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Mathematical explanation for the non-linear hydrophobicity-dependent bioconcentration processes of persistent organic pollutants in phytoplankton

Chemosphere, 2009, Vol 77, Iss 5, pp 679-686

Phytoplankton play a vital role in determining the fate and transport of persistent organic pollutants (POPS) in aquatic ecosystems. Lipids in phytoplankton cells can accumulate POPS, and equilibrium partitioning of the chemicals between lipids and water can be deduced from the octanol/water partition coefficient (K-ow). However, there is much uncertainty in the response of the bioconcentration factor (BCF) to K-ow. While distinct level-off and bell-shaped responses of BCF to Kow have been confirmed by laboratory experiments, a mathematical basis for the non-linear processes has been lacking. Using two differential equation models (Water-Phytoplankton and Water-Phytoplankton-Dissolved Organic Carbon) we here examine previously reported non-linearity between BCF and K-ow. Our modelling studies suggest that a level-off response of the true BCF (BCF estimated at equilibrium) to Kow could be attributed to the presence of dissolved organic carbon (DOC). The alternative bell-shaped response appears to be a consequence of the apparent BCF (BCF estimated at non-equilibrium) for which the slow uptake rate of chemical compounds of relatively large molecular mass by phytoplankton is responsible.
K Somtrakoon, S Suanjit, P Pokethitiyook, M Kruatrachue, MB Cassidy, JT Trevors, H 

S Upatham

Comparing phenanthrene degradation by alginate-encapsulated and free Pseudomonas sp UG14Lr cells in heavy metal contaminated soils

Journal of Chemical Technology and Biotechnology, 2009, Vol 84, Iss 11, pp 1660-1668

Many polycyclic aromatic hydrocarbon (PAH) contaminated sites also contain high levels of toxic heavy metals. The presence of heavy metals can adversely affect PAH biodegradation. Encapsulation of bacterial cells has been shown to improve survival and activity of cells under various environmental stresses. This study examined if encapsulation of a phenanthrene-mineralizing bacterial strain could improve its survival and phenanthrene degradation in heavy metal contaminated soils. RESULTS: Alginate encapsulation did not improve survival and phenanthrene degradation by Pseudomonas sp. UG14Lr in heavy metal contaminated soil. Phenanthrene degradation by, and survival of, free cells and alginate-encapsulated cells were similar in soil contaminated with 5 mg kg(-1) dry soil of As, Cd, or Pb. The number of UG14Lr cells decreased to undetectable level when the concentration of each heavy metal was increased to 100 mg kg(-1) dry soil. UG14Lr, when inoculated as free cells, survived the best and they were detected over 60 days of incubation in soil. Cells in both wet and dry alginate beads survived less well than free cells at the higher metal concentrations. Correspondingly, phenanthrene degradation in soil inoculated with free UG14Lr was better than that in soil inoculated with alginate-encapsulated cells. CONCLUSION: Alginate encapsulation adversely affected the survival and phenanthrene degradation ability of UG14Lr cells in heavy metal contaminated soil. It is postulated that alginate may have concentrated the metals which in turn increased the toxicity to UG14Lr cells. The results are of interest to those interested in the use of encapsulation technology to formulate microbial cells for bioremediation purposes.
KY Maillacheruvu, IA Pathan

Biodegradation of naphthalene, phenanthrene, and pyrene under anaerobic conditions

Journal of Environmental Science and Health Part A - Toxic/Hazardous Substances & Environmental Engineering, 2009, Vol 44, Iss 13, pp 1315-1326

The biodegradation of naphthalene, phenanthrene, and pyrene were studied in batch reactors using an anaerobic acetate-fed enrichment culture developed from the Greater Peoria Sanitary District Wastewater Treatment Facility. Baseline kinetic experiments showed that maximum specific substrate utilization for the acetate-fed enrichment culture was 2.72 mg acetate/mg cell/day and the endogenous decay coefficient was 0.043 day(-1). Maximum specific substrate utilization rates in mg substrate/mg cell/day for naphthalene, phenanthrene and pyrene were 0.57, 0.009 and 0.007, respectively. The half saturation constant K-S in mg/L were 0.075, 0.01 and less than 0.01, respectively. The endogenous decay coefficient (in units of day(-1)) in the presence of naphthalene, phenanthrene and pyrene were 0.06, 0.07 and 0.04, respectively. Results from this study indicated that naphthalene and phenanthrene were more easily biodegradable than pyrene. These results suggest that technologies using anaerobic biodegradation using a relatively simple enrichment culture from a wastewater treatment plant may be successful in treating PAH contaminated wastes.

K Lika, IA Papadakis

Modeling the biodegradation of phenolic compounds by microalgae

Journal of Sea Research, 2009, Vol 62, Iss 2-3, Sp. Iss. SI, pp 135-146

Phenols represent a group of organic pollutants frequently found in many near-shore marine systems. The microbial degradation of phenols, mainly by bacteria and fungi, has been extensively studied both experimentally and theoretically, but only relatively recently the capabilities of some algae for phenols biodegradation gained interest. The biodegradation of phenols by microalgae occurs only under aerobic conditions. In this paper, a dynamic energy budget model is proposed for describing aerobic biodegradation of phenolic compounds by microalgae and qualitatively validated against experimental data. A microalgal cell has the ability to produce biomass via the autotrophic assimilation (uptake of light and dissolved inorganic carbon), the heterotrophic assimilation (uptake of dissolved organic carbon) and, to a lesser extend, via the biodegradation of phenols. The rules of synthesizing units are used for the uptake and interactions of substrates and for the merging of assimilates. The model is capable of making predictions under oxygen and carbon (inorganic and organic) limiting conditions. Model predictions cover a wide range of experimental evidence, but also give a possible explanation for the inhibition of bioremoval of phenols in the presence of glucose. The dissolved oxygen profiles numerically observed show low oxygen concentration during the intermediate phase of the biodegradation process and a rapid increase after the consumption of the phenolic compound, indicating that lack of oxygen could be a limiting factor for the biodegradation of phenols. The presence of glucose increases the specific growth rate but decreases the specific biodegradation rate of the phenolic compound. Model analysis suggests that this inhibition may be due to the competition for oxygen between glucose and phenol assimilation. In general, the balance between the benefits and costs of the different types of assimilation determines the microalgal growth rates as well as the phenol biodegradation rates. Being based on general assumptions, the model can be applied to the biodegradation of a wide variety of aromatic compounds.
K Katahira, M Ishitake, H Moriwaki, O Yamamoto, T Fujita, H Yamazaki, S Yoshikawa

Statistical Analysis of Metal Concentrations in a Sediment Core to Reveal Influences of Human Activities on Atmospheric Environment for 200 Years

Water Air and Soil Pollution, 2009, Vol 204, Iss 1-4, pp 215-225

Metal concentrations in a sediment core from a moat outside Osaka Castle in Japan were measured by ICP-MS following a microwave extraction method. Concentrations of metals in the sediment core samples peaked around 1945 when the World War II ended. This is in part due to great air raids on Osaka. In cluster analysis using metal concentrations, the fractions of sediment core samples were classified into two groups, representing natural sources (1795-1915) and anthropogenic sources (1922-1976), respectively. Results of lead isotope ratios also showed the anthropogenic influences from 1915 by changing the ratio values compared to those of natural sources. In addition, several components contributing to metal concentrations were identified by principal component analysis. The main component was controlled by natural sources and a decrease of the component score corresponded to an increased influence from anthropogenic sources. The largest impact of anthropogenic sources was shown around 1945.

O Gibert, X MartinezLlado, V Marti, S Diez, J Romo, JM Bayona, J dePablo

Changes of Heavy Metal and PCB Contents in Surficial Sediments of the Barcelona Harbour after the Opening of a New Entrance

Water Air and Soil Pollution, 2009, Vol 204, Iss 1-4, pp 271-284

The Barcelona harbour is one of the biggest and most important in commercial and passenger traffic in the Mediterranean Sea. In 2003, construction works for the enlargement of the port were carried out with the opening of a new entrance for large boats in the northern area. Following the opening of this new mouth, the redistribution of heavy metals (Hg, Cd, Pb, Cu, Zn, Ni and Cr), As and polychlorinated biphenyls (PCBs) was investigated to discuss their origin and to evaluate the environmental implications. A previous study of the sediments provided a first picture of high levels of heavy metals and PCBs in the innermost harbour (Port Vell). Then, the opening of the northern mouth led to a remarkable decline in the contaminant concentrations and to an improvement of the sediment quality. During the period 2002-2005, the percentage of concentration decreases in Port Vell for Hg, Pb and PCB (from 20% to 34%), for Zn and Cd (from 10% to 15%) and for the remaining metals with values lesser than 10%. This general decline was probably due to a more efficient water flushing between the original and the new northern entrance. Concentrations of target contaminants were also compared against sediment quality guidelines to assess the ecotoxicological significance of sedimentary contaminants on the benthic communities.

