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Table 1. Analytical techniques and equipements of
official methods in Korea

Measurement & Analytical

. Comments
techniques

Compound

Acid digestion, etc. Pretreatment

AA(Absorptiometry
Analysis)
AAS(Atomic Absorption
Inorganic ~ |Spectrometry)
compounds ICP/AES(Inductively
Coupled Plasma
-Atomic
Emission Spectroscopy)
XRF(X-ray Fluorescence)
Spectroscopy
IC(Ion Chromatography)

Metal & ion etc.

LLE, Soxhlet, Ultrasonic

Extracton Extraction
Purge & Trap, Headspace
Florisil Column

Clean-up

Silica Gel

. GC/FID, ECD, TCD, FPD,
Organic  \pip EL.CD

compounds GCMS
NDIR(Nondispersive
Infrared) Spectroscopy

VOC compounds

HPLC/UV Semi-VOC
compounds
HRGC/HRMS OCDDs/PCDFs
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Table 2. Useful internet links for environmental analytical chemists
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Fields Internet sites Explaination
http://www.epa.gov/epahome/Standards.html - EPA environmental test methods and guidelines
http://www.epa.gov/region01/oarm/links.html - Links to sources of EPA test methods on the Internet

- EPA’s Ambient Monitoring Technology Information
http://www.epa.gov/ttn/amtic Center (AMTIC): contains details on monitoring
methods and related information
http://www.epa.gov/oar/ - Home page for EPA Office of Air and Radiation
* EPA Office of Ground Water and Drinking Water:
Methods and | http://www.epa.gov/OGWDW/methods/methods.html . L
. analytical methods for drinking water
Technical
Literature
- EPA Office of Solid Waste: contains SW-846 on-line
http://www.epa.gov/epaoswer/hazwaste/test/mainhtm | test —methods for  evaluating  solid  waste
physical/chemical methods
- Sample Prep Web: contains information and advice
http://www.sampleprep.dug.edu regarding analytical sample preparation, speciated
analysis, trace analysis and microwave chemistry
- From menu choose Supelco and then Supelco
http://www.sigma-aldrich.com Technical Library: ~100 environmental bulletins and
application notes can be downloaded and printed
- Technical and ordering information for National
https//ois.nist.gov/SRMcatalog/ .
- Institute of Standards and Technology (NIST) SRMs
Certified
Reference
. http://www.ems.nrc.ca/ems1.htm - CRMs of the Canadian National Research Council
Materials,
(CRMs/SRMs) L
" i " himl - UK. organization that acts as a central supply for
ttp: .pss.aus.net 1 t.ht
tprfjwww.pss.aus.net/product/ref._mat htm CRMs from around the world
htip: hem dud.ed - Home page of the American Chemical Society,
Environmental/ (tp:f/www.acs-envchem.dug.edu Division of Environmental Chemistry
Analytical
Conferences and - Information concerning the biennial conference
Organizations | http://www.carleton.ca/~rburk/ea2000/title.htm EnviroAnalysis:  devoted to all aspects of
environmental pollution analysis and monitoring
. . ) - Contains many links to analytical chemistry sources
Other http://www liv.ac.uk/Chemistry/Links/refanal.html

of information
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Table 3. Representative techniques in environmental fields
Analyte Measurement &analytical techniques Comments

Acid Digestion
Microwave-Acid digestion

Pretreat extraction

NDIR(Nondispersive Infrared) Spectroscopy

Gas phase

AAS-Direct, Graphite Furnace

ICP/AES(Inductively Coupled Plasma-Atomic Emission
Spectroscopy)

ICP/MS(Mass Spectrometry)

Automated Colorometry

In-

organic
IC(Ion chromatography)

DPP(Differential Pulse Polarography)
XRF(X-Ray Fluorescence) Spectroscopy
Cold Vapor AAS

NAA(Neutron Activation Analysis)

Liquid phase

XRF(X-Ray Fluorescence) Spectroscopy

PIXE(Proton Induced X-Ray Emission) Spectroscopy
NAA(Neutron Activation Analysis), Gamma spectroscopy
TEM(Transmission Electron Microscopy)

Solid phase

Solvent, Soxhlet, Ultrasonic Extraction, Purge & Trap,
Microwave extraction, Ionexchange extraction, SPME,
Derivatization, SFE(Supercritical Fluid Extraction), Headspace
Post column derivatization

Alumina Column, Flofisil Column, Silicagel Column
Gel-Permeation, Acid-Base Partition

Immunoassy

Pretreat extraction
& cleanup

Absorptiometric Analysis

GC(Gas Chromatography)

Organic GC/FID, ECD, PID, NPD, HCED, AFD, FPD, ELCD
MS

FTIR(Fourier transform infrared Spectroscopy)
NAA(Neutron Activation Analysis)

Organic compounds :
VOCs, phathalates,
pesticides, PAH, PCB
etc.

HPLC(High Performance Liquid Chromatography)
HPLC/UV, PDA, Fluorescence Detector
HPLC/MS, HRMS
HPLC/TSP/MS(HPLC/Thermospray/MS)
HPLC/TSP/UV

Organic compounds :
PAH, carbamates, etc.

HRGC/HRMS, HRGC/MS/MS

PCDDs/PCDFs

Analytical Science & Technology
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Table 4. Review articles of specific matrix

TA

Matrix Contents
air’ + Air Monitoring and Detection of Chemical and Biological Agents
air® + Environmental Monitoring and Remediation Technologies
air’ *+ Modern methods of the measurement of atmospheric trace gases
air’ - X-ray fluorescence analysis of ambient air samples
K - The physicochemical characterization of urban air particulate matter; diesel exhaust particles and
a carbon black are emphasized
air'® + Trace element determination of airborne particles by neutron activation analysis
! - Trace element analysis of airborne particles by atomic absorption spectroscopy, and inductively
a coupled plasma mass spectrometry

.12 - Composition of air pollution particles; includes definitions of airborne particle types and sources
a of PMyo

air” - Sampling and analysis of individual particles by aerosol mass spectrometry

.14 - Organic atmospheric aerosols: review and state of the science; main objective is to present a basis

air . s

for defining what data are needed in this area

air” - Accelerator based ion beam techniques for trace element aerosol analysis

. 16 + Health-related monitoring and assessment of airborne particulate matter: an overview of recent

air .

