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biological reactions, of CWAs 127–8
Biological and Toxin Weapons Convention

(BTWC) 633, 636–8
analysis 638
central prohibition 636, 638
Fifth Review Conference (2002) 660
First Review Conference (1980) 636
Fourth Review Conference (1996) 637–8
overlap with Chemical Weapons Convention 641
Second Review Conference (1986) 636–7
Third Review Conference (1991) 637

biological warfare, public’s dislike of 2
biological weapons vaccinations, and Gulf War

‘syndrome’ 358, 359, 361–2
biomarkers 127–56
bispyridinium oximes 288, 305

see also obidoxime; trimedoxime
bis(2-chloroethyl)ethylamine see HN1
bis(2-chloroethyl)methylamine see HN2
bis(2-chloroethyl) sulphide see dichloroethyl

sulphide; sulphur mustard
1,2-bis(2-chloroethylthio)ethane 97, 100, 114, 673
bis[2-(2-chloroethylthio)ethyl] ether 410, 673
bis(chloromethyl) ether 678
bis(2-chlorovinyl)arsine 102, 115
black bryony berries 669
black widow spider venom 669
Blausäure see hydrogen cyanide
blindness, CWA-caused 392, 399, 448, 470
blister agents see lewisite; nitrogen mustards; sulphur

mustard
blistering, by vesicant agents 381–2
blood–brain barrier permeability

hyoscine 348
phosgene 488
physostigmine 348
pyridinium oximes 315
pyridostigmine 346

blood cells, production in bone marrow 443–4
blood sample, free metabolites as biomarkers 129
blood transfusion, in treatment of bone marrow

failure 451–2, 462
blue cross gases 669
BM (mixture) 669
BN-stoff see bromomethyl ethyl ketone
bone marrow

blood cell production 443–4
effect of sulphur mustard 393

treatment of 399, 401
embryological development 443
haematopoiesis sites 443, 444
long-term effects of alkylating agents 444–5
microenvironment 447–8
normal 443–8

red marrow 443
tissue typing 461
yellow marrow 443

bone marrow failure
treatment of 448–61

anti-bacterial prophylaxis 453–4
anti-fungal therapy 454–5
anti-microbial therapy 453
anti-viral agents 455
blood product support 451–2
cytokine therapy 449–51
irradiated blood products 452–3
other supportive measures 455–6
stem cell transplantation 456–61

boric acid 669
botulinum toxin 526, 670
breathing mode, effect on particle deposition 44,

48–9
Bretonite see iodoacetate
British Anti-Lewisite (BAL) 139, 432, 472
British Type S smoke 670
brodifacoum 670
bromine 670
bromlost see dibromoethyl sulphide
bromoacetone 480, 670
bromoacetophenone 670
bromobenzyl cyanide 25, 480, 670
bromomethyl ethyl ketone 670
bromophosgene see carbonyl bromide
bromopicrin 671
bromovinyl dibromoarsine 671
bronchorrhea 202, 255–6
Brownian motion 41
brucine 671
Brussels Declaration (1874) 633
BTX see botulinum toxins
bufotalin 671, 704
bufotenine 671, 696, 704
bufotoxin 671, 704
buildings, atmospheric dispersion affected by

77–8
bungarotoxins 671
Bunsen coefficient 26
buoyancy, atmospheric dispersion affected by 71–2,

73
burdock root 671
butter of zinc see zinc chloride
butyrylcholinesterase (BuChE)

as biomarker for nerve agents 140, 141, 255
analytical methods 142–3, 210–11

inhibited by nerve agents 140, 208
BZ 671

biomarkers 145
hydrolysis of 145
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European Union (EU) initiatives 651–4
future chemicals policy 653–4

evaluation of chemical risks 656–7
excessive suffering, as objection to CW 15–16
exercise(s)

effect on particle deposition 49–50
human exposure studies during 227–8
respirator testing 170

explosive weapons
compared with CWAs 15–16
use by terrorists 262

eye(s)
decontamination of 187–8
effects of nerve agents 18, 182, 202, 203, 230–1,

279, 280
effects of nitrogen mustards 392
effects of ricin and abrin 621, 625
effects of riot control agents 564–5, 570–1, 580,

