Chapter 46

Cyanide
Synonyms
Hydrocyanic acid poisoning, Prussic acid poisoning

Cause
Cyanide poisoning of birds is caused by exposure to cyanide in two forms: inorganic salts and hydrogen cyanide gas
(HCN). Two sources of cyanide have been associated with
bird mortalities: gold and silver mines that use cyanide in
the extraction process and a predator control device called
the M-44 sodium cyanide ejector, which uses cyanide as the
toxic agent.
Most of the cyanide mortality documented in birds is a
result of exposure to cyanide used in heap leach and carbonin-pulp mill gold or silver mining processes. At these mines,
the animals are exposed when they ingest water that contains cyanide salts used in mining processes or, possibly, when
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they inhale HCN gas. In heap leach mining operations, the
ore is placed on an impermeable pad over which a cyanide
solution is sprayed or dripped. The cyanide solution dissolves
and attaches to or “leaches out” the gold. The cyanide and
gold solution is then drained to a plastic-lined pond, which
is commonly called the pregnant pond. The gold is extracted,
and the remaining solution is moved into another lined pond,
which is commonly called the barren pond. The cyanide concentration in this pond is increased so that the solution is
again suitable for use in the leaching process, and the solution is used again on the ore heap (Fig. 46.1). Bird use of the
HCN-contaminated water in the ponds (Fig. 46.2) or contaminated water on or at the base of the heap leach pads (Fig.
46.3) can result in mortality.
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Figure 46.1 Schematic of a typical heap leach system (Graphic by Robert Hallock, U.S. Fish and Wildlife Service).
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Photo by Diane Fries, U.S. Fish and Wildlife Service

Figure 46.2 Aerial view of a heap leach mine. Note the open
ponds of water (arrows).

Species Affected

Cyanide toxicosis can occur at any time of the year. However, most mortalities associated with exposure to cyanide at
mines are reported in the spring and fall months when birds
are migrating through areas where mines are located.
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Figure 46.4 The M-44 device consists of a stake (left), an
ejector, a top, and a capsule containing cyanide.

Photo by Guy Connolly, U.S. Department of Agriculture
National Wildlife Research Center

Seasonality

10 centimeters

Mines that use cyanide in the gold-or silver-extraction
process are located in many areas of the United States. However, most mines are concentrated in western States, particularly in arid areas (Fig. 46.6). Because water is limited in
these areas, birds are often attracted to the water sources created by the mining operations. Bird mortality associated with
mining operations in six States has been reported to the
NWHC (Fig. 46.7).
The M-44 is used more commonly in the Western states,
and its use is restricted by the Environmental Protection
Agency and individual State regulations.
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Figure 46.3 Heap leach pads at a mine that uses cyanide in
the gold-extraction process. The water puddling at the base of
the pad in the foreground contains cyanide.
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Both birds and mammals can be killed by cyanide. From
1986–95, more than 3,000 cyanide-related mortalities involving about 75 species of birds representing 23 families were
reported to the National Wildlife Health Center (NWHC).
Waterbirds and passerines represented the greatest number
of species affected (Fig. 46.5). Exposure to cyanide used in
gold mining accounted for almost all of the mortalities; only
one bird in these submissions, a bald eagle, was killed by an
M-44.

Photo by Diane Fries, U.S. Fish and Wildlife Service
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Mill tailings ponds produced by mines using the carbonin-pulp mill process have also been responsible for migratory bird mortalities. In this process, crushed ore, cyanide
solution, and carbon are placed together in a large vat. The
cyanide solution extracts the gold from the ore, and the gold
then adheres to the surface of the carbon. After the gold is
extracted from the ore, the spent ore and the cyanide solution slurry are discharged to a mill tailings pond. The cyanide solution from the pond is drained, recharged, and reused in the extraction process. Tailings ponds range from 10
to several hundred surface acres and, in addition to open
water, frequently have “mud flats” that are attractive to a
wide variety of migratory birds. Cyanide concentrations are
typically greatest near the spigots where mill slurry is discharged into the pond and are lowest in the solution reclamation areas.
The M-44 is a mechanical device designed to kill mammalian predators, specifically coyotes, by ejecting sodium
cyanide into the animal’s mouth (Fig. 46.4). Cyanide from
M-44s has occasionally been documented as the cause of
mortality in nontarget bird species, such as eagles and other
scavengers, that are attracted by the bait and trigger the M-44
device.

