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LIST OF ACRONYMS 
 

µ-ECD – micro-electron capture detector 
AA – atomic absorption 
AAS – atomic absorption spectrometry 
AE – atomic emission 
AED – atomic emission detection 
AES – atomic emission spectrometry 
AF – atomic fluorescence 
APCI – atmospheric pressure chemical ionization 
ASE – accelerated solvent extraction 
BFRs – brominated flame retardants 
BTEX – benzene, toluene, ethylbenzene, and xylene 
CE – capillary electrophoresis 
CFME – continuous flow microextraction 
CGI – combustible gas indicator 
CID – Criminal Investigation Division 
CME – capillary microextraction 
DAD – diode array detection 
DLLME – dispersive liquid-liquid microextraction 
ECD – electron capture detector 
EDCs – endocrine disrupting compounds 
EDTA – ethylene diamine tetraacetic acid 
EI – electron impact ionization 
ENRD – Environment and Natural Resources 
Division 
ERT – Environmental Response Team 
ESI – electrospray ionization 
EU – European Union 
FAAS – flame atomic absorption spectrometry 
FID – flame ionization detector 
FLD – fluorescence detection 
FPD – flame photometric detection 
FRTR – Federal Remediation Technologies 
Roundtable 
FTIR – Fourier transform infrared (spectrometry) 
GC – gas chromatography 
GC x GC – two-dimensional gas chromatography 
GC/MS – gas chromatography/mass spectrometry 
GPS – global positioning system 
HF – hydrofluoric acid 
HG – hydride generation 
HPLC – high performance liquid chromatography 
HRGC – high resolution gas chromatography 
HS – headspace 
IC – ion chromatography 
ICP – inductively coupled plasma 
ICP-AES – inductively coupled plasma-atomic 
emission spectrometry 
ICP-MS – inductively coupled plasma-mass 
spectrometry 
ICP-OES – inductively coupled plasma-optical 
emission spectrometry 
ILO – International Labour Organization 
IMO – International Maritime Organization 
INECE – International Network for Environmental 
Compliance and Enforcement 
IR – infrared 
ISE – ion selective electrodes 
LC – liquid chromatography 
LC/MS – liquid chromatography/mass spectrometry 

LLE – liquid-liquid extraction 
LPME – liquid-phase microextraction 
LVI – large volume injection 
MAE – microwave-assisted extraction 
MASE – membrane-assisted solvent extraction 
MEPC – Marine Environment Protection Committee 
MIPs – molecularly imprinted polymers 
MS – mass spectrometry 
MS/MS – tandem mass spectrometry 
MSDS – Material Safety Data Sheet 
MTBE – methyl t-butyl ether 
NEIC – National Enforcement Investigations Center 
NSAIDs – nonsteroidal anti-inflammatory drugs 
OCPs – organochlorine pesticides 
OES – optical emission spectrometry 
OPPs – organophosphorus pesticides 
PAHs – polycyclic aromatic hydrocarbons 
PBDEs – polybrominated diphenyl ethers 
PBDDs – polybrominated dibenzo-p-dioxins 
PBDFs – polybrominated dibenzofurans 
PCBs – polychlorinated biphenyls 
PCDDs – polychlorinated dibenzo-p-dioxins 
PCDFs – polychlorinated dibenzofurans 
PE – performance evaluation 
PFE – pressurized fluid extraction 
PID – photoionization detector 
PLE – pressurized liquid extraction 
POPs – persistent organic pollutants 
PPCPs – pharmaceuticals and personal care products 
PPE – personal protective equipment 
QA/QC – quality assurance/quality control 
RP – reversed phase 
SPSE – stir bar sorptive extraction 
SFE – supercritical fluid extraction 
SOPs – standard operating procedures 
SPE – solid-phase extraction 
SPME – solid-phase microextraction 
SRMs – standard reference materials 
SVOCs – semi-volatile organic compounds 
TCD – thermal conductivity detector 
TCLP – toxicity characteristic leaching procedure 
TLC – thin layer chromatography 
TOF – time-of-flight 
TPHs – total petroleum hydrocarbons 
TXRF – total reflection X-ray fluorescence 
UAE – ultrasonic assisted extraction 
US – United States 
USACE – United States Army Corps of Engineers 
US DOJ – United States Department of Justice 
US EPA – United States Environmental Protection 
Agency 
UV – ultraviolet 
UV/Vis – ultraviolet/visible 
VOCs – volatile organic compounds 
WHO – World Health Organization 
XRF – X-ray fluorescence 
XRS – X-ray spectrometry 
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INTRODUCTION 
 
 

This environmental crime review is a follow-up to those papers prepared for the 13th and 
14th International Forensic Science Symposia.  This paper contains an increased emphasis on the 
field work necessary in an environmental forensics investigation.  Crime scenes for an 
environmental forensics investigation are routinely referred to as “the field” and this term is used 
repeatedly when referring to the sampling site.  Suggested equipment, supplies, and on-line 
educational resources in field operations have been included.  As in prior papers, several useful 
analytical books are described and published papers have been searched for updates, reviews, 
and new developments in environmental analytical chemistry. 

 
Two special interest topics are included in this paper.  The international waste “trade” of 

electronic waste (or e-waste) and shipbreaking creates hazards for humans and the environment 
and requires the attention of decision-makers worldwide.  Nanotechnology developments are 
leading to innovative products that can assist in the protection of the environment but may also 
present some hazards as well. 
 

Limitations in the presentation of material within this review paper have been described 
in previous papers.  An environmental crime investigation requires the efforts of a large number 
of people from the initial and continuous work of the criminal investigative agent to the closing 
remarks of the prosecuting attorney for the case.  Only a portion of the many aspects of 
investigation can be covered in this paper, but it is hoped that the references provided will aid the 
reader in locating answers for most questions. 
 

Stephen P. Solow, formerly a chief of the Environmental Crimes Section in the United 
States Department of Justice (US DOJ) and currently a partner in a private law practice, has 
authored recent overviews of the “State of Environmental Crime Enforcement” in the United 
States.  In these overviews, he briefly discusses policy and legislative changes and then 
summarizes the criminal cases and conclusions from the previous year (cases from 2005 and 
2006). (1, 2)  The US DOJ Environment and Natural Resources Division (ENRD) works with 
United States Environmental Protection Agency (US EPA) Criminal Investigation Division 
(CID) agents to prosecute violators of environmental laws in the US. (3)  Summaries of 
environmental crime cases are provided in the press release section of the US DOJ ENRD web 
site.  These summaries on settlements and convictions contain links to the full press releases that 
contain some additional case details. (4)  

 
Solow also published a primer for preventing an environmental violation from becoming 

a criminal case.  In this paper, he outlines the thought process of US EPA CID agents when 
deciding whether or not to pursue an environmental crime case. He continues with some 
legislative history and advice on how legal counsel can take steps to help their client avoid 
prosecution. (5)  

  
Interest in environmental forensics and developing regulations to define environmental 

crime and pursue this type of criminal investigation has continued to increase. The European 
Union (EU) has penned a draft law that would require member governments to enforce serious 
offenses against the environment as crimes. (6, 7)  The United Kingdom has added environmental 
forensics degrees to higher education institutions and the dilemma of how to define an 
environmental forensics expert or professional is under consideration. (8-10)  Presentation of 
chemistry to a courtroom and the repercussions of Daubert continue to be points of discussion. 
(11-13)  
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ENVIRONMENTAL CRIME SCENE INVESTIGATION 
 
 
PLANNING THE GOALS OF THE FIELD INVESTIGATION 
 
 The US Army Corps of Engineers (USACE) has a long list of engineering manuals 
available on-line. (14)  The publication dates for the available manuals range from 1972 to 2007.  
Most of these manuals listed by the USACE are designed for engineers involved in various civil 
works projects such as building dams or levees, designing small water systems, constructing 
flood controls, or dealing with coastal engineering issues.  The manuals that can be of use in 
planning and executing environmental chemistry field investigations are listed in Table 1. 
 
 The US EPA office located in the Pacific Northwest area of the United States, Region 10 
(offices located in Seattle, Washington), developed an online manual detailing the points 
(inspection, safety, legal considerations, and evidence) in an environmental compliance 
inspection some years ago. (15)    
 
 In 2002, an additional training course was developed and the materials for that 
environmental compliance course can be located at the International Network for Environmental 
Compliance and Enforcement (INECE) web site.  The course manual is titled “Conducting 
Environmental Compliance Inspections:  Inspector’s Field Manual – International Edition” and 
is available online in English and Spanish versions. (16)  The instructor’s manual titled 
“Environmental Compliance Inspection Training:  Facilitator’s Manual” is also available on this 
same web page.  The instructor’s manual can be downloaded as the separate course sessions 
(inspection planning, collecting defensible evidence, field equipment and supplies, etc.) or as the 
entire manual. 
 
 Supplemental resources for nearly every session in the course can be found in the 
“Related Materials” box on the web page.  The session numbers and titles match those listed for 
the chapters in the instructor’s manual.  Links from this box connect to a page containing 
separate sections from the “INECE Training Course for Multimedia Inspectors, Student 
Manual.” (17)  Many of the links on this page connect back to the US EPA Region 10 
“Conducting Environmental Compliance Inspections” web site. (15)  In another part of the INECE 
web site, the “Training Course for Multimedia Inspectors, Student Manual” can also be accessed 
and downloaded. (18)  
 
 One addition to these course materials is the “Multi-Media Investigation Manual” 
produced in 1992 by the US EPA National Enforcement Investigations Center (NEIC) in 
cooperation with the US EPA regional offices. (19)  This manual develops field inspection 
strategy, touches upon the US environmental regulations, and has many useful appendices.  
Appendix C lists responsibilities for the leader of the team going to the field site.  Appendix D 
provides examples of types of information to gather about the site or the party under 
investigation.  Appendix G is an equipment checklist.  Appendix M covers sampling guidelines 
and includes two tables for sample collection and handling (one for liquid samples and one for 
non-liquid samples).  Appendix M also has a list of the instruments most often used in the field. 
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Table 1. US Army Corps of Engineers (USACE) Engineering Manuals Available on the Web 
Title Publication # Publication Date Description (number of pages) 
Validation of Analytical 
Chemistry Laboratories 

EM 200-1-1 01 July 94 Guidance for determining if an analytical laboratory is following an appropriate quality assurance and 
quality control program.  This validation process requires several steps including a review of 
qualifications, the analysis of performance evaluation samples, and an on-site laboratory inspection 
(504 pages). (20) 

Technical Project Planning 
(TPP) Process 

EM 200-1-2 31 August 98 Summarizes the systematic process involved in planning field activities when dealing with sites 
containing hazardous or toxic materials.  The appendices in this document provide useful tables and 
worksheets and include a comparison of the TPP process to the US EPA version of project planning 
using data quality objectives (132 pages). (21) 

Requirements for the 
Preparation of Sampling and 
Analysis Plans 

EM 200-1-3 01 February 01 Outlines steps in preparing a plan for field sampling; lists items to be considered when making 
decisions prior to going into the field.  Appendix B is an excellent detailed table for sampling.  The 
table lists analytes and the recommended preservatives, holding times and containers for liquid or solid 
samples, as applicable, for each analyte.  Appendix C covers extensive details on surface water, 
groundwater, potable water, sediment, soil, and air and soil gas sampling with diagrams and step-by-
step directions and discussion of sampling strategies.  The sampling sections contain information on 
containers, preservation, and sampling procedures, methods, and tools (376 pages). (22) 

Risk Assessment Handbook: 
Volume I – Human Health 
Evaluation 

EM 200-1-4 
(Volume I) 

31 January 99 Guidance for considering the possible health risks to humans when investigating a field site (187 
pages). (23) 

Risk Assessment Handbook: 
Volume II – Environmental 
Evaluation 

EM 200-1-4 
(Volume II) 

30 June 96 Discusses considerations in deciding how hazardous chemical materials have damaged an ecosystem at 
a site and what remediation actions may be needed (409 pages). (24) 

Chemical Quality Assurance for 
Hazardous, Toxic and 
Radioactive Waste Projects 

EM 200-1-6 10 October 97 Document describes the use of several different tools for assessing the quality of project work including 
proficiency testing, field audits, and reviews of laboratory data (126 pages). (25) 

Performance Evaluation (PE) 
Program 

EM 200-1-7 01 February 01 Explains how to develop parts of a performance evaluation program.  It provides good details about 
what to consider when designing PE samples to meet the needs of a specific project; consider variables 
such as matrices, challenging analytes, incompatible analytes, concentrations of analytes, stability, and 
verification of the PE sample (113 pages). (26)

Guidance for Evaluating 
Performance-Based Chemical 
Data 

EM 200-1-10 30 June 05 Good details on quality parameters that can be used to evaluate data and ensure that only scientifically 
defensible data is used in future decision-making.  Quality parameters described in this document 
include initial and continuing calibration verifications, laboratory control samples, blanks, matrix 
spikes, surrogates, and internal standards (129 pages). (27) 

Safety and Health Requirements EM 385-1-1 03 November 03 Large collection of health and safety information extending beyond usual needs in environmental 
forensic field work.  Sections contain information on personal protective equipment, hazardous 
substances and environments, accident prevention, material handling and disposal, and machinery and 
mechanized equipment and also include many figures, tables, and appendices (977 pages). (28) 

Radiation Protection Manual EM 385-1-80 30 May 97 Document provides guidance when activities require handling radioactive material or devices that 
generate radiation (186 pages). (29) 
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PLANNING THE SAMPLING FOR THE FIELD INVESTIGATION 
 
 The US EPA Environmental Response Team (ERT) provides a collection of free 
documents in the products area of their web site. (30)  The best of these are the Superfund 
Program Representative Sampling Guidance Documents and the ERT Standard Operating 
Procedures (SOPs).  The representative sampling documents are divided by the type of media 
being sampled (soil, waste, water, air, and biological).  Each document includes details on 
sampling design, sampling equipment, sample collection and preparation, quality 
assurance/quality control (QA/QC) samples and evaluation, and possible sources of error in the 
sampling process. 
 
 The soil sampling guidance document is one document divided into three separate files, 
probably due to size alone.  The water sampling guidance document has two separate parts 
divided by the type of water being sampled.  The first part addresses sampling of surface water 
and sediment and the second part addresses the sampling of groundwater.  Each part of the water 
sampling guidance stands alone as each has a separate table of contents and has topics specific to 
either surface water (migration pathways, estuaries and wetlands, etc.) or groundwater (types of 
pumps for sampling, geophysics, well purging, etc.).  The waste sampling guidance includes 
details on waste sample types (grab and composite), the waste characteristics of homogeneity, 
chemical stability, particle size (solids), and viscosity (liquids), and field analytical screening 
(identifies the instrumentation needed for field screening). 
 
 Over 50 ERT SOPs are available on the web site and many of these provide guidance on 
sampling.  The SOP list includes procedures for sampling soil, surface water, sediment, air 
(general air sampling, sampling for asbestos in air, and sampling for metals in air), groundwater 
wells, waste piles, and drums.  Chip, wipe, and sweep sampling guidance is also provided in one 
of the procedures.  Of particular interest is the SOP for sampling equipment decontamination 
which presents a nine-step decontamination procedure, breaks down physical decontamination 
into abrasive and non-abrasive cleaning methods, details the use of separate washing and 
spraying stations for an extensive decontamination process, and provides a brief QA/QC section 
about rinsate blanks.   
 
 Procedures for some equipment and instrumentation are also included in the ERT SOPs 
list.  Included in these are procedures for the operation of X-ray fluorescence detectors, gas 
chromatographs, photoionization detectors (PID) or HNU meters, and the Geoprobe sampling 
device. 
 
SAMPLE CHARACTERIZATION AND ANALYSIS IN THE FIELD 
 
 Instrumentation and techniques useful for a field kit for characterizing and analyzing 
samples in the field are listed in Table 2.  Many laboratory instruments have been reduced down 
to useful and desirable field-portable instrumentation.  For some time now, pH meters have been 
small and sturdy enough to easily transport and use in the field and now these instruments can be 
accompanied by portable X-ray fluorescence (XRF) spectrometers, gas chromatographs (GC), 
and gas chromatograph/mass spectrometers (GC/MS). 
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Table 2. Basic Field Characterization & Analysis Kit 
Technique or 
Instrument 

Analyte(s) Description Vendors†

Chemical 
Identification 
Test Kits 

atrazine and simazine in water 
arsenic in water, cyanide in water 
 
pH (pH test paper) 
 
various, for solid or liquid samples 
(multiple tests to narrow range of 
possible analytes in sample) 

pesticide, arsenic, and cyanide test kits with simple test steps (add kit reagents to 
the sample, shake, dip test strips, and match test results to a color chart) 
 
quick dip and compare test for narrowing of the pH range for an aqueous sample 
 
general chemical identification kit that characterizes waste according to chemical 
and physical properties; a chart is provided to follow the positive or negative 
results of the characterization tests from the kit 

Industrial Test Systems, Inc. 
 
 
EMD, pHydrion 
 
Haztech Systems, Inc. 
 

Gas Detector 
Tubes 

over 300 gases  indicator tubes provide a rapid visual identification of gases and gas 
concentrations by a visual color comparison; extensive list of gases that can be 
detected including acid gases, basic gases, nitrous gases, petroleum hydrocarbons, 
chlorinated hydrocarbons, and sulfur dioxide 

Sensidyne 
Dräger 

pH Meter pH determine acidity or basicity of aqueous samples with accuracy Mettler Toledo, Thermo Scientific 
Ultraviolet 
(UV) 
Fluorescence 
Analyzer 

hydrocarbons (several hydrocarbon 
test kits are available) 

simple sample preparation for solids or liquids; calibrate with a test kit such as 
polycyclic aromatic hydrocarbons (PAHs), total petroleum hydrocarbons (TPHs), 
gasoline range organics (GRO), and diesel range organics (EDRO) 

Sitelab 

XRF metals (Cd, Cr, As, Pb, Hg, Se, Ba, 
Cu, Zn, etc.) 

rapid, multi-element screening and semi-quantitative analysis with no sample 
preparation needed; high sample throughput for low cost 

Innov-X Systems 
Thermo Scientific 

GC/MS volatile organic compounds 
(VOCs) 

rapid, high sample throughput analysis for VOCs; can add an interface for 
headspace analysis and analyze air, water, and soil samples 

INFICON 
Constellation Technology 

other additions to consider 
GC 
 

organic compounds and some 
inorganic gases; can be specific to 
halogens, cyano and nitro groups 

choice of detector determines compounds that can be identified, the linear range, 
and the sensitivity; common detectors are flame ionization (FID), photoionization 
(PID), electron capture (ECD), and thermal conductivity (TCD) 

Quadrex Corp. 
Photovac, Inc. 

Raman 
Spectrometer 

organic and inorganic compounds 
and metals 

rapid, non-destructive identification of sample using vibrational spectroscopy; no 
sample preparation required for solid or liquid samples 

DeltaNu 
JASCO International 

Multi-gas 
Sensor 

many gas-specific sensors 
available (ex. HCN, Cl2, CO, PH3, 
and H2S) 

handheld monitors can combine up to five sensors and data logging to a portable 
computer 

RAE Systems 
Gray Wolf Sensing Solutions 

Ion Selective 
Electrodes 
(ISE) 

analytes include halides, 
perchlorate, fluoroborate, sodium, 
cyanide, cadmium, and copper 

ISEs identify and provide concentration of an analyte in solution but can be 
affected by interference from other ions; many pH meters have an ISE interface, 
so both pH electrodes and ISEs can be used with the same meter 

Hanna Instruments 
Omega Engineering, Inc. 

†  Vendors, brand names or products listed are not endorsements or recommendations and are not an exhaustive list of suppliers of the materials or instrumentation listed. 
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 The Federal Remediation Technologies Roundtable has two useful matrices on its web 
site providing information on sampling in the field and instrumentation and techniques needed 
for sample analyses. (31)  The sample analysis tools matrix is called the “analysis matrix” and the 
field sampling and collection techniques matrix is called the “sampling matrix.” (32, 33)  
 
 Each matrix has active links to summary pages for items (instruments, techniques, or 
tools) listed on the vertical axis of the matrix.  The vertical axis for the analysis matrix has the 
list of analytical instrumentation or techniques useful in analyses for VOCs, semi-volatile 
organic compounds (SVOCs), pesticides, polychlorinated biphenyls (PCBs), TPHs, metals, 
radionuclides, and explosives.  The specific information provided for each analysis technique 
includes the basic description, media type, analytes, detection limits, selectivity and potential for 
interference, quantitation capability, turnaround time per sample, relative cost per sample, 
limitations of the technique, and published standards or methods for the technology.  The vertical 
axis of the sampling matrix lists access tools (drilling methods and samplers), collection tools 
(hand-held tools, pumps, gas collection devices, etc.), and extraction methods (solvent, thermal, 
membrane, etc.).  These tools and techniques have summary information including the basic 
description and use, analytes, sample media, speed of use, sample volume, relative cost per 
sample, limitations of the tool or technique, and any published standards for the technique. 
 
PUTTING A FIELD KIT TO WORK 
 
 A checklist of items that are useful in field investigations is presented in Table 3.  It is not 
an exhaustive list and should be compared with other available resources and common-sense 
ideas (for example, having an extra set of vehicle keys when out in the field).  The list has been 
divided into essential categories of supplies, health and safety items that will be needed to some 
degree any time chemicals are involved, and some optional items that might be added into the 
field kit if the sampling plan or investigation indicates that a particular item would be necessary. 
 
 If samples are being taken for later analysis at a laboratory, then some sort of container is 
needed.  Containers should be free of any contamination that may interfere with the laboratory 
analysis.  Recommended containers are those that are provided by the manufacturer as certified 
clean and with Teflon-lined lids.  Containers should be chosen to match the type of analysis 
being performed.  Plastic jars or bottles will not introduce interferents for metals analysis, but the 
phthalates in the plastic could leach out into a sample that has been designated for organics 
analysis.  Glass jars or bottles can be used to contain samples taken for either organics or metals 
analysis, but should be avoided if the samples are suspected to have a high concentration of 
hydrofluoric acid (HF).  HF in the sample could etch and weaken the glass jar and create an even 
greater hazard for field and laboratory personnel. 
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Table 3. Checklist for Field Kit Essentials, Health & Safety Items, and Optional Extras†

Item Description / Use / Value in the Field Kit 
 Essentials 
Sample Containers • glass jars or bottles – combination of clear and brown glass, depending on the 

potential light sensitivity of analytes in the sample; glass is required for samples 
being tested for organic chemicals, but can also be used for samples collected for 
metals analysis 

• plastic jars or bottles – can be used for samples being analyzed for metals but must 
be used for samples suspected of containing hydrofluoric acid (HF) 

• stainless steel canisters for air and gas sampling (Summa canisters) 
Sampling Devices • scoops and trowels – plastic (for samples undergoing analysis for metals) and 

stainless steel (for samples undergoing analysis for organics) 
• spatulas and spoons – stainless steel (organics analysis), plastic (metals analysis), 

and wooden (metals or organics) 
• bailers – for liquid sampling of wells or tanks (liquid that is deep or a distance 

from the sampler) 
• Coliwasas (composite liquid waste samplers) or glass thieving tubes – for 

representative vertical sampling of liquids, can maintain the separate layers of 
liquids during sampling 

• soil auger and core sampler – for soil samples below the ground surface 
• shovel – to aid in removing surface soil, if necessary, but it can also be used as a 

large sampling scoop 
• bacon bomb/sample thief – for liquid sampling at the bottom of storage tanks, tank 

cars, drums 
• siphoning equipment or pumps – if needed for liquid sampling 

In-Field Sample 
Preparation 

• filters – for removing suspended material that is not part of the sample to be 
analyzed in the lab; to filter sample prior to adding a preservative 

• sample preservatives (acids, sodium hydroxide, zinc acetate, etc.) 
Labeling Materials • labels – with good adhesive and sizes to fit various sample containers and still 

provide sufficient writing space 
• tags and rubber bands – the heavy-duty paper tags have strings through a grommet 

in the paper, plenty of writing space to fully identify the sample, and can be 
attached securely to a sampling jar just below the lid by knotting the string; use a 
rubber band to hold the tag against the jar, if desired, during transport 

• forms – chain-of-custody forms to log the samples taken, where the samples were 
taken (sampling station), what type or types of containers were used for each 
sampling station, the name of the person or persons taking the samples, what day 
and time the samples were taken 

• custody seals – tape, stickers, or heavily sealed bags to secure samples from any 
potential tampering during transit between the sampling site and the laboratory 

• permanent ink pens – for example, Sharpie-type markers with wide and narrow 
tips to mark on jars, lids, and labels, and ball-point pens or extra-fine tip markers 
for filling out chain-of-custody forms and sample tags  

Packing Materials 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• zipper-lock bags – have plenty of these in all sizes, use to seal up each sample 
container or to double-bag sample containers with liquids, can provide some 
protection against cross-contamination between samples and samples being 
contaminated by other means 

• lockable, insulated cooler (ice chest) for shipping (or ease of transport) – or a 
similar large container that will seal completely to ensure that no fluids leak from 
the large container, the container has some temperature stability to maintain low 
temperatures when samples must be packed in ice, and with some locking 
mechanism to secure the container from tampering during transit 

• absorbent packing material – can be loose material or packaged in porous bags; if 
samples need to be cooled with ice as well, take care to separate the absorbent 
material from the melting ice 

• cardboard structure packing material – secure samples from moving loose within 
shipping cooler 

• ice or reusable frozen packs – if samples require cooling in transit to the 
laboratory 
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Item Description / Use / Value in the Field Kit 
Packing Materials 
(continued) 

• thermometer – can be used to log the temperature of the inside of a sample cooler 
prior to transport to the laboratory 

• bubble-wrap or sealed air pillows – good cushioning material to keep samples 
from moving loose (tipping over, rolling around) within the shipping cooler; 
plastic cushioning material (unlike cardboard packing material) can be used in 
combination with ice and samples that might leak out of sample containers 

• packing tape or fiber tape – can be used to help secure samples inside coolers (tape 
packing materials around samples or groups of samples) or an additional measure 
for keeping the sample cooler closed if the latch breaks 

Camera & Film • camera and film – photos provide excellent documentation of work performed in 
the field and provide evidence of waste piles or illegal activity to present in a 
judicial setting; an instant-photo developing type of camera (Polaroid-type) may 
be used; if 35mm film is used, consider any chain-of-custody issues if film is 
developed outside of your control 

• digital camera, memory cards, and batteries – digital cameras provide flexibility 
(photos can be easily incorporated into a report or presentation) and some long-
term cost savings (no photo developing fees) 

• rulers, measuring tapes – provide scale for the sample or sampling site when 
photos are being taken 

General Cleaning 
and 
Decontamination 
Materials 

• tap water, purified water (distilled or deionized), and non-phosphate detergent 
• decontamination solutions: 10% nitric acid (if metals are a contaminant), acetone 

or hexane (if organics are a contaminant) 
• drop cloth or plastic sheeting to prevent ground contamination during cleaning of 

materials 
• long and short handled brushes, tubs or buckets, sprayers for decontamination 

solutions 
• containers for storage of decontamination solutions and for the collection and 

disposal of rinse waste (used decontamination solutions) 
• large trash bags – to collect contaminated waste items (used wipes) for proper 

disposal or to gather scoops or tools that must be decontaminated at a later time 
• purified water (distilled or deionized) – good for cleaning (or rinsing) equipment 

when the same tool must be used for multiple samples; the rinsate from cleaning 
the piece of equipment can be taken to the analytical lab and analyzed as a “rinse 
blank” to determine if any cross-contamination occurred during sampling 

• Kimwipes or paper towels – disposable wipes of varying sizes to clean tools, clean 
the exterior of sample containers, clean parts of instrumentation, etc. 

