
Index

13C-NMR spectrum, features of, 328–329
1H-NMR spectrum, of 2,6-dinitrotoluene,

325

A

Absorbance

in atomic spectroscopy, 225, 230

calibration curve, 18

linear range, 216

of solvents in HPLC, 263

in UV-VIS, 201, 204–206, 214

Absorption spectroscopy

cold vapor AA, 166, 230

spectral interference, 166, 236

in SW-846, 102

Absorption, of radiation, 192

Accelerated solvent extraction, see

Pressured fluid extraction

Accuracy, 16–17

Acetone wash, 128

Acid bath, see Acid wash

Acid digestion, 140

principles, procedures and

tips, 161–164

standard methods, 109

for total As and Se, 167–168

Acid fraction, semi-volatile organic

compounds, 113, 180

Acid solutions, preparation of, 131

Acid wash, 129

Acidity

method principles, 142–143

standard methods, 104, 111, 137

Activity, of ions, 292, 297–299

Acylation, 182. See also Derivatization

Adsorbent tubes, 82

Aggregate organic analytes,

methods of, 104, 112

Aggregate organic constituents, 104

Air sampling, 49

blanks, 117

filter media, 82–83

OSHA/NIOSH methods, 105

sampling equipment, 81–82

Alcohol(s), 14–15

by IR method, 215

response to ECD, 270

sample preparation for, 182–185

Aldehyde, 14–15, 185, 278

Alkaline solutions, preparation of, 131

Alkalinity, 74, 137, 300

analytical procedures, 348–352

method principles, 143–144

standard methods, 104, 111

Alkylation, 182. See also Derivatization

Alumina column, 180. See also Cleanup

Ambient air

air quality standard, 36

sampling, 81–82, 99

test methods, 99

Amide(s), 14–15, 182

Amine(s), 14–15, 165

analysis by IC, 279

derivatization of, 182

SPE made of, 172

Ammonia

by colorimetric method, 209

by distillation/titration, 137, 152–153

Ammonium, see Ammonia

Amperometric titration, for

chlorine, 302–303

Analysis of variance, 24, 341

Analytical errors, 2, 4, 26

Anion exchange column, 264

ANNIE, 30

Anode, 234, 271, 291, 295–305
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Anodic stripping voltammetry,

303–305

ANOVA, see Analysis of variance

Antibody, 334

Antibonding orbital, 195,

197

Antigen, 334

Aqua regia, 129, 140

Aquifer, 31–34

confined, 34

unconfined aquifer, 34, 86

Arsenic

colorimetric analysis, 209

digestion of total arsenic,

166–167

species measurement, 166–167

Atmospheric pressure chemical

ionization, 114, 315–317

Atomic absorption spectroscopy.

See also Absorption

spectroscopy

acids preferred, 163

Beer’s law in, 225

chemistry of calcium in, 222

first commercial AA, 8

interferences, 236–238

Atomic emission spectrometry,

222, 226

Atomic fluorescence

spectrometry, 221

Atomic force microscopes, 334

Atomic mass spectrometry, 310

Atomic spectroscopic techniques,

comparisons of

detection limits and working

range, 235–236

interference, 236–238

sample throughput, 239

system cost, 239

Atomization, 221, 227

in flame and flameless AA,

223–224

interferences, 237–238

Automated Soxhlet extraction,

110, 175–176

Autosampler, 259, 261, 281

Avogadro’s constant, 13

Azeotropic distillation,

102–103, 111, 185

B

Background samples, 117–118

Bailer, for groundwater sampling, 77

Base peak, 318, 319

Base/neutral fraction (B/N), 16, 180

Baseline problems, 283

Batch(es), of samples, 19, 121–122, 240

Beer’s law, see Beer-Lambert’s law

Beer-Lambert’s law, 204, 362, 224–225

causes of nonlinearity, 205

Benzene, 14, 15, See also BTEX

IR spectrum vs. UV spectrum, 202

Biochemical oxygen demand

(BOD), 73, 112, 147, 357

Biological examination, methods

of, 104, 112

Biological hazards, 134

Biological sampling

for residual analysis, 81

for toxicological testing, 92

Boiling point (BP), 16, 183–186, 260

of organic contaminants, 407–416

of HPLC solvents, 262

Boltzmann equation, 223–224

Bond energy, 195

Bond length, 195

Boron, 74, 209

Boundary potential, 297–298

BTEX, 14–16, 185

analysis by GC-MS, 396–401

C

Calibration blank, 121, 241

Calibration curve, 18–19,

121, 281, 362

causes of nonlinearity 205

Calibration sensitivity, 18

Calibration verification standard

(CVS), 121

Capillary column, 184, 248,

253, 257, 260

Capillary fringe, 31

Carrier gas, 258–259, 267, 269

Casings, of groundwater wells,

33, 87–89

Cathode, 228, 269, 291, 295–305

Cathodic stripping voltammetry,

303–304

Cationic exchange column, 264
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Censored data, 28–29