IAEA (International At. Energy Agency) programs

air’’ + Mass spectrometry of aerosols; off-line MS techniques discussed

air™® + New concepts for sampling, measurement, and analysis of atmospheric anthropogenic aerosols

i * Real-time single particle mass spectrometry: a historical review of a quarter century of the

a chemical analysis of aerosols

. 20 - Correlations of personal exposure to particles with outdoor air measurements: a review of of

ar recent studies

air”! + Aerosol time-of-flight mass spectrometry

auto-mobile™ + Gas detection for automotive pollution control; emphasis on chemical sensors

air™ - Reactive sorption concentration in air pollution

solid wastes and | Multielemental analysis of solid wastes and leachates; NAA, XRF, ICP-AES methods are covered

2
leachates
25 . . . . .
water - Water analysis; extensive review of developments in water analysis
ground water™® - Field methods for site assessment and remediation of contaminated ground waters
waste water’’ + Trends in monitoring of waste water systems; focus on use of sensors
river water” + Use of flow injection analysis for continuous monitoring of river water quality

+ Introduction-environmental analytical chemistry as a tool for studying chemical processes in marine

. 29
marine water .
environments

Vol.15, No.2, 2002
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Table 5. Review articles of organic compounds

Matrix Contents
POPs”! + Persistent Organic Pollutants (POPs): state of the science
endocrine . L . .
g 5 + Monitoring endocrine-disrupting chemicals
isruptors
endocrine L . . . L .
g 53 + Endocrine-disrupting chemicals in a source water; drinking water source reservoirs
isruptors
endocrine e . . . .
g 5 + Identifying endocrine disruptors by high-resolution mass spectrometry
isruptors
endocrine . . . . . . .
g ss - Endocrine disruptine chemicals in the aquatic environment
isruptors
estrogens56 + Mass spectrometry applied to the analysis of estrogens in the environment
toxaphene™ - Toxaphene. Analysis and environmental fate of congeners
PCBs™ * Methods for the determination and evaluation of chlorinated biphenyls in environmental matrices
pharmaceuticals” | + Pharmaceuticals and personal care products in the environment: agents of subtle change?
PAH® - The analysis of polycyclic aromatic hydrocarbons in marine samples
PAK’ + Application of stable carbon isotopic analysis to source polycyclic aromatic hydrocarbons in the
environment
Nitro-PAH® + Chromatographic methods for carcinogenic/mutagenic nitropolycyclic aromatic hydrocarbons
—— - Anthropogenic volatile organic compounds in ambient air and natural waters: a review on recent
S

developments of analytical methodology, performance and interpretation of field measurements

drinking water™

+ Analysis of organic micropollutants in drinking water

herbicides® + Determination of herbicides in water using HPLC-MS techniques
henols® + Liquid chromatographic and biorecognition techniques for the determination of phenols and their
phenols substituted derivatives in water samples
Idehvdes” + A user’s guide to aldehyde analysis using PFBHA derivatization and GC/ECD detection: avoiding
aldelydes the pitfalls
isocyanates™ - Determination of isocyanates in air
1
" zetro e;lm P + Environmental monitoring of petroleum products
ydrocarbons
trol . .
b ze o e;m 2 - Oil and greases and petroleum hydrocarbon analysis
ydrocarbons

algal a.nalysis7l

- Algal analysis-organisms and toxins

. . 72
microorganisms

- Bacteriological analysis

Analytical Science & Technology
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Table 6. Review articles of inorganic compounds

Classification Fields Contents
) - The role of speciation in analytical chemistry; coverage includes use of sequential
metals’ .
extraction
als” - Speciation in the environmental field. Trends in analytical chemistry; special
metals . . s
attention to need for speciation analysis in biota
SFE™ - Supercritical fluid extraction in speciation studies
Lc® - Liquid chromatography: a tool for the analysis of metal species
stripping - Stripping voltammetry for the determination of trace metal speciation and in-situ
voltammetlry34 measurements of trace metal distributions in marine waters
- High-performance liquid chromatography-isotope dilution inductively coupled plasma
HPLC-ICPMS™ gh-p q 1o! g P y P! . y pled p
mass spectrometry for speciation studies: an overview
atomic L . .
- Speciation studies by atomic spectrosco
spectroscopy P y P Py
capillary electro- - . . .
o - Element speciation analysis by capillary electrophoresis
phoresis
ICPMS* -+ New approaches for elemental speciation using plasma mass spectrometry
Metals and SPME” * Metal speciation by SPME-CGC-ICPMS
Organo-
metallics metals™ + Chemical speciation of trace metals
Speciation

microwave-induced

+ Microwave-induced plasma-optical emission spectrometry- fundamental aspects and

plasmas®! applications in metal speciation analysis
phosphorus* - Phosphorus speciation in water and sediments
organomet;allics43 - Improving the reliability of speciation analysis of organometallic compounds
HoH - Analytical methods for mercury speciation in environmental and biological samples -
§ an overview
Hg45 + The determination of mercury species in environmental and biological samples
46 - The speciation of mercury and organomercury compounds by  using
Hg . .
high-performance liquid chromatography
Ho As. Se” - Speciation and analysis of mercury, arsenic, and selenium by atomic fluorescence
, A8, €
5 spectrometry
As. Se® - Speciation of arsenic and selenium compounds by HPLC hyphenated to specific
s, Se . . . . . .
detectors: a review of the main separation techniques; covers papers published since 1980
49 . . . . . .
Sn - Determination of tin species in environmental samples
cr? - Chromium occurrence in the environment and methods of its speciation

Vol.15, No.2, 2002
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(Table 6 continued)
Classification Fields Contents
heavy met%ls M. Hea Metals; review covers the biosensor monitoring of heavy metals in water
water Y & vy
metals” * Metals and air pollution particles; includes discussion of lung injury from exposure
;s | - Plasma source isotope dilution mass spectrometry: an optimum combination for
trace elements . . .
high-precision analysis of trace elements
Hg”° - Sampling and determination of particulate mercury in ambient air: a review
7 - Sample preparation procedures for total mercury determination in materials of natural
Hg ..
origin
Sb™ * Methodologies for determination of antimony in terrestrial environmental samples
. L + Collaborative evaluation of methods for tributyltin determinations in sediment and
tributyltin .
mussel tissue
organometallics™ | - Separation of metal chelates and organometallic compounds by SFC and SFE/GC
Inorganic
Analytes phosphate®! - Phosphate; review covers multi-enzyme-based biosensors for phosphate in water
o - Trace determination of;anthanides in metallurgical, environmental, and geological
lanthanides . .
samples; covers literature since 1980
sulfide® - Analytical strategies for the detection of sulfide: a review
As® * Arsenic compounds in terrestrial biota

. 88
marine waters

- Automated techniques for real-time shipboard determination of dissolved trace metals
in marine surface waters

marine biological
samples86

- Trace metal status in marine biological samples: a review

87
seawater

- Flow injection with chemiluminescence detection for the shipboard monitoring of
trace metals

. 888
marine waters

- Electrochemical monitor for near real-time determination of dissolved trace metals in
marine waters

Analytical Science & Technology
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Table 7. Review articles of Radio nucleotides

Matrix Contents
Radiochemistry® + Environmental radiochemistry and radioactivity. A current bibliography
Radiochemistry® - Radiochemistry and radiochemical separations. A current bibliography
NAA! - Analysis by nuclear reactions and activation. A current bibliography
radionuclides™ - Determination of radionuclides in environmental samples
long-lived L . T
. 0 » Ultratrace determination of long-lived radioactive isotopes
radioisotopes
radiochemistry™ * Radiochemistry: inconvenient but indispensable
radiochemistry™ + Chemical yield tracers for radiochemical analysis

