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ABSTRACT
Aluminum phosphide (AlP) is a cheap, effective and commonly used pesticide. It is one of the fatal pesticides. It liberates lethal
phosphine gas when it comes in contact either with atmospheric moisture or with hydrochloric acid in the stomach. The mechanism of
toxicity includes cellular hypoxia due to the effect on mitochondria, inhibition of cytochrome C oxidase and formation of highly
reactive hydroxyl radicals. The signs and symptoms are nonspecific and instantaneous. The toxicity of AlP particularly affects the
cardiac and vascular tissues, which manifest as profound and refractory hypotension, congestive heart failure and electrocardiographic
abnormalities. The diagnosis of AlP usually depends on clinical suspicion or history, but can be made easily by the simple silver
nitrate test on gastric content or on breath. Due to no known specific antidote, management remains primarily supportive care. Early
arrival, resuscitation, diagnosis, decrease the exposure of poison ( by gastric lavage with KMnO4 or sodium bicarbonate ), intensive
monitoring and supportive therapy may result in good outcome.
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1. INTRODUCTION
Aluminum phosphide is highly effective insecticide and rodenticide. Acute toxicity can occur due to ingestion of products containing
aluminum phosphide or by inhalation of phosphine gas generated during its use ( Anand, 2011 ). Aluminum phosphide poisoning is
lethal with mortality rate about 70 %. The mechanism of toxicity occur by ( Proudfoot, 2009 ) :
a) Inhibition of cytochrome c oxidase.
b) It rapidly perturbs mitochondrial morphology, inhibits oxidative respiration by 70%, and causes a severe drop in
mitochondrial membrane potential.
c) It can interact with hydrogen peroxide forming reactive hydroxyl radical leading to lipid peroxidation
d) It inhibits peroxidase and catalase
There is no specific antidote for aluminum phosphide toxicity and the key to treatment lies in rapid decontamination and institution of
resuscitative measures. The specified fatal dose in human is 0.15 - 0.5 gm. Moisture in the air mixes with phosphide and release
phosphine (hydrogen phosphide, phosphorus trihydride, PH3) which is the active as pesticide and toxic compound. After contact with
an acid, phosphine is released even more vigorous (Hackenberg, 1972).
There is a short interval between ingestion and appearance of systemic toxic features because of rapid and easy absorption of
phosphine gas (Stewart, et al, 2003, Chan, et al, 1983)
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2. CLINICAL FEATURES
The early symptoms include nausea, vomiting, retrosternal and epigastric pain, dyspnea, anxious, agitation with garlic odor (Popp, et
al, 2002). Shock and peripheral circulatory failure are also early signs of toxicity. Mortality can occur within 12 to 24 h of ingestion
(Singh, et al, 1991).

2.1 Cardiac toxicity
Cardiac toxicity includes circulatory failure (Alter, et al, 2001), hypotension (Bayazit, et al, 2000), and ECG abnormalities (ST and Twave changes) (Kalra, et al, 1991).

2.2 Respiratory toxicity
Tachypnea, dyspnea, crepitations, and rhonchi were present on examination in 192 out of 418 cases (46%) of phosphide poisoning
(Chugh, et al, 1991). Pulmonary edema is common but it is not always clear whether it is cardiogenic or non-cardiogenic in etiology. It
tends to develop 4 – 48 h after ingestion and the finding of a reduced arterial pressure of O2 without an increase in pulmonary artery
wedge pressure, suggested it was non-cardiogenic (Kalra, et al, 1991).

2.3 Gastrointestinal toxicity
Hematemesis (Gupta, et al, 2000), corrosive lesions of the esophagus and stomach (Madan, et al, 2006, Tiwari, et al, 2003), vomiting,
epigastric pain, severe gastric erosions, duodenal erosions, esophageal strictures (Darbari, et al, 2007). Dysphagia may be apparent as
soon as 3 or 4 days after ingestion of aluminium phosphide (Madan, et al, 2006, Darbari, et al, 2007) but is more usual about 2 weeks
later.

2.4 Hepatic toxicity
Transient elevations of alanine aminotransferase and aspartate aminotransferase activities are not infrequent after ingestion of metal
phosphides (Frangides & Pneumatikos, 2002) but jaundice secondary to liver damage is much less common (Chugh, et al, 1998).
Acute hepatic failure and encephalopathy was considered to be the cause of death in one man (Chittora, et al, 1994), while a 12 - year
old girl died from a combination of acute hepatic failure and encephalopathy with renal failure (Bayazit, et al, 2000).

