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Pathophysiology of Carboxyhemoglobin (CO-Hb)

Definition Of Carboxyhemoglobin:

Carbon monoxide (CO) is colorless, odorless, and tasteless, undetectable
unless mixed with a visible or odorous pollutant.

Carboxyhemoglobin (CO-Hb) is produced by the incomplete combustion of
fuels such as gasoline.

Carbon monoxide (CO) binds more tightly with hemoglobin than O2. It
displaces the O2 and causes hypoxia.

Carbon monoxide (CO) is a chemical agent which produces hypoxic injury
due to O, deprivation.

There is Cherry red skin is a good clue for Carbon monoxide poisoning.




Poisoning Carboxyhemoglobin (CO-Hb)
mechanism

1.Carbon monoxide (CO) is produced in the environment where there is
partial combustion of Carbon-containing fossil fuels.

1.Complete oxidation leads to the production of CO2.
2.Carbon monoxide (CO) combines with hemoglobin with 200 times more
affinity than oxygen.

1.CO + Hb = CO-Hb
3.CO-Hb produces a cherry-red or violet color on the skin.

Carbon monoxide CO poisoning
4.50 in the presence of CO, few sites are available for O2 to combine with

Hb.

5.Less O2 is available for tissue respiration leads to Hypoxemia because
CO-Hb cannot transport O.,

6.CO has a high affinity for hemoglobin, almost 210 times that of oxygen.
7.CO will combine with the hemoglobin and form carboxyhemoglobin CO-
Hb.

8.Normally carboxyhemoglobin (CO-Hb) is a small fraction of the total
hemoglobin> 0.5.%

9.CO-Hb at a higher level leads to toxic symptoms
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CO poisoning is directly toxic to the intracellular oxidative
mechanism and produces more nitric oxide (NO).

When CO poisoning takes place, ask for Hb analysis for CO-Hb.

CO is readily cleared by breathing normal air.

Fetal Hb has more affinity for CO, and if these fetuses are exposed
to CO, they are more at risk




Carbon monoxide Poisoning

- 200 times more
Hb affinity to CO
than O2
l o 1. Colorless
CO 2. Odorless
3. Tasteless
4. More affinity
for fetal Hb

CO + Hb —» CO-Hb—> Normally <0.5%
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Carbhon monosxde

Hemogiobin

@+Ho+eCcO=HbCcO @e

Carboxyhemogiobin

stadie compound)

il |* House fires. ¢ Boilers / furnaces.
el iiEt e Car exhausts.  * Cigarette smoke.

CO has 200 x the affinity for Hg than O, [2]

E.g. An atmosphere of 20% 0, + 0.1% CO — 50:50 carboxy/oxyhaemoglobin saturation.
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20-30

Increasing %
of Carbon
Monoxide in
the Blood

Death (especially if not removed from exposure)

Seizure, Unconsciousness, Heart Attack

Confusion, Blurred Vision, Shortness of Breath, Pounding
Headache, Uncontrolled “Sleep”, Vertigo, Loss of
Coordination, Chest Pain, Memory Loss

Impaired Judgment, Difficulty Breathing, Blurring of Vision,
Bad Headache, Increasing Drowsiness, Stomach Pain

Drowsiness, Headache, slight increase in Respiratory Rate,
Dizziness

Slight Headache, Nausea

None

Typical Symptoms of Carbon Monoxide Poisoning.
Note: Headache is the most common symptom.
Caution: People experience different symptoms of different intensities
and in different orders. This is only a guide.

HBCO 3455

*




Headaches

Nausea

Dizziness

Breathlessness

Collapse

Loss of
consciousness




Symptoms of
Carbon monoxide poisoning

* Dizziness
+* Headache

* Disorientation
* Impairment of

the cerebral function
+* Coma

* Visual
disturbances

* Disease of the
heart and respiratory

* Muscle weakness
* Muscle cramps

* Selzures

* Nausea

* Aggravation of
preexisting
diseases




Concentration Symptoms
(ppm CO)
50 No adverse effects with 8 hours of exposure
200 Mild headache after 2-3 hours of exposure
400 Headache and nausea after 1-2 hours of exposure
800 Headache, nausea and dizziness after 45 minutes of exposure;
collapse and unconsciousness after 2 hours of exposure
1,000 Loss of consciousness after 1 hour of exposure
1,600 Headache, nausea and dizziness after 20 minutes
of exposure
3,200 Headache, nausea and dizziness after 5-10 minutes of exposure;
collapse and unconsciousness after 30 minutes
of exposure
6,400 Headache and dizziness after 1-2 minutes of exposure;
unconsciousness and danger of death after 10-15 minutes
of exposure
12,800 Immediate physiological effects; unconsciousness and