Central tendency, 20, 341

Centrifugation, 138–139

CERCLA, 37

Chain-of-Custody, 3, 84

Chemical hazards, 134

Chemical interference, 237

Chemical ionization, 114,

271, 315–316

Chemical oxygen demand (COD)

analytical procedures, 357–361

maximum holding time for, 73

method principles, 147–148

standard method, 112

Chemical reagents, purity

of, 131–132

Chemical shift, 325–327

Chloride, measurement of, 137

by Argentometric method

(Mohr method), 152

by colorimetric method, 209

by mercuric nitrate method, 152

Chlorine, isotopic ratio of, 319

Chlorine, residual in drinking water

by amperometric titration,

302–303

by volumetric titration,

137, 149–151

Chlorobenze, measurement by

GC-MS, 396–401

Chloroethylene, measurement of

by GC-ECD, 390–392

by GC-FID, 386–390

Chromatogram(s)

characteristics of, 254

to diagnose problems, 282–284

for qualitative and quantitative

analysis, 258

Chromatographic method

development of, 280–281

GC-based EPA methods, 277

HPLC-based EPA methods, 278

Chromatography

definition of, 9

types of, 247

Chromic acid wash, 129

Chromium, 209, 212

alkaline digestion, 165

measurement of, 370–374

Chromophores, 197–198

Clark oxygen sensor, 301

Classical methods, 7–8. See also

Wet chemical methods

Clean Air Act, 36

Clean Water Act, 36

Cleanup, from sample matrix

by acid-base partition, 180

EPA recommended methods,

102, 181

principles of, 179–181

by sulfur cleanup, 181

by sulfuric acid/permanganate, 181

Code of Federal Regulations, 35, 100

Coefficient of variation, 17

Cold vapor atomic absorption

(CVAA), 166, 230–231

Coliwasa, for hazardous waste

sampling, 80

Collocated samples, 117–118

Column bleeding, 260, 283

Column efficiency, 256

Column internal diameter, 252–253

Column length, 253

Columns, chromatographic

megabore/widebore, 253

open tubular/wall-coated, 248

Comparability, 17

Completeness, 17, 115

Composite sampling, 57, 89

Concentration units, conversions

of, 11–13

Conductance, equivalent, 274–275

Conductivity, 274–275,

294–295, 344–345

Conductometry, 294–295

Confidence interval, 23, 61

Confidence level, 17, 18, 23, 25

Contaminant candidate list, 113

Contract Laboratory Program

(CLP), 37

Control, 3

Core sampler, for sediment

samples, 80

Cost

comparison of sample preparation

techniques, 179

of instruments, 238, 280, 289, 309

related to sampling, 48, 55, 57
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Coulomb(s), 292–293

Coulometry, 292

Counter electrode, 293

Criteria pollutants, 36, 99, 341

Critical values

for Dixon’s test, 28

for F-test, 419

for Grubbs’ test, 27

Cross-contamination, 70, 77, 86, 116

Custody, see Control

Cuvette(s), 207, 215–216

Cyanide, measurement

colorimetric method, 137,

153–154

wet chemical method, 209, 212

D

Data

acquisition, 4–5

quality, 2, 45, 49, 73–74

variation, 20

Data quality indicators, 17, 49

Data Quality Objectives

(DQOs), 45–46

Decontamination, 70, 76,

84, 91, 116

Degassing unit, in HPLC, 260–261

Degree of freedom, 17, 23, 27

Density, of solvents, 169, 387

Deposition potential, 305

Derivatization, 101, 182,

278–279, 321

Descriptive statistics, 20–21, 341

Detection limit(s)

comparison of, 235

data below detection limit, 20, 29

definition of, 17

of GFAA, ICP, XRF,

224, 233, 234

Detector(s)

