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Nerve agent: Novichok

Disrupts signalling along the nervous system, in the same way as other nerve agents such as sarin and VX

Normally : Novichok

c The brain sends OThe message is carried The impulse reaches : *» Developed by the Soviet
impulses to from nerve cell to the muscle, the job is Union in the 1970s and 80s
muscles along receiving muscle via the done © » Reportedly developed to
the nervous neurotransmitter

2 circumvent the chemical
system acetylcholine © weapons ban by relying on
O : novel chemical structures
” : » Canbein the form of an
ultra-fine powder
Once the message :

4

4

exposure
Under a nerve agent attack x through

is passed, the » Reported to be 5-8 times

enzyme cholinesterase . more lethal than VX
breaks down acetylcholine and :

“switches off” the impulse .
P Main

. inhalation
Cholinesterase

is inhibited . » Symptoms visible within
O Acetylcholine : 30 seconds and 2 minutes
continues to send : Ml T
impulses to muscles : ain symptoms:
: @ Pinpoint pupils
: e Salivation
. ® Spasms
. @ Convulsions
: @ Paralysis
» The body thrown into overstimulation, adverse reactions Y .
- ® Heart failure

Sources: Science Direct/Live Science

© AP



Salisbury has been declared free from the nerve agent Novichok almost a year
after the Sergei Skripal poisoning. Military personnel have spent 13,000 hours on
the clean-up following the nerve agent poisoning in March 2018--1 March 2019
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EMERGENCY OVERVIEW:
White to slightly yellow
crystalline solid. Toxic if
swallowed or dust is inhaled.
Oxidizer: May ignite organic
materials and react with other
materials.

Can decompose if mixed with
acids or exposed to fire
gonditions,releasing.texic
nifrogen oxides.
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Three Levels of Incident Recognition

v Declare Chemical : :
it Incident WD Icldent
Notify Dispatch + Notify Dispatch v Notify Dispatch




START Adult Triage

/‘\\
,/// : "
" Ableto ™ Yes
- walk? P SECONDARY TRIAGE
™ ///
: . ’,/
No
PN
P g
/./ L —_—
P . No Spontaneous
< Spontaneous ————9» Position airway —m
. breathing e breathing
. L~
S 7
S /,/ APNEA

Triage Categories

S Y=L ok Triage Tag Color

o Victim unlikely to survive given severity
of injuries, level of available care, or

both
Respiratory = =30 e Palliative care and pain relie
£ pain reliel should
Rate IMMEDIATE be provided
IMMEDIATE Red Triage Tag Color

=30 e Victim can be helped by immediate
intervention and transport
o Requires medical attention within
e minutes for survival (up to 60)
P L ) 1 e Includes compromises to patient's
=" Perfusion ™. Radial pulse absent

; IMMEDIATE Airway, Breathing, Circulation
g " or capillary refill > 2 sec

-, -

S~ DELAYED Yellow Triage Tag Color

Radial pulse or capillary e Victim's transport can be delayed

present refill < 2 sec e Includes serious and potentially
life-threatening injuries, but status not
expacted lo deteriorate significantly
/\ over several hours

g Doesn't obey
/ Mental ™. commands m Green Triage Tag Color
<\ status - IMMEDIATE

\ e o Viclim with relatively minor injuries
« Status unlikely to deleriorate over days
h o May be able to assist in own care:
Obeys commands

"Walking Wounded”

DELAYED
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Toxicokinetics & Toxicodynamics
F LR R

__FG'X‘I'Cﬁ'k‘Iﬁ'e{‘I'GS—(DE‘l‘E'I‘nﬂﬂ'ES‘th'e— Toxicology on Patients

no. molecules that can reach the

receptors) Age@t—prevention
Uptake ‘
Transport FxposurEBRecontamination
Metabolism & transformation
Sequestration m
Excretion |
Toxicodynamics (Determines Internal Dose }Absorption
the no. of receptors that can B
interact with toxicants) sgsfeam
Binding Intensive | Distribution &
Metabolism

Interaction Managem ent/!aget Organ Dose
Induction of toxic effects Organs and Tisses
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DECON
CORRIDOR SUPPORT AREA




o
."f S :"“x,_'. | ) l
i ..' = = - , i-*
& ﬁ%, A & 7 & &= .
|:-'.|i_-._ ' _::_;_-. | : - -
N AL -

#BIRMLFESFT > 53383 A
Moo g5 “,ﬁ% 7+ ( Decontamination!
— A EEIAP LT I S
i 2 RS AR Rl B g & i T
3 §_FF & (the most important factor
s time); # &g e 4 iE gRALTRA
£ & (minor importance).