• soap, waterless hand cleaner, towels and clean water for personal hand cleaning 
Miscellaneous 
Items 

• field log books, any additional forms or records specific to or required by your 
organization, and pens or pencils that are fade and water resistant 

• specific shipping regulations and requirements as needed (for example, if the 
samples are being shipped across state or country boundaries) and any required 
hazard labels for the sample cooler or other shipping container 

• absorbent material (in addition to any needed for packing samples) to aid in 
cleaning up any spills during sampling or clean-up 

• crescent wrenches, bung openers, or other devices to open drums, if drum 
sampling will be necessary 

• two-way radios and chargers or batteries – if the site is large, this is useful to keep 
in touch with other team members working at different locations on the site 

• various office supplies – additional pens or pencils, paper clips, staples and a 
stapler, a calculator, file folders; anything that might be needed (other than field 
log books) to document and organize the activities in the field 

• various tools and tool kits for adjusting or repairing instruments, equipment, or 
vehicles in the field 

• drinking water and electrolyte-enhanced water – this is essential for field 
personnel comfort and an absolute necessity if any field personnel must don 
protective suits in the course of the investigation 
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Item Description / Use / Value in the Field Kit 
 Health & Safety 
Personal Protective 
Equipment (PPE) 

• gloves – have a variety of protective materials available and sizes 
• safety glasses, goggles, and face shields – eye protection against splashes, 

particles in air 
• Tyvex suits – complete protective cover for body, varying protective materials 
• face masks, respirators, and extra gas cartridges – half-face protection against 

breathing dusts, masks to supply air using air tanks 
• self-contained breathing apparatus and air tanks – if situation requires supplied air 

for samplers 
• ear plugs and hard hats – necessary when working around heavy equipment or in 

factories or warehouses 
• rubber boots or disposable plastic boot coverings 
• heavy tape or duct tape – to seal gaps and securely attach protective suits and 

gloves and suits and boot coverings 
First Aid • first aid kit with scissors or pocket knife 

• emergency eye wash 
• substance-specific first aid information (Material Safety Data Sheets or MSDS) 

for any compounds suspected of being on the site 
• emergency telephone numbers, locations of and maps to nearby hospitals 
• fire extinguisher 

Photoionization 
Detector (PID) 

• also known as H-NU or HNu meter– used for both personal protection of samplers 
and to provide some characterization of materials, the detector can indicate the 
presence of volatile organic compounds and potential explosion hazards but 
cannot detect methane (for methane, use a flame ionization detector or FID) 

Combustible Gas 
Indicator (CGI) 
and Oxygen Meter 

• CGI/oxygen meters measure the concentration of flammable vapors or gases in the 
air and the level of oxygen; this is essential for determining if an explosive 
situation is present or developing and is crucial for confined space or similarly 
restrictive areas.  Some meters include compound-specific detectors. 

Flame Ionization 
Detector (FID) 

• measures the level of total organic compounds in atmosphere; best as an ethane 
and methane detector 

Geiger Counter • radiation screening of sampling area and samples (with a probe that can detect a 
combination of forms of radiation); vendors include Ludlum Measurements and 
SE International 

 Optional Extras 
Dyes and 
Fluorometer 

• colored dyes – if it is necessary to trace the source of a discharge into a waste 
stream or local waters; different colors of dyes can be used for multiple possible 
discharge sources 

• fluorometer – to measure very small quantities of the dye, if trail of dye is not 
completely obvious to the eye; one vendor is Turner Designs 

Automatic Water 
Sampler 

• good for sampling over a period of time or sampling that begins when certain 
conditions are detected by the sampling device (for example, when water pH drops 
below a set level) 

• good for covert sampling – place in sampling location, set sampler working, return 
at a later time to retrieve samples and replace with additional sampling bottles, as 
necessary 

• some automatic samplers can be controlled by remote devices or can maintain 
temperature control for the samples; one vendor of automatic samplers is Teledyne 
Isco 

Global Positioning 
System (GPS) 
Receiver 

• GPS can be used to precisely record the exact location for a sampling site 
 

Metal Detector 
 

• useful when there is a suspicion of buried drums; the metal detector can save time 
in locating where the drums are buried 

Microscope • may be used in the field for asbestos fiber identification 
 
†  Vendors, brand names or products listed are not endorsements or recommendations and are not an exhaustive list 
of suppliers of the materials or instrumentation listed. 
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 Sampling tools vary widely and the decision of which tool or combination of tools to use 
depends on the answers to several questions. 

• What type of sample media is involved (water, soil, waste, etc.)? 
• Where is the sample located on the field site (in a stream, field, empty lot, drum, 

waste pile, dumpster, etc.)? 
• How deep is the sample located?  For example, is the sample located on the soil 

surface?  Are samples needed from one or more of the liquid layers in a drum or tank 
car?  Is the sample located underground in a buried drum or waste pile?  Does the 
sampling strategy require a cored soil sample or samples from groundwater or a well? 

• How much sample must be taken?  What amount does the laboratory need for the 
analytical procedures planned for the samples?  Are duplicate samples needed for 
quality control or for testing at an alternate laboratory (some companies under 
investigation request duplicate samples for their own testing)?  Is there a need for 
more sample material for additional types of testing or statistical studies?  Will an 
untouched (not affected by laboratory analysis) sample be needed as a visual item in 
evidence for a courtroom trial?   

• What type of sampling strategy is needed for the samples?  Does the sampling plan 
indicate grab samples only (a sample from one discrete sampling location)?  Or will a 
composite sampling strategy be used (two or more equal aliquots collected from 
several distinct points and combined to form one sample)? 

 
 Surface sampling may only require simple scoops, but an underground sampling location 
would necessitate some means of relocating the surface soil in order to access the sample 
(shovels, heavy machinery, augers or drills, and corers).  In sampling liquids, the presence of 
different liquid layers will require a thieving device (Coliwasa or “bacon bomb”) to allow 
sampling of a discrete layer.  Water samples from groundwater or wells may require the use of a 
pump. 
 
 The sampling scoop can be as elementary as using the sample jar itself in a grab sample 
or as complex as a grid with composite sampling to provide as representative a sample as 
possible.  Plastic scoops may be economical enough to use once and then dispose of properly; it 
may be considered wasteful, but it can be a cheaper and less time-consuming way of avoiding 
cross-contamination during sampling. 
 
 At times, the laboratory may request that field samplers add preservative to some samples 
immediately after sampling.  The US EPA Region 9 laboratory has a list of requirements for 
samples arriving at their laboratory. (34)  Field personnel should discuss the sampling and analysis 
strategy with the laboratory prior to going into the field.  (What is the investigation attempting to 
demonstrate from certain samples and analyses?)  Once the purpose behind each sample and 
analysis is understood, the laboratory can make recommendations on the use or avoidance of 
sample preservatives in the field. 
 
 Log books are an important tool in the field investigation.  A log book should be bound 
and have consecutively numbered pages.  If multiple log books are used on the site, it should be 
clearly indicated on each log book that it is one of a set of log books.  Personnel in the field 
should log information about locations chosen as discrete sampling sites, details on samples 
taken, information about the field site (description or conditions, sketches or drawings, etc.), and 
interviews of anyone on the site (name and position or title of the person and what the person 
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said when interviewed).  In addition to general information about the site or investigation, 
personnel should detail any unusual conditions, problems, or incidents that occur on the field 
site.  If the field site is at a company facility and if records are collected from the facility, then 
the details about the records should be written down in the log book (what documents, how many 
pages, provided by what person at the facility). 
 
 Photographs are an excellent way to document what the field investigators observed on 
the site.  Photographs of the conditions on the site, the locations where samples where taken, and 
the samples as labeled prior to packaging and transport are useful as the criminal case progresses.  
If digital cameras are used, consider copying the photos from the camera media cards to a CD or 
DVD and retaining the original media card in a secure location until the case has been 
successfully prosecuted.  Commercially available software packages can be used to store and 
organize digital photos. 
 
 Samples must be well labeled to provide the correct information to the laboratory.  At a 
minimum, the discrete sampling location (or sampling station), the numerical increment for this 
sample at that station (original, duplicate, or triplicate) if applicable, the name of the person 
taking the sample, the date and time that the sample was taken, and the analyses requested from 
the laboratory for that specific sample, should be indicated on a sample tag or sample label.  As 
in other forensic science disciplines, the chain-of-custody for evidence is crucial and paperwork 
from the field to the laboratory should indicate what member of the investigative team was in 
possession of the samples (the evidence) at any time during the investigation. 
 
 Insulated coolers or ice chests are highly recommended for storage, transport, and 
shipping of samples taken in the field.  Obviously ideal for samples that need cooling with ice 
while in transit, the coolers also offer extra protection for samplers and transporters on the 
occasion that a sample jar cracks or breaks causing material to leak out.  Hasps can be attached 
to coolers in order to accommodate locks; an insulated cooler can then be secured and help 
maintain the sample integrity and chain-of-custody during transit to the laboratory. 
 
 If a specific sampling tool will be used for taking samples from more than one sampling 
location or station, then a means of thoroughly cleaning or decontaminating the tool will be 
necessary.  Cross-contamination of samples can be prevented by first removing any visible 
particulate matter and then using some combination of rinsing or washing and scrubbing or 
wiping to remove what cannot be seen.  The wash or rinse for decontamination should be chosen 
based on the suspicion of what compounds or elements are present in the sample.  A rinse blank, 
taken from the final rinse of a sampling tool, should be labeled as a sample for laboratory 
analysis.  This quality control step will allow the investigative team to show that sampling tools 
were clean prior to another use or it may show that a contaminant was not completely removed 
and may be present in a later sample. 
 
 The safety of personnel involved in the field investigation is important and a safety plan 
(in addition to any investigative or sampling plans) can be useful.  Research into chemicals that 
may be on-site and possible exposures can help determine the extent of personal protective 
equipment (PPE) needed at the site.  Detectors should be used prior to entering a site to check for 
levels of radiation, oxygen (too low or too high), and flammable gases if knowledge about the 
area indicates that any of these hazards may be present.  First aid kits can be stocked with gels or 
creams that specifically address certain chemical exposures (for example, calcium gluconate 
should be included in the first aid kit if hydrofluoric acid may be present on site).  A list of 
emergency phone numbers and locations of nearby hospitals should be included in the safety 
plan.  Local weather conditions such as extremes in temperature and humidity should also be 
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considered when planning for any health and safety issues.  Thicker gloves, additional layers of 
clothing, and some instant hot packs may be needed when temperatures drop.  Frequent rest 
breaks, additional disposable gloves, and extra drinking water will be needed when the 
temperature and humidity climb. 
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LABORATORY ANALYSIS OF ENVIRONMENTAL SAMPLES 
 
 
BOOKS ON ENVIRONMENTAL ANALYSIS 
 
 A good overview of environmental analysis is found in Practical Environmental Analysis 
by Radojević and Bashkin. (35)  Designed for classroom use, each chapter includes questions and 
problems and project suggestions relating to the topics within that chapter or chapter section.  
Chapters are divided by the type of media undergoing analysis (air, water, rainwater, 
soil/sediment/sludge/dust, and plants).  The authors address sampling issues and the analytical 
techniques involved for each media type and then follow up with details on specific analytes of 
interest.  References for further reading on topics are prolific throughout the entire book. 
 
 The appendices included for this book contain some real gems that help make this book 
an essential handbook.  Appendix B, Laboratory Practice, is a great reminder of all those bits of 
information covered in undergraduate general chemistry laboratories.  This includes many 
practical items for people working in the field including reagent classification, properties and 
uses of specific acids, and a review of spectroscopic methods of analysis.  Appendix C contains 
13 pages of tables listing environmental standards on pollutants as set by the World Health 
Organization (WHO), the European Union (EU), and regulatory bodies in several countries 
(United Kingdom, Netherlands, Germany, Russia, and the United States).  Other appendices 
include statistical tables, safety reminders, lists of environmental and analytical journals, and 
websites with helpful information on environmental analysis, pollution, or analytical chemistry. 
  
 Brian Murphy and Robert Morrison recently released the second edition of their essential 
guide to the forensic tools available in environmental investigations titled Introduction to 
Environmental Forensics. (36)  The second edition adds chapters on laser ablation inductively 
coupled plasma mass spectrometry (LA-ICPMS) and scanning electron microscope (SEM) 
techniques.  Chapters on sampling techniques and statistical methods have been expanded and 
the last chapter presents some emerging forensic techniques. 
 
 Steven Drielak has written a detailed guide about forensic evidence collection protocols 
in Hot Zone Forensics: Chemical, Biological, and Radiological Evidence Collection. (37)  In this 
book, Drielak presents the procedures used and equipment needed at the crime scene, the 
sampling plan and the instruments needed to locate the source of contamination, and the 
preparation and protocols needed for evidence collection.  The three types of evidence listed in 
the book title, chemical, biological, and radiological, are divided into separate chapters for in-
depth coverage of the sampling techniques for each.  An earlier book co-authored by Drielak, 
Weapons of Mass Destruction: Response and Investigation, expands the perspective on the crime 
scene. (38)  The book begins with the initial recognition of an incident (first responder actions, 
personal protective equipment, handling victims, scene management) and then expands into the 
planning, procedures, and sampling for evidence within the restricted area.  A final chapter 
presents the planning and execution of a search of a suspect facility. 
     
 Practical Environmental Forensics:  Process and Case Histories is a thought-provoking 
and interesting review of some of the legal cases and relevant topics in the environmental 
forensics arena. (39)  As expected, this book includes a review of the regulatory environment and 
of the frequently examined issue of a judge as the gatekeeper for expert opinions being accepted 
into evidence.  The authors include advice on aspects of case preparation such as dealing with 
paper trails, risk assessments, and courtroom visuals and include overviews on contaminant 
transport models and chemical fingerprinting.  The fascinating presentations of actual cases 
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comprise the latter third of the book and the authors review these cases with wit and clarity.  
Cases are briefly summarized at the beginning and arguments on both (or multiple) sides are 
presented along with the data on the costs of clean-up.  Regulatory information and its 
application to the case are blended into the story along with tales of lawyer and expert witness 
antics.  The conclusion to the case is given and a brief summary of “lessons learned” wraps up 
each case presentation. 
 
 If information centered on monitoring issues is needed, the Environmental 
Instrumentation and Analysis Handbook may be useful. (40)  Major topics in this book include 
wastewater monitoring, air monitoring, and groundwater monitoring.  The first part of this book 
gives an overview of some instrumentation and techniques used in environmental analysis. 
 
 Editors Reemtsma and Jekel present a rapid overview of polar compounds in 
groundwaters and surface waters in Organic Pollutants in the Water Cycle. (41)  Each brief 
chapter of the book provides a large number of references for further reading.  Pollutants covered 
in this book include human and veterinary pharmaceuticals, iodinated X-ray contrast media, 
herbicides, and disinfection by-products. 
 
 The presentation of a survey into enantioselective trace analysis and its potential as a new 
field of analytical research is the goal of Chiral Environmental Pollutants:  Trace Analysis and 
Ecotoxicology by Kallenborn and Hühnerfuss. (42)  After a brief discussion of chirality, 
enantioselective chromatographic methods including high performance liquid chromatography 
(HPLC), high resolution gas chromatography (HRGC), and capillary gas chromatography are 
covered.  The survey continues with chapters on chiral xenobiotics in the environment and 
enantioselective toxic effects of drugs and other chiral environmental pollutants.  The book 
concludes with perspectives and regulations regarding chiral drugs in the United States, in the 
European community, and in Japan and other countries.  The authors have included extensive 
lists of references to support topics covered within the chapters.  
 
 Speciation of elements and compounds in environmental samples are reviewed and 
referenced in Chemical Speciation in the Environment. (43)  Separation strategies, methods of 
speciation, and quality control considerations are discussed in the first section of the book.  
Environmental sample types presented include soils, sediments, fresh water, and seawater. 
 
 Methods used for the determination of endocrine disruptors in water samples are 
presented in several tables within Endocrine Disruptors in Wastewater and Sludge Treatment 
Processes. (44)  Methods are listed for the determination of steroid hormones, alkylphenols, and 
hydrophobic xenoestrogens. 
 
 A variety of topics in speciation analysis is covered in Trace Element Speciation for 
Environment, Food and Health. (45)  Topics reviewed in the book include sample treatment and 
storage, arsenic, mercury, organotins, rapid sample screening tests, quality control issues, and 
health issues. 
 
 Environmental Sampling and Analysis for Metals contains chapters on specific 
spectrometry and spectroscopy techniques, quality control, sample collection, sample 
preparation, and reporting of data for metals analysis. (46)  Analytical techniques covered include 
ultraviolet/visible (UV/Vis) and infrared (IR) spectrophotometry, atomic absorption (AA) 
spectrometry (flame, graphite furnace, cold-vapor, and hydride-generation), and inductively 
coupled plasma atomic emission spectroscopy (ICP-AES).  Selected flame atomic absorption 
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spectroscopy (FAAS) and graphite furnace atomic absorption spectrometry (GrAAS) methods 
are presented by element in one of the chapters. 
 
 Overviews of specific contaminants in the environment are presented in another book by 
Morrison and Murphy titled Environmental Forensics:  Contaminant Specific Guide. (47)  
Arsenic, dioxins and furans, pesticides, PCBs, chromium, lead, and polycyclic aromatic 
hydrocarbons (PAHs) are some of the contaminants covered within this book.  Chapters on each 
contaminant or group of contaminants end with large lists of references for further reading. 
 
 General instrument information and the applications related to environmental analysis are 
compiled in the chapters in Atomic Spectroscopy in Elemental Analysis. (48)  Some techniques 
covered include inductively coupled plasma mass spectrometry (ICP-MS), X-ray fluorescence 
analysis (XRF), and atomic absorption (AA) spectroscopy. 
 
 The Chromium (VI) Handbook provides a review of the background and characteristics of 
chromium (VI) in the environment and very little analytical information. (49)  One chapter 
includes a summary table on analytical methods for the analysis of chromium.  Most methods 
referenced in this table are US EPA analytical methods. 
 
 Elemental speciation is the topic of a large two volume set published in 2003 (volume 
one) and 2005 (volume two).  Handbook of Elemental Speciation:  Techniques and Methodology 
includes chapters on sampling, sample preparation, separation techniques, and methods of 
detection. (50)  Handbook of Elemental Speciation II:  Species in the Environment, Food, 
Medicine and Occupational Health divides speciation information by each element. (51)  
 
 
INSTRUMENTATION AND TECHNIQUES BY TOPIC 
 
 For this review paper, the section summarizing recently published work or articles on 
developments in environmental analysis has been compiled in a table.  Table 4 contains brief 
descriptions of recent work categorized by the matrix being analyzed, the contaminants being 
investigated, or the technique or instrument used for the sample analysis.   
 
 Many publications reference the use of multiple techniques such as combinations of 
sample separation or sample concentration techniques and analytical instrumentation for the 
determination of a particular environmental contaminant (for example, the combination of solid-
phase microextraction with gas chromatography for the analysis of explosives in soil samples).  
If possible, papers are categorized by the technique receiving greater emphasis and the other 
techniques used are mentioned briefly in the summary of that publication.  Papers that emphasize 
the analysis of a particular contaminant instead of the development of a specific technique are 
grouped in the category for that element or compound.  
 
 The Instrumental Criteria Sub-Committee of the Analytical Methods Committee of the 
Royal Society of Chemistry is publishing helpful evaluations of analytical instrumentation.  The 
Sub-Committee examines the parts (hardware, software, training, etc.) that need to be considered 
when selecting an instrument and list the fine details of features, importance of the particular 
features, and reasons for having the features in tabular form. (52-55)  
 
 
 
 



Table 4. Instrumentation and Techniques by Topic 
Category Description 
Environmental Analysis Review of developments in environmental analytical chemistry during the years of 2003 and 2004; review includes sections on sampling and 

extraction methods, separation techniques, and current and developing detection techniques; also includes a table of emerging environmental 
contaminants with analysis techniques and references (56)  
 
Review with tables of standard reference materials for the determination of organic contaminants in environmental samples (57)  
 
Collection of tables listing certified reference materials for the analysis of inorganic and organic compounds in environmental samples (58)  
 
Use of biosensors as tools in environmental analysis and monitoring; includes a summary table listing organic and inorganic analytes to be 
detected (59)  
 
Study discusses the different degradation pathways for selected persistent organic pollutants (POPs) under varying conditions including a list of 
analytical procedures for the determination of POPs and their degradation products (60)  
 
Brief note on types of immunoassays developed for environmental analysis (61)  
 
Review of the analysis of environmental samples (eighth biennial review) covering developments during 2004 and 2005; tables include lists of 
analytes, methods, and instrumentation and sections include water and wastewater analysis and soil and sediment analysis; in Chinese (62)   

Air Analysis Review of techniques for monitoring air pollutants including details on sampling and sample handling (63)  
 
Two review papers on the determination of complex mixtures of volatile organic compounds (VOCs) in ambient air; the first paper presents an 
overview with sections on emissions, monitoring, sampling methods, and analytical methods; the second paper presents canister methodology and 
details, with many illustrations, canister cleaning, sampling, sample preparation, and sample analysis by gas chromatography/mass spectrometry 
(GC/MS) (64, 65)  
 
Review in the use of Fourier transform infrared (FTIR) spectrometry for trace gas analysis in the atmosphere; most of the paper discusses passive 
remote sensing (66)  
 
Chemical characterization of odorous gases emitted from a municipal landfill using GC/MS (67)  
 
Evaluation of a low-pressure gas chromatography ion trap mass spectrometry method for determining polycyclic aromatic hydrocarbons (PAHs) 
in air samples; the method was faster than conventional GC/MS, but with reduced separation power (68)  

Water Analysis 
 
 
 
 
 

Investigation of the best internal standards to use for the analysis of volatile pollutants in water; five compounds were found to be suitable for 49 
pollutants (69)  
 
Review of the history of methyl tert-butyl ether (MTBE) in rivers, lakes, and groundwater including a table referencing analytical methods for the 
determination of MTBE in natural surface waters, groundwater, wastewater, drinking water, sea water, and runoff waters (70)  
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Category Description 
Water Analysis (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Determination of 1,4-dioxane and tetrahydrofuran in groundwater using a solid-phase extraction (SPE) method based on activated carbon disks 
with analysis by gas chromatography/tandem mass spectrometry (GC/MS/MS) (71)  
 
Extensive review of analytical methods for the determination of metals in sea water; includes many tables listing methods specific to certain 
analytes including Cr, Cu, Fe, Hg, Cd, Mo, and mixtures of metals; over 500 references included in this review (72)  
 
Analysis of groundwater samples for five benzoylureas (diflubenzuron, triflumuron, hexaflumuron, lufenuron, and flufenoxuron) using on-line 
preconcentration and liquid chromatography-fluorescence detection (73)  
 
Brief review of procedures used to determine PAHs and PCBs in aqueous samples including a table of analytical problems that can be 
encountered during analysis (74)  
 
Determination of degradation products of nonylphenol polyethoxylate surfactants (NPEOs) in river water samples from 18 major rivers in Taiwan 
(75)  
 
Review of methods and instruments for the microanalysis of volatile organic compounds (VOCs) in water samples; includes an overview of 
liquid, solid, and membrane extraction techniques and a table with advantages and disadvantages of techniques for isolation or enrichment (76)  
 
Overview of industrial effluent analysis focusing on methods and techniques most frequently used and categorized by physical and chemical 
properties, inorganic metals analysis, inorganic non-metallic analysis, and organic analysis (77)  
 
