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AA, see Atomic absorption spectroscopy
AA reference standards, preparation and
verification of ICP and, 25-32
certificate of analysis, 31-32
choice of raw materials, 2627
difference between AA and ICP reference
standards, 25-26
digestion of raw materials, 27-29

preparation of standard solution for testing,

29-31
testing by ICP spectroscopy, 31
verification of impurities, 29
Accreditation, 135, 136, 245
Accuracy, 31, 135, 243
Acenaphthene, 148, 174
Acenaphthylene, 148, 174
Acephenanthrylene, 174
Acid digestion, 28
Air matrix standards, 198
Aldrin, 118, 120, 124, 148, 194
Aliphatic hydrocarbons, 147, 148
Aluminum, 109
Ames bioassay, 157
Aminopropylsilane stationary phase, 164
Amnesic shellfish poisoning (ASP), 47
Ampouling, 17
Analyte(s)
stability, 114
stable isotope-labeled analog of, 15
traceability of, 34
volatility, 63
Analytical data, reproducibility of, 34, 37
Analytical method, 131
Anthracene, 148, 154, 166, 168, 174
Antimony, 109
Antioxidant, 65, 77, 78, 246
AOAC, see Association of Official Analytical
Chemists

Contact “Library Services” : info@dss.go.th

Index

Aqueous reference materials, development of
certified, using natural unpreserved
lake, river, and rainwaters, 89-111
background, 89-90
certified reference waters available from
National Water Research Institute,
108-109
discussion of results, 94—108
general, 94
stability of natural lake water reference
samples, 94-107
stability of rainwater, 107-108
preparing stable aqueous reference samples,
90-94
bottle washing procedures, 91
clarification by centrifugation, 92
collection of bulk water samples, 91-92
general, 90
membrane filtration, 92-93
pasteurization, 92
storage of bulk samples and subsampling
procedures, 93
Aqueous sample transport, 91
Aramite®, 11
Archive records, of products, 13
Arochlor, 237
1254, 180
1260, 180
mixtures, 143
Arsenic, 57, 58, 109
ASP, see Amnesic shellfish poisoning
Association of Official Analytical Chemists
(AOAC), 67
Atomic absorption (AA) spectroscopy, 25
AUD-01, comparison of interlaboratory median
values for, 95
AUD-02, comparison of interlaboratory median
values for, 96
AUD-03, comparison of interlaboratory median
values for, 97
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AUD-05
comparison of interlaboratory median values
for, 98
long-term stability of reference sample, 105
AUD-06, comparison of interlaboratory median
values for, 99

B

Bacteria, killing of in water, 28
Batch homogeneity, representative samples, 9
BCR, see Community Bureau of Reference
Benz[a]anthracene, 149, 152, 154, 165, 166, 168,
174
Benzo[b]chrysene, 155, 167
Benzo|alfluoranthene, 166, 168
Benzo|b]fluoranthene, 10, 149, 152, 164, 166, 174
Benzo[j]fluoranthene, 164, 166
Benzo[k]fluoranthene, 149, 152, 166, 174
Benzo[ghi]perylene, 165, 167, 174
Benzo[a]pyrene, 149, 152, 154, 166, 168, 174
Benzo[e]pyrene, 149, 152, 154, 166
Beryllium, 109
Bias
sources of, 175, 197
systematic, 240, 242
Biodegradation, 237
Biological reference material, preparation and
certification for polychlorinated
dibenzo-p-dioxin, dibenzofuran, and
biphenyl congeners, 77-88
characterization of CARP-1, 79-80
polychlorinated biphenyl congeners, 83-87
CARP-1 extraction, 86
instrumentation, 86~87
sample cleanup. 86
polychlorinated dibenzo-p-dioxin and
dibenzofuran congeners, 81-83
bulk lipid removal, 82
CARP-1 extraction, 81-82
instrumentation, 83
sample cleanup, 82-83
preparation of CARP-1, 78-79
Biological tissue materials, 250
Biota CRMs, moisture and lipid content,
62-63
Biphenyl, 148, 154, 174
Biphenyl congeners, 77
Blank soil, fortification of, 36
Bleached kraft mill effluent, 246
BMOOS-01, comparison of interlaboratory
median values for, 104
Boiling point (BP), 6, 8
Bottle washing procedures, 91

BP, see Boiling point

Breast muscle reference pool (1990), 209
Brominated dibenzofurans, 1990, 15
Bulk lipid removal, 82