(Medscape—CBRNE-chemical Decontamination,
https://emedicine.medscape.com/article/831175-overview#al)

The best universal liquid decontamination agent for
chemical warfare agents (CWAS) is
0.5% hypochlorite solution.



SUSPECTED
CONTAMINATION EVENT

I l uauip
l NO I CONTAMINANT?

YES

v

OVERTLY OVERTLY
CAUSTIC? CAUSTIC?

YES YES

WATER IOR: DISROBE AND DRY

IMMEDIATELY

AVAILABLE? DECONTAMINATION

v v

DISROBE AND FLUSH AFFECTED
AREAS WITH COPIOUS AMOUNTS FOLLOWED BY ...
OF WATER WHILE AWAITING ...

|

M SOR: DISROBE AND WET B
- DECONTAMINATION i

Figure 4 Basic flow chart for determining the appropriate response for managing contaminated casualties.

Chilcott RP, et al. Emerg Med J 2019;36:117-123. doi:10.1136/emermed-2018-207562
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New “triple protocol” can be used by first

responders to remove 99.9% of chemical
contamination Iin an emergency

2 = M

Disrobing and Dry Ladder Pipe System Technical
Decontamination First Responders Using Decontamination
Self-Care with Guidance Fire Trucks Specialists Using

Decontamination Units



Disrobe: Remove
as much clothing as
possible

Using the 10:10
Blot then Rub
method...

Decontaminate the

{(3 > Hair/Top of

Head flrst

M

Reference: ASPR blog

i

@ Then the Face

-@ Then Hands

Then any other
potentially exposed
skin areas
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What?

Where?

When?

Why and How?
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Ingestion of multiple agents is common
Some drug combinations are dangerous
One drug may mask the effects of another

An intracerebral bleeding may present
much like a poisoning

Metabolic causes for coma should be
sought
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Face To Unknown Intoxication
"1?3 CRFBE, REDIFE,FL AR jﬂ’a? g, A
BRE, T EAHE, ENHL,BFERR L, WS
L h: A&7 % gie#¥(Toxidromes), Vital
Signs, Pupils, Skin, Odors
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Toxins-induced Collapse Suddenly

Hypoxic agents

Cardiac toxins: aconitine
Acetylcholinesterase inhibitors
Toxic gases: CO, Cyanide, H,S, ---
Nerve agents

Anesthetics: On October 2002, the Russian military
used a mysterious “gas” to incapacitate Chechen
rebels at a Moscow theater (6-methylfentanyl), 39 of the
attackers were killed by Russian forces, along with at least
129 and possibly many more of the hostages (including
nine foreigners).
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=)z (Absorption)

& i# (Distribution)

£ i+ 1% (Catabolism)

#% (Elimination)
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# # X% B (Toxicodynamic)

FHAhorip 3 AN

o R L+ R B

FP Pt icPii vy 3

§ i“$(cyanide) B mPz ¢ % 3
%

7? (cytochrome OX|dase)
$r¥ | Dwmle ik g



=)
RSN | A
B

(N . :
-

&5 Ririvic s b4 F

513 T e
(bioavailability)

s B e ehE 3L T
FEASELRE
deig B BV
SR A PR A P PR






¥ v

F A

Drug or Class
Opiates
Benzodiazepines
Acetaminophen
Organophosphates
Iron

Lead
Methemoglobin
Ethylene glycol, Methanol
Isoniazid (INH)
Digoxin

Al &

Cyanide

Antidote

Naloxone

Flumazenil
N-acetylcysteine
Atropine, Pralidoxime
Deferoxime

DMSA, EDTA
Methylene Blue
Fomepizole
Pyridoxine (By)
Digibind®

Na-nitrite, Na-thiosulfate
Hydroxocobalamine
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May 21, 2007 |14:40 BRFs Az T L g rdP 2
May 22, 2007 |9:30 Several health care workers complained of
subjective discomfort.
15:30 More workers complained the same symptoms.

