The partitioning of alkylphenolic surfactants and polybrominated diphenyl ether flame retardants in activated sludge batch tests

‡Katherine H Langford, ‡Mark D Scrimshaw, †Jason W Birkett and *‡John N Lester

‡Environmental Processes and Water Technology Group,

Department of Environmental Science and Technology,

Faculty of Life Sciences,

Imperial College London,

London,

SW7 2AZ

†University of Lincoln

Department of Biological Sciences

Faculty of Health and Life Sciences

Brayford Pool

Lincoln

LN6 7TS

*Corresponding author Prof. John N. Lester

Email: j.lester@imperial.ac.uk
Fax: 0207 5946016

Abstract

Polybrominated diphenyl ethers and nonylphenol polyethoxylates have been reported to be estrogenic and may enter the aquatic environment through the discharge of treated sewage effluent. Therefore, their fate during wastewater treatment processes is an important factor in determining their environmental impact. Batch tests with activated sludge from a Husmann apparatus were used to determine the effects of physico-chemical properties and sludge characteristics on the partitioning of polybrominated diphenyl ether flame retardants and nonylphenol polyethoxylate surfactants during biological wastewater treatment. Hydrophobic compounds, those with high log Kow values, were sorbed more rapidly and to a greater extent to the solid phase than more soluble compounds. For these hydrophobic compounds sorption may become an increasingly important removal mechanism as sludge age and therefore solids content increase. The initial rate of partitioning was greatest for the most hydrophobic compounds but all rates diminished with time as a result of progressive saturation of sorbent binding sites, a reduction of sorbate availability and as a consequence of the system reaching equilibrium. The sorption of polybrominated diphenyl ethers fit Freundlich adsorption isotherms demonstrating generally increasing adsorption capacity and efficiency with increasing hydrophobic nature. A correlation between increasing log Kow and increasing organic matter content was also observed for both polybrominated diphenyl ethers and nonylphenol polyethoxylates indicating the organic content of mixed liquor will also be influential in removing compounds during wastewater treatment. 
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1. Introduction

Polybrominated diphenyl ethers (PBDEs) are a family of flame retardants used extensively in plastics, textiles and furnishing foam to reduce fire hazards. The global production of PBDEs in 1999 was approximately 700 000 tonnes (Langford and Lester, 2002), with the global demand reported to be rising at a rate of 3-6% per year. 

The PBDE flame retardants are of considerable concern because of their adverse effects on wildlife due to their endocrine disrupting properties (Meerts et al., 2000), which is of concern for higher trophic levels due to their  bioaccumulation potential (Gustafsson et al., 1999). The PBDEs are halogenated compounds, their chemical properties are similar to polychlorinated biphenyls (PCBs), with log Kow values in the range 5 to 10. Akin to the PCBs, the PBDEs have been found in a range of sediment and biological samples (Law et al., 2002) and it is likely their environmental distribution will be similar to PCBs. There has to date been very little information available on the fate of PBDEs in wastewater treatment, however similarities to PCBs indicate that they may be removed through sorption to the solid phase (Garcia-Gutierrez et al., 1982; McIntyre et al., 1981; Rahman et al, 2001).

In terms of occurrence in wastewater treatment and estrogenic activity, alkylphenol polyethoxylates (APEOs) are another significant group of compounds. There are no known natural sources of nonylphenol (NP) and nonylphenol polyethoxylates (NPEO), anthropogenic activity is the cause of their ubiquitous occurrence in the environment. Approximately 650 000 tonnes of APEO surfactants are manufactured worldwide annually (Guenther et al., 2002), and used in industry as detergents, dispersants and emulsifiers. A large proportion of these formulations are finally discharged through sewage treatment works (STW). Due to the high concentrations detected in wastewater influents and effluents, APEO removal pathways are of increasing concern particularly as the breakdown of APEO compounds results in the formation of shorter chain APEO compounds and alkylphenols (AP) which have enhanced estrogenicity (Desbrow, 1998; Routledge and Sumpter, 1996). APEO removal is dependent on degradative and sorptive processes influenced by the degree of ethoxylation. The breakdown products detected are more hydrophobic in nature and likely to sorb to the sludge or suspended solids, however, any long chained NPEOs with hydrophilic properties are more likely to be present in effluent and enter the aquatic environment where further degradation to the more actively endocrine disrupting products may occur. Low log Kow values indicate that degradation might be the most important removal mechanism for long chain NPEO compounds. However, for short chain compounds with high log Kow values, such as NP with a value of 4.8 (Ahel and Giger, 1993), sorption to the biological floc may be an important mechanism of removal. 

Synthetic compounds are removed from waste streams during wastewater treatment by either biological or chemical degradation, sorption to the biological floc or volatilization (Meakins, et al., 1994). The extent of the removal of a compound has been demonstrated to be dependent on the physico-chemical properties of the compound. The properties of a compound which determine fate are aqueous solubility, organic carbon/water partition coefficient (Koc), octanol/water partition coefficient (Kow) and Henry’s Law constant (Hc). For the compounds in this study, these values are included in Table 1. 

An understanding of the partitioning behaviour between the solid and aqueous phase is essential to determine the fate of a compound in STW, and is of increasing importance as concerns over their possible environmental effects escalate. It is also a critical point for both the protection of the aquatic environment, and potable supply in those areas where water re-use is practiced are STW (Gomes and Lester, 2002). 

This study compares the partitioning of two groups of compounds with different physico-chemical properties and looks at their possible fate in relation to these properties. The objective was to determine if process variables such as sludge age ((c) would allow for increasing removal rates during activated sludge treatment and the implications of sorption are discussed.
2. Materials And Methods

Standards of nonylphenol (NP) and a commercial nonylphenol polyethoxylate (NPEO) mixture, Igepal CO520, were obtained from Sigma-Aldrich (Gillingham, UK). The commercial OcBDE (octa) formulation (Great Lakes DE-79) was donated by Colin Allchin (CEFAS, Burnham-on-Crouch, UK) and decabrominated diphenyl ether (DeBDE) was purchased from Lancaster chemicals (Morecambe, UK). Commercial formulations were used to represent realistic environmental concentrations, which involves commercial mixtures entering STW via influent streams. Other PBDE standards were obtained from LGC Promochem  (Hatfield, UK). All solvents used were obtained from Rathburn Chemicals Ltd (Walkerburn, UK).

