


HIGH TECHNICAL o
COMPLEXITY

Chemical: low complexity, high probability



Chemical agent Overview



Persistent chemicals

* Remain on surfaces without evaporating or breaking
down for more than 24 hours

* can remain for days to weeks
Non-persistent chemicals

* Quickly evaporate and break down

* carried in bulk on commercial carriers




* Some can be seen 3

* Some can be smelled %
E%d

* Some can be tasted

* Most can be felt (e.g. burning
sensation, choking)




Chemical Agent Effects and
Treatment

Disorientation 1. Minimize exposure:
Dizziness Avoid chemical cloud

Nausea Cover face to filter

Blindness breathing

2. Get medical attention:

Serious Injury

Immobilization Skin decontamination

Death Antidote
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Chemical Agents: Summary

Agent
- Prototype Effects Onset | Treatment
: : Seconds | Sodium nitrite or
Cyanide Loss of consciousness, . :
- H, cyanide |convulsions, apnea © amyl nitrite, sodium
2 ’ minutes |thiosulfate
Nerve agents | Miosis, rhinorrhea, N/V, |, .. Atropine,
: : Minutes A :
- Sarin convulsions, apnea pralidoxime, valium
Pulmonary |Eye/airway irritation, Fresh air,
agents dyspnea, delayed Hours | supportive care,
- Phosgene  |pulmonary edema enforced rest
vesicants Asymptomat_lc period, Hours to  Decontamination,
- Sulfur erythema, blisters, eye davs SUDDOMIVE Care
mustard Irritation, cough y PP




Chemical Warfare: lran-lrag War

Iran-lraq War: 1980-88
 lIraqg: Chemical weapons
— Widespread use
 Blistering agent: Lewisite
 Nerve agent. Tabun

— Heavy Iranian casualties,
deaths




Chemical Terrorism:
Iraqi Kurds

- 1988: Irag bombed their
Kurds with mustard,
nerve and cyanide gas

- Over 5,000 died

75% women and children
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1- Pulmonary Agents



Choking or Lung Agents

* Phosgene (CG)
* Chlorine (CL)

« AmMmonia

» Chloropicrine
 Chlortrifluoride
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Pulmonary Agents: Toxicity

Upper Airway
Irritation
Hydrochloric Acid

Ammonia
Mustard Gas

Water
Solubllity

Chlorine

Phosgene

Nitrogen Oxides

Pulmonary
Irritation




Pulmonary Agents: Toxicity

* Pulmonary agents

—Absorbed by inhalation
—Readily penetrates respiratory system
—Mucous membrane Iirritation

* Immediate eye, nose, airway irritation

* Direct alveolar toxicity:
—Capillary permeability
— Leukotriene synthesis

 Pulmonary edema after latent period 12-48 hours
— Reaction increased with physical activity, exertion



Normal Alveolus
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Latent Symptoms: e penoo sz4sn

Gradually progressive over hours j>ARDS
Rapid, shallow resp.

Painful cough

Cyanosis

Frothy sputum

Clammy skin

Rapid, feeble pulse

Low blood pressure

Shock may develop

Death



Signs

» Coarse crackles in all lung fields

@ Respiratory sounds



Extra pulmonary symptoms

* Eye Irritation
» Watering of the eyes
* Nose Irritation



Pulmonary Agents:
Laboratory:

 Laboratory:
—ABG:
Decreased arterial oxygen and CO,

« Can be warning of increased
interstitial fluid



Pulmonary Agents:
CXR Findings

CXR:
« Normal for several hours

b4

« Early changes by 8 hours

* Late:
- Hyperinflation
— Pulmonary edema
— No cardiomegaly
— No vascular redistribution
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Pulmonary Agents: Treatment
* Treatment Is supportive:

1. Remove patient to fresh air
2. Decontaminate if any liguid exposure
3. Enforced rest

* Activity Increases capillary reaction

* Monitor for 12-48 hours




Treatment

4.Stiroid therapy:

Methylprednisolone for bronchospasm
5.Antl tussive agents:

Codeine sulphate:30-60 mg

6.0xygen
6. Antibiotic
/. IV fluids for hypotension
8.Hexa-methyline-tetramine(HMT)
9.Aminophyline,Dopamine,
10.Phosgene Antiserum




2- Blistering Agents



Blister Agents

Mustard (HD) — Has a garlic smell
Nitrogen Mustard (HN) — fishy odor
Lewisite (L) — geranium or fruity odor

Phosgene Oxime (CX) — Disagreeable odor



Blistering Agents : Overview

* Blistering agents:

— Sulfur mustard, phosgene oxime, lewisite
 Nitrogen mustard:
— Past used for chemotherapy (high toxicity)
« Smell : mustard, garlic, geraniums

— Oilly liquid, evaporates slowly
 Persistence hazard
 Vapor hazard increases with heat

— Erythema , blisters, bone marrow suppression
e Injury similar to radiation



Blistering Agents: Toxicity
* Local damage:

— Easlily enters skin, eyes, respiratory tract
« Enhanced: moisture, heat, thin skin

