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Second Battle of Ypres and, 14–18, 21, 80–82
signs and symptoms of exposure, 359
treatment for inhalation of, 353, 673
US production of, 117
“white star” mixture with phosgene, 19–20
World War I use, 2, 14–19, 21, 80–82, 83

Chloroacetophenone
nonmilitary uses, 342
overall effects of, 342

Yemen Civil War and, 57, 58
Chloroperoxidase

VX nerve agent and, 250
Chloropicrin

accidental release of, 443, 455
agricultural uses, 443, 455
characteristics of PS, CN, DM, and CR (table), 458–459
chemical structure (figure), 456
chloropicrin syndrome, 456
clinical effects, 456–457
deployment methods, 456
development and properties of (exhibit), 20
earliest reported description involving chemical warfare on 

the AEF (exhibit), 22
introduction of, 20
long-term effects, 457
mechanism of action, 455
physical characteristics, 456
physiological effects, 456
safes and vaults and, 455
severe medical complications, 457
synthesis of, 117, 443
toxicity of, 443
US production of, 117
World War I use, 25–26, 455

Chlorovinylarsonous acid
lewisite exposure and, 728
published analytical approaches for the analysis of CVAA in 

urine (figure), 729
sample preparation methods for gas chromatographic/mass 

spectrometric analysis of CVAA (exhibit), 730
Chlorpromazine

LSD intoxication treatment, 417
Cholinesterase analysis

colorimetric assays in the clinical laboratory, 702, 704
electrometric ChE assay, 704
Ellman assay, 702
huperzine A, 704–706
laboratory and field assays routinely used by the US Army 

and their required processing (figure), 703
mass spectrometry, 701–702
organophosphorus compounds, 701–706
pretreatment therapy for nerve agent poisoning, 704–706
Test-Mate kit, 702, 704
Walter Reed Institute of Research Whole Blood Assay, 702, 705

Cholinesterase inhibitors. See also Nerve agents; specific agents
blood cholinesterases, 161–166
case report: accidental exposure of a man to liquid soman 

(exhibit), 162–163, 312
cholinesterase in tissue, 158
compounds, 158–159
development of, 46–47
diagram of neuromuscular conduction (figure), 160
mechanism of action, 159–161
pharmacology of, 158–168
reversible and irreversible types, 156

Cholinesterases
equine serum butyrylcholinesterase, 245
fetal bovine serum AChE, 245
plasma-derived human butyrylcholinesterase, 245–249

Cholinolytic 3-quinuclidinyl benzilate
perfluoroisobutylene inhalation treatment, 354

Church, Maj. J.R.
Chemical Warfare Service leadership, 90
Churchill, Sir Winston

plans for gas warfare during World War II, 52
City of New York Bureau of Emergency Medical Services
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pediatric nerve agent antidote dosing schedule, 684
City of New York Fire Department

pediatric nerve agent antidote dosing schedule, 684
Civil War. See US Civil War
CK. See Cyanogen chloride
Clark, M.G.

plasma-derived human butyrylcholinesterase research, 249
Clean Air Act

destruction of chemical weapons stockpile and, 610
Clermont

tetraethyl pyrophosphate testing, 46, 156
Clinton, Pres. Bill

presidential decision directives outlining policy for deterring 
and responding to terrorism, 754

Clonidine
incapacitating effects, 421

Cluster bombs
chemical weapon delivery, 120, 122

CN. See chloroacetophenone; 1-chloroacetophenone
Cobalt EDTA

cyanide poisoning treatment, 385, 397
Cobalt salts

cyanide poisoning treatment, 397
Cochrane, Capt. Charles

batrachotoxin description, 632–633
Cochrane, Rexmond

Battle of Cantigny and, 27
Cohn Fraction IV-4 paste

plasma-derived human butyrylcholinesterase source, 247, 249, 
251

Cole, T.J.
2-chlorobenzylidene malononitrile research, 450

Colgrave, H.F.
dibenz[b,f]-1,4-oxazepine research, 467, 469

Collective protection
categories of, 584
chemical and biological protected shelters, 585–586
chemically protected deployable medical system, 584–585
collectively protected expeditionary medical support, 585
M20 simplified collective protection equipment, 586–587
modular general purpose tent system chemical-biological 

