sewage sludge were freeze-dried and homogenized by sieving through a stainless steel
75-mesh (0.5mm) sieve. Samples were spiked with *C-labeled surrogate standards and extracted with a mixture
of 1:1 (v : v) dichloromethane (DCM): hexane for 24 h on a Soxhlet extractor. After extraction, about 15 g acidic
silica (30%, w/w) was added to the flask to remove lipid. Activated copper powder was added to the extract to
remove element sulfur.

The cleanup silica column (glass column with 15 mm inner diameter and 30 cm long) was packed from bottom
to top with 1 g activated silica, 4 g basic silica (1.2%, w/w), 1 g activated silica, 8 g acid silica (30%, w/w), 1 g
activated silica, 2 g AgNOs silica (10%, w/w) and 4 g anhydrous sodium sulfate. The extract was subjected to
two multi-layered silica gel columns for cleanup. The concentrated extract (about 2 mL) was transferred to the
column with multiple rinses and PBDE were eluted with 70 mL 1:1 (v:v) dichloromethane (DCM): hexane. The
volumes of extract were further reduced with gentle nitrogen flow and the solvent was changed to 20 uL nonane
in a minivial. Then, “C-labeled internal standards, 1668A-IS was added and the vial was vortexed to mix
completely prior to GC injection. The quantification of PBDEs (expect for BDE-209) was performed on an
Agilent 6890 gas chromatography coupled with an Autosepc Ultima high-resolution mass spectrometer (HRMS)
(Waters Micromass, Manchester, UK) with an electron impact (EI) ion source. The column is a HP-5 (30 m X
250 pm i.d. X 0.1pm film thickness) capillary column. Helium was as carrier gas at a constant flow rate of 1.2
mL min™'. The oven temperature program was as following: the initial oven temperature was 90 °C, which was
held for 2 min. It was then increased to 210 °C at 25 °C min™., held for 1 min, 210 increased to 275 °C at 10 °C
min held for 10 min, finally to 330 °C at 25 °C min™ and held for 10 min. Quantitative analyses of BDE209
was performed on an Agilent Model 6890 GC coupled with a Model 5975 MS with an electron impact (EI) ion
source. Exact 2 pL of concentrated extract was injected into a DM-5MS (15 m X250 pum i.d. XO0.lpm film
thickness) capillary column. Using helium as carrier gas at a constant flow rate of 1.2 mL min™, the oven
temperature program was: the initial oven temperature was 90 °C, which was held for 1 min. It was then
increased to 340 °C at 20 °C min™ and held for 2 min. The MS was operated in selected ion monitoring (SIM)
mode. Quantification was performed by external standard calibration on an Agilent ChemStation. A quadratic
calibration equation (R®> = 0.99) was obtained and used for quantification of BDE209. The LOD for BDE-209
was 1 ng g

OCPs analysis The mixed OCPs standard solution including a-, B-, y-, 8- HCH, p,p’-DDT, o,p’-DDT,
p.p’-DDE, p,p’-DDD, HCB was purchased from National Research Center for Certified Reference Materials of
China and diluted to the desired concentration. The corresponding individual standards were also prepared for
qualitative purpose. Florisil (100-200 mesh) was activated at 160°C for 8h.

Prior to extraction, 100 ul. of n-hexane containing 0.2 pg mL™ PCB209 was added to 1 g freeze-dried samples.
Sludge samples were ultrasonically extracted using 60 mL of 1:1 n-hexane:DCM. Lipids and other high
molecular weigh interfering components were removed by adding acid silica gel to each flask after extraction.
Then the extracts were cleaned up through a Florisil column (containing 6 g activated Florisil), and the column
was eluted with 60 mL 4:1 n-hexane:DCM. Elution was concentrated, exchanged into hexane, and then adjusted
to a volume of 0.5 mL with gentle nitrogen flow.

Samples were quantified on a Hewlett-Packard 6890 GC with electron capture detection (ECD), using DB-5
column (30 m X 0.25 mm I.D., phase thickness 0.25 pm). GC conditions were as follows: carrier gas, N, at a rate
of 1 mL/min; makeup gas, N, at 50 mL/min; temperature program, initial temperature 80°C, hold for 2min,
increase at 10°C /min to 140°C, increase at 4°C /min to 280°C, hold for 5 min; injector temperature, 240°C;

detector temperature, 300°C. Recovery test was conducted by spiking a standard solution of organochlorines
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(0.01-0.15 ug mL™"). While t-HCH was expressed as a sum of a-HCH, B-HCH, y-HCH and 3-HCH, t-DDT was
defined as a sum of p,p’-DDT, o,p’-DDT, p,p’-DDE and p,p’-DDD. The recovery tests of t-HCH, t-DDT and
HCB yielded 74 + 3%, 94 + 10%, 98 + 3%, respectively. Detection limits, calculated as a signal-to-noise ratio of
3, were typically 0.04-0.12 ng g sludge (dry weight). The relative standard deviation (RSD) for replicate