. . o6 | - ISO recommended reference radiations for the calibration and proficiency testing of dosimeters
proficiency testing . . .
and dose rate meters used in radiation protection

o7 - Accelerator mass spectrometry analyses of environmental radionuclides: sensitivity, precision and
accelerator MS

standardization
Ra” - Radon in the environment: a current bibliography
u” * Analytical methods for the determination of uranium in geological and environmental materials

- Determination of Pu isotopes at trace levels in environmental samples: radioisotopes and stable

Pu'? elements evolution during the radiochemical method. Comparison of three radiochemical
protocols
inides™ - Separation of mono-, di-, tri-, tetravalent and actinide cations on a cation exchange
actinides

chromatography column with ICPMS detection

Vol.15, No.2, 2002
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Table 8. Review

AAZ* - 2

=4

oy

articles related AAS and GC/MS analysis

Classification

Fields

Contents

L 102
general review

- Analytical atomic spectroscopy going into the next millennium: photons or ions,

atoms or molecules?

general

. 103
environmental

- Environmental analysis; extensive review of field

. 104
general review

* Atomic mass spectrometry

s 105
monitoring

- Atomic spectroscopy in environmental monitoring and process control

Atomic spectro-

ICP/MS™®

+ Atomic spectroscopy in environmental monitoring and process control

SCopy flow inje:ction107 - Environmental applications of plasma spectrometry
. 103 | - Advances in atomic emission, absorption and fluorescence spectrometry, and related
general review X
techniques
XRF'® - X-ray fluorescence spectrometry
remote sensing''’ | - New spectroscopic methods for environmental measurement and monitoring
acid - Acid interferences in atomic spectrometry: analyte signal effects and subsequent
interferences'"" reduction
portable MS"? | - Advances in field-portable GC/MS instrumentation
113 | - Membrane introduction mass spectrometry; review of MIMS techniques and
membrane MS L . . .
applications, including environmental
environmental | * Environmental Mass Spectrometry; comprehensive coverage of mass spectrometry as
Ms' applied to environmental analysis, covers 1998-1999
Lc/MS'? - LC/MS interfacing systems in environmental analysis: application to polar pesticides
- Applications of liquid chromatography-mass spectrometry in environmental chemistry:
Lc/Ms'® characterization and determination of surfactants and their metabolites in water
samples by modern mass spectrometric techniques
Mass
Spectrometry LC/ICPMS'" - Speciation of metal-containing compounds found in the environment by micellar
and liquid chromatography interfaced to inductively coupled plasma mass spectrometry
Chromatography INAA and - Comparative use of INAA and ICP-MS methods for environmental studies; review
ICPMS'® includes an element-by-element assessment
GC-AED'" - Environmental applications of gas chromatography-atomic emission detection
1c? - Advances in the determination of inorganic anions by ion chromatography
ic? - Ion chromatography in elemental analysis of airborne particles
IC and CE™® - Developments in sample preparation and separation techniques for the determination
an . L . . .
of inorganic ions by ion chromatography and capillary electrophoresis
CE™ - Recent developments in the separation of inorganic and small organicions by

capillary electrophoresis
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Table 9. Review articles related sensor and electrochemistry

13A

Fields Contents
biosensors1** - Biosensors for environmental monitoring
sensors1? - Proceedings of the seventh international meeting on chemical sensors
sensors1”® - Chemical and biological sensors: meeting the challenges of environmental monitoring
sensors1” - Other types of sensors for organic pollutants; focus on immunosensors for organics in water
biosensors1® - Update on environmental biosensors
biosensors1® + Other organic pollutants: enzymatic biosensors
biosensors1™ + Enzyme sensors for environmental analysis
sensors1®' - Fiber optic sensors in environmental monitoring
electrodes1™ + Electrodes; extensive review on signal transduction by electrochemical techniques
biosensors1® - Gas-phase enzyme electrodes
sensors1** - In situ electrochemical monitoring: from remote sensors to submersible microlaboratories
sensors1” - Affinity sensor systems
sensors]*® * Microelectrode sensors for biomedical and environmental applications
microelectrode * Microfabricated ~ ultramicroelectrode — arrays: developments, advances, and applications in
amlysl37 environmental analysis
sensors1*® + Advances in the microfabrication of electrochemical sensors and systems
biosensors1” + Molecular probes and biosensors in bioremediation and site assessment

40
gas sensorsl

- Next-generation diode laser gas sensors for environmental and industrial monitoring

. . 41
microbial sensorsl

+ Biochemical oxygen demand

2
sensor arraysl

+ Electronic tongues for environmental monitoring based on sensor arrays and pattern recognition: a

review

ltS lpplr;gi,l“ + Stripping voltammetry in environmental and food analysis
voltamme

lectrochemical + Metalloporphyrin, metallophthalocyanine and related macrocycle complex-based film modified
electrochemica . . . L . .
detection]® electrodes: review of selected significant designs and applications to the electrochemical detection

cection of pollutants

SPME1" + New developments in SPME

Vol.15, No.2, 2002
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Table 10. Review articles related sample pretreatment

Classification Fields Contents
SPME'* * Analysis of industrial pollutants in environmental samples
SPME™ - Solid-phase microextraction: a promising technique for sample preparation in
environmental analysis
SPME'® * Metal speciation by SPME-CGC-ICPMS
SPME™ - Organometallic speciation by combining aqueous phase derivatization with
SPME-GC-FPD-MS
SPME™ - The application of SPME-LC-MS to the determination of contaminants in complex
environmental matrices
SPE"! - Advances in solid-phase extraction disks for environmental chemistry
SPE'* + On-line detection for supercritical-fluid extraction
sample . . . .
. 153 - Sample preparation for environmental analysis; state-of-the-art review
preparation
em::;;viﬁl‘g * Microwave assisted extraction of organic compounds
X
SPE, SPME microwave
and Sample extraction'>® - Application of microwave techniques in analytical chemistry
Extraction

microwave
. 156
extraction

- Microwave-assisted solvent extraction of environmental samples

pressurized liquid
. 157
extraction

- Pressurized liquid extraction of persistent organic pollutants in environmental analysis

membrane
. 158
extraction

- Liquid membrane extraction in analytical sample preparation

membrane and
SPE extraction'”

- Ion separation in membrane and solid-phase extraction systems

cellulose sorbent

. 160
preconcentration

- Functionalized

cellulose sorbents for preconcentration of trace metals in

environmental analysis

organic analytes
: 161
in water

+ Chemical analysis: sample handling and analysis of organic pollutants in water

matrices

water removal
162
from samples

-+ Water vapour removal from gaseous samples used for analytical purposes

SFE163

- Properties of supercritical fluids relevant to extraction and chromatography

POPs'*

- Separation, clean-up and recoveries of persistent trace organic contaminants from

soils, sediment and biological matrices

Analytical Science & Technology
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(Table 10 continued)