Presents an approach for determining detection limits for the analysis of metals in environmental water samples; As, Ca, Cr, and Cu are the 
analytes used to illustrate the procedure (78)  
 
Determination of phthalates in water samples using liquid-liquid extraction (LLE) and large volume injection (LVI) gas chromatography/mass 
spectrometry (GC/MS); discusses the problems and offers ideas for reducing contamination (79) 

 
Use of an electronic nose to detect and discriminate between primary alcohols and phenol in water samples to provide a gross approximation of 
the concentrations present in the sample (80)  
 
Biennial review into emerging contaminants and current issues in water analysis including pharmaceuticals, hormones, and endocrine disruptors, 
disinfection byproducts, pesticides and pesticide degradation products, and perfluorinated compounds; review of developments includes work 
from 2005 through early 2007 (81)  
 
Analysis for bromate, a disinfection by-product, in groundwater and wastewater samples; three high performance liquid chromatography (HPLC) 
techniques, two ion chromatography (IC) techniques, and one spectrophotometry technique are compared (82)  
 
Sampling and analysis for VOCs in wastewater streams from an industrial park and a nearby wastewater treatment plant (83)  
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Category Description 
Water Analysis (continued) Biennial review of developments in water analysis during 2003 and 2004 including some significant references from early 2005; review focuses 

on emerging contaminants and environmental issues driving current research (84)  
 
Testing a spectrophotometric technique to measure pH in-situ; has potential to provide vertical (depth) pH measurements and spatial resolution (85)  

Field-Portable Techniques 
& Instrumentation 

Comparison of analyses for lead on air filter samples using portable X-ray fluorescence (XRF) and inductively coupled plasma optical emission 
spectroscopy (ICP-OES); most of the portable XRF results agreed within 25% of the ICP-OES results (86)  
 
Advantages in using a passive, in situ sampler for the sampling of a stream receiving agricultural, municipal, and industrial wastewaters for the 
detection of 96 organic wastewater-related contaminants; results from the analyses of samples taken by the polar organic chemical integrative 
sampler (POCIS) were compared to results from samples taken using standard water-column sampling methodology (87)  
 
Field analysis for BTEX (benzene, toluene, ethylbenzene, and xylene) in water by portable GC with micro flame ionization detection (GC-μFID) 
combined with headspace solid-phase microextraction (HS-SPME) (88)  
 
Presents the development of a field-portable GC/MS consisting of a “concentrator-thermodesorber” unit, a multiple module GC system, and a 
compact magnetic sector mass spectrometer with a two-stage vacuum system and multicollector ion detector; the advantage of high speed 
screening of toxic substances in air and extracts is described (89)  
 
Development of a field-deployable, high-resolution, time-of-flight aerosol mass spectrometer is presented (90)   
 
Review of arsenic analysis in the environment with emphasis on field measurements (91)  
 
Evaluation of two arsenic field test kits for water analysis (92)  
 
Describes resistive column heating with smaller mass spectrometry systems specific for field use as a way to design a field-portable GC/MS 
system with improved performance (93)   
 
Compact, shoebox-sized, handheld mass spectrometer has been developed and its capabilities are tested; continuous monitoring of air and 
solutions was used to demonstrate its utility (94)  
 
A miniature, battery-operated flame ionization detector (FID) for hydrocarbon detection in portable gas chromatography (GC) is described (95)  
 
Evaluation in the laboratory and in the field of an underwater mass spectrometer using a membrane introduction mass spectrometer (MIMS) for 
the detection of chemical plumes (96)  
 
Developments for a portable mass spectrometer using an atmospheric pressure inlet and atmospheric pressure chemical ionization (APCI) for real-
time monitoring of toxic compounds in air; benzene, toluene, pyridine, and vinyl acetate were the toxic industrial compounds tested and the 
detection of arsine and dimethyl methylphosphonate (DMMP), a Sarin simulant, were also tested (97)  
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Category Description 
Review of theory and techniques for sample preparation (isolation/enrichment) of organic analytes (98) Sampling, Sample 

Preservation, Sample 
Preparation 

 
Methodology for determining if samples are representative with questions to help make assessments about samples taken in the field (99)  
 
Extensive review on the use of tetramethylammonium hydroxide, water-soluble tertiary amines, and strong bases in sample preparation prior to 
elemental analysis; three highly detailed tables (one for each of the three reagent categories) present sample types, analytes, procedures, analysis 
techniques, additional remarks and literature references (100)  
 
Tutorial on the theory of sampling involved in acquiring representative samples for reliable data analysis; several terms are defined with examples 
and numerous illustrations (101)  
 
Miniaturizing sample preparation using fiber-packed capillaries in a technique called fiber-in-tube solid-phase extraction (102)  
 
Sampling of water, soil, and sediment for the analysis of organic pollutants; describes field sampling techniques and provides details on sampling 
devices including illustrations (103)  
 
Test for better humidity control with an air sample using a Tedlar bag with two layers of film; no major loss of VOCs in using the new design (104)  
 
Presentation of advanced oxidation processes for sample treatment in atomic spectrometry including UV photo-oxidation, ozonation, and 
ultrasound energy (105)  
 
Discussion of representative samples, sampling theory, and a strategy in forming a laboratory subsampling plan (106)  
 
Example of the effects of poor laboratory subsampling in the study of contaminants in heterogeneous solid waste samples (107)  
 
Stresses the importance of planning ahead to form a sampling design that yields data representative of the site where the sampling occurs; 
includes a table of different types of sampling designs with references (108)  
 
Briefly covers sample representativeness according to the US EPA data quality objectives perspective; includes section of the macroscale and 
microscale definitions of representativeness (109)  
 
Preliminary investigation into the proper sampling of biosolids, composts and soils to which biosolids have been applied; presented within the 
regulatory framework set by the European Commission (110)  

Extractions and 
Separations 
 
 
 
 

Capillary microextraction (CME) is used for the extraction of semivolatile organic compounds (SVOCs) in water samples with follow-up analysis 
using GC/MS (111)  
 
Concise biennial review of extraction techniques including advances in membrane-based procedures, molecularly imprinted polymers (MIPs) and 
several reduced solvent methods including supercritical fluid extraction (SFE), pressurized-liquid extraction (PLE), microwave-assisted extraction 
(MAE), solid-phase extraction (SPE), and solid-phase microextraction (SPME) (112)  
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Category Description 
Extractions and 
Separations (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dispersive liquid-liquid microextraction (DLLME) was investigated as a new method for the extraction of organophosphorus pesticides (OPPs) 
from water samples with analysis by gas chromatography-flame photometric detection (GC-FPD); DLLME was found to be simple and rapid and 
only required a low sample volume; the performance is compared to SPME and single drop microextraction (113)  
 
Use of water as an extractant in sample preparations; presents high-temperature water extraction, microwave-assisted water extraction, and 
ultrasound-assisted water extraction (114)  
 
Method using membrane-assisted solvent extraction (MASE) for the extraction of chlorinated and non-chlorinated phosphates from wastewater 
samples prior to analysis by liquid chromatography tandem mass spectrometry (LC/MS/MS); MASE is compared to SPE (115)  
 
Determination of four volatile halocarbons in water by headspace liquid-phase microextraction (HS-LPME) with gas chromatography using a 
micro electron capture detector (GC-μECD); parameters such as the type and amount of extraction solvent, headspace volume, stirring rate, and 
others are investigated and optimized (116)  
 
Use of liquid-phase microextraction (LPME) coupled with GC for the determination of phenolic compounds in wastewater; extraction parameters 
are investigated and optimized (117)  
 
Comparison of three extraction techniques (ultrasonic, pressurized liquid, and microwave-assisted) for PCBs in sludge; three GC techniques were 
used in the subsequent analysis of PCBs (118)  
 
Review of developments and applications in chiral separations as published from January 2004 to January 2006 including capillary 
electrophoresis (CE), GC, and HPLC (119)  
 
Use of molecularly imprinted polymers (MIPs) as the materials in molecularly imprinted solid-phase extraction in the extraction of selected 
analytes from environmental samples (120)  
 
Membrane-assisted solvent extraction using miniaturized membrane bags were applied to the extraction of seven volatile organic compounds 
(VOCs) from aqueous samples; analysis was performed using gas chromatography (GC) (121)  
 
Comparison of three extraction techniques (Soxtec, Soxhlet, and pressurized liquid extraction) in the determination of 16 organochlorine 
pesticides (OCPs) in sewage sludges using GC-ion trap-MS/MS (122)  
 
A rapid leaching procedure using pressurized liquid extraction (PLE) with acetic acid to extract As, Cd, Cr, Ni, and Pb from marine sediments and 
soil samples (123)  
 
Inaugural biennial review of extraction techniques; the author includes articles from 2002 and 2003 and divides the review into the major 
categories of fluid-phase partitioning methods (SFE, PLE, and MAE) and sorptive extractions (SPE, SPME, and others) (124)  
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Category Description 
Extractions and 
Separations (continued) 

Ultrasound-assisted extraction (UAE) as a sample preparation method for inductively coupled plasma optical emission spectrometry (ICP-OES) 
for the analysis of eight heavy metals (Cd, Co, Cr, Cu, Mn, Ni, Pb, and Zn) in sewage sludge; UAE was found to be less hazardous and cheaper 
than microwave digestions (125)  
 
Comparison of solid-phase extraction (SPE), pressurized liquid extraction (PLE) and Soxhlet extraction in the simultaneous extraction and 
determination of the most frequently used anionic surfactants (linear alkylbenzene sulfonates, alkyl ethoxysulfates, and alkyl sulfates) (126)  
 
Application of continuous flow microextraction (CFME) to the analysis of five pesticides (simazine, fensulfothion, etridiazole, mepronil, and 
bensulide) in water samples by HPLC-UV; includes information on the effects of different organic solvents on the CFME efficiency (127)  
 
Pressurized liquid extraction (PLE) method developed for extracting PAHs and the PAH ketones and PAH quinones (oxygenated PAHs or oxy-
PAHs) from soil samples with results similar to Soxhlet extraction but with the advantage of speed and lower solvent use (128)  
 
Use of a solvent extraction method to preconcentrate heavy metal ions in wastewater (Cu, Pb, Mn, Zn, Co, and Ni) for analysis by FAAS (129)  
 
Quick overview of SFE including a chart comparing SFE with Soxhlet extraction, MAE, and accelerated solvent extraction (ASE) (130)  
 
Review of membrane extractions for the preparation of environmental and biomedical liquid samples; includes a table of membrane extraction 
techniques and analytes for liquid environmental samples (131)  
 
Biennial review of developments and applications of chiral separations; looks at work published from January 2002 to January 2004 (132)  
 
Concise review focusing on methods of extraction of As from soils and sediments for the purpose of achieving a total As concentration; includes a 
table on sequential extraction schemes for As and the references for each (133)  
 
Determination of tributyltin compounds in water and solid samples using single-drop microextraction (SDME) coupled with gas 
chromatography/mass spectrometry (GC/MS); results obtained with SDME were compared with results obtained using solid-phase 
microextraction (SPME) and liquid-liquid extraction (LLE) (134)  
 
Use of supported liquid membrane extraction (SLM) for speciation studies of metal ions in environmental and biological samples (135)  
 
Discussion of past and current use of ionic liquids as extraction solvents (136)  

Pesticides: Herbicides, 
Insecticides, and 
Fungicides 
 
 
 
 

Extensive overview comparing the capabilities of gas chromatography mass spectrometry (GC/MS) with electron impact ionization (EI) and 
liquid chromatography with tandem mass spectrometers (LC/MS/MS) using electrospray ionization (ESI) for the determination of pesticides (137)  
 
Review of the analysis of pesticides in water using LC/MS/MS; the authors include an informative summary table of the methods reported in the 
literature with details on the sample type, clean-up methods and specifications for the LC/MS/MS analysis (138)  
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Category Description 
Pesticides: Herbicides, 
Insecticides, and 
Fungicides (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Determination of acidic herbicides in aqueous samples using a combination of ion-pair hollow fiber-protected liquid-phase microextraction 
(LPME) and injection port derivatization before analysis with GC/MS; parameters involved in the LPME and derivatizations steps were evaluated 
and optimized (139)  
 
Use of thin-layer chromatography (TLC) and reversed-phase high performance liquid chromatography (RP-HPLC) in a water stability study for a 
selected group of sulfonylurea herbicides (140)   
 
Analysis for atrazine using an electrochemical magnetoimmunosensing strategy; potential for a simple, fast, on-site analytical method (141)  
 
Method for the simultaneous determination of four herbicide families (carbamate, atrazines, dinitroaniline, and chloroacetamide) by solid-phase 
extraction (SPE) gas chromatography mass spectrometry (GC/MS) (142)  
 
Determination of five diphenylether herbicides (aclonifen, bifenox, fluoroglycofen-ethyl, oxyfluorfen and lactofen) in water samples using SPME 
coupled to LC (143)  
 
Coupling of capillary electrophoresis (CE) to inductively coupled plasma mass spectrometry (ICP-MS) for the analysis of organophosphorus 
pesticides; method was tested on river water samples (144)  
 
Optimization and evaluation of a method to determine organophosphorus pesticides in spiked river water samples using SPME; the procedure was 
evaluated on a GC with electron impact ionization mass spectrometry (EI-MS) and on a GC coupled to ICP-MS (145)  
 
A microwave-assisted extraction and partitioning method with GC analysis for the determination of pesticides in agricultural soils (146)  
 
Development of US EPA Method 535 for the analysis of chloroacetanilide and other acetamide herbicide degradation products in drinking water 
using SPE and liquid chromatography/tandem mass spectrometry (LC/MS/MS) (147)  
 
Use of hollow fiber liquid phase microextraction as a sample pre-treatment technique for determining trace concentrations of insecticides in 
aqueous samples; analysis by gas chromatography flame thermionic detection (GC-FTD) followed the extraction procedure (148)  
 
Comparison of five inlet liner designs in splitless and pulsed splitless injection modes to optimize pesticide analysis and reduce detection limits; a 
test mixture of 15 pesticides was analyzed by gas chromatography with electron capture detection (GC-ECD); combinations of liner types and 
changes to injection parameters were investigated (149)  
 
Determination of five carbamate pesticides (promecarb, propham, carbaryl, methiocarb, and chlorpropham) in water using derivatization and 
GC/MS (150)  
 
Method developed for the identification and quantification of four nicotinoid insecticides (acetamiprid, imidacloprid, thiacloprid, and 
thiamethoxam) in drinking water using SPE and LC/MS (151)  
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Category Description 
Pesticides: Herbicides, 
Insecticides, and 
Fungicides (continued) 

Application of SPME to the rapid screening for seven organophosphate pesticides in drinking water treatment facility samples (152)  
 
Review of the advances in the detection of pesticides in a liquid phase by chemiluminescence (153)  
 
Design of an on-line sample preparation system to couple with liquid chromatography/time-of-flight mass spectrometry (LC/TOF-MS) and its 
application to the simultaneous analysis of 21 pesticides in river water (154)  
 
Extraction and preconcentration of 10 organophosphorus insecticides from water samples using single-drop microextraction (155)  
 
Analysis for nine herbicides and degradation products in water using SPME coupled with GC and ion-trap MS/MS; a method validation study 
was performed using water from the Seine (156)  
 
Details on aspects of US EPA Method 527 including sample preservation and storage; this method uses SPE with analysis by GC/MS to 
determine pesticides and flame retardants (157)  
 
Method for chiral speciation of the pesticide ruelene in different spiked samples including river water; the SPME-enantioselective GC procedure 
was evaluated using ECD and a phosphorus-specific detector with ICP-MS (158)  
 
Use of solid-phase extraction coupled with large volume injection/gas chromatography/mass spectrometry (SPE-LVI-GC/MS) to determine 
organochlorine pesticides in water (159)  
 
Microwave-assisted extraction (MAE) was investigated for the extraction of organochlorine pesticides (OCPs) from sediment samples (160)  
 
Ultrasonic solvent extraction of organochlorine pesticides (OCPs) from soil was investigated; variables of solvent type, solvent amount, 
sonication time, and number of steps were optimized (161)  
 
Review of applications of thin-layer chromatography (TLC) and high-performance thin-layer chromatography (HP-TLC) for the separation and 
analysis of a variety of insecticides, herbicides, and fungicides (162)  
 
A GC/MS method for the determination of 85 compounds (13 fungicides, 43 herbicides, and 29 insecticides) in sediment; the pesticides were first 
extracted from the sediment using ultrasonically assisted extraction (UAE) (163)  
 
Evaluation of methods used to determine pesticides and degradation products in soil samples including comparisons of sample preparation 
methods (164)  
 
Method for simultaneous determination of phenyl- and sulfonylurea herbicides and a degradation product by either liquid chromatography with 
diode array ultraviolet detection (LC/DAD-UV) or liquid chromatography with positive ion electrospray mass spectrometry (LC/ESI-MS) in 
spiked river water samples (165)  
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Category Description 
Polybrominated & 
Polychlorinated 
Compounds 

Comparison of chromatographic separations and mass spectrometric detection techniques in the detection of 49 polybrominated diphenylethers 
(PBDEs) (166)  
 

 A method for the determination of 25 polychlorinated biphenyls (PCBs) from water is optimized using stir bar sorptive extraction (SBSE); 
analysis was made using thermodesorption-gas chromatography/mass spectrometry (167)  
 
Use of headspace solid-phase microextraction gas chromatography tandem mass spectrometry (HS-SPME-GC/MS/MS) for the determination of 
brominated flame retardants in sediment and soil samples (168)  
 
Advances in analytical techniques for the determination of polychlorinated dibenzo-p-dioxins (PCDD), polychlorinated dibenzofurans (PCDF), 
and dioxin-like PCBs; includes sample extraction methods, extract clean-up, gas chromatography columns and methods, and mass spectrometry 
detection methods (169)  
 
Discussion of the advantages and disadvantages of the variety of analytical techniques used for the analysis of polychlorinated n-alkanes (PCAs) 
in environmental samples (170)  
 
Review of analysis of PCAs in environmental samples; includes a table of pre-treatment and extraction methods and a table of mass spectrometry 
analysis methods (171)  
 
Two-step separation procedure to extract PBDEs, PCBs, and PCDD/Fs in one extraction solution prior to analysis by GC/MS (172)  
 
Study on the use of comprehensive two-dimensional gas chromatography coupled to time-of-flight mass spectrometry (GC x GC/TOF-MS) in the 
separation of the 209 PCB congeners; four column combinations were investigated (173)  
 
Presentation of results from international interlaboratory studies in the analysis of brominated flame retardants (BFRs); problems in analysis and 
possible solutions to those problems are discussed (174)  
 
Sample preparation techniques are discussed for the analysis of BFRs in sewage sludge samples (175)  
 
SPME method for the analysis of brominated phenolic flame retardants in water samples (176)  

Polycyclic Aromatic 
Hydrocarbons (PAHs) 

Determination of 16 PAHs in aqueous (wastewaters, industrial discharges, and treated effluents) and solid samples (suspended solids and sludges) 
from a wastewater treatment plant using SPE coupled to HPLC with UV-diode array detection (UV-DAD) and fluorescence detection (FLD) (177)  
 
Comparison of the performance of two chromatographic techniques (GC/MS and HPLC-FLD-UV) and three extraction techniques (SPE using 
cartridges, SPE using discs, and LLE) for the analysis of PAHs in drinking water (178)  
 
Extraction of aliphatic diesel range organics (DROs) and PAHs from soil using pressurized solvent extraction (PSE) and ultrasound-assisted 
pressurized solvent extraction; the analytes were determined using GC/MS (179)  
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Category Description 
Pharmaceuticals, 
Personal Care Products 
(PPCPs), and 
Endocrine Disrupting 
Compounds (EDCs) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Review of analytical methods for the determination of synthetic organic chemicals in personal care products; describes procedures for the analysis 
of five classes (synthetic musk fragrances, antimicrobials, ultraviolet filters, insect repellents, and parabens) in many sample types including 
water, sediment, sewage sludge, and air (180)  
 
Review of LC/MS/MS methods for the analysis of pharmaceuticals (including antibiotics, non-steroidal anti-inflammatory drugs, β-blockers, lipid 
regulating agents, and psychiatric drugs) in environmental samples (soil and natural and wastewaters) (181)  
 
A comprehensive method for the analysis of 58 potential endocrine-disrupting compounds (EDCs) in water matrices using SPE and GC/MS/MS 
and LC/MS/MS (182)  
 
Comparison of SPME and SPE methods for the extraction of 10 sulfonamide antibiotics from wastewater effluent and influent; sample extracts 
were analyzed using LC/MS/MS (183)  
 
Automated method using direct immersion SPME and headspace on-fiber silylation followed by GC/MS analysis for simultaneous determination 
of endocrine disrupting compounds and steroid hormones in river water (184)  
 
Analytical and Bioanalytical Chemistry published an issue (volume 387, number 4) primarily dedicated to this topic in February 2007; the issue 
contains information and analyses on pharmaceuticals and personal care products in the environment and includes many review papers (selected 
papers in bulleted list below) 

• determination of pharmaceuticals from different therapeutic classes in effluent samples from sewage-treatment plants using reversed-
phase liquid chromatography-tandem mass spectrometry (185)  

• use of a silicone rod for the extraction and enrichment of selected polar pharmaceuticals (antipyrine, carbamazepine, diclofenac, 
ibuprofen, and bezafibrate) in spiked water (186)  

• review of GC/MS and LC/MS methods for determining non-steroidal anti-inflammatory drugs (NSAIDs) in natural waters and 
wastewaters (187)  

• determination of NSAIDs (ibuprofen, naproxen, ketoprofen, and diclofenac) in river sediment samples by GC/MS; five extraction 
techniques were investigated to determine the optimal extraction conditions (ultrasonic extraction, Soxhlet extraction, pressurized liquid 
extraction, supercritical fluid extraction, and microwave-assisted extraction) (188)  

• review of chromatographic and electrophoretic techniques for the analysis of NSAIDs in primarily natural waters and wastewaters (189)  
• analysis for three antibiotic groups (tetracyclines, sulfonamides, and macrolides) and a feed additive (ionophore polyethers) using SPE-

HPLC/MS/MS in water and sediment samples (190)  
• review of developments in the determination of fluoroquinolones (antibacterial agents in human and veterinary medicine) in soil (191)  
• development of a GC/MS method for the analysis of five major steroid estrogens in river sediments (192)  
• review of LC/MS and LC/MS/MS analyses for pharmaceutically active compounds in water systems (193)  
• review of LC/MS analysis of lipid-regulating agents, “fibrate” and “statin” classes, and some of the metabolites (clofibric acid and 

fenofibric acid) in environmental samples (surface and wastewaters, sludge, and river sediments) (194)  
• analysis for ultraviolet filters and two common anti-microbial agents (clorophene and triclosan) in recreational waters (seawater, lake 

water, river water, and pool water) and in wastewaters (195)  
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Category Description 
Pharmaceuticals, 
Personal Care Products 
(PPCPs), and 
Endocrine Disrupting 
Compounds (EDCs) 
(continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Quantification of 16 antibiotics (10 quinolones and 6 penicillins) in ground and surface water using solid-phase extraction coupled on-line to 
liquid chromatography/electrospray tandem mass spectrometry (SPE-LC-ESI-MS/MS) (196)  
 
Application of SPE-HPLC to the determination of important veterinary pharmaceuticals from different classes (three sulfonamides, a sulfonamide 
synergist, a tetracycline, a fluoroquinolone, and a β–lactam) in a complex wastewater matrix (197)  
 
Analysis for five betablockers (oxprenolol, metoprolol, propranolol, bisprolol, and betaxolol) in wastewater treatment plant effluents from the 
Lyon, France area; analysis was performed using SPE and GC/MS after derivatization (198)  
 
Review of methods of analysis of bisphenol A and its derivatives; includes summary tables with GC and HPLC methods, matrices, sample 
preparation details, chromatographic details, and detection limits (199)  
 
Determination of pharmaceuticals (antiphlogistics, lipid regulators, the antiepileptic carbamazepine, cytostatic agents, and the psychiatric drug 
diazepam), iodinated contrast media, and two major polycyclic musk fragrances in activated and digested sludge; the procedure consisted of 
ultrasonic solvent extraction or pressurized liquid extraction followed by clean-up and LC/MS/MS and GC/MS analysis (200)  
 
Simultaneous determination of psychoactive drugs and metabolites (including codeine, hydrocodone, methadone, morphine, oxycodone, 
diazepam, oxazepam, carbamazepine, primidone, doxepin, and verapamil) in raw and treated wastewater, surface water, groundwater, and 
drinking water using LC/MS/MS (201)  
 
Method for the analysis of six anti-infectives (sulfamethoxazole, trimethoprim, ciprofloxacin, levofloxacin, clarithromycin, and azithromycin) in 
raw sewage and wastewater plant effluents using SPE and LC/MS/MS (202)  
 
Use of CE and electrospray ionization mass spectrometric detection (ESI-MS) for the detection of antidepressants in river water and municipal 
sewage treatment plant effluent (203)  
 
Screening of more than 60 EDCs in water samples using stir bar sorptive extraction followed by liquid desorption and large volume injection with 
capillary gas chromatography-mass spectrometry (204)  
 
Application of hollow fiber liquid-phase microextraction (LPME) for the extraction and enrichment of acidic pharmaceuticals (including 
naproxen, clofibric acid, ibuprofen, and diclofenac) in treated and untreated wastewater samples and analyzed by LC-ESI-MS/MS (205)  
 
Determination of estrogenic steroids (17-ethynylestradiol, 17-estradiol, and estrone) in surface water and wastewater (sewage influent and 
effluent) using automated SPE and LC/MS/MS (206)  
 