protective liner system, 587
tactical application, 584

Collectively protected expeditionary medical support
description, 585

Colombian poison dart frogs
batrachotoxin source, 632

COLPRO. See Collective protection
ComboPen

2-pyridine aldoxime methyl chloride administration, 187
Cone, D.C.

summary of triage systems, 517
Conner, M.W.

hexachloroethane smoke research, 327
Convulsive Antidote, Nerve Agent injector

diazepam administration, 189–190
nerve agent exposure treatment, 651

Cooper, G.J.
wound decontamination research, 538–539

Cooper, W.C.
organophosphate insecticide exposure research, 320

Corson, B.B.
2-chlorobenzylidene malononitrile research, 444

Corticosteroids. See also specific agents
ammonia inhalation treatment, 353
brevetoxin intoxication treatment, 631
chlorine exposure treatment, 673

incapacitating agent exposure treatment, 471
mustard agent exposure treatment, 282
phosgene inhalation treatment, 354, 363
toxic industrial chemical exposure treatment, 363

The Covenant, the Sword, and the Arm of the Lord
chemical attack plan, 127

CP EMEDS. See Collectively protected expeditionary medical 
support

CR. See Dibenz[b,f]-1,4-oxazepine
Creasy, Maj. Gen. William

lysergic acid diethylamide research, 414
Crone, H.D.

decontamination research, 529
CS. See O-chlorobenzylidene malononitrile; 2-chlorobenzylidene 

malonitrile
CSA. See The Covenant, the Sword, and the Arm of the Lord
CSEPP. See Chemical Stockpile Emergency Preparedness Program
Curran, D.

anticholinergic deliriant research, 422
Currie, W.D.

phosgene research, 738
Cushing, Dr. Harvey

account of Royal Army Medical Corps capabilities, Flanders, 
Belgium, May 5, 1917 (exhibit), 88

chemical attack observations, 101
initial impressions of mustard agent, 88–89
observations of the Second Battle of Ypres, 82

CVAA. See Chlorovinylarsonous acid
CWC. See Chemical Weapons Convention
CWS. See Chemical Warfare Service
Cyanide. See also Cyanogen chloride; Hydrogen cyanide

accidental exposures, 374
advantages and disadvantages of, 3, 126
analytical methods for determining cyanide in biological 

samples (table), 732–733
chemical, physical, environmental, and biological properties 

(table), 372
conventional wounds contaminated with, 523
description, 322, 731
dietary issues, 323, 372–373, 374, 389
endogenous cyanide concentrations for smokers and non-

smokers (table), 381
executions and suicides and, 373–374
“gas chambers” and, 373–374
Germany’s experimental testing on human subjects in concen-

tration camps, 105
goiter and, 324
historical use, 372–373
long-term exposure to, 323–324
long-term health effects, 322–324
mechanism of action, 343, 397, 731
mechanism of toxicity, 673–674, 731
military use, 372, 373
pharmacokinetics and pharmacodynamics, 376
physiology, 322
quick-kill properties, 373
reference range values, 734
routes of exposure, 322
sources, 372, 374, 731
terrorist plots using, 4
tobacco smoke and, 323, 324, 374
toxicity, 377
toxicodynamic effects (figure), 384
Tylenol poisoned with, 373
uses for, 673
volatility of, 373
World War I use, 372, 373
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Zyklon B development, 15
Cyanide poisoning

analytical methods, 377, 731–734
analytical methods to identify cyanide and its metabolites in 

biological fluids (table), 378–379
antidotal treatment, 383, 518–519, 675–676
antidotes useful in acute cyanide poisoning (table), 395
biochemical basis, 374–377
blood sampling issues, 377, 379–381, 382, 387
cardiac toxicity, 391–393
case synopses, 388–389
change in the electrocardiogram caused by the presence of 

cyanide in the tissue (figure), 392
clinical presentation and management of casualties, 381–386, 

