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“The Blue and Yellow Macaw”, Lithographic print, Edward Lear, Illustrations of the
Family of Psittacidae, or Parrots 1830-1832.



On the 22 April 1500, the great Portuguese captain Pedro Alvares Cabral swung his fleet in
a very wide arc, far out in the Atlantic in order to avoid the “doldrums” on the long voyage
to round the Cape of Good Hope on the way to the distant East Indies. Suddenly a mountain
top was sighted to the West. Cabral knew his latitude was too far South for this land to be
the newly discovered islands of the Caribbean. This was undiscovered land. He quickly
altered his voyage plan and went in search of the distant vision. The next day Cabral struck
land and for the first time Europeans set foot on what is today known as Brazil.

The Portuguese explorers were astounded at what they had discovered, a vast untamed
jungle paradise. There seemed no limit to its extent. Its flora and fauna were totally foreign,
unlike anything previously seen. One creature seemed to stand out above all others however
in this strange new world, flocks of brilliantly coloured parrots known as macaws. These
magnificent birds flew over the steamy jungle canopies in vast numbers. To the Portuguese,
the new land became known as the “land of the parrots” they quickly became an iconic
symbol of the mighty Amazon.

Today it is known that the greatest part of the planet’s biodiversity resides in the Amazon
jungle, in both its plant life and its animal life. Even today the true extent of this biodiversity
iIs unknown, new species are continually and regularly discovered. The importance of
biodiversity to our planet cannot be over-estimated, not only in the richness and wonder that
it inspires in any intelligent observer, but also in the potential discoveries that may be found
in its genetic diversity for our understanding of life on Earth in general and indeed in the
possible benefits this may in turn provide us with. The plant life alone remains an essential
component of clearing the atmosphere of carbon dioxide and providing oxygen essential for
our existence.

Despite all this the Amazon and its amazing treasures has been subjected to savage,
rapacious and relentless attack, virtually from the very first days of the Portuguese
occupation, when the magnificent macaws were taken back to Europe in large numbers as
spectacular pets. In more modern times it is the flora that has come under attack with
logging on a vast scale, clearing away regions of vegetation larger than many countries.
With the clearance of the natural habitat comes the irretrievable loss of biodiversity to the
future impoverishment of the planet, but more importantly to its future peril.

The tragedy of the new world faunal loss is no better illustrated than the story of the
magnificent birds that so amazed the Portuguese on their arrival over five centuries ago.
This has come about by greedy hunters collecting for rich clients the world over, but an
even greater toll on these creatures has been taken by a devastating loss of their habitat.
Hunting and habitat loss has combined to drive many species to extinction, a case in point
being the Blue macaws, iconic pets of “the pirates of the Caribbean”. Macaws are the first
species to vanish whenever humanity comes into contact with previously unexplored regions
of the Amazon. Loss of the Yatay palms contributed to the extinction of the Glaucous macaw
by 1905. Loss of the Licuri palm has critically endangered the Lear’s macaw, with probably
less than 100 birds now surviving in the wild. Loss of the Carraiba gallery woodlands has
almost ensured the eventual extinction of the Spix’s macaw, however frantic and heroic
conservation efforts remain ongoing.

The biodiversity of our planet enriches it immeasurably, the plant life ensures our own
ongoing survival, but this biodiversity also teaches us important lessons about life itself.



Close observation of macaws has demonstrated a peculiar habit, initially quite puzzling and
without apparent purpose. Macaws regularly visit neutral clay deposits known as “mineral
licks”. These geological structures are often cliffs alongside riverbanks. Macaws gather
here to eat up chunks of the clay. The large beaks of macaws enable them to feast on a diet
of a variety of jungle fruits generally unpalatable or unavailable to competitors, including
other impressively large beaked birds such as the toucans. Jungle fruits are often high in
toxic tannins and a range of toxic alkaloids. It now seems that the clays ingested by the
macaws actually absorb these toxic compounds allowing them to enjoy the nutritional
benefits of the fruits without suffering the toxic effects.