MM Hoshina, MA MarinMorales

Micronucleus and chromosome aberrations induced in onion (Allium cepa) by a petroleum refinery effluent and by river water that receives this effluent

Ecotoxicology and Environmental Safety, 2009, Vol 72, Iss 8, pp 2090-2095

In this study, micronucleus (MN) and chromosome aberration (CA) tests in Allium cepa (onion) were carried out in order to make a preliminary characterization of the water quality of the Atibaia River in an area that is under the influence of petroleum refinery and also to evaluate the effectiveness of the treatments used by the refinery. For these evaluations, seeds of A. Cepa were germinated in waters collected in five different sites related with the refinery in ultra-pure water (negative control) and in methyl methanesulfonate solution (positive control). According to our results, we can suggest that even after the treatments (physicochemical, biological and stabilization pond) the final refinery effluent could induce chromosome aberrations and micronucleus in meristematic cells of A. Cepa and that the discharge of the petroleum refinery effluents in the Atibaia River can interfere in the quality of this river.
G Tomasi, JH Christensen

A Tucker model based approach for analysis of complex oil biodegradation data

Journal of Chromatography A, 2009, Vol 1216, Iss 45, pp 7865-7872

A novel method based on gas chromatography-mass spectrometry in selected ion monitoring mode (GC-MS/SIM) and Tucker models is developed to evaluate the effects of oil type, microbial treatments and incubation time on the biodegradation of petroleum hydrocarbons. The data set consists of sections of the m/z 180,192 and 198 GC-MS/SIM chromatograms of oil extracts from a biodegradation experiment where four oil types were exposed to four microbial treatments over a period of one year. The chosen sections, which are specific to methylfuorenes. Phenanthrenes and dibenzothiophenes, were combined in a 4-way array (incubation time x oil type x treatment x combined chromatographic retention times) that was analyzed using both principal component analysis and the Tucker model. Several conclusions Could be reached: the light fuel oil was the least degradable of those tested, 2- and 3-methyl isomers were more easily degraded compared to the 4-methyl isomers, the mixture of surfactant producers and PAC degraders provided the most effective degradation and the largest part of the degradation occurred between 54 and 132 days.
A Teran, FJ GonzalezVila, JA GonzalezPerez

Detection of organic contamination in sediments by double-shoot pyrolysis-GC/MS

Environmental Chemistry Letters, 2009, Vol 7, Iss 4, pp 301-308

Pyrolysis coupled with gas chromatography-mass spectrometry (Py-GC-MS) has been previously proved to be an appropriate tool for the screening of organic contaminants in sediments. In this work the double-shoot pyrolysis technique has been applied to assess the contamination degree of sediment samples from Castro Marim Natural Park (South Portugal) and the Ria of Huelva (SW Spain). Compounds released both by thermodesorption at sub-pyrolysis temperatures (250-280A degrees C) and subsequent pyrolysis (300-500A degrees C) revealed information on the origin of the sedimentary organic matter and the occurrence of organic contamination in the sediments. Thermal desorption was found to be effective in releasing organic contaminants from spiked samples. However, in real sediments samples, higher pyrolysis temperatures (> 300A degrees C) were necessary to detect the occurrence of organic contaminants. Particularly polycyclic aromatic hydrocarbons (PAHs) and linear alkylbenzenes (LABs) were detected in variable proportions in most sediment samples.

CD Havey, AJ Dane, C AbbasHawks, KJ Voorhees

Detection of nitro-polycyclic aromatic hydrocarbons in mainstream and sidestream tobacco smoke using electron monochromator-mass spectrometry

Environmental Chemistry Letters, 2009, Vol 7, Iss 4, pp 331-336

For the first time, we show the presence of nitro substituted naphthalenes in both mainstream and sidestream tobacco smoke using electron monochromator-mass spectrometry. Only one mainstream smoke sample showed the presence of 1-nitronaphthalene (1-NN) at 20 pg/cigarette, while all of the sidestream smoke samples showed the presence of 1-NN at levels ranging from 0.40 to 0.60 ng/cigarette and 2-NN at quantities ranging from 1 to 2 ng/cigarette. Additionally, these levels showed a ratio of similar to 1:3 for 1-NN to 2-NN which demonstrates that the formation of 2-NN is favored under sidestream combustion conditions. No larger ring structure (> 2) nitro-aromatics were identified.

MB Yunker, RW Macdonald, LR Snowdon

Glacial to postglacial transformation of organic input pathways in Arctic Ocean basins - art. no. GB4016

Global Biogeochemical Cycles, 2009, Vol 23, pp B4016

The Arctic Ocean is undergoing rapid loss in ice cover with yet unknown consequences for the cycling of organic material. Here we examine persistent terrigenous (land-based) alkane and polycyclic aromatic hydrocarbons with vascular plant, combustion, and petrogenic sources in seven cores collected from all major basins of the Arctic Ocean for insight as to how organic cycling at the Last Glacial Maximum compares to the present day. We find only modest changes between the glacial and postglacial sediments for atmospherically transported hydrocarbon biomarkers, demonstrating that glacial sea ice was not a barrier to atmospheric inputs. In stark contrast, particle-associated biomarkers were captured strongly at basin edges during the glacial period and much more evenly transported across basins during the postglacial period. Evidently the capture of organic matter shifted from the slopes to the shelves as the latter flooded during the Holocene, and the Transpolar Drift and Beaufort Gyre evolved from minor carriers of plant detritus from the glacial ocean margins to major modern transporters of shelf sediment to the basins. This suggests that changes in organic transport currently accompanying the loss of sea ice are likely to be very different from those that occurred at the end of the last glacial period.

X Cahours, M Blanchet, M Rey

Fast and simple method for the determination of urinary 1-hydroxypyrene

Journal of Separation Science, 2009, Vol 32, Iss 20, pp 3403-3410

A fast method for the measurement of metabolites of pyrene in urine was improved by HPLC with fluorescence detector using ''heart-cut'' technique. This method can quantify the total amount of pyrene metabolites corresponding to glucuronic acid and sulfate conjugates as well as free 1-OH-Py. The hydrolyzed biological fluid was directly injected into the chromatographic system, via a column-switching system. Pre-treatment and analysis were performed within 0.5 and 9 min, respectively. Enzymatic hydrolysis has been optimized to not exceed 2 h. The best response function, in the 0.2-10 ng/mL range, is the linear regression, bringing simplicity, good accuracy, and low LOQ The intra- and interday precision values were inferior to 1 and 2%, respectively. The proposed method provided a simple, convenient, and practical procedure to determine the level of the main urinary pyrene metabolites in biological samples.

XB Zhou, A Cebron, T Beguiristain, C Leyval

Water and phosphorus content affect PAH dissipation in spiked soil planted with mycorrhizal alfalfa and tall fescue

Chemosphere, 2009, Vol 77, Iss 6, pp 709-713

PAH dissipation efficiency can be increased in the plant rhizosphere, but may be affected by various environmental factors. We investigated the effects of the watering regime and phosphorus concentration on PAH dissipation in the rhizosphere of mycorrhizal plants in a pot experiment. Two plant species, alfalfa (Medicago sativa) and tall fescue (Festuca arundinacea), were co-cultured and inoculated with an arbuscular mycorrhizal (AM) fungus (Glomus intraradices) in PAH (phenanthrene (PHE) = 500 mg kg(-1), pyrene (PYR) = 500 mg kg(-1), dibenzo(a,h)anthracene (DBA) = 65 mg kg(-1)) spiked agricultural soil for 6 weeks. Treatments with different phosphor-us concentrations and watering regimes were compared. The PHE dissipation reached 90% in all treatments and was not affected by the treatments. The major finding was the significant positive impact of mycorrhizal plants on the dissipation of high molecular weight PAH (DBA) in high-water low-phosphorus treatment. Such an effect was not observed in high-water high-phosphorus and low-water low-phosphorus treatments, where AM colonization was very low. A positive linear relationship was detected between PYR dissipation and the percentage of Gram-positive PAH-ring hydroxylating dioxygenase genes in high-water high-phosphorus treatments, but not in the other two treatments with lower phosphorus concentrations and water contents. Such results indicated that the phosphorus and water regime were important parameters for the dissipation of HMW-PAH.
NLL Steyaert, M Hauck, SWH VanHulle, AJ Hendriks

Modelling bioaccumulation of semi-volatile organic compounds (SOCs) from air in plants based on allometric principles

Chemosphere, 2009, Vol 77, Iss 6, pp 727-732

A model was developed for gaseous plant-air exchange of semi-volatile organic compounds. Based on previous soil-plant modelling, uptake and elimination kinetics were scaled as a function of plant mass and octanol-air partition ratios. Exchange of chemicals was assumed to be limited by resistances encountered during diffusion through a laminar boundary layer of air and permeation through the cuticle of the leaf. The uptake rate constant increased and the elimination rate constant decreased with the octanol-air partition ratio both apparently levelling off at high values. Differences in kinetics between species could be explained by their masses. Validation on independent data showed that bio-concentration factors of PCBs, chlorobenzenes and other chemicals were predicted well by the model. For pesticides, polycyclic aromatic hydrocarbons and dioxins deviations occurred.
CP Wang, HW Sun, JM Li, YM Li, QM Mang

Enzyme activities during degradation of polycyclic aromatic hydrocarbons by white rot fungus Phanerochaete chrysosporium in soils

Chemosphere, 2009, Vol 77, Iss 6, pp 733-738

The degradation of three PAHs, phenanthrene, pyrene and benzo[a]pyrene in soils by Phanerochaete chrysosporium, and the enzyme activities of lignin peroxidase (LiP) and manganese peroxidase (MnP) produced during degradation, were analyzed. The results showed that the 19-d percentage degradation ranged from 72.77 +/- 1.39% to 25.50 +/- 3.41% for the three compounds, and the maximum UP and MnP activities ranged from 0.16 +/- 0.005 to 0.05 +/- 0.002 U g(-1) and from 1.92 +/- 0.03 to 0.54 +/- 0.03 U g(-1), respectively. Degradation percentage and enzyme activities both exhibited inverse relationships with the octanol/water partition coefficient (K-ow) of the compounds, indicating that UP and MnP from P. Chrysosporium may be the primary enzymes responsible for PAH degradation in soil. As the soil organic matter (SOM) content increased from 0.3% for Soil I to 19% for Soil 4. The 19-d degradation percentage of pyrene decreased from 66.20 +/- 2.72% to 32.42 +/- 1.05%, and correspondingly, the maximum of UP and MnP activities increased from 0.05 +/- 0.002 to 1.78 +/- 0.15 U g(-1) and from 0.34 +/- 0.03 to 1.78 +/- 0.15 U g(-1), respectively. Hence, it is plausible to conclude that the P. Chrysosporium appeared to degrade not only the PAHs with small molecular size but also the macromolecular SOM. When SOM differences are large, as in this study, SOM has greater influence on enzyme activity than low-level exotic pollutants.
PCM vanNoort