585, 588, 592–4
medical treatment 598–9

effects of sulphur mustard 379–80, 391–2, 395–6
delayed effects 397
medical treatment 398–9

F gas 682
F-stoff see titanium tetrachloride
face-scanning techniques, for respirator fitting 170
fenamiphos 309, 310
fentanyl derivative 548, 658–9
Fichlor (sodium dichlorocyanate) 186
Fick’s laws of diffusion 58, 412–13
fire coral toxins 682–3
first aid measures

cyanides 519–20
lewisite 471–2
riot control agents 596–7
sulphur mustard 397–8

first responders see emergency services staff
flame photometry 169
fluorides 683
fluoroacetates 683, 691
FM see titanium tetrachloride
Forestite see hydrogen cyanide
Fraisinite see benzyl iodide
Fraissite see benzyl bromide; benzyl chloride; benzyl

iodide
France

CWAs used 525, 676
cyanide poisoning antidote 524
disaster planning 269–71
emergency services response plans 268, 269–75
Plan Biotox 271
Plan Piratox, (‘red plan’) 269–71, 274
respirator designs 158

riot control agents used 543
see also SAMU

free radicals 386–7, 483
French, [Sir] John, on use of ‘gas’ 6
French 4 see hydrogen cyanide
French 4B see cyanogen chloride
‘friendly fire’ (in military conflicts) 367
FS (mixture) 683

see also chlorosulphonic acid; sulphur trioxide
fullers’ earth (decontaminant) 187, 398, 419, 683
fumergerite see titanium tetrachloride
fungal infections, prophylaxis against 454–5, 462–3
furocoumarins 683
fusariotoxin see mycotoxin T2
fusarium mycotoxins 693, 707

G agents 683–4
development and production in Germany 3, 7, 10,

90, 191, 223, 683
human exposure studies 224–32
see also GA; GB; GD; GE; GF

G-CSF, use in bone marrow therapy 450–1
GA 683–4

chemical structure 194
degradation products 106, 118

guidelines for restoration 106
toxicity 106

environmental degradation 92, 106
health-based environmental screening levels 101
hydrolysis of 106, 108
impurities 106, 118
physicochemical properties 106, 195, 410, 683
production by Germany 683
toxicity 197–8, 684
see also tabun

galantamine 684
gas chromatography (GC) 130
gases

absorption of 57–60
concentration–duration relationships 53–7
concentration units 22–3
critical temperatures and pressures 21

listed for various gases 22
exposure, definition 53–4
solutions in solvent(s) 25–6

gastrointestinal effects, riot control agents 600
Gaussian plume 68, 70

approximation used in dispersion modelling 68,
83–4

meandering 70, 74–5
as time-averaged measurement 74

Gaussian puff method (for atmospheric dispersion
modelling) 84, 85

advantages 84
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recall bias 362
self-reported symptoms 357
terminology 355–6
whether it exists 357–8

gut flora, effect of decontamination procedures 454

H see sulphur mustard
Haber’s 1, 7, 55, 375, 424
Haber’s relationship 55, 56, 264, 478, 479
haematopoiesis

growth factors involved in 447
kinetics, early studies 445–6
sites 443, 444

haemoglobin, normal levels 462
haemoglobin adducts

as biomarkers to CWA exposure 128, 129
with sulphur mustard 133

analytical methods 134
Hagedorn-oximes 306

see also HI 6; HLö 7
Hague Conference declarations 4, 5, 633

breach of 6
hair, protein adducts as biomarkers 129
Haldane, J.B.S. 1, 7–8, 16
Haldane, J.J. 12, 13
Haley, R., on Gulf War ‘syndrome’ 210, 357, 360
harmine 685
hazard, meaning of term 263
hazard area envelope 70
hazard evaluation, riot control agents 556–7
HAZMAT classification 175, 262
HC (mixture) 685

see also zinc chloride
HD see sulphur mustard
health-based environmental screening levels