518–519, 674, 731
computational models of cardiac tissue, 392–393
Cyanokit treatment, 676
decontamination, 386–387
detection of cyanide and cyanide metabolites, 377–381
effect of cyanide on a ventricular cell (figure), 392
electrocardiogram from a cyanide-intoxicated individual 

(figure), 392
enzyme inhibition, 382–383
fire victims and, 390–391, 731
fundamentals of cyanide antidote therapy (figure), 385
hemodialysis treatment, 383
histopathologic changes in cardiac tissue, 391–392
laboratory findings, 387, 674
lethal dose, 383
long-term effects, 387–389
metabolic routes, 376, 731
methemoglobin former treatment, 394–396
mnemonic for recognition of cyanide toxicity (exhibit), 675
mortality from, 322, 376, 381, 731
mouth-to-mouth resuscitation and, 675
multistage antidote kit treatment for managing unconscious, 

cyanide-exposed patients (table), 675
neurological/psychological responses to cyanide and its coun-

termeasures, 393–394
oxygen therapy, 385
patient transport/evacuation, 387
pediatric considerations, 389–390, 674–676
plot against the US Embassy in Italy, 128
polyintoxications, 390–391
procedures for collecting and storing blood samples for de-

layed cyanide analysis (exhibit), 382
protection of rescuers, 382
schematic diagram of possible detoxification reaction for cya-

nide in a theoretical cell (figure), 375
specific antidotes, 394–397
supportive treatment, 323, 383, 674, 675
survivability of, 381–382, 388–389
symptoms of severe ingestions, 323
therapy principles, 381–386
thiocyanate and, 380
treatment, 674–676
triage considerations, 386, 518–519, 521, 522, 523
2-aminothiazoline-4-carboxylic acid and, 376
US approach to cyanide antidotes (table), 386
variation of sodium nitrite and sodium thiosulfate dose with 

hemoglobin concentration (table), 676
wound decontamination and, 538

Cyanogen bromide
introduction of, 373

Cyanogen chloride
delayed toxic effect, 373
discovery of, 116

introduction of, 18
synthesis of, 116
US troop training and, 53
World War I use, 373

Cyclohexylmethyl phosphonofluoridate. See Cyclosarin
Cyclosarin

aging time, 202
chemical structure (figure), 694
hydrolysis pathway of sarin, soman, and cyclosarin (figure), 

696
Iraq’s production of, 202
polyneuropathy and, 317
synthesis of, 157
toxicity and speed of action, 156, 168, 693
treatment of exposure to, 202
volatility of, 168

Cysteine
phosgene exposure and, 736

Cytoxan
similarity of mustard agent to, 313

D
DA PAM 40-8. See Occupational Health Guidelines for the Evaluation 

and Control of Occupational Exposure to Nerve Agents GA, GB, GD, 
and VX

DA PAM 40-173. See Occupational Health Guidelines for the Evalu-
ation and Control of Occupational Exposure to Mustard Agents H, 
HD, and HT

DA PAM 50-6. See Chemical Accident or Incident Response and As-
sistance Operations

DA PAM 385-61. See Toxic Chemical Agent Safety Standards
DAET. See Diisopropyl aminoethanethiol
Dakin solution

treatment of mustard agent injuries, 280–281, 671
Dantrolene

combined with diazepam, 228
dosage considerations, 227
soman-induced seizure-related brain damage treatment, 

227–228
Dark, Dr. Eric P.

personal account of a chemical attack (exhibit), 102
Datura

use as an incapacitating agent, 413
Davies, D.R.