2.5 Electrolyte and metabolic abnormalities
Hypokalemia, metabolic acidosis, mixed metabolic acidosis and respiratory alkalosis, and acute renal failure are reported frequently.
Also, hypoglycemia and hypomagnesemia have been reported in several studies (Dueñas, et al, 1999). Hypokalemia is common soon
after ingestion of metal phosphides and is probably secondary to vomiting, though catecholamine release could also contribute.
Hyperglycemia (Abder - Rahman, 1999) appears to be rare. A study by Singh et al, demonstrated that serum magnesium
concentrations were increased, possibly secondary to release from damaged cardiac myocytes and hepatocytes (Singh, et al, 1991;
Singh, et al, 1990). In another study by Chugh et al, found that patients poisoned with aluminium phosphide suffering from shock and
cardiotoxicity (Chugh, et al, 1991)

3. DIAGNOSIS
A positive history of ingestion is the basis of diagnosis in most cases. The presence of typical clinical features, garlicky odour from the
mouth and highly variable arrhythmias in a young patient with shock and no previous history of cardiac disease points towards
aluminium phosphide poisoning.
The risk of aluminium phosphide poisoning reduced in the following conditions :
a) When the patient uses the expired one
b) When aluminum phosphide is dissolved in water before use
c) When the patient experiences immediate vomiting
Confirmation can be done by the Silver Nitrate Test (Chugh, et al, 1989). In this test, 5 ml of gastric aspirate and 15 ml of water are
put in a flask and the mouth of the flask is covered by filter paper impregnated with silver nitrate. The flask is heated at 50 C for 15 to
20 min. If phosphine is present the filter paper turns black. For performing the test on exhaled air, the silver nitrate impregnated filter
paper is placed on the mouth of the patient and the patient is asked to breath through it for 15-20 minutes, blackening of the paper
indicates the presence of phosphine in breath. The sensitivity of the test is 100%.

4. LABORATORY INVESTIGATIONS
Laboratory evaluation is often performed to assess the prognosis. Leucopenia indicates severe toxicity. Increased aspartate
aminotransferase or alanine aminotransferase and metabolic acidosis indicate moderate to severe poisoning. Electrolyte analysis shows
decreased magnesium while potassium may be increased or decreased (Chugh, et al, 1990). Electrocardiogram shows various
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manifestations of cardiac injury (ST depression or elevation, bundle branch block, ventricular tachycardia, ventricular fibrillation)
(Jain, et al, 1985; Katira, et al, 1990; Siwach, et al, 1998; Singh, et al, 1989).

5. MANAGEMENT
5.1 Decontamination
Gastric lavage is probably best avoided after ingestion of phosphides as it might increase the rate of disintegration of the pesticide
and increase toxicity (Maitai, et al, 2002). Gastric lavage must be done with potassium permanganate (1:10,000) to reduce absorption
of phosphine. Permanganate oxidizes PH3 to form non-toxic phosphate. This is followed by a slurry of activated charcoal
(approximately 100 gm) given through a nasogastric tube.

5.2 Supportive care
The most important factor is resuscitation of shock and institution of supportive measures as soon as possible. Intravenous access
should be established and 2- 3 litres of normal saline are administered within the first 8-12 hr (Siwach, et al, 1997). Low dose
dopamine (4-6 μg/kg/min) is given to keep systolic blood pressure > 90 mm Hg. The use of high doses of glucagon may benefit in the
treatment of aluminum phosphide poisoning; the likely mechanism of action is the increase of cAMP in the myocardium, effectively
bypassing the β-adrenergic second messenger system. Oxygen is given for hypoxia. Acute respiratory distress syndrome requires
intensive care monitoring and mechanical ventilation. The blood glucose concentration should be measured in every case and
hypoglycemia corrected if found.