(sore throat, skin itching and bitter feeling in
their mouth)
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Mechanism of Hydrogen Sulfide Poisoning

HbO,

C++ Cyt.C+++
\_/‘ l -

Cyt.at++ MetHb

< H,S P H +HS ———p

SHMet Ho

(slow)

\/

12 0, OH
/_\ SOx + HO,

H,S Rx Mechanism

Smith RP, Gosselin RE: Hydrogen sulfide poisoning, J Occup Med 1974,21:94.



Figure 1. Exposure—response curves for hydrogen sulphide by Table 1. Health effects of hydrogen sulphide at various

species, adapted from an unpublished report by Dr Robert
Rogers for the Alberta Enargy Resources Conservation Board,

1990.

i 8

Time to Lethality
5% ¢+ v§ 3

8

1min
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10

exposure levels

C trati Effect
Occup. Mad. Vol. 46, No. 5. pp. 367-371.1996 oy
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Concentraticn of Hydrogen Sulphide (ppm)

Qdour threshold (highly variable)

Moderate offensive odour, may be associated
with nausea, tearing of ayes, haadaches or
loss of sleep with prolonged exposure;
healthy young male subjects experience no
decline in maximal physical work capacity

8 hour occupational exposure limit in Alberta
15 min occupational exposure limit in Alberta

Cailing occupational exposure limit evacuation
level in Alberta, odour very strong

Keratoconjunctivitis (eye irritation) and lung
irritation. Possible eye damage after several
days of exposure; may cause digestive upset
and loss of appetite

Eye and lung irritation; olfactory paralysis,
odour disappears

Sense of smell paralyzed; severe eye and
lung irritation

Pulmonary oedema may occur, espacially if
exposure is prolonged

Serious damage to eyes within 30 min;
severe lung irritation; unconsciousness and
death within 4-8 hours; amnesia for period
of exposure; 'knockdown'’ '

Breathing may stop within one or two
breaths; immediate collapse
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The vitamin B12 analog cobinamide is an effective hydrogen
sulfide antidote 1n a lethal rabbit model

(A) Hydrogen Sulfide Poisoned Animal

aConcentration (mMWDPF)

(B)

Cobinamide Treated

Clinical Toxicology (2014), Early Online: 1-8

% Survival

(no antidote)
100
LI A R A BARIY L L T T -
: ' Na5 IV Cobinamide @ 15:30 min 2
NeSH o1} 8 POSSERN 101 g
} ! [V 4'«" y E 50 -
: 77 %o.os i ,(////// 1005 g
t | | E 7 o
: ‘ c
0- ‘ % 0f 40
: } | 2 % 50 100 150 200
- ; t 5 g 005 | / 1.0.05 Total Dose of NaSH (mg)
4 | Phase || Plateau’ S ‘ ;
005 - l 1 9 ~s- [V Hydroxocobalamin === IV Sulfito CBI
' | : 01 L 1.04 == Control -~ |V Aquohydroxyl CBI
NaSH 3mgmin or 1 émmin || ML i i ; % ' <+ |M Sulfito CBI =8~ DinitroCobinamide
_A . AR AR AR BA  ap ke ekl g (ol
a0 R _30 " ke 0 50 ; 100 Fig. 3. Survival curve for animal groups receiving continuous infusion
Time(min) Time(min) of NaHS at 3 mg/min until expiration.
Table 1. Experiment summary.
Group # Treatment Group N mg of NaHS (mean)® SEM range (mg) p vs. control p vs. IV cobalamin
1 Control (NaHS alone) 9 03.8+06.2 67.5-123 — 0.1 =NS
2 IV Hydroxocobalamin 7 121.7*+13.9 54-153 0.1 =NS —
3 IV Aquohydroxocobinamide 0 261.5+24 252-270 < 0.0001 < 0.0001
4 IV Sulfitocobinamide 6 170 = 8.8 138-195 < 0.0001 <0.02
5 IM Sulfitocobinamide 6 13344 114-144 <0.0003 0.48 =NS
6 IM Dinitrocobinamide 8 165.4+194 87-267 <0.01 0.09
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Antidotes for Cyanide Poisoning

1. Cyanide antidote Kits
Amyl nitrite, Sodium nitrite
Sodium thiosulfate
2. Dicobalt edetate + CN
— Cobalticyanide (CO(CN))
+ monocobalt edetate
3. Hydroxocobalamin + CN
— cyanocobalamin (Vit. B,,)