(1.28% by volume)

danger of death after 1-3 minutes of exposure

*pom = parts per milbon
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Sample for Carboxyhemoglobin (CO-Hb)

Collect the venous blood immediately when CO poisoning is suspected.
Heparinized arterial or venous blood for spectrophotometric methodology.
Because CO is rapidly cleared from the hemoglobin when the patient is

exposed to fresh air.

Whole blood in heparin is stable >4 months infilled well-caped bottle.

Blood in EDTA anticoagulant is stable at room temperature for over a week.
Precautions for Carboxyhemoglobin

Don’t use oxalate for the blood sample.

Collect the blood sample before oxygen therapy is started.

O, saturation and oximetry are inaccurate in the CO-poisoning because it measures
all forms of O, — saturated hemoglobin and CO-Hb.

Purpose Of The Test (Indications) For Carboxyhemoglobin (CO-Hb)

This test is done to detect carbon monoxide poisoning.

It is prescribed for patients who are exposed to smoke inhalation, exhaust fumes,
and fires
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Main symptoms of

Carbon d|0X|de toxicity

Volume % | Visual Central
T ; Dimm;\ - Drowsiness
sight - Mild narcosis
W - 1% - Dizziness
M - 3% Audltory - Confusion
B -5% - Reduced - Headache
B -8% hearing - Unconsciousness
— Skin
] - Sweating
Respiratory
- Shortness
of breath Heart
- Increased
heart rate
Muscular and blood

- Tremor

pressure
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Concen.trat.lon Health Effects
(ppm in air)
1-3 ppm Mild mucous membrane irritation

5-15 ppm Upper respiratory tract irritation

Immediate chest pain, vomiting, shortness of breath
30 ppm (dyspnea) and cough

Inflammation of lung tissues (toxic pneumonitis) and
40-60 ppm fluid accumulation (pulmonary edema)

430 ppm Death within 30 minutes

1,000 ppm Death within a few minutes







HOCI + NOy — reactive nlfrogen species — tyrosing  — INT
(MO, Cl-MCy) nifralion

HOCI + O, —= zource of hydroxyl radicals
(OH*})

O, = 2 HO® —= ZNOy
Oy =« NO® —= ONOO




Chlorine (Cl 2 ) gas is a yellow green, dense gas that is lethal at high
doses (> 400 ppm at >30 min of exposure ). This toxic industrial
chemical (TIC) has many applications from chemical manufacturing
to water purification requiring production and transport of large
volumes globally; there is a risk to human health in the event of an
accident as exemplified by the recent large scale release in Agaba
Port, Jordon in 2022.

Further oxidative damage of Cl 2 and hypochlorous acid to airways
occur by recruitment and activation of macrophages, granulocytes,
epithelial cells and subsequent induction of INOS, ROS and a high
guantity of fibrinogen, adiponectin, SAP (serum-amyloid-P) and
sVCAM-1 (soluble-vascular cell adhesion molecule-1) in

bronchoalveolar lavage fluid (BALF) and airway epithelium. Chlorine

exposure can lead to mitochondrial dysfunction, resulting in the
excessive production of ROS, which is the main cause of cellular
and organ injury, including damage to mitochondrial DNA, the
formation of MPT pore and apoptosis. Myeloperoxidase increases
the formation of reactive oxygen mediators and exacerbates
chlorine-induced damages.
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Symptoms of Chlorine Poisoning

The severity of chlorine poisoning depends on many factors, including the
type, quantity, and duration of the exposure. Some of the symptoms of
chlorine poisoning are:

» Wheezing and coughing

e Difficulty in breathing

e Chest tightness

e Watery eyes and blurry vision

e Nausea and vomiting

e Abdominal pain

 Pain or burning sensation in the eyes, nose or mouth
 Blood in stools or vomit

 Abrupt variations in blood pressure

e Skin irritation

e Pulmonary edema or building up of fluid in the lungs




Effects of chlorine (CIZ) on health

Chlorine concentration
(expressed in ppm)