listed for various CWAs 101
organophosphate nerve agents 101, 212

heart, effect of nerve agents 204
heloderma polypeptides 685
hemidesmosomes 387
hemlock see coniine
henbane alkaloids 685
Henry’s law 26
herbicides, use in warfare 3, 665
herpes infections, prophylaxis against 455
hexachloroethane 685
hexachloromethyl carbonate 685
hexamethylenetetramine, phosgene poisoning treated

by 491–2
hexanitrophenylamine 685
hexite see zinc chloride
hexokinase, inhibition by vesicants 384, 432
HI 6 (oxime) 306, 306

as antidote to nerve agents 257, 311–12, 321, 322

elimination rate data 317
metabolism and excretion 316
reactivation of organophosphate-inhibited AChE

by 309, 311, 320, 321, 322, 335
stability in aqueous solution 313, 314
toxicity 318, 319–20

histopathology, vesicant-injured skin 389–93, 432–5
historical aspects

CWAs 2–4, 90, 91, 94–6, 191–2, 543
human studies with nerve agents 223–39
respirators 157–9
riot control agents 543–4
sulphur mustard 3, 10, 90, 375–6, 423–5, 678

histrionicotoxin 685
Hitler, Adolf 397
HL (mixture) 410, 685
HLö 7 (oxime) 306, 306

as antidote to nerve agents 322
metabolism and excretion 316
reactivation of organophosphate-inhibited AChE

by 309, 311
stability in aqueous solution 313, 314
toxicity in animal studies 318

HN1 (nitrogen mustard) 378, 685
physicochemical properties 378, 685

HN2 (nitrogen mustard) 378, 685–6
clinical use 378
physicochemical properties 378, 686
toxicity 380–1

HN3 (nitrogen mustard) 378, 686
physicochemical properties 378, 686

Hodgkin’s disease, treatment of 380, 448–9
hog see angel dust
holothurins 686
homomartonite see bromomethyl ethyl ketone
homopahutoxin 695
hordenine 686
hospital planning 180–1, 529–30
hostage situations 548, 591, 658–9
HS see dichloroethyl sulphide; sulphur mustard
HT (mixture) 96, 686
human exposure studies

nerve agents 223–39, 243–4
accidental exposure reports 227, 231, 235–6,

243
drinking/eating activities 228–9
eye effects 230–1
general studies 224–5
ingestion effects, VX 234
intravenous application, VX 232
military effectiveness studies 230
odour perception 228, 235
performance studies 227
physical performance studies 227–8
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human exposure studies (cont.)
physiology 228
with protection 231–2
psychological/behavioural effects, VX 234–5
pulmonary responses 229–30
skin application 225–6, 233–4
therapeutic studies 235
vapour exposure 226–7, 232–3

riot control agents 555–6
human immunoglobulin 455, 463
human leucocyte antigen (HLA) typing 449
human serum albumin, as biomarker to CWA

exposure 128, 129
humanity, principle of 14
Hunstoff see sulphur mustard
hydrazine 686
hydrocarbons 686
hydrogen cyanide 686

biological distribution 146
detection of 528
metabolites 146–7

analytical methods 147
in human-exposure samples 147

odour 515
physicochemical properties 22, 496
synonyms 495
toxicity 55, 480
vapour concentration

incapacitating effects 503
lethal exposure 503–4, 525

hydrogen fluoride 686
hydrogen selenide 686
hydrogen sulphide 22, 687
hydrolysis

of BZ 145
of nerve agents 103, 106, 108, 109, 110, 140, 184

hydrosol 26
hydroxocobalamin, cyanide poisoning treated

with 523–4, 529
hyoscine 668, 685, 687, 701

eye drops 399
pretreatment together with physostigmine 246,

291, 347–9, 350–1
transdermal delivery 347–8

hyoscyamine 668, 687, 701
hypochlorite-based decontaminants 184, 185, 186,

419
hypoglycin see ackee fruit

iboga alkaloids 687
ibotenic acid 687
ichthyocrinotoxin 687
ICt50 55
ictrogen 687

ID50 55
IG Farben(industrie) 7, 191
illness

meaning of term 355–6
need for explanation 364–5

iminodipropionitrile (IDPN) 697
impaction of particles 40–1
incapacitating chemicals, Chemical Weapons