Stock standards of DE-79 and DeBDE were made up in dichloromethane (DCM) and warm toluene respectively. Serial dilution into hexane followed by dilution in acetone resulted in standards suitable for spiking. DE-79 contains BDE-153 and 154 (hexa congeners) and BDE-183 (hepta congener), and three unidentified octa-BDE congeners (referred to as octa 1, octa 2 and octa 3 in this study). Igepal 520 is a commercial nonylphenol polyethoxylate mixture with an average of 5 ethoxy groups, this compound and NP stock standards were made up in acetonitrile (ACN) and diluted into 50/50 ACN/water for spiking. 

2.1 Activated Sludge Samples

Activated sludge was obtained from the aeration chamber of a Husmann apparatus supplied with a synthetic settled sewage based on bacterial peptone. It was operated in a controlled temperature room at 16 oC ± 0.5, at a constant sludge age ((c) of 5 days with a DO of 3.5 mg l-1. Effluent suspended solids were typically 35–45 mg l-1 and BOD of the effluent was 20-30 mg l-1 indicative of 85% BOD removal (Stoveland and Lester, 1980). Calculation of MLSS and mixed liquor volatile suspended solids for organic carbon content (MLVSS) followed the HMSO official gravimetric method (HMSO, 1984).

The MLSS samples were refrigerated before spiking until a temperature of 4 oC was reached to minimise biological activity, then inoculated with solutions of alkylphenolic compounds or PBDEs at 0.3 mg l-1 in separate experiments. Blanks were inoculated with the respective solvents and all results were corrected for blank contamination. Duplicate samples were then taken at intervals and between sampling the MLSS was kept at 4 oC. Samples for initial partitioning work were allowed to equilibrate for 10 minutes before removal of sample aliquots.

2.2 Calculating Partition Coefficients

Partition coefficients were calculated using equations used by Dobbs et al. (1989) and Freundlich isotherms were used to calculate adsorption constants and adsorption efficiency (Gao et al., 1998).

2.3 Analysis

Robust methods for the determination of both groups of compounds were developed (Langford et al., 2004) following a review of approaches utilised by other workers (Scrimshaw et al., 2004). Alkylphenolic compounds and PBDEs were extracted separately as outlined in Fig. 1. The method for PBDE extraction and analysis was modified from those previously reported (Allchin et al., 1999; Öberg et al., 2002), NP and NPEO methods were also modified from previously reported studies  (Blackburn and Waldock, 1995; Ferguson et al., 2000; Shang et al., 1999). Recoveries achieved for NP and NPEO oligomers had an average of 82% and PBDE recoveries had a average of 95%.

LC/MS analysis was used for NP and NPEO determination using a Perkin Elmer series 200 LC coupled to a Perkin Elmer Sciex API 150 EX with a TurboIonSpray interface. A Hypersil ODS C18 (100 x 2.1 mm, 5 (m) column (Phenomenex, UK) was used and a 10 (l sample injection volume with ultrapure water to ACN gradient elution. NPEOs were detected as [M+Na]+ ions and NP as [M-H]- ions at 350 oC. The TurboIonSpray was at 3500 V and –3500 V respectively (Table 2). 

PBDE determination was by GC-ECD (Perkin Elmer Autosystem XL) and GC/MS (Perkin Elmer Autosystem XL coupled to a Perkin Elmer Turbomass). GC-ECD for DeBDE determination used a short column (BPI 12 m x 0.22 mm ID x 0.1 (m film thickness) to reduce compound degradation and other PBDE oligomers were separated by GC/MS using a longer column (BP5 25 m x 0.22 mm ID x 0.25 (m film thickness) and detected using bromine ions 79 and 81 (Table 2).

3. Results 

3.1 Partitioning of NPEOs and PBDEs to mixed liquor suspended solids at different sludge ages

With an increase in sludge age there is a concomitant increase in MLSS concentration and also a change in floc structure and in the nature of bacterial surfaces as different bacteria become dominant species. A range of MLSS (2.6-21.7 g l-1) concentrations were used to determine the relationship between partitioning and MLSS concentration for PBDEs. To achieve higher solids content, MLSS samples were centrifuged at 400 g for 10 minutes and the settled sludge used to achieve the required solids content, and for low solids MLSS samples were diluted with Husmann apparatus effluent. After shaking for 18 hours duplicate samples were taken. As the MLSS concentration increased the removal from the aqueous phase also increased with correlation in the range r2 = 0.97-0.99, with the exception of DeBDE with r2 = 0.92 (Fig. 2). The sorption to MLSS approximately doubled with doubling MLSS concentration with the exception of DeBDE where sorption increased exponentially (R2 = 0.98). However, the mass of PBDE compounds sorbed per unit mass of MLSS decreased with increasing MLSS concentrations as the available PBDE was reduced.

As the NPEO chain length increases and the oligomers become more hydrophilic, their adsorption was observed to decrease, and as the number of bromine atoms decreases in PBDEs they also become more hydrophilic and the partitioning decreased (Fig. 3). The compounds that accumulated onto the solid phase most rapidly were those least soluble in water and the most hydrophobic, such as NP and DeBDE.

3.2 The impact of hydraulic retention time on the rate of partitioning of APEOs and PBDEs to mixed liquor suspended solids 

Samples were refrigerated at 4 oC for 30 minutes to inhibit biological activity and duplicate samples taken at intervals of approximately 1 hour for 6 hours. Chilling the samples at 4 oC inhibits almost completely biological activity ensuring biodegradation did not impact, so partitioning alone could be assessed.

Hydraulic retention time (HRT) is the amount of time the sewage spends in the aeration chamber during activated sludge treatment and is an important factor when considering whether bacteria will have a long enough exposure time to degrade or adsorb a compound. Log Kow correlated with the rates of partitioning for NPEOs and for PBDEs when compound concentrations were normalised for initial concentrations (Fig. 4). The rate of partitioning was also related to the concentration of compound available (Table 3). With higher initial concentrations the rate of partitioning increased.

As the system reached equilibrium the rate of partitioning decreased, for example, from 3.88 μg g-1 hr-1 to 0.08 μg g-1 hr-1 for BDE-154 and from 9.9 μg g-1 hr-1 to 0.57 μg g-1 hr-1 for DeBDE. The percentage reduction in partitioning rate decreased with increasing bromination from 98% for BDE-154 to 94% for DeBDE for example. Alkylphenolic compounds demonstrated the same pattern with an inverse relationship between the number of ethoxylate groups and the rate of partitioning. 