Rapid and simultaneous analysis of 15 stimulatory drugs including nicotine, caffeine, amphetamine, cocaine, lysergic acid diethylamide (LSD), 
and phencyclidine (PCP) in wastewater and surface river water using ultra-performance liquid chromatography coupled to electrospray tandem 
mass spectrometry (207)  
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Category Description 
Pharmaceuticals, PPCPs, 
and EDCs (continued) 

Analysis for triclocarban and two co-contaminants in surface water samples affected by wastewater treatment plant effluent and in primary 
sludges from municipal wastewater treatment plants using LC/MS/MS (208)  
 
Measurement of illicit drugs and metabolites in urban wastewater (untreated and treated) using LC/MS/MS (209)  

Speciation Comparative study of three different techniques, capillary electrophoresis-ultraviolet (CE-UV) detection, hydride generation-atomic absorption 
spectrometry (HG-AAS), and liquid chromatography-inductively coupled plasma mass spectrometry (LC-ICP-MS), for the speciation of As in 
groundwater samples; AsIII, AsV, and dimethyl arsenic acid (DMA) were studied (210)  
 
Review of the speciation methods of alkylated metals and metalloids in the environment (211)  
 
On-line speciation and determination of Cr(III) and Cr(VI) in aqueous solutions using HPLC and FAAS (212)  
 
The analytical performance of two ion-exchange columns are compared in the determination of Cr(VI) in water (213)  
 
Investigation of the addition of ethylene diamine tetraacetic acid (EDTA) and acetic acid to drinking water samples as a means of preserving 
As(III) and As(V) and preventing the formation of iron-arsenic precipitates (214)  
 
Separation of Cr(VI) from Cr(III) by coprecipitation of a Cr(VI) ethyl xanate complex onto naphthalene; the Cr(VI) complex and naphthalene 
were dissolved in dimethyl formamide and analyzed by flame atomic absorption spectrometry (FAAS); the method was tested on tannery effluent 
samples (215)  
 
Review of Al speciation in environmental samples; lists techniques and methods for Al speciation (216)  
 
Sequential determination of arsenic species in water by varying the pH and using a borohydride reduction, reacting arsine with ozone, and 
measuring the resulting chemiluminescence (217)  
 
Review article on As and its speciation analysis using HPLC and ICP-MS (218)  
 
Study of mobile phases in high-performance thin-layer chromatography (HP-TLC) for the separation of Cr6+ and Cr3+ and other heavy metal 
cations (219)  
 
Review on analysis and speciation of As by voltammetry; includes large table of methods with many environmental sample matrices (soil, mining 
waters, industrial effluents, sewage sludge, sediment, polluted river water, groundwater, etc.) (220)  
 

Mercury Overview of mercury in environmental samples; includes speciation and general overview of sampling, extraction, separation, and analysis 
methods (221)  
 
Direct determination of mercury(II) in hazardous wastes using ion-selective polymeric membrane sensors (222)  
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Category Description 
Atomic Spectrometry Overview of gas-phase sample introduction techniques for analytical atomic spectrometry including hydride generation, cold vapor generation of 

Hg, and analyte volatilization reactions (223)  
  
Annual review of atomic spectrometry as applied to environmental analysis; sections are categorized by media type being analyzed (air, water, 
soils and plants, and geologic materials); this update includes work from 2005 and 2006 (224)  
 
Annual review of advances in atomic emission, absorption, and fluorescence spectrometry including a good glossary of abbreviations and over 
400 references (225)  
 
Biennial review with emphasis on innovations in atomic absorption (AA), fluorescence (AF), and emission spectrometry (AES) (226)  
 
Annual review of the use of atomic spectrometry in the chemical analysis of environmental samples divided by media type; references from work 
published in 2004 and 2005 are included in this update (227)  
 
Annual review on new developments in atomic spectrometry; solid-phase extraction for preconcentration and matrix separation prior to atomic 
spectrometry analysis was the most popular topic in the literature (228)   
 
Annual review of publications addressing the application of atomic spectrometry to environmental analysis; categories are provided by the type of 
media in the analysis; references from publications in 2003 and 2004 (229)  
 
Annual review of advances throughout atomic spectrometry (atomic emission, atomic absorption, atomic fluorescence, etc.) during 2004; includes 
a large section on hydride generation reactions for the analysis and determination of many metals of interest in environmental analysis (230)  
 
Review on developments in microwave-induced plasmas and including coupling of MIP to mass spectrometry as an alternative to ICP-MS (231)  

Atomic Absorption 
Spectrometry (AAS) 

Comparison of open vessel digestion and microwave-assisted digestion on soil samples; analysis for heavy metals was performed using flame 
atomic absorption spectroscopy (232)  
 
Developments in electrothermal atomization (ETA) atomic absorption spectrometry with references to ETA-AAS application including the 
analysis of environmental samples (233)  

Capillary Electrophoresis 
(CE) 

Review of the current status for the analysis of inorganic and charged small organic species by CE (234)  
 
Discussion of precision problems in CE; presents the factors behind nonreproducibility in CE methods (buffers, capillary, injection modes, and 
voltage) and suggestions to improve reproducibility (235)  
 
Use of microporous membrane liquid-liquid extraction (MMLLE) and capillary electrophoresis for the simultaneous analysis of eight aromatic 
amines in water samples (236)  
 
Microchip CE with electrochemical detection analysis for separating and detecting environmental pollutants is reviewed including recent 
advances and the discussion of portable devices (237)  
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Category Description 
Gas Chromatography (GC) Review of developments in gas chromatography (GC) published in 2004 and 2005 with emphasis on significant advances in GC; the review 

includes sections on high-speed and portable GC and on multidimensional GC (238)  
 
Discussion of the problem of selecting the right injector for the capillary GC analysis of semi-volatile organic contaminants in environmental 
samples; this review examines pulsed splitless injection, cold on-column injection, and programmable temperature vaporizer injectors (239)  
 
Analysis of semi-volatile halogeno-organic compounds in sewage samples using headspace or solid-phase extraction methods prior to final 
analysis by gas chromatography-electron capture detection (GC-ECD) (240)  
 
Quantification of chemical substances found in leachates from 11 different types of industrial wastes using a gas chromatograph-flame 
photometric detector (GC-FPD), a gas chromatograph-flame thermionic detector (GC-FTD), and a gas chromatograph/mass spectrometer 
(GC/MS); alkanes, PAHs, and phthalates were the substances detected in the highest concentrations in the wastes (241)  
 
Review of the use of enantiomeric GC for chiral separations; references provided for the separation and analysis of organochlorines and PCBs (242)  
 
Using synchronized dual-valve injection as a tool in achieving high-speed gas chromatographic separations (243)  
 
Analysis of epichlorohydrin in water and sewage samples using direct aqueous injection into the GC chromatographic column; four detectors 
were used for the analysis and five different extraction methods were evaluated (244)  
 
Review of modern GC techniques used for the determination of PAHs in environmental samples (245)  
 
Evaluation of peak shapes to help select optimum analytical conditions for efficient and rapid separations (246)  
 
Study of two-dimensional gas chromatography for the separation of organohalogenated compounds; five combinations of columns were 
investigated and the methodology was tested on sediment and dust extracts (247)  
 
Review series on developments in two-dimensional gas chromatography (GC x GC) including lists of GC x GC papers for the analysis of 
organohalogens in the third paper and for the analysis of pollutants in environmental samples (soil, sediment, water, air, and aerosols)  in the 
fourth paper; references are listed at the end of the first paper in the series (248-250)  
 
History of GC x GC including a review of theory, high resolution GC x GC and operational modes (251)  
 
Concise review of comprehensive GC x GC in environmental analysis and monitoring (252)  
 
Review of advances in GC instrumentation divided into hardware advances and column advances (253)  
 
Determination of total PCB content in industrial oil samples using gas chromatography atomic emission detection (GC-AED); PCBs were 
extracted using dimethylsulfoxide and water and concentrated using headspace solid-phase microextraction (HS-SPME) (254)  
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Category Description 
Gas Chromatography/Mass 
Spectrometry (GC/MS) 

Study of the analysis of polycyclic aromatic compounds in the extracts from highly complex environmental samples such as soils from gasworks, 
coke production sites, areas where wood preservatives were used, antiskid sand, dust from heavy traffic areas, and ash and soot from municipal 
solid waste incinerators (255)  
 
A method for the analysis of phenols in water by GC/MS is presented; the method involves derivatization of the phenols, liquid-liquid extraction 
(LLE) of the phenyl acetate esters and then analysis by GC/MS (256)  
 
Use of GC/MS to identify inorganic anions after derivatization using pentafluorobenzyl p-toluenesulphonate (PFB-Tos) (257)  
 
Simultaneous determination of MTBE, its main degradation products, and other gasoline additives in soil samples using closed-system purge-and-
trap GC/MS (258)  
 
Identification of an artifact in gas chromatography caused by the leaching of the substance from rubber septa used in sample vial caps (259)  
 
SPME coupled to GC/MS for the determination of pesticide residues (31 pesticides of different chemical groups) in environmental water samples 
(260)  
 
Development of a mist chamber for the analysis of atmospheric acrolein concentrations (261)  
 
Analysis for organic contaminants in the atmosphere over a 12-month period of time using SPE and GC/MS (262)  
 
Enhanced detectability of PBDEs in environmental matrices using gas chromatography high resolution time-of-flight mass spectrometry 
(GC/TOF-MS) with negative ion chemical ionization (263)  
 
Seasonal sampling and analysis for VOCs in industrial sewage, rivers, and treated water samples; 53 VOCs were analyzed using headspace 
analysis with GC/MS (264)   

High Performance Liquid 
Chromatography (HPLC) 

Review of strategies used for mercury species analysis in environmental samples using liquid chromatography; includes discussions of reverse 
phase and ion pair chromatography (265)  
 
Determination of seven pesticides (amidosulfuron, azimsulfuron, nicosulfuron, rimsulfuron, thifensulfuron methyl, tribenuron methyl, and 
azoxystrobin) in surface waters using HPLC with UV and MS detection (266)  

Liquid Chromatography/ 
Mass Spectrometry 
(LC/MS) 
 
 
 
 
 

Brief overview of progress of LC/MS and LC-tandem MS (LC/MS/MS) in environmental analysis (267)  
 
Analytical method for the identification of 13 phosphoric acid mono- and diesters in aqueous samples using solid-phase extraction (SPE) and ion-
pair liquid chromatography coupled to electrospray ionization tandem mass spectrometry (268)  
 
Review of matrix effect problems experienced in LC/MS; the quantitative analysis of pesticides in water, other environmental matrices, food 
(residue analysis), and biologicals is discussed (269)  
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Category Description 
Liquid Chromatography/ 
Mass Spectrometry 
(LC/MS) 
(continued) 

Quantitative determination of perfluorochemicals in sediments and sludge using HPLC coupled to a tandem mass spectrometer (LC/MS/MS) (270)  
 
Review of the analysis of fluorinated alkyl compounds using LC/MS/MS; includes a tabular overview with lists of analytes and method details 
(271)  
 
Brief summary of LC/MS in the analysis of emerging environmental contaminants with a list of LC/MS techniques (272)  
 
Determination of chlorophenols in surface water using a solid-phase extraction (SPE) procedure to concentrate the samples prior to analysis with 
a hybrid quadrupole time-of-flight spectrometer (273)  
 
Developments in atmospheric pressure photoionization (APPI) as a complement to LC/MS including references to analysis of environmental 
samples (274)  

Ion Chromatography (IC) Review of ion chromatography developments with an emphasis on environmental analysis (275)  
 
Use of macrocycle-based ion chromatography for the determination of perchlorate in drinking water (276)  
 
Review of the application of IC to the determination of inorganic anions and cations in water and wastewater; provides characteristics of the 
International Organization for Standardization (ISO) standard methods and US EPA methods, tables of the methods with listings of analytes, 
columns, eluents, detection modes, sample matrices, and references (277)  
 
Analyses for the synthetic chelating agents ethylenediamino tetraacetate (EDTA) and diethylenetriamino pentaacetate (DTPA) in surface and 
wastewater using ion chromatography-mass spectrometry (IC-MS) (278)  
 
Use of high-speed ion chromatography in the separation of inorganic anions and cations; covers recent developments and the advantages over 
normal liquid chromatography (279)  

Inductively Coupled 
Plasma-Atomic Emission 
Spectrometry (ICP-AES) 
or -Optical Emission 
Spectrometry (ICP-OES) 

Study of both instrument measurement precision (repeatability) and overall method precision (reproducibility) in the elemental analysis of soils 
and certified reference materials by both ICP-AES and ICP-MS (280)  
 
On-line preconcentration with mono-segmented elution for the determination of Cd, Cu, Ni, and Zn in soil samples by ICP-OES (281)  
 
Review of sample introduction systems for plasma spectrometry for liquid microsamples (liquid consumption rate is less than 100 μL/min); 
applications table includes examples of metals analysis in environmental samples (282)  
 
Use of a microwave-assisted sample introduction system for organic solvent solutions (up to 10% by weight) into ICP-AES (283)  
 
Addresses spectral interferences by Al, Ca, Mg, Fe, and Ti in the ICP-AES radial-view analysis for As, Hg, Se, Tl, Sn, and Bi in environmental 
materials (284)  
 
Simultaneous measurement of As, Sb, Se, Sn, and Ge using an electrochemical hydride generator prior to analysis by ICP-AES (285)  
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Category Description 
Inductively Coupled 
Plasma-Mass Spectrometry 
(ICP-MS) 

Review of papers published for inductively coupled plasma mass spectrometry (ICP-MS) during 2003 through 2005; the author observed that 
many published papers are only of marginal significance (286)  
 
Simultaneous multi-element determination by ICP-MS using a new dual mode sample introduction system and a sodium borohydride reaction (287)  
 
Use of an on-line preconcentration system for ICP-MS in the determination of 10 metals in aqueous solutions and seawater (288)  
 
Discusses the changes in analytical performance of double focusing sector field inductively coupled plasma mass spectrometry (ICP-SFMS) when 
methane gas is added to the argon gas ICP; results from the analysis of isotopes from 70 elements were studied (289)  
 
Review of the use of ICP-MS for elemental speciation; presenting work coupling GC, LC, CE, and field flow fractionation with ICP-MS (290)  

Microwave-Assisted 
Extraction (MAE) 

Review of the application of microwave techniques to environmental analytical chemistry including sample digestion, sample drying, and 
applications for the determination of pesticides, PAHs, PCBs, phenols, and organometallic compounds (291)  
 
Investigation of microwave-assisted solvent extraction of persistent organochlorine pesticides (POPs) in marine sediment; variables of microwave 
power, extraction time and temperature, amount of sample, solvent volume and sample moisture were studied; extracts were analyzed using 
GC/MS/MS (292)  
 
Review of microwave-assisted processes for environmental samples; presents the history and fundamentals with a quick review of the literature 
from 2000 to 2006 (293)  
 
The results and advantages of the MAE technique for the determination of PCBs and OCPs in marine sediment samples is presented; MAE is 
compared to other extraction techniques including pressurized fluid extraction (PFE) and Soxhlet extraction (294)  
 
Use of MAE to extract 7 organochlorine pesticides (OCPs), 11 polychlorinated biphenyls (PCBs) and 13 polycyclic aromatic hydrocarbons 
(PAHs) from semi-permeable membrane devices (SPMDs) used to accumulate the hydrophobic chemicals; yields from the MAE were deemed to 
be comparable to those obtained using dialysis on the SPMDs (295)  
 
Method for the simultaneous extraction of PAHs, PCB, phthalate esters, nonylphenols and nonylphenol mono- and diethoxylates from sediment 
samples using MAE and acetone as the common solvent (296)  
 
Validation of a MAE method for the extraction of eight phenols from a reference soil sample with a comparison to Soxhlet extraction (297)  
 
Study of the effects of matrix, moisture content, aging (sample holding time), and solvent on focused microwave-assisted extractions (FMAE) of 
PAHs in spiked soils (298)  

Mass Spectrometry (MS) 
 
 
 

Annual atomic mass spectrometry update focused on significant developments in instrumentation and methodology or in the understanding of the 
mass spectrometry process; applications of atomic mass spectrometry are not covered in the review of 2005 publications (299)  
 
 

 35 



Category Description 
Mass Spectrometry (MS) 
(continued) 

Annual update of developments in atomic mass spectrometry; sections are divided into different types of mass spectrometry (inductively coupled 
plasma mass spectrometry, secondary ion mass spectrometry, glow discharge mass spectrometry, electrospray mass spectrometry, etc.); the work 
referenced in this review is from 2004 publications; applications of mass spectrometry are not covered in the review (300)  
 
Biennial mass spectrometry review focused on environmental analysis—current research issues and emerging contaminants; review covers 
literature published during 2004 and 2005 with a few references from early 2006 (301)  
 
Testing of atmospheric pressure ionization mass spectrometry (API-MS) for the analysis of nine toxic industrial compounds and two chemical 
warfare agent (CWA) simulants; parts-per-billion (ppb) and parts-per-trillion (ppt) detection limits and low relative standard deviations were 
achieved from the analyses of all compounds even in the presence of interferents (302)  
 
New methodology for the measurement of benzene, toluene, ethylbenzene, and p-xylene (BTEX) in drinking waters using headspace-mass 
spectrometry (HS-MS); narrowing the data acquisition time window and using a lower scan rate improved the HS-MS results (303)  
 
Annual review of atomic mass spectrometry with the focus on developments in instrumentation and methodology; speciation papers included in 
the review were limited to the study of natural systems; applications of atomic mass spectrometry were not covered in this review (304)  

Solid-Phase Extraction 
(SPE) 

Comparison of five different SPE sorbents for the simultaneous extraction and analysis (by HPLC) of 16 pesticides (305)  
 
Use of polyurethane foam as a sorbent in solid-phase extraction for trace metals preconcentration; lists analytes, sample types, preconcentration 
methods, and analysis techniques in tabular form (306)  
 
Combination of SPE and “stacking with matrix removal” (SWMR) and capillary electrophoresis-ultraviolet (CE-UV) analysis to determine 
herbicides in water (307)  
 
Determination of Pb, Fe, Mn, and Zn in sea water samples after a solid-phase extraction preconcentration step using Chromosorb 105 prior to 
analysis by AAS; excellent recoveries of the metals and low relative standard deviations were achieved (308)   
 
Examination of new polymer sorbents for the extraction of polar compounds; recoveries from tests of analyte mixtures are reported (309)  

Solid-Phase 
Microextraction (SPME) 
 
 
 
 
 
 
 
 
 

Review of current applications and predictions for future developments in analytical microextractions using SPME and liquid-phase 
microextraction (LPME); provides basic theory and calculations for SPME, results from a round robin study on pesticide analysis by SPME, and a 
brief discussion on switching from more traditional extraction methods to SPME (310)  
 
Use of a needle capillary adsorption trap for headspace sampling of BTEX compounds in water samples; comparison of results to SPME (311)  
 
Review of the applications of solid-phase microextraction-high performance liquid chromatography (SPME-HPLC) in the analysis of toxic metals 
species of As, Cr, Pb, Hg, and Se in complex environmental matrices (wastewater and industrial effluents) (312)  
 
Analysis for explosives in soil using SPME and GC/MS; the temperature control and the time of the SPME extraction period are emphasized as 
key factors in achieving quantitative information (313)  
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Category Description 
Solid-Phase 
Microextraction (SPME) 
(continued) 

Review of advances in the use of SPME in environmental analysis including devices developed for on-site sampling (314)  
 
Use of direct fiber cooling and freezing of analyte solution to improve HS-SPME for the analysis of VOCs (315)  
 
Extraction and analysis of 1,4-dioxane using SPME with heated headspace (HS) or direct immersion and followed by analysis by either GC/FID 
or GC/MS (316)  
 
Review of developments in SPME coating and techniques: includes seven fiber coating procedures and the single-drop, liquid-phase, stir-bar 
sorptive, and thin-film microextraction techniques (317)  
 
Combination of SPME to a variety of analytical and detection techniques for the determination of elements (Sn, Hg, As, Sb, Cr, Se, and Pb) in a 
wide variety of matrices is reviewed (318)  
 
The coupling of SPME and CE and the problems with SPME-CE coupling are discussed; analytes used in testing included PAHs and proteins (319)  
 
Review of SPME-HPLC for the analysis of pesticides in water, soil, and biological samples; types of fibers and the application to different 
pesticides is discussed (320)  
 
Evaluation of two SPME fibers for the determination of organochlorine pesticides (OCPs) in water samples; analysis was completed using HPLC 
with UV-diode array detection (UV-DAD) (321)  
 
Determination of five volatile organochlorine compounds (VOX) in landfill leachates by GC/MS; static headspace (HS) and solid-phase 
microextraction sampling of headspace (HS-SPME) are the two extraction and preconcentration techniques evaluated; both techniques had 
specific strengths and both provided good recoveries and analytical precision (322)  
 
Technique for the on-fiber standardization of solid-coated solid-phase microextraction (SPME) as applied to the analysis of pesticides in river 
water and white wine and for drug analysis in plasma and whole blood samples (323)  
 
Use of activated carbon fiber (ACF) for extraction of chlorohydrocarbons in water; paper focuses on the adsorption capacity of the ACF and 
provides a comparison to other fiber types (324)  

Stir Bar Sorptive 
Extraction (SBSE) 
 
 
 
 
 
 
 

Review of stir bar sorptive extraction (SBSE) for the extraction and enrichment of organic compounds from liquid samples; the technique has 
been applied to the trace analysis of environmental and biological samples (325)  
 
Fast pesticide screening in aqueous samples using dual SBSE (two stir bars) prior to thermal desorption-low thermal mass gas chromatography-
mass spectrometry; 82 pesticides were studied (326)  
 
SBSE followed by liquid desorption and large-volume injection capillary gas chromatography mass spectrometry (LVI-GC/MS) for the 
determination of eight pyrethroid pesticides in water samples (327)  
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ategory Description 
Stir Bar Sorptive 
Extraction (SBSE) 
(continued) 

Use of a polydimethyl siloxane (PDMS) stir bar as an extraction medium for derivatized phenols in a method to determine phenols in natural 
water samples; analytes are thermally desorbed from the stir bar and are analyzed by GC/MS (328)  

X-ray Spectrometry (XRS) Evaluation of a low power total reflection X-ray fluorescence (TXRF) spectrometer for the on-site analysis of soils and sediments contaminated 
with heavy metals; tables present target concentration ranges for 13 elements, detection limits, and comparison to laboratory reference values (329)  
 
Review of the work showing significant and essential progress in X-ray spectrometry that was published during 2004 and 2005 (330)  
 
Annual review of X-ray fluorescence (XRF) developments during 2005 and 2006; developments covered include instrumentation and detectors, 
trends in analysis, and a survey of applications including environmental (331)  
 
Annual review of XRF developments over the period of 2004 to 2005 that includes instrumentation, detectors, and a survey of applications 
including environmental (332)  
 
Tutorial in the basic concepts for the mathematical correction for matrix effects in XRF analysis (333)  
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SPECIAL TOPICS 

 
 
WASTE “TRADE” 
 

The Basel Convention on the Transboundary Movement of Hazardous Wastes and Their 
Disposal is an international agreement to regulate the export of hazardous wastes between 
countries.  In order to protect human health and the environment, the agreement requires that 
receiving countries agree to take the waste and ensure that the materials are disposed of in an 
environmentally sound manner.  Wastes that are exported unknowingly to the receiving country 
or accepted by the receiving country by deception (claiming the materials are not hazardous or 
are less hazardous than in actuality) or exported for the purpose of dumping (avoiding proper 
disposal) constitute illegal wastes by the agreement. (334)  
 
 The European Union has a web page within its Environment Section specifically 
dedicated to issues dealing with the shipment of waste and a new EU waste shipment regulation 
came into effect on 12 July, 2007. (335, 336)  
 
 Electronic waste, the after-effects of the computer and cell phone generation, and ship-
breaking waste, the results of disassembly of sea vessels, are two significant hazardous waste 
issues that are generating international concern and forcing nations into decisions of legality for 
the generation and treatment of these waste streams. 
 
Electronic Waste 
 

Electronic waste or e-waste consists of used or end-of-life electronics including 
computers, monitors, cellular phones, printers, photocopy machines, and television sets.  E-waste 
might be recycled, salvaged for parts, or disposed of in multiple ways, but regardless of the next 
destination for the electronic item, the toxicity potential for that electronic item is high. 

 
E-waste is estimated by the Basel Convention to be growing at a rate of 3 to 5 percent 

each year. (337)  Estimates presented on Basel Convention pamphlets state that 500 million 
computers will become obsolete in the US alone between 1997 and 2007 and that 610 million 
cellular phones will be discarded in Japan by 2010. (338)  Beyond the sheer quantity of e-waste 
that develops from year-to-year, electronic items contain heavy metals (including Pb, Cd, Be, 
and Hg), polycyclic aromatic hydrocarbons (PAHs), and polychlorinated and polybrominated 
organic chemicals such as brominated flame retardants (BFRs) and polychlorinated biphenyls 
(PCBs). 

 
Switzerland is highly regarded as the international leader in e-waste recycling with an 

established formal system to manage the waste. (339)  This is in contrast to the e-waste that ends 
up in landfills, on waste piles, in unpermitted dumps, as filler material in swamps, and at sites 
where rudimentary and hazardous recycling processes take place.  E-wastes are exported in large 
quantities to recycling sites in China, Africa, Pakistan, and India, but the most well-known site is 
Guiyu in the Quangdong Province of China. (340, 341)  Workers break apart, crush, strip, burn or 
otherwise separate the electronic parts to find reusable material.  This process can expose 
workers to much of the toxic materials in the electronic waste. (342)   
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Leaching studies, atmospheric studies, and analysis for metals, PAHs, and chlorinated 
and brominated compounds have been performed on samples from e-waste disassembly sites or 
on samples designed by researchers to mimic what can be found at those sites. 