nerve agent research, 317
Davy, Sir Humphry

synthesis of phosgene, 116
Debridement

enzymes and, 284–285
lasers and, 284
powered dermabrasion, 284
treatment of mustard agent injuries, 280, 282, 283–285, 290, 

670–671
wound decontamination and, 539

Decontaminable litters
description and uses, 588–589

Decontamination equipment
equipment decontamination, 582–583
joint service personnel skin decontamination system, 582
M291 skin decontamination kits, 533, 536, 581
methods in development, 583–584
patient thorough decontamination, 543–546
pediatric population and, 661, 678
personnel decontamination, 581–582

Decontamination of chemical casualties
action of chemical agents on the skin, 529–530
air heaters and, 550
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ambient temperature issues, 548–550
appropriate uses for military decontaminants (table), 535
barrier skin creams, 530–532
casualty decontamination (figure), 502
chlorine exposure and, 673
civilian workers and, 528–529
cold shock and, 548–549
cold weather and, 548–550
common problems with potential decontaminants, 533
Contaminated Casualty Decontamination Course, 763
cyanide poisoning and, 386–387, 675
decontamination methods based on ambient temperature 

(table), 550
decontamination shelters, 544–546, 552
description, 528, 551
desirable traits of a skin decontaminant (exhibit), 534
detection devices, 544
dry decontaminants, 534, 536
equipment for, 543–546, 581–584
establishing a patient thorough decontamination area, 546–548
field management of chemical casualties and, 497, 498–500, 

501–504, 505, 506
glove issues, 539
hypothermia and, 548–549, 677
immediate level, 500, 528
incapacitating agents and, 469–471, 520
individual protective ensemble and, 528
methods of decontamination, 532–537
military and civilian decontamination procedures, 528–529
minimal decontamination procedures based on agent charac-

teristics (table), 498
mustard agent and, 277, 312, 670
nerve agent exposure and, 180–181
objectives of, 532
oxidation, 537
packaged wet decontaminants, 536–537
palytoxin and, 620, 621
patents covering work on active topical skin protectant at the 

US Army Medical Research Institute of Chemical Defense 
(table), 532

patient operational decontamination level, 500, 528, 529
patient thorough decontamination level, 500, 539–548
pediatric population, 670, 676–678
placement of teams and areas, 514–516, 547
purposes of, 528
soap and water (hydrolysis), 533–534, 544, 551
special populations and, 550–551
time after exposure and, 528
triage issues, 513–516, 677
warming tents, 549
waste water disposal, 546–547
water concerns, 546–547
wound decontamination, 538–539
zones for, 677

Decontamination shelters
fixed facilities and, 545–546
uses of, 544–545

Defense Medical Readiness Training Institute
CBRNE training program, 768

Defense Threat Reduction Agency
Defense Nuclear Weapons School, 769
medical mission, 4
responsibilities, 646

Deliriants. See Anticholinergic deliriants
Delivery systems

agent vaporization (figure), 134
airplane smoke tanks, 120

base ejection, 132
bulk release, 132
chemical rockets, 120, 157
cluster bombs, 120, 122, 157
drones, 122
explosive release, 132
four modes of chemical agent release (figure), 133
generator clusters, 122
improvised explosive devices, 130, 145, 580
land mines, 120–121, 157
projectors, 26, 118, 119, 123, 157
rocket program, 121–122, 157
spray delivery, 132, 157
spray tanks, 120
toxic smokes, 10–11, 134
trench mortars, 26, 118, 119
typical German chemical cylinder set up and ready for dis-

charge (figure), 80
vulnerability of battlefield areas, 132

Demilitarization of chemical agents
occupational safety issues, 142
Russian program, 144–145
US program, 141–143, 766

Democratic National Convention of 2004
CDC Enhanced Surveillance Program data, 622