Convention on 658–61
incapacitation assessment, factors involved 74
incineration, disposal of CWAs 94
inert particles, as vectors for CWAs 60–3
inflammatory mediators, factors affecting 387, 429
information exchange/services 275, 281
ingestion, of nerve agents 209–10, 234, 253
inhalation toxicity

cyanides 502–4
nerve agents 203–4, 229–30
ricin and abrin 621, 625
riot control agents 549–50, 563–4, 568–70, 571,

578–80, 581, 585
interception of fibrous particles 41
Intergovernmental Forum on Chemical Safety

(IFCS) 647–8, 656
intermediate syndrome (IMS) 204–5
International Committee of the Red Cross (ICRC)

conferences 10
International Council of Chemical Associations

(ICCA), Global Initiative on HPV (high
production volume) Chemicals 651

international law 10, 14
International Programme on Chemical Safety

(IPCS) 650, 656
International Radiological Protection Commission

(IRPC), Task Force on Lung Dynamics,
particle deposition model 35–7, 38, 39, 45

international treaties on control of chemicals 646
Inter-Organizational Programme on the Sound

Management of Chemicals (IOMC) 650, 656
iodoacetate 687
Iprite see sulphur mustard
Iran–Iraq conflict

CWAs used 1, 3, 11, 96, 262, 376, 678
nerve-agent casualties 294–5
sulphur mustard casualties 376, 394, 398, 399,

401–2, 424, 425, 433–4, 438
Iraq

cyanide allegedly used by 525
nerve agents used by 3, 96, 191, 192, 262
sulphur mustard used by 3, 96, 376, 425, 678

iron pentacarbonyl 687
irradiated blood products, in treatment of bone

marrow failure 452–3
isin see ackee fruit
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isopropylmethylphosphonic acid (IMPA) 93, 109,
119, 211

Italy, sulphur mustard used by 3, 10, 376,
424, 678

Japan
CWAs used by 90, 95, 376, 424, 525
terrorists’ attacks using nerve agents 18, 96, 128,

143, 175, 191, 253–5, 277–85
see also Matsumoto; Tokyo

Japanese star anise 687
JBR (mixture) 688
jequirity bean 623

see also abrin
JL (mixture) 688
joro spider toxin 688
‘just war’, conditions to be satisfied 11–12,

15, 16

K-stoff 688
kainic acid 688
katabatic airflow 76
Kelvin effect 27, 42
Kelvin equation 28
keratin, reaction with sulphur mustard 133, 388
Khamisiyah (Iraq), destruction of CWAs 243,

360–1, 366, 367
Kitchener, [Lord], on CW 17
KJ see tin tetrachloride
klop see chloropicrin
kratom (from Mitragyna speciosa) 692
Krogh’s coefficient of diffusion 58
KSK (mixture) 688

L see lewisite
L-Gel 185
laburnum alkaloid(s) 688
lachrymators 3
lacrimite see thiophosgene
laetrile 516, 666
Lagrangian models, atmospheric flow

modelling 82–3
Laplace equation 487
lasers, vesicant burns treated with 436–8
late-onset blindness 392, 448
latency 264
lathyrism 688
latrotoxin 669
LC50

hydrogen cyanide vapour 502, 503–4, 503
nerve agents 197–8

LCt50 54
hydrogen cyanide 55, 502, 503
lewisite 468

phosgene 478
physiological factors affecting 54–5
riot control agents 564, 568, 569, 579, 585

LD50 50
cyanides 498, 501, 504
graphical determination of 52, 53
lewisite 50, 468
nerve agents 197–8
ricin 618
riot control agents 562–3, 567–8, 577–8
sulphur mustard 379

leaching index 99
lead poisoning 688–9
Lefebure, V. 7
legally acceptable behaviour 13
leptodactyline 689
lethal index, listed for various gases 480
lethality coefficient (Haber’s law) 55, 264
leucocyte-depleted blood products, in bone marrow

therapy 452–3
leucopenia 393, 402, 448, 453
lewisite 467–73, 689

absorption of 467–8
composition of weapons-grade 138
degradation products 92, 101, 115