 
Several leaching studies use or modify the method of the US EPA toxicity characteristic 

leaching procedure (TCLP).  Samples used in these studies were disassembled computer central 
processing units (CPUs), cell phones (without including the batteries), motherboards from the 
printed wire boards from computer CPUs, cathode ray tubes (CRTs) from televisions (TVs) and 
computer monitors, and a combination of miscellaneous electronics wastes (including computer 
CPUs, video cassette recorders, computer printers, remote controls, CRTs from computers and 
TVs, and liquid crystal displays). (343-346)  

 
One study on total suspended particulate (TSP) in the atmosphere was performed using 

samples collected at the Guiyu electronic waste recycling site.  High concentrations of both 
PAHs and heavy metals were found to be present. (347)  Another atmospheric study simulated the 
open, uncontrolled combustion of e-waste (such as circuit boards and wire) in order to reduce 
these parts into metals only (for example, burning to remove plastics such as insulated covers on 
wire).  At an e-waste site, the metals would be separated from the ash by water floatation.  This 
study sampled and analyzed the air emissions and fly ash from the simulated burn for elemental 
composition and polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs). (348)  
 

Several papers describe analyses for chlorinated and brominated compounds from 
samples taken at e-waste recycling sites.  Soil samples from the Taizhou city (Zhejiang province 
in China) recycling site were analyzed to determine the concentration of polybrominated 
diphenyl ethers (PBDEs). (349)  Water, soil, sediment, and combusted residues from the Guiyu 
recycling site have been analyzed for metals, PBDEs, polybrominated dibenzo-p-dioxins and 
dibenzofurans (PBDD/Fs), and PCDD/Fs. (350-354)  
 
 
Shipbreaking 
 
 As ships age, repairs or upgrades will be needed in order for the ships to maintain some 
utility for the ship owner.  When this expense exceeds the reasonable value of the aging ship, 
then the means of disposal of the ship comes into consideration and this may include the 
dismantling of the ship. 
 

Ship dismantling, scrapping, or breaking can be defined as “any breaking of a vessel’s 
structure for the purpose of scrapping the vessel, including the removal of gear, equipment, or 
any component of a vessel.” (355)  While some materials from older ships can be reused, the 
dismantling process cannot be considered trivial due to the vast amount of hazardous materials 
present as part of the ship.  Ships contain hazards such as waste fuel and oil, asbestos, PCBs, and 
heavy metals such as mercury, lead, cadmium, and chromium.  Waste disposal regulations in 
many Western nations make the disposal of ships very expensive and some ship owners may 
choose to have their vessels dismantled in countries with fewer or no restrictions for health and 
safety. 
 

Organizations internationally are concerned about the ship breaking hazards to humans 
and the environment and many are involved in forming guidelines and regulations for the 
shipping industry.  The Marine Environment Protection Committee (MEPC) of the International 
Maritime Organization (IMO) has set a goal of April 2009 for the adoption of the International 
Convention for the Safe and Environmentally Sound Recycling of Ships. (356)  IMO Library 
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Services has prepared an extensive list of information resources about the recycling of ships.  
This list includes publications, videos, links to web sites, press articles and more. (357)  The Basel 
Convention has a “Dismantling of Ships” page on its web site. (358)  This web page provides links 
to international, industry, and non-governmental organizations, and country websites on ship 
scrapping. 

 
A background paper prepared for the International Labour Organization (ILO) describes 

the concerns for worker health and safety during ship breaking in its examination of several ship 
breaking sites in India. (359)  Explosions, fires, exposures to hazardous chemicals, and heavy 
materials (steel plates) falling on workers are just a few of the hazards faced by workers who 
may face the loss of their job if they are injured or develop an illness from on-site conditions.  
Equipment is often not tested for safety and personal protective equipment is mostly unheard of 
and many employees do not even have shoes.  Ship breaking yards are located in many countries 
including India, Bangladesh, Pakistan, and China. (360)  

 
In 2000, the US EPA published an environmental compliance guide on ship scrapping 

with information on proper removal and disposal of asbestos, paint, PCBs, bilge and ballast 
water, oil and fuel, metals, and ship machinery. (355)    

 
A few papers have been published on the analyses of material collected at the world’s 

largest ship scrapping yard, Alang-Sosiya.  The Alang-Sosiya yard has been in operation in the 
Gujarat state of India (north of Mumbai) since 1983. (361)  A general overview of the type of 
wastes collected and the amount was presented by Reddy, et al., in 2003. (362)  The industry 
produces a large amount of waste including wood, rubber, plastics, textiles, and metals.  Small 
plastics debris have been analyzed using FTIR spectroscopy and polyurethane, nylon, 
polystyrene, polyester, and glass wool have been identified in the materials sampled. (363)    

 
The effect of seasonal changes such as high tides and monsoons have been discussed in a 

study on the seasonal distribution and contamination levels of petroleum hydrocarbons, PCBs, 
and heavy metals in the yard. (364)  Levels for all the contaminants studied peak during the winter 
months.  Heavy metals (Pb, Cd, Co, Ni, Cr, Mn, Fe, Cu, and Zn) in samples from the Alang-
Sosiya yard are studied in two other papers.  Coastal sediment samples are digested using a 
microwave technique and analyzed using flame atomic absorption spectrometry in one study. 
(365)  Trace metals in suspended particulate matter are studied in the other published work. (366) 

 
 

NANOTECHNOLOGY 
 
 Nanomaterials are structures, devices, or systems with a shape or size designed on the 
nano scale and for the purpose of studying or manipulating materials at an atomic, molecular, 
and macromolecular scale.  The study of nanotechnology is leading to new products in many 
fields including immunology, electronics, optics, mechanics, and magnetics.  (367)    
 

Using nanoscience in environmental applications could lead to improvements in air and 
water quality monitoring, reductions in industrial emissions, and the creation of more lightweight 
and portable in-field analytical techniques.  But there is concern about the unknown toxicity of 
nanomaterials and questions that lead many to wonder if the risks to human health and the 
environment outweigh any potential benefits. (368)  Moore reviews studies on the interactions of 
nanoscale particles on biological systems and the potential consequences and then discusses 
questions about the effect of nanomaterials on aquatic systems. (369)  In an article on the potential 
for nanomedicine to improve human health, Chan presents some of the nanotoxicology issues 



 42

that must be considered in order for industry to produce nanomaterials with minimal risks. (370)  
Nanomaterials – Toxicity, Health and Environmental Issues, the latest addition in the 
“Nanotechnologies for the Life Sciences” book series by Wiley-VCH, includes discussions on 
toxicity of nanomaterials along with applications to the environment.  Sections are divided into 
toxicity, health, and environment and the chapters within address topics such as biotoxicity, 
ecotoxicity, metallic nanoparticles, carbon nanotubes, environmental remediation, removal of 
endocrine-disrupting chemicals in water, and air pollution. (371)  

 
Despite questions of the risks of nanotechnology, researchers continue to produce new 

ideas, and the environmental forensics field is receiving some of the benefits of the new 
developments.  Vaseashta, et al., have presented their studies into nanotechnology-based gas 
sensors.  The portable sensor units provided instant concentrations and could be linked to 
computer to provide a real-time pollution data analysis.  Additionally, the group has studied 
nanomaterial-based sorbents in the removal of cadmium and arsenic from water streams. (372)   
Wang, et al., have applied organic fluorescence nanoparticles to the selective quantification of 
Cr(VI) in wastewater. (373)  Carbon nanotubes have been developed for use in several analytical 
applications such as sorbent material for solid-phase extraction, as filters and membranes for 
separations, and in sensors. (374)  Multiwalled carbon nanotubes (MWCNT) have been used in a 
micro-solid-phase extraction as a fast, accurate, and cost-effective pretreatment method for the 
analysis of sewage sludge samples.  The multiwalled carbon nanotubes were used to extract 
organophosphorus pesticides from the sludge samples prior to analysis by GC/MS. (375)  Solid-
phase extraction (SPE) with MWCNT has also been used to extract cyanazine, chlorotoluron, 
and chorbenzuron successfully from groundwater and sewage water. (376)  
 



 43

ACKNOWLEDGEMENTS 
 
 This paper would not have been possible without the assistance of several people, so it is 
with great gratitude that I list them here and thank them for their contributions. 
 
Nancy Greer – Nancy provided all of the assistance that I received from the NEIC library by 
gathering publications and books for review and answering queries about available publications 
and reference formatting concerns. 
 
Illa Schipporeit – Illa reviewed versions of the paper and provided ready answers to any 
questions regarding formatting or standard practices for NEIC reporting.  Illa was not properly 
acknowledged in the two prior environmental crime papers (in 2001, for the 13th IFSS and in 
2004, for the 14th IFSS) but her skills have been essential parts of the production of all of these 
papers. 
 
Elizabeth (Beth) Mishalanie – Beth provided the definitive reviews and recommended changes 
for this paper. 
 
Phoebe MacLeish – Phoebe managed the contract for the library staffing during the preparation 
of this paper and helped ensure that library support was available. 
 
 
 
 
 
 
 
 
 



 44

REFERENCES 
 
 
1. Solow SP. The State of Environmental Crime Enforcement: An Annual Survey. 
Environment Reporter. 2006;37(9):465-74. 
2. Solow SP. The State of Environmental Crime Enforcement: Survey of Developments in 
2006. Daily Environment Report. 2007 March 9(46):B-1 – B-13. 
3. United States Department of Justice (US DOJ). US DOJ Environment and Natural 
Resources Division.   [cited 2007 July 20]; Available from: http://www.usdoj.gov/enrd/
4. United States Department of Justice (US DOJ). US DOJ Environment and Natural 
Resources Division Press Releases.   [cited 2007 July 20]; Available from: 
http://www.usdoj.gov/enrd/News.html
5. Solow SP. Preventing an Environmental Violation from Becoming a Criminal Case. 
National Resources & Environment. 2004;18(4):19ff. 
6. European Union. Commission Strengthens Environmental Protection Through Criminal 
Law, Abolishing "Safe Havens" of Environmental Crime.   [cited 2007 July 20]; Available from: 
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/07/166&format=HTML&aged=1&l
anguage=EN&guiLanguage=en
7. European Union. Questions and Answers on the Protection of the Environment Through 
Criminal Law.   [cited 2007 July 20]; Available from: 
http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/07/50&format=HTML&aged=
1&language=EN&guiLanguage=en
8. Mudge SM. Environmental Forensics in the UK. Journal of Environmental Monitoring. 
2007;9:141-2. 
9. Astin KB, Bennett MR, Kneller P. Environmental Forensics: An Emerging Discipline 
within UK Higher Education? Journal of Environmental Monitoring. 2007;9:400-2. 
10. Goldstein M. Environmental Forensics: The Case for Professional Registration. Journal 
of Environmental Monitoring. 2007;9:396-9. 
11. Mile B. Chemistry in Court. Chromatographia. 2005;62:3-9. 
12. Raloff J. Benched Science. Science News. 2005 October 8;168:232-4. 
13. Ries DG, Burns Jr. RL. Expert Opinions in Environmental Litigation: Gatekeeping 
Twelve Years after Daubert. Environmental Forensics. 2005;6:219-29. 
14. US Army Corps of Engineers (USACE). USACE Engineer Manuals.   [cited 2007 May 
30]; Available from: http://www.usace.army.mil/publications/eng-manuals/em.htm
15. United States Environmental Protection Agency (US EPA). USEPA Region 10 – 
Conducting Environmental Compliance Inspections.   [cited 2007 June 8]; Available from: 
http://www.epa.gov/r10earth/offices/oea/ieu/manual/title.htm
16. International Network for Environmental Compliance and Enforcement (INECE). INECE 
- Environmental Compliance Inspection Training.   [cited 2007 May 30]; Available from: 
http://www.inece.org/manual/index.html
17. International Network for Environmental Compliance and Enforcement (INECE). INECE 
– Compliance Inspection Training Course: Supplemental Information.   [cited 2007 June 8]; 
Available from: http://inece.org/manual/supplement.html#1
18. International Network for Environmental Compliance and Enforcement (INECE). INECE 
– Training Course for Multimedia Inspectors, Student Manual.   [cited 2007 June 8]; Available 
from: http://www.inece.org/mmcourse/MMINTRO.html
19. US EPA National Enforcement Investigations Center (NEIC). Multi-Media Investigation 
Manual.  1992  [cited 2007 July 24]; Available from: 
http://www.epa.gov/compliance/resources/publications/civil/mmmall.pdf

http://www.usdoj.gov/enrd/
http://www.usdoj.gov/enrd/News.html
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/07/166&format=HTML&aged=1&language=EN&guiLanguage=en
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/07/166&format=HTML&aged=1&language=EN&guiLanguage=en
http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/07/50&format=HTML&aged=1&language=EN&guiLanguage=en
http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/07/50&format=HTML&aged=1&language=EN&guiLanguage=en
http://www.usace.army.mil/publications/eng-manuals/em.htm
http://www.epa.gov/r10earth/offices/oea/ieu/manual/title.htm
http://www.inece.org/manual/index.html
http://inece.org/manual/supplement.html#1
http://www.inece.org/mmcourse/MMINTRO.html
http://www.epa.gov/compliance/resources/publications/civil/mmmall.pdf


 45

20. US Army Corps of Engineers (USACE). EM 200-1-1 (1 July 1994) Table of Contents.   
[cited 2007 May 30]; Available from: http://www.usace.army.mil/publications/eng-
manuals/em200-1-1/toc.htm
21. US Army Corps of Engineers (USACE). EM 200-1-2 (31 August 1998) Table of 
Contents.   [cited 2007 May 30]; Available from: http://www.usace.army.mil/publications/eng-
manuals/em200-1-2/toc.htm
22. US Army Corps of Engineers (USACE). EM 200-1-3 (1 February 2001) Table of 
Contents.   [cited 2007 May 30]; Available from: http://www.usace.army.mil/publications/eng-
manuals/em200-1-3/toc.htm
23. US Army Corps of Engineers (USACE). EM 200-1-4 (31 January 1999) Table of 
Contents.   [cited 2007 May 30]; Available from: http://www.usace.army.mil/publications/eng-
manuals/em200-1-4/toc.htm
24. US Army Corps of Engineers (USACE). EM 200-1-4 Vol. 2 (30 June 1996) Table of 
Contents.   [cited 2007 May 30]; Available from: http://www.usace.army.mil/publications/eng-
manuals/em200-1-4vol2/toc.htm
25. US Army Corps of Engineers (USACE). EM 200-1-6 (10 October 1997) Table of 
Contents.   [cited 2007 May 30]; Available from: http://www.usace.army.mil/publications/eng-
manuals/em200-1-6/toc.htm
26. US Army Corps of Engineers (USACE). EM 200-1-7 (1 February 2001) Table of 
Contents.   [cited 2007 May 30]; Available from: http://www.usace.army.mil/publications/eng-
manuals/em200-1-7/toc.htm
27. US Army Corps of Engineers (USACE). EM 200-1-10 (30 June 2005) Table of Contents.   
[cited 2007 May 30]; Available from: http://www.usace.army.mil/publications/eng-
manuals/em200-1-10/toc.htm
28. US Army Corps of Engineers (USACE). EM 385-1-1 (3 November 2003) Table of 
Contents.   [cited 2007 May 30]; Available from: http://www.usace.army.mil/publications/eng-
manuals/em385-1-1/toc.htm
29. US Army Corps of Engineers (USACE). EM 385-1-80 (30 May 1997) Table of Contents.   
[cited 2007 May 30]; Available from: http://www.usace.army.mil/publications/eng-
manuals/em385-1-80/toc.htm
30. US EPA Environmental Response Team (ERT). ERT Products.   [cited 2007 July 24]; 
Available from: http://www.ert.org/mainContent.asp?section=Products&subsection=List
31. Federal Remediation Technologies Roundtable (FRTR). Technology Screening Tools: 
Field Sampling and Analysis Technologies Matrix Version 1.0.   [cited 2007 July 24]; Available 
from: http://www.frtr.gov/site/
32. Federal Remediation Technologies Roundtable (FRTR). FRTR Sample Analysis Tools 
Matrix.   [cited 2007 July 18]; Available from: http://www.frtr.gov/site/analysismatrix.html
33. Federal Remediation Technologies Roundtable (FRTR). FRTR Field Sampling and 
Collection Techniques Matrix.   [cited 2007 July 18]; Available from: 
http://www.frtr.gov/site/samplematrix.html
34. United States Environmental Protection Agency (US EPA). US EPA Region 9 
Laboratory, Container and Preservation List.   [cited 2007 July 11]; Available from: 
http://www.epa.gov/region09/lab/container.html
35. Radojević M, Bashkin VN. Practical Environmental Analysis. 2nd ed. Cambridge, UK: 
RSC Publishing; 2006. 
36. Murphy BL, Morrison RD, editors. Introduction to Environmental Forensics. 2nd ed. 
Burlington, MA: Elsevier; 2007. 
37. Drielak SC. Hot Zone Forensics: Chemical, Biological, and Radiological Evidence 
Collection. Springfield, IL: Charles C Thomas; 2004. 
38. Drielak SC, Brandon TR. Weapons of Mass Destruction: Response and Investigation. 
Springfield, IL: Charles C Thomas; 2000. 

http://www.usace.army.mil/publications/eng-manuals/em200-1-1/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-1/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-2/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-2/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-3/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-3/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-4/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-4/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-4vol2/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-4vol2/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-6/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-6/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-7/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-7/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-10/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em200-1-10/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em385-1-1/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em385-1-1/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em385-1-80/toc.htm
http://www.usace.army.mil/publications/eng-manuals/em385-1-80/toc.htm
http://www.ert.org/mainContent.asp?section=Products&subsection=List
http://www.frtr.gov/site/
http://www.frtr.gov/site/analysismatrix.html
http://www.frtr.gov/site/samplematrix.html
http://www.epa.gov/region09/lab/container.html


 46

39. Sullivan PJ, Agardy FJ, Traub RK. Practical Environmental Forensics: Process and Case 
Histories. New York, NY: John Wiley & Sons; 2001. 
40. Down RD, Lehr JH, editors. Environmental Instrumentation and Analysis Handbook. 
Hoboken, NJ: John Wiley & Sons; 2005. 
41. Reemtsma T, Jekel M, editors. Organic Pollutants in the Water Cycle. Weinheim: Wiley-
VCH; 2006. 
42. Kallenborn R, Hühnerfuss H. Chiral Environmental Pollutants: Trace Analysis and 
Ecotoxicology. Heidelberg: Springer-Verlag; 2001. 
43. Ure AM, Davidson CM, editors. Chemical Speciation in the Environment. 2nd ed. 
Oxford, UK: Blackwell Science; 2002. 
44. Birkett JW, Lester JN. Endocrine Disrupters in Wastewater and Sludge Treatment 
Processes. Boca Raton, FL: CRC Press; 2003. 
45. Ebdon L, Pitts L, Cornelis R, Crews H, Donard OFX, Quevauviller P, editors. Trace 
Element Speciation for Environment, Food and Health. Cambridge, UK: The Royal Society of 
Chemistry; 2001. 
46. Csuros M, Csuros C. Environmental Sampling and Analysis for Metals. Boca Raton, FL: 
CRC Press; 2002. 
47. Morrison RD, Murphy BL, editors. Environmental Forensics: Contaminant Specific 
Guide. Burlington, MA: Elsevier; 2006. 
48. Cullen M, editor. Atomic Spectroscopy in Elemental Analysis. Boca Raton, FL: CRC 
Press; 2004. 
49. Guertin J, Jacobs JA, Avakian CP, editors. Chromium (VI) Handbook. Boca Raton, FL: 
CRC Press; 2005. 
50. Cornelis R, Caruso J, Crews H, Heumann K, editors. Handbook of Elemental Speciation: 
Techniques and Methodology. West Sussex, England: John Wiley & Sons; 2003. 
51. Cornelis R, Caruso J, Crews H, Heumann K, editors. Handbook of Elemental Speciation 
II – Species in the Environment, Food, Medicine and Occupational Health. West Sussex, 
England: John Wiley & Sons; 2005. 
52. Analytical Methods Committee. Evaluation of Analytical Instrumentation. Part XVII. 
Instrumentation for Inductively Coupled Plasma Emission Spectrometry. Accreditation and 
Quality Assurance. 2005;10:155-9. 
53. Analytical Methods Committee. Evaluation of Analytical Instrumentation. Part XIX. 
CHNS Elemental Analysers. Accreditation and Quality Assurance. 2006;11:569-76. 
54. Analytical Methods Committee. Evaluation of Analytical Instrumentation. Part XX. 
Instrumentation for Energy Dispersive X-ray Fluorescence Spectrometry. Accreditation and 
Quality Assurance. 2006;11:610-24. 
55. Analytical Methods Committee. Evaluation of Analytical Instrumentation. Part XXII. 
Instrumentation for Liquid Chromatography/Mass Spectrometry. Accreditation and Quality 
Assurance. 2007;12:3-11. 
56. Koester CJ, Moulik A. Trends in Environmental Analysis. Analytical Chemistry. 
2005;77:3737-54. 
57. Wise SA, Poster DL, Kucklick JR, Keller JM, VanderPol SS, Sander LC, et al. Standard 
Reference Materials (SRMs) for Determination of Organic Contaminants in Environmental 
Samples. Analytical and Bioanalytical Chemistry. 2006;386:1153-90. 
58. Ulberth F. Certified Reference Materials for Inorganic and Organic Contaminants in 
Environmental Matrices. Analytical and Bioanalytical Chemistry. 2006;386:1121-36. 
59. Rodriguez-Mozaz S, Lopez de Alda MJ, Barceló D. Biosensors as Useful Tools for 
Environmental Analysis and Monitoring. Analytical and Bioanalytical Chemistry. 
2006;386:1025-41. 



 47

60. Dąbrowska D, Kot-Wasik A, Namieśnik J. Pathways and Analytical Tools in 
Degradation Studies of Organic Pollutants. Critical Reviews in Analytical Chemistry. 
2005;35:155-76. 
61. Knopp D. Immunoassay Development for Environmental Analysis. Analytical and 
Bioanalytical Chemistry. 2006;385:425-7. 
62. Dan D-z, Shen L, Zhu Y-t. Analysis of Environmental Samples. Fenxi Shiyanshi. 
2006;25(6):96-122. 
63. Michulec M, Wardencki W, Partyka M, Namieśnik J. Analytical Techniques Used in 
Monitoring of Atmospheric Air Pollutants. Critical Reviews in Analytical Chemistry. 
2005;35:117-33. 
64. Wang DKW, Austin CC. Determination of Complex Mixtures of Volatile Organic 
Compounds in Ambient Air: An Overview. Analytical and Bioanalytical Chemistry. 
2006;386:1089-98. 
65. Wang DKW, Austin CC. Determination of Complex Mixtures of Volatile Organic 
Compounds in Ambient Air: Canister Methodology. Analytical and Bioanalytical Chemistry. 
2006;386:1099-120. 
66. Bacsik Z, Mink J, Keresztury G. FTIR Spectroscopy of the Atmosphere. I. Principles and 
Methods. Applied Spectroscopy Reviews. 2004;39:295-363. 
67. Dincer F, Odabasi M, Muezzinoglu A. Chemical Characterization of Odorous Gases at a 
Landfill Site by Gas Chromatography–Mass Spectrometry. Journal of Chromatography A. 
2006;1122:222-9. 
68. Ravindra K, Godoi AFL, Bencs L, Van Grieken R. Low-Pressure Gas Chromatography–
Ion Trap Mass Spectrometry for the Fast Determination of Polycyclic Aromatic Hydrocarbons in 
Air Samples. Journal of Chromatography A. 2006;1114:278-81. 
69. Jávorsky E, Erdoedy G, Torkos K. The Choice of Internal Standards for Measuring 
Volatile Pollutants in Water. Chromatographia. 2006;63:S55-S60. 
70. Rosell M, Lacorte S, Barceló D. Analysis, Occurrence and Fate of MTBE in the Aquatic 
Environment Over the Past Decade. Trends in Analytical Chemistry. 2006;25:1016-29. 
71. Isaacson C, Mohr TKG, Field JA. Quantitative Determination of 1,4-Dioxane and 
Tetrahydrofuran in Groundwater by Solid Phase Extraction GC/MS/MS. Environmental Science 
& Technology. 2006;40:7305-11. 
72. Rao TP, Metilda P, Gladis JM. Overview of Analytical Methodologies for Sea Water 
Analysis: Part I—Metals. Critical Reviews in Analytical Chemistry. 2005;35:247-88. 
73. García MDG, Galera MM, Martínez DB, Gallego JG. Determination of Benzoylureas in 
Ground Water Samples by Fully Automated On-Line Pre-Concentration and Liquid 
Chromatography-Fluorescence Detection. Journal of Chromatography A. 2006;1103:271-7. 
74. Rawa-Adkonis M, Wolska L, Namieśnik J. Analytical Procedures for PAH and PCB 
Determination in Water Samples—Error Samples. Critical Reviews in Analytical Chemistry. 
2006;36:63-72. 
75. Cheng C-Y, Wu C-Y, Wang C-H, Ding W-H. Determination and Distribution 
Characteristics of Degradation Products of Nonylphenol Polyethoxylates in the Rivers of 
Taiwan. Chemosphere. 2006;65:2275-81. 
76. Marczak M, Wolska L, Chrzanowski W, Namieśnik J. Microanalysis of Volatile Organic 
Compounds (VOCs) in Water Samples – Methods and Instruments. Microchimica Acta. 
2006;155:331-48. 
77. Rojas FS, Ojeda CB. Effluent Analysis in Analytical Chemistry: An Overview. 
Analytical and Bioanalytical Chemistry. 2005;382:978-91. 
78. Yang XJ, Low GK-C, Foley R. A Novel Approach for the Determination of Detection 
Limits for Metal Analysis of Environmental Water Samples. Analytical and Bioanalytical 
Chemistry. 2005;381:1253-63. 