Deoxyribonucleic acid
mustard agent injury and, 264–265, 312, 315–316, 718–721
sample preparation procedure for sulfur mustard adducts to 

deoxyribonucleic acid in blood (exhibit), 722
DEPMEDS. See Chemically protected deployable medical system
Dermatological effects. See Skin effects
Despretz, Cesar-Mansuete

synthesis of mustard agent, 116–117, 260
Detection and warning systems

point detectors, 575–577
standoff detectors, 577–579
toxic industrial material detection and identification, 580–581

Development of chemical weaponry
early chemical warfare agents (table), 116
early history, 116–117
1920s, 118–119
1930s, 119–120
1940s, 120
1950s, 120
1960s, 120–122
1970s, 122–124
1980s, 124–125
World War I, 117–118
World War II, 120

Dexanabinol
mechanism of action, 229–230
soman-induced seizure-related brain damage treatment, 

229–230
DFP. See Diisopropyl fluorophosphate
DHS. See US Department of Homeland Security
Diagnostics

archived human samples from past exposure incidents and, 
692–693

biomonitoring, 692
containers for shipping, 740
cyanide poisoning, 731–734
documentation for containers, 740
far-forward field settings and, 693
labeling specimens, 740
lewisite exposure, 728–731
method overview, 692–693
nerve agents, 693–706
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packaging specimens, 740
phosgene exposure, 734–738
preparing, shipping, and storing specimens, 740–741
sample considerations, 739–741
sulfur mustard exposure, 706–728
3-quinuclidinyl benzilate, 738–739

Dianisidine chlorosulphonate
development and use of, 13–14, 79

Diazepam
anticonvulsive therapy, 189–190, 316
arrhythmia treatment, 179
brevetoxin intoxication treatment, 630
Convulsive Antidote, Nerve Agent injector for, 189–190
incapacitating effects, 420
pediatric population and, 664
severe nerve agent exposure and, 193, 194, 223, 244, 316, 520
soman-induced seizure-related brain damage treatment, 

227–228, 230, 231–232
Dibenz[b,f]-1,4-oxazepine

acute effects, 467
characteristics of PS, CN, DM, and CR (table), 458–459
chemical structure (figure), 467
clinical effects, 467–469
deployment methods, 467
initial deployment of, 442
long-term effects, 468–469
nonmilitary uses, 342
physical characteristics, 467
physiological effects, 467
severe medical complications, 468–469

Dichlorethylsulphide. See Mustard agent
Dicobalt edetate. See Cobalt EDTA
Diglutathionyl dithiocarbonate. See also Glutathione

chemical structure (figure), 735
phosgene exposure and, 735–736

Diisopropyl aminoethanethiol
VX nerve agent assays and, 695

Diisopropyl fluorophosphate
bioscavenger use on, 250
British research on, 48
electroencephalographic effects, 321
toxicity of, 48

Diisopropyl phosphorofluoridate. See Sarin
blood cholinesterase inhibition and, 164–165
electroencephalographic effects, 176–177
insecticide use, 158–159

Diller, W.F.
phosgene research, 735

Dimercaprol. See British antilewisite
Diphenylaminearsine

acute effects, 465–466
characteristics of PS, CN, DM, and CR (table), 458–459
chemical structure (figure), 464
clinical effects, 465–466
deployment of, 464
development of, 442, 464
incapacitating dose, 465
incapacitating effects, 416
long-term effects, 466
mortality from, 465
physical characteristics, 464
physiological effects, 464
severe medical complications, 466

Diphosgene. See Chloropicrin
Dissociative anesthetics. See also specific agents

description and incapacitating effects, 419–420
Ditran

incapacitating effects, 426
Dizocilpine

soman-induced seizure-related brain damage treatment, 
227–228

toxic effect of, 228
DM. See Diphenylaminearsine
DNA. See Deoxyribonucleic acid
DoD. See US Department of Defense
Domankevitz, Y.