Compound-class specific estimation of solid organic compound vapour pressure and aqueous solubility from simple molecular structure descriptors and the temperature of melting

Chemosphere, 2009, Vol 77, Iss 6, pp 838-841

For many solid organic compounds, experimental data for their aqueous solubility and vapour pressure are lacking. Therefore, estimation procedures for these compound properties are needed. On theoretical grounds, this study derives a general compound-class specific estimation procedure for solid organic compound aqueous solubility and vapour pressure. The estimation procedure uses a linear combination of simple molecular descriptors for the molecular structure variation within the compound class and a polynomial for the temperature of melting. This procedure is applied to the vapour pressure of polycyclic aromatic hydrocarbons (PAHs), alkylated PAHs, polychlorinated dibenzo-p-dioxins and biphenyls and to the aqueous solubility of PAHs, methylated PAHs, chlorinated benzenes, polychlorinated and polybrominated biphenyls, chlorinated phenols, cresols, and chlorinated 2-methoxyphenols. The standard error of the solid vapour pressure or aqueous solubility estimates from the various compound-class specific regression equations was about 0.2 log units. For PAHs, chlorobenzenes, and PCBs used in the present study, aqueous solubility estimated from the regression equations taking the temperature of melting equal to 298 K, i.e. Assuming that the compounds are in a hypothetical liquid state, was equal, within 0.1-0.3 log units to the subcooled liquid solubility estimated from literature regression equations.
CE MarcatoRomain, M Guiresse, M Cecchi, S Cotelle, E Pinelli

New direct contact approach to evaluate soil genotoxicity using the Vicia faba micronucleus test

Chemosphere, 2009, Vol 77, Iss 3, pp 345-350

A method to assess micronucleus (MN) induction in Vicia faba roots by direct contact exposure to a solid matrix was developed. The procedure comprised a 5-d germination period, as in the well-known method using aqueous extracts. However, the seeds were here sown directly into the test soil whereas a culture period is necessary before exposing seedlings to a liquid medium. One soil under forest and two contaminated soils from areas affected by industrial installations and a coke works were used. Three durations of direct exposure were tested: 2, 5 and 7 d. The optimal duration was evaluated at 2 d to observe maximal MN induction without observing toxicity symptoms. The methodology using aqueous extracts was applied to the same three soils: MN frequency was higher than in the direct contact assay but the ratios of MN frequencies from tested soils in comparison to the negative control were lower. However, for each soil, both the direct contact method and the aqueous extract exposure led to the same risk assessment diagnosis. The evaluation of a concentration range of a polycyclic aromatic hydrocarbons (PAH)-contaminated soil showed a dose-dependent MN frequency when the seeds were allowed to germinate before sowing in the soil: the soil genotoxicity was the highest at intermediate doses. The direct contact method was found to be rapid, sensitive and well suited to the evaluation of soil quality.
LF Bautista, R Sanz, MC Molina, N Gonzalez, D Sanchez

Effect of different non-ionic surfactants on the biodegradation of PAHs by diverse aerobic bacteria

International Biodeterioration & Biodegradation, 2009, Vol 63, Iss 7, Sp. Iss. SI, pp 913-922

The aim of this work was to evaluate the effect of several non-ionic surfactants (Tween-80, Triton X-100 and Tergitol NP-10) on the ability of different bacteria (Enterobacter sp., Pseudomonas sp. And Stenotrophomonas sp.) to degrade polycyclic aromatic hydrocarbons (PAHs). Bacterial cultures were performed at 25 degrees C in an orbital shaker under dark conditions in BHB medium containing 1% of surfactant and 500 mg l(-1) of each PAH. Experiments performed with Tween-80 showed the highest cell density values and maximum specific growth rate because this surfactant was used as a carbon source by all bacteria. High degree of PAHs degradation (>90%) was reached in 15 days in all experiments. Toxicity increased at early times using Tween-80 but decreased to low levels in a short time after the firsts 24 h. On the other hand, Triton X-100 and Tergitol NP-10 were not biodegraded and toxicity kept constant along time. However, PAHs-degradation rate was higher, especially by the action of Enterobacter sp. With Tween-80 or Triton X-100. Control experiments performed without surfactant showed a significant decrease in biomass growth rate with a subsequent loss of biodegradation activity likely due to a reduced solubility and bioavailability of PAHs in absence of surfactant.
JH Reynolds, N Braman

Using tolerance intervals to assess recovery of mussel beds impacted by the Exxon Valdez oil spill

Marine Pollution Bulletin, 2009, Vol 58, Iss 10, pp 1496-1504

PAHs have been measured in mussel tissues in early spring and summer since 1993 throughout Prince William Sound (PWS) and the Gulf of Alaska (GOA). Season-specific thresholds were established at reference sites to identify' above background' total PAH levels. Thresholds were estimated using one-sided 99% tolerance limits. Thresholds were similar across reference sites but differed by an order of magnitude across seasons. Trends in total PAH since 1998 were assessed for sites impacted by the 1989 Exxon Valdez oil spill or the Alyeska Marine Terminal. Summer samples exhibited no trends; early spring samples declined. In early spring, all sites were judged 'recovered' by 2004; in summer, one site in western Prince William Sound and two in the western GOA exceeded thresholds by 11 ng/g dry weight or less. Robust estimation methods prevented bias from observations affected by unknown releases or laboratory errors.
D Marinov, S Dueri, I Puillat, R Carafa, E Jurado, N Berrojalbiz, J Dachs, JM Zaldivar

Integrated modelling of Polycyclic Aromatic Hydrocarbons in the marine environment: Coupling of hydrodynamic, fate and transport, bioaccumulation and planktonic food-web models

Marine Pollution Bulletin, 2009, Vol 58, Iss 10, pp 1554-1561

Spatio-temporal variability of pollutants in the environment is a complex phenomenon that requires a combined approach for its analysis. Whereas data on measured levels of contaminants in various environmental compartments is essential, it is not always possible to monitor at the necessary frequency and with the adequate spatial sampling distribution to capture this variability. Therefore a modelling approach able to complement experimental data and close the gaps in the monitoring programs is useful for assessing the contaminant dynamics occurring at different time scales. In this work a 1 D water column fate model has been developed and tested for Polycyclic Aromatic Hydrocarbons (PAHs). The model has been coupled with a simple ecological model that includes a bioaccumulation module. Afterwards, the model has been used to study the temporal variability of contaminant concentrations as well as the fluxes between compartments. The results evidence the complex coupling between spatio-temporal scales and its influence on environmental concentration levels.
CH Li, HW Zhou, YS Wong, NFY Tam

Vertical distribution and anaerobic biodegradation of polycyclic aromatic hydrocarbons in mangrove sediments in Hong Kong, South China

Science of the Total Environment, 2009, Vol 407, Iss 21, pp 5772-5779

The vertical distribution of PAHs at different sediment depths, namely 0-2 cm, 2-4 cm, 4-6 cm, 6-10 cm, 10-15 cm and 15-20 cm, in one of the most contaminated mangrove swamps, Ma Wan, Hong Kong was investigated. It was the first time to study the intrinsic potential of deep sediment to biodegrade PAHs under anaerobic conditions and the abundance of electron acceptors in sediment for anaerobic degradation. Results showed that the total PAHs concentrations (summation of 16 US EPA priority PAHs) increased with sediment depth. The lowest concentration (about 1300 ng g(-1) freeze-dried sediment) and the highest value (around 5000 ng g(-1) freeze-dried sediment) were found in the surface layer (0-2 cm) and deeper layer (10-15 cm), respectively. The percentage of high molecular weight (HMW) PAHs (4 to 6 rings) to total PAHs was more than 89% at all sediment depths. The ratio of phenanthrene to anthracene was less than 10 while fluoranthene to pyrene was around 1. Negative redox potentials (Eh) were recorded in all of the sediment samples, ranging from - 170 to -200 mv, with a sharp decrease at a depth of 6 cm then declined slowly to 20 cm. The results suggested that HMW PAHs originated from diesel-powered fishing vessels and were mainly accumulated in deep anaerobic sediments. Among the electron acceptors commonly used by anaerobic bacteria. Sulfate was the most dominant. Followed by iron (III), nitrate and manganese(IV) was the least. Their concentrations also decreased with sediment depth. The population size of total anaerobic heterotrophic bacteria increased with sediment depth, reaching the peak number in the middle layer (4-6 cm). In contrast, the aerobic heterotrophic bacterial count decreased with sediment depth. It was the first time to apply a modified electron transport system (ETS) method to evaluate the bacterial activities in the fresh sediment under PAH stress. The vertical drop of the ETS activity suggested that the indigenous bacteria were still active in the anaerobic sediment layer contaminated with PAHs. The biodegradation experiment further proved that the sediment collected at a depth of 10-15 cm harbored anaerobic PAH-degrading bacterial strains (two Sphingomonas, one Microbacterium, one Rhodococcus and two unknown species) with some intrinsic potential to degrade mixed PAHs consisting of fluorene, phenanthrene, fluoranthene and pyrene under low oxygen (2% O-2) and non-oxygen (0% O-2) conditions. This is the first paper to report the anaerobic PAH-degrading bacteria isolated from subsurface mangrove sediment.
UG Gautam, T Sawada, MP Gautam, M Takafuji, H Ihara