Bulk water samples, collection of, 91

Cc

Calibration
curves, 31
natural matrix materials and, 151
reference materials for, 187
solution, 44, 147
verification of, 31
Canada Centre for Mineral and Energy
Technology (CANMET), 52
Canadian Certified Reference Materials Project
(CCRMP), 53-59
analysis of results from interlaboratory
measurement program, 55
assessment of homogeneity, 55
comminution, 54
criterion for certification, 55
environmental applications of CCRMP RMs,
56-57
interlaboratory measurement program, 55
state of the art in environmental analysis,
57-58
Canadian Wildlife Service (CWS), 205
CANMET, see Canada Centre for Mineral and
Energy Technology
Carbonate precipitation, 92
Carbon-fiber column chromatography, 237
CARP-1, 77, 78, 81
CCRMP, see Canadian Certified Reference
Materials Project
Cd concentration, in PACS-1, 45
CDPEs, see Chlorinated diphenyl ethers
Centrifugation, 90, 110
clarification by, 92
samples treated by, 94, 107
Certificate of analysis (COA), 13, 31, 144
Certification
faccreditation, 131, 136-137
of interlaboratory measurements, 55
process, 241
of quality, 188
Certified reference materials (CRMs), 43, 241
of biological tissue origin, 251-253
calibration solution, 85
CCRMP, 54
certified for inorganic components, 250
certified for organic contaminants, 259
definition of, 67
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essential requirements of, 78
fish, 61, 63
seawater, 47
sediment, 45
soil, 56
storage containers, 63
Certified reference waters, 108
Charcoal filtering, 28
Chlordecone, 12
Chlorinated dibenzo-p-dioxins, 61
Chlorinated dibenzofurans, 15, 61
Chlorinated dioxins, aqueous solubility of,
114
Chlorinated diphenyl ethers (CDPEs), 67
Chlorinated pesticide(s), 143, 147, 180, 262
determinations, 157
in NIST calibration solution SRMs, 148
cis-Chlordane, 7, 148
trans-Chlordane, 7, 12
2-Chlorobiphenyl, 148
4-Chlorobiphenyl. 16
Chlorophenols, 246
Chromium, 109
Chrysene, 152, 154, 164-166, 168
CLB-1, 85
CLB-2, 85
BC NMR, 17, 18
COA, see Certificate of analysis
Coal tar, 168
Cobalt, 109
Cod liver oil, 143
Cod liver oil SRM 1588, 246
Coefficient of variation, maximum permissible,
221
Column chromatography, 17
Community Bureau of Reference (BCR), 175
Compatibility, of compounds, 188
Compound identification, 18
Conical blender, 54
Consensus values, 34, 35, 64, 66, 72, 202, 245
Contamination
of baich, 9
glass beakers and, 28
prevention of, 29
Contracted analytical work, evaluation of, 213
Control charts, 243
Copper, 109
Cost, of stock solutions, 193
Court cases, defensible records needed during, 13
*C.PCB surrogates, 237
Credibility, establishment of, 136
CRMs, see Certified reference materials
C-surrogates, 235, 236
CWS, see Canadian Wildlife Service
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D

Data
compatibility, deficiencies in, 132
evaluation, 134
integrity, 62, 64
quality, 131
2,4-DDD, 148
4,4’-DDD, 148, 194
2,4-DDE, 148
4,4-DDE, 148, 194
2,4-DDT, 149
4,4-DDT, 149, 194
Decachlorobiphenyl, 15, 149
n-Decane, 148
Detection limits, 26, 71, 115
Diarrhetic shellfish poisoning (DSP) toxins,
47
Dibenz[a,jlacridine, 1
Dibenz[a,c]anthracene, 155, 164, 167
Dibenz[a,i]anthracene, 11, 149, 155, 164
Dibenz[a,jlanthracene, 155, 167
Dibenzo-p-dioxins, 15
Dibenzofurans, 11, 15, 77, 233
Dibenzothiophene, 174
2-4’-Dichlorobiphenyl, 148
4,4 -Dichlorobiphenyl, 16
Dieldrin, 148, 181, 194
Diesel particulate extract SRM, 162
Differential scanning calorimetry (DSC), 7
2,6-Dimethylnaphthalene, 148
Dimethylpolysiloxane phase, 175
Dioxin(s), 11, 36, 38, 39, 40
consensus values, 72
/furan analysis, 210
role of chemical standards in ultratrace analysis
of, 235
Disodium fluorescein, 35, 37
n-Docosane, 148
Documentation, of solution verification, 1
89
n-Dodecane, 148
Domoic acid, 47, 63
DORM-1, 210
DORT-1, 210
n-Dotriacontane, 149
Double blind samples, 243
Drying
preparation of soil by, 35
on steam beds, 54
DSC, see Differential scanning calorimetry
DSP, see Diarrhetic shellfish poisoning toxins
Duck breast muscle (1990), 217-219
Dust material, PD-1, 58
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EDF-2524, 72, 73
EDF-2525, 72, 73
EDF-2526, 72, 73
n-Eicosane, 148
Elemental analysis, 8
Endosulfan, 118, 120, 124, 194
Endosulfan 1, 11
Endosulfan II, 11
Endrin, 12, 194
Endrin aldehyde, 194
Environmental certified reference materials,
249-265
CRMs certified for inorganic components,
250-259
biological tissue materials, 250-255
food and agriculture products, 255
miscellaneous materials, 258
plant materials, 250
radionuclides, 258-259
sediments, 256-257
sewage sludge, 257-258
soils, 257
waters, 256
CRMs certified for organic contaminants,
259-264
chlorinated pesticides, 262-263
dioxins and furans, 263-264
polychlorinated biphenyls, 259-261
polycyclic aromatic hydrocarbons, 261-262
shellfish toxins, 263
Environmental contaminants, isomeric forms of, 5
Environmental laboratories, establishing
credibility of, 131-142
accreditation, 136—137
client’s perspective, 132-133
establishing laboratory credibility, 134-136
QA manual and PE reports, 135
reference methods and materials, 135-136
laboratory perspective, 137-138
Environmental reference materials (ERMs), 3, 33
categories of matrix-based, 199
classes of matrix-based, 201
definition of, 204
development of isomer-specific reactions and,
5
fortified matrix, 34
guidelines for preparation and verification of
neat organic, 3—14
documentation, 13-14
laboratory synthesis and purification of neat
organics ERMs, 5-6
verification of neat environmental reference
materials, 6-13