Photo by Diane Fries, U.S. Fish and Wildlife Service

Figure 46.5 All of these birds were killed by cyanide-contaminated water at a heap
leach gold mine. Note the diversity of the species present.

EXPLANATION
States containing mines that
use cyanide in mining operations. (Nevada has the highest
concentration of these mines)

Figure 46.6 States containing mines that use cyanide in leaching operations.
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Field Signs
Cyanide acts rapidly, and affected birds are most often
found dead. Cyanide interferes with the body’s ability to utilize oxygen in the blood. Although the blood is well oxygenated, this oxygen cannot be released to the tissues and the
animal dies from lack of oxygen or anoxia.

Animals that die from cyanide toxicosis have bright red,
oxygenated blood, and their tissues or organs, particularly
the lungs, may appear congested with blood. The lungs of
affected animals may also be hemorrhagic and edematous
(Fig. 46.8). A yellow Day-Glo® fluorescent particle marker
is used in the M-44 chemical mixture and animals exposed
to cyanide through the M-44 device may have fluorescent
yellow staining in the mouth or on the feathers or fur around
the face. Visualization of this staining can be enhanced with
ultraviolet light.
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Photo by James Runningen

Gross Lesions

Figure 46.8 Lungs from a cyanide-poisoned bird. Note the
congestion and edema.
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EXPLANATION
● Locations of mines where
cyanide mortalities in birds have
been documented

Figure 46.7 Locations of mines where cyanide mortalities in birds have been documented.
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Diagnosis
Diagnosis is based on the field history; by the lack of gross
lesions other than those described above; and by chemical
analysis of tissues, such as the blood, heart, liver, and brain,
to detect cyanide. Proper carcass handling is very important
for meaningful chemical analysis results because cyanide
levels in tissues can diminish rapidly after death unless the
carcass or tissues are frozen. Consequently, the best sample
to submit to the diagnostic laboratory is the whole carcass of
a bird found freshly dead and frozen immediately after retrieval. The carcass should remain frozen during shipment
to the diagnostic laboratory; this is one instance in which
dry ice is recommended. Contact a diagnostic laboratory for
advice on carcass handling and shipment.

A

Human Health Considerations
Cyanide gas can cause death in humans; therefore, care
should be taken when visiting mining sites. Alkaline cyanide solutions that are allowed to become acidic release cyanide gas. Abandoned sites where the cyanide solutions are
no longer monitored and the proper pH maintained pose the
greatest risk. In some instances, protective equipment may
be necessary for site inspection or carcass pick-up. Untrained
persons should not handle the M-44 sodium cyanide ejector.
An antidote is provided with the device, and the people authorized to handle the device should be trained to administer
the antidote quickly in the case of an accident.
Lynn H. Creekmore

➡

The primary method for preventing cyanide toxicosis at
heap leach and carbon-in-pulp mill mining sites is to deny
birds access to cyanide-contaminated water. This may or may
not be difficult (or even possible) depending upon the size
and configuration of a particular site. Successful methods
used include netting over the solution ponds, covering heap
leach collection channels, and designing mines that have no
exposed solution ponds. Prevention of puddling in association with the heaps or netting over problem areas where puddling occurs are also beneficial. Detoxification or dilution
have been the only successful means of preventing wildlife
mortality at mill tailings ponds due to their large size and
changing shapes. Hazing has not been very successful in preventing bird mortality at heap leach pads or heap leach and
mill tailings ponds.
M-44s should be placed and baited to target only the intended species. Proper use of the M-44 lessens potential exposure of nontarget birds and mammals (Fig. 46.9).

Photos by Guy Connolly, U.S. Department of Agriculture
National Wildlife Research Center

Control
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Figure 46.9 (A) Closeup of a set M-44 device and (B) a
completed M-44 set with a cow chip cover (arrow). Notice the
warning sign. These signs are required at main entrances to
areas in which M-44 devices are set and within 25 feet of each
device.
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