— Protease digestion in skin

* Erythema, vesicles, bullae
— Dermal-epidermal junction
— May be delayed 1-2 days




Sulfur Mustard: Skin Toxicity




Sulfur Mustard: Eye Signs

. Eyes: most sensitive organ
— Symptoms soon after exposure

‘ @@ Conjunctivitis, photophobia

R S Corneal epithelium

. — Swelling and scarring

— Resolves over weeks

— Scarring increases risk glaucoma



Sulfur Mustard:
Pulmonary Toxicity

Pulmonary damage:
— Necrosis and destruction of lung mucosa

— Pseudomembrane formation
« Upper and lower airways

— Pulmonary edema can occur
« Only when damage severe

Respiratory failure
— Most common cause death with sulfur mustard
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3-Nerve Agents



Nerve Agents

1. Tabun (GA)
2. Sarin (GB)
3. Soman (GD)

4. VX
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Nerve Agents: Toxicity

* Nerve agents:
— Absorbed through eyes, skin, respiratory tract

« Mechanism of action:

— Bind and inhibit acetylcholinesterase
« Cholinergic overactivity
 Nicotinic: sweating, fasciculations, paralysis

« Muscarinic: pupil constriction, secretions, vomiting,
diarrhea

« Central: confusion, convulsions, respiratory depression



Nerve Agents: Treatment

Atropine:
* Blocks muscarinic receptors
— Dries secretions, relaxes smooth muscle

* No effect on nicotinic receptors
— Twitching, paralysis

Pralidoxime:
 Removes agent from esterase

* Only affects nicotinic system
— Should be given before aging occurs



Nerve Agents: Treatment

* Nerve agent antidote Kit:
— Atropine, titrate until secretions dried
« 2 mg IV/IM every 3-5 minutes

— Pralidoxime chloride (2-PAM)
« 1-2 gm IV/IM, repeat every hour as needed

— Diazepam for seizures
* 5-10 mg IV every 5-10 minutes

* Supportive care
— Decontamination, if liquid exposure expected
— Tropicamide eye drops for eye pain, constriction



4-Cyanide



- : ELECTRO- CHIMIE
Cyanide: Overview | ===

Cyanide:

— High volatility:
» Needs high concentrations, closed space
« Smell: bitter almonds (60% can smell)

— Sudden loss of consciousness, seizures, death
» Used in Nazi concentration camps
— Ubiquitous in all living things
* Pits of peaches, almonds: ingestion has caused death

— Industrial: US uses > 300,000 tons/year
 Electroplating, dyeing, printing, photography



Cyanide: Toxicity

« Cyanide gas inhalation:
« Rapidly distributed to all organs, tissues

— Reacts with metals in body: iron

 Reaction reversible
— Prevents intracellular O, utilization in mitochondria
— Anaerobic metabolism: results in lactic acidosis

— Reacts with sulfur-contained compounds

 Reaction irreversible
— Sodium thiosulfate
— Product less toxic, excreted in urine



Cyanide:
Signs and Symptoms

« Signs and symptoms:

— Central nervous system:
* Dizziness, headache, nausea, vomiting, seizures

— Respiratory: shortness of breath, chest tightness
— Skin and eyes: “Cherry red” venous blood
« Cyanosis occurs only after cardiovascular collapse
« Laboratory:
— Lactic acidosis
— Arterial oxygen normal, venous oxygen high



Cyanide: Treatment

« Cyanide antidote kit
— Nitrites:

— Reaction couples with cyanide: less toxic
« Amyl nitrite perle in mask while preparing sodium nitrite
« Sodium nitrite 3%: 10mL over > 5 minutes (hypotension)

— Thiosulfate

— Sulfur donor: excreted in urine
 Sodium thiosulfate 25%: 50 mL over 10-20 minutes

* Supportive care
— Intubation, 100% oxygen






Decontamination/Treatment



Chemical Agents:
Decontamination

« Decontamination:

— Wash with large amount water and soap
» Especially important for liquid hazards

— Household bleach: use to clean solid surfaces
e Diluted in water (1:10)
« Avoid in human decontamination (toxic)

— First responders:

 May need to use personal protective equipment
« Remove patient to fresh air, remove clothing



Chemical Agents:
Personal Protective Equipment

Personal Protective Equipment
« Full face piece
* Breathing apparatus

— Butyl rubber
 PPE suit




Chemical and Radiological Agents:
Summary

1. Effects from chemical agents occur rapidly
« Early decontamination is important

2. Clothing removal is 80-90% of decon
 May be all that is needed in a gas/vapor event

3. Appropriate use of PPE
 Important for chemicals, especially liquids

4. Antidotes are avallable for some agents
 Give early to be effective



Chemical and Radiological Agents:
Summary

5. Dirty bomb: more likely than nuclear blast
« Unlikely to cause much radiation
* Risk mostly fear and panic

6. With standard precautions

* Risk from radiation-contaminated patients to
healthcare workers is minimal

/. Care of burn/blast injuries
« Takes precedent over radiation decon