3.3 The relationship between organic matter content and partitioning

Kom is the amount sorbed per unit weight of organic matter in the solid phase and as the organic carbon content has an impact on the sorption potential of floc, it should be considered in calculating the partition coefficient using 

Kom = 100K / % MLVSS

Where K is calculated from

K = CML/ CAQ

Where CML is the compound concentration in the total MLSS and SAQ is that of the aqueous phase 

The relationship between experimentally derived log Kom and calculated log Kow values is shown in figure 5 demonstrating the correlation (r2 = 0.92) between increasing log Kom with increasing log Kow for NPEO and PBDE compounds. This shows that the use of log Kom values would be more appropriate than Kow in models to evaluate removal of these compounds from wastewaters.

3.4 Freundlich isotherms for PBDE congeners

The partitioning behaviour of organic compounds can be described by the Freundlich isotherm which was calculated by plotting the log equilibrium concentration in the solid phase (log ML) against the log equilibrium concentration in the aqueous phase (log AQ) 

log ML = log K + 1/n log AQ

where adsorption capacity is represented by k and adsorption constant by 1/n.

Using Freundlich isotherms the sorption constant was greater than 1 for each PBDE compound (Table 4). The low environmental concentrations used resulted in a linear isotherm as only a limited amount of the sorption capacity was utilsed.

Adsorption capacity generally increased and adsorption constant generally decreased with increasing log Kow. BDE-153 was the exception, however it is present in the DE-79 mixture at higher concentration and competitive binding cannot be ruled out. Pure standards would be required to accurately quantify Fruendlich coefficients individually and after this preliminary study purchasing the more costly pure compounds would be warranted.

4. Discussion

Compounds with a log Kow of less than 2.5 (Rogers, 1996), such as long chain NPEOs, exhibit minimal sorption potential and the major removal mechanism is likely to be degradation if compounds are susceptible. For compounds with log Kow values greater than 4, such as PBDEs, NP and short chain NPEOs, which are less susceptible to biodegradation, removal via association with solids will be the major removal mechanism due to their high sorption potential and the higher rate of sorption as demonstrated in this study. 

At low (c, the high mass flows of wasted sludge and the wash-out of slow growing specialised degrading bacteria results in the major removal pathway being association with the solid phase, possibly as a result of high wastage resulting in high growth rates and rapid replenishment with new cells and relative abundance of unsaturated binding sites. Increasing the (c increases the MLSS concentration and reduces the amount of sludge wastage therefore results in a decrease in compound concentrations in the final effluent due to increased sorption and/or biodegradation by slower growing bacteria. Bacterial cells in the stationary phase of growth are more hydrophobic than those growing exponentially and sludge surfaces become more hydrophobic and less negatively charged with a higher sludge age (Liao et al., 2001) resulting in partitioning increasing with increasing (c due to changing properties and increased solids. Therefore, (c becomes an influential treatment process variable for more hydrophobic compounds such as PBDEs, short chain NPEOs and NP, whose predominant removal mechanism is through association with biological flocs. This is highlighted for PBDEs in this work as partitioning increases relative to increasing MLSS concentration and organic carbon content.

As the rate of removal generally correlates with the solids removal for hydrophobic, lipophilic compounds, if the concentration of effluent suspended solids is high it is probable that concentrations of EDC’s in effluent will be elevated, as compounds with high log Kow values will be associated with the non-settleable solids. A low (c leads to elevated effluent suspended solids and during the winter months when the temperature is lower the effluent suspended solids may be adversely affected with a concomitant impact on EDC removal (Langford and Lester, 2002).

The rate of sorption decreased with time for both groups of compounds which may be as a result of progressive saturation of sorbent binding sites and a reduction in available sorbate for binding as well as due to reaching equilibrium (Gao et al., 1998). This study indicates that a reduction in the rate of partitioning would make it difficult to ensure all traces of the compounds are removed from effluent with a typical HRT of 6-10 hours and result in some of the compounds entering the aquatic environment through effluent discharge. 

In other work (John et al., 2000), adsorption partition coefficients correlated with organic carbon content. In addition to this, the current work highlights the relationship between log Kow with log Kom, and log Kow with the rate of partitioning demonstrating the importance of a compounds hydrophobic nature in determining its fate in wastewater treatment processes. Generally, the more hydrophobic and stable a compound the greater the amount accumulating in sludge (Meakins et al., 1994), which appears to be an inevitable removal pathway for compounds such as NP and PBDEs.

Competitive binding during wastewater treatment is a possibility due to the variety of organic compounds generally found in sludge. Other work also supports the possibility of competition effects looking at pesticides and estrogens in sediment (Gao et al., 1998; Lai et al., 2000; Scrimshaw and Lester, 1997). The effects of competitive binding increase with compound hydrophobicity (Lai et al., 2000) and could be useful in explaining the results for BDE-183 which is present in high concentrations in DE-79 but has shown results that do not correlate with other compounds in this study. 

Due to the non-polar, hydrophobic nature of PBDEs, NP and short chain NPEOs it would seem that the majority of these compounds will be removed from the aqueous phase by sorption to solids suggesting that sedimentation will result in their accumulation in sludge and have implications for sludge disposal routes.

Conclusions
An increase in MLSS, as a result of operating at higher sludge ages results in an increased removal of the more hydrophobic PBDE congeners, NP and lower ethoxylates from the aqueous phase. Partitioning rates were demonstrated to be rapid, with 70% of NP binding within 10 minutes, although typical HRT for activated sludge processes would not allow for equilibrium conditions to occur. It was also found that the extent and rate of partitioning was proportional to Log Kow, with rapid initial uptake, which subsequently. It was also apparent that log Kow correlated with log Kom within compound groups. 
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FIGURES

Fig. 1. Extraction methods for NP, NPEOs (A) and PBDEs (B)

Fig. 2. Partitioning of PBDEs with increasing MLSS concentration after 10 minutes equilibration time

Fig. 3. Partitioning of Igepal CO520 (A) and PBDEs (B) from aqueous phase to solid phase in MLSS (6.5 g l-1) after 10 minutes equilibration (white) and 7 hours equilibration (black).

Fig. 4. Correlation of rate of partitioning with Log Kow for A. PBDEs, and B. NPEOs. Normalised for compound mixture compositions.