 48

79. Tienpont B, David F, Dewulf E, Sandra P. Pitfalls and Solutions for the Trace 
Determination of Phthalates in Water Samples. Chromatographia. 2005;61:365-70. 
80. Diz V, Cassanello M, Negri RM. Detection and Discrimination of Phenol and Primary 
Alcohols in Water Using Electronic Noses. Environmental Science & Technology. 
2006;40:6058-63. 
81. Richardson SD. Water Analysis: Emerging Contaminants and Current Issues. Analytical 
Chemistry. 2007;79:4295-324. 
82. Butler R, Lytton L, Godley AR, Tothill IE, Cartmell E. Bromate Analysis in 
Groundwater and Wastewater Samples. Journal of Environmental Monitoring. 2005;7:999-1006. 
83. Wu B-Z, Feng T-Z, Sree U, Chiu K-H, Lo J-G. Sampling and Analysis of Volatile 
Organics Emitted from Wastewater Treatment Plant and Drain System of an Industrial Science 
Park. Analytica Chimica Acta. 2006;576:100-11. 
84. Richardson SD, Ternes TA. Water Analysis: Emerging Contaminants and Current Issues. 
Analytical Chemistry. 2005;77:3807-38. 
85. Liu X, Wang ZA, Byrne RH, Kaltenbacher EA, Bernstein RE. Spectrophotometric 
Measurements of pH in-Situ: Laboratory and Field Evaluations of Instrumental Performance. 
Environmental Science & Technology. 2006;40:5036-44. 
86. Harper M, Pacolay B, Hintz P, Andrew ME. A Comparison of Portable XRF and ICP-
OES Analysis for Lead on Air Filter Samples from a Lead Ore Concentrator Mill and a Lead-
Acid Battery Recycler. Journal of Environmental Monitoring. 2006;8:384-92. 
87. Alvarez DA, Stackelberg PE, Petty JD, Huckins JN, Furlong ET, Zaugg SD, et al. 
Comparison of a Novel Passive Sampler to Standard Water-Column Sampling for Organic 
Contaminants Associated with Wastewater Effluents Entering a New Jersey Stream. 
Chemosphere. 2005;61:610-22. 
88. Ji J, Deng C, Shen W, Zhang X. Field Analysis of Benzene, Toluene, Ethylbenzene and 
Xylene in Water by Portable Gas Chromatography–Microflame Ionization Detector Combined 
with Headspace Solid-Phase Microextraction. Talanta. 2006;69:894-9. 
89. Makas AL, Troshkov ML. Field Gas Chromatography–Mass Spectrometry for Fast 
Analysis. Journal of Chromatography B. 2004;800:55-61. 
90. DeCarlo PF, Kimmel JR, Trimborn A, Northway MJ, Jayne JT, Aiken AC, et al. Field-
Deployable, High-Resolution, Time-of-Flight Aerosol Mass Spectrometer. Analytical Chemistry. 
2006;78:8281-9. 
91. Melamed D. Monitoring Arsenic in the Environment: A Review of Science and 
Technologies with the Potential for Field Measurements. Analytica Chimica Acta. 2005;532:1-
13. 
92. Steinmaus CM, George CM, Kalman DA, Smith AH. Evaluation of Two New Arsenic 
Field Test Kits Capable of Detecting Arsenic Water Concentrations Close to 10 μg/L. 
Environmental Science & Technology. 2006;40:3362-6. 
93. Smith PA, Sng MT, Eckenrode BA, Leow SY, Koch D, Erickson RP, et al. Towards 
Smaller and Faster Gas Chromatography–Mass Spectrometry Systems for Field Chemical 
Detection. Journal of Chromatography A. 2005;1067:285-94. 
94. Gao L, Song Q, Patterson GE, Cooks RG, Ouyang Z. Handheld Rectilinear Ion Trap 
Spectrometer. Analytical Chemistry. 2006;78:5994-6002. 
95. Deng C, Yang X, Li N, Huang Y, Zhang X. A Novel Miniaturized Flame Ionization 
Detector for Portable Gas Chromatography. Journal of Chromatographic Science. 2005;43:355-
7. 
96. Short RT, Toler SK, Kibelka GPG, Rueda Roa DT, Bell RJ, Byrne RH. Detection and 
Quantification of Chemical Plumes Using a Portable Underwater Membrane Introduction Mass 
Spectrometer. Trends in Analytical Chemistry. 2006;25:637-46. 



 49

97. Mulligan CC, Justes DR, Noll RJ, Sanders NL, Laughlin BC, Cooks RG. Direct 
Monitoring of Toxic Compounds in Air Using a Portable Mass Spectrometer. Analyst. 
2006;131:556-67. 
98. Kloskowski A, Chrzanowski W, Pilarczyk M, Namieśnik J. Modern Techniques of 
Sample Preparation for Determination of Organic Analytes by Gas Chromatography. Critical 
Reviews in Analytical Chemistry. 2007;37:15-38. 
99. Ramsey CA, Hewitt AD. A Methodology for Assessing Sample Representativeness. 
Environmental Forensics. 2005;6:71-5. 
100. Nóbrega JA, Santos MC, de Sousa RA, Cadore S, Barnes RM, Tatro M. Sample 
Preparation in Alkaline Media. Spectrochimica Acta Part B. 2006;61:465-95. 
101. Petersen L, Minkkinen P, Esbensen KH. Representative Sampling for Reliable Data 
Analysis: Theory of Sampling. Chemometrics and Intelligent Laboratory Systems. 2005;77:261-
77. 
102. Jinno K, Ogawa M, Ueta I, Saito Y. Miniaturized Sample Preparation Using a Fiber-
Packed Capillary as the Medium. Trends in Analytical Chemistry. 2007;26:27-35. 
103. Hildebrandt A, Lacorte S, Barceló D. Sampling of Water, Soil and Sediment to Trace 
Organic Pollutants at a River-Basin Scale. Analytical and Bioanalytical Chemistry. 
2006;386:1075-88. 
104. Cariou S, Guillot J-M. Double-Layer Tedlar Bags: A Means to Limit Humidity Evolution 
of Air Samples and to Dry Humid Air Samples. Analytical and Bioanalytical Chemistry. 
2006;384:468-74. 
105. Capelo-Martínez JL, Ximénez-Embún P, Madrid Y, Cámara C. Advanced Oxidation 
Processes for Sample Treatment in Atomic Spectrometry. Trends in Analytical Chemistry. 
2004;23:331-40. 
106. Nocerino JM, Schumacher BA, Dary CC. Role of Laboratory Sampling Devices and 
Laboratory Subsampling Methods in Representative Sampling Strategies. Environmental 
Forensics. 2005;6:35-44. 
107. Stelling MA, Sjerps M. Heterogeneity of Contaminants in Solid Waste Materials 
Sampled for Compliance Testing. Environmental Forensics. 2005;6:231-9. 
108. Gilbert RO, Pulsipher BA. Role of Sampling Designs in Obtaining Representative Data. 
Environmental Forensics. 2005;6:27-33. 
109. Warren J. Representativeness of Environmental Samples. Environmental Forensics. 
2005;6:21-5. 
110. Lambkin D, Nortcliff S, White T. The Importance of Precision in Sampling Sludges, 
Biowastes and Treated Soils in a Regulatory Framework. Trends in Analytical Chemistry. 
2004;23:704-15. 
111. Peeraprasompong P, Thavarungkul P, Kanatharana P. Capillary Microextraction for 
Simultaneous Analysis of Multi-Residual Semivolatile Organic Compounds in Water. Journal of 
Environmental Monitoring. 2007;9:174-81. 
112. Raynie DE. Modern Extraction Techniques. Analytical Chemistry. 2006;78:3997-4003. 
113. Berijani S, Assadi Y, Anbia M, Hosseini M-RM, Aghaee E. Dispersive Liquid-Liquid 
Microextraction Combined with Gas Chromatography-Flame Photometric Detection. Very 
Simple, Rapid and Sensitive Method for the Determination of Organophosphorus Pesticides in 
Water. Journal of Chromatography A. 2006;1123:1-9. 
114. Morales-Muñoz S, Luque-García JL, Luque de Castro MD. Pure and Modified Water 
Assisted by Auxiliary Energies: An Environmental Friendly Extractant for Sample Preparation. 
Analytica Chimica Acta. 2006;557:278-86. 
115. Quintana JB, Reemtsma T. Potential of Membrane-Assisted Solvent Extraction for the 
Determination of Phosphoric Acid Triesters in Wastewater Samples by Liquid Chromatography–
Tandem Mass Spectrometry. Journal of Chromatography A. 2006;1124:22-8. 



 50

116. Zhang T, Chen X, Li Y, Liang P. Application of Headspace Liquid-Phase 
Microextraction to the Analysis of Volatile Halocarbons in Water. Chromatographia. 
2006;63:633-7. 
117. Zhang T, Chen X, Liang P, Liu C. Determination of Phenolic Compounds in Wastewater 
by Liquid-Phase Microextraction Coupled with Gas Chromatography. Journal of 
Chromatographic Science. 2006;44:619-24. 
118. Kristenson EM, Neidig HC, Vreuls RJJ, Brinkman UAT. Fast Miniaturised Sample 
Preparation for the Screening and Comprehensive Two-Dimensional Gas Chromatographic 
Determination of Polychlorinated Biphenyls in Sludge. Journal of Separation Science. 
2005;28:1121-8. 
119. Ward TJ. Chiral Separations. Analytical Chemistry. 2006;78:3947-56. 
120. Caro E, Marcé RM, Borrull F, Cormack PAG, Sherrington DC. Application of 
Molecularly Imprinted Polymers to Solid-Phase Extraction of Compounds from Environmental 
and Biological Samples. Trends in Analytical Chemistry. 2006;25:143-54. 
121. Schellin M, Popp P. Miniaturized Membrane-Assisted Solvent Extraction Combined with 
Gas Chromatography/Electron-Capture Detection Applied to the Analysis of Volatile Organic 
Compounds. Journal of Chromatography A. 2006;1103:211-8. 
122. Helaleh MIH, Al-Omair A, Ahmed N, Gevao B. Quantitative Determination of 
Organochlorine Pesticides in Sewage Sludges Using Soxtec, Soxhlet and Pressurized Liquid 
Extractions and Ion Trap Mass–Mass Spectrometric Detection. Analytical and Bioanalytical 
Chemistry. 2005;382:1127-34. 
123. Moreda-Piñeiro J, Alonso-Rodríguez E, López-Mahía P, Muniategui-Lorenzo S, Prada-
Rodríguez D, Moreda-Piñeiro A, et al. As, Cd, Cr, Ni and Pb Pressurized Liquid Extraction with 
Acetic Acid from Marine Sediment and Soil Samples. Spectrochimica Acta Part B. 
2006;61:1304-9. 
124. Raynie DE. Modern Extraction Techniques. Analytical Chemistry. 2004;76:4659-64. 
125. Hristozov D, Domini CE, Kmetov V, Stefanova V, Georgieva D, Canals A. Direct 
Ultrasound-Assisted Extraction of Heavy Metals from Sewage Sludge Samples for ICP-OES 
Analysis. Analytica Chimica Acta. 2004;516:187-96. 
126. Lara-Martín PA, Gómez-Parra A, González-Mazo E. Simultaneous Extraction and 
Determination of Anionic Surfactants in Waters and Sediments. Journal of Chromatography A. 
2006;1114:205-10. 
127. He Y, Lee HK. Continuous Flow Microextraction Combined with High-Performance 
Liquid Chromatography for the Analysis of Pesticides in Natural Waters. Journal of 
Chromatography A. 2006;1122:7-12. 
128. Lundstedt S, Haglund P, Öberg L. Simultaneous Extraction and Fractionation of 
Polycyclic Aromatic Hydrocarbons and Their Oxygenated Derivatives in Soil Using Selective 
Pressurized Liquid Extraction. Analytical Chemistry. 2006;78:2993-3000. 
129. Alkan M, Kara D. Preconcentration of Heavy Metal Ions from Wastewater by Solvent 
Extraction Using N,N'-bis(2-Hydroxy-5-bromo-benzyl)-1,2-diaminopropane Prior to Their 
Determination by Flame Atomic Absorption Spectrometry. Instrumentation Science & 
Technology. 2004;32:291-301. 
130. Zougagh M, Valcárcel M, Ríos A. Supercritical Fluid Extraction: A Critical Review of Its 
Analytical Usefulness. Trends in Analytical Chemistry. 2004;23:399-405. 
131. Jakubowska N, Polkowska Ż, Namieśnik J, Przyjazny A. Analytical Applications of 
Membrane Extraction for Biomedical and Environmental Liquid Sample Preparation. Critical 
Reviews in Analytical Chemistry. 2005;35:217-35. 
132. Ward TJ, Hamburg D-M. Chiral Separations. Analytical Chemistry. 2004;76:4635-44. 
133. Hudson-Edwards KA, Houghton SL, Osborn A. Extraction and Analysis of Arsenic in 
Soils and Sediments. Trends in Analytical Chemistry. 2004;23:745-52. 



 51

134. Colombini V, Bancon-Montigny C, Yang L, Maxwell P, Sturgeon RE, Mester Z. 
Headspace Single-Drop Microextraction for the Detection of Organotin Compounds. Talanta. 
2004;63:555-60. 
135. Chimuka L, Majors R. Speciation Studies of Metal Ions in Environmental and Biological 
Media: Using Supported Liquid Membrane Extraction. LC/GC Europe. 2004;17(7):396-401. 
136. Dietz ML. Ionic Liquids as Extraction Solvents: Where Do We Stand? Separation 
Science and Technology. 2006;41:2047-63. 
137. Alder L, Greulich K, Kempe G, Vieth B. Residue Analysis of 500 High Priority 
Pesticides: Better by GC–MS or LC–MS/MS? Mass Spectrometry Reviews. 2006;25:838-65. 
138. Kuster M, López de Alda M, Barceló D. Analysis of Pesticides in Water by Liquid 
Chromatography–Tandem Mass Spectrometric Techniques. Mass Spectrometry Reviews. 
2006;25:900-16. 
139. Wu J, Lee HK. Injection Port Derivatization Following Ion-Pair Hollow Fiber-Protected 
Liquid-Phase Microextraction for Determining Acidic Herbicides by Gas Chromatography/Mass 
Spectrometry. Analytical Chemistry. 2006;78:7292-301. 
140. Miszczyk M, Pyka A. Investigation of Selected Sulfonylurea Herbicides by TLC and 
HPLC. Journal of Liquid Chromatography & Related Technologies. 2006;29:2437-49. 
141. Zacco E, Pividori MI, Alegret S, Galve R, Marco M-P. Electrochemical 
Magnetoimmunosensing Strategy for the Detection of Pesticides Residues. Analytical 
Chemistry. 2006;78:1780-8. 
142. Bruzzoniti MC, Sarzanini C, Costantino G, Fungi M. Determination of Herbicides by 
Solid Phase Extraction Gas Chromatography–Mass Spectrometry in Drinking Waters. Analytica 
Chimica Acta. 2006;578:241-9. 
143. Sheu H-L, Sung Y-H, Melwanki MB, Huang S-D. Determination of Diphenylether 
Herbicides in Water Samples by Solid-Phase Microextraction Coupled to Liquid 
Chromatography. Journal of Separation Science. 2006;29:2647-52. 
144. Wuilloud RG, Shah M, Kannamkumarath SS, Altamirano JC. The Potential of 
Inductively Coupled Plasma-Mass Spectrometric Detection for Capillary Electrophoretic 
Analysis of Pesticides. Electrophoresis. 2005;26:1598-605. 
145. Fidalgo-Used N, Montes-Bayón M, Blanco-González E, Sanz-Medel A. Determination of 
Organophosphorus Pesticides in Spiked River Water Samples Using Solid Phase Microextraction 
Coupled to Gas Chromatography with EI-MS and ICP-MS Detection. Journal of Analytical 
Atomic Spectrometry. 2005;20:876-82. 
146. Fuentes E, Báez ME, Reyes D. Microwave-Assisted Extraction Through an Aqueous 
Medium and Simultaneous Cleanup by Partition on Hexane for Determining Pesticides in 
Agricultural Soils by Gas Chromatography: A Critical Study. Analytica Chimica Acta. 
2006;578:122-30. 
147. Shoemaker JA, Bassett MV. Development of EPA Method 535 for the Determination of 
Chloroacetanilide and Other Acetamide Herbicide Degradates in Drinking Water by Solid-Phase 
Extraction and Liquid Chromatography/Tandem Mass Spectrometry. Journal of AOAC 
International. 2006;89:201-9. 
148. Lambropoulou DA, Albanis TA. Application of Hollow Fiber Liquid Phase 
Microextraction for the Determination of Insecticides in Water. Journal of Chromatography A. 
2005;1072:55-61. 
149. Kende A, Vrabecz A, Angyal V, Rikker T, Eke Z, Torkos K. Liner as the Key of 
Injection Optimization in Pesticide Analysis. Chromatographia. 2006;63:181-7. 
150. Zhang J, Lee HK. Application of Liquid-Phase Microextraction and On-Column 
Derivatization Combined with Gas Chromatography–Mass Spectrometry to the Determination of 
Carbamate Pesticides. Journal of Chromatography A. 2006;1117:31-7. 



 52

151. Seccia S, Fidente P, Barbini DA, Morrica P. Multiresidue Determination of Nicotinoid 
Insecticide Residues in Drinking Water by Liquid Chromatography with Electrospray Ionization 
Mass Spectrometry. Analytica Chimica Acta. 2005;553:21-6. 
152. Flynt E, Dupuy Jr. A, Kennedy C, Bennett S. Solid-Phase Microextraction of 
Organophosphate Pesticides in Source Waters for Drinking Water Treatment Facilities. Journal 
of Chromatographic Science. 2006;44:484-8. 
153. Gámiz-Gracia L, García-Campaña AM, Soto-Chinchilla JJ, Huertas-Pérez JF, González-
Casado A. Analysis of Pesticides by Chemiluminescence Detection in the Liquid Phase. Trends 
in Analytical Chemistry. 2005;24:927-42. 
154. Sasaki H, Yonekubo J, Hayakawa K. A New On-line Sample Preparation System for the 
Liquid Chromatography/Time-of-Flight Mass Spectrometry Simultaneous Analysis of Pesticides 
in River Water. Analytical Sciences. 2006;22:835-40. 
155. Lambropoulou DA, Psillakis E, Albanis TA, Kalogerakis N. Single-Drop 
Microextraction for the Analysis of Organophosphorus Insecticides in Water. Analytica Chimica 
Acta. 2004;516:205-11. 
156. Perreau F, Einhorn J. Determination of Frequently Detected Herbicides in Water by 
Solid-Phase Microextraction and Gas Chromatography Coupled to Ion-Trap Tandem Mass 
Spectrometry. Analytical and Bioanalytical Chemistry. 2006;386:1449-56. 
157. Pepich BV, Prakash B, Domino MM, Dattilio TA, Munch DJ, Price EK. Development of 
U.S. EPA Method 527 for the Analysis of Selected Pesticides and Flame Retardants in the 
UCMR Survey. Environmental Science & Technology. 2005;39:4996-5004. 
158. Fidalgo-Used N, Montes-Bayón M, Blanco-González E, Sanz-Medel A. SPME-
Enantioselective Gas Chromatography with ECD and ICP-MS Detection for the Chiral 
Speciation of the Pesticide Ruelene in Environmental Samples. Journal of Analytical Atomic 
Spectrometry. 2006;21:876-83. 
159. Brondi SHG, Spoljaric FC, Lanças FM. Ultratraces Analysis of Organochlorine 
Pesticides in Drinking Water by Solid Phase Extraction Coupled with Large Volume 
Injection/Gas Chromatography/Mass Spectrometry. Journal of Separation Science. 
2005;28:2243-6. 
160. Gfrerer M, Lankmayr E. Screening, Optimization and Validation of Microwave-Assisted 
Extraction for the Determination of Persistent Organochlorine Pesticides. Analytica Chimica 
Acta. 2005;533:203-11. 
161. Tor A, Aydin ME, Özcan S. Ultrasonic Solvent Extraction of Organochlorine Pesticides 
from Soil. Analytica Chimica Acta. 2006;559:173-80. 
162. Sherma J. Thin-Layer Chromatography of Pesticides – A Review of Applications for 
2002–2004. Acta Chromatographica. 2005;15:5-30. 
163. Kawata K, Asada T, Oikawa K, Tanabe A. Multiresidue Determination of Pesticides in 
Sediment by Ultrasonically Assisted Extraction and Gas Chromatography/Mass Spectrometry. 
Journal of AOAC International. 2005;88:1440-51. 
164. Andreu V, Picó Y. Determination of Pesticides and Their Degradation Products in Soil: 
Critical Review and Comparison of Methods. Trends in Analytical Chemistry. 2004;23:772-89. 
165. Carabias-Martínez R, Rodríguez-Gonzalo E, Herrero-Hernández E, Hernández-Méndez 
J. Simultaneous Determination of Phenyl- and Sulfonylurea Herbicides in Water by Solid-Phase 
Extraction and Liquid Chromatography with UV Diode Array or Mass Spectrometric Detection. 
Analytica Chimica Acta. 2004;517:71-9. 
166. Cariou R, Antignac J-P, Debrauwer L, Maume D, Monteau F, Zalko D, et al. Comparison 
of Analytical Strategies for the Chromatographic and Mass Spectrometric Measurement of 
Brominated Flame Retardants: 1. Polybrominated Diphenylethers. Journal of Chromatographic 
Science. 2006;44:489-97. 
167. Popp P, Keil P, Montero L, Rückert M. Optimized Method for the Determination of 25 
Polychlorinated Biphenyls in Water Samples Using Stir Bar Sorptive Extraction Followed by 



 53

Thermodesorption-Gas Chromatography/Mass Spectrometry. Journal of Chromatography A. 
2005;1071:155-62. 
168. Salgado-Petinal C, Garcia-Chao M, Llompart M, Garcia-Jares C, Cela R. Headspace 
Solid-Phase Microextraction Gas Chromatography Tandem Mass Spectrometry for the 
Determination of Brominated Flame Retardants in Environmental Solid Samples. Analytical and 
Bioanalytical Chemistry. 2006;385:637-44. 
169. Reiner EJ, Clement RE, Okey AB, Marvin CH. Advances in Analytical Techniques for 
Polychlorinated Dibenzo-p-dioxins, Polychlorinated Dibenzofurans and Dioxin-like PCBs. 
Analytical and Bioanalytical Chemistry. 2006;386:791-806. 
170. Eljarrat E, Barceló D. Quantitative Analysis of Polychlorinated n-Alkanes in 
Environmental Samples. Trends in Analytical Chemistry. 2006;25:421-34. 
171. Santos FJ, Parera J, Galceran MT. Analysis of Polychlorinated n-Alkanes in 
Environmental Samples. Analytical and Bioanalytical Chemistry. 2006;386:837-57. 
172. Liu H, Zhang Q, Song M, Jiang G, Cai Z. Method Development for the Analysis of 
Polybrominated Diphenyl Ethers, Polychlorinated Biphenyls, Polychlorinated Dibenzo-p-dioxins 
and Dibenzo-furans in Single Extract of Sediment Samples. Talanta. 2006;70:20-5. 
173. Focant J-F, Sjödin A, Patterson Jr. DG. Improved Separation of the 209 Polychlorinated 
Biphenyl Congeners Using Comprehensive Two-Dimensional Gas Chromatography–Time-of-
Flight Mass Spectrometry. Journal of Chromatography A. 2004;1040:227-38. 
174. de Boer J, Wells DE. Pitfalls in the Analysis of Brominated Flame Retardants in 
Environmental, Human and Food Samples — Including Results of Three International 
Interlaboratory Studies. Trends in Analytical Chemistry. 2006;25:364-72. 
175. Eljarrat E, Barceló D. Sample Handling and Analysis of Brominated Flame Retardants in 
Soil and Sludge Samples. Trends in Analytical Chemistry. 2004;23:727-36. 
176. Polo M, Llompart M, Garcia-Jares C, Gomez-Noya G, Bollain M-H, Cela R. 
Development of a Solid-Phase Microextraction Method for the Analysis of Phenolic Flame 
Retardants in Water Samples. Journal of Chromatography A. 2006;1124:11-21. 
177. Busetti F, Heitz A, Cuomo M, Badoer S, Traverso P. Determination of Sixteen Polycyclic 
Aromatic Hydrocarbons in Aqueous and Solid Samples from an Italian Wastewater Treatment 
Plant. Journal of Chromatography A. 2006;1102:104-15. 
178. Díaz-Moroles NE, Garza-Ulloa HJ, Castro-Ríos R, Ramírez-Villarreal EG, Barbarín-
Castillo JM, de la Luz Salazar-Cavazos M, et al. A Comparison of the Performance of Two 
Chromatographic and Three Extraction Techniques for the Analysis of PAHs in Sources of 
Drinking Water. Journal of Chromatographic Science. 2007;45:57-62. 
179. Richter P, Jiménez M, Salazar R, Maricán A. Ultrasound-Assisted Pressurized Solvent 
Extraction for Aliphatic and Polycyclic Aromatic Hydrocarbons from Soils. Journal of 
Chromatography A. 2006;1132:15-20. 
180. Peck AM. Analytical Methods for the Determination of Persistent Ingredients of Personal 
Care Products in Environmental Matrices. Analytical and Bioanalytical Chemistry. 
2006;386:907-39. 
181. Petrović M, Hernando MD, Díaz-Cruz MS, Barceló D. Liquid Chromatography–Tandem 
Mass Spectrometry for the Analysis of Pharmaceutical Residues in Environmental Samples: A 
Review. Journal of Chromatography A. 2005;1067:1-14. 
182. Trenholm RA, Vanderford BJ, Holady JC, Rexing DJ, Snyder SA. Broad Range Analysis 
of Endocrine Disruptors and Pharmaceuticals Using Gas Chromatography and Liquid 
Chromatography Tandem Mass Spectrometry. Chemosphere. 2006;65:1990-8. 
183. Balakrishnan VK, Terry KA, Toito J. Determination of Sulfonamide Antibiotics in 
Wastewater: A Comparison of Solid Phase Microextraction and Solid Phase Extraction Methods. 
Journal of Chromatography A. 2006;1131:1-10. 
184. Yang L, Lan C, Liu H, Dong J, Luan T. Full Automation of Solid-Phase 
Microextraction/On-Fiber Derivatization for Simultaneous Determination of Endocrine-