hierarchy of matrix-based, 202
isomer-specific reactions, 7
natural matrix, 34
neat, incorrect isomer assignments, 7
preparation of neat, 5
representative matrix, 200
safety precautions during design process, 6
site-specific, 199
stability of, 4
types of, 198
verification of structure assignments and, 5
water, 201
EPA Method 8080, 193
ERMs, see Environmental reference materials
Error, sources of, 114
EU-08
comparison of interlaboratory median values
for, 100
pasteurization of, 107
European Commission, Measurement and Testing
Programme, 175
Expiration date, 11
on certificate of analysis, 32
establishment of, 4
Expiration times, of standard stock solutions,
122
External audit, 131
External documentation, 13

F

False positives, 199, 204, 242
False negatives, 199
FID, see Flame tonization detection
Filtration, 94, 107, 110
Fish
high-lipid, 64
homogenization, 65
low-lipid, 64
tissues, PCB isomers in, 15
Fish CRMs, development of fortified and
unfortified, 61-74
preparation of CRM materials and methods,
63-67
characterization for other halogenated
organics, 67
consensus value determinations, 66
preparation of three CRMs, 64-65
results and discussion, 67-73
Flame ionization detection (FID), 144
Fluoranthene, 148, 152, 154, 166, 174
Fluorene, 148, 154, 166
Fluorescence wavelength programming, 165
Food and agriculture products, 252, 255
Fortified natural matrix materials, 3
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Furans, 36, 38—40
consensus values, 72
role of chemical standards in ultratrace analysis
of, 235

G

GAP, see Good analytical practices
Gas chromatography (GC), 6, 7, 144
with flame ionization detector (GC-FID), 7, 34,
163
-mass spectrometry (GC-MS), 17, 34, 86, 144,
163
area counts from, 19
confirmation of analyte identity by, 35
retention times, 17, 34
GC, see Gas chromatography
GC-FID, see Gas chromatography with flame
ionization detector
GC-MS, see Gas chromatography-mass
spectrometry
Generator column
applicability, 119
life-span, 124
preparation, [15
stability, 121
GLO, see Good laboratory operations checklist
Good analytical practices (GAP), 134, 141-142
Good laboratory operations (GLO) checklist,
139-140
Good laboratory practice, 131
Gravimetry, 144
Great Lakes, herring gull eggs from, 206
Grinding medium, 54
GRM-01
collected off greenhouse roof, 107
comparison of interlaboratory median values
for, 101
long-term stability of reference sample, 106
GRM-02
collected off greenhouse roof, 107
long-term stability of reference sample,
106