Fig. 5. Laboratory derived partitioning to organic matter (log Kom) and calculated log Kow values  (calculated from USEPA EPI Suite program (USEPA, 2001) for PBDEs and calculated from literature for NPEOs (Ahel and Giger, 1993)).
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Fig. 1. Extraction methods for NP, NPEOs (A) and PBDEs (B)
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Fig. 2. Partitioning of PBDEs with increasing MLSS concentration after 10 minutes equilibration time
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Fig. 3. Partitioning of Igepal CO520 (A) and PBDEs (B) from aqueous phase to solid phase in MLSS (6.5 g l-1) after 10 minutes equilibration (white) and 7 hours equilibration (black).
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Fig. 4. Correlation of rate of partitioning with Log Kow for A. PBDEs, and B. NPEOs. Normalised for compound mixture compositions.
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Fig. 5. Laboratory derived partitioning to organic matter (log Kom) and calculated log Kow values  (calculated from USEPA EPI Suite program (USEPA, 2001) for PBDEs and calculated from literature for NPEOs (Ahel and Giger, 1993)).
Table 1. Physico-chemcial properties of alkylphenolic compounds and polybrominated diphenyl ethers a(Langford and Lester, 2002), b(Tittlemier et al., 2002)
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Table 2. Analysis of NP, NPEOs and PBDEs
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Table 3. Partitioning rates of NPEOs and PBDEs in relation to spiking concentrations
	
	Initial concentration

 ((g l-1)
	Initial partitioning rate (at 10 mins) ((g g-1 hr-1)
	Final partitioning rate (at 5 hours)  ((g g-1 hr-1)

	PBDE
	
	
	

	BDE-183
	189
	136
	3.7

	BDE-153
	47.4
	37
	0.96

	DeBDE
	30
	9.9
	0.57

	OcBDE
	8
	7.84
	0.4

	BDE-154
	6
	3.88
	0.08

	Surfactants
	
	
	

	NP
	300
	1.84
	0.004

	NP3EO
	60
	0.36
	0.008

	NP5EO
	54
	0.026
	0.001

	NP6EO
	51
	0.008
	0.0002

	NP8EO
	18
	0.0046
	0.00017

	NP9EO
	12
	0.0023
	0.00013

	NP10EO
	6
	0.0011
	0.000058

	NP2EO
	4.2
	0.4
	0.006


Table 4. Adsorption capacities and adsorption efficiencies derived from Freundlich isotherms for PBDEs compared to Log Kow values

	PBDE Congener
	Log Kow
	sorption coefficient (log k)
	sorption constant (1/n)

	Deca
	12.8
	12.94
	2.5

	Octa 1
	10.3
	10.34
	2.4

	Octa 2
	10.3
	9.42
	3

	Octa 3
	10.3
	9.33
	3

	BDE-153
	9.4
	5.4
	4.2

	BDE-183
	8.5
	2.02
	5.5

	BDE-154
	8
	10.38
	2.17
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		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA10a		NP		1.895		1.895				AQA10a		NP		0		0

		0.0673		NP2EO		0.04034		0.04034				1		NP2EO		0		0

		1		NP3EO		0.3951		0.3951						NP3EO		0.3463		0.3463

				NP4EO		0.4118		0.4118						NP4EO		0.04763		0.04763

				NP5EO		0.03317		0.03317						NP5EO		0.03606		0.03606

				NP6EO		0.006859		0.006859						NP6EO		0.05193		0.05193

				NP7EO		0.01586		0.01586						NP7EO		0.03559		0.03559

				NP8EO		0.002782		0.002782						NP8EO		0.03257		0.03257

				NP9EO		0.001863		0.001863						NP9EO		0.02504		0.02504

				NP10EO		0.001364		0.001364						NP10EO		0.01566		0.01566

				NP11EO		0.001125		0.001125						NP11EO		0.009413		0.009413

				NP12EO		0.0005974		0.0005974						NP12EO		0.006167		0.006167

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA10b		NP		2.492		2.492				AQA10a		NP		0.2293		0.2293

		0.0673		NP2EO		0.05881		0.05881				1		NP2EO		0		0

		1		NP3EO		0.4759		0.4759						NP3EO		0.04447		0.04447

				NP4EO		0.5049		0.5049						NP4EO		0.05483		0.05483

				NP5EO		0.029		0.029						NP5EO		0.04036		0.04036

				NP6EO		0.01217		0.01217						NP6EO		0.05523		0.05523

				NP7EO		0.009355		0.009355						NP7EO		0.03388		0.03388

				NP8EO		0.008192		0.008192						NP8EO		0.03449		0.03449

				NP9EO		0.003731		0.003731						NP9EO		0.02434		0.02434

				NP10EO		0.001336		0.001336						NP10EO		0.013		0.013

				NP11EO		0.0008044		0.0008044						NP11EO		0.006917		0.006917

				NP12EO		0.001334		0.001334						NP12EO		0.004119		0.004119

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA70a		NP		1.166		1.166				AQA70a		NP		0.2212		0.2212

		0.0675		NP2EO		0.02297		0.02297				1		NP2EO		0.00176		0.00176

		1		NP3EO		0.2188		0.2188						NP3EO		0.03473		0.03473

				NP4EO		0.2369		0.2369						NP4EO		0.03424		0.03424

				NP5EO		0.01485		0.01485						NP5EO		0.02699		0.02699

				NP6EO		0.007315		0.007315						NP6EO		0.03257		0.03257

				NP7EO		0.02444		0.02444						NP7EO		0.0217		0.0217

				NP8EO		0.002489		0.002489						NP8EO		0.02735		0.02735

				NP9EO		0.00241		0.00241						NP9EO		0.02107		0.02107

				NP10EO		0.000699		0.000699						NP10EO		0.01326		0.01326

				NP11EO		0.001145		0.001145						NP11EO		0.007329		0.007329

				NP12EO		0.0007846		0.0007846						NP12EO		0.0044		0.0044

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA70b		NP		0.922		0.922				AQA70b		NP		0.2326		0.2326

		0.0675		NP2EO		0.006816		0.006816				1		NP2EO		0.007009		0.007009

		1		NP3EO		0.3192		0.3192						NP3EO		0.07062		0.07062

				NP4EO		0.4907		0.4907						NP4EO		0.08142		0.08142

				NP5EO		0.04718		0.04718						NP5EO		0.06723		0.06723

				NP6EO		0.01185		0.01185						NP6EO		0.07571		0.07571

				NP7EO		0.003224		0.003224						NP7EO		0.0511		0.0511

				NP8EO		0.006023		0.006023						NP8EO		0.04088		0.04088

				NP9EO		0.002042		0.002042						NP9EO		0.03439		0.03439

				NP10EO		0		0						NP10EO		0.01907		0.01907

				NP11EO		0.0005906		0.0005906						NP11EO		0.01075		0.01075

				NP12EO		0.001821		0.001821						NP12EO		0.005439		0.005439

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA130a		NP		0.9936		0.9936				AQA130a		NP		0.2256		0.2256