Classification

Fields

Contents

Sampling, QA
and QC,
Chemo-
metrics

sample handling'®

- Sample handling and trace analysis of pollutants: techniques, applications and quality

assurance

water sampling166

- Sampling methods in surface waters

sediment
. 167
sampling

- Sediment trap sampling in surface waters

soil water
. 168
sampling

+ Collection of soil solution

: . 169
VOCS In air

- Sorbent trapping of volatile organic compounds

Sampling, QA
and QC,
Chemo-
metrics

dogijisellz;m - Passive sampling for long-term monitoring of organic pollutants in water
;rrlon;t?:r}% - Designing monitoring programs to evaluate the performance of natural attenuation
ograms
diffusive - Monitoring the ambient environment with diffusive samplers: theory and practical
sampling172 considerations
quality 73 - Quality assurance in environmental monitoring
assurance
long-term . o . o . .
RN - Ensuring quality in long-term environmental monitoring for chemical speciation
monitoring
airborne - Quality assurance, quality control, and data validation in environmental analysis of
particles'” airborne particles
airborne . . . . . .
particles'™ - Quality assurance and quality control in the elemental analysis of airborne particles
cles

QA and QC7

+ Quality of residue data

. 180
materials

reference - Certified reference materials for quality control of measurements in environmental
materials'”® monitoring

reference - Standard reference materials for the determination of trace organic constituents in
materials'” environmental samples

reference

- Proper use of reference materials for elemental speciation studies

sl - Sources of uncertainty in gas chromatography and high-performance liquid
uncertainty
chromatography
T - Sources of uncertainty in gas chromatography and high-performance liquid
uncertainty
chromatography

. . 18
statistics'®

- Some applications of statistics in analytical chemistry

. 184
chemometrics

- Pattern recognition, chemometrics, and imaging foroptical environmental monitoring

chemometrics'® | - Spectral pattern recognition: the methodology

™S . S . S . .
derivatization'® | Artifacts in trimethylsilyl derivatization reactions and ways to avoid them

blank o .
optimization'” - Blank optimization for elemental analysis of laboratory water down to ppt levels

analyte stabilityl 8

- Stability of chemical species in environmental matrices

Vol.15, No.2, 2002
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Table 11. Measurement and analytical techniques in air fields

Analyte

Measurement and analytical techniques

Comments

High Volume sampler
Dichotomous sampler
Low Volume sampler

Particulate matter sampling

AAS(Atomic Absorption spectrometry)

ICP/MS(Mass Spectometry)
XRF(X-Ray Fluorescence) Spectroscopy

B ® 09 = O B =~

TEM(Transmission Electron Microscopy)

i IC(on Chromatography)

¢ Absorptiometric Analysis

A NDIR(Nondispersive Infrared) Spectroscopy

ICP(Inductively Coupled Plasma) Spectrometry

PIXE(Proton Induced X-Ray Emission) Spectroscopy
NAA(Neutron Activation Analysis) Gamma spectroscopy

Particulate matter analysis

i Cold Vapor Atamic Fluorescence Spectrometry

Hg analysis

Absorptiometric Analysis

GC/FID, ECD, TCD, FPD, PID

GC/MS(Tenex adsorption, Carbon Molecular Sieve,

VOCs

0 GC/MS
r FTIR(Fourier transform infrared Spectroscopy)
g
GC/MS(HV PUF) -
a
o | GC/ECD(LV PUF) Pesticides PAH

c HPLC/UV, Fluorescence (Impinger)

Phosgen, cresol, phenol, aldehyde,
ketone etc.

HRGC/HRMS

Dioxin/furan/PCB
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Table 12. Inorganic applications and methods in air

Method

Analytes

Comments

206Pb 207Pb 208Pb

> ]

- Pb isotope ratio analysis of size-fractionated aerosols for source apportionment

applications

Pt, Pd, Rh

- method performance for the analysis of airborne Pt, Pd, and Rh from vehicle’s

catalytic converters

2357 238
U, U

- using 235U/238U ratio obtained from tree bark for the discrimination of nuclear

and nonnuclear emission sources

NiCl, NiO, NiCO;

- method performance for the analysis soluble and insoluble Ni compounds in

airborne particulate matter

ICPMS based Mn, Fe, Co, Ni, | - determination of size-fractionated particles from arctic air for trace metal
methods | Ag Cd, Sn, Sb, Pb| monitoring
Ni(CO)4, Fe(CO)s, | * cryotrapping-GC/ICPMS analysis of sewer gas of analytes as a fermentation
Mo(CO)s, W(CO)s | byproducts
SbS(CIéi_)f’ Sg(}CIH3)4’ * GC/ITMS an GC/ICPMS analysis of volatile organometals in land fill and
n( Big()jzl(-l3)23 92 fermentation gases
lzlllltylailt]e(i trin.lit::yll_’ - GC/ICPMS  analysis of organolead compounds using tetracthyllead as
TMERY™> WEMYS | internalstandard with detection limits of 2-9 fg for a 1-mL injection
diethyllead
Zn, Co, Fe*', Fe*', | - isocratic ion chromatography separation, postcolumn derivatization, UV detection at
Mn, Cd, Pb detection limits of 10-60 ppb
Zn, Cu, CO, - capillary electrophoresis separation and direct UV detection at detection limits 0.5-
Fe, Cd 3 ppb
Chromat.ograp B - micellar electrokinetic chromatography analysis of Be in airborne particulate at 1
hy Assisted © ppm detection limit
Methods . . - - -
- speciation of arsenic in coarse and fine urban aerosols using sequential extraction
arsenic(As) and LC-atomic fluorescence detection with comparable results obtained from INAA
analysis
Sb(CH3)3, Sb - LC/ICPMS analysis of analytes in airborne particulate
Ca, Cu, Fe, Mn, | *+ XRF analysis of aerosol filters of 150-mm diameter with comparable quantitative
Ni, Pb, V, Zn results from AA and ICP-OES
i - XRF analysis of silicon in airborne-particulate matter with quantitative results
stiicon validated by LA-ICPMS
SC’C;’I K’FTI’NY’ - performance of chemical speciation of analytes in airborne dust by sequential
T, M, Fe, W, leaching and XRF was validated by NIST 1648 CRM
Cu, Zn, Pb
lead - performance evaluation of portable XRF instrument for analyzing dust wipe
XRF based e samples with results validated by AA
methods

S, Ca, Cr, Mn, Fe,

+ XRF analysis of analytes in particulates of emissions from two disel fuels with

Ni, Cu, Zn, Pb different sulfur content
As, Ca, Co, Cd, . . . . .
. - comparison of sample preparation methods using oxygen-plasma ashing on sapphire
Cr, Fe, Ga, Ni, Pb, . 1o .
carriers and acid digestion for XRF analysis of analytes
Pt, V, Zn
Hg - silver-coated filter sampling followed by XRF analysis of mercury in flue gases
Pb - evaluation of portable XRF for the determination of analyte in workplace air

Analytical Science & Technology
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(Table 12 continued)