H

Halogenated organics, 67

HCB, see Hexachlorobenzene
B-HCH, 181

y-HCH, 148

Heat treatment, 90

Heavy metal analysis, 210
Heptachlor, 148

Heptachlor epoxide, 148, 194
Heptachlor([2,3-ex0] epoxide, 11
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2,2 3,3’ 4,4’ 5-Heptachlorobiphenyl, 149, 177
2,2',3,4,4",5,5 -Heptachlorobiphenyl, {49
2,2’ ,3,4,5,5 ,6-Heptachlorobiphenyl, 149
2,2',3,4°,5,6,6'-Heptachlorobiphenyl, 149
n-Heptadecane, 148
Herring, 72, 73
1979 herring gull, 217-219
1980 herring gull egg, 217-219
1989 herring gull egg, 217-219
Hexachlorobenzene (HCB), 118, 119, 120, 124,
148, 238
2,2°,3,3’,4,4"-Hexachlorobiphenyl, 149, 158, 177
2,2',3,4,4’,5-Hexachlorobiphenyl, 16, 149, 158,
177
2,2,3,4’,5",6-Hexachlorobiphenyl, 158, 177
2,2'.4,4°,5,5 -Hexachlorobiphenyl, 16, 119, 120,
149, 177
2,2’.4.4,5,6'-Hexachlorobiphenyl, 149
2,3,3',4,5,6-Hexachlorobiphenyl, 158, 177
2,3,3.4',5,6-Hexachlorobiphenyl, 158, 177
n-Hexacosane, 149
n-Hexadecane, 148
High performance liquid chromatography
(HPLC), 7, 17, 114
High resolution gas chromatography (HRGC), 62,
66
High resolution mass spectrometry (HRMS), 62,
66
'H NMR, 17, 18
Homogeneity
assessment of, 66
of CARP-1, 79
confirmation of, 33, 37
demonstrating, 34
establishing, 35
questions on, 64
statistical analysis to assess, 55
of subsamples, 92
testing, 46
verification of, 6
Homogenization, cryogenic, 156
Homogenizer, 65
HPLC, see High performance liquid
chromatography
HRGC, see High resolution gas chromatography
HRMS, see High resolution mass spectrometry
Human serum, PCB isomers in, 15
Hydrophobic materials, preparation and
validation of generator columns for
highly, 113-127
applications, 119-125
column life, 124
column stability, 121-123
elution conditions, 120121
solution storage, 125
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generator columns, 114-119
analytical procedures, 117-119
applications, 115
aqueous solution development, 117
Chromosorb preparation, 116
coated Chromosorb preparation, 116
column preparation, 115-117
development, 114115
standard solution preparation, 116

ICP
concentration of standard verified by, 29
/MS, popularity of, 26
spectroscopy, 31
Standards, Series 3100, 31
1ERT, see Institute for Environmental Research
and Technology
1JC, see International Joint Commission Wildlife
Surveillance Program
IMB, see Institute for Marine Biosciences
Impurities
metallic, 25
verification of, 29
Indeno[1,2,3-cd}fluoranthene, 174
Indeno[1,2,3-cd]pyrene, 149, 153, 155, 165, 167,
174
Infrared (IR) spectroscopy, 6
Inhomogeneity, risk of, 54
In-house reference materials, 205
Institute for Environmental Research and
Technology (IERT), 43
Institute for Marine Biosciences (IMB), 43
Instrumental bias, 20, 22
Instrumentation, calibration of, 3
Intercomparison studies, 89
Interferences
from biochemicals, 242
within main element, 26
Interlaboratory comparisons, 37
Interlaboratory MDL, 204
Interlaboratory measurement, 55, 57
Interlaboratory method, 131
Interlaboratory performance studies, 131
Interlaboratory round-robin study, 68
Interlaboratory study, 33, 35, 68
to assess laboratory peformance, 125
performance evaluation in, 115
Internal control, uses of RMs for, 242
Internal quality assurance, 209
Internal records, 13
Internal reference materials (IRMs), 241
Internal standard, 3, 83, 237

International Joint Commission (IJC) Wildlife
Surveillance Program, 206
International Standards Organization (1SO), 67
Intralaboratory MDL, 204
lon monitoring, selected, 17, 83
ION-91, 94, 105
ION-96, comparison of interlaboratory median
values for, 103
lon-exchange cartridges, 28
IR, see Infrared spectroscopy
IRMs, see Internal reference materials
Iron, 109
1SO, see International Standards Organization
1SO Guide 35, 68
1SO9001 program, 67
Isomer-specific reactions, 34
Isotope dilution, 15, 188
detection limits, 16
precision, 16
specificity, 16
Isotope dilution standards, preparation and
validation of, 15-23
carbon-13 labeled PCBs, 1718
concentration verification, 19-21
general procedures, 17
quality control analysis, 18-19
specific procedures prior to weighing, 18
specific procedures from weighing to technical
data sheets, 18
statistical controls, 19
technical data/material safety data sheets,

21
Isotope-labeled solution, gravimetric preparation
of, 16
J
Jaw crusher, 54
K

Kolmogorov-Smirnov goodness of fit testing, 68

L

Labeling, of stock solution, 192
Labor cost, 189
Laboratory
credibility, 136
inspection, 136
1979 Lake Erie herring gull eggs reference
material, 207
1980 Lake Huron herring gull eggs reference
material, 207
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1986 Lake Ontario herring gull eggs reference
material, 208
1989 Lake Ontario herring gull eggs reference
material, 208
Lake trout, 72, 73
LC, see Liquid chromatography
Lead, 58, 109
Lipid content
CARP-1, 79
tissue extract with high, 161
Liquid chromatography (LC), 144
-FL, reversed phase, 163
multidimensional, 163
normal-phase, 164
Lithium, 109
Lobster hepatopancreas, 46, 63
Long-term control, of laboratory results, 245
Long-term trends, 205
Lot number, on certificate of analysis, 32