		0.0718		NP2EO		0.03825		0.03825				1		NP2EO		0.002953		0.002953

		1		NP3EO		0.2871		0.2871						NP3EO		0.03135		0.03135

				NP4EO		0.28		0.28						NP4EO		0.03008		0.03008

				NP5EO		0.01582		0.01582						NP5EO		0.02545		0.02545

				NP6EO		0.002964		0.002964						NP6EO		0.02619		0.02619

				NP7EO		0.01712		0.01712						NP7EO		0.01719		0.01719

				NP8EO		0.004256		0.004256						NP8EO		0.02205		0.02205

				NP9EO		0.001517		0.001517						NP9EO		0.01934		0.01934

				NP10EO		0.0009733		0.0009733						NP10EO		0.01184		0.01184

				NP11EO		0.0002514		0.0002514						NP11EO		0.006064		0.006064

				NP12EO		0.0006693		0.0006693						NP12EO		0.004601		0.004601

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA130b		NP		2.086		2.086				AQA130b		NP		0.2156		0.2156

		0.0718		NP2EO		0.0248		0.0248				1		NP2EO		0.001977		0.001977

		1		NP3EO		0.2106		0.2106						NP3EO		0.03059		0.03059

				NP4EO		0.2233		0.2233						NP4EO		0.02839		0.02839

				NP5EO		0.01109		0.01109						NP5EO		0.02389		0.02389

				NP6EO		0.003455		0.003455						NP6EO		0.03066		0.03066

				NP7EO		0.01899		0.01899						NP7EO		0.02322		0.02322

				NP8EO		0.004558		0.004558						NP8EO		0.02313		0.02313

				NP9EO		0.002045		0.002045						NP9EO		0.01694		0.01694

				NP10EO		0.001129		0.001129						NP10EO		0.01279		0.01279

				NP11EO		0		0						NP11EO		0.007455		0.007455

				NP12EO		0.000961		0.000961						NP12EO		0.005784		0.005784

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA170a		NP		1.56		1.56				AQA170a		NP		0.2763		0.2763

		0.0748		NP2EO		0.03612		0.03612				1		NP2EO		0.001281		0.001281

		1		NP3EO		0.301		0.301						NP3EO		0.02695		0.02695

				NP4EO		0.259		0.259						NP4EO		0.02657		0.02657

				NP5EO		0.05392		0.05392						NP5EO		0.02286		0.02286

				NP6EO		0.009603		0.009603						NP6EO		0.02352		0.02352

				NP7EO		0.02226		0.02226						NP7EO		0.01263		0.01263

				NP8EO		0.006689		0.006689						NP8EO		0.0188		0.0188

				NP9EO		0.003087		0.003087						NP9EO		0.01368		0.01368

				NP10EO		0.001916		0.001916						NP10EO		0.009068		0.009068

				NP11EO		0.002186		0.002186						NP11EO		0.006122		0.006122

				NP12EO		0.002681		0.002681						NP12EO		0.005348		0.005348

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA170b		NP		1.716		1.716				AQA170b		NP		0.2253		0.2253

		0.0748		NP2EO		0.02212		0.02212				1		NP2EO		0.00211		0.00211

		1		NP3EO		0.1715		0.1715						NP3EO		0.05383		0.05383

				NP4EO		0.1576		0.1576						NP4EO		0.05214		0.05214

				NP5EO		0.007525		0.007525						NP5EO		0.04563		0.04563

				NP6EO		0.007094		0.007094						NP6EO		0.04354		0.04354

				NP7EO		0		0						NP7EO		0.02806		0.02806

				NP8EO		0.001731		0.001731						NP8EO		0.02347		0.02347

				NP9EO		0.001803		0.001803						NP9EO		0.02093		0.02093

				NP10EO		0		0						NP10EO		0.01416		0.01416

				NP11EO		0.0007206		0.0007206						NP11EO		0.007773		0.007773

				NP12EO		0.001102		0.001102						NP12EO		0.0049		0.0049

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA250a		NP		1.516		1.516				AQA250a		NP		0.7746		0.7746

		0.076		NP2EO		0.03816		0.03816				1		NP2EO		0.0005771		0.0005771

		1		NP3EO		0.3032		0.3032						NP3EO		0.02391		0.02391

				NP4EO		0.2493		0.2493						NP4EO		0.0204		0.0204

				NP5EO		0.02202		0.02202						NP5EO		0.01799		0.01799

				NP6EO		0.004692		0.004692						NP6EO		0.01525		0.01525

				NP7EO		0.01874		0.01874						NP7EO		0.01014		0.01014

				NP8EO		0.01047		0.01047						NP8EO		0.01382		0.01382

				NP9EO		0.003203		0.003203						NP9EO		0.01037		0.01037

				NP10EO		0.001392		0.001392						NP10EO		0.008213		0.008213

				NP11EO		0.0005134		0.0005134						NP11EO		0.006546		0.006546

				NP12EO		0.0004717		0.0004717						NP12EO		0.005723		0.005723

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA250b		NP		0.8181		0.8181				AQA250b		NP		0.3998		0.3998

		0.076		NP2EO		0.04417		0.04417				1		NP2EO		0.003211		0.003211

		1		NP3EO		0.1552		0.1552						NP3EO		0.02851		0.02851

				NP4EO		0.1221		0.1221						NP4EO		0.02463		0.02463

				NP5EO		0.008574		0.008574						NP5EO		0.01853		0.01853

				NP6EO		0.005028		0.005028						NP6EO		0.02005		0.02005

				NP7EO		0.003524		0.003524						NP7EO		0.01185		0.01185

				NP8EO		0.004218		0.004218						NP8EO		0.0101		0.0101

				NP9EO		0.002119		0.002119						NP9EO		0.008919		0.008919

				NP10EO		0.002422		0.002422						NP10EO		0.006932		0.006932

				NP11EO		0.00158		0.00158						NP11EO		0.004499		0.004499

				NP12EO		0.0001465		0.0001465						NP12EO		0.002812		0.002812

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA350a		NP		1.721		1.721				AQA350a		NP		0.2008		0.2008