Poly(2-N-carbazolylethyl acrylate)-modified silica as a new polymeric stationary phase for reversed-phase high-performance liquid chromatography

Journal of Chromatography A, 2009, Vol 1216, Iss 44, pp 7422-7426

Poly(2-N-carbazolylethyl acrylate) having terminal trimethoxysilyl groups was newly synthesized by radical polymerization and immobilized onto the silica surface (Sil-CEA). The chromatographic property of Sil-CEA was examined by applying polycyclic aromatic hydrocarbons as solutes Poly(4-vinylpyridine)-modified silica (Sil-VP) and monomeric octadecylated silica (ODS) columns were used as the reference columns Less sensitivity to molecular hydrophobicity and enhanced molecular planarity selectivity were obtained with Sil-CEA compared to ODS, On the other hand, high retention factors for the analyzed solutes and an opposite elution order for linear and disc-shaped solutes were obtained with Sil-CEA compared with Sil-VP. In this paper, the application for separation of tocopherols was also described 
AK Mallik, M Takafuji, H Ihara

Molecular-shape selectivity tuned by donor-acceptor type copolymers as organic phase in reversed-phase high-performance liquid chromatography

Journal of Chromatography A, 2009, Vol 1216, Iss 44, pp 7433-7439

The copolymer with a terminal reactive group (Copoly-VP(17)MA(12)) was newly designed and prepared by selecting 4-vinylpyridine (VP) as an electron-donating monomer and methyl acrylate (MA) as an electron-accepting monomer. Copoly-VP(17)MA(12) was grafted onto Porous silica particles by a silanol coupling reaction with the terminal group Individually. Poly-VP15 and poly MA(20) With a terminal reactive group were also synthesized and co-grafted onto silica (Sil-cograft-VP(15)MA(20)) to compare the effect of the copolymer-grafted (Sil-Copoly-VP(17)MA(12)), and polymer co-grafted stationary phases in HPLC separation All the polymers were characterized by H-1 NMR and FT-IR analysis before grafting on silica Polymer grafting was confirmed by diffuse reflectance infrared Fourier transform (DRIFT), elemental analysis and thermogravimetric analysis (TGA) The intra- and intermolecular interaction between monomer units in copolymer-grafted and polymer co-grafted systems, respectively was observed by DRIFT measurement The detailed chromatographic study revealed using PAHs as solutes that remarkably higher selectivity for planar/non-planar discrimination was observed with the copolymer-grafted phase than with the co-grafted stationary phase In this paper, it is also discussed that the selectivity enhancement by copolymer-grafting in the Sil-Copoly-VP(17)MA(12) phase can be brought through intramolecular interaction between VP and MA 
AA Rana, M Takafuji, H Ihara

Effect of the direction of ester linkage on molecular shape selectivity through multiple carbonyl-pi interaction with octadecyl chain branched polymers as organic phases in reversed-phase high-performance liquid chromatography

Journal of Chromatography A, 2009, Vol 1216, Iss 44, pp 7440-7445

Poly(vinyl octadecanoate)-grafted porous silica (Sil-VODn. N = 23) was newly prepared to investigate the efficiencies of the carbonyl groups in the polymer chain for recognition of polycyclic aromatic hydrocarbons (PAHs) in RP-HPLC In Sil-VOD23, the octadecyl side chains were connected to the polymer main chain through ester linkage in opposite direction to that in poly(octadecylacrylate)-grafted silica (Sil-ODA(n), n = 25) which has been reported by us. Sil-ODA(n) performs enhanced molecular shape selectivity of PAHs in RP-HPLC through multiple carbonyl-pi interaction of aligned carbonyl groups which are induced by the formation of highly oriented structure of side chains Differential scanning calorimetry of VOD23 demonstrated that octadecyl alkyl chains showed crystalline to isotropic phase transition with endothermic peak at 48.7 degrees C which was similar to ODA(25) (at 478 degrees C) After grafting of both polymers, phase transition phenomenon was completely disappeared in Sil-VOD23 whereas Sil-ODA(25) still exhibits phase transition although at lower endothermic peak top temperature (385 degrees C). This indicates that the slight structural change in Sil-VODn and Sil-ODA(n) influence the ordered structure of side alkyl chains. Moreover, solid-state C-13 NMR revealed that the long alkyl chain in Sil-VOD23 is highly disordered as compared with that of Sil-ODA(25), Sil-VOD23 was applied to RP-HPLC stationary phase using PAHS as pi-electron containing elutes, and compared with Sil-VOD23 showed much higher selectivity for PAH isomers than ODS, but lower than Sil-ODA(25) For example, the separation factors for trans-/cis-stilbene were 1.47 (Sil-VOD23), 1.70 (Sil-ODA(25)) and 1.07 (ODS), respectively. These results indicate that carbonyl groups in Sil-VOD23 are effective for molecular shape recognition of PAHs through carbonyl-pi interactions even in the disordered state.
TM Hii, C Basheer, HK Lee

Commercial polymeric fiber as sorbent for solid-phase microextraction combined with high-performance liquid chromatography for the determination of polycyclic aromatic hydrocarbons in water

Journal of Chromatography A, 2009, Vol 1216, Iss 44, pp 7520-7526

A novel rnicroextraction method making use ofcominercial polymer fibei perfoi inance liquid chromatography-fluorescence detection for the determination of PAHs in water has been developed. In this technique, the extiaction device was simply 000 fil f a1 a length (8crn) of a strand of commercial polyiner fiber, Kevlar (each strand consisted o merits, each of diameter ca 9 23 itm), that was allowed to turnble freely in the aqueous sample solution during extraction The extracted analytes were desorbed ultrasonically before the extract was injected into IVLC systern for analysis Extraction parameters such as extraction time. Desorption time, type of desorption solvent and sample Volume were optimized Each fiber Could be used for up to 50 extractions and the rnethod showed good precision, reproducibility and linear response within a concentration LgL-1 with correlation coefficients Of Lip to 0 9998 Limits of detection between 0.4 and 05-5 00l ran e 0.. G 4.4 ng L I foi seven PAHs Could be achieved. The relative standard deviations (it = 3) of this technique were between 2.9% and 12 1%......

M Kawaguchi, S Fujii, N Itoh, R Ito, H Nakazawa, A Takatsu

Development of vial wall sorptive extraction and its application to determination of progesterone in human serum

Journal of Chromatography A, 2009, Vol 1216, Iss 44, pp 7553-7557

A novel sample preparation method, vial wall sorptive extraction (VWSE). Which uses a vial whose Internal wall is coated with polydimethylsiloxane (PDMS), was developed The method was applied to file determination of progesterone in human serum sample Human Serum sample (0 5 mL) spiked with progesterone-C-13(2) was pipetted into the VWSE device and vortex mixing was performed for 10 min Then, the serum sample was removed and the vial used with purified water Fifty microliter of methanol as liquid desorption (LD)solvent was pipetted into the VWSE device and vortex mixing was performed for 10 mm Then. The extract was analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS). The correlation coefficient (r) of (lie calibration curve over the concentration range of 05-200 ng mL(-1) was 0.999 The limit of detection (LOD) and the limit of quantification (LOQ) were 0 1 and 05 ng mL(-1), respectively. The relative recoveries were 97.9% (RSD: 4.4%. N=6) and 102.8% (RSD 11%. N=6) for progesterone spiked at 5 and 50ng mL(-1). Respectively This simple, accuiate, sensitive, and selective analytical method is applicable to the trace analysis of a minute amount of sample 
K Benhabib, P Faure, M Sardin, MO Simonnot

Characteristics of a solid coal tar sampled from a contaminated soil and of the organics transferred into water

Fuel, 2010, Vol 89, Iss 2, pp 352-359

Most often, only TOC and the concentrations of the 16 PAHs of the US EPA list are monitored in contaminated soils of former coking plants or MGPs. The objective of the present study was to provide a detailed characterization of the organic extracts of (i) coal tar particles sampled from a contaminated soil and (ii) of water at equilibrium with these particles. Chromatographic techniques were used (HPLC, GC-MS) as well as Fourier Transform Infrared Microscopy. An accurate description was obtained, showing the predominance of aromatic compounds in the coal tar and the preferential transfer of polar compounds and aliphatic hydrocarbons into water.
PF Zhu, ZH Bian, YK Xia, Y Han, SL Qiao, RC Zhao, NZ Jin, SL Wang, YZ Peng, XR Wang

Relationship between urinary metabolites of polycyclic aromatic hydrocarbons and thyroid hormone levels in Chinese non-occupational exposure adult males