Method Analytes Comments
CI, SO, NO* | - collection, handling, and analysis of rain described
CI, SO.”, NO”,
Na’, NH", K, - procedures to avoid contamination when ng/g of snow concentrations are discussed
IC based Mg™, Ca™*
method
CI, Br - silver halides formed as analytes on silver membrane filter(sub ppm DL)
- short guard column used to provide fast separation(<lmm) and determination;
Sulfate .
linear range 0.5~200 mg/L
- heavy methal concentrated onto tungsten wire prior to analysis; DL 0.01~0.5ng/kg
Cd, Cu, Pb, Zn
of snow
*NAA and hydride generation with AA gave comparable results for Se
trace metal L
AAS based determination
method - air particulates collected on filter and metal dissolved with HNOs-H20, in a
trace metal . .
Teflon bomb; standard reference material analyzed to validate procedure
b - particles extracted with HCI/HNO;; air concentrations of 0.5-7 pg/m’' measured. Pb
levels correlated with NOx levels and showed seasonal variation
- - analysis of ambient Hg2+ using KCl-coated denuders followed by TD and cold
£ vapor atomic fluorescence analysis at detection limit of <3 pg
- - performance evaluation of a hybrid sampling train for simultaneously sampling and
& analysis of Hg and other trace elements
- - method development and performance for Hg speciation applicable to both fossil
Hg analysis & fuel and waste combustion processes
- - method development and performance evaluation for the sampling and analysis of
£ reactive gaseous mercury using cold vapor atomic fluorescence analysis
Hg * determined by using Au amalgamators in series
Hg - gold coated denuders used as samplers
- sensor with thin films SnO, and ZnO on sapphire substrates; changes of
phosphine, arsine conductance of the SnO, and ZnO films measured to determine sub ppm
concentrations
. - potentiometric sensor, based on Ag-3-Al20; as solid electrolyte; estimated DL is
arsine
0.05 ppm
Other . . . . . .
Br - in all field measurements, bromine level<30 ppb(ion mobility)
. - wet chemistry procedure developed to place airborne Ni into 4 categories(water
nickel - . -
soluble, sulfidic, metallic, oxidic)
O - microprocessor-based sampler/analyzer designed for sub ppb
7 concentrations(chemiluminescence)

Vol.15, No.2, 2002
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Table 13. Polar - odorous VOC analytical methods

Method Analytes Description/comments
ambient polar VOCs
such as carboxylic - . . . .
. - impinger sampling followed by solid-phase extraction (SPE) and GC/MS analysis
acids, alcohols, and
phthalates
* sampling with in situ derivatization of formaldehyde on
airborne 3,5-bis(trifluoromethyl)phenylhydrazine-coated silica followed by GC-ECD and GC/MS
formaldehyde analysis; results were validated with NIOSH method 3500 and 2,4-dinitrophenylhydrazine
derivatization
. - impinger sampling and in situ derivatization of carbonyl compounds with
ambient carbonyls . . .
d hydr 0-(2,3,4,5,6-pentafluorobenzyl) hydroxyamine hydrochloride; further reaction of
an 0X
by ) Y hydroxy carbonyls with bis(trimethylsilyl) trifluoroacetaamine followed by GC/ITMS
carbonyls
4 analysis
GCIMS organobromines - collected on Tenax GR; thermal adsorption 0.1~0.2ppt DL for 4L sample
M
glycol ether, phenol | -+ collected on charcoal(5~7pg/sample DL)
. . - ion exchange resin used as an adsorbent for sampling and as a catalyst for the
carboxylic acid K K
methylation of the adsorbed acids by MeHCO,
PAH, nitro-PAH | - Analysis of HRGC/MS
- evaluation of pressurized liquid extraction and Soxhlet extraction for the fly ash,
PCDDs, PCDFs .
dry dust preparation for PCDD and PCDF analyses
Cl and S containin,
. 8. Summa canister followed by GC/MS or GC-atomic emission spectroscopy
biogases from | o o) analysis
sewage and landfill o
particulate . L . .
) + direct MS identification of vapor-phase and particulate samples collected in heavy
matter-associated . ) . . L
X X traffic area; five chemical classes of aromatic were found to exist in the samples.
aromatic amines
- sampling with 200-mL glass bottle followed by the reaction with 200 ppmv
atmospheric alcohols| nitrogen dioxide on the glass surface to form alkyl nitrites and then by GC-ECD
analysis.
ambient aldehydes | - multisorbent cartridge sampling followed by TD-GC using a new PLOT column
and ketones capable of separating ketones and aldehydes from hydrocarbons
ambient . L. .
L. - automated Tenax GR trap preconcentration, liquid N, focusing, followed by GC
sulfur-containing o .
GC and flameless sulfur chemiluminescence detection

odorous VOCs

organic acids

- sample treated with thionyl chloride, PhNH»:AcOH, propionic acid and butyric acid

detectable 1-54g/60 dm'sample

aliphatic amines

+ impinger sampling in dilute H>SOs, selective enrichment across PTFE membrane to

GC

monoethanolamines

- collected on adsorbent tubes containing XAD-4 coated cyclohexanone derivatizing

reagent(lpg DL)

Analytical Science & Technology
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(Table 13 continued)

Method Analytes Description/comments
non-methane + 2 cryogenic preconcentration techniques compared; use of Mg(ClOs4), for water
hydrocarbon removal not recommended
polar and nonpolar | - sampling with 3-stage traps, with C adsorbents of different surface area; >140
C4-Ci4 hydrocarbons compounds identified
C3-Cs alkadienes, . . .
+GC on ALOs; column compared with conventional GC analysis; good for
alkenes, benzene, . o . .
continuous monitoring at 10pg/m’ review with 19 refs
toluene
GC
monoterpenes - stationary phase was permethylated heptakis (2,3,6-trimethyl)-Bcyclodextran  in
a-HCH OH-terminated polysiloxane that allowed temp. programming and low pg DL
PAHs and - extensive sample cleanup for derivatives of PAH such as nitrated or chlorinated
derivatives of PAHs| PAH
rganobroming
organebromine + GC method for seeking flame retardant compounds in air; 20L sample volumes are
compounds, bromoform, .
K required
1,1,3-tribromopropane
ambient . . .. . . S
+in  situ  24-dinitrophenylhydrazine sampling and derivatization followed by
formaldehyde and . . .
micro-HPLC analysis and fiber-optic-based UV detector
acetaldehyde
HPLC
mbient
. al d he de and | in situ 2,4-dinitrophenylhydrazine sampling and derivatization followed by
ormaldehyde an
Y HPLC-APCI-MS analysis using stable isotope- labeled standards
acetaldehyde
formaldehyde + 2,4-dinitrophenylhydrazine derivative; interference caused by O3
formaldehyde + HCHO collected as hydroxymethanesulfonate on HSO*-coated cellulose
L. . - sampled on cellulose fibers impregnated with H3POs or bottles containing HCI(1
aliphatic amines
pM DL)
aliphatic polyamines | - derivtization with 1-naphthylacetic anhydride
LC

PAH

- on-line LC-GC for PAH in air

nitrated-PAH

+ HPLC with electrochemical detector

toluene diisocyanate

+ description of routine method based on micro-LC

cyanuric acid,
trichlorocyanuric
acid

+ method with air sampling with PVC membranes

Vol.15, No.2, 2002
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Table 14. Analytical methods of PAH in air