Effects on human health

h 4

100 to 150 P Pains, chest tightness, and death after prolonged exposure

» Maximal exposure for 30 minutes

P Immediate throat irritation

P Easily detectable through smell

P Irritation to the eyes and breathing tracts

P Permissible exposure limit
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Hydrogen sulfide (H2S)
IS a colorless gas with a strong rotten egg smell.
This gas is very toxic by inhalation and causes cellular hypoxia.
Being exposed to low concentrations affects the eyes (swelling) and
the breathing system (lungs burns).
It is also extremely flammable ), especially in contact with oxidizers
featuring explosive limits between 4 and 46% volume.
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Proposed pathophysiology of H2S

-induced neurotoxicity.

-Acute exposure to high levels of H2S induces lung edema, leading
to reduced oxygen absorption in the lungs.

- H2S also affects the cardiovascular system, inducing vasodilation
leading to hypotension. Together, both lead to development of
ischemic hypoxia in the brain.

-The function of cytochrome c oxidase in the mitochondrial

electron transport chain is also inhibited by H2S, leading to

reduced ATP production.

Collectively, these pathophysiologic effects, coupled with direct
cellular effects,

-account for the acute neurotoxic effects and the subsequent
development of prolonged neurological sequelae
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Effects of hydrogen sulfide (H,S) on health

(expressed in ppm)

1,000 fo 2,000

500 to 700

200 to 300

100

27
10

4.6

Hydrogen sulfide concentration

Effects on human health

b 4

P Sudden loss of consciousness with early respiration cessation
within minutes. Death might occur even if the injured person is
being moved to fresh air

P Loss of consciousness, cessation of the respiration then death

P Severe conjunctivitis (eye inflammation) and irritation to the
breathing tracts after 1 hour exposure

» Coughing, eye irritation, anosmia (loss of smell) within 2 to 5
minutes

P Strong and unpleasant smell
P Irritation to the eyes begins
P Easily detectable, moderate smell

P Minimal perceptible smell




Efr Hydrogen Sulfide

* Decomposition of materials, human waste
* Naturally present in some oil/gas reservoirs
* Rotten egg odor at low concentrations

* Possibly no warning at high concentrations

PPM Effect Time
10 Permissible Exposure Level 8 Hours
50-100  Mild Irritation - eyes, throat 1 Hour
200 - 300 Significant Irritation 1 Hour

500 - 700 Unconsciousness, Death  1/2 - 1 Hour
>1000 Unconsciousness, Death  Minutes
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AIP + 3H20 >>>> PH3” + AI(OH)3
Mg3P2 + 6H20 >>>> 2PH3A + 3Mg(OH)2



https://www.millingtec.com/php/viewtopic.php?t=6725&sid=7cd4b90832fbb9d6a94bf23103eddc43

Physicochemical properties

* Aluminum Phosphide
* Most widely available.

* greenish-gray tablet that has a garlic odor.

* Zinc phosphide
* dark gray powder and or crystals.
* odor of acetylene or rotten fish.

* Calcium phosphide

* reddish-brown crystal powder
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Characteristics of AlIP

* Greyish green tablet, metallic taste, garlicky odour.
* Solid fumigant pesticide, insecticide and rodenticide.
* commonly used as grain fumigant because of its near
ideal properties;
— Cheap
— Toxic to all stages of insects,
— highly potent,
— does not affect seed viability,
— free from toxic residues

— leaves little residue on food grains (phosphite &
hypophosphite of aluminium are non-toxic residues left in
the grains).




Characteristics

* Each 3 gm tablet releases 1 gm and each 0.6
gm pellet releases 0.2 gm of Phosphine gas on
exposure to moisture.

* HCl in stomach accelerate the convertion.
— AP + 3H20 = Al (OH), + PH,
— AIP + 3HCI > AICI, + PH,

* Phosphine gas is colourless and odorless.

However on exposure to air it gives a foul
odour (garlicky or decaying fish).