for IR, 213

for GC, 267–272

for HPLC, 272–274

for IC, 274–275

for UV-VIS, 207

Detergent wash, 129

Determinate errors, 4

Deuterium lamp, 206

Diamagnetic shielding, 326

Dichloroethylene, 387

Dienes, (un)conjugated,

198

Dipole moment, 199, 376

Dirty dozen, 14

Dispersion, see Data, variation

Dissolved oxygen

membrane electric method,

300–302

solubility, temperature/salinity

effects, 353

Winkler method, 145–147

Winkler method, modified, 354

Dissolved solids, see Solids

Distillation, 139

Azeotropic and vacuum, 185–186

Distribution constant, 255

Documentation, 3

Domain, time vs. frequency,

of FTIR signals, 211

Doublet, 328

Downfield, 327

Dynamic headspace extraction,

183. See also Purge-and-trap

Dynodes, 312

E

Ekman dredge, 79–81

Electrochemical cells

characteristics of 290–292

notations of, 295

Electrode potential, 291

Electrolysis, 294

Electrolytic cell, 291–293

Electrolytic conductivity detector,

see Hall detector

Electromagnetic spectrum, 191

Electromotive force, see

Electrode potential

Electron capture detector, 269–270

analysis of chloroethylene, 390–392

Electron excitation, 193

Electron multiplier, 311–312

Electronic state, 198

Electronic transition, 196–198

Electrospray ionization,

114, 315–316

Emergency response, 1

Emergency, first aid kit, 134–136
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Emerging contaminants, methods

of, 113–114

Environmental analysis,

uniqueness of, 7

Environmental regulations,

relevant to sampling

and analysis, 35–37

Environmental sampling

objectives of, 1–2

scopes of, 6

Environmental statistics, 20–30

Enzyme immunoassay, 335

Equal allocation, 55

Equipment blank(s), 116, 118

Equipotential line, 86

Equivalent point of titration, 300

Errors, Types I and Types II, 25–26

Ester, 14–15

Esterificaion, 182. See also

Derivatization

Ether, 14–15, 183

Ethylbenzene, 14–15, 396–401

Excel, Microsoft, 18, 21,

24, 341–343

Excitation

of Ca atoms in flame and

flameless furnace, 222–223

of UV chromophores, 198

in X-ray fluorescence, 227, 234

Explosive compounds

formation during acid

digestion, 163

measurement by HPLC, 382–386

Extractability, 16

Extraction

efficiency, 170–171

method comparisons, 179

F

False positive/negative, 25–26

Faraday constant, 292

Faraday’s law, 293

Far-infrared (FIR), 202–203

F-distribution, 23–25

Field blank(s), 117–118

Field duplicates, see Split samples

Filament

heated resistor in TCD, 267

tungsten, 206

Film thickness, of stationary

phase, 252–253

Filtration, 138

Fire extinguishers, 136

Fish(es)

sample collection, 81, 422

toxicity testing methods, 112

USGS methods of sampling, 106

Flame atomic absorption

spectroscopy, components

of, 227–229

Flame emission spectroscopy,

222, 225

Flame ionization detector (FID),

268–269, 386–390

Flame photometric detector, 270

Flame, thermal reactions in, 222–223

Florisil column, 180.

See also Cleanup

Flow measurement

groundwater flow, 31–32, 86–87

in stream, 30

Fluorescence detector, 273

Fluorescence radiation, 193

Fluoride electrode, 299

Fluoride, measurement of

by colorimetric method, 209

by fluoride electrode, 299,

392–396

Fourier transform infrared

spectrometers, 211–213

Fragmentation, 316

pattern of methanol, 319

Frequency, 191

F-test, 24, 341

G

Galvanic cell, 291, 300

Gamma scintillation spectrometry, 333

Gas chromatography (GC)

advantages of, 280

common detectors of, 266–270

components of, 258–260

comparison of detectors, 270–271

EPA methods, 276–278

maintenance of, 282

Gas-flow proportional counter, 333

GC maintenance, 282, 283

Geiger-Muller counter, 332–333
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Gel permeation chromatography, see

Cleanup

Geo-EAS, 29

Geology, 30

Ghost peaks, 283

Global positioning system, 84, 344

Global warming, 199, 374–375

gas, measurement by FTIR, 374–377

potential, 375

Golay equation, 252

Good Laboratory Practice (GLP), 2, 37

Gradient, of solvents in HPLC, 262

Grain size, of gravel, sand, clay,

and silt, 31

Graphite furnace, 227–229

Gravimetric methods, 8, 137.