mustard agent injury treatment, 285
Domestic preparedness

chemical preparedness programs and initiatives, 766–767
Chemical Security Analysis Center, 767
Chemical Stockpile Emergency Preparedness Program, 

766–767
DoD roles, 758–761
DoD support to civil authorities, 761–764
effective information flow and, 754
emerging threats, 754
exercises, 766–767, 769–770
federal emergency response plan (figure), 762
“incident command system” and, 754
Laboratory Response Network, 765–766
local responses, 754
military healthcare role, 754, 764
National Bio-Defense Analysis and Countermeasure Center, 

767
national civilian preparedness, 1990-2001, 754–755
National Disaster Medical System, 765
national preparedness programs and initiatives, 765–766
“120 Cities Program,” 755
organizational outline for incident management command 

(figure), 757
overview of the initial federal involvement under the Stafford 

Act (figure), 760
post-September 11, 2001, 755–758
state and regional authorities and, 754
Strategic National Stockpile, 765
training and education, 767–770

Donepezil
Alzheimer’s disease treatment, 158

Dorandeu, F.
ketamine research, 230

Doughty, John
chemical warfare proposals, 11–12

Downey, Maj. Fairfax
How to Tell the Gases poem, 41

DPIA. See Dry powder inhaler atropine
Drager-Tubes industrial detectors, 580–581
Drasch, G.

tissue sample analysis of mustard agent exposure, 726
urine sample analysis for mustard agent exposure, 710, 

715–716
Drones

nerve agent delivery, 122
Dry decontaminants

animal studies, 534, 536
description, 534
examples of, 536
M291 skin decontamination kits, 533, 536, 581
water issues, 546

Dry powder inhaler atropine
development of, 652

Dugway Proving Ground, UT
open-air test of lethal chemical agents, 123
sheep-kill incident, 59

Durham, D.
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status epilepticus treatment, 231
Durham, W.F.

organophosphate insecticide exposure research, 319
Dynport Vaccine Company

plasma-derived human butyrylcholinesterase production, 653

E
Easton, D.F.

mustard agent exposure research, 313
Ecstasy. See 3,4-methylene-dioxymethylamphetamine
Eddleston, M.

atropine treatment research, 184
Edgewood Arsenal, MD

Chemical Warfare Service and, 44, 117
incapacitating agent research, 414, 422–424, 425–426, 463–464, 

466, 467
mustard agent production, 119
phosgene production, 119
post-World War I chemical training and research, 103
shell-filling plants, 117
3-quinuclidinyl benzilate research, 422–424
2-chlorobenzylidene malononitrile research, 450

EEG effects. See Electroencephalographic effects
Egypt

ancient use of toxic smoke, 10
Yemen Civil War and, 57–58, 341
Yom Kippur War and, 61

Eisenhower, Pres. Dwight D.
incapacitating agent research and, 414

Eldad, A.
mustard agent injury treatment, 284

Electroencephalographic effects
nerve agent exposure, 176–177, 321–322
organophosphate insecticide exposure, 321
three-stage changes, 177

Electrometric ChE assay
description and development of, 704

ELISA. See Enzyme-linked immunosorbent assay
Ellman assay

cholinesterase analysis, 702
Elsayed, N.M.

mustard agent research, 265
EMPA. See Ethyl methylphosphonic acid
Employment of Chemical Agents, Field Manual 3-10, 136
Enzyme debridement

mustard agent injury treatment, 284–285
Enzyme-linked immunosorbent assay

mustard agent exposure, 718, 721, 723
phosgene exposure, 738

Enzymes. See Bioscavengers
EPA. See US Environmental Protection Agency
Eq BChE. See equine serum butyrylcholinesterase
Equine serum butyrylcholinesterase

bioscavenging use, 245, 246
Equipment decontamination

M295 equipment decontamination kits, 582
M17 lightweight decontamination system, 583
M100 sorbent decontamination system, 582–583