MACSP, see Marine Analytical Chemistry
Standards Program
Major ions
of NWRI certified reference waters, 109
stability of, 94
studies, 90
Major nutrients
of NWRI certified reference waters, 109
studies, 90
Manganese, 109
Marine Analytical Chemistry Standards Program
(MACSP), 43
Marine sediment, 143
Mass spectrometry (MS), 6, 15, 234
Materials
miscellaneous, 258
toxicological properties of, 6
Material safety data sheets (MSDS), 17, 21
Matrix
-based synthetic reference matenals, 33
blank, 201
effects, 26, 199
materials, natural environmental, 143
spiking standards, 3
MDL, see Method detection limit
Measurement comparability, long-term, 181
Melting point (MP), 6, 7, 8, 17, 34
Membrane filtration, 90, 92
Mercury, 58
Metal sulfides, 56
Method
bias, 70
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detection levels, 33, 202, 204
detection limit (MDL), 115, 197, 202, 204
Methoxychlor, 194
Methylmercury, 46, 47
1-Methylnaphthalene, 148
2-Methylnaphthalene, 148
I-Methylphenanthrene, 148, 154, 174
2-Methylphenanthrene, 174
3-Methylphenanthrene, 174
Microbial activity, 108
Microbial degradation, 90
Microorganisms, 92
Mirex, 11, 118, 120, 148
Molybdenum, 109
Monitoring program, long-term, 206
Mositure content, 65
Mouse bioassay, 47
MP, see Melting point
MS, see Mass spectrometry
MSDS, see Material safety data sheets
Multicomponent analytical standards, validation
of, 240
Multi-element standards, 29
Multipoint calibration curves, 147
Mussel tissue, 63, 143
Mutagenicity reference values, 157
Mytilus edulis, 63, 161

N

Naphthalene, 148, 154, 166
National Institute for Environmental Studies
(NIES), 250
National Institute of Standards and Technology
(NIST), 16, 53, 67, 108, 114, 143
standard, 19, 20
traceable to, 31
verification of calibration curves with. 31
National Oceanic and Atmospheric
Administration, 250
National Research Council certified reference
materials, preparation of, 43-51
CASS-1, CASS-2, CASS-3, 49
CLB-1, CLB-2, DPAC-1, DPAC-2, 44-45
DORM-1, DORM-2, DOLT-1, DOLT-2, 47
HS-1, HS-2, CS-1, 4344
HS-3, HS-4, HS-5, HS-6, 45
LUTS-1, 46-47
MESS-1, MESS-2, BCSS-1, PACS-1, 45-46
NASS-1, NASS-2, NASS-3, NASS-4, 4749
shellfish toxins, 50-51
SLRS-1, SLRS-2, SLRS-3. SLEW-1, SLEW-
2, 49-50
TORT-1, TORT-2, 46
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Native impurity, 236
Natural matrix reference materials, 33, 181
definition of, 4
for PCB, 157
Naturally contaminated matrix, 201
Natural water samples, 47
Neat ERMs
chemical degradation, 11
homogeneity, 9
purity of, 7
stability testing for, 11
Neat materials
internal preparation from, 188
purity of, 34
Neat reference materials, definition of, 4
Nickel, 109
NIES, see National Institute for Environmental
Studies
NIST, see National Institute of Standards and
Technology
NMR, see Nuclear magnetic resonance
cis-Nonachlor, 12
trans-Nonachlor, 12, 148
n-Nonadecane, 148
Noncertified concentrations, 250
Nonferrous dust, 57
2,2.3,3,4,4',5,5,6-Nonochlorobiphenyl, 149
Nuclear magnetic resonance (NMR), 6

(o)

OCDD, 70
OCS, see Octachlorostyrene
2,2°,3,3" 4,4’,5,5-Octachlorobiphenyl, 149, 177
2,2,3,3",4,4’,5,6-Octachlorobiphenyl, 149
2,2,3,3",4,5,6,6’-Octachlorobiphenyl, 149
Octachlorostyrene (OCS), 67
n-Octacosane, 149
n-Octadecane, 148
Okadaic acid, 47
Organic compounds
degradation, 114
volatility, 114
Organic contaminants, standard reference
materials for determination of trace, in
environmental samples, 143-186
analytical approach for centification of natural
matrix SRMs, 162-181
determination of PAHs in SRM 1941a,
163-172
determination of PCBs and pesticides in
SRM 1945, 172-181
NIST SRMs for organic contaminants,
144-162
calibration solutions, 147-150