The macaws thus, besides being incredibly beautiful provide us with an important clue in
the management of the ingestion of one of the most toxic compounds ever devised by
humanity, paraquat and its related compounds. Even small amounts of this herbicidal agent
if ingested is lethal. There is no specific antidote or treatment, the only hope being in the
rapid neutralization of this substance before it is absorbed by the gut. By the administration
of Fuller’s earth, a natural clay, or charcoal, there may be some hope for survival. This
treatment mimics the detoxifying clay eating habits of the macaws, by its action in effectively
binding the poisonous paraquat and thus preventing its absorption into the body. Despite
our best efforts to exterminate the magnificent Blue macaws they graciously provide us with
an ingenious solution to the ingestion of a highly lethal agent of our own making.

% Beautiful scene of iridescent
- 1 multi-coloured parrots at a
clay lick at Tambopata
National Reserve, Peru.

There are Blue and Yellow
Macaws, Scarlet Macaws,
Chestnut-fronted Macaws,
Mealy Amazons, Blue-
headed Parrots and a single
Orange-cheeked Parrot.

(Photograph by Brian
Ralphs).



PARAQUAT POISONING

Introduction

Paraquat is a herbicide, which acts on plants to inhibit photosynthesis. It is related to
diquat.

The advantage of these herbicides is that they are totally denatured on contact with soil.
Hence the rationale for using di-atomaceous clays such as bentonite and Fullers earth in
treatment.

It is extremely toxic to humans and as little as one mouthful of the concentrate can be lethal.
Death is from multiorgan system failure within hours to days of ingestion, or if the patient
survives this, from a rapidly progressive pulmonary fibrosis.

Early decontamination offers the best hope for survival.

It is advisable to discuss all cases with a specialist Clinical Toxicologist.

Preparations

Preparations include:

° Usual preparations include: 6.4 %, 20 %, 24 %, and 25 % w/v.

° Older paraquat concentrates of 36% have been discontinued.

° Paraquat-diquat mixtures include: 1.25 / 1.25 %, 2.5/ 2.5 %, 10 / 5 %, 10 / 10%,
125/75%and 13.5/11.5%

° Most preparations also contain a coloring (blue-green or red-brown) agent as well as
a stenching agent.

Pharmacokinetics

Absorption

° Paraquat is rapidly but poorly (< 5%) absorbed following oral intake. This is,
however the usual route for toxicity.

° Material in the stomach reduces absorption
° There is little absorption via skin or inhalation.

° Peak blood levels occur within 2-4 hours.



Distribution

Vp is large, as it is concentrated within cells of all major organs, especially the
pneumatocyts.

Metabolism and excretion

° Paraquat is not metabolized and is eliminated mostly via renal excretion, however a
substantial percentage remains tissue bound and is excreted over 2-3 weeks.

Toxicity

° Paraquat is corrosive to the GIT and respiratory mucosas.

° The ingestion of paraquat leads to the generation of free oxygen radicals, which
cause lipid peroxidation damaging cell membranes and leading to cell death.

° It is actively taken up by type 2 pneumatocytes and renal tubular cells.

° Death is by multiorgan system failure.

° In patients who do survive the first few days a pneumonitis develops which leads to

rapidly progressive pulmonary fibrosis. This may develop up to 6 weeks later

Risk Assessment

Deliberate self-poisoning with more than approximately 20 mls of a 20% concentrate
is usually fatal.

As little as 5 mls may be fatal to a child.
Minor accidental ingestions of a “taste” or “splash” are unlikely to cause problems.
Inhalational exposures do not cause significant toxicity.

Dermal exposure may cause toxicity if the exposure is prolonged of if there is a
breach in the skin

The paraquat nomogram can further assess risks (see below)

Dose related risk table: (2nd Murray):

Dose

Clinical effects

< 30mg/kg Mild to moderate GIT upset




Or Full recovery expected however.
< 0.15 mls/kg of 20% soln.
Or

< 10 mls of 20% soln. in a 70 kg

patient.
30-50 mg/kg Significant GIT corrosive injury.
Or Multiorgan failure

0.15 - 0.25 mls/kg of 20% soln. Delayed pulmonary fibrosis

Or High mortality (> 50%).

10- 18 mls of 20% soln. in a 70

kg patient.

> 50 mg/kg Fulminant multiorgan failure
OR Alveolitis/ ARDS

> 0.25 mls/kg of 20% soln. Death in 12 hours - 7 days.

> 18 mls of 20% soln. in a 70 kg
pt.