Chemosphere, 2009, Vol 77, Iss 7, pp 883-888

PAHs are ubiquitous global pollutants. Limited studies suggested that PAH may interfere with thyroid function in animals. But little is known about humans. A population of 480 Chinese males was recruited. Using LC-MS/MS, four urinary metabolites of PAH including 1-hydroxynaphthalene (1-N), 2-hydroxynaphthalene (2-N), 1-hydroxypyrene (1-P) and 2-hydroxyfluorene (2-F) were measured in spot urinary samples, which were adjusted by urinary creatinine (CR). Blood samples were collected for measuring serum levels of thyroid hormones including total thyroxine (TT4), free triiodothyronine (FT3), free thyroxine (FT4) and thyroid-stimulating hormone (TSH). The median CR-adjusted urine PAH concentrations of 1-N, 2-N, 1-P, 2-F were 2.306, 4.047, 1.155 and 2.899 mu g g(-1) of CR, respectively. Significant p-values for trend were found for men with higher 2-F tertiles and were more likely to possess high-reference TSH levels. In addition, the multivariate linear regression models showed significant positive correlations for TSH levels with increased CR-adjusted 2-F concentration. No significant associations were found between other thyroid hormones levels and PAH metabolite concentrations. These results indicated that PAH exposure might be related to altered male thyroid hormone levels, but further study is needed to confirm these observed findings.
S Kaisarevic, U LubckevonVarel, D Orcic, G Streck, T Schulze, K Pogrmic, I Teodorovic, W Brack, R Kovacevic

Effect-directed analysis of contaminated sediment from the wastewater canal in Pancevo industrial area, Serbia

Chemosphere, 2009, Vol 77, Iss 7, pp 907-913

Wastewater canal (WWC) in Pancevo industrial area in Serbia, whose main environmental receptor is the River Danube, is a well known hot-spot of contamination. WWC sediments have been assessed by UNEP based on chemical target analysis. However, integrative biological data on exposure to hazardous compounds are only provided by the present study which aims at evaluating whether the monitored compounds sufficiently reflect potential hazards and to suggest additional compounds to include in monitoring and hazard assessment by applying effect-directed analysis (EDA) based on arylhydrocarbon receptor-mediated activity and cytotoxicity. Multistep NP-HPLC fractionation provided 18 fractions co-eluting with polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins (PCDDs), polycyclic aromatic hydrocarbons (PAHs) and more polar compounds. PAHs fractions exhibited great potencies to induce ethoxyresorufln-o-deethylase (EROD) in H4IIE rat hepatoma cell line expressed as 2,3,7,8-tetra-chloroclibenzo-p-dioxin equivalents (TCDD-EQ) (0.1-34.6 x 10(3) pg g(-1) dry weight). Chemical analysis of the most active fractions revealed great concentrations of PAHs (up to 292 x 10(2) ng g(-1) sediment equivalents (SEQ)), methylated PAHs (up to 900 x 10(2) ng g(-1) SEQ). And other alkyl-substituted PAHs. Only minor portions of biologically derived TCDD-EQs could be attributed to monitored PAHs with known relative potencies (REPs). We hypothesize that a major part of the activity is due to non-monitored alkylated and heterocyclic PAHs. Results of the cell cytotoxicity/proliferation assay on H4IIE cell line suggest the presence of sediment pollutants with pronounced potency to disturb cell growth.
SA vanderHeijden, MTO Jonker

Evaluation of Liposome-Water Partitioning for Predicting Bioaccumulation Potential of Hydrophobic Organic Chemicals

Environmental Science & Technology, 2009, Vol 43, Iss 23, pp 8854-8859

Considering the importance of bioaccumulation factors (BAFs) in risk assessment of chemicals and the ethical issues and complexity of the determination of these factors in standard tests with living organisms, there is a need for alternative approaches for predicting bioaccumulation. In this study, liposome-water partitioning coefficients as determined by using solid-phase microextraction (SPME) were evaluated for the cause of assessing bioaccumulation potential of hydrophobic organic chemicals (HOCs). To this end, the SPME method was mapped (in terms of mass balance, mode of spiking, kinetics, and reproducibility) and validated against literature data. Furthermore, the robustness of liposomes as partitioning phase was investigated (in terms of chemical loading, and pH and ionic strength of the medium), and finally liposome-water partition coefficients (K-lipw) determined for polycyclic aromatic hydrocarbons (PAHs; 4.5 < logK(ow) < 7.2) were compared with literature BAF values for several aquatic species. The results indicated that (i) SPME is a valid, fast, and reproducible method for measuring K-lipw, values; (ii) liposomes provide a very robust partitioning phase; and (iii) K-lipw values agreed very well with literature PAH BAF values. SPME-derived K-lipw values therefore seem a very promising predictor of bioaccumulation potential of HOCs. By including model- or in vitro-derived biotransformation rates, bioaccumulation potential estimates might be converted into surrogate BAFs, thereby extending the applicability of K-lipw values to metabolizable chemicals and species with more advanced biotransformation capacity.

LA Fernandez, CF Harvey, PM Gschwend

Using Performance Reference Compounds in Polyethylene Passive Samplers to Deduce Sediment Porewater Concentrations for Numerous Target Chemicals

Environmental Science & Technology, 2009, Vol 43, Iss 23, pp 8888-8894

Polymeric passive samplers are useful for assessing hydrophobic organic chemical contamination in sediment beds. Here, an improved method is described for measuring concentrations of contaminants in porewater by using performance reference compounds (deuterated phenanthrene, pyrene, and chrysene) to calibrate sampler/site-specific mass transfer behavior. The method employs a one-dimensional diffusion model of chemical exchange between a polymer sheet of finite thickness and an unmixed sediment bed. The model is parametrized by diffusivities and partition coefficients for both the sampler and sediment. This method was applied to estimate porewater concentrations for seventeen PAHs from polymeric samplers deployed for 3-10 days in homogenized sediment from a coal-tar contaminated site. The accuracy of the method was verified by comparing the passive sampler results to concentrations measured through liquid-liquid extraction of physically separated porewaters, with corrections for sorption to colloidal organic carbon. The measurements made using the two methods matched within about a factor of 2.0 (+/- 0.9) for the 17 target PAHs.

DL Harris, AC Huderson, MS Niaz, JJ Ford, AE Archibong, A Ramesh

Comparative Metabolism of Benzo(A)pyrene by Ovarian Microsomes of Various Species

Environmental Toxicology, 2009, Vol 24, Iss 6, pp 603-609

Knowledge of the ability of the female reproductive system to metabolize polycyclic aromatic hydrocarbons (PAHs) is critical to the diagnosis and management of female infertility and for risk assessment purposes. The PAHs are a family of widespread pollutants that are released into the environment from automobile exhausts, cigarette smoke, burning of refuse, industrial emissions, and hazardous waste sites. In exposed animals, PAHs become activated to reactive metabolites that interfere with target organ function and as a consequence cause toxicity. The extent of susceptibility to PAH exposure may depend on the ability of animals to metabolize these chemicals. The present study has been undertaken to assess whether any differences exist among mammals in the metabolism of benzo(a)pyrene (BaP), a prototypical PAH compound. Microsomes isolated from the liver and ovaries of rats, mice, goats, sheep, pigs, and cows were incubated with 5 mu M BaP Postincubation, samples were extracted with ethyl acetate and analyzed for BaP/metabolites by reverse-phase HPLC with fluorescence detection. The rate of metabolism (pmol of metabolite/min/mg protein) was found to be more in liver than in ovary in all the species studied (P < 0.05). The differences in metabolite concentrations were statistically significant (P < 0.0001) among the various species in both organs studied. Multiple species comparison also revealed that the differences were statistically significant (P < 0.001) between rodents (rat and mouse) and higher mammals (ewe, sow, and cow). Even among the higher mammals, in a majority of the cases, the differences in metabolite concentrations were significantly different (P < 0.001) both in ovary and liver. The BaP metabolites identified were 4,5-diol; 7,8-diol; 9,10-diol; 3-hydroxy BaP; and 9-hydroxy BaP. The rodent microsomes produced considerably higher proportion of BaP 4,5-diol and 9,10-diol than did cow, sow, goat, and sheep. However, microsomes from higher mammals converted a greater proportion of BaP to 3-hydroxy and 9-hydroxy BaP, the detoxification products of BaP. Overall, our results revealed a great variation among species to metabolize BaR 
R Guerra, A Pasteris, M Ponti

Impacts of maintenance channel dredging in a northern Adriatic coastal lagoon. I: Effects on sediment properties, contamination and toxicity

Estuarine Coastal and Shelf Science, 2009, Vol 85, Iss 1, Sp. Iss. SI, pp 134-142

Conservation and management of coastal lagoons envisage direct human intervention. To prevent siltation and to preserve the hydrodynamics features of the lagoon system, the inner channels undergo regular maintenance dredging. Sediment properties (RDP, organic matter, grain size), trace metals (Cd, Cu, Cr, Hg, Ni, and Pb), and toxicity vs. The amphipod Corophium insidiosum and the luminescent bacterium Vibrio fischeri, were analysed before and after dredging operations in a coastal lagoon (Pialassa Baiona, Italy). To detect the actual impacts, disturbed sites were contrasted with multiple controls in two distinct times, i.e. Before and after disturbance, according to a sampling design based on Beyond BACI principles. The integrated methodology here adopted suggests that dredging operations carried out are not likely to pose dramatic effects on environmental quality of the lagoon. 
VS Blazer, SD Rafferty, PC Baumman, SB Smith, EC Obert

Assessment of the ''fish tumors or other deformities'' beneficial use impairment in brown bullhead (Ameiurus nebulosus): II. Liver neoplasia