natural matrix SRMs, 151-162
Organic contaminants, use of reference materials
and standards in analysis of
environmental samples for, 233-248
availability and use of standards to measure
other environmental residues,
237-240
criteria for selection of reference materials,
241-242
external uses of RMs, 244-245
post-derivatization measurement of organic
residues, 246-247
chlorophenols, 246-247
role of chemical standards in ultratrace analysis
of dioxins and furans, 235-237
types of reference materials, 241
uses of RMs for analytes other than those
certified, 245-246
uses of RMs for internal control, 242-243
validation of multicomponent analytical
standards, 240-241
Organic ERMs, sources, §
Organics, in whale blubber, 182
Organochlorine, 77, 214
/PCB analysis, 209
pesticides, 64, 73, 121
residues, in herring gull eggs, 206
Organohalogens, reference materials for, 61
Outliers, 108
Oxidation, 26, 54

P

PAHs, see Polynuclear aromatic hydrocarbons
Particulate removal, 92
Pasteurization, 92, 107, 110
Pb concentration, in PACS-1, 45
PCBs, see Polychlorinated biphenyls
PCDD/PCDF soil standards, preparation and
stability of, 33-41

customized standards, 38-39

fortification of blank soil, 36-37

future natural matrix reference materials,

3940

homogeneity, 35-36

reproducibility of analytical data, 37

soil selection and preparation, 35

stability testing, 37-38

traceability of analytes, 34-35

two types of soil standards, 34
PCDDs, see Polychlorinated dibenzo-p-dioxins
PCDFs, see Polychlorinated dibenzofurans
PD-1, 57
PE, see Performance, evaluation
2,2°,3,4,5-Pentachlorobiphenyl, 148, 158, 177



INDEX

2,2’,3,5',6-Pentachlorobiphenyl, 158, 177
2,2’,4,4’5-Pentachlorobiphenyl, 158, 177
2,2’,4,5,5'-Pentachlorobiphenyl, 16, 119, 148,
158, 177
2,2°,4,6,6’-Pentachlorobiphenyl, 148
2,3,3’,4,4’-Pentachlorobiphenyl, 22, 149, 158, 177
2,3,3",4’ 6-Pentachlorobiphenyl, 158, 177
2,3,4,4’,5-Pentachlorobiphenyl, 149, 158, 177
3,3',4,4',5-Pentachlorobiphenyl, 149
1,2,3,7,8-Pentachlorodibenzo-p-dioxin, 80
n-Pentadecane, 148
Pentaphene, 167
Performance
assessment, 136
documentation, 131
evaluation (PE), 3, 33, 135, 204
Perylene, 149, 153, 155, 167, 174
Pesticide calibration solutions, 194
Phenanthrene, 148, 152, 154, 166, 174
Phytane, 149
Picene, 155, 167
Pipets, calibration of, 30
Plant materials, 250, 251
Polychlorinated biphenyls (PCBs), 15, 43, 77,
143, 175, 259
analogs, *C-labeled, 16
analysis of total, 238
aqueous solubility of, 114
compounds, 214
concentrations, total, in CRMs, 73
congeners, 44, 74, 148, 180
coplanar, 61, 72
determination of in SRM 1945, 172
Polychlorinated dibenzo-p-dioxins (PCDDs), 5,
33,77,121, 233
Polychlorinated dibenzofurans (PCDFs), 33, 69,
717, 161
Polynuclear aromatic hydrocarbons (PAHs), 8,
11, 43, 114, 143, 238, 261
analysis methods for, 163
determination of, 147
generator columns for, 150
in NIST calibration solution SRMs, 148
nitrated, 150
sediment reference materials for, 45
separations, shape selectivity for, 164
PQLs, see Practical quantification limits
Practical quantification level, 204
Practical quantification limits (PQLs), 202
Precision, 31, 135
lot-to-lot, 192
of measurement, 32
Preservation, method of, 67
Primary standard, 27
Pristane, 149
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Purity
bacteriological, 94
of components, 240
confirmation of, 18, 33
ICP standards and, 27
verifcation of, 6

Pyrene, 149, 152, 154, 166, 174

Q

QA, see Quality assurance
QC, see Quality control
QM, see Quality management program
Quality assurance (QA), 134
audits, defensible records needed during, 13
criteria, contract laboratory, 215-216
manual, 135
Quality assurance, in-house reference materials as
means to, 205-231
determination of trace components in refernce
materials, 214-219
reference materials made at CWS, 206-209
production and characterization of CWS
secondary reference materials,
207-209
rationale, 206207
relationships found over time, 221-229
stability of RM, 225-226
theoretical expectations of variations of
coefficients of variation, 221-225
variations of PCB data for 1980 RM,
226-229
reliability of CWS analytical procedure,
220-221
accuracy, 220
interlab comparisons, 220-221
use of reference materials at CWS laboratories,
209-214
evaluation of contracted analytical work,
213-214
internal quality assurance, 209-213
Quality control (QC), 134
analysis, 18
charts, 67
performance evaluations, 198
standard, 31
Quality management (QM) program, 132
Quantitative transfer, 68