See also Wet chemistry

measurement of solids, 348–352

Greenhouse gases, see

Global warming

Ground state, 192, 221–225

Groundwater flow direction, 86–87

Groundwater sampling, 86–89

Groundwater wells, schematic of, 32–33

Guard column, 261–262, 281

Gyromagnetic ratio, of selected

nucleus, 324

H

Half-cell(s), 291, 295

Hall detector, 270

Hanging mercury drop

electrode, 305

Haphazard sampling, 53

Haptens, 335

Hard ionization, 315

Hardness, measurement of

by ion selective electrode, 298

by titration, 137, 144–145

Hazardous air pollutants (HAPs),

in Clean Air Act, 36, 407–416

EPA air test methods, 99

Hazardous wastes

characteristics of, 102

definition by TCLP, 103

EPA waste test methods, 101–103

sampling from drums, lab packs,

or tanks, 90

sampling tools, 80–81

HAZWOPER training, 37, 91

Headspace for volatiles

dynamic extraction using, 183–184

sample storage without

headspace, 72, 75

static extraction using, 184–185

Health hazards

in laboratory, 134–134

of radioactive nuclides, 332

Heavy metals, 16

Henry’s law constant, with related

to volatility, 170

High performance liquid

chromatography (HPLC)

advantages of, 280

common detectors of, 272–274

comparisons of detectors, 275–276

components of, 260–262

EPA methods, 278

maintenance of, 281

Hollow cathode lamp, 228

Hybrid orbital, 196

Hydraulic gradient, 86

Hydraulic head, 86

Hydride generation atomic

absorption (HGAA), 231–232

Hydrology, 30

Hypothesis testing, 25–26

I

ICP-AES, see ICP-OES

ICP-MS system

analytical benefit, 312

applications, 320–321

principles of, 310–313

schematic diagram, 311

ICP-OES, axial or radial

configuration, 233

comparison with other atomic

spectroscopic techniques,

235–240

experiment for metal

analysis, 378–382

instrument schematic, 232–233

ionization process in plasma, 225

for multi-element analysis, 226

Immunoassay, EPA screening

methods by, 102–103,

334–335

428 Index



Impinger, 82–83

Indeterminate errors, see Random errors

Indicator electrode, 291–297

Indoor air, 92, 99, 104

Infrared (IR) spectrum

of benzene, 202

of CO2, 200

Infrared instrument

applications for pollutants in air, 215

applications for pollutants

in water, 215

dispersive, 213–214

in industrial hygiene

monitoring, 214

nondispersive, 214

sample preparation for, 216–217

Infrared-active gases, 375

Inorganic nonmetallic,

methods of, 104

Instrument blank(s), 120

Instruments, first commercially

available, 8

Integral, of NMR spectrum, 327

Interface analysis, 333–334

Interface, of hyphenated methods

for GC-MS and LC-MS,

314–315

for ICP-MS, 311

Interferogram, 213

Internal standardization, see

Internal standards

Internal standards, 121, 237–238,

242, 258

Ionization energy, 225–226

Ion-selective electrodes (ISEs),

environmental applications,

298–299

Isocratic flow, 26

Isotope dilution, 313

Isotope ratio, 312

Isotopic cluster, in mass spectrum,

320

J

Judgmental sampling, 52–53, 58, 61

K

K-D concentrator, 139–140, 160

Kemmerer bottle, 76

Ketone, 14–15

Kuderna-Danish, see K-D

concentrator

Kyoto Protocol, 375

L

Laboratory duplicates, 120

LC-MS

applications, 114, 321, 322

first commercial LC-MS, 8

interface, 314–315

ionization methods, 315–318

Legal defensibility, 3

Limiting current, 294

Liquid scintillation counters, 333

Liquid-liquid extraction

EPA methods for SVOCs and

non-VOCs, 110

separatory funnel and continuous

devices, 168–169

Log-normal distribution, 22

M

Macroinvertebrate samples, 81

Magnetic field, 232, 237

in NMR, 322–327

Magnetic resonance spectroscopy

Mass filter, 311, 312. See also

Quadrupole

magnetic sector, 314

Mass spectrometry

high resolution, 277, 314, 322

ion trap, 314

tandem, 314

time-of-flight, 8, 114, 314

Mass spectrum

of 1,4-dichlororoluene, 320

of methanol, 319

Mass-to-charge ratio (m/z), 310

Material safety data sheet

(MSDS), 134

Matrix spike duplicate(s), 120

Matrix spike(s), 119–120

Maximum holding times,

73–74, 420–421

Mean, arithmetic/geometric, 20

Median, 20

Membrane electrode, 295–296,

298
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Mercury (Hg), analysis of