Journal of Great Lakes Research, 2009, Vol 35, Iss 4, pp 527-537

Liver pathology of fishes, including neoplastic and preneoplastic lesions, is widely used as an indicator of exposure to anthropogenic contaminants. By definition, the ''fish tumor or other deformities'' beneficial use impairment (BUI) at Great Lakes Areas of Concern (AOC) includes neoplastic and preneoplastic liver lesions in brown bullhead (Ameiurus nebulosus) or suckers. Unfortunately, adequate guidelines for defining neoplastic and preneoplastic liver lesions or determining rates at unimpacted control sites were not provided and different criteria have been used. In some cases, only neoplastic changes were used to calculate tumor prevalence, in some both neoplastic and preneoplastic changes and in some it is difficult to determine which changes were included. Using standardized criteria, the prevalence of liver neoplasia. Was compared at eight AOC during 1998-2000. The Cuyahoga River had the highest prevalence (25.0%), while the Maumee River had the lowest (3.9%). The Buffalo (4.8%), Detroit (5.9%), Ashtabula (6.8%), Niagara (7.5%) and Black (8.9%) rivers were intermediate, as was Presque Isle Bay (7.1%). From 2002 to 2007 the prevalence of liver neoplasia at Presque Isle Bay ranged from a low of 2.1% (2002) to a high of 12.0% (2007). Non-AOC sites, as potential reference sites, also were monitored during this time. By combining years and sites, the prevalence of liver neoplasia in bullhead (aged 2 to 12 years) at inland lakes was 0.7%, at bays/harbors was 1.6% and at tributary sites was 4.1%. This is the same trend (inland lakes<bays/harbors<tributaries<Presque Isle Bay) noted for orocutaneous neoplasms.
SD Rafferty, VS Blazer, AE Pinkney, JL Grazio, EC Obert, L Boughton

A historical perspective on the ''fish tumors or other deformities'' beneficial use impairment at Great Lakes Areas of Concern

Journal of Great Lakes Research, 2009, Vol 35, Iss 4, pp 496-506

The Great Lakes Water Quality Agreement defines Areas of Concern as geographic areas that fail to meet the general or specific objectives of the agreement where such failure has caused or is likely to cause impairment of beneficial use of the area's ability to support aquatic life. One of the beneficial use impairments, fish tumors or other deformities, is defined by the International joint Commission to occur when the incidence rate of fish tumors and other deformities exceeds rates at unimpacted or control sites, or when survey data confirm the presence of neoplastic or preneoplastic liver tumors in bullhead or suckers. Brown bullhead, a benthic species with a limited home range, have frequently been used as indicator species in U.S. Areas of Concern. While there is strong field evidence for an association between PAH exposure and hepatic neoplasia in brown bullhead, laboratory investigations would strengthen the association. There is less evidence linking specific classes of chemicals in the environment to orocutaneous neoplasia in brown bullhead. Studies on orocutaneous neoplasia of brown bullhead should focus on assessing the presence or absence of viruses and on epidermal exposure to specific chemicals and chemical mixtures. Lastly, the effects of covariates such as length, age, and gender on the prevalence of liver and skin neoplasms should be investigated. This paper reviews the state of science on the fish tumors or other deformities beneficial use impairment. Subsequent papers address specific issues related to this impairment and provide recommendations for standardized criteria. 
CM Stehr, TL Linbo, DH Baldwin, NL Scholz, JP Incardona

Evaluating the Effects of Forestry Herbicides on Fish Development Using Rapid Phenotypic Screens

North American Journal of Fisheries Management, 2009, Vol 29, Iss 4, pp 975-984

Herbicides are used to control invasive or noxious plants on public lands throughout the western United States. These chemicals are often applied in the upper reaches of watersheds that provide spawning and rearing habitat for anadromous species of Pacific salmon Oncorhynchus spp., steelhead O. Mykiss, and bull trout Salvelinus confluentus. As a consequence, natural resource managers must often weigh the ecological benefits of using herbicides to control nonnative plants against the potential for unintended toxicological impacts on salmonids, particularly during early life stages. However, the effects of chemical control agents on fish development have not been widely investigated. Their use in the vicinity of aquatic habitats, including areas that support threatened and endangered species, is therefore a concern. To address this uncertainty, we used the zebrafish Dania rerio as a model experimental system for investigating developmental toxicity, which involved conducting rapid and sensitive phenotypic screens for potential developmental defects resulting from exposure to six herbicides (picloram, clopyralid, imazapic, glyphosate, imazapyr, and triclopyr) and several technical formulations (Tordon K, Transline, Habitat, Plateau, Garlon 3A, and Renovate). Zebrafish embryos were exposed continuously through 5 d of development at nominal concentrations ranging from 3 mu g/L to 10 mg/L. Detailed screens were used to examine aspects of ontogeny from early development (gastrulation and segmentation) through organogenesis, hatching, and morphology as free-swimming larvae. Growth was measured at the end of each exposure interval. To detect defects in neural development (sensorimotor integration), the escape reflex of larvae was monitored at 3, 4, and 5 d after fertilization. No developmental toxicity was observed in response to the six individual herbicides or the different technical formulations. The absence of toxicity at relatively high exposure concentrations suggests that noxious weed control activities are not likely to pose a direct threat to the health of salmonids at early life stages.

SU Park, JG Kim, S Masunaga, KS Kim

Source Identification and Concentration Distribution of Polychlorinated Biphenyls in Environmental Media Around Industrial Complexes

Bulletin of Environmental Contamination and Toxicology, 2009, Vol 83, Iss 6, pp 859-864

In order to grasp the concentration distribution and identify sources of PCBs, air and soil samples around Sihwa and Banwol industrial area in Korea were analyzed. In result, the polychlorinated biphenyls (PCBs) concentration of air and soil was ranged from 2.08 to 5.82 ng/m(3) (0.0686-1.01 pg WHO-TEQ/m(3)) and 2.43 to 274 ng/g dry (0.116-60.5 pg WHO-TEQ/g dry), respectively. Air and soil samples showed the very similar isomer composition pattern in each homologue by matrix, respectively. As a result of MLR for soil samples, the whole contribution rate of PCBs products (Aroclor) to soil was similar to 2 times higher than combustion.

S Rudzok, E Schmucking, C Graebsch, O Herbarth, M Bauer

The inducibility of human cytochrome P450 1A by environmental-relevant xenobiotics in the human hepatoma derived cell line HepG2

Environmental Toxicology and Pharmacology, 2009, Vol 28, Iss 3, pp 370-378

Overexpression of the CYP1 family, independent of gender, is focal to the evaluation of the risk of human cancer. We have analysed the ability of 17 anthropogenic environmental xenobiotics widely used in Europe within households and agriculture to induce the human cytochrome P450 1A (CYP1A) in the human hepatoma derived cell line HepG2. The xenobiotics were potent to concomitantly induce both CYP1A mRNA and CYP1A activity in a dose-response relationship. Exceptions were shown by the organophosphate insecticide chlorpyrifos and the imidazole fungicide prochloraz in high concentrations which were capable of both inhibiting the basal or abolishing the initially induced CYP1A activity, respectively. A CYP1A induction has been shown for the first time by the aromatic xenobiotics irgasan, permethrin and azoxystrobin, the nonaromatic tributyltinoxide and for humans by the piperonylbutoxide. The xenobiotics additionally differed by their induced CYP1A isoenzyme pattern. A pronounced CYP1A I and CYP1A2 mRNA induction was given by the phenyl urea herbicide diuron and benzodiazole insecticide piperonylbutoxide, respectively. In conclusion, out of the environmental xenobiotics, we described new members of human CYP1A inducers which extend chemical structures of biotransformation activators.
QY Ye, HS Zhuang, C Zhou

Detection of trace anthracene in soil samples with real-time fluorescence quantitative immuno-PCR using a molecular beacon probe

Environmental Toxicology and Pharmacology, 2009, Vol 28, Iss 3, pp 386-391

We developed a highly sensitive and robust real-time fluorescence quantitative immuno-PCR (RTFQ-IPCR) method which uses molecular beacon (MB) probe to detect trace anthracene in the environment. This method was performed on serial dilutions of known anthracene concentrations equivalent to 10-fold dilutions of 10 fg/mL to 100 pg/mL We obtained a linear relationship between 10 fg/mL and 100 pg/mL, with y = 0.684x + 13.221. A correlation coefficient of 0.994 was also identified, with a detection limit of 4.5 fg/mL. After investigating the presence of anthracene in soil samples via RTFQ-IPCR, the obtained concentrations were confirmed by ELISA to be correct and believable, with the recovery ratio ranging from 82% to 112.5%. Based on its sensitivity and reproducibility, MB-based RTFQ-IPCR was found to be acceptable for use in on-site field tests to provide rapid, quantitative, and reliable test results for making environmental decisions.
K Watanabe, K Hasegawa, I Yamagishi, H Nozawa, M Takaba, O Suzuki

Simple Isotope Dilution Headspace-GC-MS Analysis of Naphthalene and p-Dichlorobenzene in Whole Blood and Urine

Analytical Sciences, 2009, Vol 25, Iss 11, pp 1301-1305

A very simple and sensitive method for the simultaneous analysis of naphthalene and p-dichlorobenzene in human whole blood and urine by headspace capillary gas chromatography-in ass spectrometry (GC-MS) is presented. The advantages of the method were that as much as 1 mL of headspace vapor could be injected into a GC port in the splitless mode, and that the addition of deuterated naphthalene and p-dichlorobenzene as internal standards resulted in much better headspace extraction efficiencies, which resulted in high sensitivity. The detection limits for both naphthalene and p-dichlorobenzene were 1 ng mL(-1) for whole blood and 0.5 ng mL(-1) for urine. Validation data, such as the linearity of calibration curves, reproducibility and recovery rates, were all satisfactory. Using this method, both compounds could actually be detected from whole blood samples of a male volunteer after the inhalation of each gas of the compounds.