				NP2EO		0.0281		0.0281				1		NP2EO		0.001256		0.001256

		1		NP3EO		0.4059		0.4059						NP3EO		0.02505		0.02505

				NP4EO		0.3825		0.3825						NP4EO		0.01995		0.01995

				NP5EO		0.06157		0.06157						NP5EO		0.01688		0.01688

				NP6EO		0.01273		0.01273						NP6EO		0.01399		0.01399

				NP7EO		0.003493		0.003493						NP7EO		0.01104		0.01104

				NP8EO		0.005784		0.005784						NP8EO		0.01439		0.01439

				NP9EO		0.008969		0.008969						NP9EO		0.01138		0.01138

				NP10EO		0.00337		0.00337						NP10EO		0.007424		0.007424

				NP11EO		0.001931		0.001931						NP11EO		0.004952		0.004952

				NP12EO		0.001548		0.001548						NP12EO		0.003857		0.003857

		Sample		Peak		Conc in vial		Concentration ug/L				Sample		Peak		Conc in vial		Concentration ug/L

		MLA350b		NP		1.629		1.629				AQA350b		NP		0.3777		0.3777

				NP2EO		0.02288		0.02288				1		NP2EO		0.003094		0.003094

		1		NP3EO		0.2505		0.2505						NP3EO		0.02435		0.02435

				NP4EO		0.1763		0.1763						NP4EO		0.0172		0.0172

				NP5EO		0.02613		0.02613						NP5EO		0.01342		0.01342

				NP6EO		0.006555		0.006555						NP6EO		0.0139		0.0139

				NP7EO		0.01984		0.01984						NP7EO		0.00562		0.00562

				NP8EO		0.008567		0.008567						NP8EO		0.004676		0.004676

				NP9EO		0.002075		0.002075						NP9EO		0.006429		0.006429

				NP10EO		0.001063		0.001063						NP10EO		0.004522		0.004522

				NP11EO		0.001848		0.001848						NP11EO		0.00295		0.00295

				NP12EO		0.001549		0.001549						NP12EO		0.001836		0.001836





stats

		ML		averages																										ML		%

				NP		NP2EO		NP3EO		NP4EO		NP5EO		NP6EO		NP7EO		NP8EO		NP9EO		NP10EO		NP11EO		NP12EO						NP		NP2EO		NP3EO		NP4EO		NP5EO		NP6EO		NP7EO		NP8EO		NP9EO		NP10EO		NP11EO		NP12EO

		0		0		0		0		0		0		0		0		0		0		0		0		0				0		0		0		0		0		0		0		0		0		0		0		0		0

		10		2.1935		0.049575		0.4355		0.45835		0.031085		0.0095145		0.0126075		0.005487		0.002797		0.00135		0.0009647		0.0009657				10		73.1166666667		118.0357142857		72.5833333333		69.446969697		5.7564814815		1.8655882353		4.9441176471		3.0483333333		2.3308333333		2.3684210526		3.572962963		8.0475

		70		1.044		0.014893		0.269		0.3638		0.031015		0.0095825		0.013832		0.004256		0.002226		0.000699		0.0008678		0.0013028				70		34.8		35.4595238095		44.8333333333		55.1212121212		5.7435185185		1.8789215686		5.4243137255		2.3644444444		1.855		1.2263157895		3.2140740741		10.8566666667

		130		1.5398		0.031525		0.24885		0.25165		0.013455		0.0032095		0.018055		0.004407		0.001781		0.00105115		0.0002514		0.00081515				130		51.3266666667		75.0595238095		41.475		38.1287878788		2.4916666667		0.6293137255		7.0803921569		2.4483333333		1.4841666667		1.844122807		0.9311111111		6.7929166667

		170		1.638		0.02912		0.23625		0.2083		0.0307225		0.0083485		0.02226		0.00421		0.002445		0.001916		0.0014533		0.0018915				170		54.6		69.3333333333		39.375		31.5606060606		5.6893518519		1.6369607843		8.7294117647		2.3388888889		2.0375		3.3614035088		5.3825925926		15.7625

		250		1.16705		0.041165		0.2292		0.1857		0.015297		0.00486		0.011132		0.007344		0.0017555		0.0014677		0.00102585		0.0001465				250		38.9016666667		98.0119047619		38.2		28.1363636364		2.8327777778		0.9529411765		4.3654901961		4.08		1.4629166667		2.5749122807		3.7994444444		1.2208333333

		350		1.675		0.02549		0.3282		0.2794		0.04385		0.0096425		0.0116665		0.0071755		0.005522		0.0022165		0.0018895		0.0015485				350		55.8333333333		60.6904761905		54.7		42.3333333333		8.1203703704		1.8906862745		4.5750980392		3.9863888889		4.6016666667		3.8885964912		6.9981481481		12.9041666667

		aq		averages																										AQ		%

				NP		NP2EO		NP3EO		NP4EO		NP5EO		NP6EO		NP7EO		NP8EO		NP9EO		NP10EO		NP11EO		NP12EO						NP		NP2EO		NP3EO		NP4EO		NP5EO		NP6EO		NP7EO		NP8EO		NP9EO		NP10EO		NP11EO		NP12EO

		0		3		0.042		0.6		0.66		0.54		0.51		0.255		0.18		0.12		0.057		0.027		0.012				0		100		100		100		100		100		100		100		100		100		100		100		100

		10		0.2293		0.006		0.195385		0.05123		0.03821		0.05358		0.034735		0.03353		0.02469		0.01433		0.008165		0.005143				10		7.6433333333		14.2857142857		32.5641666667		7.7621212121		7.0759259259		10.5058823529		13.6215686275		18.6277777778		20.575		25.1403508772		30.2407407407		42.8583333333

		70		0.2269		0.0043845		0.052675		0.05783		0.04711		0.05414		0.0364		0.034115		0.02773		0.016165		0.0090395		0.0049195				70		7.5633333333		10.4392857143		8.7791666667		8.7621212121		8.7240740741		10.6156862745		14.2745098039		18.9527777778		23.1083333333		28.3596491228		33.4796296296		40.9958333333

		130		0.2206		0.002465		0.03097		0.029235		0.02467		0.028425		0.020205		0.02259		0.01814		0.012315		0.0067595		0.0051925				130		7.3533333333		5.869047619		5.1616666667		4.4295454545		4.5685185185		5.5735294118		7.9235294118		12.55		15.1166666667		21.6052631579		25.0351851852		43.2708333333

		270		0.2508		0.0016955		0.04039		0.039355		0.034245		0.03353		0.020345		0.021135		0.017305		0.011614		0.0069475		0.005124				170		8.36		4.0369047619		6.7316666667		5.9628787879		6.3416666667		6.5745098039		7.9784313725		11.7416666667		14.4208333333		20.3754385965		25.7314814815		42.7

		250		0.5872		0.00189405		0.02621		0.022515		0.01826		0.01765		0.010995		0.01196		0.0096445		0.0075725		0.0055225		0.0042675				250		19.5733333333		4.5096428571		4.3683333333		3.4113636364		3.3814814815		3.4607843137		4.3117647059		6.6444444444		8.0370833333		13.2850877193		20.4537037037		35.5625