Classification Analytes Comments
- sample preparation method for airborne particulate-associated PAHs using focused
PAH microwave extraction for GC/MS analysis with 3-h sample preparation time and
superior recovery and precision
B[a]P - isotope dilution B[a]P analysis using a benchtop GC/MS
GC/MS
NIST 1649 - microscale sealed vessel (MSSV) thermal extraction-GC/MS and MSSV-pyrolysis-
PAH SRM GC/MS methods were evaluated using the SRM and found to be useful for the
characterization of PM10 organics
PAH, nitrated-PAH | - Analysis of HRGC/MS
Bla]P di + column chromatographic cleanup of soot aerosols followed by LC/atmospheric
a]P diones
pressure chemical ionization/MS (LC/APCI-MS) analysis
- airborne particulate-associated azaarenes analysis using normal-phase semipreparative
azaarenes
LC fractionation followed by RP/LC-FL analysis of nine azaarenes
LC/MS PAH - critical evaluation of LC-UV, GC-FID, and GC/ITMS for the analysis of 19
airborne particulate-associated PAHs
PAH - method was developed for LC/APCI-MS analysis of particulate-associated high
s
molecular weight PAHs (MW >300)
nitrated-PAH + Analysis using LC/GC/MS
PAH, DDT, BHC -laser. desorption-ITMS screening method of target compounds on a single airborne
particle
MS
PAHSs and - direct screening of aerosol filter samples using laser desorption-time-of-flight-MS
nitro-PAHs (LD-TOEFMS)
- extraction of particulate-associated  nitro-PAHs, reduction of nitro-PAH to
nitro-PAHs amino-PAH, and derivatization of the amino-PAH followed by GC/ECD analysis at
the picogram level
GC
- workplace air of an aluminum reduction plant was analyzed using GC-AED;
PAHs and thiaarenes | running GC-AED in sulfur-selective mode allowed the analysis of thiaarenes
without prior separation of PAH from thiaarenes
Other PAHs - PAHs in. gasoline an(‘i diesel fuels and emissions from engine exhaust were
characterized and quantitated at mg/L and g/kg levels

w3 o7leded A PAHs MRS FH) R AR, 2E3 1S GOMSH
P 9 GOMSS ol§F BAM, EA] 300 o149 PAH
a4

A= SR LOMSE ol8% W Leja YERS)
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Table 15. Measurement and analytical methods in water and drinking water

Measurement & analytical technique Comments
Acid Digestion .
Extraction

Microwave-Acid digestion

n TEM(Transmission Electron Microscopy)
o ICP/AES(Inductively Coupled Plasma
r -Atomic Emission Spectroscopy)

W g ICP/MS(Mass Spectrometry)
) . Metal, trace elements,

a a AAS-Direct, Graphite Furnace, Cold vapor Automated Colorometry
asbestos, CN, NOs;, NO,, PO,

t n IC(Ion chromatography)

SO
e i DPP(Differential Pulse Polarography) )
. c XRF(X-Ray Fluorescence) Spectroscopy
Cold Vapor AAS
D Absorptiometric Analysis
Liquid/Liquid, Liquid/Solid, Purge& Trap,
T
. Microextraction, Ionexchange extraction, Derivatization,
i
Post column derivatization Extraction and clean-up
n
K Alumina Column, Flofisil Column, Silica Gel
. Gel-Permeation, Acid-Base Partition
! 0 Absorptiometric Analysis
n GC(Gas Chromatograp-1-y) .
g r Organic compounds : VOCs,
GC/FID, ECD, PID, NPD, HCED, AFD, FPD, ELCD
g Phathalates, Pesticides,
GC/MS
w | a . . PAH, PCB
n FTIR(Fourier transform infrared Spectroscopy)
a

NAA(Neutron Activation Analysis)

e ¢ HPLC(High Performance Liquid Chromatography)
g a Erapy Organic compounds ; PAH,

r HPLC/UV, PDA, Fluorescence Detector
Carbamates,
HPLC/MS
HRGC/HRMS(High ResolutionGC/HR/MS) PCDDs/PCDFs
Other | Electrometric, Nephelometric, pH, Turbidity,
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F2o Hlstd 1 f3 &wE R 2
ARSI AR wiel] Beo] tix|H

Table 159149} o] MW=l AR ALE
He F8REY dEAd AlgHe
AAS, ICP/AES, ICP/MS, IC, DPP, Cold Vapor AAS 5
o] Atk A A& 93] XRF WHo] ARgEh 4
A ICPMSS] AEIA= vl ol B g
o &go] Fhgx ok T 71553 EY 3}
% 71 (speciation)S {3 NMEZE AlEWHol ©ol
Al=E 3 gl

FAANE T ASFE] AHYE A B W
k: o/} F=ZW(Liquid/Liquid Extraction), %/
1 &Y, HXNERHPurge & Trap), P|FFEH, o]
WY, FEAsY o] Yhtdoz ARgE 9tk 7
S0 Wt F28 AgE Ao stk PCBs
g o] EAF] FAAA 71 dubH oz AlLgste
HPHO Alumina Column, Florisil Column, Silica Gel
column®] A=, £2}2] oo wle} Gel-Permeation,
Acid-Base Partition'#§o] AMRH7|E st f7]313E
o] 23FAo| AHg-shs AulE Geolth HE WAER
o] wZ}FID, ECD, PID, NPD, HCED, AFD, FPD %o©
tFsiAl Qe ER MSHETY ARSe] 71 Eds
A S7¥sta 9tk 3 PAH, 7hilHo]E 2 Exlae]
2 §718¢E-2 HPLCE #4184 9tk

FA F 713EY HE EeEe YT
3} AFEA7|ER A JE 5 ok FHEEHS OHS
W gl AFE Ag8oz HE E 5 e

LA e B

Z 0] ou/oﬂ
T /A |

v |
X0,
&
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¢

electrochemiluminescent sensing spectroscopy, & &4 2 2
99 gz 44 5L ¥4 4 e
wave spectroscopy(FT-IR) 2 PAHsS 7oA 131 A]
sdog #AE 4
opticsensor) 57 o]l & & HESHAE PAHsS &4

=)L A~
&

evanescent

fluorescence spectroscopy (fiber

o]
A

synchronous solid-phase spectrofluorometry £}
laser-induced fluorescence spectroscopy 52| 71 S°| 3l
o} 3k AFEA|E2e AFAY] 9l 2 g Bl
0|85+ thermspray MS, particle beam MS, atmospheric
pressure ionization MS¥} electrospray ion trap MS5-°] $1.2.

o, AAEAdA ] 89l L Aol = fast atom bombardment
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chemical ionization MS ' thermal lens spectrometry2}
voltammetry 71& 5o F4E40 -85 Uk
FAFoe SHRM7E(Table 16) T WA FEH,
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Table 16. Integrated extraction and detection systems used for analyses of aqueous samples