DG Petersen, K Sundback, F Larson, I Dahllof

Pyrene toxicity is affected by the nutrient status of a marine sediment community: Implications for risk assessment

Aquatic Toxicology, 2009, Vol 95, Iss 1, pp 37-43

Risk assessment of toxicants often disregards that environmental conditions, like changing nutrient status, may affect ecosystem response to a toxicant even within an ecosystem. We investigated if effects of pyrene on shallow-water sediments depended on nutrient status of the sediment during 58 days of incubation. Natural undisturbed sediment cores were pre-exposed to two concentrations of inorganic nutrients (nitrogen and phosphorous) for 14 days. After terminating nutrient additions, pyrene was applied once to half the Nu(high) and half the Nu(low) cores in a concentration of 2 mg/kg DW, normalized to 1% TOC. Pyrene affected the sediment systems in both Nu(high) and Nu(low), but effects of pyrene differed between nutrient regimes. In the Nu(low) system, effects of pyrene were mainly seen on the sediment community structure, such as meiofauna community structure. On the contrary, effects of pyrene in Nu(high) were mainly seen on community functions, such as changes in inorganic nutrient fluxes. Direct and indirect effects of pyrene were observed in both nutrient regimes, but they operated on different timescales depending on the variable in focus. This study shows the need to include environmental factors such as nutrient status in risk assessment of toxicants.
ZF Yang, LL Wang, JF Niu, JY Wang, ZY Shen

Pollution assessment and source identifications of polycyclic aromatic hydrocarbons in sediments of the Yellow River Delta, a newly born wetland in China

Environmental Monitoring and Assessment, 2009, Vol 158, Iss 1-4, pp 561-571

The levels and possible sources of 16 priority PAHs in the sediments from the Yellow River Delta (YRD) were investigated. The total PAH concentrations ranged from 23.9 to 520.6 mu g kg (-aEuro parts per thousand 1) with a mean value of 150.9 mu g kg (-aEuro parts per thousand 1), indicating low or medium levels compared with reported values of other deltas. The concentrations of the 16 individual PAHs presented varied profiles among different regions. The ecological risk assessment of PAHs showed that adverse effects would rarely occur in the sediments of the YRD based on the effect range-low quotients and the probability risk assessment. The PAH compositions and the principal component analysis (PCA) with multiple linear regression (MLR) uniformly presumed the mixed sources of pyrogenic- and petrogenic-deriving PAHs in the YRD. By PCA with MLR, the contributions of major sources were quantified as 36.4% from oil burning, 33.1% from biomass combustion, and 30.5% from diesel emission sources.

JF Mwatseteza, N Torto

Profiling volatile compounds from Mucuna beans by solid phase microextraction and gas chromatography-high resolution time of flight mass spectrometry

Food Chemistry, 2010, Vol 119, Iss 1, pp 386-390

Four solid phase microextraction (SPME) fibres, polydimethylsiloxane (PDMS), polydimethylsiloxane/divinylbenzene (PDMS/DVB), polyacrylate (PA), and carboxen/polydimethylsiloxane (CAR/PDMS), were evaluated for profiling of volatile compounds during cooking of Mucuna pruriens beans. A gas chromatograph coupled to a high resolution time of flight mass spectrometer system was employed for separation, detection and identification of the volatile compounds. For the first time we report a total of 26 compounds, mostly alkyl benzenes and polycyclic compounds, identified in black, white, black-white, and yellow green Mucuna beans during head space sampling employing a CAR/PDMS fibre with subsequent detection with high resolution mass spectrometry. The number of volatile compounds sampled, most notably alkylbenzenes, decreased with each hour of boiling and discarding of water extracts. As the beans approached being fully cooked, benzoic acid 2-hydroxy methyl ester was the most dominant compound in all the four types of beans. These results are a first step towards addressing some of the occupational exposure associated with cooking Mucuna beans by rural communities.
S Boronat, N GarciaReyero, R Fonts, P Fernandez, JO Grimalt, B Pina

Biological activity of aryl hydrocarbon receptor ligands in sediments from remote European lakes

Freshwater Biology, 2009, Vol 54, Iss 12, pp 2543-2554

P>1. Sediment extracts from 63 European remote lakes were tested for the presence of ligands of the aryl hydrocarbon receptor (AhR), using a yeast-based bioassay. The lakes belong to different European mountain regions in Central Norway, Scotland, Piedmont (Italy), Tyrol (Austria and Italy) and the Julian Alps (Slovenia). 2. AhR ligand activity varied about 40-fold among the examined lakes, with Scotland having the highest proportion of lakes with high AhR ligand activity, whereas samples with low AhR ligand activity predominate in the Julian Alps. 3. AhR ligand activity in sediment samples correlated with the concentration of several environmentally relevant compounds, including polycyclic aromatic hydrocarbons, hexachlorobenzene and several polychlorobiphenyl ether congeners. These correlations suggest an anthropogenic origin for the detected AhR ligands, rather than being generated from natural processes. 4. We conclude that pollutants deposited in remote lakes by atmospheric processes are active AhR ligands at the concentrations found in these lakes. Given the high toxicity associated with ectopic activation of AhR in different animal systems, this activity may represent a significant risk for the exposed fauna.

MF Monserie, F Watteau, G Villemin, S Ouvrard, JL Morel

Technosol genesis: identification of organo-mineral associations in a young Technosol derived from coking plant waste materials

Journal of Soils and Sediments, 2009, Vol 9, Iss 6, pp 537-546

Technosols form a new soil group in the World Reference Base for Soil Resources (WRB) (FAO, World Soil Resour Rep 132:145, 2006) mainly characterised by anthropogenic parent material of organic and mineral nature and which origin can be either natural or technogenic. The increasing number of sites affected by technogenic materials and their impact on the environment as growing media for plants or as source of pollutants requires an understanding of their functioning and evolution. Among the parameters describing soil functions, the structure is a key property, encompassing physical, chemical and biological soil processes, which is not yet usually studied in Technosols. The presence of high levels of complex technogenic materials and pollutants (polycyclic aromatic hydrocarbons [PAHs] and trace elements) is likely to determine aggregation and induce a specific soil structure. This work was undertaken to test this hypothesis and assess whether technogenic material would contribute to the formation of water-stable aggregates in Technosols. The hypothesis was tested using material collected from a former coking plant site. Samples were submitted to water-granulodensimetric fractionation to quantify the water-stable organo-mineral associations in five fractions. Each fraction was analysed for C, PAHs and trace elements. To assess whether specific organo-mineral associations or particles were present in the material, granulometric fractions were observed at a photonic scale, and the main constituents were morphologically and analytically characterised at an electronic scale by scanning electron microscopy (SEM)/energy dispersive X-ray spectroscopy (EDX). The 0-2 A mu m fraction was also analysed by transmission electron microscopy (TEM)/EDX. The comparison of the weight distribution of water-stable associations with the texture revealed the presence of water-stable organo-mineral associations in the material. These associations were mostly in the coarse fractions (50-2,000 A mu m, corresponding to 74% of the total material) and resulted from the association of finer particles (< 50 A mu m). Organic C was mainly of technogenic origin, i.e. Hydrocarbons, and it was not distributed homogeneously among the fractions: the coarser fractions (50-2,000 A mu m) contained 80% of the total organic C and had the highest C/N ratio. The remaining 20% was primarily associated with the 2-20 A mu m fraction and exhibited a low C/N ratio. PAHs represented 2% of the total soil C and were associated mostly with the 2-20 and 200-2,000 A mu m fractions. The SEM/EDX analyses showed five main classes of particles: quartz particles, Fe oxide beads, Fe and Al oxides, anthropogenic organic matter mainly associated with S and slag (complex material). The three last classes were mainly present in the 2-20 and 20-50 A mu m fractions. Gypsum was the main constituent of the 0-2 A mu m fraction and only a few aluminosilicates (of the montmorillonite g

XY Cui, HL Wang, LP Lou, YX Chen, YL Yu, JY Shi, L Xu, MI Khan

Sorption and genotoxicity of sediment-associated pentachlorophenol and pyrene influenced by crop residue ash

Journal of Soils and Sediments, 2009, Vol 9, Iss 6, pp 604-612

The bioavailability and potential toxicity of sediment-associated organic compounds are affected by sorption processes. The particulate matter (ash) from field burning of crop residues is one of the primary sources for environmental black carbon, which is regarded as supersorbent for organic contaminants and may reduce their ecotoxicity. This study aimed to investigate the influence of ash on sediment-associated organic pollutants' potential toxicity. Pentachlorophenol (PCP) and pyrene (PYE) were chosen as the target organic pollutants, earthworms (Eisenia fetida) were used to evaluate the genotoxicity of contaminated sediments in the exposure experiments, and the genotoxicity (expressed as DNA damage) was quantified by comet assay. Sediments amended with different levels of ash (1%, 3%, 5%, and 10%) were selected as the sorbent to investigate the influence of ash on the sorption and genotoxicity of sediment-associated organic compounds. In order to study the toxic effect of ash, the ash-amended sediments without pollutants addition were adopted as exposure systems in the comet assay. The sorption capacity for PCP and PYE increased with ash content in the sediment. The high adsorptivity of ash was attributed to the black carbon contained in the ash, which is in line with many previous studies. When spiked at a concentration of 200 mu g/kg, both PCP and PYE exerted significant genotoxic effect on earthworms. The genotoxicity of sediment-associated pollutants decreased as the ash content in sediment increased. The DNA damage in the 5% ash-amended exposure showed no significant difference with that in the control exposure, probably due to the strong sorption capactiy of ash, which decreased bioavailability as well as toxicity of sediment-associated pollutants. However, the 10% ash treatment had a higher DNA lesion than that in the 5% char-added exposure. This may have been caused by the genotoxic compounds and high alkalinity contained in the ash. Addition of ash increased sorption and inhibited the genotoxicity of sediment-associated organic toxicants. When added at a high rate (e.g., 10%), ash could also exert genotoxic effect. As field burning is a common land-cleaning method in many agricultural areas, the ecological influence of ash should be given much attention in the future study. More research should be conducted to better understand the mechanism of toxic effect of ash.
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Inputs and sources of hydrocarbons in sediments from Cienfuegos bay, Cuba