		350		0.28925		0.002175		0.0247		0.018575		0.01515		0.013945		0.00833		0.009533		0.0089045		0.007424		0.003951		0.0028465				350		9.6416666667		5.1785714286		4.1166666667		2.8143939394		2.8055555556		2.7343137255		3.2666666667		5.2961111111		7.4204166667		13.0245614035		14.6333333333		23.7208333333

		partition coeffs																								NP		NP2EO		NP3EO		NP4EO		NP5EO								NP9EO				NP11EO				Total

		Kom		Kp t=10				log Kp																																										0

		11.7		9.95		NP		0.997																0.166		2.036		0.055575		0.345		0.402		0.069295								0.027487				0.0091297				2.9444867

		9.6		8.16		NP2EO		0.911																1.166		1.95		0.0192775		0.321675		0.42163		0.078125								0.029956				0.0099073				2.8305708

		2.62		2.23		NP3EO		0.345																2.16		1.7604		0.03399		0.27982		0.280885		0.038125								0.019921				0.0070109				2.4201519

		0.95		0.81		NP5EO		-0.09																2.8		1.8888		0.0308155		0.27664		0.247655		0.0649675								0.01975				0.0084008				2.5370288

		0.188		0.16		NP6EO		-0.79																4.16		1.75425		0.04305905		0.25541		0.208215		0.033557								0.0114				0.00654835				2.3124394

		0.176		0.15		NP8EO		-0.82																5.8		1.96425		0.027665		0.3529		0.297975		0.059								0.0144265				0.0058405				2.722057

		0.129		0.11		NP9EO		-0.94

		0.113		0.096		NP10EO		-1.01

								Log Kow		Log Kom

		NP10EO		0.7		-0.95		8		-0.93

		NP9EO		1.04		-0.88		8.55		-0.79

		NP8EO		1.38		-0.75		9.44		-0.83

		NP6EO		2.06		-0.725		10.33		-0.459

		NP5EO		2.4		-0.022		10.33		-0.629

		NP3EO		3.08		0.418		12.8		0.1

		NP2EO		3.42		0.98

		NP		4.1		1.068
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																																						MLSS		2.6		5		7.9		9.9		21.77

		Total		MLSS		2.6		5		7.9		9.9		21.77																								BDE-154		0.4058461538		0.26664		0.2452405063		0.2853131313		0.243301179

		10		BDE-154		1.0552		1.3332		1.9374		2.8246		5.2966666667																								BDE-153		3.4684615385		2.10476		1.9897721519		1.9092525253		1.5551982851

		79		BDE-153		9.018		10.5238		15.7192		18.9016		33.8566666667																								BDE-183		12.8569230769		7.34136		5.546835443		6.7916565657		5.6400244985

		316		BDE-183		33.428		36.7068		43.82		67.2374		122.7833333333																								Octa 1		0.5615384615		0.31452		0.2675443038		0.3066262626		0.2739243607

		63		Octa 1		1.46		1.5726		2.1136		3.0356		5.9633333333																								Octa 2		0.9038461538		0.49204		0.530556962		0.6973131313		0.6318327974

		13.35		Octa 2		2.35		2.4602		4.1914		6.9034		13.755																								Octa 3		0.8915384615		0.54872		0.4733670886		0.6491919192		0.626198132

		17.5		Octa 3		2.318		2.7436		3.7396		6.427		13.6323333333																								Deca		1.4584615385		0.9072		0.7706329114		1.3749494949		3.8700045935

		100		Deca		3.792		4.536		6.088		13.612		84.25

																																						MLSS		2.46		3.53		6.67		8.75		18.33

				AQ		2.6		5		7.9		9.9		21.77																								BDE-154		1.0552		1.3332		1.9374		2.8246		5.2966666667

				BDE-154		8.9448		8.6668		8.0626		7.1754		4.7033333333																								BDE-153		9.018		10.5238		15.7192		18.9016		33.8566666667

				BDE-153		69.982		68.4762		63.2808		60.0984		45.1433333333																								BDE-183		33.428		36.7068		43.82		67.2374		122.7833333333

				BDE-183		282.572		279.2932		272.18		248.7626		193.2166666667																								Octa 1		1.46		1.5726		2.1136		3.0356		5.9633333333

				Octa 1		61.54		61.4274		60.8864		59.9644		57.0366666667																								Octa 2		2.35		2.4602		4.1914		6.9034		13.755

				Octa 2		11		10.8898		9.1586		6.4466		-0.405																								Octa 3		2.318		2.7436		3.7396		6.427		13.6323333333

				Octa 3		15.182		14.7564		13.7604		11.073		3.8676666667																								Deca		3.792		4.536		6.088		13.612		84.25

				Deca		96.208		95.464		93.912		86.388		15.75

																																						MLSS		2.6		5		7.9		9.9		21.77

		Log concs		MLSS		2.6		5		7.9		9.9		21.77																								BDE-154		0.4289430894		0.3776770538		0.2904647676		0.3228114286		0.2889616294

				BDE-154		0.0233347825		0.124895305		0.2872192954		0.4509569548		0.7240026425																								BDE-153		3.6658536585		2.9812464589		2.3567016492		2.1601828571		1.8470631024

				BDE-153		0.955110231		1.0221725859		1.1964304396		1.2764985683		1.5296441977																								BDE-183		13.5886178862		10.3985269122		6.5697151424		7.6842742857		6.6984906347

				BDE-183		1.5241103935		1.5647465255		1.6416723732		1.8276109114		2.0891394195																								Octa 1		0.593495935		0.4454957507		0.3168815592		0.3469257143		0.3253318785

				Octa 1		0.1643528558		0.1966182713		0.3250228003		0.4822445442		0.7754890858																								Octa 2		0.9552845528		0.6969405099		0.6283958021		0.78896		0.7504091653

				Octa 2		0.3710678623		0.3909704142		0.6223591091		0.8390630382		1.1384605947																								Octa 3		0.9422764228		0.777223796		0.5606596702		0.7345142857		0.7437170395

				Octa 3		0.3651134316		0.4383207942		0.5728251511		0.8080082999		1.1345701968																								Deca		1.5414634146		1.2849858357		0.9127436282		1.5556571429		4.5962902346