(Mushett et al., Proc Soc Exp Biol Med 1952; 81, 234-7)
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NH; and CI, Poisoning

* Acid and alkaline corrosive injury
* NH; + H,O — NH,OH
Cl, + H,O — HCI + HCIO
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Yang K, Hung D, Chang S. Splashed by a clear liquid Emergency
Medicine Journal 2017;34:475
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Table 2: Fatal systemic risk in relation to the HF concentration and the damaged body area

TVPE OF CONTAC

Skin

Ingestion
Inhalation

1%
5%
%
10 %
20 %

Anhydre
=70 %
50-70 %
20-50 %
< 20%

>5%



P Figure 1: Toxicity Mechanism of HF
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Hexafluorine is the only decontaminating solution that
preserves the transparency of the corneal surface, with no
reported injuries or long-term consequUEeNCES. Aafive-year follow-up study

revealed that chemical burns have not developed, nor further medical or surgical treatments have been needed in workers
sustained an eye or skin HF splashes when treated with Hexafluorine . According to Soderberg et al., medical treatment other than
initial decontamination with Hexafluorine is not required in workplaces where water decontamination followed by calcium gluconate
injunction failed to prevent HF dermal and ocular burns and systemic toxicity.

Different agents have different ability in skin decontamination, neutralisation of the fluoride ion and minimising on-going HF

absorption. According to Dennerlein et al. [65], DO ly €thylene glycol reduces the
cumulative penetrated amount of fluoride in the skin by 28%,
flushing with water by 49%, while rinsing with CaG or
Hexafluorine®© is the most effective method with a reduction
rate of 64%.

Unfortunately, when exposed to high concentration of HFA solution (50% and higher), with extensive and deep skin burns (third-

degree), €VEN @ Vigorous medical treatment consisted of a
continuous administration of calcium gluconate (50 ml/h,
8,5% SOlUtion) and magneSium SUIfate,amassivetransfusion of saline with

catecholamine (vasopressor) for the treatment of shock, Midazolam (2 mg), vecuronium (8 mg), and buprenorphine (0.2 mg),
extensive skin debridement and even leg amputation in order to prevent HFA flowing into systemic circulation, defibrillation and
cardiopulmonary resuscitation could not stop the progression of disseminated intravascular coagulation that eventually lead to

cardiopuimonary arrest, Progressive organ damage and lethal outcome pa
Open Access Maced J Med Sci. 2018 Nov 25; 6(11): 2257-2269




Hexafluorine
Irrigation

s &
IOR: DISROBE AND DRY
DECONTAMINATION

Hexafluorine or 2.5-10%

1. On Skin =]
directly V

Calcium Gluconate Irrigation

DISROBE AND FLUSH AFFECTED

2.Rinse the Ao N o 1. On Skin directly

Gauze per 10-15

2.Rinse the Gauze per 10-15

I SOR: DISROBE AND WET .
m I n DECONTAMINATION m I n

3.Eyes drop per 3.Eyes drop per 10-15 mins
10-15 mins W
4. CPR :

TO Hospital

DZ Hung



Toxicology of TMAH

Hr"ﬁ

"™ Strong alkaline, corrosive

TMAH <

,OH <

L oTvat <

Induced skin and mucosa
defects

| PH:13.5(2.38% TMAH)
pH>13.7 (25% TMAH)

~— Neurotoxin, ganglion blocker
Neuro-muscular junction block,

bradycardia

\__ LD50:25 mg/kg ( guinea pig, skin)

The possible toxic principles of TMAR
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Fig. 2. Kaplan-Meier survival curves of 200 p.mol/kg of TMA alone, 200 p
TMA pretreated with atropine 1 mg/kg (atropinization group), or 200
TMA pretreated with mechanical ventilation (MV group). Eight rats wel
each group. Cumulative survival time after administration drew accordin
ment. All the animals in the 200 pwmol/kg group or atropinization group di
the first 20 or 62 min, respectively. All the animals in the MV group survi
end of experiment and were sacrificed. *Significantly different from the 20(
group in log-rank test, p<0.05.

4. Discussion

Ton thA mvenacant mmAAdAl AF Aaciibn ridhhciibanmAansss TRAA nAicAy

C.-L. Wu et al. / Resuscitation 83 (2012) 119-124

burns 38 (2012) 1051-1057
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