 54

Disrupting Chemicals and Steroid Hormones by Gas Chromatography–Mass Spectrometry. 
Analytical and Bioanalytical Chemistry. 2006;386:391-7. 
185. Botitsi E, Frosyni C, Tsipi D. Determination of Pharmaceuticals from Different 
Therapeutic Classes in Wastewaters by Liquid Chromatography–Electrospray Ionization–
Tandem Mass Spectrometry. Analytical and Bioanalytical Chemistry. 2007;387:1317-27. 
186. Paschke A, Brümmer J, Schüürmann G. Silicone Rod Extraction of Pharmaceuticals from 
Water. Analytical and Bioanalytical Chemistry. 2007;387:1417-21. 
187. Farré M, Petrovic M, Barceló D. Recently Developed GC/MS and LC/MS Methods for 
Determining NSAIDs in Water Samples. Analytical and Bioanalytical Chemistry. 
2007;387:1203-14. 
188. Antonić J, Heath E. Determination of NSAIDs in River Sediment Samples. Analytical 
and Bioanalytical Chemistry. 2007;387:1337-42. 
189. Gentili A. Determination of Non-Steroidal Anti-Inflammatory Drugs in Environmental 
Samples by Chromatographic and Electrophoretic Techniques. Analytical and Bioanalytical 
Chemistry. 2007;387:1185-202. 
190. Kim S-C, Carlson K. Quantification of Human and Veterinary Antibiotics in Water and 
Sediment Using SPE/LC/MS/MS. Analytical and Bioanalytical Chemistry. 2007;387:1301-15. 
191. Picó Y, Andreu V. Fluoroquinolones in Soil—Risks and Challenges. Analytical and 
Bioanalytical Chemistry. 2007;387:1287-99. 
192. Hájková K, Pulkrabová J, Schůrek J, Hajšlová J, Poustka J, Nápravníková M, et al. Novel 
Approaches to the Analysis of Steroid Estrogens in River Sediments. Analytical and 
Bioanalytical Chemistry. 2007;387:1351-63. 
193. Hao C, Clement R, Yang P. Liquid Chromatography–Tandem Mass Spectrometry of 
Bioactive Pharmaceutical Compounds in the Aquatic Environment—A Decade's Activities. 
Analytical and Bioanalytical Chemistry. 2007;387:1247-57. 
194. Hernando MD, Agüera A, Fernández-Alba AR. LC-MS Analysis and Environmental 
Risk of Lipid Regulators. Analytical and Bioanalytical Chemistry. 2007;387:1269-85. 
195. Cuderman P, Heath E. Determination of UV Filters and Antimicrobial Agents in 
Environmental Water Samples. Analytical and Bioanalytical Chemistry. 2007;387:1343-50. 
196. Pozo OJ, Guerrero C, Sancho JV, Ibáñez M, Pitarch E, Hogendoorn E, et al. Efficient 
Approach for the Reliable Quantification and Confirmation of Antibiotics in Water Using On-
line Solid-Phase Extraction Liquid Chromatography/Tandem Mass Spectrometry. Journal of 
Chromatography A. 2006;1103:83-93. 
197. Babić S, Ašperger D, Mutavdžić D, Horvat AJM, Kaštelan-Macan M. Solid Phase 
Extraction and HPLC Determination of Veterinary Pharmaceuticals in Wastewater. Talanta. 
2006;70:732-8. 
198. Miège C, Favier M, Brosse C, Canler J-P, Coquery M. Occurrence of Betablockers in 
Effluents of Wastewater Treatment Plants from the Lyon Area (France) and Risk Assessment for 
the Downstream Rivers. Talanta. 2006;70:739-44. 
199. Rykowska I, Wasiak W. Properties, Threats, and Methods of Analysis of Bisphenol A 
and Its Derivatives. Acta Chromatographica. 2006;16:7-27. 
200. Ternes TA, Bonerz M, Herrmann N, Löffler D, Keller E, Lacida BB, et al. Determination 
of Pharmaceuticals, Iodinated Contrast Media and Musk Fragrances in Sludge by LC/tandem MS 
and GC/MS. Journal of Chromatography A. 2005;1067:213-23. 
201. Hummel D, Löffler D, Fink G, Ternes TA. Simultaneous Determination of Psychoactive 
Drugs and Their Metabolites in Aqueous Matrices by Liquid Chromatography Mass 
Spectrometry. Environmental Science & Technology. 2006;40:7321-8. 
202. Segura PA, García-Ac A, Lajeunesse A, Ghosh D, Gagnon C, Sauvé S. Determination of 
Six Anti-Infectives in Wastewater Using Tandem Solid-Phase Extraction and Liquid 
Chromatography–Tandem Mass Spectrometry. Journal of Environmental Monitoring. 
2007;9:307-13. 



 55

203. Himmelsbach M, Klampfl CW, Buchberger W. Development of an Analytical Method 
for the Determination of Antidepressants in Water Samples by Capillary Electrophoresis with 
Electrospray Ionization Mass Spectrometric Detection. Journal of Separation Science. 
2005;28:1735-41. 
204. Serôdio P, Nogueira JMF. Multi-residue Screening of Endocrine Disrupters Chemicals in 
Water Samples by Stir Bar Sorptive Extraction-Liquid Desorption-Capillary Gas 
Chromatography–Mass Spectrometry Detection. Analytica Chimica Acta. 2004;517:21-32. 
205. Quintana JB, Rodil R, Reemtsma T. Suitability of Hollow Fibre Liquid-Phase 
Microextraction for the Determination of Acidic Pharmaceuticals in Wastewater by Liquid 
Chromatography–Electrospray Tandem Mass Spectrometry without Matrix Effects. Journal of 
Chromatography A. 2004;1061:19-26. 
206. Zuehlke S, Duennbier U, Heberer T. Determination of Estrogenic Steroids in Surface 
Water and Wastewater by Liquid Chromatography–Electrospray Tandem Mass Spectrometry. 
Journal of Separation Science. 2005;28:52-8. 
207. Huerta-Fontela M, Galceran MT, Ventura F. Ultraperformance Liquid Chromatography–
Tandem Mass Spectrometry Analysis of Stimulatory Drugs of Abuse in Wastewater and Surface 
Waters. Analytical Chemistry. 2007;79:3821-9. 
208. Sapkota A, Heidler J, Halden RU. Detection of Triclocarban and Two Co-Contaminating 
Chlorocarbanilides in US Aquatic Environments Using Isotope Dilution Liquid Chromatography 
Tandem Mass Spectrometry. Environmental Research. 2007;103:21-9. 
209. Castiglioni S, Zuccato E, Crisci E, Chiabrando C, Fanelli R, Bagnati R. Identification and 
Measurement of Illicit Drugs and Their Metabolites in Urban Wastewater by Liquid 
Chromatography—Tandem Mass Spectrometry. Analytical Chemistry. 2006;78:8421-9. 
210. Akter KF, Chen Z, Smith L, Davey D, Naidu R. Speciation of Arsenic in Ground Water 
Samples: A Comparative Study of CE-UV, HG-AAS and LC-ICP-MS. Talanta. 2005;68:406-15. 
211. Hirner AV. Speciation of Alkylated Metals and Metalloids in the Environment. 
Analytical and Bioanalytical Chemistry. 2006;385:555-67. 
212. Sarica DY, Türker AR, Erol E. On-line Speciation and Determination of Cr(III) and 
Cr(VI) in Drinking and Waste Water Samples by Reversed-Phase High Performance Liquid 
Chromatography Coupled with Atomic Absorption Spectrometry. Journal of Separation Science. 
2006;29:1600-6. 
213. Michalski R. Comparison of the Analytical Performance of Two Columns Used for 
Determination of Chromium(VI) in Water. Acta Chromatographica. 2005;15:322-8. 
214. Gallagher PA, Schwegel CA, Parks A, Gamble BM, Wymer L, Creed JT. Preservation of 
As(III) and As(V) in Drinking Water Supply Samples from Across the United States Using 
EDTA and Acetic Acid as a Means of Minimizing Iron—Arsenic Coprecipitation. 
Environmental Science & Technology. 2004;38:2919-27. 
215. Krishna PG, Gladis JM, Rambabu U, Rao TP, Naidu GRK. Preconcentrative Separation 
of Chromium(VI) Species from Chromium(III) by Coprecipitation of Its Ethyl Xanthate 
Complex onto Naphthalene. Talanta. 2004;63:541-6. 
216. Ščančar J, Milačič R. Aluminum Speciation in Environmental Samples: A Review. 
Analytical and Bioanalytical Chemistry. 2006;386:999-1012. 
217. Idowu AD, Dasgupta PK, Genfa Z, Toda K, Garbarino JR. A Gas-Phase 
Chemiluminescence-Based Analyzer for Waterborne Arsenic. Analytical Chemistry. 
2006;78:7088-97. 
218. B’Hymer C, Caruso JA. Arsenic and Its Speciation Analysis Using High-Performance 
Liquid Chromatography and Inductively Coupled Mass Spectrometry. Journal of 
Chromatography A. 2004;1045:1-13. 
219. Mohammad A, Sirwal YH. Novel Mobile Phase for Separation of Cr6+ from Cr3+ and 
Associated Heavy Metal Cations by High-Performance Thin-Layer Chromatography. Acta 
Chromatographica. 2003;13:117-34. 



 56

220. Cavicchioli A, La-Scalea MA, Gutz IGR. Analysis and Speciation of Traces of Arsenic in 
Environmental, Food and Industrial Samples by Voltammetry: A Review. Electroanalysis. 
2004;16:697-711. 
221. Leermakers M, Baeyens W, Quevauviller P, Horvat M. Mercury in Environmental 
Samples: Speciation, Artifacts and Validation. Trends in Analytical Chemistry. 2005;24:383-93. 
222. Hassan SSM, Mahmoud WH, Mohamed AHK, Kelany AE. Mercury(II) Ion-Selective 
Polymeric Membrane Sensors for Analysis of Mercury in Hazardous Wastes. Analytical 
Sciences. 2006;22:877-81. 
223. Nakahara T. Development of Gas-Phase Sample-Introduction Techniques for Analytical 
Atomic Spectrometry. Analytical Sciences. 2005;21:477-84. 
224. Butler OT, Cook JM, Harrington CF, Hill SJ, Rieuwerts J, Miles DL. Atomic 
Spectrometry Update. Environmental Analysis. Journal of Analytical Atomic Spectrometry. 
2007;22:187-221. 
225. Evans EH, Day JA, Palmer C, Price WJ, Smith CMM, Tyson JF. Atomic Spectrometry 
Update. Advances in Atomic Emission, Absorption and Fluorescence Spectrometry, and Related 
Techniques. Journal of Analytical Atomic Spectrometry. 2007;22:663-96. 
226. Bings NH, Bogaerts A, Broekaert JAC. Atomic Spectroscopy. Analytical Chemistry. 
2006;78:3917-45. 
227. Butler OT, Cook JM, Harrington CF, Hill SJ, Rieuwerts J, Miles DL. Atomic 
Spectrometry Update. Environmental Analysis. Journal of Analytical Atomic Spectrometry. 
2006;21:217-43. 
228. Evans EH, Day JA, Palmer C, Price WJ, Smith CMM, Tyson JF. Atomic Spectrometry 
Update. Advances in Atomic Emission, Absorption and Fluorescence Spectrometry, and Related 
Techniques. Journal of Analytical Atomic Spectrometry. 2006;21:592-625. 
229. Butler OT, Cook JM, Harrington CF, Hill SJ, Rieuwerts J, Miles DL. Atomic 
Spectrometry Update. Environmental Analysis. Journal of Analytical Atomic Spectrometry. 
2005;20:130-57. 
230. Evans EH, Day JA, Palmer CD, Price WJ, Smith CMM, Tyson JF. Atomic Spectrometry 
Update. Advances in Atomic Emission, Absorption and Fluorescence Spectrometry, and Related 
Techniques. Journal of Analytical Atomic Spectrometry. 2005;20:562-90. 
231. Broekaert JAC, Siemens V. Recent Trends in Atomic Spectrometry with Microwave-
Induced Plasmas. Spectrochimica Acta Part B. 2004;59:1823-39. 
232. Micó C, Recatalá L, Peris M, Sánchez J. A Comparison of Two Digestion Methods for 
the Analysis of Heavy Metals by Flame Atomic Absorption Spectroscopy. Spectroscopy Europe. 
2007;19(1):23-6. 
233. Butcher DJ. Advances in Electrothermal Atomization Atomic Absorption Spectrometry: 
Instrumentation, Methods, and Applications. Applied Spectroscopy Reviews. 2006;41:15-34. 
234. Padarauskas A. CE Determination of Small Ions: Methods and Techniques. Analytical 
and Bioanalytical Chemistry. 2006;384:132-44. 
235. Ali I, Aboul-Enein HY, Gupta VK. Precision in Capillary Electrophoresis. Analytical 
Letters. 2006;39:2345-57. 
236. Zhou Q, Jiang G, Liu J, Cai Y. Combination of Microporous Membrane Liquid–Liquid 
Extraction and Capillary Electrophoresis for the Analysis of Aromatic Amines in Water 
Samples. Analytica Chimica Acta. 2004;509:55-62. 
237. Chen G, Lin Y, Wang J. Microchip Capillary Electrophoresis with Electrochemical 
Detection for Monitoring Environmental Pollutants. Current Analytical Chemistry. 2006;2:43-
50. 
238. Eiceman GA, Gardea-Torresdey J, Dorman F, Overton E, Bhushan A, Dharmasena HP. 
Gas Chromatography. Analytical Chemistry. 2006;78:3985-96. 
239. Bailey R. Injectors for Capillary Gas Chromatography and Their Application to 
Environmental Analysis. Journal of Environmental Monitoring. 2005;7:1054-8. 



 57

240. Gaca J, Wejnerowska G. Determination of Propane Chloroderivatives in Environmental 
Samples. Analytica Chimica Acta. 2005;540:55-60. 
241. Ishikawa S, Sakazaki Y, Eguchi Y, Suetomi R, Nakamura E. Identification of Chemical 
Substances in Industrial Wastes and Their Pyrolytic Decomposition Products. Chemosphere. 
2005;59:1343-53. 
242. He L, Beesley TE. Applications of Enantiomeric Gas Chromatography: A Review. 
Journal of Liquid Chromatography & Related Technologies. 2005;28:1075-114. 
243. Gross GM, Prazen BJ, Grate JW, Synovec RE. High-Speed Gas Chromatography Using 
Synchronized Dual-Valve Injection. Analytical Chemistry. 2004;76:3517-24. 
244. Gaca J, Wejnerowska G. Determination of Epichlorohydrin in Water and Sewage 
Samples. Talanta. 2006;70:1044-50. 
245. Poster DL, Schantz MM, Sander LC, Wise SA. Analysis of Polycyclic Aromatic 
Hydrocarbons (PAHs) in Environmental Samples: A Critical Review of Gas Chromatographic 
(GC) Methods. Analytical and Bioanalytical Chemistry. 2006;386:859-81. 
246. Moretti P, Vezzani S, Garrone E, Castello G. Evaluation and Prediction  of the Shape of 
Gas Chromatographic Peaks. Journal of Chromatography A. 2004;1038:171-81. 
247. Korytár P, Leonards PEG, de Boer J, Brinkman UAT. Group Separation of 
Organohalogenated Compounds by Means of Comprehensive Two-Dimensional Gas 
Chromatography. Journal of Chromatography A. 2005;1086:29-44. 
248. Adahchour M, Beens J, Vreuls RJJ, Brinkman UAT. Recent Developments in 
Comprehensive Two-Dimensional Gas Chromatography (GC X GC). III. Applications for 
Petrochemicals and Organohalogens. Trends in Analytical Chemistry. 2006;25:726-41. 
249. Adahchour M, Beens J, Vreuls RJJ, Brinkman UAT. Recent Developments in 
Comprehensive Two-Dimensional Gas Chromatography (GC X GC). IV. Further Applications, 
Conclusions and Perspectives. Trends in Analytical Chemistry. 2006;25:821-40. 
250. Adahchour M, Beens J, Vreuls RJJ, Brinkman UAT. Recent Developments in 
Comprehensive Two-Dimensional Gas Chromatography (GC X GC). I. Introduction and 
Instrumental Set-Up. Trends in Analytical Chemistry. 2006;25:438-54. 
251. Dimandja J-M. GC X GC. Analytical Chemistry. 2004 May 1:167A-74A. 
252. Panić O, Górecki T. Comprehensive Two-Dimensional Gas Chromatography (GC X GC) 
in Environmental Analysis and Monitoring. Analytical and Bioanalytical Chemistry. 
2006;386:1013-23. 
253. Gross GM, Reid VR, Synovec RE. Recent Advances in Instrumentation for Gas 
Chromatography. Current Analytical Chemistry. 2005;1:135-47. 
254. Criado MR, Pereiro IR, Torrijos RC. Selective Determination of Polychlorinated 
Biphenyls in Waste Oils Using Liquid–Liquid Partition Followed by Headspace Solid-Phase 
Microextraction and Gas Chromatography with Atomic Emission Detection. Journal of 
Chromatography A. 2004;1056:263-6. 
255. Bergknut M, Kucera A, Frech K, Andersson E, Engwall M, Rannug U, et al. 
Identification of Potentially Toxic Compounds in Complex Extracts of Environmental Samples 
Using Gas Chromatography–Mass Spectrometry and Multivariate Data Analysis. Environmental 
Toxicology and Chemistry. 2007;26:208-17. 
256. Vermeulen A, Welvaert K, Vercammen J. Evaluation of a Dedicated Gas 
Chromatography–Mass Spectrometry Method for the Analysis of Phenols in Water. Journal of 
Chromatography A. 2005;1071:41-6. 
257. Sakayanagi M, Yamada Y, Sakabe C, Watanabe K, Harigaya Y. Identification of 
Inorganic Anions by Gas Chromatography/Mass Spectrometry. Forensic Science International. 
2006;157:134-43. 
258. Rosell M, Lacorte S, Barceló D. Simultaneous Determination of Methyl tert-Butyl Ether, 
Its Degradation Products and Other Gasoline Additives in Soils Samples by Closed-System 



 58

Purge-and-Trap Gas Chromatography–Mass Spectrometry. Journal of Chromatography A. 
2006;1132:28-38. 
259. Kapp T, Vetter W. Structure Elucidation of an Artifact Discharging from Rubber-Based 
Vial Closures by Means of Gas Chromatography/Mass Spectrometry. Analytical Chemistry. 
2006;78:8156-61. 
260. Albanis TA, Hela DG, Lambropoulou DA, Sakkas VA. Gas Chromatographic-Mass 
Spectrometric Methodology Using Solid-Phase Microextraction for the Multiresidue 
Determination of Pesticides in Surface Waters. International Journal of Environmental 
Analytical Chemistry. 2004;84:1079-92. 
261. Seaman VY, Charles MJ, Cahill TM. A Sensitive Method for the Quantification of 
Acrolein and Other Volatile Carbonyls in Ambient Air. Analytical Chemistry. 2006;78:2405-12. 
262. Fabiańska MJ, Skręt U, Krawczyk WE. SPE and GC–MS Investigation of Organic 
Contaminants in Atmospheric Precipitation. Acta Chromatographica. 2006;17:328-34. 
263. Čajka T, Hajšlová J, Kazda R, Poustka J. Challenges of Gas Chromatography–High 
Resolution Time-of-Flight Mass Spectrometry for Simultaneous Analysis of Polybrominated 
Diphenyl Ethers and Other Halogenated Persistent Organic Pollutants in Environmental 
Samples. Journal of Separation Science. 2005;28:601-11. 
264. Safarova VI, Sapelnikova SV, Djazhenko EV, Teplova GI, Shajdulina GF, Kudasheva 
FK. Gas Chromatography–Mass Spectrometry with Headspace for the Analysis of Volatile 
Organic Compounds in Waste Water. Journal of Chromatography B. 2004;800:325-30. 
265. Boszke L. High-Performance Liquid Chromatography as a Valuable Tool for 
Determination of Mercury Species in Environmental Samples. A Review. Chemia Analityczna 
(Warsaw, Poland). 2005;50:489-505. 
266. Polati S, Bottaro M, Frascarolo P, Gosetti F, Gianotti V, Gennaro MC. HPLC-UV and 
HPLC-MSn Multiresidue Determination of Amidosulfuron, Azimsulfuron, Nicosulfuron, 
Rimsulfuron, Thifensulfuron Methyl, Tribenuron Methyl and Azoxystrobin in Surface Waters. 
Analytica Chimica Acta. 2006;579:146-51. 
267. Barceló D, Petrovic M. Challenges and Achievements of LC-MS in Environmental 
Analysis: 25 Years On. Trends in Analytical Chemistry. 2007;26:2-11. 
268. Quintana JB, Rodil R, Reemtsma T. Determination of Phosphoric Acid Mono- and 
Diesters in Municipal Wastewater by Solid-Phase Extraction and Ion-Pair Liquid 
Chromatography–Tandem Mass Spectrometry. Analytical Chemistry. 2006;78:1644-50. 
269. Niessen WMA, Manini P, Andreoli R. Matrix Effects in Quantitative Pesticide Analysis 
Using Liquid Chromatography–Mass Spectrometry. Mass Spectrometry Reviews. 2006;25:881-
99. 
270. Higgins CP, Field JA, Criddle CS, Luthy RG. Quantitative Determination of 
Perfluorochemicals in Sediments and Domestic Sludge. Environmental Science & Technology. 
2005;39:3946-56. 
271. Villagrasa M, López de Alda M, Barceló D. Environmental Analysis of Fluorinated 
Alkyl Substances by Liquid Chromatography–(tandem) Mass Spectrometry: A Review. 
Analytical and Bioanalytical Chemistry. 2006;386:953-72. 
272. Petrovic M, Barceló D. Liquid Chromatography–Mass Spectrometry in the Analysis of 
Emerging Environmental Contaminants. Analytical and Bioanalytical Chemistry. 2006;385:422-
4. 
273. Marchese S, Gentili A, Perret D, Sergi M, Notari S. Hybrid Quadrupole Time-of-Flight 
for the Determination of Chlorophenols in Surface Water by Liquid Chromatography-Tandem 
Mass Spectrometry. Chromatographia. 2004;59:411-7. 
274. Bos SJ, van Leeuwen SM, Karst U. From Fundamentals to Applications: Recent 
Developments in Atmospheric Pressure Photoionization Mass Spectrometry. Analytical and 
Bioanalytical Chemistry. 2006;384:85-99. 