				Deca		0.5788683287		0.6566730459		0.7844746438		1.1339219404		1.9255699095

				AQ		2.6		5		7.9		9.9		21.77

				BDE-154		-1.631996242		-0.9034538871		-0.5417863875		-0.3458649109		-0.1402598487

				BDE-153		-0.0199465028		0.0095242292		0.0778874538		0.106020332		0.1845904237

				BDE-183		0.1830164247		0.1944439959		0.2152864898		0.2618837423		0.3199674237

				Octa 1		-0.7842227452		-0.7063761265		-0.4880861723		-0.316732677		-0.11042431

				Octa 2		-0.4305466577		-0.4078561057		-0.2059589496		-0.0762054097		0.0563180031

				Octa 3		-0.4375721901		-0.3582079257		-0.2419779217		-0.0925841781		0.0548313712

				Deca		-0.2374202111		-0.1826508096		-0.1054210894		0.0545831586		0.2845592907

						2.6		5		7.9		9.9		21.77

		BDE-154		ml		0.0233347825		0.124895305		0.2872192954		0.4509569548		0.7240026425

				aq		-1.631996242		-0.9034538871		-0.5417863875		-0.3458649109		-0.1402598487

		BDE-153		ml		0.955110231		1.0221725859		1.1964304396		1.2764985683		1.5296441977

				aq		-0.0199465028		0.0095242292		0.0778874538		0.106020332		0.1845904237

		BDE-183		ml		1.5241103935		1.5647465255		1.6416723732		1.8276109114		2.0891394195

				aq		0.1830164247		0.1944439959		0.2152864898		0.2618837423		0.3199674237

		Octa 1		ml		0.1643528558		0.1966182713		0.3250228003		0.4822445442		0.7754890858

				aq		-0.7842227452		-0.7063761265		-0.4880861723		-0.316732677		-0.11042431

		Octa 2		ml		0.3710678623		0.3909704142		0.6223591091		0.8390630382		1.1384605947

				aq		-0.4305466577		-0.4078561057		-0.2059589496		-0.0762054097		0.0563180031

		Octa 3		ml		0.3651134316		0.4383207942		0.5728251511		0.8080082999		1.1345701968

				aq		-0.4375721901		-0.3582079257		-0.2419779217		-0.0925841781		0.0548313712

		Deca		ml		0.5788683287		0.6566730459		0.7844746438		1.1339219404		1.9255699095

				aq		-0.2374202111		-0.1826508096		-0.1054210894		0.0545831586		0.2845592907

				Log Kow		Capacity		Efficiency		starting

						(k)		(1/n)		conc

		BDE-154		8		4.216		0.4251		10

		BDE-153		8.55		9.903		2.7956		79

		BDE-183		9.44		5.762		4.1241		316

		Octa 1		10.33		6.494		0.8807		63

		Octa 2		10.33		9.9		1.5197		13.35

		Octa 3		12.8		9.94		1.5508		17.5

		Deca		14.1		12.94		2.5812		100

		Log Kow		k/conc		1/n/conc

		8		0.4216		0.04251

		8.55		0.1253544304		0.0353873418

		9.44		0.0182341772		0.0130509494

		10.33		0.1030793651		0.0139793651

		10.33		0.7415730337		0.113835206

		12.8		0.568		0.0886171429

		14.1		0.1294		0.025812
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		Compound

		Aqueous solubility


mg l-1

		Log Kow

		Henry’s Law constant (Hc)      


atm m3 mol-1



		4-Nonylphenola 

		5.4

		4.8

		11.02



		NP1EOa 

		3.02

		4.17

		



		NP2EOa 

		3.28

		4.21

		



		NP3EOa 

		5.88

		4.2

		



		TetraBDE congenersb 

		9 x 10-7

		5.9 – 6.2

		0.5-1.5



		PentaBDE congenersb 

		9.4 x 10-6 - 4 x 10-5

		5.6 – 7.0

		0.069-0.23



		HexaBDE congenersb 

		8.7 x 10-7

		

		0.067-0.24



		OctaBDE conegnersa 

		0.02 - 0.3

		10.3

		



		DecaBDEa 

		<1000

		12.8

		






_1119877740.doc


10 ml sample







Shaker 







2 x 5 ml ethyl acetate







1 x  5 ml DCM







SPE







C18 columns







10 ml ethyl acetate &







 10 ml DCM elution







3 g 5% deactivated 







neutral







 alumina







 cleanup







10 ml hexane & acidified







10 ml hexane elution







Reconstituted with







ACN







LC/MS analysis







Solid







Aqueous







Centrifugation







10 ml sample







Soxhlet







 extraction







4 hours with 100 ml 50/50







hexane/acetone







Liquid/liquid







2 x 10 ml toluene







3 g 5% deactivated 







 







alumina







 cleanup







10 ml hexane elution







Reconstituted with







TMP







Solid







Aqueous







Filtraion







De-BDE







GC-ECD analysis







All other PBDE 







congeners







GC/MS analysis







A







B












_1116667180.doc


Separation



Detection





APE’s


LC/MS

HPLC:

Column:


Injection vol:


Mobile phase:

Perkin Elmer Series 200


Hypersil ODS C18 (100 x 2.1 mm, 5(m)


10 (l


Ultra pure water to ACN gradient                                                              


elution

MS:


Ions:


TurboIonSpray:


Temperature:

Perkin Elmer Sciex API 150 EX with TurboIonSpray interface


NPEO’s = [M+Na]+        NP = [M-H]-


3500V                                -3500V


350 oC                                350 oC







GC:

Column:


Injection temp:


Temp program:


Gas:




Perkin Elmer Autosystem XL


BP1 12 m x 0.22 mm ID x 0.1 (m film   


thickness


50 oC for 5 mins


100 oC min-1 to 290 oC


60 oC for 2 mins


40 oC min-1 to 290 oC for 22 mins


Helium carrier gas (1 ml min-1)




ECD:


Temperature:


Gas:




63Ni electron capture detector


300 oC


Nitrogen (30 ml min-1)



All other PBDE congeners


GC/MS

GC:

Column:


Injection temp:


Temp program:


Gas:

Perkin Elmer Autosystem XL


BP5 25 m x 0.22 mm ID x 0.25 (m film 


thickness


290 oC


60 oC for 2 mins


40 oC min-1 to 165 oC for 10 mins


5 oC min-1 to 200 oC for 5 mins


5 oC min-1 to 310 oC for 12 mins


Helium carrier gas (1 ml min-1)

MS:

Mode:


Ions detected:


Transfer line temp:


Ion source temp:


Gas:

Perkin Elmer Turbomass


Negative electron impact at 30 eV


79 and 81 (bromine ions)


200 oC


250 oC


Methane