Erbium:yttrium-aluminum-garnet laser ablation
mustard agent injury treatment, 284

Er:YAG. See Erbium:yttrium-aluminum-garnet laser ablation
Erythrocyte cholinesterase

gender differences in activity of, 164
physiological role, 164
relation of effects of nerve agent exposure to erythrocyte cho-

linesterase activity (table), 166
Ethiopia. See Italian-Ethiopian War

Ethyl bromoacetate tear gas
World War I and, 12–13

Ethyl iodoacetate tear gas
World War I and, 13

Ethyl methylphosphonic acid
VS nerve agent assays and, 695

Ethyl-S-diisopropylaminoethyl methylphosphonothiolate. See VX 
nerve agent

Explosive release of chemical weapons. See also specific systems, i.e., 
Cluster bombs

description, 132
droplet release, 132–133
vapor release, 132, 134

Exposure routes of nerve agents. See also specific agents
definitions of Ct, LCt50, and LD50 (exhibit), 168
dermal exposure to liquid, 169–170, 185–186, 244
effects of dermal exposure to liquid nerve agents (table), 169
effects of exposure to nerve agent vapor (table), 169
inhalational exposure to vapor, 168–169, 185, 244

Eyes
atropine treatment and, 191–192
chloropicrin effects, 457
chronic eye disease, 314
corneal damage, 274, 314
dibenz[b,f]-1,4-oxazepine effects, 468
dilute hypochlorite and, 537
dim vision, 171–172
diphenylaminearsine effects, 466
eye pain, 172
incapacitating agent effects, 442, 471
irrigation of, 277, 287
lewisite exposure effects, 293
light reduction, 171–172
mustard agent exposure effects, 274–275, 278, 290, 312, 667, 

670, 672
mustard agent injury treatment, 287, 288
nerve agent exposure effects, 170–172
oleoresin capsicum effects, 455
1-chloroacetophenone effects, 461, 463
palytoxin effects, 619, 621
phosgene oxime exposure effects, 295
recovery from injury to, 274, 278
topical antibiotics for, 287, 288
transient vision loss, 287
2-chlorobenzylidene malononitrile effects, 448, 451–452
visual acuity, 172

F
Fabrizi, L.

phosgene research, 737
FBI. See Federal Bureau of Investigation
FBS AChE. See Fetal bovine serum AChE
FDA. See US Food and Drug Administration
Federal Bureau of Investigation

counterterrorism plans, 128
homeland security role, 755
oleoresin capsicum research, 443
riot control agent use to attack the Branch Davidian com-

pound in Waco, TX, 125
terrorist plot to release chlorine gas at Disneyland and, 657

Federal Emergency Management Agency
Chemical Stockpile Emergency Preparedness Program role, 

766–767
counterterrorism plans, 128
formation of, 755
state and regional coordination and, 759

Federal Response Plan
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assignment of specific emergency support functions, 755
FEMA. See Federal Emergency Management Agency
Fentanyl

description and incapacitating effects, 419
summary of BZ and fentanyl derivatives (exhibit), 429
use by Russia in the Chechen hostage situation, 3, 65, 107, 413, 

419
Fetal bovine serum AChE

bioscavenging use, 245, 246
Fidder, A.

blood sample analysis for mustard agent (figure), 723
lewisite exposure research, 728
organophosphorus compound research, 699
urine sample analysis for mustard agent, 711, 713