cold vapor atomic absorption

analysis, 229–234

cross-reference methods, 108

digestion methods, 166

Mercury film electrode, 305

Metal analysis

by ICP-OES, 378–382

moisture correction, 240

practical tips, 240–243

run sequence and QA/QC, 240–241

Metalloid, 14, 16

analysis by hydride generation

atomic absorption

spectrometry

digestion methods for As and

Se, 166–168

ionization in plasma of

ICP-OES, 225–226

Metals

apparatus in acid digestion

for, 162–163

digestion methods for, 109

dissolved, and suspended, 162

sequential extraction for the

species analysis of, 162

total recoverable vs. total

dissolved, 109, 162

Method blank(s), 120, 241

Method detection limit, see

Detection limit(s)

Michelson interferometer, 211, 213

Microbiological examination,

methods of, 104

Mid-infrared (MIR), 201–202

Misconducts, 3

Mobile phase, 247, 259

effects on separation, 252

selection criteria in HPLC,

262–264

Mode, 20

Moisture content, measurement,

12, 90, 240

Molar absorptivity, 204

Molecular ions, 318

Molecular mass spectrometry,

313

ionization methods, types

of, 315

Molecular weight, of chemicals,

407–416

Monitoring

techniques, modern vs. classical,

7–8

wells, for groundwater,

33–34, 52, 88

Monochromator,

in atomic absorption

spectrometers, 229

in fluorescence detector, 273

in IR spectrometer, 214

in UV-VIS spectrometers,

206–207

Multielement analysis, 320

Multiplicity, 328

N

National Priority List (NPL), 37

Near-infrared (NIR), 201

Nebulization, 221, 224

Nebulizer, 228, 381

Nernst equation, 291–292, 295, 305

Neyman allocation, 55

Nitrate, measurement of

by colorimetric method,

209, 362–366

by nitrate electrode, 299

Nitric oxide (NO), analysis

of, 210–211

Nitrile, 15

Nitrite, measurement by colorimetric

method, 209, 362–366

Nitrogen dioxide (NO2), analysis

of, 210–211

Nitrogen-phosphorous detector,

270

Nitrosamine, 15

cleanup for the analysis of, 181

NMR, in environmental

applications, 329

Non-bonding orbital, 196

Normal (Gaussian) distribution,

22, 254

Normal phase HPLC, 251, 263

Notebooks, as legal documents, 4

Nuclides, common

half-life of, 320

natural abundance of, 330
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O

Occupational Safety and Health

Act (OSHA), 35, 37, 105

Ohm’s law, 295

Oil and grease

by IR method, 215

by partition-gravimetric method,

137, 148–149

sampling precautions, 75

Optimal allocation, 55

Orbital hybridization, 196

Orbital theories, 193

Orbitals, relative energy of, 195

Organic compounds

functional groups, 14–15

structures of, 407–416

Outliers

causes and remedies, 26

detection by Dixon test, 27–28

detection by Grubbs test, 27

detection by z-test, 26

Oxidation number (state),

146, 148

Oxidation, 291

Oxidation-reduction reactions,

290–291

Ozone

data analysis by Excel spreadsheet,

340–343

measurement by colorimetric

method, 209

measurement by IR method, 215

P

Packed column(s), 248, 257, 260

used for inorganic gas

analysis, 268

Paper chromatography, 9

Partition coefficients, 170, 174, 184

Pauli exclusion principle, 194, 323

Peak problems, in chromatography, 283

Performance based measurement

system (PBMS), 109

Persistent organic pollutants

(POPs), 14

Personal protection equipment

(PPE), 135

Personal sampling pumps, 81–82

Petersen dredge, 80–81

pH electrode(s), combination,

296, 345

practical tips, 297–298

Phenanthrene, 15

Phenol(s), 14, 15, 209

as acid fraction, 113

by colorimetric analysis,