Clinical features

Depending on the dose taken death can occur with 12 hours to 7 days
A typical clinical progression of paraquat poisoning may be summarized as follows:
1. Immediate:

° The initial presentation is GIT upset, which can be severe and result in
esophageal and gastric erosions. Perforation has been reported.

2. Hours:
° Metabolic acidosis develops early in significant ingestions.

3. < 48 hours:



There is progressive multi-organ system failure, including:
° Worsening metabolic acidosis.
° An ARDS type syndrome, resulting in respiratory failure.
° Cardiovascular collapse with shock.
° Renal failure
° Hepatic injury
4. > 48 hours:
° For those who survive to this stage, a very rapidly progressive pulmonary

fibrosis may then develop over the ensuing weeks, leading almost inevitably
to death.

Investigations

1. Baseline blood investigations should include
° FBE
° U&Es / glucose
° LFTs

° Clotting profile

° Consider co-ingestion in deliberate ingestions:
v Blood alcohol
v Paracetamol level.
° ABGs:
v Serial measurements: looking for the development of acidosis — but

also useful to monitor response to treatment.
v Detects signs of multi-organ failure.
v Lactate levels > 4.4 mmol/L are associated with poor/fatal outcomes.

2. Plasma paraquat levels, (if available):



Paraquat levels are not usually available within a clinical useful time frame, but
should still be taken as:

° Paraquat levels are important for prognosis.
° Nomograms have been developed that indicate the chances of survival.

The relationship between concentration of paraquat in the plasma and the
survival of the patient can be determined from the graph below:
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Urinary sodium dithionate colorimetric spot test: *

A simple qualitative test can be done using 1ml of a 1% sodium dithionate solution
(found in hematology laboratories), added to 10 mls of urine or gastric contents if
available. Sodium dithionate reduces paraquat, a positive test being based on

reduction to a blue cation within 1 minute.

° If positive for gastric contents will confirm ingestion and if positive for urine

will confirm that paraquat has been absorbed.

° If the test is negative on urine passed 6 hours after ingestion, a significant

exposure is unlikely.

° The test is reliable if done within 12 hours.



4. CXR

° For signs of pneumonitis from aspiration of paraquat.
° As a baseline for the possible future development of pulmonary fibrosis.
5. ECG

Management

It is advisable to discuss all cases with a specialist Clinical Toxicologist.

1. Attention to any immediate ABC issues:
) IV access
° Oxygen should not be routinely given as it can enhance pulmonary toxicity

by promoting increased oxygen free radical formation.

It is therefore best withheld unless the patient is significantly hypoxic, (<
90%)

A saturation of not more than 91% is aimed for.
2. Decontamination:

There is no specific treatment and the best hope of survival rests on preventing
absorption.

This is time critical and must be achieved as soon as possible.

It should be done at the scene and not wait for arrival to hospital.

If there is significant airway compromise, prior intubation will be necessary.
Methods include:

Food or soil:

° Food or even soil (mixed with water) can be given at the scene in the absence
of the immediate availability of Fuller’s earth or charcoal.

Fuller’s earth:

° Fuller’s earth dissolved in normal saline or water was the traditional
decontamination treatment. It was a good agent on theoretical grounds as it
binds paraquat irreversibly - however it offers no advantage over activated
charcoal in practice.



Charcoal:

° Activated Charcoal must be given immediately on arrival to hospital, if not
already given.

3. Emesis and lavage
° These are contra-indicated because of the corrosive nature of paraquat.
4. Hemodialysis or haemoperfusion:
° This should be commenced urgently if a significant ingestion has occurred.
° It will only be useful if it can be given prior to the distribution of the majority

of paraquat into the tissues, ie within 2-4 hours, but the earlier the better.

5. Adjunctive measures:
° There are a number of adjunctive - but unproven treatments.
° Given its safely profile NAC infusion is probably the most reasonable of
these.
6. Treatment is otherwise supportive.
Disposition

It is advisable to discuss all cases with a specialist Clinical Toxicologist.

Patients who remain clinically well, without oral burns and who have a negative dithionite
test have not been exposed and may be medically cleared.

All exposed patients must be managed in an ICU.

Patients with a history of massive ingestion (eg > 250 mls of 20%) and have early clinical
features of intoxication have a hopeless prognosis and palliation is appropriate.
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