analysis was less than 14% (n = 3).
Results and discussion

PBDE levels in sludge > PBDE refers to the sum of all 12 targeted PBDEs except for BDE209. Figure 1 is a
stacked plot of concentration of PBDEs in sewage sludge. The concentration of YPBDE ranged from 6.2 ng g to
57.0 ng g (d.w.), with an average concentration of 20.0 ng g"'. Relatively high concentrations of YPBDE was
found in Lanzhou and Datong, reached to 57.0 ng g”' and 44.7 ng g, respectively. Figure 2 is a column plot
BDE209 concentrations in sewage sludge. The concentrations of BDE209 ranged from ND (not detected) to
1108.7 ng g (d.w.) with an average of 70.8 ng g"' (d.w.). BDE-209 was found in all but four sludge samples, and
is the dominant congener in most samples. Its fractions in the total PBDEs averaged at 55% (all percentages in this
section are weight based), with a median of 69%. Among the other targeted PBDEs, it is obvious that BDEs 47,
99, and 183 are the dominant congeners (Figure 4), with their contributions ranging from 5.7% to 31% (average
24%), 0.5% to 33% (average 22%), 0.8% to 30% (average 13%), respectively.
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Figure 1. Stacked column of concentration of PBDEs in sludge. Figure 2. Column of concentration of BDE-209 in sludge.

OCP levels in sludge Y OCP refers to the sum of HCHs, DDTs and HCB. The concentration of > OCP ranged
from 0.02 pg g to 1.15 pg g (dw), with an average concentration of 0.39 pg g”'. Contamination levels of each
OCP were found to be in the order of t-DDT>HCB>t-HCH. For HCHs and HCB, the contamination is
comparable to other results except for DDTs, which has much higher concentrations than those in developed
countries. Composition analysis of DDTs showed that the major DDT component in sludge is p,p’-DDE and
p,p’-DDD (Figure 3). The mean concentrations of p,p’-DDE, p,p’-DDD and p,p’-DDT in the sludge being 0.14
ng g',0.06 pg g”' and 0.01 pg g, respectively. It is well known that p,p’-DDT can metabolize into p,p’-DDE
and p,p’-DDD. So high compositional percentage of p,p’-DDE and p,p’-DDD suggested that p,p’-DDT is
metabolized during wastewater treatment process. Half of the sludge samples contained detectable HCHs with
the concentration ranging from 0.0001 pg g' to 0.17 pg g"'. Composition analysis in Figure 4 showed that
B-HCH is the major hexachlorocyclohexane isomer present in these samples. HCB is also present in all sludge

samples. Concentration of HCB ranged from 0.01 pg g to 0.32 pg g, with the average value of 0.15 pg g
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Figure 3 Composition analysis of DDTs in sludge
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Figure 5 Composition analysis of HCHs in sludges

Acknowledgments This work was jointly supported by the National Basic Research Program of China
(2003CB415001) and the National Natural Science Foundation of China (20329701).

Reference

1. Kipopoulou AM, Zouboulis A, Samara C, Kouimtzis T. The fate of lindane in the conventional activated
sludge treatment process. Chemophere 2004, 55: 81-91.

2. Stevens JL, Northcott GL, Stern GA, Tomy GT, Jones KC. PAHs, PCBs, PCNs, Organochlorine Pesticides,
Synthetic Musks, and Polychlorinated n-Alkanes in U.K. Sewage Sludge: Survey Results and Implications.
Environ Sci Technol 2003, 37: 462-467.

3. Chen LC, Ran Y, Xing BS. Contents and sources of polycyclic aromatic hydrocarbons and organochlorine
pesticides in vegetable soils of Guangzhou, China. Chemosphere 2005, 60: 8§79-890.

4. Renner, R. What fate for brominated fire retardants. Environ. Sci. Technol. 2000, 34: 223A-226A.

5. Wolkers, H, van Bavel, B, Derocher, AE, Wiig, O, Kovacs, KM, Lydersen, C, Lindstrom, G.
Congener-specific accumulation and food chain transfer of polybrominated diphenyl ethers in two Arctic
food chains. Environ. Sci. Technol. 2004, 38: 1667-1674.

6. Vives, I, Grimalt, JO, Lacorte, S, Guillamén, M, Barceld, D. Polybromodiphenyl ether flame retardants in
fish from lakes in European high mountains and Greenland. Environ. Sci. Technol. 2004, 38: 2338-2344.

7. Mai, BX, Chen, SJ, Luo, XJ, Chen, LG, Yang, QS, Sheng, GY, Peng, PA, Fu, JM, Zeng, EY. Distribution of

polybrominated diphenyl ethers in sediments of the Pearl River Delta and adjacent south China sea. Environ.
Sci. Technol. 2005, 39: 3521-3527.

Organohalogen Compounds Vol 68 (2006) 1787



	Binder 20a.pdf
	FCC-2602-415580.pdf
	FCC-2602-415580.pdf
	Introduction
	Results and Discussion
	References



	Binder 20b.pdf
	FCC-2602-376874.pdf
	FCC-2602-376874.pdf
	 
	Yawei Wang1, Jianxia Lv1, An Li2, Qinghua Zhang1, Hanxia Liu1, Guibin Jiang1* 
	Introduction  



	Binder 20c.pdf
	FCC-2602-372514.pdf
	Acknowledgements
	This project was funded by the Hong Kong Research Grants Cou
	Table 1.  Concentrations (mean in pg/g lipid wt.) of PCDDs/D


	FCC-2602-379297.pdf
	Introduction 
	Results and Discussion 