5.3 Magnesium supplementation
Magnesium administration appeared to terminate atrial fibrillation in many cases of aluminum poisoning (Chugh, et al, 1989) and
supra ventricular tachycardia and ventricular tachycardia (Chugh, et al, 1991). On the other hand, magnesium sulphate 3 g given
intravenously over 30 min did not abolish very frequent ventricular ectopic beats and bigeminy though it restored a normal magnesium
concentration (Dueñas, et al, 1999). Only a few studies have attempted to assess the value of magnesium sulphate in large groups of
patients and their results are conflicting. In a study, 50 patients after aluminium phosphide ingestion were given high doses of
magnesium and the result compared with the control group that was not treated. The result showed (42%) of those given supplemental
magnesium survived compared with (40%) not so treated.

6. CASE STUDY
A 55 yr-old female presented to the ED with repeated vomiting and disturbed level of consciousness, BP 140 / 70, PR 63, SPO2 95%.
Her past medical history include hypertension and ischemic heart disease (IHD), she was on captopril 25 mg twice daily. After taking
history of poisoning, her son said that " she attempted to suicide by ingestion of an unknown amount of an old unlabeled rodenticide
in her possession after a problem happened with my father ". After 2 hours of admission, she became comatose and hypotensive where
BP became 100 / 60, oxygen saturation was reduced to 85 %. ECG findings were : ventricular ectopic with atrial fibrillation. After a
call of the physician and in response to the situation, a team of our poison control center (PCC) went to the hospital to get the
rodenticide itself for analysis and evaluates her clinical situation. Analysis was done to the granules of the unknown rodenticide, the
results revealed liberation of phosphine gas during silver nitrate test.
As a PCC, we took an action for decontamination and treatment of this patient to prevent any poor progression in her clinical
condition. 2 L of Potassium permanganate 0.1 % solution was prepared for gastric lavage followed by 50 gm in 400 ml of water
activated charcoal irrespective of exposure time in order to increase her saving possibility. After these decontamination measures, her
conscious level improved and oxygen saturation became about 90 %; but ventricular ectopic and atrial fibrillation are still present.
To prevent any worsening in cardiac effects, we suggested to administer Mg - sulfate IV. She became conscious, oriented after 2 doses
of 2 gm Mg - sulfate IV and considered as clinically stable except for AF which still present after 24 hours of treatment with Mg sulfate. Physicians of CCU were phone called our PCC to inquire whether they continue Mg - sulfate or not; we instruct them to
continue Mg - sulfate IV as 6 gm / day administered by infusion for at least 5 days. AF unresolved for 3 days despite using of
continuous IV Mg - sulfate; but she is clinically well and stable. At the 4th day AF was resolved and she became completely stable and
transported from CCU to the general wards in the women's floor of medicine.

7. DISCUSSION
Aluminum phosphide toxicity is less common than zinc phosphide toxicity in our society in Nasyriah city. Many cases include those
with suicidal attempt especially in women and many cases of children with incidental exposure. Unfortunately, most those with
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aluminum phosphide toxicity received by our poison control center were died, the fatal dose was 1 tablet for one case and 4 tablets for
the other. Both are admitted later after exposure, more than 6 hrs. of taking the tablets; while in this 55 - yr old case, admission was
after 2 hours of exposure; this made the decontamination measures active and saved her life. In such cases, gastric lavage with 5 %
sodium bicarbonate or 0.1 % potassium permanganate solution must be done immediately after exposure to prevent the release of
phosphine gas in the stomach because once it is released; phosphine gas will be absorbed rapidly and causing free radical formation
leading to lipid peroxidation ending with end organ damage and there is no specific antidote for phosphide ( Bogle RG et al, 2006 ).
Aluminum phosphide can cause arrhythmias of any type. In our case for study, ventricular ectopic and atrial fibrillation were occurred
and magnesium sulfate IV used for treatment. Magnesium sulfate given as 4 gm bolus dose initially when AF occurred, then 6 gm per
day given as IV infusion for 5 days and this is identical to the dose remembered in many studies such as Mohan G et al, 2011.

8. CONCLUSION
Aluminum phosphide is considered one of the fatal pesticides. Later activities will not improve patient state because of phosphine
absorption in considerable amounts to the blood circulation and exert its toxic effects, besides; no specific antidote is present for this
phosphine gas. Early decontamination measures will be able in high percentage to save patient life due to prevention or decreasing
absorption of this gas to the circulation. Magnesium sulfate used to treat cardiac effects caused by phosphine gas and not considered as
specific antidote and it is effective in this field.
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