R

Radiation sterilization, 45, 46, 47, 49
Radionuclides, 57, 258
Rainwater

stmulated, 108, 256
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stability of, 107
Raw materials

choice of, 26

purity of, 26
Recovery standards, 3, 81, 86, 236
Recrystallization, 12, 17
Reference certified material, definition of, 136
Reference material (RM), 233

categories of, 233

compound identification, 6

external uses of, 244

matrix-based synthetic, 33

natural matrix, 33

preparation errors, 4

purity, 236

traceability of, 4

types of, 241

uses, 144
Reference standard material, definition of, 135
Reference waters

long-term stability, 90

unpreserved, 90
Refractive index (RI), 7, 6
Relative response factors (RRFs), 238, 240
Reliable quantification level (RQL), 203, 204
Resistivity, 28
Respresentative matrix, 197
Retention times

comparison of, 7

reproducibility of, 168
Reverse osmosis, 28
RI, see Refractive index
River sediment, 143
RM, see Reference material
RM 1614, 235
Round-robin analysis, 64, 66
Round-robins, 132
RQL, see Reliable quantification level
RRFs, see Relative response factors

S

Salmon, 72, 73
Sample

cleanup, 82, 86

preparation procedures, 156
Sealing, 17
Seawater sample collection, 4748
Sediment material

BCSS-1, 44, 45

CASS-1, 49

CASS-2, 44, 49

CASS-3, 49

CLB-1, 44

CLB-2, 44

CS-1, 43, 44

DACS-1, 44

DOLT-1, 47

DOLT-2, 44, 47

DORM-1, 47, 210

DORM-2, 44, 47

HS-1, 43, 44

HS-2, 43, 44

HS-3, 44, 45

HS-4, 44, 45

HS-5, 44, 45

HS-6, 44, 45

LKSD-1, 58

LKSD-1-4, 56

LKSD-2, 58

LKSD-4, 58

LUTS-1, 46

MESS-1, 45

MESS-2, 44, 45

MUS-1, 44, 47

MUS-2, 44, 47

NASS-1, 47

NASS-2, 47

NASS-3, 47

NASS-4, 44, 47

OACS-1, 44

PACS-1, 44, 45

PSP-1, 44

SES-1, 44

SLEW-1, 49

SLEW-2, 44, 49

SLRS-I1, 49

SLRS-2, 44, 49

SLRS-3, 49

STSD-1, 58

STSD-1-4, 56

STSD-2, 58

TORT-1, 44, 45
Sediments, 252-253, 256
Selectivity, among columns, 168
Selenium, 109
Semivolatile organics, 122
Sewage sludge, 253, 257
Shelf life

of solution, 17

of standard, 37
Shellfish toxins, 43, 263
Shewart chart, 209
Silver, 109
Sludge, PCB isomers in, 15
Smectic liquid crystalline stationary phase, 163
Sn concentration, in PACS-1, 45
Soil(s), 253, 257

fortified, 34

homogeneity, test method for, 35
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material
S0O-2. 58
SO-3, 58
S0-4, 58
PCB isomers in, 15
standard, general use, 35
Solubility, temperature dependence of, 120
Solution(s)
ready to use, 193
storage, 125
Sonication, 68, 81, 86
SOP, see Standard operating procedure
Specifcity, 62
Specimen bank, 206
Spiked matrix blank, 201
Spiking studies, 114
Spray drying, 46
SRM, see Standard reference material
SRM 1566, 210
SRM 1577a, 210
SRM 1580, 146
SRM 1581, 146
SRM 1582, 146
SRM 1385, 16, 19, 22
SRM 1588, 146, 175, 220, 246
SRM 1589, 146
SRM 1597, 146, 168
SRM 1648, 146
SRM 1649, 146
SRM 1650, 146
SRM 1939, 146, 175
SRM 1941, 146
SRM 1941a, 146, 163
SRM 1945, 146, 172, 182
SRM 1974, 146
SRM 19744, 146
SRM 1975, 146
SRM 2694, 108
SRM 2974, 146
SRM 8045, 146
Stability
long-term, 34, 37
short-term, 34, 37
testing, 37
frequency of, 11
program, 4
typical time intervals for, 11
verification of, 6
Standard matrix, matching with sample, 31
Standard operating procedure (SOP), 17, 135
Standard preparation, safety concerns, 234
Standard reference material (SRM), 16, 17
diese] particulate extract, 162
incorporation of into protocols, 20
natural matrix, 151, 157