209, 212

Phenol, 14–16

Phosphate, colorimetric analysis

of, 209, 212

Photo ionization detector, 270

Photodiode array detector,

272, 383

Photomultiplier, 207, 333

Physical and aggregate properties,

methods of, 103

Physical hazards, 134

Physical interference, 238

Piezometer, 33

Pipets, volumetric vs. measuring, 133

calibration of volumetric

pipets, 134

Planck constant, 191

Planck’s law, 191

Plasma, inductively coupled

degree of ionization in, 226

temperature of, 225, 378–379

Plate numbers, 257

PM-10 sampler, 81

PMT detector, for atomic absorption

spectroscopy, 229

Polarity index, of solvents in

HPLC, 262–263

Polychlorinated biphenyls (PCBs),

14–15

cleanup for the analysis of, 181

by immunoassay, 103, 335

sampling container and holding

time, 74–75, 421

Polyurethane foam (PUF), 81–83

Ponar dredge, 79–80

Pond sampler (grab sampler), 76

Potential function, 294

Potentiometric surface, 33–34

Potentiometric titration, 299–300

Potentiometry, 292, 299–300

Practical quantitation limit, 17

Precision, 16–17
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Preparation blank(s), see also

Method blanks, 120

Preservation methods of samples

general guidelines for, 71–72

for specific compound, 420–422

Pressured fluid extraction, 177, 179

Priority pollutants, 14, 36

structures and properties

of, 407–416

Probability, 22

Probably-based sampling, 53

Programmed temperature profile in

graphite furnace, 223

Proportional allocation, 55

Protons, chemically equivalent, 326

PS-1 sampler, 81–83

Pump, for groundwater sampling

air-lifter pump, 78

bladder, 77–78

peristaltic, 77

submersible, 78

suction, 78

Purge-and-trap

devices of, 183–184

EPA methods, 103, 111, 277

Pyrene, 15

cross-reference methods

for, 108

Q

QA/QC samples

for sample preparation, 118–119

number of, 118, 121–122

QA/QC samples, types of

in the field, 116–118

in the lab, 119–121

QC check standards, 121

Quadrupole, 310–311, 313–315

Quality assurance project plan, 115

Quality assurance, definition of,

5, 115

Quality control, definition of, 5, 115

Quantum number, 194, 323

Quartet, 328

R

Radiation

absorption of, 192

alpha/beta/gamma, 331

fluorescence, 193

microwave, 192

Radio frequency generator, 232

Radio frequency, 322

Radioactivity

sampling and instrumentation

methods, 331–333

standard methods, 101, 104

Radiochemical analysis, 329

Random error, 4

Random number generation, 60

Random sampling, see Simple

random sampling

Range, 21

Reagent blank(s), 120

Reagent water spike(s), 120

Recovery, analytical, 16

Reduction, 291

Reference electrodes, 292–293,

295, 297

Reference materials, 120–121, 132

Reference samples, 118

Reflux, COD analysis, 137, 139,

357–361

Refractive index detector, 274

Refractive index, for solvents in

HPLC, 262–263

Regeneration, of ion exchange

columns, 265

Regression analysis, 18

Regulatory compliance testing, 93

Relative percent difference, 17,

120, 241

Relative standard deviation, 17

Remediation investigation/

feasibility, 46

Representativeness, 17, 49–50

air samples, 50

biological samples, 51

groundwater samples, 51

solid samples, 50

water samples, 50

Residual chlorine, see Chlorine

Resistance, in conductivity cell, 295

Resolution, chromatographic, 256

factors affecting resolution, 252

Resonance frequency, 324

Resource Conservation and

Recovery Act (RCRA), 36
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Retention factor, 255