 59

275. Sarzanini C, Bruzzoniti MC. New Materials: Analytical and Environmental Applications 
in Ion Chromatography. Analytica Chimica Acta. 2005;540:45-53. 
276. Lamb JD, Simpson D, Jensen BD, Gardner JS, Peterson QA. Determination of 
Perchlorate in Drinking Water by Ion Chromatography Using Macrocycle-Based Concentration 
and Separation Methods. Journal of Chromatography A. 2006;1118:100-5. 
277. Michalski R. Ion Chromatography as a Reference Method for Determination of Inorganic 
Ions in Water and Wastewater. Critical Reviews in Analytical Chemistry. 2006;36:107-27. 
278. Knepper TP, Werner A, Bogenschütz G. Determination of Synthetic Chelating Agents in 
Surface and Waste Water by Ion Chromatography–Mass Spectrometry. Journal of 
Chromatography A. 2005;1085:240-6. 
279. Ai S, Xu Q. Separation of Inorganic Anions and Cations by High-Speed Ion 
Chromatography. Current Analytical Chemistry. 2006;2:389-96. 
280. Pye K, Blott SJ, Wray DS. Elemental Analysis of Soil Samples for Forensic Purposes by 
Inductively Coupled Plasma Spectrometry — Precision Considerations. Forensic Science 
International. 2006;160:178-92. 
281. Packer AP, Mattiazzo ME, Bellato ACS, dos Reis BF. On-line Preconcentration with 
Mono-Segmented Elution for Cd, Cu, Ni, and Zn Determination in Soil Samples by Inductively 
Coupled Plasma Optical Emission Spectrometry. Atomic Spectroscopy. 2006;27(6):193-9. 
282. Todolí JL, Mermet JM. Sample Introduction Systems for the Analysis of Liquid 
Microsamples by ICP-AES and ICP-MS. Spectrochimica Acta Part B. 2006;61:239-83. 
283. Grindlay G, Maestre S, Gras L, Mora J. Introduction of Organic Solvent Solutions into 
Inductively Coupled Plasma-Atomic Emission Spectrometry Using a Microwave Assisted 
Sample Introduction System. Journal of Analytical Atomic Spectrometry. 2006;21:1403-11. 
284. Velitchkova N, Pentcheva EN, Daskalova N. Determination of Arsenic, Mercury, 
Selenium, Thallium, Tin and Bismuth in Environmental Materials by Inductively Coupled 
Plasma Emission Spectrometry. Spectrochimica Acta Part B. 2004;59:871-82. 
285. Bolea E, Laborda F, Castillo JR, Sturgeon RE. Electrochemical Hydride Generation for 
the Simultaneous Determination of Hydride Forming Elements by Inductively Coupled Plasma-
Atomic Emission Spectrometry. Spectrochimica Acta Part B. 2004;59:505-13. 
286. Beauchemin D. Inductively Coupled Plasma Mass Spectrometry. Analytical Chemistry. 
2006;78:4111-35. 
287. Asfaw A, Wibetoe G. Dual Mode Sample Introduction for Multi-Element Determination 
by ICP-MS: The Optimization and Use of a Method Based on Simultaneous Introduction of 
Vapor Formed by NaBH4 Reaction and Aerosol from the Nebulizer. Journal of Analytical 
Atomic Spectrometry. 2006;21:1027-35. 
288. Huang L-S, Lin K-C. Multiple-Element Detection in Aqueous Solution and Seawater by 
Using an On-line Preconcentration Method for Inductively Coupled Plasma Mass Spectrometry. 
Analytical Sciences. 2006;22:1375-8. 
289. Rodushkin I, Nordlund P, Engström E, Baxter DC. Improved Multi-Elemental Analyses 
by Inductively Coupled Plasma-Sector Field Mass Spectrometry Through Methane Addition to 
the Plasma. Journal of Analytical Atomic Spectrometry. 2005;20:1250-5. 
290. Waddell R, Lewis C, Hang W, Hassell C, Majidi V. Inductively Coupled Plasma Mass 
Spectrometry for Elemental Speciation: Applications in the New Millennium. Applied 
Spectroscopy Reviews. 2005;40:33-69. 
291. Srogi K. A Review: Application of Microwave Techniques for Environmental Analytical 
Chemistry. Analytical Letters. 2006;39:1261-88. 
292. Carro N, García I, Ignacio M, Mouteira A. Microwave-Assisted Solvent Extraction and 
Gas Chromatography Ion Trap Mass Spectrometry Procedure for the Determination of Persistent 
Organochlorine Pesticides (POPs) in Marine Sediment. Analytical and Bioanalytical Chemistry. 
2006;385:901-9. 



 60

293. Bélanger JMR, Paré JRJ. Applications of Microwave-Assisted Processes (MAP™) to 
Environmental Analysis. Analytical and Bioanalytical Chemistry. 2006;386:1049-58. 
294. Numata M, Yarita T, Aoyagi Y, Takatsu A. Evaluation of a Microwave-Assisted 
Extraction Technique for the Determination of Polychlorinated Biphenyls and Organochlorine 
Pesticides in Sediments. Analytical Sciences. 2004;20:793-8. 
295. Yusà V, Pastor A, de la Guardia M. Microwave-Assisted Extraction of OCPs, PCBs and 
PAHs Concentrated by Semi-Permeable Membrane Devices (SPMDs). Analytica Chimica Acta. 
2005;540:355-66. 
296. Bartolomé L, Cortazar E, Raposo JC, Usobiaga A, Zuloaga O, Etxebarria N, et al. 
Simultaneous Microwave-Assisted Extraction of Polycyclic Aromatic Hydrocarbons, 
Polychlorinated Biphenyls, Phthalate Esters and Nonylphenols in Sediments. Journal of 
Chromatography A. 2005;1068:229-36. 
297. Santana CM, Ferrera ZS, Rodríguez JJS. An Environmentally Friendly Method for the 
Extraction and Determination of Priority Phenols in Soils Using Microwave-Assisted Micellar 
Extraction. Analytical and Bioanalytical Chemistry. 2005;382:125-33. 
298. Shu YY, Lai TL, Lin H-s, Yang TC, Chang C-P. Study of Factors Affecting on the 
Extraction Efficiency of Polycyclic Aromatic Hydrocarbons from Soils Using Open-Vessel 
Focused Microwave-Assisted Extraction. Chemosphere. 2003;52:1667-76. 
299. Bacon JR, Linge KL, Parrish RR, Van Vaeck L. Atomic Spectrometry Update. Atomic 
Mass Spectrometry. Journal of Analytical Atomic Spectrometry. 2006;21:785-818. 
300. Bacon JR, Linge KL, Van Vaeck L. Atomic Spectrometry Update. Atomic Mass 
Spectrometry. Journal of Analytical Atomic Spectrometry. 2005;20:763-802. 
301. Richardson SD. Environmental Mass Spectrometry: Emerging Contaminants and Current 
Issues. Analytical Chemistry. 2006;78:4021-45. 
302. Cotte-Rodríguez I, Justes DR, Nanita SC, Noll RJ, Mulligan CC, Sanders NL, et al. 
Analysis of Gaseous Toxic Industrial Compounds and Chemical Warfare Agent Simulants by 
Atmospheric Pressure Ionization Mass Spectrometry. Analyst. 2006;131:579-89. 
303. Serrano A, Gallego M, Silva M. Enhancing Sensitivity in Headspace-Mass Spectrometric 
Determination of BTEX in Drinking Water. Analytical Chemistry. 2007;79:2997-3002. 
304. Bacon JR, Greenwood JC, Van Vaeck L, Williams JG. Atomic Spectrometry Update. 
Atomic Mass Spectrometry. Journal of Analytical Atomic Spectrometry. 2004;19:1020-57. 
305. D'Archivio AA, Fanelli M, Mazzeo P, Ruggieri F. Comparison of Different Sorbents for 
Multiresidue Solid-Phase Extraction of 16 Pesticides from Groundwater Coupled with High-
Performance Liquid Chromatography. Talanta. 2007;71:25-30. 
306. Lemos VA, Santos MS, Santos ES, Santos MJS, dos Santos WNL, Souza AS, et al. 
Application of Polyurethane Foam as a Sorbent for Trace Metal Pre-Concentration — A Review. 
Spectrochimica Acta Part B. 2007;62:4-12. 
307. Hernández-Borges J, García-Montelongo FJ, Cifuentes A, Rodríguez-Delgado MÁ. 
Determination of Herbicides in Mineral and Stagnant Waters at ng/L Levels Using Capillary 
Electrophoresis and UV Detection Combined with Solid-Phase Extraction and Sample Stacking. 
Journal of Chromatography A. 2005;1070:171-7. 
308. Bağ H, Elçi A, Elçi L. Determination of Lead, Iron, Manganese and Zinc in Sea Water 
Samples by Atomic Absorption Spectrometry After Preconcentration with Chromosorb 105. 
Eurasian Journal of Analytical Chemistry. 2006;1(1):42-54. 
309. Fontanals N, Marcé RM, Borrull F. Improved Polymeric Materials for More Efficient 
Extraction of Polar Compounds from Aqueous Samples. Current Analytical Chemistry. 
2006;2:171-9. 
310. Pawliszyn J, Pedersen-Bjergaard S. Analytical Microextraction: Current Status and 
Future Trends. Journal of Chromatographic Science. 2006;44:291-307. 



 61

311. Přikryl P, Kubinec R, Jurdáková H, Ševčík J, Ostrovský I, Soják L, et al. Comparison of 
Needle Concentrator with SPME for GC Determination of Benzene, Toluene, Ethylbenzene, and 
Xylenes in Aqueous Samples. Chromatographia. 2006;64:65-70. 
312. Malik AK, Kaur V, Verma N. A Review on Solid Phase Microextraction—High 
Performance Liquid Chromatography as a Novel Tool for the Analysis of Toxic Metal Ions. 
Talanta. 2006;68:842-9. 
313. Mayfield HT, Burr E, Cantrell M. Analysis of Explosives in Soil Using Solid Phase 
Microextraction and Gas Chromatography. Analytical Letters. 2006;39:1463-74. 
314. Ouyang G, Pawliszyn J. SPME in Environmental Analysis. Analytical and Bioanalytical 
Chemistry. 2006;386:1059-73. 
315. Fries E, Püttman W. Improvement of HS-SPME for Analysis of Volatile Organic 
Compounds (VOC) in Water Samples by Simultaneous Direct Fiber Cooling and Freezing of 
Analyte Solution. Analytical and Bioanalytical Chemistry. 2006;386:1497-503. 
316. Shirey RE, Linton CM. The Extraction and Analysis of 1,4-Dioxane from Water Using 
Solid-Phase Microextraction Coupled with Gas Chromatography and Gas Chromatography–
Mass Spectrometry. Journal of Chromatographic Science. 2006;44:444-50. 
317. Dietz C, Sanz J, Cámara C. Recent Developments in Solid-Phase Microextraction 
Coatings and Related Techniques. Journal of Chromatography A. 2006;1103:183-92. 
318. Díez S, Bayona JM. Trace Element Determination by Combining Solid-Phase 
Microextraction Hyphenated to Elemental and Molecular Detection Techniques. Journal of 
Chromatographic Science. 2006;44:458-71. 
319. Liu Z, Pawliszyn J. Online Coupling of Solid-Phase Microextraction and Capillary 
Electrophoresis. Journal of Chromatographic Science. 2006;44:366-74. 
320. Aulakh JS, Malik AK, Kaur V, Schmitt-Kopplin P. A Review on Solid Phase Micro 
Extraction—High Performance Liquid Chromatography (SPME-HPLC) Analysis of Pesticides. 
Critical Reviews in Analytical Chemistry. 2005;35:71-85. 
321. Padrón MET, Ferrera ZS, Rodríguez JJS. Optimisation of Solid-Phase Microextraction 
Coupled to HPLC-UV for the Determination of Organochlorine Pesticides and Their Metabolites 
in Environmental Liquid Samples. Analytical and Bioanalytical Chemistry. 2006;386:332-40. 
322. Flórez Menéndez JC, Fernández Sánchez ML, Fernández Martínez E, Sánchez Uría JE, 
Sanz-Medel A. Static Headspace Versus Head Space Solid-Phase Microextraction (HS-SPME) 
for the Determination of Volatile Organochlorine Compounds in Landfill Leachates by Gas 
Chromatography. Talanta. 2004;63:809-14. 
323. Zhou SN, Zhang X, Ouyang G, Es-haghi A, Pawliszyn J. On-fiber Standardization 
Technique for Solid-Coated Solid-Phase Microextraction. Analytical Chemistry. 2007;79:1221-
30. 
324. Sun T, Fang N, Wang Y, Jia J, Yu J. Application of Novel Activated Carbon Fiber Solid-
Phase Microextraction to Analysis of Chlorohydrocarbons in Water. Analytical Letters. 
2004;37:1411-25. 
325. Kawaguchi M, Ito R, Saito K, Nakazawa H. Novel Stir Bar Sorptive Extraction Methods 
for Environmental and Biomedical Analysis. Journal of Pharmaceutical and Biomedical 
Analysis. 2006;40:500-8. 
326. Ochiai N, Sasamoto K, Kanda H, Nakamura S. Fast Screening of Pesticide Multiresidues 
in Aqueous Samples by Dual Stir Bar Sorptive Extraction-Thermal Desorption-Low Thermal 
Mass Gas Chromatography–Mass Spectrometry. Journal of Chromatography A. 2006;1130:83-
90. 
327. Serôdio P, Nogueira JMF. Development of a Stir-Bar-Sorptive Extraction–Liquid 
Desorption–Large-Volume Injection Capillary Gas Chromatographic–Mass Spectrometric 
Method for Pyrethroid Pesticides in Water Samples. Analytical and Bioanalytical Chemistry. 
2005;382:1141-51. 



 62

328. Montero L, Conradi S, Weiss H, Popp P. Determination of Phenols in Lake and Ground 
Water Samples by Stir Bar Sorptive Extraction–Thermal Desorption–Gas Chromatography–
Mass Spectrometry. Journal of Chromatography A. 2005;1071:163-9. 
329. Stosnach H. On-site Analysis of Heavy Metal Contaminated Areas by Means of Total 
Reflection X-ray Fluorescence Analysis (TXRF). Spectrochimica Acta Part B. 2006;61:1141-5. 
330. Szalóki I, Osán J, Van Grieken RE. X-ray Spectrometry. Analytical Chemistry. 
2006;78:4069-96. 
331. Potts PJ, Ellis AT, Kregsamer P, Streli C, Vanhoof C, West M, et al. Atomic 
Spectrometry Update—X-ray Fluorescence Spectrometry. Journal of Analytical Atomic 
Spectrometry. 2006;21:1076-107. 
332. Potts PJ, Ellis AT, Kregsamer P, Streli C, Vanhoof C, West M, et al. Atomic 
Spectrometry Update. X-Ray Fluorescence Spectrometry. Journal of Analytical Atomic 
Spectrometry. 2005;20:1124-54. 
333. Rousseau RM. Corrections for Matrix Effects in X-ray Fluorescence Analysis—A 
Tutorial. Spectrochimica Acta Part B. 2006;61:759-77. 
334. Basel Convention. Illegal Traffic Under the Basel Convention.   [cited 2007 July 18]; 
Available from: http://www.basel.int/pub/leaflet091006.pdf
335. European Union. Environment - Waste - Shipment of Waste.   [cited 2007 July 20]; 
Available from: http://ec.europa.eu/environment/waste/shipments/index.htm
336. European Union. Environment: New EU Waste Shipment Legislation Comes into Force 
Today.   [cited 2007 July 20]; Available from: 
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/07/1078&format=HTML&aged=0&
language=EN&guiLanguage=en
337. Basel Convention. Meeting the Challenge of E-Waste: The Basel Convention's Activities 
on E-Waste.   [cited 2007 July 18]; Available from: http://www.basel.int/pub/leaflet170806-1.pdf
338. Basel Convention. Meeting the Challenge of E-Waste: The Basel Convention Partnership 
on the Environmentally Sound Management of Electrical and Electronic Wastes for the Asia-
Pacific Region.   [cited 2007 July 18]; Available from: http://www.basel.int/pub/leaflet170806-
2.pdf
339. Sinha-Khetriwal D, Kraeuchi P, Schwaninger M. A Comparison of Electronic Waste 
Recycling in Switzerland and in India. Environmental Impact Assessment Review. 2005;25:492-
504. 
340. Leung A, Cai ZW, Wong MH. Environmental Contamination from Electronic Waste 
Recycling at Guiyu, Southeast China. Journal of Material Cycles and Waste Management. 
2006;8:21-33. 
341. Yu XZ, Gao Y, Wu SC, Zhang HB, Cheung KC, Wong MH. Distribution of Polycyclic 
Aromatic Hydrocarbons in Soils at Guiyu Area of China, Affected by Recycling of Electronic 
Waste Using Primitive Technologies. Chemosphere. 2006;65:1500-9. 
342. Bi X, Thomas GO, Jones KC, Qu W, Sheng G, Martin FL, et al. Exposure of Electronics 
Dismantling Workers to Polybrominated Diphenyl Ethers, Polychlorinated Biphenyls, and 
Organochlorine Pesticides in South China. Environmental Science & Technology. 2007 July 3;In 
Press. 
343. Vann K, Musson S, Townsend T. Evaluation of a Modified TCLP Methodology for 
RCRA Toxicity Characterization of Computer CPUs. Journal of Hazardous Materials. 
2006;129:101-9. 
344. Lincoln JD, Ogunseitan OA, Shapiro AA, Saphores J-DM. Leaching Assessments of 
Hazardous Materials in Cellular Telephones. Environmental Science & Technology. 
2007;41:2572-8. 
345. Jang Y-C, Townsend TG. Leaching of Lead from Computer Printed Wire Boards and 
Cathode Ray Tubes by Municipal Solid Waste Landfill Leachates. Environmental Science & 
Technology. 2003;37:4778-84. 

http://www.basel.int/pub/leaflet091006.pdf
http://ec.europa.eu/environment/waste/shipments/index.htm
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/07/1078&format=HTML&aged=0&language=EN&guiLanguage=en
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/07/1078&format=HTML&aged=0&language=EN&guiLanguage=en
http://www.basel.int/pub/leaflet170806-1.pdf
http://www.basel.int/pub/leaflet170806-2.pdf
http://www.basel.int/pub/leaflet170806-2.pdf


 63

346. Musson SE, Vann KN, Jang Y-C, Mutha S, Jordan A, Pearson B, et al. RCRA Toxicity 
Characterization of Discarded Electronic Devices. Environmental Science & Technology. 
2006;40:2721-6. 
347. Deng WJ, Louie PKK, Liu WK, Bi XH, Fu JM, Wong MH. Atmospheric Levels and 
Cytotoxicity of PAHs and Heavy Metals in TSP and PM2.5 at an Electronic Waste Recycling Site 
in Southeast China. Atmospheric Environment. 2006;40:6945-55. 
348. Gullett BK, Linak WP, Touati A, Wasson SJ, Gatica S, King CJ. Characterization of Air 
Emissions and Residual Ash from Open Burning of Electronic Wastes During Simulated 
Rudimentary Recycling Operations. Journal of Material Cycles and Waste Management. 
2007;9:69-79. 
349. Cai Z, Jiang G. Determination of Polybrominated Diphenyl Ethers in Soil from E-Waste 
Recycling Site. Talanta. 2006;70:88-90. 
350. Wong CSC, Duzgoren-Aydin NS, Aydin A, Wong MH. Evidence of Excessive Releases 
of Metals from Primitive E-Waste Processing in Guiyu, China. Environmental Pollution. 
2007;148:62-72. 
351. Wong CSC, Wu SC, Duzgoren-Aydin NS, Aydin A, Wong MH. Trace Metal 
Contamination of Sediments in an E-Waste Processing Village in China. Environmental 
Pollution. 2007;145:434-42. 
352. Wang D, Cai Z, Jiang G, Leung A, Wong MH, Wong WK. Determination of 
Polybrominated Diphenyl Ethers in Soil and Sediment from an Electronic Waste Recycling 
Facility. Chemosphere. 2005;60:810-6. 
353. Wang D, Jiang G, Cai Z. Method Development for the Analysis of Polybrominated 
Dibenzo-p-dioxins, Dibenzofurans and Diphenyl Ethers in Sediment Samples. Talanta. 
2007;72:668-74. 
354. Leung AOW, Luksemburg WJ, Wong AS, Wong MH. Spatial Distribution of 
Polybrominated Diphenyl Ethers and Polychlorinated Dibenzo-p-dioxins and Dibenzofurans in 
Soil and Combusted Residue at Guiyu, an Electronic Waste Recycling Site in Southeast China. 
Environmental Science & Technology. 2007;41:2730-7. 
355. United States Environmental Protection Agency (US EPA). A Guide for Ship Scrappers: 
Tips for Regulatory Compliance.  2000  [cited 2007 July 18]; Available from: 
http://www.epa.gov/Compliance/resources/publications/federalfacilities/enforcement/civil/shipsc
rapguide.pdf
356. European Maritime Safety Agency.  2007  [cited 2007 July 27]; Available from: 
http://www.emsa.europa.eu/end185d012d002.html
357. International Maritime Organization (IMO) Library Services. Information Resources on 
Recycling of Ships.  2007  [cited 2007 July 27]; Available from: 
http://www.imo.org/includes/blastDataOnly.asp/data_id%3D19282/RecyclingofShips_23July20
07_.pdf
358. Basel Convention. Dismantling of Ships.   [cited 2007 July 18]; Available from: 
http://www.basel.int/ships/index.html
359. Rahman A, Ullah T. Ship Breaking: A Background Paper.  1999  [cited 2007 July 18]; 
Available from: 
http://www.ilo.org/public/english/protection/safework/sectors/ships/shpbreak.htm
360. Bailey PJ. Is There a Decent Way to Break Up Ships?  2000  [cited 2007 July 18]; 
Available from: http://www.ilo.org/public/english/dialogue/sector/papers/shpbreak/index.htm
361. Joshi V, Dube H, Troost DG, Elias D, Cambers G. Impacts and Challenges of a Large 
Coastal Industry: Alang-Sosiya Ship-Breaking Yard, Gujarat, India.  2003  [cited 2007 July 18]; 
Available from: http://unesdoc.unesco.org/images/0013/001375/137515e.pdf
362. Reddy MS, Basha S, Kumar VGS, Joshi HV, Ghosh PK. Quantification and 
Classification of Ship Scraping Waste at Alang-Sosiya, India. Marine Pollution Bulletin. 
2003;46:1609-14. 

http://www.epa.gov/Compliance/resources/publications/federalfacilities/enforcement/civil/shipscrapguide.pdf
http://www.epa.gov/Compliance/resources/publications/federalfacilities/enforcement/civil/shipscrapguide.pdf
http://www.emsa.europa.eu/end185d012d002.html
http://www.imo.org/includes/blastDataOnly.asp/data_id%3D19282/RecyclingofShips_23July2007_.pdf
http://www.imo.org/includes/blastDataOnly.asp/data_id%3D19282/RecyclingofShips_23July2007_.pdf
http://www.basel.int/ships/index.html
http://www.ilo.org/public/english/protection/safework/sectors/ships/shpbreak.htm
http://www.ilo.org/public/english/dialogue/sector/papers/shpbreak/index.htm
http://unesdoc.unesco.org/images/0013/001375/137515e.pdf


 64

363. Reddy MS, Basha S, Adimurthy S, Ramachandraiah G. Description of the Small Plastics 
Fragments in Marine Sediments Along the Alang-Sosiya Ship-Breaking Yard, India. Estuarine, 
Coastal and Shelf Science. 2006;68:656-60. 
364. Reddy MS, Basha S, Joshi HV, Ramachandraiah G. Seasonal Distribution and 
Contamination Levels of Total PHCs, PAHs, and Heavy Metals in Coastal Waters of the Alang-
Sosiya Ship Scrapping Yard, Gulf of Cambay, India. Chemosphere. 2005;61:1587-93. 
365. Reddy MS, Basha S, Kumar VGS, Joshi HV, Ramachandraiah G. Distribution, 
Enrichment and Accumulation of Heavy Metals in Coastal Sediments of Alang-Sosiya Ship 
Scrapping Yard, India. Marine Pollution Bulletin. 2004;48:1055-9. 
366. Basha S, Gaur PM, Thorat RB, Trivedi RH, Mukhopadhyay SK, Anand N, et al. Heavy 
Metal Content of Suspended Particulate Matter at World's Largest Ship-Breaking Yard, Alang-
Sosiya, India. Water, Air, & Soil Pollution. 2007;178:373-84. 
367. Pitkethly MJ. Nanomaterials – The Driving Force. Nanotoday. 2004 December:20-9. 
368. Rickerby DG, Morrison M. Nanotechnology and the Environment: A European 
Perspective. Science and Technology of Advanced Materials. 2007;8:19-24. 
369. Moore MN. Do Nanoparticles Present Ecotoxicological Risks for the Health of the 
Aquatic Environment? Environment International. 2006;32:967-76. 
370. Chan VSW. Nanomedicine: An Unresolved Regulatory Issue. Regulatory Toxicology 
and Pharmacology. 2006;46:218-24. 
371. Kumar CSSR, editor. Nanomaterials – Toxicity, Health and Environmental Issues. 
Weinheim: Wiley-VCH; 2006. 
372. Vaseashta A, Vaclavikova M, Vaseashta S, Gallios G, Roy P, Pummakarnchana O. 
Nanostructures in Environmental Pollution Detection, Monitoring, and Remediation. Science and 
Technology of Advanced Materials. 2007;8:47-59. 
373. Wang L, Wang L, Xia T, Dong L, Bian G, Chen H. Direct Fluorescence Quantification of 
Chromium(VI) in Wastewater with Organic Nanoparticles Sensor. Analytical Sciences. 
2004;20:1013-7. 
374. Valcárcel M, Simonet BM, Cárdenas S, Suárez B. Present and Future Applications of 
Carbon Nanotubes to Analytical Science. Analytical and Bioanalytical Chemistry. 
2005;382:1783-90. 
375. Basheer C, Alnedhary AA, Rao BSM, Valliyaveettil S, Lee HK. Development and 
Application of Porous Membrane-Protected Carbon Nanotube Micro-Solid-Phase Extraction 
Combined with Gas Chromatography/Mass Spectrometry. Analytical Chemistry. 2006;78:2853-
8. 
376. Zhou Q, Ding Y, Xiao J. Simultaneous Determination of Cyanazine, Chlorotoluron and 
Chlorbenzuron in Environmental Water Samples with SPE Multiwalled Carbon Nanotubes and 
LC. Chromatographia. 2007;65:25-30. 
 
 


	Title Page
	CONTENTS
	LIST OF ACRONYMS
	INTRODUCTION
	ENVIRONMENTAL CRIME SCENE INVESTIGATION
	Table 1.
	PLANNING THE SAMPLING FOR THE FIELD INVESTIGATION
	SAMPLE CHARACTERIZATION AND ANALYSIS IN THE FIELD
	Table 2.
	PUTTING A FIELD KIT TO WORK
	Table 3.
	LABORATORY ANALYSIS OF ENVIRONMENTAL SAMPLES
	INSTRUMENTATION AND TECHNIQUES BY TOPIC
	Table 4.
	SPECIAL TOPICS
	ACKNOWLEDGEMENTS
	REFERENCES