25 A

Detector Extraction/coupling method Analyte Sample size(mL) (/]z)glfL)
GC/FID open-tubular traps with CP Sil-5 misc organic compds 20-200 0.1-1
GC membrane disk extraction herbicides
GC/ECD multidimensional GC PCBs
GC/MS PLRP-S pesticides, herbicides 2 <1
GC/MS SPE VOCs
Lojuy | Varous sorbents tested; PLRP-S and | 1 g ocidic organics 40-50 0.001-0.05
Hysphere-1 in series was optimal
L(I:‘/(I:J/;]LOI immunosorbents benzidines, PAH 10-20 0.02-5
scincrﬁfr?;til ion-pair SPE with PLRP-S naphthalenesulfonates 20 0.01-3
LC/MS ion-pair SPE with PLRP-S naphthalenesulfonates 15 0.05-1
LC/MS PLRP-S herbicides 100 0.005
LC/MS/MS PLRP-S pesticides 10 0.1-10
ICPMS 8-hydroxyquinoline resin Mn, Ni, Cu, Zn, Pb 3 0.0003-0.01
PTFE knotted reactorl]
ICPMS pyrrolidinecarbodithioate complex Fe(ID, Fe(ID 25 0.08
ICPMS field-flow fractionation 28 elements ds0 0.0004-1
ICP-AES knotted reactor®l| diethyldithiocarbamate Pb 10 02
complex
ET-AAS Chelex-1003} octadecyl silica Cd (speciation studies) 5 0.01
ET-AAS pyrrolidine dlthlocarbar'nfite complex on Se (speciation studies) 4 0.005
octadecyl silica
ET-AAS electrochemical reduction on tungsten Pb 2 0.2
conductometric dialysis coupled with ion CI', NO5, NOs, PO, SO* 1 5-10

chromatography

AES: atomic emission spectrometer;
SPE: solid-phase extraction;
UV: ultraviolet absorbance detection;

ET-AAS: electrothermal atomic adsorption spectrometer

Vol.15, No.2, 2002

FL: fluorescence,

FID: flame ionization detection;
ICP: inductively coupled plasma
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Table 17. Analytes of Interest in Environmental Waters
Analyte Comments (nZ/]i)
anatoxin A + SPE, derivatization with fluorenyl methylchloroformate, and electrospray MS 2
anionic surfactants | ditallowdimethylammonium chloride and substitution products determined by microbore
U LC/MS at 0.4-140 g/L in surface waters
arsenic + method for on-site speciation of As; membrane filtration, SPE, and hydride generation atomic 50
fluorescence detection used
cza;?;;?ze a?rlr:ige, + SPE, LC/MS; detection of these compounds in groundwater from New York indicate these 2.5
Y .. ’ compounds leach into groundwater
cyanizine
%15112?:221 + MS and IR used to identify DBP in ozonated water treated with secondary chlorine or
YPro chloramine; previously unreported bromo- and chlorobromopropanones identified
(brominated)
%151223:51021 - different analytical methods discussed; electrospray MS provided sufficient detection limits to 70
yproducts analyze drinking water
(haloacetic acids)
+ partitioning of estrogens between sediment and water studied; synthetic estrogens were
estrogens .
removed more easily from water than natural estrogens
e
IZ;trzg;I(:}yl * SPE of 25 L of water, conversion to trimethylsilyl derivatives, GC/MS; 1-13 ng/L found in 1
2 ; wastewater treatment plant effluents
17 -estradiol
17+-ethinyl + ELISA-detected hormones, at concentrations sufficient to cause vitellogenesis in fish in
estradiol, municipal wastewater treatment plant effluents; ELISA had lower detection limits than
17estradiol GC/MS/MS and was less susceptible to matrix interferences
fragrance materials | extraction with C18 disk, GC/MS; wastewater treatment plant influent concentrations were 0.5-40
g 0.3-150 g/L and effluent concentrations were 0.005-2 g/L ’
herbicides + SPE with LC/MS used to determine diuron, Irgarol, and chlorothalonil in seawater 5
ibuprofen + GC/MS detected 3000 ng/L in wastewater treatment plant influents; 8 ng/L found in rivers and 1
lakes
methyl fert-butyl | - purge and trap, GC/MS in selected ion monitoring mode; no MTBE detected in old 20
ether groundwater, <20-1000 ng/L. MTBE measured in shallow groundwater
microcvstins - collision-induced dissociation to MS3 afforded tentative identification; full scan electrospray
Y MS data could be collected for 250 pg of material
nonylphenol - flow injection, atmospheric pressure ionization MS and MS/MS methods developed to screen 50
ethoxlates sewage treatment plant effluents
ng:ﬁgfﬁ i::l - reversed-phase LC/MS used after extraction; metabolite concentrations of 1-300 ng/L detected 1
. in water from Jamaica Bay, New York
(metabolites)

Analytical Science & Technology
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(Table 17 continued)

DL
Analyte Comments
d (ng/L)
nonylphenol - 100 L of sample injected, separated with poly(vinyl alcohol) gel column, and analyzed by 200
ethoxlates electrospray MS
perchlorate - extraction as ion pair followed by electrospray MS 300
perchlorate + direct injection, electrospray MS/MS; <0.5-35 g/L perchlorate found in local groundwaters 500
steroids - SPE, derivatization, GC/MS used to measure steroids in spiked effluent samples 1
strontium - four different methods used to determine 90Sr in 45 groundwater samples were compared;
detection limits for these methods ranged from 40 to 150 Bg/m3
. + SPE, LC electrospray MS; detected at 10-100 ng/L in surface waters and 10-2000 ng/L in| ~ 200-
sulfonamide drug -
municipal wastewater treatment plant effluents 4000
sulfonated
naphthalene- - ion-pair SPE, ion pair chromatography, and fluorescence detection; SNFC ranged from 1
formaldehyde . . 3-8
g/L in groundwater to 200 g/L in treated effluent
condensates
(SNFC)
surfactants * 99% of linear alkylbenzenesulfonates and other compounds were removedduring sewage
treatment; concentrations of surfactants in treated sewage were 5-200 g/L
technetium + 99Tc biosensor and direct analysis methods reviewed with 53 refs
thallium - ion-exchange and atomic absorption spectroscopy; contrary to thermodynamic prediction, 07
TI(IIT) was the most dominant form of Tl in the Great Lakes ’
tin * preconcentration, derivatization, GC/ICPMS detected 1-100 pg/L Sn in seawater 0.00001
. . . s 2000-
volatile fatty acids | -+ SPME/GC/MS applied to raw sewage; headspace SPME minimized interferences 6000

APEO: alkylphenol ethoxylates
DBP: disfection byproducts

ECD: electron capture detector

IR: infrared absorption spectroscopy

323 H g ¥ EY SHEMI|E IANEE AT gtk

H7E, BEY 2 A Roto IAvAL girE & ARz B D H7|ERopolA AMgsle duk

A IAEAZA 2 FHA R vlE] B 54 QA BAWNH(Table 18)22A FU)3EES] txH
S 7K Qo aAYY BHARE FEIe B AFUHS 23E=H, ICP/AES, ICP/MS, AAS, IC,
ol ggEo] ity gukAel FEWHo 2= ¥7]  DPP, XRF, Cold Vapor AAS 5°] St} @A) ICP/MS
A9l Afole 7tE AR 2 vpolazn AREE o AT g Yol B $AANE 53 v
o] &3 Hao] om, f7|3FEe] FE& Jd =2 F59 A o] HT ok E=IF {7)F
S E AMEEE FZo] 7P Wol o] & vk &vf  HIFE sk AES A MEE ATl B
FE5 g AsEAR 1EEFE A (accelerated  ©] A|EHIL SiTh

solvent extraction, ASE)7} A}&-EH, o]ooz &ujE
ARt WHo g A W 2S9E AMESte Uol3AlRe AAAA 7 durHo g AMSske
o] olrk g & =25 o] 2 (headspace) H-E A A
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T, Exo] delo] uwle} Gel-Permeation, Acid-Base
Partition*}H o] AM&-E7]% sio}