Retention time problems, in

chromatography, 283–284

Reverse phase HPLC, 251, 263

Rinsate blank(s), see Equipment

blanks

Rosner test, 28

Rotary evaporator (rotavap),

139–140, 160

Rotational transitions, 198

S

Safe Drinking Water Act, 36

Salinity

stratification of salinity in

estuaries, 85

unit of, 13, 345

Salt bridge, 291

Sample amount, for water, soil,

sediment, air, toxicity

testing, 70–71

Sample containers, selection

of, 74–75

Sample number, estimation of, 61–63

Sample preparation

for liquid and solids samples,

168–179

for metals and metalloids,

162–168

purposes of, 160–161

types of, 161–162

for VOCs and gas, 183–187

Sample preservation and storage,

71–74, 420–422

Sample storage, see Sample

preservation and storage

Sample’s life, 5–6

Sampling and analysis

personnel involved, 45–46

sampling error vs. analytical

error, 4–5

Sampling approaches, 52–58

comparison of, 58

probability-based, 53

Sampling equipment, selection

of, 76–83

Sampling errors, 4, 26

Sampling plan, selection criteria

of, 48–49

Sampling techniques, of various media

air and stack emission, 92–93

biological samples, 92

groundwater, 86–89

hazardous wastes, 90–91

soil and sediment, 89–90

surface water and wastewater,

84–85

Sampling tools, see Sampling

equipment

Saturated calomel electrode, 295, 393

Scan mode, in mass spectrometry, 312

Scanning electron microscopes, 334

Scanning tunneling microscopes, 334

Scientific reliability, 2–3

Search sampling, 57

Sediment sampling equipment, 79–80

Selected ion monitoring (SIM), 312

Selenium analysis

digestion of total selenium,

166–167

species measurement, 166–167

Semiconductor detector, for XRF, 234

Semi-volatile organic compounds

(SVOCs), 16

analytical standard methods for, 113

extraction methods for, 168–178

Separation factor, 255–256

Separation, chromatographic

parameters affecting separation,

251–253

types of separation columns and

stationary phases, 247–251

Septum

for GC sample injection and

maintenance, 259, 282–283

sample containers with Teflon-lined,

75, 421–422

Sigma bond, 195

Silica gel column, 180. See also

Cleanup

Silica, octyl/octadecyl bonded (C8/C18),

171–172

Silver/silver chloride electrode, 295

Silylation, 182. See also Derivatization

Simple random sampling, 53–54

Singlet, 328

Sludge volume index, 142

Soft ionization, 316
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Soil sampling

techniques and practical tips

of, 89–90

tools (augers and split-spoon

sampler), 78–79

Soil sieving, 31

Solid phase extraction, 110,

171–173

Solid phase microextraction (SPME),

173–174

Solids, in water, wastewater, sludge,

137, 141–142

analysis of, 348–352

filtration of, 138

Solubility

of organic pollutants, 407–416

of oxygen in water, 353

Solutions, preparation of

acid/alkaline, 131

Solvents, density and miscibility

chart of, 169

Sonication, see Ultrasonic extraction

Sorbent tubes, see Adsorbent tubes

Soxhlet extraction, 110, 174–175

Spatial data, 29

Species analysis

for As and Se, 166–168

for chromium, 165, 370–374

by IC, IC-ICP, and ICP-MS, 279

sequential extractions procedures

for metals, 162

Spectral interference, 236–237

Spectrophotometer, components of

infrared (IR), 211–214

visible and ultraviolet (UV-VIS),

206–207

Spectroscopy, see specific types

Spectrum (Spectra)