Marine Pollution Bulletin, 2009, Vol 58, Iss 11, pp 1624-1634

The spatial distribution of aliphatic and PAHs was investigated in sediments from the Cienfuegos bay. The highest anthropogenic hydrocarbon inputs were found near the city of Cienfuegos with an unresolved complex mixture (UCM) of aliphatic hydrocarbons and alkylated PAHs, indicative of petrogenic inputs. Parent PAHs, which are typical of high-temperature combustion processes, were evenly distributed in the whole basin and largely prevailing in the southern part of the Cienfuegos city. Biomarker fingerprints assign the sources of pollution to mixes of national and non-national crude oils. The overall levels of anthropogenic hydrocarbons are relatively high compared to relevant areas worldwide and reveal a moderate/high level of hydrocarbon pollution. The Cienfuegos bay sediments received over a period of 5 yr, 50 T/yr of petrogenic unresolved hydrocarbons (UCM) and 2 T/yr of PAHs, being deposited the 80% in the sediments of the north basin.
C Harman, KV Thomas, KE Tollefsen, S Meier, O Boyum, M Grung

Monitoring the freely dissolved concentrations of polycyclic aromatic hydrocarbons (PAH) and alkylphenols (AP) around a Norwegian oil platform by holistic passive sampling

Marine Pollution Bulletin, 2009, Vol 58, Iss 11, pp 1671-1679

In order to assess the environmental impact of aquatic discharges from the offshore oil industry, polar organic chemical integrative samplers (POCIS) and semipermeable membrane devices (SPMDs) were deployed around an oil platform and at reference locations in the North Sea. Exposure to PAHs and alkylated phenols (AP) was determined from passive sampler accumulations using an empirical uptake model, the dissipation of performance reference compounds and adjusted laboratory derived sampling rates. Exposure was relatively similar within 1-2 km of the discharge point, with levels dominated by short chained C1-C3 AP isomers (19-51 ng L-1) and alkylated naphthalenes, phenanthrenes and dibenzothiophenes (NPD, 29-45 ng L-1). Exposure stations showed significant differences to reference sites for NPD, but not always for more hydrophobic PAH. These concentrations are several orders of magnitude lower than those reported to give both acute and sub-lethal effects, although their long term consequences are unknown.
SB Hawthorne, DJ Miller, CB Grabanski

Measuring Low Picogram Per Liter Concentrations of Freely Dissolved Polychlorinated Biphenyls in Sediment Pore Water Using Passive Sampling with Polyoxymethylene

Analytical Chemistry, 2009, Vol 81, Iss 22, pp 9472-9480

Studies into bioaccumulation of polychlorinated biphenyls (PCBs) have increasingly focused on congeners that are freely dissolved in sediment interstitial pore water. Because of their low water solubilities and their tendency to persist and concentrate as they progress in the food chain, interest has grown in methods capable of measuring individual PCB congeners at low part-per-quadrillion (picogram per liter) concentrations. Obtaining large volumes of pore water is difficult (or impossible), which makes conventional analytical approaches incapable of attaining suitable detection limits. In the present study, nondepletive sampling is used to achieve very low detection limits of freely dissolved PCBs, while requiring no separation of the sediment and water slurry. Commercially available 76 mu m thick polyoxymethylene (POM) coupons were placed directly into wet sediments and left to reach equilibrium with the pore water and sediment PCBs for up to 84 days, with 28 days found to be sufficient. Freely dissolved concentrations were then calculated by dividing the PCB concentration found in the POM by its POM/water partitioning coefficient (K-POM). The K-POM values required for determining water concentrations were measured using two spiked sediments and two historically contaminated sediments for all 62 PCB congeners that are present at greater than trace concentrations in commercial Aroclors. Log K-POM values ranged from ca. 4.6 for dichloro-congeners to ca. 7.0 for octachloro-congeners and correlate well with octanol/water coefficients (K-OW) (r(2) = 0.947) so that a simple linear equation can be used to calculate dissolved concentrations within a factor of 2 or better for congeners having no measured K-POM value. Detection limits for freely dissolved PCBs ranged from ca. 20 pg/L (part-per-quadrillion) for dichloro-congeners down to ca. 0.2 pg/L for higher-molecular-weight congeners. Sorption isotherms were found to be linear (r(2) > 0.995) over at least 3 orders of magnitude for all congeners, demonstrating good quantitative linearity of the method for determining freely dissolved PCB concentrations at environmentally relevant levels.
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The tryptophan photoproduct 6-formylindolo[3,2-b]carbazole (FICZ) binds multiple AHRs and induces multiple CYP1 genes via AHR2 in zebrafish

Chemico - Biological Interactions, 2009, Vol 181, Iss 3, pp 447-454

The tryptophan photooxidation product 6-formylindolo[3,2-b]carbazole (FICZ) has been proposed as a physiological ligand for the mammalian aryl hydrocarbon receptor (AHR), which it binds with high-affinity, inducing expression of cytochrome P450 1A1 (CYP1A1). We investigated whether the response to FICZ is evolutionarily conserved in vertebrates by measuring FICZ binding to two zebrafish AHRs; (AHR1B and AHR2) and its ability to induce zebrafish CYP1 genes (CYP1A, CYP1B1, CYP1C1, CYP1C2, and CYP1D1) in vivo. Exposure of zebrafish embryos (48 h-post-fertilization: hpf) to 10 nM FICZ for 6 h caused strong induction of CYP1A mRNA and a statistically significant but modest induction of CYP1B1 and CYP1C1. Neither CYP1C2 nor CYP1D1 expression was induced by FICZ under the conditions of dose, time or developmental stage examined here. CYP1A induction was significantly greater after 6 h than after 12 h of exposure to FICZ, suggesting a rapid degradation of inducer. The 6-h EC50 values for induction of CYPIA and CYP1B1 by FICZ were 0.6 and 0.5 nM compared to 72-h EC50 values of 2.3 and 2.7 nM for PCB126, indicating that in zebrafish embryos FICZ is a more potent inducer than PCB126. FICZ at 10 nM was able to completely displace binding of 2.3,7,8-tetrachloro-1,6[H-3]-dibenzo-p-dioxin to in vitro-expressed zebrafish AHR2 and AHR1B. Inhibition of AHR2 translation in zebrafish embryos by an AHR2-specific morpholino antisense oligonucleotide decreased the induction of CYPIA and CYP1B1 by FICZ and by PCB126. Together, these results demonstrate that FICZ is a potent AHR agonist in zebrafish, inducing expression of multiple CYP1 genes largely through AHR2. Evolutionary conservation of the response to FICZ is consistent with a possible role as an endogenous signaling molecule acting through the AHR.
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Characterization of organic matter in dusts and fluvial sediments from exposed areas of downtown Prague, Czech Republic

International Journal of Coal Geology, 2009, Vol 80, Iss 2, pp 69-86

The incompletely combusted particles from power plants, local heating installations and traffic and plant remnants were studied in dusts and fluvial sediments in exposed areas of downtown Prague by optical and electron microscopy, and chemical analysis. Structural characterization of carbonaceous particles was done by GC/MS and Py-GC/MS. Total organic carbon (TOC) content of the studied samples ranges from 3.69 to 14.77 wt.% black carbon (BC) content from 0.13 to 2.61%. Modern organic matter such as wood tissues, plant remains and organs, pollen grains, and fungal spores with R-r reflectance lower than 0.20% are common in most samples. Algae and bituminite are enriched in fluvial sediments. Insect fragments are typical for dust samples. Combustion residues, particularly soot in dust particles, dominate a broad range of high reflecting carbonaceous particles of anthropogenic origin. Charcoal prevails in wood ash and has been found in fluvial sediments with char particles. Molecular biomarkers varied with sample origin. PAHs distribution exhibited no correlation with BC. 
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Optimisation and validation of programmed temperature vaporization (PTV) injection in solvent vent mode for the analysis of the 15+1 EU-priority PAHs by GC-MS

Talanta, 2009, Vol 80, Iss 2, pp 643-650

This paper presents the optimisation of a programmed temperature vaporization solvent vent (PTV-SV) injection gas chromatographic mass spectrometric (GC-MS) method for the analysis of the 15 + I EU-priority PAHs in food extracts. Three operation parameters (vent time, vent flow and vent pressure) were optimised by applying a D-optimal experimental design. Among these variables, vent time showed the highest effect on the analytical response (signal intensity) of the target PAHs. The 15 + 1 EU-priority PAHs were analysed in solvent solutions and in extracts of fortified sausage. In addition, blank lamb meat extracts were prepared and spiked with the target PAHs prior to CC-MS analysis. The performance of the optimised PTV-SV injection GC-MS method was scrutinised for linearity, precision, matrix effects and robustness. All parameters were found satisfactorily. Compared to PTV injection in splitless mode, the PTV-SV injection method provided an enhancement of sensitivity for all target PAHs. Especially significant was the improvement of the S/N ratios of the compounds with the highest molecular mass.