H71E 2 EY A5 gukzl v‘f‘ﬁ‘%ﬁ'ﬂ% ot
2P AT, AR
o] T FE3FZ(single-metal extractlon)ﬂ]- AL ui
Ha, Alge] AAEE A3 drying, sieving 2
Q3 AAS, ICP 9]¢ ICP/MS, CES ICP/MS
W %ol olgH 1 stk F71EE set=
HHH 2]o] ICP/MS, GC/MS, Pressurized

Hﬂiﬁnﬁ
[-40
rU}L_‘“O

il

_Pi

el

oy

liquid extraction-LC/ICP/MS, HPLC/(APCI)-MS o] 4%
3le} 3}8kE 79 (speciation)oll &= ok

EY 2 A4 ANE F f78E EvesEe
GC, AAS, GC/MS TS°] 98 AH&H1 §lo), HPLC,
IR, NMR, ELISA % LOMS 5% o|&3dto] f7131=
S BAIE stk 53] 34 oA E4¢] 7 &

F71edEdE geixl fol&AlF= HRGC/HRMSS
olg3le] EAF 1 glon, waEA ZUEH7] 98

A bench top MSE& AMESZIE 3th FHZde EY

Table 18. Measurement and analytical technique in waste and soil

Measurement and analytical techniques

Comments

Acid digestion, Microwave-Acid digestion

Pretreatment

ICP/AES(Inductively Coupled Plasma
-Atomic Emission Spectroscopy)

ICP/MS(Mass Spectometry)

AAS-Direct, Graphite Furnace, Hydride

IC(on chromatography)

Colorimetric, Gravimetric Method

DPP(Differential Pulse Polarography)

XRF(X-Ray Fluorescence) Spectroscopy

Absorptiometric Analysis

O =3 ®og = O B

Metal, Inorganic

Cold Vapor Atamic Fluorescence Spectrometry

Hg analysis

Solvent, Soxhlet, Ultrasonic Extraction
SFE(Supercritical Fluid Extraction)

Headspace
Immunoassy

Purge & Trap, VOST(Volatile Organic Sampling Train)

Extraction pretreatment

Alumina Column,

Flofisil Column

Silica Gel

Gel-Permeation

Acid-Base Partition

Sulfur

Sulfuric Acid/Permanganate

N -

— -0 W

Clean-up method

Absorptiometric Analysis

GC(Gas Chromatograpy)

GC/FID, ECD, PID, NPD, HECD

GC/MS

FTIR(Fourier transform infrared Spectroscopy)
NAA(Neutron Activation Analysis)

o =3 o0 = O

Organic compounds :
VOCs, Semi-VOCs,
Pesticides, PAH, PCB etc.

HPLC/UV, PDA, Fluorescence Detector
HPLC/MS
HPLC/TSP/MS(HPLC/Thermospray/MS)
HPLC/TSP/UV

HPLC(High Performance Liquid Chromatography)

Organic compounds :
PAH, NVOCs

HRGC/HRMS(High ResolutionGC/HR/MS)

PCDDs/PCDFs

Analytical Science & Technology
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% PAHY #4& 93] PSF-HPLC (polarization
synchronous  fluoresence-HPLC)9}  L-TOF/MS  (laser
photoionization-time-of-flight MS)¢}  luminescence

spectroscopy 5% o83t BAR o] A Qi

£, B AdF vEgR7IEE 49 Online
fluid chromato graphy cleanup
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Table 19. The education of environmental analysis in Korea

Classification Name of course Name of class

Course for managerial officer Environmental administration officer’s class

Course for senior official in

Requi - Environmental administration senior officer’s class
equired training | charge

Course for junior official in . T .
J Environmental administration junior officer’s class

charge
Environmental policy course
Environmental policy course Environmental economics class
Global environment class
Nature preservation class
Wildlife preservation class
Nature preservation course Park management class

EIA class

Soil preservation class

Water supply class

Water & sewerage management Sewerage class

course

Spring water management class

Sewage/livestock waste water management class

Waste management class

Optional training | Waste management course -
Toxic substance management class

Pollution discharging facility management class

Environmental adminstration class

Pollution control course - — —
Environmental criminal investigation class

Environmental dispute settlement class

Air monitoring class

Vehicle emission monitoring class

Noise/vibration monitoring class

Environmental monitoring Water monitoring class

course

Waste monitoring class

Drinking water monitoring class

Specialized hazardous substance monitoring class

Micro organic materials monitoring class

Air modeling class

Environmental modeling course
Water modeling class

Environmental tax revenue class

Optional training | Computer course - - -
Environmental information class

Language course English class

Environmental teacher course Environmental teacher class

Vol.15, No.2, 2002
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(Table 19 continued)

Classification

Name of course

Name of class

Statutory training

Advanced environmental
technology course

Environmental seminar class

Pollution prevention facility
course

Class for air pollution prevention facility operator(1,2)

Class for water pollution prevention facility operator(1,2)

Class for noise and vibration pollution prevention facility operator

EIA course

EIA class

Environmental self-measuring
course

Air quality self-measuring course

Water quality self-measuring course

Special training

Park management course

National park management class

NGO leader course

NGO leader class

Environment camp course

Environment inquiry class

Total

20 course

48 class

Table 20. Education contents related QA/QC(2001)

Classification Name of Course Content of QA/QC Period No.
(week)
- Environmental standards methods
Air monitoring class| - QA/QC of air measurement and analysis 1 1
- SOP and QA/QC
Vehu;le SMISSION | prission gas measurement technique 1 2
monitoring class
o1s:e/ y1brat1on - Noise/ vibration measurement technique 1 2
monitoring class
Water monitoring | - Sampling and measurement technique for measuring
class water pollutants 1 2
Environmental - Lab. QA/QC and general guideline
monitoring Waste monitoring | - Sampling and preparation of waste 1 1
course class - Measurement methods
Dnglqgg water - Drinking water measuring theory and methods 1 1
monitoring class
Specialized
hazardous - Measurement of specialized hazardous substance 3 )
substance - Principle and operation of GC, AA, and UV
monitoring class
Micro organic . . .
materials monitoring | Measurement of micro organic materials 2 1
- Analysis of PCBs, pesticides etc.
class
Air quahty - Structure and theory of analytical instrument
. self-measuring . . 5 3
Environmental course - Measurement and analysis of air pollutant
self-monitoring W i
course ater quatity - Structure and theory of analytical instrument
self-measuring . 5 2
course - Measurement and analysis of water pollutant

Analytical Science & Technology
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