guidelines for restoration 102
toxicity 101–2

developmental toxicity 471
environmental degradation 92, 101
health-based environmental screening levels 101
hydrolysis of 101, 138, 139, 467
impurities 102, 115
mechanism of action 469
metabolites 138

analytical methods 138–9
mixtures with sulphur mustard 21, 468, 685
mode of exposure 468
mutagenicity 471
occurrences of use 7, 90
pathology

respiratory tract effects 469
skin effects 469
systemic effects 469–71

persistence 25, 467
physicochemical properties 410, 468
production by USA 95
protein adducts 138

analytical methods 139
public opinion on 7
reactions with thiols 138–9, 472
reproductive toxicity 471
sub-chronic toxicity 470–1
toxicity 468, 480

lewisite B 689
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lewisite poisoning
clinical management 471–3
first aid measures 471–2
symptoms and signs 470

light-scattering methods, aerosol characteristics
measured using 169–70

Light-Type respirator 158, 161
lindane 689
Lindol (tricresyl phosphates) 705
linear airflow models 76–7, 82
liquid chromatography (LC) 130
liquid CWAs, behaviour 23–4
lobeline 689
log-normal distribution (of aerosol particle

size) 28–31
cumulative plot 32
log-probability plot 32, 33

log-probability plots
aerosol particle size distribution 32, 33–4, 33, 35,

36
dose–mortality plot 52, 53

lophotoxin (LTX) 689
lorazepam 332, 339
LOST see sulphur mustard
low dose, meaning of term 241
low-dose effects, nerve agents 207–8, 241–8, 360–1
low-friction polymers 547, 592
LSD 689
lung parenchyma, changes due to sulphur mustard

exposure 393
lymphopenia 462

M-1 see chlorovinyldichloroarsine; lewisite
MACE spray 551, 592
maculotoxin 689
Madagascar ordeal poison 689
magnesium cyanide 690
male fern extract 690
malodorous substances 547
mambog (from Mitragyna speciosa) 692
manganite see hydrogen cyanide
marking agents 547

dispersal of 548
marsite see arsenic trichloride
martonite 690
mass spectrometry (MS) 130
mass-per-unit-volume system (for gas

concentrations) 22–3
mastoparans 690
Matsumoto (Japan), terrorist attack 18, 96, 143, 175,

191, 253–4
biomarkers 128, 255, 280
long-term effects 207, 243, 299–300
symptoms of victims 203, 204, 254, 280

Mauguinite see cyanogen chloride
MD see methyl dichloroarsine
median incapaciting dose (ID50) 55
median incapaciting exposure (ICt50) 55
median lethal dose (LD50) 50

graphical determination 52, 53
median lethal exposure (LCt50) 54

physiological factors affecting 54–5
medical responders see emergency services staff
medical treatment

cyanide poisoning 520–1
lewisite poisoning 471–3
nerve agent poisoning 257–8, 270, 272, 275,

281–2, 288–9
phosgene poisoning 490–2
riot control agent effects 598–600
sulphur mustard poisoning 398–9, 401–2, 435–8

mellitin 690
mercaptans 690
mercury and compounds 690
merophan (nitrogen mustard) 400
mescaline 690–1
metaldehyde 691
meteorological factors, impact of nerve agents

affected by 250
methaemoglobin generators, cyanide poisoning

treated with 523
methaemoglobin, stroma-free, cyanide poisoning

treated with 523
methamidophos 309, 310, 315
methoxime 305, 306

reactivation of organophosphate-inhibited AChE
by 309, 311

stability in aqueous solution 313
toxicity 318

1-methoxycycloheptatriene 561
methyl-bis(2-chloroethyl)amine 691
methyl bromide 691
methyl chloroformate 691
methyl chlorosulphonate 671, 691
methyl cyanoformate 691
methyldichloroarsine 23, 410, 474, 480, 691
methyl ethyl ketone 691
methyl ethyl ketone peroxide 691
methyl fluoroacetate 691
methyl fluoroformate 691
methylfluorophosphonylcholine iodide 309, 310
methylfluorophosphonylhomocholine iodide 309
methylfluorophosphonyl-� -methylcholine

iodide 309
methyl fluorosulphonate 691
methyl formate 691
methyl guanidine 692
methyl mercury 690