Field management of chemical casualties. See also Treatment of 
incapacitating agent exposure; Treatment of mustard agent 
exposure; Treatment of nerve agent exposure; Treatment of toxic 
industrial chemical exposure

attack measures, 494–495
“buddies” and, 486
casualty decontamination (figure), 502
casualty number and agent characteristics and, 496
civilian perspective, 492–493
cold zone, 500, 506
comparison of military battlefield and civilian casualty care 

and decontamination (table), 501
comparison of taxonomy of care capabilities with levels (ech-

elons) of care particular to chemical casualty management 
(table), 488–489

core principles, 486
decontamination area, 505
decontamination equipment, 497
decontamination levels, 500
detailed example of the layout of a patient decontamination 

site (figure), 504
early control point and arrival area, 503–504
evacuation corridor, 500
force health protection description, 486
hazardous materials (HAZMAT) response teams and, 492–493
hazardous waste operations and emergency response training 

and, 515
HAZMAT incident medical treatment site setup (figure), 503
health service support description, 486
hot line, 505
hot zone, 498–499, 501
integration of military support into civilian homeland re-

sponse, 493–494
key objectives, 495
land-based forces, 487–491
local responses, 492–493
medical equipment and supplies needed, 497–498
medical management process, 494–506
military management concepts in the civilian setting, 500–502
minimal decontamination procedures based on agent charac-

teristics (table), 498
National Incident Management System, 492
National Response Plan, 492
national site setup and control zones for a hazardous materials 

site (figure), 515
patient processing, 502–506
personnel requirements, 495–497
pillars of force health protection (figure), 487
postattack, or recovery, measures, 495
preattack measures, 494
rapid and effective response capability, 486
sea-based forces, 491–492
service-specific operations, 487–492

taxonomy of care capabilities (figure), 490
terrorist attack capabilities, 493–494
triage and treatment area (cold zone), 506
triage area (warm side), 504–505
vapor control line, 505
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soman-induced seizure-related brain damage treatment, 227

Gas chromatography
blood sample analysis for mustard agent exposure, 721, 723, 

725, 726
combined with liquid chromatography for mustard agent as-

says, 711, 713
lewisite exposure, 728
nerve agent assays and, 695, 699
sample preparation methods for the gas chromatographic-
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sample preparation time, 693
urine sample analysis for mustard agent, 710, 716–717, 718
USAMRICD research, 693
use with MS, 692, 693

“Gas fright” syndrome
description, 82
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2-chlorobenzylidene malononitrile effects, 452
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GM1 monosialoganglioside



Medical Aspects of Chemical Warfare	 Index

xli

Medical Aspects of Chemical Warfare	 Index

soman-induced seizure-related brain damage treatment, 227
Goebbels, Paul Joseph

views on chemical warfare, 49
Gongwer, L.E.

2-chlorobenzylidene malononitrile research, 449
Goodman, Ephraim

incapacitating agent research, 412–413, 425, 427
Graebe, Carl

1-chloroacetophenone invention, 442
Graham, J.S.

mustard agent injury treatment, 284, 285, 671
wound debridement of chemical casualties research, 539

Graniteville, South Carolina
accidental release of chlorine, 131, 145, 548

Grant, Gen. Ulysses S.
chemical weapon use and, 12

Gray, P.J.
2-chlorobenzylidene malononitrile research, 451–452

Great Britain. See also specific battles and battle sites
chemical warfare use during World War I, 12–21
dibenz[b,f]-1,4-oxazepine use in prisons, 467
excerpt from “Take Me Back to Dear Old Blighty!” (exhibit), 89
nerve agent research, 48
plans for gas warfare during World War II, 52
Royal Army Medical Corps, 85–89
Russia’s elimination of chemical weapons and, 145
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Ibuprofen
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general schema for the study of acute and chronic lung injury 

(figure), 352
glutathione and, 352–353
inflammatory pathways, 350–351
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chemical weapon stockpiles, 157, 312
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deaths from improper use of gas masks, 657
midazolam use for status epilepticus and, 664
possible use of DM against Palestine, 443
Yom Kippur War, 61

Italian-Ethiopian War
chemical weapons role, 45–46, 137, 262

Italy
Centro Chemico Militaire, 43
cyanide plot against the US Embassy, 128
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wound decontamination and, 538
Yemen Civil War and, 57

Neuroleptics. See Antipsychotic drugs
Neuropathology of nerve-agent-induced brain damage
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