277

Standards
customized, 38
ease of use, 187
long-term stability of, 33
Standards, matrix-based, 197-204
categories of matrix-based ERMs, 199-201
category choices, 201
representative matrix ERMs, 200-201
site-specific ERMs, 199-200
water, 201
classes of matrix-based ERMs, 201-202
environmental reference material
classifications, 197
simplifying assumptions, 198-199
three major types of ERMs, 198
uses of matrix-based ERMs, 202-203
Standard solution
cost of preparation, 189
in-house preparation, 190
Standard solutions, user’s perspective on
environmental, 187-196
commercially prepared stock solutions,
191-193
cost, 193
ease, 191-192
efficiency, 192
quality, 192
safety, 192
cost, 188
ease, 187
efficiency, 188
internal preparation fron neat materials,
188-191
cost, 189-191
ease, 188
efficiency, 191
quality, 188189
safety, 189
quality, 187-188
ready to use solutions, 193-195
cost, 195
ease, 193
efficiency, 193-194
quality, 195
safety, 195
safety, 188
Statistical control, 17, 233, 243
Statistical evaluation, 71
Sterilizing, preparation of soil by, 35
Stock solutions, commercially prepared, 191
Stock standards, multicomponent, 190
Storage
bulk water samples, 93
conditions, for reference materials, 11
Strontium, 109
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Structure
confirmation, conclusive, 7
elucidation, 6
Subsampling procedure, water sample, 93
Sulfide ore mill tailings, 56
Sulfur speciation, 56
Surrogate
compounds, 236
standards, 3
Synthetic reference materials, 3

T

Tailings material
RTS-1-4, 56
RTS-2, 58
RTS-3, 58
RTS-4, 58
Target compounds, pattern, 242
TCDD, see 2,3,7.8-Tetrachlorodibenzo-p-dioxin
2,3,7,8-TCDD, see 2,3,7,8-Tetrachlorodibenzo-p-
dioxin
2,3,7,8-TCDF, 71
TDS, see Technical data sheets
Technical data sheets (TDS), 13, 17, 18, 21, 22
Technical staff, training and proficiency of, 243
Technician bias, 20, 22
Teflon®, 28, 48
Testing, frequency of, 245
2,2°,3,5"-Tetrachlorobiphenyl, 148, 158, 177
2,2’ 4,5 -Tetrachlorobiphenyl, 158, 177
2,2",4,6-Tetrachlorobiphenyl, 148
2,255 -Tetrachlorobiphenyl, 16, 119, 148, 158,
177
2,3’4,4'-Tetrachlorobiphenyl, 148, 158, 177
3,3’,4,4"-Tetrachlorobiphenyl, 148
3,3’,4,5 -Tetrachlorobiphenyl, 16
1,2,3,4-Tetrachlorodibenzo-p-dioxin, 157
2,3,7,8-Tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD), 5, 77, 80, 157, 233, 235
Tetrachloro-m-xylene, 238
n-Tetracosane, 148
n-Tetradecane, 148
n-Tetratriacontane, 149
Thermal stabilization, 67
Thin layer chromatography (TLC), 8, 34
TLC, see Thin layer chromatography
Tolerance limits, 34
Toxaphene, 67, 238, 246
Toxic congeners, 33
Trace metals, of NWRI certified reference waters,
109
Traceability, 5, 234
of data, 242
definition of, 4

homogeneity and, 9

information, 32

of reference material, 13

of solutions, 35
n-Triacontane, 149
2,2,4'-Trichlorobiphenyl, 16
2,2’,5-Trichlorobiphenyl, 148, 158, 177
2,3,5-Trichlorobiphenyl, 158
2,4,4,-Trichlorbiphenyl, 148, 158, 177
2,4,5,-Trichlorobiphenyl, 148, 158
n-Tridecane, 148
1,6,7-Trimethylnaphthalene, 148
Triphenylene, 154, 164, 166
t-test, 243
Two-dimensional gas chromatograph, 86

U

Uncertainty, associated with certified value,
170

n-Undecane, 148

United States Geological Survey, 53

Uranium, 109

Urban Dust/Organics, 162

U.S. Fish and Wildlife Service, 221

v

Validation, of analytical procedure, 144
Vanadium, 109
Variability, sources of, 197
Verification

analytical, 189

cost of, 190

vs. known standard, 19

preparation of solution for, 188
Volumetric flasks, calibration of, 30

w

Waste oil, PCB isomers in, 15
Waters, 252, 255
Water samples, stabilization of, 90
Weathering, 237
Weighted mean, 170
Wet assay, classical, 29
Whale blubber
organics in, 182
tissue, 143

Zing, 58, 109