infrared (IR) spectrum, 203

mass spectrum, 310

NMR spectrum, 325

for structural identification, 201

visible spectrum, 191, 201

Spin, of selected nuclei, 323–324

Spin-spin coupling, 328

Split sample(s), 117

Split/splitless injector, 260

Stack emission, sampling, 71, 81, 92

Standard addition calibration, 242

Standard addition, 237, 242,

392–396

Standard deviation, 16, 21

Standard error of the mean (SEM), 23

Standard hydrogen electrode, 295

Standard methods, see also

Test methods

components of, 98

regulatory vs. consensus, 98

selection of, 108–115

by various agencies/organizations,

108

Standard normal distribution, 22

Standard operating procedure

(SOP), 46

Standard potential, 291–292

Standard reference materials

(SRM), 132

Standard, primary/secondary, 132

Static headspace extraction, 184, 386

Stationary phase

for GC column, 249–250

for HPLC column, 250–251

Stockholm convention, 14

Strata, temporal/spatial, 54

Stratifications, in oceans and

lakes, 51, 85

Stratified random sampling, 54–55

Stretching, (a)symmetric, 199

Structures, of organic pollutants,

407–416

Student’s t distribution, 23

percentiles of, 418

Sulfide, measurement, 137,

154–155

Sulfur dioxide, EPA reference

method for, 208

SUMMA canister, 82–83

Supercritical fluid chromato-

graphy, 265

Supercritical fluid extraction (SCF),

110, 177–178

Superfund Act, 37

Superfund site investigation, 49,

73, 87, 118

Suppressor column, 264–265

Surface analysis, 333–334

Surface sampling, wipe/chip/dust,

91
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Surface water sampling

field measurement of water

quality parameters,

344–348

practical approaches and

tips, 84–85

representative samples for, 50–51

sampling equipment, 76

Surfactant, measurement of,

209, 366–370

Surrogate spike(s), 119

Suspended solids, see Solids

SW-846, EPA test methods for wastes, 36

digestion methods for metals,

109–110

extraction methods for SVOCs

and non-VOCs, 110

method structure, 101–103

sample preparation for VOCs, 111

Systematic errors, see

Determinate errors

Systematic grid sampling, 56–57

Systematic random sampling, 56–57

Systematic sampling, 56–57

T

t-Distribution, percentiles, 418

Tedlar bag, 82

Temperature control, in GC oven,

253, 259–260

Temporal data, 29

Test methods, see also Standard

methods

by APHA, OASH, ASTM,

NIOSH, USGS, 103–108

by EPA for air, water and

wastes, 99–103

index of, 99

Tetrachloroethylene, 14–15,

386–387

Theoretical plates, 256–257

Thermal conductivity detector,

267–268

Thief (grain sampler), 81

Thin-layer chromatography, 9

Time series data, 29–30

Titrimetric methods, 137

list of chemicals using, 137

procedures for alkalinity, 348–352

procedures for dissolved oxygen,

352–357

Toluene, 14–15, 262, 397, 401

Total ion chromatogram, 318

Total ionic strength adjust buffer

(TISAB), 299, 394

Total Kjeldahl nitrogen, 73, 209

Total solids, see Solids

Total suspended solids, 142

Toxicity characteristic leaching

procedure (TCLP), 103

Toxicity testing, 71, 104, 112

Traceability, 3

Transducers, see Detector(s)

Transect sampling, 57

Transmittance, 204

Travel blank(s), see Trip blanks

Trichloroethylene, 15, 386–387

Trier, for sampling, 81

Trip blank(s), 117–118

Triplet, 328

Troubleshooting, GC and HPLC,

282–284

TSP sampler, 81

U

Ultrasonic extraction, 110

Unsaturated zone, 31

Upfield, 327

UV cutoff, of solvent in

HPLC, 262

UV detector, 272–273

UV-VIS spectroscopy

instrument components,

206–207

methods for atmospheric

pollutants, 208–211

methods for pollutants in

water, 209, 211

practical tips, 215–216

V

Vadose zone, 31

Valence shell, 196

van Deemeter equation, 252

van Dorn sampler, for estuary

sampling, 76

Variance, population/sample, 21

Vegetation samples, 81
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Vibration

bending, 200

characteristic bands of IR, 203

Vibrational transitions, 198

Vinyl chloride, 15

Viscosity, of solvents in

HPLC, 262

Volatile organic compounds

(VOCs), 16

extraction and distillation

methods for, 183–187

standard analytical methods

for, 112–113

Volatile solids, see Solids

Volatility

by boiling point, 16

by Henry’s law constant, 170

Voltaic cell. See Galvanic cell

Voltammetry, 293–294

environmental applications,

300–305

Voltammogram, 294

W

Waste handling and disposal, 136

Waste impoundments, sampling from, 90

Waste piles, sampling from, 91

Wastewater, 36

sampling techniques, 84–85

test methods, 100–101

Water sampling, see also

Groundwater sampling

sampling tools for groundwater,

77–78

sampling tools for surface water,

76–77

Water, ASTM water purity

specifications, 130

Wave number, 201

Wavelength, 191

Weighted bottled sampler, 76

Well(s)

purging, volume of, 87

schematics of a monitoring well, 33

types of, 34

water level, measurement of, 34

Wet chemical methods, see also

Classical methods

analytical principles for common,

141–155

in environmental applications, 137

Wet chemistry, see Wet chemical

methods

Winkler method, for analysis of

dissolved oxygen

chemical principles, 145–147

procedures of, 352–357

Workplace environment, 37

X

X-ray fluorescence (XRF)

environmental applications of, 234

three types of, 233

of titanium atom, 227

Xylene, 14–15, 397–401

Z

Zeeman background correction, 237
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