Acute Aluminum Phosphide
poisoning
aluminum phosphide has emerged as the
commonest suicidal agent in Northern India.
extremely lethal

usually suicidal, Adult male preponderance, in
lower socio-economic strata, rural population

uncommonly accidental (Farmers, Children)
and rarely homicidal
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Mode of poisoning & fatal dose
IngestionFatal dose: 0.5 g (1-3 tablets)Fatal period: 1-4 hours.
Majority die within 24 hoursinhalationFatal dose: phosphine ppm3.
absorption through the skin (rare)

Mechanism of toxicity
react with gastric acid to form phosphine, a potent pulmonary and Gl
toxicant.Inhibits respiratory chain enzymes, electron transport, cyt
oxidase.Formation of highly reactive hydroxyl radicalsleads to cell
necrosis and death.

There is a decrease in the level of catalase and increase In the activity

of superoxide dismutase.
Indicators of oxidative stress (reduced glutathione, malonyl dialdehyed)
reach peak levels within 48 h of exposure, and normalize by day 5.




concentrations Toxic to Humans

The threshold limit value-time weighted average (TLV-TWA) for an eighthour daily
exposure in a five-day week is set at 0.3 ppm

The maximum concentration to which workers should be exposed for a period up
to 15 minutes is 1 ppm,

with the stipulation that at least 60 minutes should elapse between such
exposures and provided the daily TLV-TWA of 0.3 ppm is not exceeded.
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should a person become exposed to phosphine as a result of inattention,
negligence, failure to follow proper procedures or some other reason and, as a
result, symptoms consisting of fatigue, ringing in the ears, nausea, or pressure in
the chest appear, he should go immediately into the open fresh air. Symptoms of
poisoning by a small quantity of phosphine will normally disappear when a person
is removed to the fresh air. However, despite the seeming insignificance of even
mild cases of poisoning with symptoms as described above, first aid measures (see
below) are absolutely imperative before and until the arrival of a doctor
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Signs & Symptoms INHALATION
MILD: irritation of mucous membrane, dizziness, easy fatigue, nausea,
vomiting, diarrhoea, headache, tightness in the chest, acute respiratory
distressMODERATE: ataxia, numbness, paraesthesia, tremors, diplopia,
jaundice, muscular weakness, incoordination and paralysisSEVERE (PH3>
0.3 ppm): adult respiratory distress syndrome, cariac arrhythmias,
congestive cardiac failure, pulmonary edema, convulsions, coma




symptoms of Poisoning

According to the amount of phosphine inhaled, symptoms may occur immediately or several
.hours after exposure

Slight or mild poisoning :

may give a feeling of fatigue,

ringing in the ears, nausea, pressure in the chest and uneasiness.

. All of these symptoms will normally disappear in fresh air

Greater quantities :

will quickly lead to general fatigue, nausea, gastrointestinal symptoms with vomiting,
stomach ache, diarrhoea,

disturbance of equilibrium,

.(strong pains in the chest and dyspnoea (difficulty in breathing
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very high concentrations :

rapidly result in strong dyspnoea,

cyanosis (bluish-purple skin colour),

agitation, ataxia (difficulty in walking or reaching),

anoxia (subnormal blood oxygen content),

unconciousness and death.

Death can be immediate or occur several days later due to oedema and collapse of
the lungs, paralysis of the respiratory system or oedema of the brain.
Disturbances of kidney and liver functions (hoematuria, proteinuria, uraemia,
jaundice)

and cardiac arrhythmia may occur.
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Laboratory investigations
mainly done to assess the prognosis.Leucopenia indicates severe toxicity.
Increased SGOT or SGPT and metabolic acidosis indicate moderate to severe
poisoning.
low magnesium,potassium may be increased or decreased.Raised
urea/creatinineplasma renin level - direct relationship with mortality and to the
dose of pesticide.The serum level of cortisol is low in severe poisoning.




POISONING MANAGEMENT: GENERAL PRINCIPLES
Initial resuscitation and stabilization Removal of toxin from the body
Prevention of further poison absorption Enhancement of poison
elimination Administration of antidote Prevention of reexposure
Supportive treatment

Treatment should not be delayed for confirmatory diagnosis.

Early arrival, resuscitation, intensive monitoring and supportive therapy
may result in good outcome.

No specific antidote.

the key to treatment lies in rapid decontamination and resuscitative
measures.correcting electrolyte abnormalities & Shock.Monitoring of
vitals and Initial investigations Repeated ECG and echocardiography can
reveal cardiac dysfunction early




